
AREVA NP A
FUEL SECTOR
Design & Sales Business Unit A R E V A

Mr. Director of industrial activities and transport
ASN/DIT
10 route du Panorama
92266 FONTENAY AUX ROSES CEDEX

Our ref.: D-FDE-09-01452

Your ref.: /

Contact: N. Guibert,
Phone number: 33.4.72.74.88.90
Fax number: 33.4.72.74.81.08

E-mail: nicolas.guibert@areva.com

Lyon, July the 1 7 th 2009

Subiect: Transport of radioactive materials- Request of approval of content fissile
material type A- Package FCC3

/1/Approval Certificate F-347-IF-96 (Bf)
/2/ Note FFDC05297 rev.A
/3/ Safety Analysis Report TFXDC2159 revD
/4/ Approval Certificate F-347-IF-96 (Cg)

Dear Sir,

The FCC3 package is currently approved as type IP2 fissile package model /1/ until 31 Januar 2010. This
approval is currently being renewed in order to ensure the continuity of the various validations and therefore
'of transports for 2010.

Transports of fresh fuel produced by the Areva US manufacturing plants are planned for the month of April
2010. To effectuate these transports, an approval validation of type A in USA is necessarily. Therefore, I
have the honor to request an approval type A based on the note compliance with the Type A fissile
conformity note /2/, and on the safety report of FCC3 container /3/ no later than 1st September 2009.

Attached to this letter, please find our project of certificate. It is the same as the certificate /4/, restricted to
the enriched natural uranium (ENU).content.

Best regards,
Signature numerique de Gabriel
LEROY
Motif : par int~nm

Denis Pachtem
Chief departement
((Fuel Services a

Enclosure:
-FFDC05297 revA, FCC3 shipping container- Compliance to IAEA regulatory TYPE A FISSLE model
-Project license Type A fissile.

Distribution: M-T Lizot, A. Vartanian (ASN), S. Fourgeaud (IRSN), G. Leroy, C Sanders, P. Faye,
H. Vaudray, E. Van schel (Areva NP), R Boyle (DOT).

AREVA NP
An AREVA and Siemens company

10, rue Juliette R~camier - 69456 Lyon cedex 06 - France

Phone: +33 (0)4 72 74 82 21 - Fax : +33 (0)4 72 74 84 90

Headquarters : Tour AREVA - 92084 Paris La Defense cedex - France
Phone: +33 (0)1 47 96 00 00 - Fax : +33 (0)1 47 96 36 36SOCIETE PAR ACTIONS SIMPLIFIEE AU CAPITAL DE 400 000 100 EUR - 428 764 500
RCS NANTERRE - TVA FR 834 287 64 500 FDE 001 V1
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N. Guibert, 

33.4.72.74.88.90 

33.4.72.74.81.08 

nicolas.guibert@areva.com 

A 
AREVA 

Mr. Director of industrial activities and transport 
ASN/DIT 
10 route du Panorama 
92266 FONTENAY AUX ROSES CEDEX 

Lyon, July the 1 th 2009 

Subject: Transport of radioactive materials- Request of approval of content fissile 
material type A- Package FCC3 

Dear Sir, 

111 Approval Certificate F-347-IF-96 (Bf) 
121 Note FFDC05297 rev.A 
131 Safety Analysis Report TFXDC2159 revD 
141 Approval Certificate F-347-IF-96 (Cg) 

The FCC3 package is currently approved as type IP2 fissile package model 111 until 31 Januar 2010. This 
approval is currently being renewed in order to ensure the continuity of the various validations and therefore 
'of transports for 2010. 

Transports of fresh fuel produced by the Areva US manufacturing plants are planned for the month of April 
2010. To effectuate these transports, an approval validation of type A in USA is necessarily. Therefore, I 
have the honor to request an approval type A based on the note compliance with the Type A fissile 
conformity note 12/, and on the safety report of FCC3 container 131 no later than 1st September 2009. 

Attached to this letter, please find our project of certificate. It is the same as the certificate 14/, restricted to 
the enriched natural uranium (ENU}.content. 

Best regards, 

Enclosure: 

Signature numerique de Gabriel 
LEROY ;"-
Motif: par interim-=: 

f/ 

Denis Pachtem 
Chief departement 
« Fuel Services» 

-FFDC05297 revA, FCC3 shipping container- Compliance to IAEA regulatory TYPE A FISSLE model 
-Project license Type A fissile. 

Distribution: M-T Lizot, A. Vartanian (ASN), S. Fourgeaud (IRSN), G. Leroy, C Sanders, P. Faye, 
H. Vaudray, E. Van schel (Areva NP), R Boyle (DOT). 
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APPROVAL CERTIFICATE F/347/AF-96 (Ci)
OF PACKAGE DESIGN page 1/3

The Competent French Authority,

in view of the application submitted by AREVA NP by letter D-FDE-09-01452, Dated July 17th 2009;

in view of the safety file TFX/DC/2159 Rev D, completed by AREVA NP report FFDC03125 revision A
dated August 231h 2006 and AREVA NP report FFDC03077 revision B dated August 23th 2006;

hereby certifies that the package design consisting of by the FCC-3 cask described in appendix 0 in
revision a and loaded with:

" a maximum 2 PWR 17 x 17 12 ft fresh fuel assemblies, in version 1 of the cask, as described in
appendix 1 a;

" or a maximum of 2 boxes containing PWR 17 x 17 12 ft fresh unassembled fuel rods, in version
1 of the cask, as described in appendix 5a;

" or a maximum 2 PWR 17 x 17 12 ft fresh fuel assemblies, in version 1 of the cask, as described
in appendix 9a;

" or a maximum of 2 boxes containing PWR 17 x 17 12 ft fresh unassembled fuel rods, in version
1 of the cask, as described in appendix 11 a;

is compliant as a type A Industrial package design containing fissile materials with the regulations,
agreements or recommendations hereafter:

- Regulations for the safe transport of radioactive material of International Agency of Energy Atomic;
Safety requirements No. TS-R-1 (1996 edition revised);

- European Agreement on the International Carriage of Dangerous Goods by Road (ADR);
- regulation concerning international rail transportation of dangerous goods (RID);
- regulation for the transportation of dangerous goods on the Rhine (ADNR);
- International Maritime Code for dangerous goods of the international Maritime Organisation (lMDG

IMO's code);
- order of June 1 st 2001 amended concerning the shipping of dangerous goods by road (ADR order);
- order of June 5th 2001 amended concerning the shipping of dangerous goods by rail (RID order);
- order of December 5th 2002 (ADNR order) amended concerning the shipping of dangerous goods by

internal waterway;
- order of November 23rd 1987 amended concerning the safety of ships (RSN order), division 411.

This certificate does not exempt the shipper from observing the requirements established by the
authorities of the countries through or towards the territory of which the package will be transported.

The Competent French Authority, 

APPROVAL CERTIFICATE 
OF PACKAGE DESIGN 

F /347 / AF-96 (Ci) 
page 1/3 

in view of the application submitted by ARE VA NP by letter D-FDE-09-014S2, Dated July 17th 2009; 

in view of the safety file TFXlDC/2159 Rev D, completed by AREVA NP report FFDC03125 revision A 
dated August 23th 2006 and AREVA NP report FFDC03077 revision B dated August 23th 2006; 

hereby certifies that the package design consisting of by the FCC-3 cask described in appendix 0 in 
revision a and loaded with: 

• a maximum 2 PWR 17 x 17 12 ft fresh fuel assemblies, in version 1 of the cask, as described in 
appendix 1 a ; 

• or a maximum of 2 boxes containing PWR 17 x 17 12 ft fresh unassembled fuel rods, in version 
1 of the cask, as described in appendix Sa ; 

• or a maximum 2 PWR 17 x 17 12 ft fresh fuel assemblies, in version 1 of the cask, as described 
in appendix 9a ; 

• or a maximum of 2 boxes containing PWR 17 x 17 12 ft fresh unassembled fuel rods, in version 
1 of the cask, as described in appendix 11a ; 

is compliant as a type A Industrial package design containing fissile materials with the regulations, 
agreements or recommendations hereafter: 

Regulations for the safe transport of radioactive material of International Agency of Energy Atomic; 
Safety requirements No. TS-R-l (1996 edition revised); 
European Agreement on the International Carriage of Dangerous Goods by Road (ADR); 
regulation concerning international rail transportation of dangerous goods (RID); 
regulation for the transportation of dangerous goods on the Rhine (ADNR); 
International Maritime Code for dangerous goods of the interna~ional Maritime Organisation (IMDG 
IMO's code); 
order of June 1st 2001 amended concerning the shipping of dangerous goods by road (ADR order); 
order of June 5th 2001 amended concerning the shipping of dangerous goods by rail (RID order); 
order of December 5th 2002 (ADNR order) amended concerning the shipping of dangerous goods by 
internal waterway; 
order of November 23rd 1987 amended concerning the safety of ships (RSN order), division 411. 

This certificate does not exempt the shipper from observing the requirements established by the 
authorities of the countries through or towards the territory of which the package will be transported. 



F/347/AF-96 (Ci)
page 2/3

This certificate cancels and replaces since the 1 1 th September 2009 the certificate F/347/AF-96 (Ch) dated from the
31st August 2010.

The validity of this certificate expires on: December 31st 2010.

Registration Nr: ASN/DIT/0542/2009

PARIS, on the 1 1h September 2009

for the Minister of the Economy,
Finances and Industry,

and for delegation,

for the Minister of Ecology
and Sustainable Development,

and for delegation,

J .L. LACHAUME J.L. LACHAUME

F /347 / AF-96 (Ci) 
page 2/3 

This certificate cancels and replaces since the 11 th September 2009 the certificate F/347/AF-96 (Ch) dated from the 
31 st August 2010. 

The validity of this certificate expires on: December 31st 2010. 

Registration Nr: ASN/DIT /0542/2009 

PARIS, on the 11 th September 2009 

for the Minister of the Economy, 
Finances and Industry, 

and for delegation, 

J .L. LACHAUME 

for the Minister of Ecology 
and Sustainable Development, 

and for delegation, 

J.L. LACHAUME 



F/347/AF-96 (Ci)
page 3/3

SUMMARY OF THE ISSUES OF THE CERTIFICATE

Issue Expiration Purpose of issue and Authority Ref. of the Revision

date modifications certificate c t 0 1 2 3 4 5

31/01/00 31/01/05 First agreement DGSNR F/347/IF-85 Aa - a a a a a -

27/11/02 31/01/05 Extension DGSNR F/347/IF-85 Ab - b - - b b -

12/02/04 31/01/05 Extension DGSNR F/347/IF-85 Ac b c c c c -

30/12/04 31/01/10 Prorogation DGSNR F/347/IF-96 Bd d d d d d d

20/07/05 31/01/10 Extension DGSNR F/347/IF-96 Be e e e e e e

02/10/06 31/01/10 Extension DGSNR F/347/IF-96 Bf e e e e e e

15/07/09 31/12/10 Administrative prorogation ASN F/347/IF-96 Cg e g g g g g

31/08/09 31/12/10 Extension ASN F/347/AF-96 Ch e g g g g g

11/09/09 31/12/10 Extension ASN F/347/AF-96 Ci f h h h h h

Revision

corps 6 7 8 9 10 11 12

Aa - - -

Ab - - -

Ac - - -

Bd d d d

Be e e e

Bf e e e f f f f

Cg g g g g g g g

Ch g g g g g g g

Ci h h h h h h h

SUMMARY OF THE ISSUES OF THE CERTIFICATE 

Expiration Purpose of issue and Ref. of the 
Issue Authority 

date modifications certificate corps t 

31/01/00 31/01/05 First agreement DGSNR F/347/IF-85 Aa -

27/11/02 31/01/05 Extension DGSNR F/347/IF-85 Ab -

12/02/04 31/01/05 Extension DGSNR F/347/IF-85 Ac -

30/12/04 31/01/10 Prorogation DGSNR F/347/IF-96 Bd -

20/07/05 31/01/10 Extension DGSNR F /34 7 /IF-96 Be -

02/10/06 31/01/10 Extension DGSNR F/347/IF-96 Bf -

15/07/09 31/12/10 Administrative prorogation ASN F /34 7 /IF-96 Cg -

31/08/09 31/12/10 Extension ASN F/347/AF-96 Ch -

11/09/09 31/12/10 Extension ASN F/347/AF-96 Ci -

Revision 

corps 6 7 8 9 10 11 12 

Aa - - -

Ab - - -

Ac - - -

Bd d d d 

Be e e e 

Bf e e e f f f f 

Cg g g g g g g g 

Ch g g g g g g g 

Ci h h h h h h h 

F /347 / AF-96 (Ci) 
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Revision 

0 1 2 3 4 5 

a a a a a -

b - - b b -

b c c c c -

d d d d d d 

e e e e e e 

e e e e e e 

e g g g g g 

e g g g g g 

f h h h h h 



A S1 ý 0,jO _ A'4~ R4ULIU FRNAOPUBLIQUE FRANýAISE
AUTORITE

DE SORETEash
DIRECMION DES ACTIVITES INDUSTRIELLES ET DU TRANSPORT

Fontenay-aux-Roses, le 11 septembre 2009

ef. : ASN-DIT-0542-2009
Affaire suivie par: Laurence GOZALO
T61: 01.43.19.70.59
Fax: 01.43.19.70.27
Mel: laurence.goza1oC)asn.fr

Monsieur le directeur
AREVANP
10, rue Juliette Rlcamier
69456 Lyon Cedex 06

A l'attention de M. Gabriel LEROY

BORDEREAU DE TRANSMISSION

R6f. : Lettre AREVA NP FDE-09-01452 du 17 juillet 2009

Objet: Transport de mati~res radioactives

En ralla'e FCC3

Certificat d'agr~ment F/347/AF-96 (C)

1

Le certificat F/347/AF-96 (Chi) a 6t
6mis avec un certain nombre d'erreurs
dont certaines (incides des annexes)
impactaient les premieres pages. La

version ci-jointe en est expurg&

Pour le responsable de la direction
des activit6s industrielles et du transport,

le charg6 d'affaires transport

4.11-

Laurence GOZALO
Co!pies : M. Niolas GUIBERT TN Iknennal

M. Franp MA RVA UDTN Iteratroal
IRSN/DSU/SSTC/BEST

V1

6, place du Colonel Bourgoin - 75572 Paris
Telphone 01 40 19 86 oo 0 Fax oi 40 19

vww.asn.fr
cedex 12

8669

REPUBLIQUE FRAN<;:AISE 
AUTORITE 

DE SORETE asn NUCLEAIRE 

....... -~-, 
DIHEc..ll0N DES Ac..llVITES INDUSTRlELLES ET DU TRl\NSPORT 

Ref.: ASN-DIT-0542-2009 
Affaire suivie par: Laurence GOZALO 
Tel: 01.43.19.70.59 
Fax: 01.43.19.70.27 
Mel: laurence.gozalo(Cilasn.fr 

Fontenay-aux-Roses, Ie 11 septembre 2009 

Monsieur Ie directeur 
AREVANP 
10, rue Juliette Recamier 
69456 Lyon Cedex 06 

A l'attention de M. Gabriel LEROY 

BORDEREAU DE TRANSMISSION 

Ref.: Lettre AREVANPFDE-09-01452 du 17 juillet 2009 

Objet: Transpon de rnatieres radioactives 

ErrbalIa~FCO 

Cenificat d'agrement F/347/ AF-96 (0) 

Copies :M. Nialas GUIBERTTN IntematUmal 
M. Fr. MARVA UDTN International 
IRSN / DS U/ SSTC/ BE ST 

1 

Le cenificat F/347/ AF-96 (01) a ere . 
emis avec un certain nombre d'erreurs 

dont certaines (incides des annexes) 
impactaient les premieres pages. La 

version ci-jointe en est expurgee 

Pour Ie res pons able de la direction 
des activites industrielles et du transport, 

Ie charge d'affaires transport 

/ /J. 
~ 

Laurence GOZALO 

www.asn.fr 
6, place du Colonel Bourgoin· 75572 Paris cedex 12 

Telephone 01 40 19 86 00 . Fax 01 40 19 86 69 



R•PUiRI OIFU FRAN[CAISE

AUTORITE
DE SURETE

asn NUCLtI•ARE

CERTIFICAT D'AGREMENT F/347/AF-96 (Ci)

D'UN MODELE DE COLIS page 1/3

L'Autorit6 Comp~tente Fran~aise,

Vu la demande pr~sent6e par la soci6t6 AREVA NP par la lettre FDE-09-01452 du 17 juillet 2009;

Vu le dossier de sC=ret6 TFX/DC/2159 rev. D, compl&t par les notes AREVA NP FFDC03125 indice A du 23 aofit
2006, AREVA NP FFDC03077 indice B du 23 aofit 2006, et AREVA NP FFDC05297 indice A,

Certifie que le module de colis constitu6 par lemballage FCC3 d6crit ci-aprýs dans Pannexe 0. l'indice fet charg:
" d'au maximum 2 assemblages combustibles REP 17 x 17 neufs, dans la version 1 de l'emballage, tels que

d~crits en annexe 1h ;
" ou d'au maximum 2 assemblages combustibles REP 15x15 neufs, dans la version 1 de l'emballage, tels que

d~crits en annexe 2h ;
" ou d'au maximum 2 assemblages combustibles REP 14x14 8 pieds neufs, dans la version 2 de l'emballage,

tels que d~crits en annexe 3h ;
" ou d'au maximum 2 assemblages combustibles REP 14x14 10 pieds neufs, dans la version 2 de l'emballage,

tels que d~crits en annexe 4h ;
" ou d'au maximum 2 boltes contenant des crayons combustibles REP 17 x 17 neufs et non assembles, dans la

version 1 de remballage, tels que d~crits en annexe 5h;
" ou d'au maximum 2 boites contenant des crayons combustibles REP 15x1 5 neufs et non assembles, dans la

version 1 de l'emballage, tels que d~crits en annexe 6h;
" ou d'au maximum 2 boites contenant des crayons combustibles REP 14x14 8 pieds neufs et non assembles,

dans la version 1 de l'emballage, tels que d6crits en annexe 7h ;
" ou d'au maximum 2 boites contenant des crayons combustibles REP 14x14 10 pieds neufs et non assembles,

dans la version 1 de l'emballage, tels que d~crits en annexe 8h ;
" ou d'au maximum 2 assemblages combustibles REP 17 x 17 neufs, dans la version 1 de r'emballage, tels que

d~crits en annexe 9h ;
" ou d'au maximum 2 assemblages combustibles REP 15x15 neufs, dans la version 1 de l'emballage, tels que

d~crits en annexe 10h ;
" ou d'au maximum 2 boites contenant des crayons combustibles REP 17 x 17 neufs et non assembles, dans la

version 1 de l'emballage, tels que d~crits en annexe 11h ;
" ou d'au maximum 2 boites contenant des crayons combustibles REP 15x15 neufs et non assembles, dans la

version 1 de l'emballage, tels que dfcrits en annexe 12h,

est conforme en tant que modle de colis de type A chargd de mafi~res fissiles aux prescriptions des r~glements,
accords ou recommandations ci-apr.s 6num~r~s :

- r~glement de transport des matieres radioactives de l'Agence Internationale de l'Energie Atomique, collection
normes de sfiret6, N0 TS-R-1, 6dition de 1996 (r6vis~e) ;

- accord europ~en relatif au transport international des marchandises dangereuses par route (ADR);
- r~glement concemant le transport international ferroviaire des marchandises dangereuses (RID);
- r~glement pour le transport des mati~res dangereuses sur le Rhin (ADNR);

www.asn.fr
6, place du Colonel Bourgoin - 75572 Paris cedex 12

Telephone 01 40 19 86 oo 0 Fax o0 40 19 86 69

~ AUTORITE 

d a -s -n" DE SO~ETE NUCLEAIRE 

....... -~-, 

L'Autorite Competente Fran~aise, 

CERTIFlCAT D' AGREMENT 
D'UN MODELE DE COLIS 

REPUBLIQUE FRAN(AISE 

F /347/ AF-96 (0) 
page 1/3 

Vu la demandepresentee par la societe AREVANP par la lettre FDE-09-01452 du 17 juillet 2009; 

Vu Ie dossier de sUrete TFX!Dc/2159 rev. D, complete par les notes AREVA NP FFDon125 indice A du 23 aout 
2006, AREV A NP FFD())3077 indice B du 23 aout 2006, et AREV A NP FFD())5297 indice A, 

Cenifie que Ie modele de colis constitue par I'emballage FCC3 decrit ci-apres dans I'annexe 0 a I'indice f et charge: 

• d'au maximum 2 assemblages combustibles REP 17 x 17 neufs, dans la version 1 de I'emballage, tels que 
decrits en annexe 1h; 

• ou d'au maximum 2 assemblages combustibles REP 15x15 neufs, dans la version 1 de l'emballage, tels que 
decrits en annexe 2h ; 

• ou d'au maximum 2 assemblages combustibles REP 14x14 S pieds neufs, dans la version 2 de I'emballage, 
tels que decrits en annexe 3h; 

• ou d'au maximum 2 assemblages combustibles REP 14x14 10 pieds neufs, dans la version 2 de I'emballage, 
tels que decrits en annexe 4h ; 

• ou d'au maximum 2 boites contenant des crayons combustibles REP 17 x 17 neufs et non assembles, dans la 
version 1 de l'emballage, tels que decrits en annexe 5h ; 

• ou d'au maximum 2 boltes contenant des crayons combustibles REP 15x15 neufs et non assembles, dans la 
version 1 de l'emballage, tels que decrits en annexe 6h ; 

• ou d'au maximum 2 boites contenant des crayons combustibles REP 14x14 S pieds neufs et non assembles, 
dans la version 1 de I'emballage, tels que decrits en annexe 7h ; 

• ou d'au maximum 2 boites contenant des crayons combustibles REP 14x14 10 pieds neufs et non assembles, 
dans la version 1 de I'emballage, tels que decrits en annexe sh ; 

• ou d'au maximum 2 assemblages combustibles REP 17 x 17 neufs, dans la version 1 de l'emballage, tels que 
detrits en annexe 9h ; 

• ou d'au maximum 2 assemblages combustibles REP 15x15 neufs, dans la version 1 de I'emballage, tels que 
decrits en annexe lOh; 

• ou d'au maximum 2 boites contenant des crayons combustibles REP 17 x 17 neufs et non assembles, dans la 
version 1 de I'emballage, tels que decrits en annexe 11h ; 

• ou d'au maximum 2 bOltes contenant des crayons combustibles REP 15x15 neufs et non assembles, dans la 
version 1 de I'emballage, tels que decrits en annexe 12h, 

est conforme en tant que modele de colis de type A charge de matieres fissiles aux prescriptions des reglements, 
accords ou recommandations ci-apres enumeres : 

reglement de transpon des matieres radioactives de I'Agence Internationale de I':Energie Atomique, collection 
normes de sUretC, N"TS-R-1, edition de 1996 (revisee) ; 
accord europeen relatif au transpon international des marchandises dangereuses par route (ADR) ; 
reglement concernant Ie transpon international ferroviaire des marchandises dangereuses (RID) ; 
reglement pour Ie transpon des matieres dangereuses sur Ie Rhin (ADNR) ; 

www.asn.fr 
6, place du Colonel Bourgoin· 75572 Paris cedex 12 

Telephone 01 40 19 86 00 . Fax 01 40 19 86 69 
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- code maritime international des marchandises dangereuses (code IMDG de P'OMW);
- arret6 du 29 mai 2009 relatif aux transports de marchandises dangereuses par voies terrestres (arrWt TMD);
- arr~td du 5 d~cembre 2002 modifi6 relatif au transport des marchandises dangereuses par voie de navigation

int~rieure (arr~t6 ADNR) ;
- arretW du 23 novembre 1987 modifid relatif a la sdcurit6 des navires, r~glement annex6, division 411 (arret6 RSN.

Le present certificat ne dispense pas I'exp~diteur d'observer les prescriptions 6tablies par les autorit6s des pays ý travers
ou vers le territoire desquels le coils sera transport6.

Le present certificat annule et remplace a la date du 11 septembre 2009 la d~cision F/347/AF-96 (Ch) du 31 ao~t
2009.

La vahidit6 du present certificat expire le: 31 d~cembre 2010

Num~ro d'enregistrement . ASN/ DIT/ 0542/2009

Paris, le 11 septembre 2009

code maritime international des marchandises dangereuses (code IMDG de l'OMI) ; 

F/347/ AF-96 (G) 
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arrete du 29 mai 2009 relatif aux transports de marchandises dangereuses par voies terrestres (arrete TMD) ; 
arrete du 5 decembre 2002 modifie relatif au transport des marchandises dangereuses par voie de navigation 
interieure (arrete ADNR) ; 
arrete du 23 novembre 1987 rnodifie relatif a Ia securite des navires, reglement annexe, division 411 (arrete RSN). 

i.e present certificat ne dispense pas I'expediteur d'observer les prescriptions etablies par les autorites des pays a travers 
ou vers Ie territoire desquels Ie colis sera trans porte. 

i.e present certificat annule et remplace a Ia date du 11 septembre 2009 la decision F/347/ AF-96 (Ch) du 31 aout 
2009. 

La validite du present certificat expire Ie : 31 decembre 2010 

Numero d'enregistrement : ASN / DIT /0542/2009 

Paris, Ie 11 septembre 2009 

-----------------------------------------------------------------------
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RECAPITULATIF DES EMISSIONS DU CERTIFICAT

type d'•mission et indice de revision
6mission expiration modifications apportn s corps T 0 1 2 3 4 5

31/01/00 31/01/05 Premier agr6ment DGSNR F/347/IF-85 Aa I - a a alala -

27/11/02 31/01/05 Extension DGSNR F/347/IF-85 Ab - b - - b b -

12/02/04 31/01/05 Extension DGSNR F/347/IF-85 Ac b c c c c -

30/12/04 31/01/10 Prorogation DGSNR F/347/IF-96 Bd - d d d d d D

20/07/05 31/01/10 Extension DGSNR F/347/IF-96 Be - e e e e e E

02/10/06 31/01/10 Extension DGSNR F/347/IF-96 Bf - e e e e e E

15/07/09 31/12/10 Prorogation administrative ASN F/347/IF-96 Cg - e g g g g G

31/08/09 31/12/10 Extension ASN F/347/AF-96 Ch - e g g g g G

11/09/09 31/12/10 Extension ASN F/347/AF-96 Ci - f h h h h h

indice de r~vis ion

corps 6 7 8 9 10 11 12

Aa -

Ab

Ac - - -

Bd d d d

Be e e e

Bf e e e f f f f

Cg g g g g g g g

Ch g g g g g g g

Ci h h h h h h h

emission expiration 

31/01/00 31/01/05 

27/11/02 31/01/05 

12/02/04 31/01/05 

30/12/04 31/01/10 

20/07/05 31/01/10 

02/10/06 31/01/10 

15/07/09 31/12/10 

31/0S/09 31/12/10 

11/09/09 31/12/10 
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RECAPITULATIF DES EMISSIONS DU CERTIFICAT 

type d'emission et indice de revision 
autorite cote du certificat modifications apportees corps T 0 1 2 3 4 5 

Premier agrement DGSNR F /347 /IF-85 Aa - a a a a a -

Extension DGSNR F/347/IF-S5 Ab - b - - b b -

Extension DGSNR F/347/IF-85 Ac . b c c c c -

Prorogation DGSNR F/347/IF-96 Bd - d d d d d D 

Extension DGSNR F/347/IF-96 Be - e e e e e E 

Extension DGSNR F/347/IF-96 Bf - e e e e e E 

Prorogation administrative ASN F/347/IF-96 ~ - e g g g g G 

Extension ASN F/347/ AF-96 Ch - e g g g g G 

Extension ASN F/347/ AF-96 a - f h h h h h 

indice de revision 

cotps 6 7 8 9 10 11 12 

Aa - - -

Ab - - -

Ac - - -

Bd d d d 

Be e e e 

Bf e e e f f f f 

~ g g g g g g g 

Ch g g g g g g g 

Ci h h h h h h h 

------------------------ -----------------------------------------------------.--_.----
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ANNEXE 0

EMBALLAGE FCC3

1. DEFINITION DE LVEMBALLAGE

L'emballage est conqu, fabriqu6, inspectS, test6, maintenu et utilis6 en conformit6 avec le dossier de sAxrct6
TFX/DC/2159 rev. D.

L'emballage, de forme g6n~rale cylindrique, est pr~sent6 sur la figure 0.1.

Le plan de concept de l'emballage est 229K0100 ou 229K0200 pour sa version 1 et 229K0300 pour sa version 2.

Les dimensions ext~rieures hors tout de l'emballage sont:

- longueur: 4923 +1- 8 mm;

- diamitre exteme: 1048 +/- 4 mm.

La masse maximale admissible de l'emballage charg6 en transport est de 4385 kg.

L'emballage est constitu6 des principaux sous-ensembles suivants:

1.1 Corps

L'embaflage FCC3 est constitu6 d'une enveloppe cylindrique, i axe horizontal, composte de deux demi-coquilles lihes
comprenant:

- un berceau mtallique constitu6 de deux longerons et suspendu i la coquille inf6rieure par l'intermtdiaire de plots
61astiques;

- un &quipement interne reposant sur le berceau et destin6 i recevoir Pun des contenus.

Cet &luipement interne est compost de :

- un chassis-support dont la structure rigide en forme de "T" inverse est destin&e ý recevoir le chargement ; la partie
chaudronn6e du chassis contient de la rtsine neutrophage ; sur la plaque de pied, un axe de basculement autorise la
mise en position verticale du chassis-support pour charger ou d6charger les assemblages ;

- deux portes en forme de "L" contenant de la rtsine neutrophage sont fixtes sur le chissis-support et se referment
sur le contenu ;

- une plaque de pied supportant les assemblages de combustible au moment des chargements et dichargements -
chissis-support en position verticale ;

- une plaque de tkte en deux parties permettant de fermer les cavitts et de caler les assemblages ý l'autre extr~mit6.

1.2 Systkme de fermeture

Les deux demi-coquilles sont likes par des brides : une corni~re sp~ciale sur la coquille inf~rieure permet la pose des 30
boulons qui assurent la liaison des deux cylindres.

Les portes et les plaques de tate sont ]ites au chassis par des broches i bille. La plaque de pieds est viss6e sur le chassis.

1.3 Systimes amortisseurs

Deux absorbeurs d'6nergie axiale sont fixes ý l'extr&,nit6 de la coquille suptrieure. Ils sont constitu6s de deux boites
mtalliques contenant un bloc de balsa.

ANNEXEO 

EMBALLAGE FCC3 

1. DEFINITION DE L'EMBALLAGE 
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L'emballage est contyU, fabrique, inspecte, teste, maintenu et utilise en conformite avec Ie dossier de smete 
TFX/DC/2159 rev. D. 

L'emballage, de fonne generale cylindrique, est presente sur la figure 0.1. 

Le plan de concept de l'emballage est 229K0100 au 229K0200 pour sa version 1 et 229K0300 pour sa version 2. 

Les dimensions exterieures hors tout de l'emballage sont: 

longueur : 4923 +/- 8 mm; 

diainetre externe: 1048 + / - 4 mm. 

La masse maximale admissible de l'emballage charge en transport est de 4385 kg. 

L'emballage est constitue des principaux sous-ensembles suivants : 

1.1 Corps 

L'emballage FCC3 est constitue d'une enveloppe cylindrique, a axe horizontal, composee de deux demi-coquilles liees 
comprenant : 

un berceau metallique constitue de deux longerons et suspendu a la coquille inferieure par l'intennediaire de plots 
elastiques; 

un equipement interne reposant sur Ie berceau et destine a recevoir l'un des contenus. 

Cet equipement interne est compose de : 

un chassis-support dont la structure rigide en fonne de "T" inverse est destinee a recevoir Ie chargement ; la partie 
chaudronnee du chassis contient de la resine neutrophage ; sur la plaque de pied, un axe de basculement autorise la 
mise en position verticale du chassis-support pour charger au decharger les assemblages; 

deux portes en fonne de ilL" contenant de la resine neutrophage sont fixees sur Ie chassis-support et se referment 
sur Ie contenu ; 

une plaque de pied supportant les assemblages de combustible au moment des chargements et dechargements -
chassis-support en position verticale ; 

une plaque de tete en deux parties permettant de fermer les cavites et de caler les assemblages a l'autre extremite. 

1.2 Systeme de fermeture 

Les deux demi-coquilles sont liees par des brides: une comiere speciale sur la coquille inferieure pennet la pose des 30 
boulons qui assurent la liaison des deux cylindres. 

Les portes et les plaques de tete sont liees au chassis par des broches it bille. La plaque de pieds est vissee sur Ie chassis. 

1.3 Systemes amortisseurs 

Deux absorbeurs d'energie axiale sont fixes a l'extremite de la coquille superieure. Ils sont constitues de deux boites 
metalliques contenant un bloc de balsa. 
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1.4 lE1ments de manutention et arrimage

La manutention peut ktre effectuie en conditions normales de s~curit6 par des engins de levage classiques, a l'aide
d'6lingues et de manilles ou de crochets. Trois modes de levage sont possibles :

- par les 4 oreilles de levage, soud6es sur la coquille sup6rieure, pour la manutention du colis charg6 ou ý vide et du
couvercle seul lors des op&ations d'ouverture : ces boites de levage sont constirutes d'une t6le plite portant un
orifice permettant le passage d'une manille ou d'un crochet;

- par des passages de fourches de chariot 616vateur situ&s sous la coquille inf6ieure.

De plus, l'emballage est con~u de fa~on i pouvoir &tre convenablement arrim6 pendant le transport par 1'interm-diaire
des oreilles de levage.

1.5 Fonctions de sfiret6

- Le systime d'isolement est composk des 6lments dicrits dans les annexes de contenus et, pour la partie
emballage, de la structure du conteneur constitute des d61ments ci-dessous :

" 1'quipement interne : il est compos6 du chassis, des portes et des plaques d'extrmit6t, ainsi que du systime
de calage radial et axial dans le cas des boites i crayons, rensemble formant ainsi deux cavitts neutroniques,

" la r~sine neutrophage contenue dans les portes et le chassis,

" les coquilles inf&ieures et sup&ieures qui assurent la protection de l'6quipement interne en CNT et CAT.

- La protection du combustible contre les chocs est assur6e par les deux demi-coquilles ainsi que par
rMquipement interne.

- La protection contre l'incendie est assurte par les deux deni-coquilles, 1'6quipement interne ainsi que par la
rusine contenue dans les portes et le chassis.

2. MESURES QUE L'EXPEDITEUR DOlT PRENDRE AVANT L'EXPEDITION DU COLIS

L'emballage doit &re utilis6 suivant des procedures conformes aux instructions d'utilisation des chapitres 4 et 8 du
dossier de siret6.

Avant chaque expedition, l'expdditeur doit v6ifier que tous les contr6les suivants ont &6 correctement effectu&s
conform~ment i une liste pr&&ablie i partir des conditions d'utilisation d~crites au chapitre 4.2 du dossier de sfiret6,
que les risultats de ces contr6les satisfont aux critbres sptcifis et que la liste ý &6 r~guliirement 6marg6e:

- v&ifier que l'emballage a &6 entretenu conformament au paragraphe 3 du present certificat;

- v6rifier la conformit6 du contenu au present certificat d'agr&nent;

- v6drifier la compatibilit6 du contenu avec la version de l'emballage ;

- v~rifier les couples de serrage des boulons maintenant la liaison entre les deux demi-coquilles : 5 +/- 1 m.daN;

- contr6ler la pr6sence de tous les axes et goupilles n&essaires a la bonne fermeture de l'emballage;

- contr6ler la contamination des surfaces extemes du colis ;

- contr6ler l'intensit6 de rayonnement maximale autour du colis, au contact et 1 mr;

- v6rifier la miise en place des scell6s condamnant l'accis aux orifices ;

- v~iifier la presence des 6tiquettes et marquages rtglementaires (la marque d'identification du colis est
" F/347/AF-96, et le marquage de 1'emballage est e TYPE A ,);

- v6rifier que le transport se fait sous utilisation exclusive ;

1.4 Elements de man~tention et arrimage 
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La manutention peut etre effectuee en conditions nonnales de securite par des engins de levage classiques, a l'aide 
d'elingues et de manilles ou de crochets. Trois modes de levage sont possibles: 

par les 4 oreilles de levage, soudees sur la coquille superieure, pour la manutention du colis charge ou a vide et du 
couvercle seullors des operations d'ouverture : ces boites de levage sont constituees d'une tole pliee portant un 
orifice permettant Ie passage d'une manille ou d'un crochet; 

par des passages de fourches de chariot elevateur situes sous la coquille inferieure. 

De plus, l'emballage est conCju de faCjon a pouvoir etre convenablement arrime pendant Ie transport par l'intennediaire 
des oreilles de levage. . 

1.5 Fonctions de suret': 

Le systeme d'isolement est compose des elements decrits dans les annexes de contenus et, pour la partie 
emballage, de la structure du conteneur constituee des elements ci-dessous : 

• 

• 
• 

l'equipement interne: il est compose du chassis, des portes et des plaques d'extremite, ainsi que du systeme 
de calage radial et axial dans Ie cas des boites a crayons, l'ensemble fonnant ainsi deux cavites neutroniques, 

la resine neutrophage contenue dans les portes et Ie chassis, 

les coquilles inferieures et superieures qui assurent la protection de l'equipement interne en CNT et CAT. 

La protection du combustible contre les chocs est assuree par les deux demi-coquilles ainsi que par 
l'equipement interne. 

La protection contre I'incendie est assuree par les deux demi-coquilles, l'equipement interne ainsi que par la 
resine contenue dans les portes et Ie chassis. 

2. MESURES QUE L'EXPEDITEUR DOlT PRENDRE AVANT L'EXPEDITION DU COLIS 

L'emballage doit etre utilise suivant des procedures confonnes aux instructions d'utilisation des chapitres 4 et 8 du 
dossier de sUrete. 

Avant chaque expedition, l'expediteur doit verifier que tous les controles suivants ont ete correctement effectues 
conformement a une liste pre-etablie a partir des conditions d'utilisation decrites au chapitre 4.2 du dossier de sUrete, 
que les resultats de ces controles satisfont aux criteres specifies et que la liste a ete regulierement emargee : 

verifier que I'emballage a ete entretenu confonnement au paragraphe 3 du present certificat ; 

verifier la conformite du contenu au present certificat d'agrement; 

verifier la compatibilite du contenu avec la version de I'emballage ; 

verifier les couples de serrage des boulons maintenant la liaison entre les deux demi-coquilles : 5 + / - 1 m.daN ; 

contr6ler la presence de tous les axes et goupilles necessaires a la bonne fermeture de l'emballage ; 

contr61er la contamination des surfaces externes du colis; 

contr61er l'intensite de rayonnement maximale autour du colis, au contact et a 1 m ; 

verifier la mise en place des scelles condamnant l'acces aux orifices; 

verifier la presence des etiquettes et marquages reglementaires ~a marque d'identification du colis est 
« F /347 / AF-96 » et Ie marquage de l'emballage est « 1YPE A ») ; 

verifier que Ie transport se fait sous utilisation exclusive; 
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- verifier en cas de transport fluvial que le nombre total d'A2 des contenus des colis disposes dans une m&me cale
ou un mnme compartiment est inftrieur i 100 ;

- le colis doit &tre arrim6 en position horizontale sur son moyen de transport.

3. PROGRAMME D'ENTRETIEN

L'entretien de l'emballage est dicrit au chapitre 8 du dossier de surete.

En particulier, au maximum tous les 50 cycles ou tous les 5 ans, selon ce qui est le plus linitatif:

- on v~rifiera le bon 6tat g~niral de 1'emballage et tout composant non conforme sera remplac6;

- on proc6dera au contr6le par ressuage des zones de prehension pour levage.

Tout emballage qui ne satisfait pas aux crit&es sptcifis dans le programme d'entretien doit &tre mis hors service
jusqu'% ce que l'action corrective approprite ait &6 effectu&e.

4. NOTIFICATION ET ENREGISTREMENT DES NUMEROS DE StRIE

Toute mise hors d'usage ou changement de propri&taire d'un emballage devra &re port6 ý la connaissance des autoritis
comp~tentes. A cet effet, le propri&taire qui se dessaisit d'un emballage transmettra le nom du nouvel acqu~reur.

5. ASSURANCE DE LA QUALITE

Les principes d'Assurance Qualit6 i appliquer lors de la conception, la fabrication, l'inspection, les essais, la
maintenance et l'utilisation du colis doivent ktre conformes i ceux d&crits dans le chapitre 7 du dossier de saretE.
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verifier en cas de transport fluvial que Ie nombre total d'Az des contenus des colis disposes dans une meme cale 
ou un mme compartiment est infeneur a 100; 

Ie colis cloit etre arrime en position horizon tale sur son moyen de transport. 

3. PROGRAMME D'ENTRETIEN 

L'entretien de l'emballage est decrit au chapitre 8 du dossier de sm-ete. 

En particulier, au maximum tous les 50 cycles ou tous les 5 ans, selon ce qui est Ie plus limitatif: 

on venfiera Ie bon etat general de l'emballage et tout composant non conforme sera remplace ; 

on procedera au controle par ressuage des zones de prehension pour levage. 

Tout emballage qui ne satisfait pas aux criteres specifies dans Ie programme d'entretien doit etre mis hors service 
jusqu'a ce que l'action corrective appropriee ait ete effectuee. 

4. NOTIFICATION ET ENREGISTREMENT DES NUMEROS DE SERlE 

Toute mise hors d'usage ou changement de proprietaire d'un emballage devra etre porte a la connaissance des autorites 
competentes. A cet effet, Ie proprietaire qui se dessaisit d'un emballage transmettra Ie nom du nouvel acquereur. 

5. ASSURANCE DE LA QUALITE 

Les principes d'Assurance Qualite a appliquer lors de la conception, 1a fabrication, l'inspection, les essais, la 
maintenance et l'utilisation du colis doivent etre conformes a ceux decrits dans Ie chapitre 7 du dossier de sm-ete. 



 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

DRAWING WITHELD UNDER 10 CFR 2.390 
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ANNEXE 1

ASSEMBLAGES COMBUSTIBLES REP NEUFS

Le dossier de sfireti justifiant ce contenu est TFX/DC/2159 r~v. D.

Ce contenu doit &tre charg6 dans un emballage FCC 3 version 1.

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE

1.1 Caractiristiques des assemblages combustibles

Le contenu radioactif autoris6, d6crit au chapitre 2.2 du dossier de sfiret6, est constitu6 d'au maximum
assemblages combustibles neufs, i destination des r~acteurs ý eau pressuris6e, tels que dicrits ci-apr~s :

deux

Caractiristiques des assemblages avant irradiation:

type de r~seau

pas nominal du r~seau (mm)

masse totale maximale de l'assemblage avec ou sans grappe (kg)

masse maximale de m6tal lourd par assemblage (kg)

longueur active nominale (mm)

nombre maximal de crayons combustibles

17x17 12 pieds

17x17

12,6

751

521

3658

2880)

Caract~ristiques des crayons combustibles avant irradiation:

Gaine: mat&iau

- 6paisseur minimale (mm)

- diam.tre ext~rieur minimal (mm)

Pastilles :

- diam(tre maximal (mm)

- densit6 maximale de r'oxyde (97,5 % de la densit6 th±orique)

- enrichissement initial maximal (23sU/Uo,) (%)

- rapport massique maximal 232U/Uw (%/o)

- rapport massique maximal 234U/U,,w (o/o)

- rapport massique maximal 236U/Uow (%o)

Pression inteme absolue maximale des crayons ý 20 0 C (bars)

Alliage de Zirconium

0,52

9,46

UNE

8,20

10,69

5

5.10-8

0,055

0,05

32,7

(1) Ce nombre de crayons correspond au nombre maximum de crayons susceptibles d'&tre ins6r6s dans une structure
(squelette d'assemblage ou carquois), y compris dans les tubes guides.

ANNEXEl 

ASSEMBLAGES COMBUSTIBLES REP NEUFS 

Le dossier de sfuete justifiant ce contenu est TFX/DC/2159 rev. D. 

Ce contenu doit etre charge dans un emballage FCC 3 version 1. 

1. DEFINITION DU CONTEND RADIOACTIF AUTORISE 

1.1 Caracteristiques des assemblages combustibles 
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Le contenu radioactif autorise, decrit au chapitre 2.2 du dossier de sfuete, est constitue d'au maximum deux 
assemblages combustibles neufs, a destination des reacteurs a eau pressurisee, tels que decrits ci-apres : 

Caracteristiques des assemblages avant irradiation: 17x17 12 pieds 

type de reseau 17x17 

pas nominal du reseau (mm) 12,6 

masse totale maximale de l'assemblage avec ou sans grappe (kg) 751 

masse maxi.rnale de metallourd par assemblage (kg) 521 

longueur active nominale (mm) 3658 

nombre maximal de crayons combustibles 288(1) 

Caracteristiques des crayons combustibles avant irradiation: 

Gaine : matenau Alliage de Zirconium 

- epaisseur minimale (mm) 0,52 

- diametre exteneur minimal (mm) 9,46 

Pastilles: UNE 

- diametre maximal (mm) 8,20 

- densite maximale de l'oxyde (97,5 % de la densite theorique) 10,69 

- enrichissement initial maximal (235U/U,ornl) (%) 5 

- rapport massique maximal 232U/U,ornl (%) 5.10-8 

- rapport massique maximal 234U/U,ornl (%) 0,055 

- rapport massique maximal 236U/U,ornl (%) 0,05 

Pression interne absolue maximale des crayons a 20 °C (bars) 32,7 

(1) Ce nombre de crayons correspond au nombre maximum de crayons susceptibles d'etre inseres dans une structure 
(squele~e d'assemblage ou carquois), y compris dans les tubes guides. 
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Les propri&t•s de resistance m6canique des mat6riaux de gainage des crayons doivent respecter l'un des crit~res
suivants:

1 2 3 4 5

Rj (MPa) > 520 455 350 250 290

R_(MPa) 710 590 480 400 440

A,(%)? 12 12 15 25 20

1.2 Conditions de chargement

Tous les assemblages d'un chargement doivent v&-ifier les conditions d~finies dans le tableau ci-dessous.

nombre maximal d'assemblages enrichissement initial maximal nombre minimal de crayons detype autoris6 au chargement par crayon de chaque assemblage chaque assemblage du
d'assemblage du chargement (235U/Utota) chargement (1)

17x17 2 5 264

(1) Les assemblages incomplets peuvent &tre 6quip6s de barres pleines en acier (ou Zy) contenant 6ventuellement un
poison neutronique. On entend par 1'appellation ( nombre de crayons par assemblage le nombre total de crayons
combustibles et de barres en acier (ou Zy).

Tous les assemblages du chargement, sauf un, peuvent &re remplac6s par des squelettes d'assemblages.

La prisence de mat~riaux plus hydrog6n~s que l'eau dans l'emballage n'est pas autoris6e.

Activit6 maximale par emballage: L'activit6 maximale de ce contenu doit ktre inf~rieure i 1 A2.

Etat physiqu:

Forme cbiimigue:

For~me spciale:

Assemblages de crayons combustibles constitu~s par des pastilles fritt~es plac~es dans une
gaine en alliage de Zirconium respectant un des deux crit6res donn6s au paragraphe 1.1 de la
pr~sente annexe.

Pastilles en oxyde d'uranium (UO2) et/ou pastilles combustibles compos6es d'un mdlange
d'U0 2 dont l'enrichissement en U235 ne d6passe pas 5% et d'un corps jouant le r6le de
poison neutronique avec une densit6 du melange n'exc~dant pas 10,69 g/cm3.

Les matid&res transport~es ne sont pas sous forme sp~ciale.

2. ETUDE DE CRITICITE

Elle fait l'objet de la note FFDC00817, donn6e en annexe 12 du dossier de surete.
Les hypothises prises en compte sont les suivantes :
- non respect de l'intigrit: g~om~trique des assemblages en CAT;
- vidange diff~rentielle ;
- p~n&ration d'eau dans tous les espaces vides.
Indice de Sfiret6 Criticiti (CSI) : 0,63 (Nombre N=80)

Pricautions particulires A prendre au moment du chargement au r~acteur : N~ant

Pr~cautions particuli~res A prendre au cours du transport: N~ant

Le syst~me d'isolement consid&r6 est constitu6 des 6lments d~crits en annexe 0 et, pour la partie contenu, des
616ments suivants :
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Les proprietes de resistance mecanique des materiaux de gainage des crayons dowent respecter l'un des criteres 
suivants: 

1 2 3 4 5 

RpO.2 (MPa) ~ 520 455 350 250 290 

I:tm(MPal~ 710 590 480 400 440 

At (%)~ 12 12 15 25 20 

1.2 Conditions de chargement 

Tous les assemblages d'un chatgement doivent verifier les conditions definies dans Ie tableau ci-dessous. 

nombre maximal d'assemblages enrichissement initial maximal nombre minimal de crayons de 
type autorise au chatgement pat crayon de chaque assemblage chaque assemblage du 

d'assemblage du chatgement (23SU /Utotal) chargement (1) 

17x17 2 5 264 

(1) Les assemblages incomplets peuvent etre equipes de barres pleines en acier (ou Zy) contenant eventuellement un 
poison neutronique. On entend pat l'appellation « nombre de crayons pat assemblage» Ie nombre total de crayons 
combustibles et de banes en acier (ou Zy). 

Tous les assemblages du chatgement, sauf un, peuvent ctre remplaces pat des squelettes d'assemblages. 

La presence de materiaux plus hydrogenes que l'eau dans l'emballage n'est pas autorisee. 

Activire maximale pat emballage: L'activite maximale de ce contenu doit ctre inferieure a 1 Az. 

Etat physiqy,e : 

Forme chimique: 

Fonne speciale : 

Assemblages de crayons combustibles constitues. pat des pastilles frittees placees dans une 
gaine en alliage de Zirconium respectant un des deux criteres donnes au patagraphe 1.1 de la 
presente annexe. 

Pastilles en oxyde d'uranium (U02) et/ou pastilles combustibles composees d'un melange 
d'U02 dont l'enrichissement en U235 ne depasse pas 5% et d'un corps jouant Ie role de 
poison neutronique avec une densite du melange n'excedant pas 10,69 g/cm3. 

Les matieres transportees ne sont pas sous forme speciale. 

2. ETUDE DE CRITICITE 

Elle fait l'objet de la note FFDCOO817, donnee en annexe 12 du dossier de sfuete. 
Les hypotheses prises en compte sont les suivantes : 

non respect de l'integrite geometrique des assemblages en CAT; 
vidange differentielle ; 
penetration d'eau dans tous les espaces vides. 

Indice de Slirete Criticire (CSI) : 0,63 (Nombre N=80) 

Precautions patticulieres a prendre au moment du chatgement au reacteur: Neant 

Precautions patticulieres a prendre au cours du transport: Neant 

Le systeme d'isolement considere est constitue des elements decrits en annexe 0 et, pour la pattie contenu, des 
elements suivants : 
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- les caract~ristiques des assemblages combustibles telles que ddcrites dans le tableau du paragraphe 1.1 de la
prdsente annexe;

- les tubes de gainage qui garantissent le confinement de la mati~re fissile en situation accidentelle;
- la structure de l'assemblage (grilles, embouts) ;
- le caractire complet des assemblages : les 6ventuels crayons fissiles manquants sont remplac~s par des crayons

inertes.
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les caracteristiques des assemblages combustibles telles que decrites dans Ie tableau du paragraphe 1.1 de la 
presente annexe ; 
les tubes de gainage qui garantissent Ie confinement de la matiere tissile en situation accidentelle ; 
la structure de l'assernblage (grilles, ernbouts) ; 
Ie caractere complet des assemblages: les eventuels crayons tissiles manquants sont remplaces par des crayons 
inertes. 
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ANNEXE 2

ASSEMBLAGES COMBUSTIBLES REP NEUFS

Le dossier de s3ret6 justifiant ce contenu est TFX/DC/2159 rev. D.

Ce contenu doit &tre charg6 dans un emballage FCC 3 version 1.

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE

1.1 Caractiristiques des assemblages combustibles

Le contenu radioactif autoris6, d~crit au chapitre 2.2 du dossier de "sfret6, est constitu6 d'au maximum deux
assemblages combustibles neufs, ý destination des r~acteurs i eau pressuris&e, tels que d~crits ci-apr~s :

Caract~ristiques des assemblages avant irradiation: 15x15

type de rdseau 15x15

pas nominal du i~seau (mm) 14,3

masse totale maximale de l'assemblage avec ou sans grappe (kg) 739

masse maximale de m~tal lourd par assemblage (kg) 519

longueur active nominale (mm) 3658

nombre maximal de crayons combustibles 224(1)

Caract~ristiques des crayons combustibles avant irradiation:

Gaine: mati.iau Alliage de Zirconium

- 6paisseur minimale (mm) 0,57

- diam&tre ext6rieur minimal (mm) 10,68

Pastilles : UNE

- diamitre maximal (mm) 9,31

- densit6 maximale de l'oxyde (97,5 % de la densit6 th~orique) 10,69

- enrichissement initial maximal (235U/UoWta) (%) 5

- rapport massique maximal 2 32
U/Utotal (O/6) 5.10.8

- rapport massique maximal 234U/UWj (%) 0,055

- rapport massique maximal 236U/Utw (O/o) 0,05

Pression interne absolue maximale des crayons ý 20 °C (bars) 32,7

(1) Ce nombre de crayons correspond au nombre maximum de crayons susceptibles d'ftre ins6res dans une structure
(squelette d'assemblage ou carquois), y compris dans les tubes guides.

ANNEXE2 

ASSEMBLAGES COMBUSTIBLES REP NEUFS 

Le dossier de smete justifiant ce contenu est TFX/DC/2159 rev. D. 

Ce contenu doit et:re charge dans un emballage FCC 3 version 1. 

1. DEFINITION DU CONTEND RADIOACTIF AUTORISE 

1.1 Caracteristiques des assemblages combustibles 
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Le contenu radioactif autorise, decrit au chapitre 2.2 du dossier de 'smete, est constitue d'au maximum deux 
assemblages combustibles neufs, a destination des reacteurs a eau pressurisee, tels que decrits ci-apres : 

Caracteristiques des assemblages avant irradiation: 15x15 

type de reseau 15x15 

pas nominal du ieseau (mm) 14,3 

masse totale maximale de l'assemblage avec ou sans grappe (kg) 739 

masse maximale de metallourd par assemblage (kg) 519 

longueur active nominale (mm) 3658 

nombre maximal de crayons combustibles 224(1) 

Caracterlstiques des crayons combustibles avant irradiation: 

Gaine : matenau Alliage de Zirconium 

- epaisseur minimale (mm) 0,57 

- diametre exteneur minimal (mm) 10,68 

Pastilles: UNE 

- diametre maximal (mm) 9,31 

- densite maximale de l'oxyde (97,5 % de la densite theorique) 10,69 

- enrichissement initial maximal (235U/Utotal) (%) 5 

- rapport massique maximal 232U/Utotal (%) 5.1D-8 

- rapport massique maximal 234U/UlOtal (%) 0,055 

- rapport massique maximal 236U/UlOtal (%) 0,05 

Pression interne absolue maximale des crayons a 20 °C (bars) 32,7 

(1) Ce nombre de crayons correspond au nombre maximum de crayons susceptibles d'etre inseres dans une structure 
(squelette d'assemblage ou carquois), y compris dans les tubes guides. 
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Les propri&ks de resistance m~canique des matiriaux de gainage des crayons doivent respecter run des crit~res
suivants:

1 2 3 4 5

R_0. (MPa) 520 455 350 250 290

R. (MPa)> 710 590 480 400 440

A. 12 12 15 25 20

1.2 Conditions de chargement

Tous les assemblages d'un chargement doivent v~rifier les conditions d~finies dans le tableau ci-dessous.

nombre maximal d'assemblages enrichissement initial maximal nombre minimal de crayons de

d'assemblage autoris6 au chargement par crayon de chaque assemblage chaque assemblage du
d bdu chargement (23sU/U.to) chargement (1)

15x15 2 5 204

(1) Les assemblages incomplets peuvent &tre 6quip~s de barres pleines en acier (ou Zy) contenant iventuellement un
poison neutronique. On entend par rappellation < nombre de crayons par assemblage ) le nombre total de crayons
combustibles et de barres en acier (ou Zy).

Tous les assemblages du chargement, sauf un, peuvent ktre remplac6s par des squelettes d'assemblages.

La presence de mat6riaux plus hydrogin~s que l'eau dans 1'emballage n'est pas autoris&e.

Activiti maximale oar emballaae: L'activit6 maximale de ce contenu doit &tre inf~rieure ý 1 A2.

Etat physique :

Forme chimique:

Forme spciale:

Assemblages de crayons combustibles constitu6s par des pastilles fritt6es plactes dans une
gaine en alliage de Zirconium respectant un des deux crit~res donn6s au paragraphe 1.1 de la
pr6sente annexe.

Pastilles en oxyde d'uranium (UO 2 ) et/ou pastilles combustibles compos6es d'un m61ange
d'UO2 dont l'enrichissement en U235 ne d6passe pas 5% et d'un corps jouant le r6le de
poison neutronique avec une densit6 du melange n'exc6dant pas 10,69 g/cm3.

Les mati~res transport~es ne sont pas sous forme spiciale.

2. ETUDE DE CRITICITE

Elle fait l'objet de la note FFDC008i7, donn6e en annexe 12 du dossier de surete.
Les hypothises prises en compte sont les suivantes :
- non respect de Fint6grit6 g6om6trique des assemblages en CAT;
- vidange diffErentielle ;
- PNnftration d'eau dans tous les espaces vides.

Indice de Sfirete Criticiti (CS1) : 0,63 (Nombre N=80)

Precautions particulires i prendre a-u moment du chargement au r~acteur : N~ant

Precautions particulires ý prendre au cours du transpor : N~ant

Le syst~me d'isolement consid&r est consfitu6 des 6l6ments d6crits en annexe 0 et, pour la partie contenu, des
61-ments suivants :
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Les proprietes de resistance mecanique des materiaux de gainage des crayons doivent respecter l'un des criteres 
suivants: 

1 2 3 4 5 

RpO.2 (MPa) ~ 520 455 350 250 290 

R." (MPa) ~ 710 590 480 400 440 

At (%)~ 12 12 15 25 20 

1.2 Conditions de chargement 

Tous les assemblages d'un chargement doivent verifier les conditions definies dans Ie tableau ci-dessous. 

nombre maximal d'assemblages enrichissement initial maximal nombre minimal de crayons de 
type autorise au chargement par crayon de chaque assemblage chaque assemblage du 

d'assemblage 
du chargement (235U/U,otal) chargement (1) 

15x15 2 5 204 

(1) Les assemblages incomplets peuvent etre equipes de barres pleines en acier (ou Zy) contenant eventuellement un 
poison neutronique. On entend par l'appellation « nombre de crayons par assemblage» Ie nombre total de crayons 
combustibles et de banes en acier (ou Zy). 

Tous les assemblages du chargement, saufun, peuvent etre remplaces par des squelettes d'assemblages. 

La presence de matenaux plus hydrogenes que l'eau dans l'emballage n'est pas autorisee. 

Act:iyire maximale par emballage: L'activite maximale de ce contenu doit etre inferieure a 1 A2• 

Etat physique : 

Formechimique: 

Forme speciale: 

Assemblages de crayons combustibles constitues par des pastilles frittees placees dans une 
gaine en alliage de Zirconium respectant un des deux criteres donnes au paragraphe 1.1 de la 
presente annexe. 

Pastilles en oxyde d'uranium (V02) et/ou pastilles combustibles composees d'un melange 
d'UOz dont l'enrichissement en U235 ne depasse pas 5% et d'un corps jouant Ie role de 
poison neutronique avec une densite du melange n'excedant pas 10,69 g/ em3. 

Les matieres transportees ne sont pas sous forme speciale. 

2. ETUDE DE CRITICITE 

Elle fait l'objet de la note FFDC008i7, donnee en annexe 12 du dossier de su.rete. 
Les hypotheses prises en compte sont les suivantes : 

non respect de l'integrite geometrique des assemblages en CAT ; 
vidange differentielle ; 
Penetration d'eau dans tous les espaces vides. 

Indice de Surete Criticite (CS(l : 0,63 (Nombre N=80) 

Precautions particulieres a prendre au moment du chargement au reacteur : Neant 

Precautions particulieres a prendre au cours du transport: Neant 

Le systeme d'isolement considere est constitue des elements decrits en annexe 0 et, pour la partie contenu, des 
elements suivants : 
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- les caract•ristiques des assemblages combustibles telles que dc~rites dans le tableau du paragraphe 1.1 de la
pr~sente annexe ;

- les tubes de gainage qui garantissent le confinement de la mati~re fissile en situation accidentelle;
- la structure de l'assemblage (grilles, embouts) ;
- le caract&re complet des assemblages : les 6ventuels crayons fissiles manquants sont remplac~s par des crayons

inertes.
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les caractenstiques des assemblages combustibles telies que decntes dans Ie tableau du paragraphe 1.1 de la 
presente annexe ; 
les tubes de gainage qui garantissent Ie confinement de la matiere fissile en situation accidentelie ; 
la structure de l'assemblage (grilles, embouts) ; 
Ie caractere complet des assemblages : les eventuels crayons fissiles manquants sont remplaces par des crayons 
inertes. 

,--------------~--~--------~-------
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ANNEXE 3

ASSEMBLAGES COMBUSTIBLES REP NEUFS

Le dossier de s6ret6 justifiant ce contenu est TFX/DC/2159 rev. D.

Ce contenu doit ktre charge dans un emballage FCC 3 version 2.

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE

1.1 Caractkristiques des assemblages combustibles

Le contenu radioactif autoris6, d6crit au chapitre 2.2 du dossier de s.ret•, est constitu6 d'au maximum deux
assemblages combustibles neufs, ý destination des r~acteurs i eau pressuris~e, tels que ddcrits ci-apr~s :

Caract6ristiques des assemblages avant irradiation: 14x14 8 pieds

type de r~seau 14x14

pas nominal au reseau ýmm)

masse totale maximale de rassemblage avec ou sans grappe (kg)

masse maximale de mttal lourd par assemblage (kg)

longueur active nominale (mm)

nombre maximal de crayons combustibles

S'+, l

448

305

2413

1950)

Caract~ristiques des crayons combustibles avant irradiation:

Gaine: matiriau

- 6paisseur minimale (mm)

_ diamrtre ext~rieur minimal (mm)

Pastilles :

- diam~tre maximal (mm)

- densiti maximale de l'oxyde (97,5 % de la densit6 th~orique)

- enrichissement initial maximal (235U/U,ow) (%)

- rapport massique maximal 23-U/Uo, (%)

- rapport massique maximal 234U/Uto l (%)

- rapport massique maximal 236U/U 0to, (N%)

Pression interne absolue maximale des crayons h 20 'C (bars)

Alliage de Zirconium

0,57

10,68

UNE

9,40

10,69

5

5.10-8

0,055

0,05

32,7

(1) Ce nombre de crayons correspond au nombre maximum de crayons susceptibles d'f&tre ins&r~s dans une structure
(squelette d'assemblage ou carquois), y compris dans les tubes guides.

ANNEXE3 

ASSEMBLAGES COMBUSTIBLES REP NEUFS 

Le dossier de st1rete justifiant ce contenu est TFX/DC/2159 rev. D. 

Ce contenu doit etre charge dans un emballage FCC 3 version 2. 

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE 

1.1 Caracteristiques des assemblages combustibles 
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Le contenu radioactif autorise, decrit au chapitre 2.2 du dossier de st1rete, est constitue d'au maximum deux 
assemblages combustibles neufs, a destination des reacteurs a eau pressurisee, tels que decrits ci-apres : 

Caracteristiques des assemblages avant irradiation : 14x14 8 pieds 

type de reseau 14x14 
~ 

pas nominal du reseau (mm) 14,1 

masse totale maximale de l'assemblage avec ou sans grappe (kg) 448 

masse maximale de metallourd par assemblage (kg) 305 

longueur active nominale (mm) 2413 

nombre maximal de crayons combustibles 195(1) 

Caracteristiques des crayons combustibles avant irradiation: 

Gaine : materiau Alliage de Zirconium 

- epaisseur minimale (mm) 0,57 

- diametre exterieur minimal (mm) 10,68 

Pastilles: UNE 

- diametre maximal (mm) 9,40 

- densite maximale de l'oxyde (97,5 % de la densite theorique) 10,69 

- enrichissement initial maximal (235U/U,o,a1) (%) 5 

- rapport massique maximal 232U/Utotal (%) 5.10-s 

- rapport massique maximal 234U/U,otal (%) 0,055 

- rapport massique maximal 236U/U,otal (%) 0,05 

IPression interne absolue maximaledes crayons a 20°C (bars) 32,7 

(1) Ce nombre de crayons correspond au nombre maximum de crayons susceptibles d'etre inseres dans une structure 
(squelette d'assemblage ou carquois), y compris dans les tubes guides. 
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Les propriit~s de risistance m~canique des mat~tiaux de gainage des crayons doivent respecter Pun des crit~res
suivants:

1 2 3 4 5

Rpo.2 (MPa)> 520 455 350 250 290

Rm (MPa)> 710 590 480 400 440

A, (/) 12 12 15 25 20

1.2 Conditions de chargement

Tous les assemblages d'un chargement doivent v~rifier les conditions d~finies dans le tableau ci-dessous.

nombre maximal d'assemblages enrichissement initial maximal nombre minimal de crayons de

d'assemblage autoris6 au chargement par crayon de chaque assemblage chaque assemblage du
du chargement (2s5U/Utta) chargement (1)

14x14 2 5 179

(1) Les assemblages incomplets peuvent &tre 6quip6s de barres pleines en acier (ou Zy) contenant 6ventuellement un
poison neutronique. On entend par l'appellation n< hombre de crayons par assemblage >) le nombre total de crayons
combustibles et de barres en acier (ou Zy).

Tous les assemblages du chargement, saufun, peuvent 8tre remplacgs par des squelettes d'assemblages.

La presence de matgriaux plus hydrogonts que l'eau dans l'emballage n'est pas autoris6e.

Activit6 maximale par embaflage: L'activit6 maximale de ce contenu doit htre inftrieure i 1 A2.

ttat physique: Assemblages de crayons combustibles constituts par des pastilles fritt~es plactes dans une
gaine en alliage de Zirconium respectant un des deux crit&es donn6s au paragraphe 1.1 de la
pr~sente annexe.

Forme chimique: Pastilles en oxyde d'uranium (UO2) et/ou pastilles combustibles compos~es d'un mdlange
d'U0 2 dont l'enrichissement en U235 ne d6passe pas 5% et d'un corps jouant le r6le de
poison neutronique avec une densit6 du m6lange n'exc6dant pas 10,69 g/cm3.

Forme spkiale: Les mati6res transport~es ne sont pas sous forme sp~ciale.

2. ETUDE DE CRITICITE

Ele fait l'objet de la note FFDC01106, donn6e en annexe 12 du dossier de sf.ret&.

Les hypothises prises en compte sont les suivantes :
- non respect de l'int~grit6 gtomftrique des assemblages en CAT;
- vidange diff~rentielle ;
- pin6tration d'eau dans tous les espaces vides.

I;dice de Stxet6 Criticit6 (CSfl : 0 (Nombre N infini)

Pricautions particulihres i prendre au moment du chargement au r6acteur : N6ant

Pr6cautions particuli6res i prendre au cours du transport: N6ant

Le systime d'isolement consid6r6 est constitu6 des 616ments d6crits en annexe 0 et, pour la partie contenu, des
96ments suivants :
- les caract~ristiques des assemblages combustibles telles que dtcrites dans le tableau du paragraphe 1.1 de la

prtsente annexe ;
- les tubes de gainage qui garantissent le confinement de la mati~re fissile en situation accidentelle;
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Les proprietes de resistance mecanique des matenaux de gainage des crayons doivent respecter l'un des criteres 
suivants: 

1 2 3 4 5 

RpO.2 (MPa) ~ 520 455 350 250 290 

Rm (MPa) ~ 710 590 480 400 440 

At (%)~ 12 12 15 25 20 

1.2 Conditions de chargement 

Tous les assemblages d'un chargement doivent verifier les conditions definies dans Ie tableau ci-dessous. 

nombre maximal d'assemblages enrichissement initial maximal nombre minimal de crayons de 
type autorise au chargement par crayon de chaqueassemblage chaque assemblage du 

d'assemblage 
du chargement (235U /U,o'al) chargement (1) 

14x14 2 5 179 

(1) Les assemblages incomplets peuvent ette equipes de barres pleines en acier (ou Zy) contenant eventuellement un 
poison neuttonique. On entend par I'appellation « nombre de crayons par assemblage» Ie nombre total de crayons 
combustibles et de baeres en acier (ou Zy). 

Tous les assemblages du chargement, sauf un, peuvent ette remplaces par des squelettes d'assemblages. 

La presence de matenaux plus hydrogenes que l'eau dans l'emballage n'est pas autorisee. 

Activite maximale par emballage : L'activite maximale de ce contenu doit ette infeneure a 1 A2• 

gtat physiQue: Assemblages de crayons combustibles constitues par des pastilles frittees placees dans une 
gaine en alliage de Zirconium respectant un des deux criteres donnes au paragraphe 1.1 de la 
presente annexe. 

ForroechimiQue: 

Forme speciale : 

Pastilles en oxyde d'uranium (U02) et/ou pastilles combustibles composees d'un melange 
d'UOz dont I'enricrussement en U235 ne depasse pas 5% et d'un corps jouant Ie role de 
poison neuttonique avec une densite du melange n'excedant pas 10,69 g/ cm3. 

Les matieres ttansportees ne sont pas sous forme speciale. 

2. ETUDE DE CRITICITE 

Eile fait l'objet de la note FFDC01106, donnee en annexe 12 du dossier de sfuete. 

Les hypotheses prises en compte sont les suivantes : 

non respect de l'integrite geometrique des assemblages en CAT; 
vidange differen tielle ; 
penetration d'eau dans tous les espaces vides. 

Indice de Sfuete Criticite (1:SI) : 0 (Nombre N infini) 

Precautions particulieres a prendre au moment du chat;gement au reacteur: Neant 

Precautions particulieres a prendre au cours du transport: Neant 

Le systeme d'isolement considere est constitue des elements decrits en annexe 0 et, pour la partie contenu, des 
elements suivants : 

les caracteristiques des assemblages combustibles telles que decrites dans Ie tableau du paragraphe 1.1 de la 
presente annexe ; 
les tubes de gainage qui garantissent Ie confinement de la matiere fissile en situation accidentelle ; 
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- la structure de 1'assemblage grlles, embouts);
- le caract~re complet des assemblages : les 6ventuels crayons fissiles manquants sont remplac6s par des crayons

inertes.

la structure de l'assemblage (grilles, embouts) ; 
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Ie catactere complet des assemblages : les eventuels crayons fissiles manquants sont remplaces pat des crayons 
inertes. 
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ANNEXE 4

ASSEMBLAGES COMBUSTIBLES REP NEUFS

Le dossier de scret6 justifiant ce contenu est TFX/DC/2159 rev. D.

Ce contenu doit &re charg6 dans un emballage FCC 3 version 2.

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE

1.1 Caract&istiques des assemblages combustibles

Le contenu radioactif autorisi, d&rit au chapitre 2.2 du dossier de sfiret6, est constitu6 d'au maximum deux
assemblages combustibles neufs, i destination des r~acteurs i eau pressuris&e, tels que d&rits ci-aprts :

Caract~ristiques des assemblages avant irradiation: 14x14 10 pieds

type de r~seau 14x14

pas nominal du r~seau (mm) 14,1

masse totale maximale de rassemblage avec ou sans grappe (kg) 557

masse maximale de m&al lourd par assemblage (kg) 385

longueur active nominale (mm) 3048

nombre maximal de crayons combustibles 195(0)

Caracttistiques des crayons combustibles avant irradiation:

Game : mat&iau Alliage de Zirconium

- 6paisseur minimale (mm) 0,57

- diam~tre extrieur minimal (mm) 10,68

Pastilles : UNE

- diam~tre maximal (mm) 9,40

- densit6 maximale de l'oxyde (97,5 % de la densit6 th~orique) 10,69

- enrichissement initial maximal (235U/Uo.) (%O) 5

- rapport massique maximal 2
3
2U/Uot (%) 5.10-s

- rapport massique maximal U34u/U.W CIO) 0,055

- rapport massique maximal 23
6U/Uto (/o) 0,05

Pression interne absolue maximale des crayons ý 20 'C (bars) 32,7

(1) Ce nombre de crayons correspond au nombre maximum de crayons susceptibles d'&re ins&r&s dans une structure
(squelette d'assemblage ou carquois), y compris dans les tubes guides.

ANNEXE4 

ASSEMBLAGES COMBUSTIBLES REP NEUFS 

Le dossier de s-urete justifiant ce contenu est TFX/DC/2159 rev. D. 

Ce contenu doit etre charge dans un emballage FCC 3 version 2. 

1.. DEFINITION DU CONTENU RADIOACTIF AUTORISE 

1.1 Caracteristiques des assemblages combustibles 
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Le contenu raruoactif autorise, decrit au chapitre 2.2 du dossier de s-urete, est constitue d'au maximum deux 
assemblages combustibles neufs, a destination des reacteurs a eau pressurisee, tels que decrits ci-apres : 

Caracteristiques des assemblages avant irradiation: 14x14 10 pieds 

type de reseau 14x14 

pas nominal du reseau (mm) 14,1 

masse totale maximale de l'assemblage avec ou sans grappe (kg) 557 

masse maximale de metallourd par assemblage (kg) 385 

longueur active nominale (mm) 3048 

nombre maximal de crayons combustibles 195(1) 

Caracteristiques des crayons combustibles avant irradiation: 

Gaine : materiau Alliage de Zirconium 

- epaisseur minimale (mm) 0,57 

- cliametre exteneur minimal (mm) 10,68 

Pastilles: UNE 

- diametre maximal (mm) 9,40 

- densite maximale de l'oxyde (97,5 % de la densite theorique) 10,69 

- enrichissement initial maximal (235U /U,otlll) (%) 5 

- rapport massique maximal 232U/Utotlll (%) 5.10·s 

- rapport massique maximal 234U/Utotlll (%) 0,055 

- rapport massique maximal 236U/Utotlll (%) 0,05 

Pression interne absolue maximale des crayons a 20°C (bars) 32,7 

(1) Ce nombre de crayons correspond au nombre maximum de crayons susceptibles d'etre inseres dans une structure 
(squelette d'assemblage ou carquois), y compris dans les tubes guides. 
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Les propri&ts de resistance m&anique des mat&iaux de gainage des crayons doivent respecter l'un des crit~res
suivants:

1 1 2 3 4 5

Rpo.2 (MPa) 520 455 350 250 290

R.(MPa) 710 590 480 400 440

12 12 15 25 20

L2 Conditions de chargement

Tous les assemblages d'un chargement doivent v&ifier les conditions d6finies dans le tableau ci-dessous.

nombre maximal d'assemblages enrichissement initial maximal nombre minimal de crayons de

d'assemblage autoris6 au chargement par crayon de chaque assemblage chaque assemblage du
du chargement (235U/Utota) chargement (1)

14x14 2 5 179

(1) Les assemblages incomplets peuvent &tre iquip&s de barres pleines en acier (ou Zy) contenant 6ventuellement un
poison neutronique. On entend par l'appellation (nombre de crayons par assemblage )> le nombre total de crayons
combustibles et de barres en acier (ou Zy).

Tous les assemblages du chargement, sauf un, peuvent &tre remplacns par des squelettes d'assemblages.

La presence de mat&iaux plus hydrog6n&s que l'eau dans l'emballage n'est pas autoris&e.

Activit: maximale par emballage : Lactiviti. maximale de ce contenu doit itre infirieure i 1 A 2

Etat physique: Assemblages de crayons combustibles constitu6s par des pastilles frittnes plac~es dans une
gaine en alliage de Zirconium respectant un des deux crit~res donn&s au paragraphe 1.1 de la
pr~sente annexe.

Forme chimique : Pastilles en oxyde d'uranium (UO2) et/ou pastilles combustibles compos~es d'un m~1ange
d'U0 2 dont l'enrichissement en U235 ne d6passe pas 5 % et d'un corps jouant le r6le de
poison neutronique avec une densit6 du mdlange n'exc6dant pas 10,69 g/cm3.

Forme sp&iale: Les mati6res transport&s ne sont pas sous forme sp&iale.

2. ETUDE DE CRITICITE

Elle fait l'objet de la note FFDC01106, donn&e en annexe 12 du dossier de siret6.

Les hypotheses prises en compte sont les suivantes :

- non respect de l'int6grit6 g~omtrique des assemblages en CAT;
- vidange diff6rentielle ;
- p~n&ration d'eau dans tous les espaces vides.

Indice de Sfiret6 Criticite (CSf : 0 (Nombre N infini)

Precautions particulibres i prendre au moment du chargement au r•acteur : N~ant

Precautions particuli~res ý prendre au cours du transport : N~ant

Le syst~me d'isolement consid&r6 est constitu6 des 616ments d&rits en annexe 0 et, pour la partie contenu, des
aiments suivants :

- les caract6ristiques des assemblages combustibles telles que d6crites dans le tableau du paragraphe 1.1 de la
pr~sente annexe ;

- les tubes de gainage qui garantissent le confinement de la mati~re fissile en situation accidentelle;
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Les proprietes de resistance mecanique des matenaux de gainage des crayons doivent respecter l'un des criteres 
suivants: 

1 2 3 4 5 

Rpo.z (MPa) ~ 520 455 350 250 290 

R.,,(MPa) ~ 710 590 480 400 440 

Ac (%)~ 12 12 15 25 20 

L2 Conditions de chargement 

Tous les assemblages d'un chargement doivent verifier les conditions definies dans Ie tableau ci-dessous. 

nombre maximal d'assemblages enrichissement initial maximal nombre minimal de crayons de 
type autorise au chargement par crayon de chaque assemblage chaque assemblage du 

d'assemblage 
du chargement (235U/U,otal) chargement (1) 

14x14 2 5 179 

(1) Les assemblages incomplets peuvent etre equipes de barres pleines en acier (ou Zy) contenant eventuellement un 
poison neutronique. On entend par l'appellation « nombre de crayons par assemblage» Ie nombre total de crayons 
combustibles et de barres en acier (ou Zy). 

Tous les assemblages du chargement, sauf un, peuvent etre remplaces par des squelettes d'assemblages. 

La presence de materiaux plus hydrogenes que l'eau dans l'emballage n'est pas autorisee. 

Activite maximale par emballage: L'activitemaximale de ce contenu doit etre inferieure al A2 

Forme chimique: 

Forme speciale: 

Assemblages ,de crayons combustibles constitues par des pastilles frittees placees dans une 
gaine en alliage de Zirconium respectant un des deux criteres donnes au paragraphe 1.1 de la 
presente annexe. 

Pastilles en oxyde d'uranium (D02) et/ou pastilles combustibles composees d'un melange 
d'U02 dont l'enrichissement en U235 ne depasse pas 5% et d'un corps jouant Ie role de 
poison neutronique avec une densite du melange n'excedant pas 10,69 g/cm3. 

Les matieres transportees ne sont pas sous forme speciale. 

2. ETUDE DE CRITICITE 

Elle fait l'objet de la note FFDC01106, donnee en annexe 12 du dossier de sfuete. 

Les hypotheses prises en compte sont les suivantes : 

non respect de l'integnte geometrique des assemblages en CAT; 
vidange differentielle ; 
penetration d'eau dans tous les espaces vides. 

Indice de Sfuete Criticite (CSl) : 0 (Nombre N infini) . 

Precautions particulieres it prendre au moment du chargement au reacteur : Neant 

Precautions particulieres it prendre au cours du transport: Neant 

Le systeme d'isolement considere est constitue des elements decrits en annexe 0 et, pour la partie contenu, des 
elements suivants : 

les caracteristiques des assemblages combustibles telles que decrites dans Ie tableau du paragraphe 1.1 de la 
presente annexe ; 
les tubes de gainage qui garantissent Ie confinement de la matiere fissile en situation accidentelle ; 
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- la structure de 1'assemblage (grilles, embouts)
- le caract~re complet des assemblages : les &ventuels crayons fissiles manquants sont remplac~s par des crayons

inertes.

la structure de l'assemblage (grilles, embouts) ; 
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Ie' caractere complet des assemblages : les eventue1s crayons fissiles manquants sont remplaces par des crayons 
inertes. 
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ANNEXE 5

CRAYONS COMBUSTIBLES REP NEUFS

Le dossier de siret6 justifiant ce contenu est TFX/DC/2159 r6v. D.

Ce contenu doit &re charge dans un emballage FCC 3 version 1.

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE

1.1 Caractiristiques des crayons combustibles

Le contenu radioactif autoris6, d~crit au chapitre 2.3 du dossier de sfzret6, est constitu6 de crayons combustibles neufs,
i destination des r6acteurs i eau pressuris~e, tels que d6crits ci-aprns :

Caractkristiques des crayons combustibles avant irradiation:

masse totale maximale par cavit6 (kg)

masse totale maximale des crayons par boite (kg)

masse maximale de m&al lourd par boite (kg)

longueur active nominale (mm)

nombre maximal de crayons combustibles par boite

Gaine : mat~riau

- epaisseur minimale (mm)

- diam~tre ext~rieur minimal (mm)

Pastilles :

- diam~tre maximal (mm)

- densit6 maximale de l'oxyde (97,5 % de la densit6 th~orique)

- enrichissement initial maximal (235U/U,,,,) (%)

- rapport massique maximal 232U/Uowa (%)

- rapport massique maximal 234U/uto0 (%)

- rapport massique maximal 2
6U/Uot (0/)

- teneur massique minimale en Gd 20 3 des crayons gadolinias (%o)

Pression interne absolue maximale des crayons ý 20 'C (bars)

17x17 12 pieds

751

665

4830)

3658

267

Alliage de Zirconium

0,52

9,46

UNE

8,20

10,69

5

5.10-s

0,055

0,05

2

32,7

(1) Cette masse maximale ne conceme que les contenus avec calage et les contenus gadolini6s.

Les propri&&s de risistance m~canique des mat~riaux de gainage des crayons doivent respecter lun des critires
suivants:

1 2 3 4 5

Rpo. (MPa)2: 520 455 350 250 290

RP (MPa)> 710 590 480 400 440

A,(%)2 12 12 15 25 20

ANNEXE5 

CRAYONS COMBUSTIBLES REP NEUFS 

Le dossier de sUrete justifiant ce contenu est TFX/DC/2159 rev. D. 

Ce contenu doit etre charge dans un emballage FCC 3 version 1. 

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE 

1.1 Caracteristiques des crayons combustibles 
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Le contenu radioactiE autorise, decrit au chapitre 2.3 du dossier de sUrete, est constitue de crayons combustibles neuEs, 
a destination des reacteurs a eau pressurisee, tels que decrits ci-apres : 

Caracteristiques des crayons combustibles avant irradiation: 

masse totale maximale par cavite (kg) 

masse to tale maximale des crayons par botte (kg) 

masse maximale de metallourd par botte (kg) 

longueur active nominale (mm) 

nombre maximal de crayons combustibles par botte 

Gaine : materiau 

epaisseur minimale (mm) 

diametre exterieur minimal (mm) 

Pastilles: 

diametre maximal (mm) 

densite maximale de l'oxyde (97,5 % de la densite ~eorique) 

enrichissement initial rnUimal (235U/Utotal) (%) 

rapport massique maximal 23ZU/Utotal (%) 

rapport massique maximal 234U /lItotal (%) 

rapport massique maximal 236U IV lotal (%) 

teneur massique minimale en Gdz03 des crayons gadolinies (%) 

Pression interne absolue maximale des crayons a 20 °C (bars) 

17x17 12 pieds 

751 

665 

483(1) 

3658 

267 

Alliage de Zirconium 

0,52 

9,46 

VNE 

8,20 

10,69 

5 

5.10-8 

0,055 

0,05 

2 

32,7 

(1) Cette masse maximale ne conceme que les contenus avec calage et les contenus gadolinies. 

Les proprietes de resistance mecanique des materiaux de gainage des crayons doivent respecter l'un des criteres 
suivants: 

1 2 3 4 5 

RpO.2 (MPa) ~ 520 455 350 250 290 

Rm (MPa) ~ 710 590 480 400 440 

At(%)~ 12 12 15 25 20 
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1.2 Conditions de chargement

Tous les crayons d'un chargement doivent v&ifier les conditions dfinies dans le tableau ci-dessous.

nombre maximal de crayons enrichissement initial maximal de nombre minimal de crayons du
r~e de autoris6 au chargement, par chaque crayon du chargement chargement

boite (23sU/Utota) (1)

17x17 267 5 Rang&e compl&e de crayons
combustibles ou inertes

(1) Les rangees incompl&es de crayons combustibles doivent 8tre compl&tes par des barres en acier (ou Zy)
contenant 6ventuellement un poison neutronique. On entend par l'appellation << nombre de crayons par boite, le
nombre totalde crayons combustibles et de barres en acier (ou Zy).

La presence de mat~riaux plus hydrogen&s que l'eau dans l'emballage n'est pas autoris&e.

Activit6 maximale par embaUage : L'activit6 maximale de ce contenu doit ftre inf&ieure i 1 A 2.

ttat physique :

Forme chimique:

Forme sp6ciale:

Crayons combustibles constitu6s par des pastilles fritt~es plac&s dans une game en alliage de
Zirconium respectant un des deux crit~res donn&s au paragraphe 1.1 de la pr~sente annexe.

Pastilles en oxyde d'uranium (UO2) et/ou pastilles combustibles compos~es d'un melange
d'U0 2 dont l'enrichissement en U235 ne d~passe pas 5% et d'un corps jouant le r 6le de
poison neutronique avec une densiti du melange n'exc&dant pas 10,69 g/cm3.

Les mati~res transport~es ne sont pas sous forme sp~ciale.

2. AMtNAGEMENTS INTERNES

L'am~nagement interne est une boite i crayons, d&rite au chapitre 2.3 du dossier de sfirete.

2.1 Boftes i crayons

Les crayons non assembl6s sont regroup6s dans des boites ý crayons versions FCC3 qui viennent s'ins~rer en lieu et
place des assemblages i l'int&rieur des FCC3 version 1.

La boite est constituie dune t6le pli6e en U, ferm& aux extrnmitrs et renforc&e par deux longerons soudes en partie
sup•rieure de la t6le. Elle constitue un logement de section carr&e, de section utile 214 x 214 mm 2.

Un syst~me de calage axial et radial permet de s'adapter i la longueur des crayons et de les maintenir en position. Un
schema de principe est donna i la figure 5.1. Une description d~taill6e accompagn~e de plans est fournie en annexe 1
du dossier de sfiret6 (note FFDC01038).

2.2 Cales

Un jeu de 2 cales assure le maintien longitudinal de la boite dans la cavit6 (une cale de t&te et une cale de pieds). La
description d~taill& des cales est donn&e en annexe 1 du dossier de sfiret6, dans la note FFDC01038.

3. ETUDE DE CRITICITE

Elle fait l'objet de la note FFDC01046, donn~e en annexe 12 du dossier de sxiret6.
Les hypothises prises en compte sont les suivantes:
- vidange diff&entielle ;

- p~n&ration d'eau dans tous les espaces vides.

1.2 Conditions de chargement 
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Tous.les crayons d'un chargement doivent verifier les conditions definies dans Ie tableau ci-dessous. 

type de 
nombre maximal de crayons enrichissement initial maximal de nombre minimal de crayons du 
autorise au chargement, par chaque crayon du chargement chargement 

reseau boite (235U IU total) (1) 

17x17 267 5 
Rangee complete de crayons 

combustibles ou inertes 

(1) Les rangees incompletes de crayons combustibles doivent etre completees par des barres en acier (ou Zy) 
contenant eventuellement un poison neutronique. On en tend par l'appellation « nombre de crayons par boite » Ie 
nombre total de crayons combustibles et de barres en acier (ou Zy). 

La presence de materiaux plus hydrogenes que l'eau dans l'emballage n'est pas autorisee. 

Activite maximale par emballage: L'activite maximale de ce contenu doit etre inferieure it 1 Az. 

Etat physiQlle : 

Forme chimique: 

Forme speciale: 

Crayons combustibles constitues par des pastilles frittees placees dans une gaine en alliage de 
Zirconium respectant un des deux criteres donnes au paragraphe 1.1 de la presente annexe. 

Pastilles en oxyde d'uranium (UOz) et/ou pastilles combustibles composees d'un melange 
d'U02 dont l'enrichissement en U235 ne depasse pas 5% et d'un corps jouant Ie role de 
poison neutronique avec une densite du melange n'excedant pas 10,69 g/ cm3• 

Les matieres transportees ne sont pas sous forme speciale. 

2. AMENAGEMENTS INTERNES 

L'amenagement interne est une boite it crayons, decrite au chapitre 2.3 du dossier de sruete. 

2.1 Boites a crayons 

Les crayons non assembles sont regroupes dans des boites it crayons versions FCC3 qui viennent s'inserer en lieu et 
place des assemblages a l'interieur des FCC3 version 1. 

La boite est constituee d'une tole pliee en U, fermee aux extremites et renforcee par deux longerons soudes en partie 
supeoeure de la t6le. Elle constitue un logement de section carree, de section utile 214 x 214 mm2. 

Un systeme de calage axial et radial permet de s'adapter it la longueur des crayons et de les maintenir en position. Un 
schema de principe est donne it la figure 5.1. Une description detaillee accompagnee de plans est fournie en annexe 1 
du dossier de sruete (note FFDCOI038). 

2.2 Cales 

Un jeu de 2 cales assure Ie maintien longitudinal de la boite dans la cavite (une cale de. tete et une cale de pieds). La 
description detaillee des cales est donnee en annexe 1 du dossier de sfuete, dans la note FFDC01038. 

3. ETUDE DE CRITICITE 

Ellefait l'objet de la note FFDC01046, donnee en annexe 12 du dossier de sruete. 
Les hypotheses prises en compte sont les suivantes : 

vidange differentielle ; 
penetration d'eau dans tous les espaces vides. 
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Indice de S6xet6 Criticit6 (CS1):

- cas du transport des crayons U0 2 avec calage radial et axial:

* indice de sdret6-criticit6 : 0 (Nombre N infini),
S pr6cautions particuli~res ý prendre au cours du transport : Nbant

- cas du transport des crayons U0 2 -Gd2O 3 avec ou sans calage radial ni axial:

* indice de s6.ret6-criticiti : 0 (Nombre N infini),
S precautions particulires ý prendre au cours du transport : N~ant;

- cas du transport des crayons U0 2 en faible nombre, sans calage radial ni axial:

* indice de siret6-critici : 50 (Nombre N = 1),
S p1r6cautions particulires i. prendre au cours du transport : respecter une masse maximale d'U0 2 de 20 kg par

colis.

Le syst~me d'isolement consid6r6 est constitu6 des 6lments d~crits en annexe 0 et, pour la partie contenu, des
dl6ments suivants:

- les caract~ristiques des crayons combustibles telles que d6crites dans le tableau du paragraphe 1.1 de la pr6sente
annexe;

- les tubes de gainage qui garantissent le confinement de la matir&e fissile en situation accidentelle.

Indicede Slirete Criticite (CSl) : 

cas du transport des crayons D02 avec calage radial et axial : 

• indice de sUrete-criticite : 0 (Nombre N infini), 
• precautions particulieres a prendre au COutS du transport: Neaot 

cas du transport des crayons DOz-Gd20 3 avec ou sans calage radial ni axial : 

• indice de sUrete-criticite : 0 (Nombre N infini), 
• precautions particulieres it prendre au COuts du transport: Neant; 

cas du transport des crayons DOz en faible nombre, sans calage radial ni axial : 

• indice de surete-criticire: 50 (Nombre N = 1), 
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• precautions particulieres it prendre au cours du transport: respecter une masse maximale d'D02 de 20 kg par 
colis. 

Le systeme d'isolement considere est constitue des elements decrits en annexe 0 et, pour la partie contenu, des 
elements suivants : 

les caracteristiques des crayons combustibles telles que decrites dans Ie tableau du paragraphe 1.1 de la presente 
annexe; 
les tubes de gainage qui garantissent Ie confinement de la matiere fissile en situation accidentelle. 
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FIGURE 5.1
SCHEMA DE LA BOITE A CRAYONS

0 1----1 

FIGURES.1 
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SCHEMA DE LA BolTE A CRAYONS 
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ANNEXE 6

CRAYONS COMBUSTIBLES REP NEUFS

Le dossier de sfiret6 justifiant ce contenu est TFX/DC/2159 r6v. D.

Ce contenu doit itre chargi dans un emballage FCC 3 version 1.

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE

1.1 Caract~ristiques des crayons combustibles

Le contenu radioactif autoris6, d~crit au chapitre 2.3 du dossier de sfiret6, est constiu6 de crayons combustibles neufs,
a destination des r6acteurs i eau pressuris6e, tels que d6crits ci-apr~s :

Caractiristiques des crayons combustibles avant irradiation:

masse totale maximale par cavit6 (kg)

masse totale maximale des crayons par boite(kg)

masse maximale de metal lourd par bolte (kg)

longueur active nommale (mm)

nombre maximal de crayons combustibles par bofte

Gaine: matiriau

- 6paisseur minimale (mm)

- diam~tre ext~rieur minimal (mm)

Pastilles :

- diam~tre maximal (mm)

- densit6 maximale de l'oxyde (97,5 0/o de la densit6 th±orique)

- enrichissement initial maximal (F5U/UtoW) (/o)

- rapport massique maximal 232U/Ut (%/o)

- rapport massique maximal n4U/Uotj (%)

- rapport massique maximal 236U/U~to (%)

- teneur massique minimale en Gd20 3 des crayons gadolini&s (%)

Pression interne absolue maximale des crayons i 20 *C (bars)

I
15x15

751

765

560(1)

3658

241

Alliage de Zirconium

0,57

10,68

UNE

9,31

10,69

5

5.10-8

0,055

0,05

2

32,7

I

(1) Cette masse maximale ne conceme que les contenus avec calage et les contenus gadoliniks.

Les propri&&s de resistance m~canique des mat&iaux de gainage des crayons doivent respecter Pun des crit&es
suivants:

1 2 3 4 5

Rp2 (MPa) 520 455 350 250 290

R _ (MPa) 710 590 480 400 440

A, (%)> 12 12 15 25 20

ANNEXE6 

CRAYONS COMBUSTIBLES REP NEUFS 

Le dossier de sfu:ete justifiant ce contenu est TFX/DC/2159 rev. D. 

Ce contenu doit etre charge dans un emballage FCC 3 version 1. 

1; DEFINITION DU CONTENU RADIOACTIF AUTORISE 

1.1 Caracteristiques des crayons combustibles 
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Le contenu radioactif autorise, decrit au chapitre 2.3 du dossier de silrete, est constitue de crayons combustibles neufs, 
it destination des reacteurs it eau pressurisee, tels que decrits ci-apres : 

Caracteristiques des crayons combustibles avant irradiation: 

masse totale maximale par cavite (kg) 

masse totale maximale des crayons par boite(kg) 

masse maximale de metallourd par boite (kg) 

longueur active nominale (mm) 

nombre maximal de crayons combustibles par boite 

Gaine: materiau 

epaisseur minimale (mm) 

diametre exteneur minimal (mm) 

Pastilles: 

diametre maximal (mm) 

densite maximale de l'oxyde (97,5 % de la densite theorique) 

enrichissement initial maximal (235U/Utotal) (%) 

rapport massique maximal 232U/Utotal (%) 

rapport massique maximal 234U/Utotal (%) 

rapport massique maximal 236U/Utotal (%) 

teneur massique minimale en Gd203 des crayons gadolinies (%) 

Pression interne absolue maximale des crayons it 20°C (bars) 

15x15 

751 

765 

560(1) 

3658 

241 

Alliage de Zirconium 

0,57 

10,68 

UNE 
9,31 

10,69 

5 

5.10.8 

0,055 

0,05 

2 

32,7 

(1) Cette masse maximale ne conceme que les contenus avec calage et les contenus gadolinies. 

Les proprietes de resistance mecanique des materiaux de gainage des crayons doivent respecter l'un des criteres 
suivants: 

1 2 3 4 5 

RpO.2 (MPa) 2! 520 455 350 250 290 

Rm (MPa) 2! . 710 590 480 400 440 

A. (%)2! 12 12 15 25 20 
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1.2 Conditions de chargement

Tous les crayons d'un chargement doivent vtrifier les conditions dffinies dans le tableau ci-dessous.

nombre maximal de crayons enrichissement initial maximal de nombre minimal de crayons du
type autoris6 au chargement, par chaque crayon du chargement chargement

boite (2
3SU/UM. 1 ) (1)

15x15 241 5 Rang& complte de crayons
combustibles ou inertes

(1) Les rangees incompl&es de crayons combustibles doivent &re compl&t&es par des barres en acier (ou Zy)
contenant 6ventuellement un poison neutronique. On entend par r'appellation nombre de crayons par boite )) le
nombre total de crayons combustibles et de barres en acier (ou Zy).

La presence de mat~riaux plus hydrogfn&s que l'eau dans l'emballage n'est pas autoris&.

Activit6 maximale par emballage: L'activit6 maximale de ce contenu doit kre inf&-ieure i 1 A2

Atat physique:

Forme chimigue:

Forme sp~giale:

Crayons combustibles constitu6s par des pastilles fritties plac6es dans une gaine en alliage de
Zirconium respectant un des deux crit&es donnis au paragraphe 1.1 de la pr6sente annexe.

Pastilles en oxyde d'uranium (UO2) et/ou pastilles combustibles compos&s d'un m61ange
d'U0 2 dont l'enrichissement en U235 ne d6passe pas 5% et d'un corps jouant le r6le de
poison neutronique avec une densit6 du m6lange n'exc6dant pas 10,69 g/cm3.

Les mati~res transport&s ne sont pas sous forme sp&iale.

2. AMtNAGEMENTS INTERNES

L'aminagement interne est une boite i crayons, d&rite au chapitre 2.3 du dossier de siret6.

2.1 Boftes i crayons

Les crayons non assembles sont regroup~s dans des boltes i crayons v.ersions FCC3 qui viennent s'insfrer en lieu et
place des assemblages i l'int6rieur des FCC3 version 1.

La boite est constitu&e d'une t6le pli6e en U, fermte aux extr&nit6s et renforc6e par deux longerons soud&s en partie
sup6rieure de la t6le. Elle constitue un logement de section carrfe, de section utile 214 x 214 mm 2.

Un systfme de calage axial et radial permet de s'adapter i la longueur des crayons et de les maintenir en position. Un
schrna de principe est donn6 i la figure 6.1. Une description d6taille accompagn& de plans est fournie en annexe I
du dossier de sxiret6 (note FFDC01038).

2.2 Cales

Un jeu de 2 cales assure le maintien longitudinal de la boite dans la cavit6 (une cale de t&e et une cale de pieds). La
description d~tailU& des cales est donn&e en annexe 1 du dossier de sfiret6, dans la note FFDC01038.

3. ETUDE DE CRITICITE

Elle fait l'objet de la note FFDC01046, donn&e en annexe 12 du dossier de sfiret6.
Les hypothises prises en compte sont les suivantes:
- vidange diff&entielle;
- p~n&ration d'eau dans tous les espaces vides.

1.2 Conditions de chargement 
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Tous les crayons d'un chargement doivent verifier les conditions detinies dans Ie tableau ci-dessous. 

type de 
nombre maximal de crayons enrichissement initial maximal de nombre minimal de crayons du 
autorise au chargement, par chaque crayon du chargement chargement 

reseau 
botte (235U /Utot31) (1) 

15x15 241 5 
Rangee complete de crayons 

combustibles ou inertes 

(1) Les rangees incompletes de crayons combustibles doivent etre completees par des barres en acier (ou Zy) 
con tenant ev.entuellement un poison neutronique. On entend par l'appellation ({ nombre de crayons par botte » Ie 
nombre total de crayons combustibles et de barres en acier (ou Zy). 

La presence de materiaux plus hydrogenes que l'eau dans l'emballage n'est pas autorisee. 

Activite maximale par emballage: L'activite maximale de ce contenu doit etre inferieure it 1 A2 

Etat physique: Crayons combustibles constitues par des pastilles frittees placees dans une gaine en alliage de 
Zirconium respectant un des deux criteres donnes au paragraphe 1.1 de la presente annexe. 

Fonne chimique: Pastilles en oxyde d'uranium (U02) et/ou pastilles combustibles composees d'un melange 
d'UOz dont l'enrichissement en U235 ne depasse pas 5% et d'un corps jouant Ie role de 
poison neutronique avec une den site du melange n'excedant pas 10,69 g/cm3. 

Fonne speciale: Les matieres transportees ne sont pas sous fonne speciale. 

2. AMENAGEMENTS INTERNES 

L'amenagement interne est une boite it crayons, decrite au chapitre 2.3 du dossier de sUrete. 

2.1 BOltes it crayons 

Les crayons non assembles sont regroupes dans des bottes it crayons ~ersions FCC3 qui viennent s'inserer en lieu et 
place des assemblages it l'inteneur des FCC3 version 1. 

La botte est constituee d'une tole pliee en U, fennee aux extrCmites et renforcee par deux longerons soudes en partie 
superieure de Ia tole. Eile constitue un logement de section carree, de section utile 214 x 214 mm2. 

Un systeme de calage axial et radial pennet de s'adapter it la longueur des crayons et de les maintenir en position. Un 
schema de principe est donne it la figure 6.1. Une description detaillee accompagnee de plans est fournie en annexe 1 
du dossier de sUrete (note FFDC01038). 

2.2 Cales 

Un jeu de 2 cales assure Ie maintien longitudinal de la botte dans la cavite (une cale de tete et une cale de pieds). La 
description detaillee des cales est donnee en annexe 1 du dossier de sUrete, dans la note FFDC01038. 

3. ETUDE DE CRITICITE 

Bile fait l'objet de la note FFDC01046, donnee en annexe 12 du dossier de sUrete. 
Les hypotheses prises en compte sont les suivantes : 

vidange differentielle ; 
penetration d'eau dans tous les espaces vides. 
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Indice de Si=irete Criticit6 (GS1):

- cas du transport des crayons U0 2 avec calage radial et axial:
S indice de sfiret6-criticit : 0 (Nombre N infini),
S precautions particulikres i prendre au cours du transplor : N~ant

- cas du transport des crayons U0 2-Gd2O 3 avec ou sans calage radial ni axial:
* indice de sfiret&criticit : 0 (Nombre N infini),
S pr6cautions particulibres ý prendre au cours du transport : Ndant;

- cas du transport des crayons U0 2 en faible nombre, sans calage radial ni axial:
a indice de s6Cret6-criticit6: 50 (Nombre N = 1),
0 precautions particuEi~res i prendre au cours du transport : respecter une masse maximale d'U0 2 de 21,1 kg

par colis.
Le syst~me d'isolement consid&6 est constitu6 des alments dncrits en annexe 0 et, pour la partie contenu, des
6l6ments suivants:

- les caract~ristiques des crayons combustibles telles que d6crites dans' le tableau du paragraphe 1.1 de la pr~sente
annexe;

- les tubes de gainage qui garantissent le confinement de la matibre fissile en situation accidentelle.

Indice de sUrete Criticite ~SIJ : 

cas du transport des crayons U02 avec calage radial et axial : 

• indice de sUrete-criticite : 0 (Nombre N infini), 
• precautions particulieres it prendre au COUls du transport: Neant 

cas du transport des crayons U02-Gd20 3 avec ou sans calage radial ni axial: 

• indice de sUrete-criticite : 0 (Nombre N infini), 
• precautions particulieres it prendre au CoutS du transport: Neant ; 

cas du transport des crayons UOz en faible nombre, sans calage radial ni axial: 

• indice de sUrete-criticite: 50 (Nombre N = 1), 
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• precautions particulims it prendre au cours du transport: respecter une masse maximale d'U02 de 21,1 kg 
par colis. 

Le systeme d'isolement considere est constitue des Clements decrits en annexe 0 et, pour la partie contenu, des 
Clements suivants : 

les caracteristiques des crayons combustibles telles que decrites dans Ie tableau du paragraphe 1.1 de la presente 
annexe; 
les tubes de gainage qui garantissent Ie confinement de la matiere fissile en situation accidentelle. 
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FIGURE 6.1
SCHEMA DE LA BOfTE A CRAYONS
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ANNEXE 7

CRAYONS COMBUSTIBLES REP NEUFS

Le dossier de siareti justifiant ce contenu est TFX/DC/2159 riv. D.

Ce contenu doit tre chargi clans un emballage FCC 3 version 1.

DEFINITION DU CONTENU RADIOACTIF AUTORISE

1.1 Caractiristiques des crayons combustibles

Le contenu radioactif autoris6, d&rit au chapitre 2.3 du dossier de sfiretE, est constitu6 de crayons combustibles neufs,
i destination des rnacteurs i eau pressuris6e, tels que d~crits ciapr&s :

Caract~ristiques des crayons combustibles avant irradiation:

masse totale maximale par caviti (kg)

masse totale maximale des crayons par boite (kg)

masse maximale de m&al lourd par boite (kg)

longueur active nominale (rum)

nombre maximal de crayons combustibles par boite

Gaine: mat&iau

- 6paisseur minimale (mim)

- diam&re extirieur minimal (mm)

Pastilles :

- diam&tre maximal (mm)

- densit6 maximale de l'oxyde (97,5 % de la densit6 thforique)

- enrichissement initial maximal (235U/Uto•,) (%)

- rapport massique maximal 232U/Uw (0/o)

- rapport massique maximal 214U/Utti (/o)

- rapport massique maximal 236U/U,0 1 O (%)

- teneur massique minimale en Gd20 3 des crayons gadolini&s (%)

Pression interne absolue maximale des crayons a 20 'C (bars)

14x14 8 pieds
751

511
3770)

2413

241

Alliage de Zirconium

0,57

10,68

UNE

9,40

10,69

5

5.10-8

0,055

0,05

2

32,7
I

(1) Cette masse maximale ne conceme que les contenus avec calage et les contenus gadolini&s.

Les propri&ts de risistance m&anique des mat&iaux de gainage des crayons doivent respecter Pun des crit~res
suivants:

r 1 T

1 2 3 4 5

Rp.i (MPa) 2! 520 455 350 250 290

I (M a)_ 710 590 480 400 440

12 12 15 25 20

ANNEXE7 

CRAYONS COMBUSTIBLES REP NEUFS 

Le dossier de sfu:ete justifiant ce contenu est TFX/DC/2159 rev. D. 

Ce contenu doit etre charge dans un emballage FCC 3 version 1. 

1. DEFINITION DU CONTEND RADIOACTIF AU)'ORISE 

1.1 Caracteristiques des crayons combustibles 
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Le contenu radioactif autorise,decrit au chapitre 2.3 du dossier de sfu:ete, est cons time de crayons combustibles neufs, 
a destination des reacteurs a eau pressurisee, tels que decrits ci-apres : 

Caracteristiques des crayons combustibles avant irradiation: 

masse totale maximale par cavite (kg) 

masse totale maximale des crayons par boite (kg) 

masse maximale de metallourd par boite (kg) 

longueur active nominale (mm) 

nombre maximal de crayons combustibles par boite 

Gaine : matenau 

epaisseur minimale (mm) 

diam~tre exterieur minimal (mm) 

Pastilles: 

diametre maximal (mm) 

densite maximale de l'oxyde (97,5 % de la densite theorique) 

enrichissement initial maximal (235U/U,otal) (%) 

rapport massique maximal 232U/U,otal (%) 

rapport massique maximal 234U/U,o,aJ (%) 

rapport massique maximal 236U/Utotal (%) 

teneur massique minimale en Gdz0 3 des crayons gadolinies (%) 

Pression interne absolue maximale des crayons a 20°C (bars) 

14x14 8 pieds 

751 

511 

377(1) 

2413 

241 

Alliage de Zirconium 

0,57 

10,68 

UNE 
9,40 

10,69 

5 

5.10.8 

0,055 

0,05 

2 

32,7 

(1) Cette masse maximale ne concemeque les con tenus avec calage et les contenus gadolinies. 

Les proprietes de resistance mecanique des matenaux de gainage des crayons doivent respecter run des criteres 
suivants: 

1 2 3 4 5 

Rpo.2 (MPa) ~ 520 455 350 250 290 

R.., (MPa) ~ 710 590 480 400 440 

At (%)~ 12 12 15 25 20 
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1.2 Conditions de chargement

Tous les crayons d'un chargement doivent v~rifier les conditions d~finies dans le tableau ci-dessous.

nombre maximal de crayons enrichissement initial maximal de nombre minimal de crayons du
type de autorisi au chargement, par chaque crayon du chargement chargement

boite (2sU/Uo) (1)

14x14 241 5 Rang6e complite de crayons
combustibles ou inertes

(1) Les rangees incomplktes de crayons combustibles doivent 6tre compl&t~es par des barres en acier (ou Zy)
contenant iventuellement un poison neutronique. On entend par l'appellation << nombre de crayons par boite ), le
nombre total de crayons combustibles et de barres en acier (ou Zy).

La presence de mat6riaux plus hydrogen~s que l'eau dans l'emballage n'est pas autotis~e.

Activit6 maximale oar emballaze : L'activit6 maximale de ce contenu doit htre inf&-ieure i 1 A2

Eftat physique :

Forme cbimique:

Forme sphciae&:

Assemblages de crayons combustibles constitu6s par des pastilles fritttes plac~es dans une
gaine en alliage de Zirconium respectant un des deux crit~res donn~s au paragraphe 1.1 de la
prisente annexe.

Pastilles en oxyde d'uranium (UO2) et/ou pastilles combustibles composies d'un melange
d'U0 2 dont l'enrichissement en U235 ne d~passe pas 5% et d'un corps jouant le r6le de
poison neutronique avec une densit6 du m6lange n'exc~dant pas 10,69 g/cmI.

Les mati~res transport~es ne sont pas sous forme sp~ciale.

2. AMPNAGEMENTS INTERNES

L'aminagement interne est une boite i crayons, d~crite au chapitre 2.3 du dossier de sfirete.

2.1 Bottes i crayons

Les crayons non assemblks sont regroup~s dans des boites i crayons versions FCC3 qui viennent s'ins6rer en lieu et
place des assemblages i l'int&ieur des FCC3 version 1.

La boite est constitu6e d'une t6le pli6e en U, fermre aux extr~mit~s et renforc~e par deux longerons soud6s en partie
suprieure de la t6le. Elle constitue un logement de section carr6e, de section utile 214 x 214 mm2.

Un systbme de calage axial et radial permet de s'adapter . la longueur des crayons et de les maintenir en position. Un
schema de principe est donn6 i la figure 7.1. Une description d~taill~e accompagn~e de plans est fournie en annexe 1
du dossier de sfiret6 (FFDC01038).

2.2 Cales

Un jeu de 2 cales assure le maintien longitudinal de la boite dans la cavit6 (une cale de tate et une cale de pieds). La
description d~taill&e des cales est donn~e en annexe 1 du dossier de siiret6, dans la note FFDC01038.

3. ETUDE DE CRITICITE

Elle fait l'objet de la note FFDC01046, donn&e en annexe 12 du dossier de sfxret&.

Les hypotheses prises en compte sont les suivantes

- vidange diff~rentielle ;
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1.2 Conditions de chargement 

Tous les crayons d'un chargement doivent verifier les conditions definies dans Ie tableau ci·dessous. 

type de 
nombre maximal de crayons enrichissement initial maximal de nombre minimal de crayons du 
autorise au chargement, par chaque crayon du chargement chargement 

reseau botte (235U /Utotal) (1) 

14x14 241 5 
Rangee complete de crayons 

combustibles ou inertes 

(1) Les rangees incompletes de crayons combustibles doivent ette completees par des barres en acier (ou Zy) 
contenant eventuellement un poison neuttonique. On entend par l'appeilation « nombre de crayons par boite» Ie 
nombre total de crayons combustibles et de barres en acier (ou Zy). 

La presence de matenaux plus hydrogenes que l'eau dans l'emballage n'est pas autorisee. 

Activite maximale par emballa.ge : L'activite maximale de ce contenu doit etre infeneure a 1 Az 

Etat physique: 

Forroechimique: 

Forme speciale: 

Assemblages de crayons combustibles constitues par des pastilles frittees placees dans une 
gaine en alliage de Zirconium respectant un des deux criteres donnes au paragraphe 1.1 de la 
presente annexe. 

Pastilles en oxyde d'uranium (U02) et/ou pastilles combustibles composees d'un melange 
d'U02 dont l'enrichissement en U235 ne depasse pas 5% et d'un corps jouant Ie role de 
poison neuttonique avec une densite du melange n'excedant pas 10,69 g/ cm3. 

Les matieres ttansportees ne sont pas sous forme speciale. 

2. AMENAGEMENTS INTERNES 

L'amenagement interne est une botte a crayons, decrite au chapitre 2.3 du dossier de sUrete. 

2.1 Boites it crayons 

Les crayons non assembles sont regroupes dans des boites a crayons versions FCC3 qui viennent s'inserer en lieu et 
place des assemblages a l'interieur des FCC3 version 1. 

La botte est constituee d'une tole pliee en U, fermee aux extremites et renforcee par deux longerons soudes en partie 
supeneure de la tole. Eile constitue un logement de section carree, de section utile 214 x 214 mm2. 

Un systeme de calage axial et radial permet de s'adapter a la longueur des crayons et de les maintenir en position. Un 
schema de principe est donne a la figure 7.1. Une description detaillee accompagnee de plans est fournie en annexe 1 
du dossier de s-urete (FFDCOI038). 

2.2 Cales 

Un jeu de 2 cales assure Ie maintien longitudinal de la boite dans la cavite (une cale de tete et une cale de pieds). La 
description detaillee des cales est donnee en annexe 1 du dossier de sUrete, dans la note FFDCOI038. 

3. ETUDE DE CRITICITE 

Eile fait l'objet de la note FFDC01046, donnee en annexe 12 du dossier de sUrete. 

Les hypotheses prises en compte sont les suivantes : 

vidange differentielle ; 

._._-_._ .. _ .......•.. _ ... _ ... _-_ .. -_ .. _._--_.------------------
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- p~n~tradon d'eau dans tous les espaces vides.

Indice de Siiret6 Criticit4 (CS):

- cas du transport des crayons U0 2 avec calage radial et axial:

' indice de sireti-ctitict6 : 0 (Nombre N mnfini),
* pr6cautions particulihres i prendre au cours du transport : N6ant

- cas du transport des crayons U0 2-Gd203 avec ou sans calage radial ni axial:
* indice de sfiret&criticit6: 0 (Nombre N infini),
* pr6cautions particuli6res i prendre au cours du transport : N6ant;

- cas du transport des crayons U0 2 en faible nombre, sans calage radial ni axial:

* indice de s6.ret&criticit6: 50 (Nombre N 1),
* pr6cautions particulires i prendre au cours du transport : respecter une masse maximale d'U0 2 de 21,1 kg

par colis.

Le systime d'isolement consid&r6 est constitu6 des 616ments d6crits en annexe 0 et, pour la partie contenu, des
616ments suivants:

- les caract6ristiques des crayons combustibles telles que dicrites dans le tableau du paragraphe 1.1 de la pr~sente
annexe;

- les tubes de gainage qui garantissent le confinement de la mati~re fissile en situation accidentelle.

penetration d'eau dans tous les espaces vides. 

Indice de Surete Criticite (CSI) : 

cas du transport des crayons U02 avec calag~ radial et axial : 

• . indice de sUrete-criticite : 0 (Nombre N infini), 
• precautions particulieres a prendre au cours du transport: Neant 

cas du transport des crayons U02-Gd20 3 avec ou sans calage radial ni axial: 

-indice de sUrete-criticite : 0 (Nombre N infini), 
• precautions particulieres a prendre au cours du transport: Neant; 

cas du transport des crayons U02en faible nombre, sans calage radial niaxial: 

• indice de sUrete-criticite : 50 (Nombre N = 1), 
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• precautions particulieres a prendre au cours du transport: respecter une masse maximale d'U02 de 21,1 kg 
par colis. . 

Le systeme d'isole'ment considere est constitue des elements decrits en annexe 0 et, pour la partie contenu, des 
elements suivants : 

les caracteristiques des crayons combustibles telles que decrites dans Ie tableau du paragraphe 1.1 de Ia presente 
annexe; 
les tubes de gainage qui garantissent Ie confinement de la matiere fissile en situation accidentelle. 
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FIGURE 7.1
SCHEMA DE LA BOITE A CRAYONS
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ANNEXE 8

CRAYONS COMBUSTIBLES REP NEUFS

Le dossier de sfret6 justifiant ce contenu est TFX/DC/2159 rev. D.

Ce contenu dojt &re charg6 dans un emballage FCC 3 version 1.

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE

1.1 Caract&istiques des crayons combustibles

Le contenu radioactif autoris6, d6crit au chapitre 2.3 du dossier de sf.ret6, est constitu6 de crayons combustibles neufs,
a destination des r6acteurs i eau pressuris~e, tels que d&rits ci-aprfs :

Caract6ristiques des crayons combustibles avant irradiation:

masse totale maximale par cavit6 (kg)

masse totale maximale des crayons par boite (kg)

masse maximale de m&al lourd par boite (kg)

longueur active nominale (mm)

nombre maximal de crayons combustibles par boite

Gaine: mat6riau

- 6paisseur minimale (mm)

- diam&tre ext&ieur minimal (mm)

Pastilles :

- diam&tre maximal (mm)

- densit6 maximale de 1'oxyde (97,5 % de la densit6 th6orique)

- enrichissement initial maximal (235U/Uot0 W) (%)

- rapport massique maximal 232U/Uow (%)

- rapport massique maximal 234U/Utotj (%)

- rapport massique maximal 2 36 U/UtW (o/o)

- teneur massique minimale en Gd20 3 des crayons gadolini6s (/o)

Pression interne absolue maximale des crayons ý 20 'C (bars)

14x14 10 pieds

751

639

476(0)

3048

241

Alliage de Zirconium

0,57

10,68

UNE

9,40

10,69

5

5.10-8

0,055

0,05

2

32,7

(1) Cette masse maximale ne conceme queles contenus avec calage et les contenus gadolini&s.

Les proprikis de resistance m~canique des matiriaux de gainage des crayons doivent respecter lun des critbres
suivants:

1 2 3 4 5

RoI (MPa) ?> 520 455 350 250 290

R_ (MPa) > 710 590 480 400 440

A. (%) 12 12 15 25 20

ANNEXES 

CRAYONS COMBUSTIBLES REP NEUFS 

Le dossier de sillete justi£i.ant ce contenu est TFX/DC/2159 rev. D. 

Ce contenu doit etie charge dans un emballage FCC 3 version 1. 

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE 

1.1 Caracteristiques des crayons combustibles 
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Le coritenu radioactif autorise, demt au chapitre 2.3 du dossier de sillete, est constitue de crayons combustibles neufs, 
a destination des reacteurs a eau pressurisee, tels que demts ci-apres : 

Caracteristiques des crayons combustibies avant irradiation: 

masse totale maximale par cavite (kg) 

masse totale maximale des crayons par boite (kg) 

masse maximale de metallourd par boite (kg) 

longueur active nominale (mm) 

nombre maximal de crayons combustibles par boite 

Giline : materiau 

epaisseur minimale (mm) 

diametre exterieur minimal (mm) 

Pastilles: 

diametre maximal (mm) 

densite maximale de l'oxyde (97,5 % de la densite theorique) 

enrichissement initial maximal (23sU/Utotal) (%) 

rapport massique maximal 232U/Utotal (%) 

rapport massique maximal 234U/U,otal (%) 

rapport massique maximal 236U/U,ollll (%) 

teneur massique minimale en Gd203 des crayons gadolinies (%) 

Pression interne absolue maximale des crayons a 20°C (bars) 

14x14 10 pieds 

751 

639 

476(1) 

3048 

241 

Alliage de Zirconium 

0,57 

10,68 

UNE 

9,40 

10,69 

5 

5.10.8 

0,055 

0,05 

2 

32,7 

(1) Cette masse maximale ne concerne queles contenus avec calage et les contenus gadolinies. 

Les proprietes de resistance mecanique des matenaux de gainage des crayons doivent respecter l'un des criteres 
suivants: 

1 2 3 4 5 

Rpo.2 (MPa) ~ 520 455 350 250 290 

Rm (MPa) ~ 710 590 480 400 440 

~(%):::: 12 12 15 25 20 
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1.2 Conditions de chargement

Tous les crayons d'un chargement doivent v&ifier les conditions d~finies dans le tableau ci-dessous.

type de nombre maximal de crayons enrichissement initial maximal de nombre minimal de crayons du
autoris6 au chargement, par chaque crayon du chargement chargement

r&eau boite (23sU/Utow) (2)

14x14 241 5 Rangie complete de crayons
combustibles ou inertes

(1) Les rangees incompltes de crayons combustibles doivent ftre compl&tes par des barres en acier (ou Zy)
contenant 6ventuellement un poison neutronique. On entend par lappellation n hombre de crayons par bolite )> le
nombre total de crayons combustibles et de barres en acier (ou Zy).

La presence de mat6riaux plus hydrog~n~s que l'eau dans l'emballage n'est pas autoris&.

Activit6 maximale par emballage : L'activiti maximale de ce contenu doit itre inf6rieure i 1 A2

Etat physque:

Forme chirnique:

Forme sp~ciale :

Crayons combustibles constitu&s par des pastilles fritt6es plac~es dans une gaine en alliage de
Zirconium respectant un des deux critres donn6s au paragraphe 1.1 de la pr~sente annexe.

Pastilles en oxyde d'uranium (U0 2) et/ou pastilles combustibles compos~es d'un melange
d'U0 2 dont l'enrichissement en U235 ne d~passe pas 5% et d'un corps jouant le r6le de
poison neutronique avec une densit6 du m61ange n'exc6dant pas 10,69 g/cm3.

Les matires transport~es ne sont pas sous forme spiciale.

2. AMIkNAGEMENTS INTERNES

L'am.nagement interne est une boite ý crayons, d~crite au chapitre 2.3 du dossier de slirete.

2.1 Bottes & crayons

Les crayons non assembls sont regroup 6s dans des boites i crayons versions FCC3 qui viennent s'ins6rer en lieu et
place des assemblages i l'int&-ieur des FCC3 version 1.

La bolite est constitute d'une tble pli&e en U, ferm~e aux extr&nit&s et renforcte par deux longerons soud&s en partie
sup&ieure de la t6le. EUe constitue un logement de section carrie, de section utile 214 x 214 mm 2.

Un systime de calage axial et radial permet de s'adapter i la longueur des crayons et de les maintenir en position. Un
sch&na de principe est donna i la figure 8.1. Une description d6taille accompagn6e de plans est fournie en annexe 1
du dossier de scret6 (FFDC01038).

2.2 Cales

Un jeu de 2 cales assure le maintien longitudinal de la boite dans la cavit6 (une cale de t&e et une cale de pieds). La
description d~taillke des cales est donnte en annexe I du dossier de sfiret6, dans la note FFDC01038.

3. ETUDE DE CRITICITE

Elle fait l'objet de la note FFDC01046, donn&e en annexe 12 du dossier de sfirete.
Les hypothises prises en compte sont les suivantes:
- vidange diff&entielle ;
- p~n6tration d'eau dans tous les espaces vides.

1.2 Conditions de chargement· 
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Tous les crayons d'un chargement doivent verifier les conditions definies dans Ie tableau ci-dessous. 

type de 
nombre maxhnal de crayons enrichissement initial maxhnal de nombre minimal de crayons du 
autorise au chargement, par chaque crayon du chargement chargement 

reseau botte (235U /UtotaI) (2) 

14x14 241 5 
Rangee complete de crayons 

combustibles ou inertes 

(1) Les rangees incompletes de crayons combustibles doivent etre completees par des barres en acier (ou Zy) 
contenant eventuellement un poison neutronique .. On entend par l'appellation « nombre de crayons par botte » Ie 
nombre total de crayons combustibles et de barres en acier (ou Zy). 

La presence de matenaux plus hydrogenes que l'eau dans l'emballage n'est pas autorisee. 

Activite maxhnale par emballage : L'activite maxhnale de ce contenu doit etre infeneure a 1 A2 

Etat physiQ.Ye : Crayons combustibles constitues par des pastilles frittees placees dans une gaine en alliage de 
Zirconium respectant un des deux criteres donnes au paragraphe 1.1 de la presente amiexe. 

Forme chimique: 

Forme speciale: 

Pastilles en oxyde d'uraruum (U02) et/ou pastilles combustibles composees d'un melange 
d'U02 dont l'enrichissement en U235 ne depasse pas 5% et d'un corps jouant Ie role de 
poison neutronique avec une densite du melange n 'excedant pas 10,69 gl em3. 

Les matieres transportees ne sont pas sous forme speciale. 

2. AMENAGEMENTS INTERNES 

L'amenagement interne est une botte a crayons, decrite au chapitre 2.3 du dossier de sUrete. 

2.1 Baltes a crayons 

Les crayons non assembles sont regroupes dans des boites a crayons versions FCC3 qui viennent s'inserer en lieu et 
place des assemblages a l'interieur des FCC3 version 1. 

La boite est constituee d'une tole pliee en U, fermee aux extremites et renforcee par deux longerons soudes en partie 
superieure de la t6le. EIle constitue un logement de section carree, de section utile 214 x 214 mm2. 

Un systeme de calage axial et radial permet de s'adapter a la longueur des crayons et de les maintenir en position. Un 
schema de principe est donne a la figure 8.1. Une description detaillee accompagnee de plans est fournie en annexe 1 
du dossier de sUrete (FFDC01038). 

2.2 Cales 

Un jeu de 2 cales assure Ie maintien longitudinal de la botte dans la cavite (une cale de tete et une cale de pieds). La 
description detaillee des cales est donnee en annexe 1 du dossier de sUrete, dans la note FFDC01038. 

3. ETUDE DE CRITICITE 

EIle fait l'objet de la note FFDC01046, donnee en annexe 12 du dossier de sUrete. 
Les hypotheses prises en compte sont les suivantes : 

vidange differentielle ; 
penetration d'eau dans tous les espaces vides. 
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Indice de Si~ret6 Criticiti (CSI):

- cas du transport des crayons U0 2 avec calage radial et axial:

* indice de sOlret6-criticiti : 0 (Nombre N infini),
* precautions particuli~res i prendre au cours du transport : N6ant

- cas du transport des crayons U0 2-Gd2O 3 avec ou sans calage radial ni axial:

* indice de sýiret•-eriticiti: 0 (Nombre N infini),
, prcautions particulires a prendre au cours du transport: N6ant;

- cas du transport des crayons U0 2 en faible nombre, sans calage radial ni axial:

i indice de s.reti-criticiti: 50 (Nombre N = 1),
* pricautions particuli6res a prendre au cours du transport : respecter une masse maximale d'U0 2 de 21,1 kg

par colis.

Le syst~me d'isolement consid~r6 est consdtu6 des 6lments d6crits en annexe 0 et, pour la partie contenu, des
616ments suivants :

- les caract~ristiques des crayons combustibles teUes que d6crites dans le tableau du paragraphe 1.1 de la pr~sente
annexe;

- Ies tubes de gainage qui garantissent le confinement de la mati6re fissile en situation accidentelle.

Indice de Sfu:ete Criticite (kSD : 

cas du transport des crayons U02 avec calage radial et axial : 

• indice de sfu:ete-criticite : 0 (Nombre N infini), 
• precautions particulieres it prendre au cours du transport: Neant 

cas du transport des crayons U02-Gdz0 3 avec ou sans calage radial ni axial : 

• indice de sfu:ete-criticite : 0 (Nombre N infini), 
• precautions particulieres it prendre au cours du transport: Neant ; 

cas du transport des crayons U02 en faible nombre, sans calage radial ni axial : 

• indice de sfu:~te-criticite : 50 (Nombre N = 1), 
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• precautions particulieres it prendre au cours du transport: respecter une masse maximale d'UOz de 21,1 kg 
par colis. 

Le systeme d'isolement considere est constitue des elements decrits en annexe 0 et, pour la partie contenu, des 
Clements suivants : 

les caractenstiques des crayons combustibles telIes que decrites dans Ie tableau du paragraphe 1.1 de la presente 
annexe; 
les tubes de gainage qui garantissent Ie confinement de la matiere fissile en situation accidentelle. 
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FIGURE 8.1
SCHEMA DE LA BOITE A CRAYONS
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SCHEMA DE LA BoiTE A CRAYONS 
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ANNEXE 9

ASSEMBLAGES COMBUSTIBLES REP NEUFS

Le dossier de sOiret6 justifiant ce contenu est TFX/DC/2159 r•v. D.

Ce contenu doit 6tre charg6 dans un emballage FCC 3 version 1.

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE

1.1 Caractiristiques des assemblages combustibles

Le contenu radioactif autoris6, d~crit au chapitre 2.2 du dossier de s6ret6, est constitu6 d'au maximum deux
assemblages combustibles neufs, i destination des riacteurs A eau pressuris~e, tels que d~crits ci-apr~s :

Caractiristiques des assemblages avant irradiation: 17x17 12 pieds

type de r~seau 17x17

pas nominal du r~seau (mam) 12,6

masse totale maximale de l'assemblage avec ou sans grappe (kg) 751

masse maximale de metal lourd par assemblage (kg) 521

longueur active nominale (mm) 3658

nombre maximal de crayons combustibles 2880)

Caractiristiques des crayons combustibles avant irradiation:

Gaine: mat6riau AIJiage de Zirconium

- 6paisseur minimale (mm) 0,52

- diam~tre extrieur minimal (mm) 9,40

Pastilles : UNE

- diamktre maximal (mm) 8,30

- densit6 maximale de l'oxyde (97,5 % de la densit6 th~onque) 10,69

- enrichissement initial maximal 23sU/Uto l (%) 4,9

- rapport massique maximal 232U/Utw, (%/) 5.10-8

- rapport massique maximal 234U/U,ow (%o) 0,055

- rapport massique maximal 236U/Ut, 1 (%/O) 0,05

Pression interne absolue maximale des crayons ý 20 °C (bars) 32,7

(2) Ce nombre de crayons correspond au nombre maximum de crayons susceptibles d'&tre ins&rfs dans une structure
(squelette d'assemblage ou carquois), y compris dans les tubes guides.

ANNEXE9 

ASSEMBLAGES COMBUSTIBLES REP NEUFS 

Le dossier de sUrete justifiant ce contenu est TFX/DC/2159 rev. D. 

Ce contenu doit etre charge dans un emballage FCC 3 version 1. 

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE 

1.1 Caracteristiques des assemblages combustibles 
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( 

Le contenu raruoactif autorise, decrit au chapitre 2.2 du dossier de sUrete, est constitue d'au maximum deux 
assemblages combustibles neufs, a destination des reacteurs a eau pressurisee, tels que decrits ci-apres : 

Caracteristiques des assemblages avant irradiation: 17x17 12 pieds 

type de reseau 17x17 

pas norriinal du reseau (mm) 12,6 

masse totale maximale de l'assemblage avec ou sans grappe (kg) 751 

masse maximale de metallourd par assemblage (kg) 521 

longueur active nominale (mm) 3658 

nombre maximal de crayons combustibles 288(1) 

Caracteristiques des crayons combustibles avant irradiation: 

Game: materiau Alliage de Zirconium 

- epaisseur minimale. (mm) 0,52 

- diametre extetteur minimal (mm) 9,40 

Pastilles: UNE 

- ruametre maximal (mm) 8,30 

- densite maximale de I'oxyde (97,5 % de la densite theorique) 10,69 

- enrichissement initial maximal 23SU/Utol2l (%) 4,9 

- rapport massique maximal 232U/Utotal (%) 5.10·s 

- rapport massique maximal 234U/U,otal (%) 0,055 

- rapport massique maximal 236U/U,ol2l (%) 0,05 

Pression interne absolue maximale des crayons a 20 °C (bars) 32,7 

(2) Ce nombre de crayons correspond au nombre maximum de crayons susceptibles d'etre inseres dans une structure 
(squelette d'assemblage ou carquois), y compris dans les tubes guides. 
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Les propri&t~s de resistance m~canique des mat~riaux de gainage des crayons doivent respecter l'un des crit~res
suivants:

1 2 3 4 5

Ro.2 (Pa) 2: 520 455 350 250 290

Rm(MPa) >_ 710 590 480 400 440

A, (%)>. 12 12 15 25 20

1.2 Conditions de chargement

Tous les assemblages d'un chargement doivent v~rifier les conditions d6finies dans le tableau ci-dessous:

nombre maximal enrichissement initial maximal nombre minimal de crayons de
type d'assemblages autoris6 au par crayon de chaque assemblage chaque assemblage du

d'assemblage chargement du chargement 235U/Utta (C/O) chargement (1)

17x17 2 4,9 264

(2) Les assemblages incomplets peuvent ftre 6quip•s de barres pleines en acier (ou Zy) contenant 6ventuellement un
poison neutronique. On entend par l'appellation (< nombre de crayons par assemblage )) le nombre total de crayons
combustibles et de barres en acier (ou Zy).

Tous les assemblages du chargement, sauf un, peuvent.&re remplacts par des squelettes d'assemblages.

La pres.ence de mat~tiaux plus hydrogtnts que l'eau dans l'emballage n'est pas autoris&e.

Activit6 maximale par emballage L'activit6 maximale de ce contenu doit Etre inf~rieure i I A2

ttat physique :

Forme chimique:

Eorme speciale :

Assemblages de crayons combustibles constituis par des pastilles fritt~es plac~es dans une
gaine en alliage de Zirconium respectant un des deux critires donnrs au paragraphe 1.1 de la
pr~sente annexe.

Pastilles en oxyde d'uranium (U0 2) et/ou pastilles combustibles compos~es d'un melange
d'U0 2 dont renrichissement en U235 ne d~passe pas 4,9 % et d'un corps jouant le rile de
poison neutronique avec une densit6 du melange n'exc6dant pas 10,69 g/cm3.

Les matibres transport6es ne sont pas sous forme sp6ciale.

2. ETUDE DE CRITICITE

Elle fait l'objet de la note FFDC00817, donn~e en annexe 12 du dossier de sfiret6 et de la note FFDC03125

Les hypotheses prises en compte sont les suivantes:

- non respect de l'int~grit6 g~omitrique des assemblages en CAT;

- vidange diff&entielle ;

- p~n•tration d'eau dans tous les espaces vides.

Indice de Seiret6 Criticit6 (CS) : 0,63 (Nombre N=80)

Prxcautions particulires A prendre au moment du chargement au r•acteur : N~ant

Prt~cantirns narticuli~re'~ ii nr~ndr~ an du transport : N~ant
P4rnntinns particuliýres ý prendre auIýýp

Le syst~me d'isolement consid&r est constitu6 des 6lments d~crits en annexe 0 et, pour la partie contenu, des
61&nents suivants :
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Les proprietes de resistance mecanique des matenaux de gainage des crayons doivent respecter 1'un des criteres 
suivants: 

1 2 3 4 5 

_Rpo.2 <MPa) ~ 520 455 350 250 290 

Ran O'!!Pa) ~ 710 590 480 400 440 

At (%)~ . 12 12 15 25 20 

1.2 Conditions de chargement 

Tous les assemblages d'un chargement doivent verifier les conditions definies dans Ie tableau ci-dessous : 

nombre maximal el'u:ichissement initial maximal nombre minimal de crayons de 
type d'assemblages autorise au par crayon de chaque assemblage chaque assemblage du 

d'assemblage 
chargement du chargement 235U/Uto,al (%) chargement (1) 

17)(17 2 4,9 264 

(2) Les assemblages incomplets peuvent etre equipes de barres pleines en acier (ou Zy) contenant eventuellement un 
poison neutrotiique. On entend par l'appellation « nombre de crayons par assemblage)} Ie nombre total de crayons 
combustibles et de barres en acier (ou Zy). 

Tous les assemblages du chargement, saufun, peuvent.etre remplaces par des squelettes d'assemblages. 

La presence de materiaux plus hydrogenes que l'eau dans l'emballage n'est pas autorisee. 

Activite maximale par emballage : L'activite maximale de ce contenu doit etre inferieure a 1 Az 

Etat physique: Assemblages de crayons combustibles constitues par des pastilles frittees placees dans une 
gaine en alliage de Zirconium respectant un des deux criteres donnes au paragraphe 1.1 de la 
presente, annexe. 

Forme chimiqlle : 

Forme speciale: 

Pastilles en oxyde d'uranium (U02) et/ou pastilles combustibles composees d'un melange 
d'U02 dont 1'enrichissement en U235 ne depasse pas 4,9 % et d'un corps jouant Ie role de 
poison neutronique avec une densite du melange n'excedant pas 10,69 glcm3• 

Les matieres transportees ne sont pas sous forme speciale. 

2. ETUDE DE CRITICITE 

Elle fait l'objet de la note FFDC00817, donnee en annexe 12 du dossier de su.rete et de la note FFDC03125 

Les hypotheses prises en compte sont les suivantes : 

non respect de l'integrite geometrique des assemblages en CAT; 

vidange differentielle ; 

penetration d'eau dans tous les espaces vides. 

Indice de Su.rete Criticite (CSI) : 0,63 (Nombre N=80) 

Precautions particulieres it prendre au moment du chargement au reacteur: Neant 

Precautions particulieres it prendre au COurS du transport: Neant 

Le syst~me d'isolement considere est constitue des elements decrits en annexe ° et, pour la partie c;ontenu, des 
elements suivants : 
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- les caract&istiques des assemblages combustibles telles que d6crites dans le tableau du paragraphe 1.1 de la
pr~sente annexe ;

- les tubes de gainage qui garantissent le confinement de la matiire fissile en situation accidentelle;
- la structure de r'assemblage (grilles, embouts) ;
- le caractbre complet des assemblages : les 6ventuels crayons fissiles manquants sont remplac~s par des crayons

inertes.
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les caracteristiques des assemblages combustibles telles que decrites dans Ie tableau du paragraphe 1.1 de la 
presente annexe ; 
les tubes de gainage qui garantissent Ie confinement de la matiere fissile en situation accideritelle ; 
la structure de l'assemblage (grilles, embouts) ; 
Ie caractere complet des assemblages : les eventuels crayons fissiles mahquants sont remplaces par des crayons 
inertes. 
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ANNEXE 10

ASSEMBLAGES COMBUSTIBLES REP NEUFS

Le dossier de siretý6 justifiant ce contenu est TFX/DC/2159 rev. D.

Ce contenu doit &tre charge dans un emballage FCC 3 version 1.

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE

1.1 Caractiristiques des assemblages combustibles

Le contenu radioactif autoris6, d~crit au chapitre 2.2 du dossier de s~iret6, est constitu6 d'au maximum deux
assemblages combustibles neufs, i destination des r~acteurs i eau pressuris6e, tels que d6crits ci-apr&s:

Caractiristiques des assemblages avant irradiation:

type de r~seau

pas nominal du r~seau (mm)

masse totale maximale de r'assemblage avec ou sans grappe (kg-

masse maximale de m6tal lourd par assemblage (kg)

longueur active nommnale (mnm)

nombre maximal de crayons combustibles

15x15

15x15

14,3

739

519

3658

224(0)
+

Caractiristiques des crayons combustibles avant irradiation:

Gaine: matriau

- 6paisseur minimale (mm)

- diamitre ext~rieur minimal (mm)

Pastilles :

- diam~tre maximal (mm)

- densit6 maximale de l'oxyde (97,5 % de la densit6 th6orique)

- ennichissement initial maximal 23sU/Utota (%)

- rapport massique maximal 232U/Utjw (%)

- rapport massique maximal 234U/Uo, (CA)

- rapport massique maximal 23
6U/Uo (CIO)

Pression interne absolue maximale des crayons ý 20 'C (bars)

Alliage de Zirconium

0,57

10,68

UNE

9,40

10,69

4,8

5.10-8

0,055

0,05

32,7

(2) Ce nombre de crayons correspond au nombre maximum de crayons susceptibles d'tre ins~ris dans une structure
(squelette d'assemblage ou carquois), y compris dans les tubes guides.

ANNEXEI0 

ASSEMBLAGES COMBUSTIBLES REP NEUFS 

Le dossier de s-urete justifiant ce contenu est TFX/DC/2159 rev. D. 

Ce contenu doit ette charge dans un emballage FCC 3 version 1. 

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE 

1.1 Caracteristiques des assemblages combustibles 
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Le contenu radioactif autorise, decnt au chapitte 2.2 du dossier de s-urete, est constitue d'au maximum deux 
assemblages combustibles neufs, a destination des teacteurs a eau pressurisee, tels que decrits ci-apres : 

Caracteristiques des assemblages avant irradiation: 15x15 

type de reseau 15x15 

pas nominal du reseau (mm) 14,3 

masse totale maximale de l'assemblage avec ou sans grappe (kg) 739 

masse maximale de meta1lourd par assemblage (kg) 519 

longueur active nominale (mm) 3658 

nombre maximal de crayons combustibles 224(1) 

Caracteristiques des crayons combustibles avant irradiation: 

Game.: matenau Alliage de Zirconium 

- epaisseur triinimale (mm) 0,57 

- diamette exterieur triinimal (mm) 10,68 

Pastilles: UNE 

- diametre maximal (mm) 9,40 

- densite maximale de l'oxyde (97,5 % de la densite theorique) 10,69 

- enricrussement initial maximal 235U/Utotal (%) 4,8 

- rapport massique maximal 232U/Utotal (%) 5.10-8 

- rapport massique maximal 234U/Utotal (%) 0,055 

- rapport massique maximal 236U/Utotal (%) 0,05 

Pression interne absolue maximale des crayons a 20 °C (bars) 32,7 

(2) Ce nombre de crayons correspond au nombre maximum de crayons susceptibles d'ette inseres dans une structure 
(squelette d'assemblage ou carquois), y compris dansles tubes guides. 
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Les propri~t~s de r6sistance m6canique des mat&riaux de gainage des crayons doivent respecter run des crit~res
suivants:

1 2 3 4 5

Rp.(MPa) 520 455 350 250 290

R_ MPa) 710 590 480 400 440

A(0/o) 12 12 15 25 20

1.2 Conditions de chargement
Tous les assemblages d'un chargement doivent vtrifier les conditions d6finies dans le tableau ci-dessous:

nombre maximal enrichissement initial maximal nombre minimal de crayons de
type d'assemblages autoris6 au par crayon de chaque assemblage chaque assemblage du

d'assemblage chargement du chargement 23sU/Uoto (%) chargement (1)

15x15 2 4,8 204

(2) Les assemblages incomplets peuvent 6tre 6quipts de barres pleines en acier (ou Zy) contenant 6ventuellement un
poison neutronique. On entend par l'appellation < nombre de crayons par assemblage >> le nombre total de crayons
combustibles et de barres en acier (ou Zy).

Tous les assemblages du chargement, sauf un, peuvent &re remplacts par des squelettes d'assemblages.

La presence de mat~riaux plus hydrogtn&s que l'eau clans l'emballage n'est pas autoris6e.

Activit6 maximale par emballage: L'activit6 maximale de ce contenu doit &tre inftrieure i 1 A 2

Etat physique :

Forme chimique:

Forme sp6ciale:

Assemblages de crayons combustibles constitu~s par des pastilles fritt6es plac6es dans une
gaine en alliage de Zirconium respectant un des deux critýres donn6s au paragraphe 1.1 de la
pr~sente annexe.

Pastilles en oxyde d'uranium (U 2O) et/ou pastilles combustibles compos~es d'un melange
d'U0 2 dont r'enrichissement en U235 ne d~passe pas 4,8 % et d'un corps jouant le r6le de
poison neutronique avec une densit6 du mdlange n'exc6dant pas 10,69 g/cm3.

Les mati~res transport~es ne sont pas sous forme sp~ciale.

2. ETUDE DE CRITICITE

Elle fait 1'objet de la note FFDC00817, donn~e en annexe 12 du dossier de siiret6 et de la note FFDC03077

Les hypotheses prises en compte sont les suivantes :

- non respect de l'int~grit6 g6om6trique des assemblages en CAT;

- vidange diff~rentielle ;

- PNnktration d'eau dans tous les espaces vides.

Indice de Sfiret6 Criticit6 (CSI) : 0,63 (Nombre N=80)

Precautions particulires a prendre au moment du chargement au rgacteur : N~ant

Precautions particulires a prendre au cours du transport : N~ant

Le systime d'isolement consid~r6 est constitu6 des 6lments d~crits en annexe 0 et, pour la partie contenu, des
616ments suivants :
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Les proprietes de resistance mecanique des materiaux de gainage des crayons doivent respecter l'un des criteres 
suivants: 

1 2 3 4 5 

R¢,l(MPa) .. ~ 520 455 350 250 290 

Rm.(MPa) ~ 710 590 480 400 440 

~.(%)~ 12 12 15 25 20 

1.2 Conditions de chargement 

Tous les assemblages d'un chargement doivent verifier les conditions definies dans Ie tableau ci-dessous : 

nombre maximal enrichissement initial maximal nombre minimal de crayons de 
type d'assemblages autorise au par crayon de chaque assemblage chaque assemblage du 

d'assemblage chargement du chargement 235U/U,otal (%) chargement (1) 

15x15 2 4,8 204 

(2) Les assemblages incomplets peuvent etre equipes de barres pleines en acier (ou Zy) contenant eventuellement un 
poison neutronique. On entend par l'appellation « nombre de crayons par assemblage» Ie nombre total de crayons 
combustibles et de barres en acier (ou Zy). 

Tous les assemblages du chargement, saufun, peuvent etre remplaces par des squelettes d'assemblages. 

La presence de matenaux plus hydrogenes que l'eau dans l'emba1lage n'est pas autorisee. 

Activite maximale par emba1lag.e : L'activite maximale de ce contenu doit etre inferieure a 1 A2 

Etat physique: 

Forme chimique: 

Forme speciale: 

Assemblages de crayons combustibles constitues par des pastilles frittees placees dans une 
gaine en alliage de Zirconium respectant un des deux criteres donnes au paragraphe 1.1 de la 
presente annexe. 

Pastilles en oxyde d'u.ranium (UOz) et/ou pastilles combustibles composees d'un melange 
d'UOz dont l'enrichissement en U235 ne depasse pas 4,8 % et d'un corps jouant Ie role de 
poison neutronique avec une densite du melange n'excedant pas 10,69 g/ em3. 

Les matieres transportees ne sont pas sous forme speciale. 

2. ETUDE DE CRITICITE 

Elle fait l'objet de la note FFDC00817, donnee en annexe 12 du dossier de sUrete et de la note FFDC03077 

Les hypotheses prises en compte sont les suivantes : 

non respect de l'integrite geometrique des assemblages en CAT; 

vidange differentielle ; 

Penetration d'eau dans tous les espaces vides. 

Indice de Surete Criticite (CSl) : 0,63 (Nombre N=80) 

Precautions particulieres a prendre au moment du char.g.ement au rSacteur : NSant 

Precautions particulieres a prendre au cours du transport: Neant 

Le systeme d'isolement considere est constitue des elements decrits en annexe 0 et, pour la partie contenu, des 
elements suivants : 
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- les caractiristiques des assemblages combustibles telles que d6crites dans le tableau du paragraphe 1.1 de la
prisente annexe;

- les tubes de gainage qui garantissent le confinement de la mati~re fissile en situation accidentelle;
- la structure de l'assemblage (grilles, embouts) ;
- le caract~re complet des assemblages : les 6ventuels crayons fissiles manquants sont remplac~s par des crayons

inertes.
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les caracteristiques des assemblages combustibles telles que decrites dans Ie tableau du paragraphe 1.1 de la 
presente annexe ; 
les tubes de gainage qui garantissent Ie confinement de la matiere fissile en situation accidentelle ; 
la structure de l'assemblage (grilles, embouts) ; 
Ie caractere complet des assemblages : les eventuels crayons fissiles manquants sont remplaces par des crayons 
inertes. 
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ANNEXE 11

CRAYONS COMBUSTIBLES REP NEUFS

Le dossier de svaret6 justifiant ce contenu est TFX/DC/2159 rev. D.

Ce contenu doit &re charg6 dans un emballage FCC 3 version 1.

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE

1,1 Caracteristiques des crayons combustibles

Le contenu radioactif autoris6, d~crit au chapitre 2.3 du dossier de sdret6, est constitu6 de crayons combustibles neufs,
a destination des r~acteurs a eau pressuris~e, tels que d~crits ci-apr~s:

Caract~ristiques des crayons combustibles avant irradiation: 17x17 12 vieds

masse totale maximale par caviti (kg)

masse totale maximale des crayons par boite (kg)

masse maximale de m&al lourd par boite (kg)

longueur active nominale (mm)

nombre maximal de crayons combustibles par boite

Gaine : matiriau

- epaisseur minimale (mm)

- diam~tre exterieur minimal (mrm)

Pastilles :

- diam~tre maximal (mm)

- densiti maximale de l'oxyde (97,5 % de la densit6 th6orique)

- ennichissement initial maximal (2 3 5 U/Ut) (%)

- rapport massique maximal 22U/U.,j (%)

- rapport massique maximal 23
4U/Utw (%/a)

- rapport massique maximal 236U/Ut COs (%)

- teneur massique minimale en Gd20 3 des crayons gadolini~s (%)

Pression interne absolue maximale des crayons i 20 'C (bars)

751

665

483(0)

3658

267

Alliage de Zirconium

0,52

9,40

UNE

8,30

10,69

4,9

5.10-8

0,055

0,05

2

32,7

(2) Cette masse maximale ne concerne que les contenus avec calage et les contenus gadolini6s.

Les propri&ts de resistance m~canique des mat~riaux de gainage des crayons doivent respecter l'un des critires
suivants:

1 2 3 4 5

Rp.2 (MPa)_ 520 455 350 250 290

R. (MPa) 710 590 480 400 440

A, (%)> 12 12 15 25 20

ANNEXEll 

CRAYONS COMBUSTIBLES REP NEUFS 

Le dossier de sUrete justifiant ce contenu est TFX/DC/2159 rev. D. 

Ce contenu doit etre charge dans un emballage FCC 3 version 1. 

1. DEFINITION DU CONTEND RADIOACTIF AUTORISE 

1.1 Caracteristiques des crayons combustibles 
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Le contenu radioactif autorise, decrit au chapitre 2.3 du dossier de sUrete, est constitue de crayons combustibles neufs, 
it destination des reacteurs it eaupressurisee, tels que decrits ci-apres : 

Caracteristiques des crayons combustibles avant irradiation: 

masse totale maximale par cavite (kg) 

masse totale maximale des crayons par botte (kg) 

masse maximale de metallourd par boite (kg) 

longueur active nomiliale (mm) 

nombre maximal de crayons combustibles par boite 

Gaine : materiau 

epaisseur minimale (mm) 

diametre exterieur minimal (mm) 

Pastilles: 

diametre maximal (mm) 

densite maximale de l'oxyde (97,5 % de la den site theorique) 

enrichissement initial maximal (235U/Utotal) (%) 

rapport massique maximal 232U/Utotal (%) 

rapport massique maximal 234U/U,otal (%) 

rapport massique maximal 236U/U,otal (%) 

teneur massique minimale en Gd203 des crayons gadolinies (%) 

Pression interne absolue maximale des crayons a 20°C (bars) 

17x17 12 pieds 

751 

665 

483(1) 

3658 

267 

Alliage de Zirconium 

0,52 

9,40 

UNE 

8,30 

10,69 

4,9 

5.10-8 

0,055 

0,05 

2 

32,7 

(2) Cette masse maximale ne concerne que les contenus avec calage et les contenus gadolinies. 

Les proprietes de resistance mecanique des materiaux de gainage des crayons doivent respecter l'un des criteres 
suivants: 

1 2 3 4 5 

RpO.2~Pa) ~ 520 455 350 250 290 

Rm(MPa)~ 710 590 480 400 440 

At (%)~ 12 12 15 25 20 
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1.2 Conditions de chargement

Tous les crayons d'un chargement doivent vfrifier les conditions dffinies dans le tableau ci-dessous.

type de nombre maximal de crayons enrchissement initial maximal de nombre minimal de crayons du
rsea de autoris6 au chargement, par chaque crayon du chargement chargement
reseau boite (235U/Uto1 ) (1)

17x17 267 4,9 Rang6e complte de crayons
combustibles ou inertes

(2) Les rang6es incompltes de crayons combustibles doivent &re compl&&s par des barres en acier (ou Zy)
contenant 6ventuellement un poison neutronique. On entend par l'appellation <( nombre de crayons par boite > le
nombre total de crayons combustibles et de barres en acier (ou Zy).

La presence de mat&riaux plus hydrogn&s que l'eau dans l'emballage n'est pas autoris~e.

Activitd maximale par emballage: L'activiti maximale de ce contenu doit kre infirieure a 1 A 2

Forme chimique:

Crayons combustibles constitu&s par des pastilles fritt~es plac6es dans une gaine en alliage de
Zirconium respectant un des deux crit~res donn~s au paragraphe 1.1 de la pr6sente annexe.

Pastilles en oxyde d'uranium 5(02) et/ou pastilles combustibles compos6es d'un m6lange
dUO2 dont l'enrichissement en U235 ne d~passe pas 4,9 % et d'un corps jouant le r6le de
poison neutronique avec une densit6 du melange n'exc6dant pas 10,69 g/cm3.

c : Les matibxes transport6es ne sont pas sous forme sp6ciale.

2. AMItNAGEMENTS INTERNES

L'am~nagement interne est une boite a crayons, d&rite au chapitre 2.3 du dossier de sOiret6.

2.1 Bottes i crayons

Les crayons non assembls sont regroup&s dans des boites a crayons versions FCC3 qui viennent s'ins~rer en lieu et
place des assemblages i l'int~rieur des FCC3 version 1.

La bolte est constitute d'une t6le pli&e en U, ferm&e aux extr~mit~s et renforc6e par deux longerons soud&s en partie
sup~rieure de la t6le. Elle constitue un logement de section carr6e, de section utile 214 x 214 mm2.

Un systkme de calage axial et radial permet de s'adapter ý la longueur des crayons et de les maintenir en position. Un
sch&na de principe est donn6 i la figure 5.1. Une description d6tailUe accompagn& de plans est fournie en annexe 1
du dossier de sfiret6 (note FFDC01038).

2.2 Cales

Un jeu de 2 cales assure le maintien longitudinal de la boite dans la cavit6 (une cale de tte et une cale de pieds). La
description d6taill&e des cales est donn6e en annexe 1 du dossier de siaret6, dans la note FFDC01038.

3. ETUDE DE CRITICITE

Elle fait l'objet de la note FFDC01046, donn& en annexe 12 du dossier de sfiret6 et de la note FFDC03125.
Les hypothses prises en compte sont les suivantes:
- vidange diffirentielle ;
- p~nftration d'eau dans tous les espaces vides.

1.2 Conditions de chargement 
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Tous les crayons d'un chargement doivent verifier les conditions definies dans Ie tableau ci-dessous. 

type de 
nombre maximal de crayons enrichissement initial maritnal de nombre minimal de crayons du 
autorise au chargement, par chaque crayon du chargement chargement 

reseau 
boite (235U /Utotal) (1) 

17x17 267 4,9 
Rangee complete de crayons 

combustibles ou inertes 

(2) ~s rangees incompletes de crayons combustibles doivent etre completees par des barres en acier (ou Zy) 
contenant eventuellement un poison neutronique. On entend par l'appellation « nombre de crayons par boite}) Ie 
nombre total de crayons combustibles et de barres en acier (ou Zy). 

La presence de materiaux plus hydrogenes que l'eau dans l'emballage n'est pas autorisee. 

Actiyig maximale par embailage : L'activite maximale de ce contenu doit etre inferieure a 1 A2 

Etat physiqye : 

Forme chimiqpe : 

Forme speciale: 

Crayons combustibles constitues par des pastilles frittees placees dans une gaine en alliage de 
Zirconium respectant un des deux criteres donnes au paragraphe 1.1 de la presente annexe. 

Pastilles en oxyde d'uranium (U02) et/ou pastilles combustibles composees d'un melange 
d'U02 dont l'enrichissement en U235 ne depasse pas 4,9 % et d'un corps jouant Ie role de 
poison neutronique avec une densite du melange n'excedant pas 10,69 g/ cm3• 

Les matieres transportees ne sont pas sous forme speciale. 

2. AMENAGEMENTS INTERNES 

L'amenagement interne est une botte a crayons, decrite au chapitre 2.3 du dossier de sfuete. 

2.1 Boites it crayons 

Les crayons non assembles sont regroupes dans des boites a crayons versions FCC3 qui viennent s'inserer en lieu et 
place des assemblages a l'interieur des FCC3 version 1. 

La boite est constituee d'une tole pliee en U, fermee 3.UX extrernites et renforcee par deux longerons soudes en partie 
superieure de la tole. Elle constitue un logement de section carree, de section utile 214 x 214 mm2. 

Un systeme de calage axial et radial permet de s'adapter a la longueur des crayons et de les maintenir en position. Un 
schema de principe est donne a la figure 5.1. Une description detailleeaccompagnee de plans est fournie en annexe 1 
du dossier de sfuete (note FFDCOI038). 

2.2 Cales 

Un jeu de 2 cales assure Ie maintien longitudinal de la boite dans la cavite (une cale de tete et une cale de pieds). La 
description detaillee des cales est donnee en annexe 1 du dossier de sfuete, dans la note FFDCOI038. 

3. ETUDE DE CRITICITE 

Elle fait l'objet de la note FFDCOI046, donnee en annexe 12 du dossier de sfuete et de la note FFDC03125. 
Les hypotheses prises en compte sont les suivantes : 

vidange differentielle ; 
penetration d'eau dans tous les espaces vides. 
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Indice de Sfiret6 Citicit6 (CSI):

- cas du transport des crayons U0 2 avec calage radial et axial:

indice de s~iretE-criticit. : 0 (Nombre N infini),
precautions pardculiires i prendre au cours du transport : N~ant

- cas du transport des crayons U0 2 -Gd20 3 avec ou sans calage radial ni axial:
indice de siret&criticit6: 0 (Nombre N infini),
pricautions particuli&es ý prendre au cours du transport: N~ant;

- cas du transport des crayons U0 2 en faible nombre, sans calage radial ni axial:
indice de s6reti-criticit6: 50 (Nombre N = 1),
precautions particuhibres i prendre au cours du transport : respecter une masse maximale d'UO 2 de 20 kg par colis.

Le systime d'isolement consid&r6 est constitu6 des iliments d~crits en annexe 0 et, pour la partie contenu, des
l&nents suivants :

- les caract6ristiques des crayons combustibles telles que d~crites dans le tableau du paragraphe 1.1 de la pr6sente
annexe;

- les tubes de gainage qui grantissent le confinement de la matiire fissile en situation accidentelle.

Indice de SUrete Criticite (CSO : 

cas du transport des crayons VOz avec calage radial et axial: 

indice de sUrete-criticite : 0 (N ombre N infini), 
precautions particulieres a prendre au CQurs du transport: Neant 

cas du transport des crayons VOz-Gdz0 3 avec ou sans calage radial ni axial : 

indice de sUrete-criticite : 0 (Nombre N infini), 
precautions particulieres a prendre au cours du transport: Neant; 

cas du transport des crayons VOz en faible nombre, sans calage radial ni axial : 

indice de sfu:ete-criticite: 50 (Nombre N = 1), 
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precautions particulieres a prendre au cours du transport: respecter une masse maximale dUOz de 20 kg par colis. 

Le systeme d'isolement considere est constitue des elements decrits en annexe 0 et, pour la partie contenu, des 
elements suivants : 

les caracteristiques des crayons combustibles telles que decrites dans Ie tableau du paragraphe 1.1 de la presente 
annexe; 

les tubes de gainage qui garantissent Ie confinement de la matiere fissile en situation accidentelle. 
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FIGURE 11.1
SCHEMA DE LA BO!TE A CRAYONS

Porte

01----11 

FIGURE 11.1 
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SCHEMA DE LA BOlTE A CRAYONS 
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ANNEXE 12

CRAYONS COMBUSTIBLES REP NEUFS

Le dossier de sO&ret6 justifiant ce contenu est TFX/DC/2159 rev. D.

Ce contenu doit 6fre charg6 dans un emballage FCC 3 version 1.

1. DEFINITION DU CONTENU RADIOACTIF AUTORISE

1.1 Caract~ristiques des crayons combustibles

Le contenu radioactif autoris6, dicrit au chapitre 2.3 du dossier de s~ret6, est constitu6 de crayons combustibles neufs,
i destination des r~acteurs i eau pressuris&e, tels que d~crits Ci-apr4s :

Caractristiques des crayons combustibles avant irradiation:

masse totale maximale par cavit6 (kg)

masse totale maximale des crayons par boite(kg)

masse maximale de m6tal lourd par bolte (kg)

longueur active nominale (mm)

nombre maximal de crayons combustibles par bolte

Gamne: mat6riau

- 6paisseur minimale (mm)

- diamrtre ext&ieur minimal (mm)

Pastilles :

- diam~tre maximal (mm)

- densit6 maximale de l'oxyde (97,5 % de la densit6 thiorique)

- enrichissement initial maximal (23U/Utowj) (%)

- rapport massique maximal 232U/Uo (CIO)

- rapport massique maximal 234U/UoW (%)

- rapport massique maximal 236U/Uto (%o)

- teneur massique minimale en Gd 20 3 des crayons gadolinis (%/o)

Pression interne absolue maximale des crayons i 20 °C (bars)

15x15

751

765

5600)

3658

241

Alliage de Zirconium

0,57

10,68

UNE

9,40

10,69

4,8

5.10-s

0,055

0,05

2

32,7

(2) Cette niasse maximale ne conceme que les contenus avec calage et les contenus gadolini6s.

Les propriit~s de r6sistance m6canique des mat6riaux de gainage des crayons doivent respecter Pun des crit&es
suivants:

1 2 3 4 5

Rpo. (MP 520 455 350 250 290

R. (MPa) 2> 710 590 480 400 440

A, (!/,)Z 12 12 15 25 20

ANNEXE12 

CRAYONS COMBUSTIBLES REP NEUFS 

Le dossier de sUrete justifiant ce contenu est TFX/DC/2159 rev. D. 

Ce contenu doit Hre charge dans un emballage FCC 3 version 1. 

1. DEFINI1'ION DU CONTENU RADIOACTIF AUTORISE 

1.1 Caracteristiques des crayons combustibles 
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Le contenu radioactif autorise, decrit au chapitre 2.3 du dossier de sUrete, est constitue de crayons combustibles neufs, 
a destination des reacteurs a eau pressurisee, tels que decrits ci-apres : 

Caracteristiques des crayons combustibles avant irradiation: 

masse totale maximale par cavite (kg) 

masse totale maximale des crayons par boite(kg) 

masse maximale de metallourd par bo1te (kg) 

longueur active nominale (mm) 

nombre maximal de crayons combustibles par botte 

Gaine : matertau 

epaisseur minimale (mm) 

diametre exterteur minimal (mm) 

Pastilles: 

diametre maximal (mm) 

densite maximale de l'oxyde (97,5 % de la densite theorique) 

enrichissement initial maximal (235U/Utotal) (%) 

rapport massique maximal 232U/U,otal (%) 

rapport massique maximal 234U/U,otal (%) 

rapport massique maximal 236U/U,otal (%) 

teneur massique minimale en Gdz0 3 des crayons gadolinies (%) 

Pression interne absolue maximale des crayons a 20 DC (bars) 

15x15 

751 

765 

560(1) 

3658 

241 

Alliage de Zirconium 

0,57 

10,68 

UNE 
9,40 

10,69 

4,8 

5.10.8 

0,055 

0,05 

2 

32,7 

(2) Cette masse maxirnale ne concerne que les contenus avec calage et les contenus gadolinies. 

Les proprietes de resistance mecanique des materiaux de gainage des crayons doivent respecter l'un des criteres 
suivants: 

1 2 3 4 5 

Rpo.z (l\1Pa) 2! 520 455 350 250 290 

Rm (MPa) ~ 710 590 480 400 440 

At (%)~ 12 12 15 25 20 
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1.2 Conditions de chargement

Tous les crayons d'un chargement doivent v~rifier les conditions d~fiuiies dans le tableau ci-dessous.

nombre maximal de crayons enrichissement initial maximal de nombre minimal de crayons du

type de autoris6 au chargement, par chaque crayon du chargement chargementboite (23su/utotw) (1)
15x15 241 4,8 Rang6e compl6te de crayons

I combustibles ou inertes

(2) Les rangees incompltes de crayons combustibles doivent &re compktles par des barres en acier (ou Zy)
contenant 6ventuellement un poison neutronique. On entend par l'appellation < nombre de crayons par bolte >> le
nombre total de crayons combustibles et de barres en acier (ou Zy).

La presence de mat~tiaux plus hydrogen~s que l'eau dans l'emballage n'est pas autoris&e.

Activit• maximale par emballage : L'activit6 maximale de ce contenu doit ýtre inf6rieure i 1 A2

:tat physique: Crayons combustibles constitu~s par des pastilles ffitt~es plac~es dans une gaine en alliage de
Zirconium respectant un des deux crit~res donn6s au paragraphe 1.1 de la pr~sente annexe.

Forme,chimigue: Pastilles en oxyde d'uranium (U0 2) et/ou pastilles combustibles compos6es d'un milange
d.U0 2 dont renrichissement en U235 ne d~passe pas 4,8 % et d'un corps jouant le r6le de
poison neutronique avec une densit6 du mdlange n'exc~dant pas 10,69 g/cm3.

Forme sp6ciale: Les mati~res transport~es ne sont pas sous forme sp~ciale.

2. AMENAGEMENTS INTERNES

L'arn6nagement interne est une bolte i crayons, d~crite au chapitre 2.3 du dossier de sfiret6.

2.1 Boftes i crayons

Les crayons non assembles sont regroup~s dans des boites a crayons versions FCC3 qui viennent s'ins.rer en lieu et
place des assemblages ý l'int~rieur des FCC3 version 1.

La boite est constitute d'une t6le plie en U, ferm6e aux extr6mit6s et renforc6e par deux longerons soud6s en partie
sup~rieure de la t6le. Elle constitue un logement de section carrie, de section utile 214 x 214 mm2.

Un systime de calage axial et radial permet de s'adapter i la longueur des crayons et de les maintenir en position. Un
sch&na de principe est donn6 i la figure 6.1. Une description d~taill~e accompagn&e de plans est fournie en annexe 1
du dossier de sfiret6 (note FFDC01038).

2.2 Cales

Un jeu de 2 cales assure le maintien longitudinal de la boite dans la cavit6 (une cale de tkte et une cale de pieds). La
description d&aill&e des cales est donn~e en annexe 1 du dossier de sAiret6, dans la note FFDC01038.

3. ETUDE DE CRITICITE

Elle fait l'objet de la note FFDC01046, donnie en annexe 12 du dossier de sfiret6 et de la note FFDC03077.
Les hypoth&ses prises en compte sont les suivantes:
- vidange diff~rentielle ;

- p/nr&ration d'eau dans tous les espaces vides.

1.2 Conditions de chargement 
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Tous les crayons d'un chargement doivent verifier les conditions de£iriies dans Ie tableau ci-dessous. 

type de 
nombre maximal de crayons enrichissement initial maximal de nombre minimal de crayons du 
autorise au chargement, par chaque crayon du chargement chargement 

reseau boite (mu /UtotaI) (1) 

15x15 241 4,8 
Rangee complete de crayons 

combustibles ou inertes 

(2) Les rangees incompletes de crayons combustibles doivent etre complet~es par des barres en acier (ou Zy) 
contenant eventuellement un poison neutronique. On entend par l'appellation« nombre de crayons par boite » Ie 
nombre total de crayons combustibles et de barres en acier (ou Zy). 

La presence de matertaux plus hydrogenes que l'eau dans l'emballage n'est pas autorisee. 

Acgvite maximale par emballage : L'activite maximale de ce contenu doit etre inferieure a 1 Az 

Etat physique: Crayons combustibles constitues par des pastilles frittees placees dans une gaine en alliage de 
Zirconium respectant un des deux criteres donnesau paragraphe 1.1 de la presente annexe. 

Forme ,chimique : Pastilles en oxyde d'uranium (U02) et/ou pastilles combustibles composees d'un melange 
d'U02 dont l'enrichissement en U235 ne depasse pas 4,8 % et d'un corps jouant Ie role de 
poison neutronique avec une densite du melange n'excedant pas 10,69 g/cm3. 

FO/me speciale : Les matieres transportees ne sont pas sous forine speciale. 

2. AMENAGEMENTS INTERNES 

L'arnenagement interne est une boite a crayons, Mcrite au chapitre 2.3 du dossier de surete. 

2.1 Boites a crayons 

Les crayons non assembles sont regroupes dans des boites a crayons versions FCC3 qui viennent s'inserer en lieu et 
place des assemblages a l'interteur des FCC3 version 1. 

La boite est constituee d'une tole pliee en U, fermee aux extremites et renforcee par deux longerons soudes en partie 
superieure de la tole. Elle constitue un logement de section cartee, de section utile 214 x 214 mm2. 

Un systeme de calage axial et radial permet de s'adapter a la longueur des crayons et de les maintenir en position. Un 
schema de principe est donne a la figure 6.1. Une de~cription detaillee accompagnee de plans est fournie en annexe 1 
du dossier de stirete (note FFDC01038). 

2.2 Cales 

Un jeu de 2 cales assure Ie maintien longitudinal de la boite dans la cavite (une cale de tete et une cale de pieds). La 
description detaillee des cales est donnee en annexe 1 du dossier de stirete, dans la noteFFDC01038. 

3. ETUDE DE CRITICITE 

Elle fait l'objet de la note FFDC01046, donnee en annexe 12 du dossier de stirete et de la note FFDC03077. 
Les hypotheses prises en compte sont les suivantes : 

vidange differentielle ; 
penetration d'eau dans tous les espaces vides. 
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Indice de Sfiret& Criticit (CSI):

- cas du transport des crayons U0 2 avec calage radial et axial:

indice de s-6reti-criticite: 0 (Nombre N infini),
precautions particuliees ý prendre au cours du transport : N~ant

- cas du transport des crayons UO2-Gd2O 3 avec ou sans calage radial ni axial:

indice de sOLret&critidti : 0 (Nombre N infini),
prL•cautions particulites A prendre au cours du transport: N6ant;

- cas du transport des crayons U0 2 en faible nombre, sans calage radial ni axial:

indice de siret&critici: 50 (Nombre N = 1),
pricautions particuli~res i prendre au cours du transport : respecter une masse maximale d'U0 2 de 21,1 kg par

colis.

Le syst~me d'isolement consid6r6 est constitu6 des 6l6ments d6crits en annexe 0 et, pour la partie contenu, des
616nents suivants :

- les caractiristiques des crayons combustibles telles que d6crites dans le tableau du paragraphe 1.1 de la pr~sente
annexe;

- les tubes de gainage qui garantissent le confinement de la mati&:e fissile en situation accidentelle.

Indice de Sfuete Criticite (CSl) : 

cas du transport des crayons U02 avec calage radial et axial : 

indice desfuere-criticite : 0 (Nombre N infini), 
precautions psrticulieres It prendre au coutS du transport: Neant 

cas du transport des crayons UOz-Gdz03 avec ou sans calage radial ni axial: 

inOO de sfuete-criticite : 0 (Nombre N infini), 
precautions particulieres It prendre au com du transport: Neant ; 

cas du transport des crayons VOz en faible nombre, sans calage radial ni axial : 

indice de sfuete-criticite : 50 (Nombre N = 1), 
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precautions particulieres a prendre au COutS du transport: respecter une masse maximale d'VOz de 21,1 kg par 
colis. ' 

Le. systeme d'isolement considere est constitue des elements decrits en annexe 0 et, pour la partie contenu, des 
elements suivants : 

les caracteristiques des crayons combustibles telles que decrites dans Ie tableau du paragraphe 1.1 de la presente 
annexe; 

les tubes de gainage qui garantissent Ie confinement de la matiere fissile en situation accidentelle. 
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FIGURE 12.1
SCHEMA DE LA BOITE A CRAYONS
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APPENDIX 0

FCC3 PACKAGE

1. DESCRIPTION OF THE PACKAGING

The packaging is designed, inspected, maintained, tested and used in accordance with safety file
TFX/DC/2159 rev D.

The packaging, in cylindrical shape, is shown in figure 0.1.

The concept drawing is 229K0100 or 229K0200 for version 1 and 229K0300 for version 2.

The overall nominal outside dimensions are:
- length: 4923 + - 8 mm
- outside diameter: 1048 +/- 4 mm.
The maximum permissible mass of the loaded container during transportation is 4385 kg.

The container consists of the following main sub-assemblies.

1.1 Body

The FCC3 packaging is composed of a cylindrical horizontally aligned enclosure made up of two
linked half-shells comprising:
- a steel cradle made up of two stringers and suspended, by means of shock mountings, from the

lower shell;
- an internal device resting on the cradle and designed to accommodate one of the contents.

This internal device is made up of:
- a support frame whose rigid reverse "T"-shaped structure is intended to accommodate the

consignment. The fabricated portion of the frame contains neutron-absorbing resin. On the
bottom plate, a swing bolt authorises the vertical positioning of the support frame for loading or
unloading the assemblies;

- two "L"-shaped doors containing neutron-absorbing resin are fixed to the support frame and seal
off the contents;

- a bottom plate supporting the fuel assemblies at the time of the loadings and unloading with the
support frame in vertical position;

- a top plate in two parts for sealing off the cavities and wedging the fuel assemblies at the other
end.

1.2 Closing system

The two half-shells are linked by flanges; a special angle bar on the lower shell enables the fitting of
30 bolts which link up the two cylinders.
The doors and top plates are joined to the frame by ball pins. The bottom plate is screwed to the
frame.

APPENDIX 0 

FCC3PACKAGE 

1. DESCRIPTION OF THE PACKAGING 
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The packaging is designed, inspected, maintained, tested and used in accordance with safety file 
TFXlDC/2159 rev D. 

The packaging, in cylindrical shape, is shown in figure 0.1. 

The concept drawing is 229K0100 or 229K0200 for version 1 and 229K0300 for version 2. 

The overall nominal outside dimensions are: 
length: 4923 + - 8 mm 
outside diameter: 1048 +/ - 4 mm. 

The maximum permissible mass of the loaded container during transportation is 4385 kg. 

The container consists of the following main sub-assemblies. 

1.1 Body 

The FCC3 packaging is composed of a cylindrical horizontally aligned enclosure made up of two 
linked half-shells comprising: 

a steel cradle made up of two stringers and suspended, by means of shock mountings, from the 
lower shell; 
an internal device resting on the cradle and designed to accommodate one of the contents. 

This internal device is made up of: 

a support frame whose rigid reverse "T"-shaped structure is' intended to accommodate the 
consignment. The fabricated portion of the frame contains neutron-absorbing resin. On the 
bottom plate, a swing bolt authorises the vertical positioning of the support frame for loading or 
unloading the assemblies; 

two "L"-shaped doors containing neutron-absorbing resin are fixed to the support frame and seal 
off the contents; 

a bottom plate supporting the fuel assemblies at the time of the loadings and unloading with the 
support frame in vertical position; 

a top plate in two parts for sealing off the cavities and wedging the fuel assemblies at the other 
end. 

1.2 Closing system 

The two half-shells are linked by flanges; a special angle bar on the lower shell enables the fitting of 
30 bolts which link up the two cylinders. 
The doors and top plates are joined to the frame by ball pins. The bottom plate is screwed to the 
frame. 
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1.3 Damping system

Two axial shock absorbers are fixed to the end of the upper shell. They are made up of two metal
boxes containing a balsa wood block.

1.4 Handling and lashing features

Handling can be performed in normal safety conditions by standard lifting machinery, with the aid
of slings and levers or hooks. Three lifting modes are possible:

- by the 4 lifting lugs, welded to the top shell, for handling the empty or loaded package and the
lid on its own during the opening operations; these lifting boxes are made up of a bent plate with
a port for passing a hook through;

- by sockets for fork lift trucks, under the lower shell.

The packaging is designed to be suitably lashed during transportation by means of lifting lugs.

1.5 Safety functions

The confinement system is made up of the features described in the appendices and, for the
container portion, of the container structure featuring the following items:

" the internal device: it is formed of the frame, the doors and end plates, together with the
radial and axial wedging system for the rod boxes, together forming two neutronic cavities

" the neutron-poisoning resin contained in the doors and frame
" the lower and upper shells which protect the internals in NTC and ATC.

- the shock protection provided by the two half-shells and by the internal device

- the fire protection afforded by the two half-shells, the internals and the resin in the doors and
frame.

2. MEASURES WHICH THE SHIPPER MUST TAKE BEFORE DISPATCHING THE PACKAGE

The container must be used by following the procedures in accordance with the instructions in
chapters 4 and 8 of the safety file.

Before each shipment, the shipper must ensure that the following checks have been made, according
to a list drawn up on the basis of the service conditions described in chapter 4.2 of the safety file,
that the results of these checks meet the specified criteria and that the list has been regularly signed:

- check that the package has been maintained as per section 3;
- check the compliance of the content with this certificate;
- check the compatibility of the contents with the packaging version;
- check the torques of the bolts joining together the two half-shells: 5 +/- 1 mdaN;
- check the presence of all the pins needed to tightly close the container;
- check the contamination of the outer surfaces of the package;
- check the maximum radiation intensity around the package, in contact and at 1 m;
- check the tamper-proof seals are in place preventing access to the ports;

1.3 Damping system 
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Two axial shock absorbers are fixed to the end of the upper shell. They are made up of two metal 
boxes containing a balsa wood block. 

1.4 Handling and lashing features 

Handling can be performed in normal safety conditions by standard lifting machinery, with the aid 
of slings and levers or hooks. Three lifting modes are possible: 

by the 4 lifting lugs, welded to the top shell, for handling the empty or loaded package and the 
lid on its own during the opening operations; these lifting boxes are made up of a bent plate ~ith 
a port for passing a hook through; 

by sockets for fork lift trucks, under the lower shell. 

The packaging is designed to be suitably lashed during transportation by means of lifting lugs. 

1.5 Safety functions 

The confinement system is made up of the features described in the appendices and, for the 
container portion, of the container structure featuring the following items: 

• the internal device: it is formed of the frame, the doors and end plates, together with the 
radial and axial wedging system for the rod boxes, together forming two neutronic cavities 

• the neutron-poisoning resin contained in the doors and frame 
• the lower and upper shells which protect the internals in NTC and A TC. 

the shock protection provided by the two half-shells and by the internal device 

the fire protection afforded by the two half-shells, the internals and the resin in the doors and 
frame. 

2. MEASURES WHICH THE SHIPPER MUST TAKE BEFORE DISPATCHING THE PACKAGE 

The container must be used by following the procedures in accordance with the instructions in 
chapters 4 and 8 of the safety file. 

Before each shipment, the shipper must ensure that the following checks have been made, according 
to a list drawn up on the basis of the service conditions described in chapter 4.2 of the safety file, 
that the results of these checks meet the specified criteria and that the list has been regularly signed: 

check that the package has been maintained as per section 3; 

check the compliance of the content with this certificate; 
check the compatibility of the contents with the packaging version; 

check the torques of the bolts joining together the two half-shells: 5 +/- 1 mdaN; 

check the presence of all the pins needed to tightly close the container; 

check the contamination of the outer surfaces of the package; 
check the maximum radiation intensity around the package, in contact and at 1 m; 

check the tamper-proof seals are in place preventing access to the ports; 
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- check the presence of the labels and markings (the package identification is " << F/347/AF-96 »>
and the packaging identification is << TYPE A »>);

- check that the transportation is for exclusive use;
- check in case of river transport that the total number of A2, of the contents in the packages

arranged in the same hold or another compartment is less than 100;
- the package must be lashed in horizontal position on its means of transport

3. MAINTENANCE PROGRAMME

Maintenance is described in chapter 8 of the safety file.

In particular, no less than every 50 cycles or every 5 years, whichever is most limiting:

- the good overall condition of the packaging will be checked and any non-compliant component
will be replaced,

- liquid penetrant examination of the gripping zones for lifting will be performed.

Any packaging not meeting the criteria specified in the maintenance programme must be taken out
of service until the appropriate corrective action has been taken.

4. NOTIFICATION AND RECORDING OF SERIAL NUMBERS

Any taking out of use or change of owner of a packaging shall be made known to the competent
authorities. To this effect, the owner relinquishing a packaging shall transmit the name of its
purchaser.

5. QUALITY ASSURANCE

The QA principles to be applied during the design, fabrication, inspection, testing, maintenance and
use of the packaging shall conform to those described in chapter 7 of the safety file.
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check the presence of the labels and markings (the package identification is " «F /34 7 / AF -96 » 
and the packaging identification is « TYPE A»); 
check that the transportation is for exclusive use; 

check in case of river transport that the total number of A2, of the contents in the packages 
arranged in the same hold or another compartment is less than 100; 

- the package must be lashed in horizontal position on its means of transport 

3. MAINTENANCE PROGRAMME 

Maintenance is described in chapter 8 of the safety file. 

In particular, no less than every 50 cycles or every 5 years, whichever is most limiting: 

the good overall condition of the packaging will be checked and any non-compliant component 
will be replaced, 
liquid penetrant examination of the gripping zones for lifting will be performed. 

Any packaging not meeting the criteria specified in the maintenance programme must be taken out 
of service until the appropriate corrective action has been taken. 

4. NOTIFICATION AND RECORDING OF SERIAL NUMBERS 

Any taking out of use or change of owner of a packaging shall be made known to the competent 
authorities. To this effect, the owner relinquishing a packaging shall transmit the name of its 
purchaser. 

5. QUALITY ASSURANCE 

The QA principles to be applied during the design, fabrication, inspection, testing, maintenance and 
use of the packaging shall conform to those described in chapter 7 of the safety file. 
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APPENDIX 1

FRESH PWR FUEL ASSEMBLIES

The safety file justifying this content is TFX/DC/2159 rev. D.

This content must be loaded into an FCC 3 version 1 container

1. DEFINITION OF THE AUTHORIZED RADIOACTIVE CONTENT

1.1 Fuel assembly characteristics

The authorized radioactive content, as described in chapter 2.2 of the safety file, is made up of no more
than two fresh fuel assemblies, destined for PWR, as described below:

Fuel assembly characteristics before irradiation:

type of array

Nominal pitch of array (mm)

Max totale mass of the assembly with or without control component (kg)

Max mass of heavy metal per assembly (kg)

Nominal active length (mm)

Max number of fuel rods

17x17 12 ft

17x17

12,6

751

521

3658

288(0)

Fuel rod characteristics before irradiation:

Cladding material

- Min thickness (mm)

- Min Outside Diameter (mm)

Pellets:

- Max diameter (mm)

- Max oxide density (97.5 % of theoretical density)

- Max initial enrichment 235U/ al (%)

- Max mass ratio 232U/Utt (%)

- Max mass ratio 2 34 U/Utotal (%)

- Max mass ratio 236U/Utotal (%)

Max absolute internal pressure at 20 'C (bars)

Zirconium alloy

0,52

9,46

UNE

8,20

10,69

5

5.10-8

0,055

0,05

32,7

(1) This number of rods corresponds to the maximum number of rods liable to be inserted into a
structure (skeleton or canister), including the guide thimbles.

APPENDIX 1 

FRESH PWR FUEL ASSEMBLIES 

The safety file justifying this content is TFXlDC/2159 rev. D. 

This content must be loaded into an FCC 3 version I container 

1. DEFINITION OF THE AUTHORIZED RADIOACTIVE CONTENT 

1.1 Fuel assembly characteristics 
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The authorized radioactive content, as described in chapter 2.2 of the safety file, is made up of no more 
than two fresh fuel assemblies, destined for PWR, as described below: 

Fuel assembly characteristics before irradiation: 17x1712 ft 

type of array 17x17 

Nominal pitch of array (mm) 12,6 

Max totale mass of the assembly with or without control component (kg) 751 

Max mass of heavy metal per assembly (kg) 521 

Nominal active length (mm) 3658 

Max number of fuel rods 288(1) 

Fuel rod characteristics before irradiation: 

Cladding material Zirconium alloy 

- Min thickness (mm) 0,52 

- Min Outside Diameter (mm) 9,46 

Pellets: UNE 

- Max diameter (mm) 8,20 

- Max oxide density (97.5 % of theoretical density) 10,69 

- Max initial enrichment 235UlUtotal (%) 5 

- Max mass ratio 232UlUtotal (%) 5.10-8 

- Max mass ratio 234UlUtotai (%) 0,055 

- Max mass ratio 236UlUtotal (%) 0,05 

Max absolute internal pressure at 20°C (bars) 32,7 

(1) ThIS number of rods corresponds to the maxImum number of rods lIable to be mserted mto a 
structure (skeleton or canister), including the guide thimbles. 
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The mechanical strength properties of the cladding materials must meet either of the following criteria:

1 2 3 4 5

RpO.2 (MPa) 520 455 350 250 290

Rm (MPa) 710 590 480 400 440

A, (%)>_ 12 12 15 25 20

1.2 Consignment conditions

All the assemblies in a consignment must meet the conditions below.

type of max number of assemblies max initial enrichment per min number of rods in each
assembly authorized per consignment rod of each assembly in the assembly of the consignment
assembly consignment 2 35U/Utotat (%) (1)

17x17 2 5 264

(1) Incomplete assemblies may be equipped with solid steel (or Zy) bars possibly containing a neutron
poison. The term << number of rods per assembly)) means the total number of fuel rods and steel
(Zy) bars.

All the assemblies in the consignment, except one, may be replaced by assembly skeletons.

The presence of materials more hydrogen-containing than water in the packaging is forbidden.

Max activity per packaging:
Physical state:

Chemical form:

Special form:

The maximum activity of the content must be lower than 1 A2.
Fuel rod assemblies consisting of sintered pellets placed in a
Zirconium alloy cladding meeting either of the criteria given in
paragraph 1.1 of this appendix.
Uranium oxide pellets (U0 2) and/or fuel pellets composed of a U0 2

blend whose enrichment in U235 is no more than 5% and of a
substance acting as neutron poison with a blend density of no more
than 10,69 g/cm3 .
Transported materials are not in special form.

2. CRITTICITY STUDY

It is described in report FFDC00817, given in appendix 12 of the safety file.
The hypotheses taken into account are as follows:
- Failure to comply with the geometrical integrity of the assemblies;
- Partial flooding;
- Waterlogging of all empty spaces.
Criticality Safety Index (CSI): 0,63 (Number N=80)
Special precautions when loading into reactor: None
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The mechanical strength properties ofthe cladding materials must meet either of the following criteria: 

1 2 3 4 5 

Rpo.2(MPa) ::: 520 455 350 250 290 

Rm (MPa)::: 710 590 480 400 440 

At (%)::: 12 12 15 25 20 

1.2 Consignment conditions 

All the assemblies in a consignment must meet the conditions below. 

type of 
max number of assemblies max initial enrichment per min number of rods in each 

assembly 
authorized per consignment rod of each assembly in the assembly of the consignment 

consignment 235UlUtotai (%) (I) 

17x17 2 5 264 
.. 

(1) Incomplete assemblies may be eqUipped wIth sohd steel (or Zy) bars possIbly contammg a neutron 
poison. The term « number of rods per assembly» means the total number of fuel rods and steel 
(Zy) bars. 

All the assemblies in the consignment, except one, may be replaced by assembly skeletons. 

The presence of materials more hydrogen-containing than water in the packaging is forbidden. 

Max activity per packaging: 
Physical state: 

Chemical form: 

Special form: 

2. CRITTICITY STUDY 

The maximum activity of the content must be lower than 1 A2. 
Fuel rod assemblies consisting of sintered pellets placed in a 
Zirconium alloy cladding meeting either of the criteria given in 
paragraph 1.1 of this appendix. 
Uranium oxide pellets (U02) and/or fuel pellets composed of a U02 
blend whose enrichment in U235 is no more than 5% and of a 
substance acting as neutron poison with a blend density of no more 
than 10,69 g/cm3. 
Transported materials are not in special form. 

It is described in report FFDC00817, given in appendix 12 of the safety file. 
The hypotheses taken into account are as follows: 

Failure to comply with the geometrical integrity of the assemblies; 
Partial flooding; 
Waterlogging of all empty spaces. 

Criticality Safety Index (CSI): 0,63 (Number N=80) 
Special precautions when loading into reactor: None 
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Special precautions in transportation: None
The confinement system is made up of the features described in appendix 0 and, for the content
section, of the following features:
- The Fuel Assembly characteristics as described in the table in paragraph 1.1;
- The cladding tubes which guarantee the containment of the fissile material in accident condition;
- The Fuel Assembly structure (grids, nozzles);
- The completeness of the assembly: any missing fuel rods are replaced by inert rods.

Special precautions in transportation: None 

F/347/AF-961h 
page 3/3 

The confinement system is made up of the features described in appendix 0 and, for the content 
section, of the following features: 

The Fuel Assembly characteristics as described in the table in paragraph 1.1; 
The cladding tubes which guarantee the containment of the fissile material in accident condition; 
The Fuel Assembly structure (grids, nozzles); 
The completeness of the assembly: any missing fuel rods are replaced by inert rods. 
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APPENDIX 5
FRESH PWR FUEL RODS

The safety file justifying this content is TFX/DC/2159 rev. D.

This content must be loaded into an FCC 3 version 1 container.

1. DEFINITION OF THE AUTHORIZED RADIOACTIVE CONTENT

1.1 Fuel rod characteristics

The authorized radioactive content, as described in chapter 2.3 of the safety file, is made up of fresh fuel
rods, destined for PWRs, as described below:

Fuel rod characteristics before irradiation:

Max total mass per cavity (kg)

Max total mass of rods per box (kg)

Max mass of heavy metal per box (kg)

Nominal active length (mm)

Max number of fuel rods per box

Cladding material
- Min thickness (mm)

- Min Outside Diameter (mm)

Pellets

17x17 12 ft

751

665

483(0)

3658

267

Zirconium alloy

0,52

9,46

UNE

8,20

10,69

5

5.10-8

0,055

0,05

2

32,7

- Max diameter (mm)

- Max oxide density (97.5 % theoretical density)

- Max initial enrichment 235U/Utotal (%)

- Max mass ratio 232U/Ut (%)

- Max mass ratio 23 4U/U1 a (%)

- Max mass ratio 236UiUtot1 (%)

- Min gadolinium oxide content by weight of gadolinia rods (%)

Max absolute internal pressure at 20 'C (bars)

(1) This maximum mass only covers contents with wedging and gadolinia contents.

The mechanical strength properties of the cladding materials must meet either of the following criteria:

I 2 3 4 5

Rpo.2 (MPa) _ 520 455 350 250 290

Rm (MPa) _ 710 590 480 400 440

A, (%)2! 12 12 15 25 20

( 

APPENDIX 5 
FRESH PWR FUEL RODS 

The safety file justifying this content is TFXlDC/2159 rev. D. 

This content must be loaded into an FCC 3 version 1 container. 

1. HEFINITION OF THE AUTHORIZED RADIOACTIVE CONTENT 

1.1 Fuel rod characteristics 
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The authorized radioactive content, as described in chapter 2.3 of the safety file, is made up of fresh fuel 
rods, destined for PWRs, as described below: 

Fuel rod characteristics before irradiation: 

Max total mass per cavity (kg) 

Max total mass of rods per box (kg) 

Max mass of heavy metal per box (kg) 

Nominal active length (mm) 

Max number of fuel rods per box 

Cladding material 

Min thickness (mm) 

Min Outside Diameter (mm) 

Pellets 

Max diameter (mm) 

Max oxide density (97.5 % theoretical density) 

Max initial enrichment 235UlUtotal (%) 

Max mass ratio 232U/Utotal (%) 

Max mass ratio 234UlUtotal (%) 

Max mass ratio 236UlUtotal (%) 

Min gadolinium oxide content by weight of gadolinia rods (%) 

Max absolute internal pressure at 20 °C (bars) 

17x1712 ft 

751 

665 

483(1) 

3658 

267 

Zirconium alloy 

0,52 

9,46 

UNE 

8,20 

10,69 

5 

5.10-8 

0,055 

0,05 

2 

32,7 

(1) This maximum mass only covers contents with wedging and gadolinia contents. 

The mechanical strength properties of the cladding materials must meet either of the following criteria: 

1 2 3 4 5 

RpO.2 (MPa) ~ 520 455 350 250 290 

Rm (MPa) ~ 710 590 480 400 440 

At (%)~ 12 12 15 25 20 
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1.2 Consignment Conditions

All the assemblies in a consignment must meet the conditions below.

Type of Max number of rods Max initial enrichment of Min number of rods in the
assembly authorized per consignment each rod in the consignment consignment (1)

assembly (235U/Uitotl)

17x17 267 5 Full row of fuel or inert rods

(1) Incomplete fuel rod rows may be equipped with solid steel (or Zy) bars possibly containing a
neutron poison. The term « number of rods per box > means the total number of fuel rods and

steel (Zy) bars.

The presence of materials more hydrogen-containing than water in the packaging is forbidden.
Max activity per packaging: The maximum activity of the content must be lower than 1 A2.
Physical state: Fuel rod assemblies consisting of sintered pellets placed in a

Zirconium alloy cladding meeting either of the criteria given in
paragraph 1.1 of this appendix.

Chemical form: Uranium oxide pellets (U0 2) and/or fuel pellets composed of a U0 2

blend whose enrichment in U235 is no more than 5% and of a
substance acting as neutron poison with a blend density of no more
than 10,69 g/cm3 .

Special form: Transported materials are not in special form

2. INTERNAL LAYOUT

The internal layout consists of a rod box, as described in chapter 2.3 of the safety file.

2.1 Rod boxes

Non-assembled rods are grouped in rod boxes versions FCC3 which are inserted in place of the
assemblies inside the FCC3 version 1.

The box consists of a U-shaped plate, closed at the ends and strengthened by two stringers welded to
2the upper part of the plate. It forms a square housing of section 214 x 214 mm2

An axial and radial wedging system makes it possible to adapt to the length of the rods and to hold
them in place. A schematic is given in figure 5.1. A detailed description accompanied by drawings is
supplied in appendix 1 of the safety file (note FFDCO 103 8).

2.2 Wedges

A set of 2 wedges provides longitudinal restraint of the box in the cavity (a top wedge and a bottom
wedge). A detailed description accompanied by drawings is supplied in appendix 1 of the safety file
(note FFDC01038).

1.2 Consignment Conditions 
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All the assemblies in a consignment must meet the conditions below. 

Type of 
Max number of rods Max initial enrichment of Min number of rods in the 

assembly 
authorized per consignment each rod in the consignment consignment (I) 

e35UlUtotal) 

17x17 267 5 Full row of fuel or inert rods 

(1) Incomplete fuel rod rows may be equipped with solid steel (or Zy) bars possibly containing a 
neutron poison. The term « number of rods per box » means the total number of fuel rods and 
steel (Zy) bars. 

The presence of materials more hydrogen-containing than water in the packaging is forbidden. 
Max activity per packaging: 
Physical state: 

Chemical form: 

Special form: 

2. INTERNAL LAYOUT 

The maximum activity of the content must be lower than 1 A2. 

Fuel rod assemblies consisting of sintered pellets placed in a 
Zirconium alloy cladding meeting either of the criteria given in 
paragraph 1.1 of this appendix. 
Uranium oxide pellets (U02) and/or fuel pellets composed of a U02 

blend whose enrichment in U235 is no more than 5% and of a 
substance acting as neutron poison with a blend density of no more 
than 10,69 g/cm3

. 

Transported materials are not in special form 

The intemallayout consists of a rod box, as described in chapter 2.3 of the safety file. 

2.1 Rod boxes 

Non-assembled· rods are grouped in rod boxes versions FCC3 which are inserted in place of the 
assemblies inside the FCC3 version 1. 

The box consists of a U-shaped plate, closed at the ends and strengthened by two stringers welded to 
the upper part of the plate. It forms a square housing of section 214 x 214 mm2

. 

An axial and radial wedging system makes it possible to adapt to the length of the rods and to hold 
them in place. A schematic is given in figure 5.1. A detailed description accompanied by drawings is 
supplied in appendix 1 of the safety file (note FFDC01038). 

2.2 Wedges 

A set of 2 wedges provides longitudinal restraint of the box in the cavity (a top wedge and a bottom 
wedge). A detailed description accompanied by drawings is supplied in appendix 1 of the safety file 
(note FFDCOI038). 
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3. CRITICALITY STUDY

It is described in report FFDCO.1 046, given in appendix 12 of the safety file.
The hypotheses taken into account are as follows:
- Partial flooding;
- Waterlogging of all empty spaces.

Criticality Safety Index (CSI):
- case of shipment of U0 2 rods with radial and axial wedging:

" Criticality safety index: 0 (Number N infinite)
" Special precautions when loading into reactor: None

- case of shipment of U0 2 -Gd2O 2 rods with or without radial and axial wedging:
" Criticality safely index: 0 (Number N infinite)
" Special precautions when loading into reactor: None

- case of shipment of U0 2 rods in small numbers, with or without radial and axial wedging
" Criticality safety index: 50 (Number N = 1)
" Special precautions when loading into reactor: respect a maximum U0 2 mass of 20 kg per

package.

The confinement system is made up of the features described in appendix 0 and, for the content
section, of the following features:
- The Fuel rod characteristics as described in the table in paragraph 1.1;
- The cladding tubes which guarantee the containment of the fissile material in accident condition.

3. CRITICALITY STUDY 

It is described in report FFDCOI046, given in appendix 12 of the safety file. 
The hypotheses taken into account are as follows: 

Partial flooding; 
Waterlogging of all empty spaces. 

Criticality Safety Index (CS!): 
case of shipment of D02 rods with radial and axial wedging: 
• Criticality safety index: 0 (Number N infinite) 
• Special precautions when loading into reactor: None 

case of shipment of D02-Gd20 2 rods with or without radial and axial wedging: 
• Criticality safety index: 0 (Number N infinite) 
• Special precautions when loading into reactor: None 

I 
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case of shipment of D02 rods in small numbers, with or without radial and axial wedging 
• Criticality safety index: 50 (Number N = 1) 
• Special precautions when loading into reactor: respect a maximum D02 mass of 20 kg per 

package. 

The confinement system is made up of the features described in appendix 0 and, for the content 
section, of the following features: 

The Fuel rod characteristics as described in the table in paragraph 1.1; 
The cladding tubes which guarantee the containment of the fissile material in accident condition. 
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FIGURE 5.1
ROD BOX DIAGRAM
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APPENDIX 9
FRESH PWR FUEL ASSEMBLIES

The safety file justifying this content is TFX/DC/2159 rev. D.

This content must be loaded into an FCC 3 version 1 container.

1. DEFINITION OF THE AUTHORIZED RADIOACTIVE CONTENT

1.1 Fuel assembly characteristics

The authorized radioactive content, as described in chapter 2.2 of the safety file, is made up of two fresh
fuel rods, destined for PWRs, as described below:

Fuel assembly characteristics before irradiation:

Type of array

Nominal pitch of array (mm)

Max total mass of the assembly with or without control component (kg)

Max mass of heavy metal per assembly (kg)

Nominal active length (mm)

Max number of fuel rods

17x17 12 ft

17x17

12,6

751

521

3658

288(0)

Fuel rod characteristics before irradiation:

Cladding material

- Min thickness (mm)

- Min outside diameter (mm)

Pellets:

- Max diameter (mm)

- Max oxide density (97.5 % theoretical density)

- Max initial enrichment 2 3 5
U/Utotal (%)

- Max mass ratio 2 32 U/Utotal (%)

- Max mass ratio 2 34 U/Utotal (%)

- Max mass ratio 2 36
U/Utotai (%)

Max absolute internal pressure at 20 'C (bars)

Zirconium alloy

0,52

9,40

UNE

8,30

10,69

4,9

5.10-8

0,055

0,05

32,7

(1) This number of rods corresponds to the maximum number of rods liable to be inserted into a structure
(skeleton or canister), including the guide thimbles..

APPENDIX 9 
FRESH PWR FUEL ASSEMBLIES 

The safety file justifying this content is TFXlDC/2l59 rev. D. 

This content must be loaded into an FCC 3 version 1 container. 

1. DEFINITION OF THE AUTHORIZED RADIOACTIVE CONTENT 

1.1 Fuel assembly characteristics 
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The authorized radioactive content, as described in chapter 2.2 of the safety file, is made up of two fresh 
fuel rods, destined for PWRs, as described below: 

Fuel assembly characteristics before irradiation: 17x1712 ft 

Type of array 17x17 

Nominal pitch of array (mm) 12,6 

Max total mass of the assembly with or without control component (kg) 751 

Max mass of heavy metal per assembly (kg) 521 

Nominal active length (mm) 3658 

Max number of fuel rods 288(1) 

Fuel rod characteristics before irradiation: 

Cladding material Zirconium alloy 

- Min thickness (mm) 0,52 

- Min outside diameter (mm) 9,40 

Pellets: UNE 

- Max diameter (mm) 8,30 

- Max oxide density (97.5 % theoretical density) 10,69 

- Max initial enrichment 235UlUtotai (%) 4,9 

- Max mass ratio 232UlUtotai (%) 5.1 0-8 

- Max mass ratio 234UlUtotai (%) 0,055 

- Max mass ratio 236UlUtotai (%) 0,05 

Max absolute internal pressure at 20°C (bars) 32,7 

(1) This number of rods corresponds to the maximum number of rods liable to be inserted into a structure 
(skeleton or canister), including the guide thimbles .. 
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The mechanical strength properties of the cladding materials must meet either of the following criteria:

1 2 3 4 5

RpO.2 (MPa) _ 520 455 350 250 290

Rm (MPa) 2! 710 590 480 400 440

A4 (%)_ 12 12 15 25 20

1.2 Consignment conditions

All the assemblies in a consignment must meet the conditions below.

type of max number of assemblies max initial enrichment per min number of rods in each
authorized per consignment rod of each assembly in the assembly of the consignment (1)

assembly consignment 235U/Utotal (%)

17xl7 2 4,9 264

(1) Incomplete assemblies may be equipped with solid steel (or Zy) bars possibly containing a
neutron poison. The term «< number of rods per assembly >> means the total number of fuel rods
and steel (Zy) bars.

All the assemblies in the consignment, except one, may be replaced by assembly skeletons.

The presence of materials more hydrogen-containing than water in the packaging is forbidden.

Max activity per packaging:
Physical state:

Chemical form:

Special form:

The maximum activity of the content must be lower than 1 A2.
Fuel rod assemblies consisting of sintered pellets placed in a
Zirconium alloy cladding meeting either of the criteria given in
paragraph 1.1 of this appendix.
Uranium oxide pellets (U0 2) and/or fuel pellets composed of a U0 2

blend whose enrichment in U235 is no more than 4,9% and of a
substance acting as neutron poison with a blend density of no more
than 10,69 g/cm 3.
Transported materials are not in special form.

2. CRITICALITY STUDY

It is described in report FFDC00817, given in appendix 12 of the safety file and in report
FFDC03125.

The hypotheses taken into account are as follows:
- Failure to comply with the geometrical integrity of the assemblies in accidental condition of

transport;
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The mechanical strength properties of the cladding materials must meet either of the following criteria: 

1 2 3 4 5 

R pO.2 (MPa) ~ 520 455 350 250 290 

Rm (MPa) ~ 710 590 480 400 440 

At (%)~ 12 12 15 25 20 

1.2 Consignment conditions 

All the assemblies in a consignment must meet the conditions below. 

type of 
max number of assemblies max initial enrichment per min number of rods in each 

assembly 
authorized per consignment rod of each assembly in the assembly of the consignment (I) 

consignment 235UlUtotal (%) 

17x17 2 4,9 264 

(1) Incomplete assemblies may be equipped with solid steel (or Zy) bars possibly containing a 
neutron poison. The term « number of rods per assembly» means the total number of fuel rods 
and steel (Zy) bars. 

All the assemblies in the consignment, except one, may be replaced by assembly skeletons. 

The presence of materials more hydrogen-containing than water in the packaging is forbidden. 

Max activity per packaging: 
Physical state: 

Chemical form: 

Special form: 

2. CRITICALITY STUDY 

The maximum activity of the content must be lower than 1 A2. 

Fuel rod assemblies consisting of sintered pellets placed in a 
Zirconium alloy cladding meeting either of the criteria given in 
paragraph 1.1 of this appendix. 
Uranium oxide pellets (U02) and/or fuel pellets composed of a U02 
blend whose enrichment in U235 is no more than 4,9% and of a 
substance acting as neutron poison with a blend density of no more 
than 10,69 g/cm3. 
Transported materials are not in special form. 

It is described in report FFDC00817, given in appendix 12 of the safety file and in report 
FFDC03125. 

The hypotheses taken into account are as follows: 
Failure to comply with the geometrical integrity of the assemblies in accidental condition of 

transport; 
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- Partial flooding;
- Waterlogging of all empty spaces.
Criticality Safety Index (CSI): 0,63 (Number N=80)
Special precautions when loading into reactor: None
Special precautions in transportation: None
The confinement system is made up of the features described in appendix 0 and, for the content
section, of the following features:
- The Fuel Assembly characteristics as described in the table in paragraph 1.1;
- The cladding tubes which guarantee the containment of the fissile material in accident condition;
- The Fuel Assembly structure (grids, nozzles);
- The completeness of the assembly: any missing fuel rods are replaced by inert rods.

Partial flooding; 
Waterlogging of all empty spaces. 

Criticality Safety Index (CSI): 0,63 (Number N=80) 
Special precautions when loading into reactor: None 
Special precautions in transportation: None 

F/347/AF-969h 
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The confinement system is made up of the features described in appendix ° and, for the content 
section, of the following features: 

The Fuel Assembly characteristics as described in the table in paragraph 1.1; 
The cladding tubes which guarantee the containment of the fissile material in accident condition; 
The Fuel Assembly structure (grids, nozzles); 
The completeness of the assembly: any missing fuel rods are replaced by inert rods. 
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APPENDIX 11
FRESH PWR FUEL RODS

The safety file justifying this content is TFX/DC/2159 rev. D.

This content must be loaded ihto an FCC 3 version 1 container.

1. DEFINITION OF THE AUTHORIZED RADIOACTIVE CONTENT

1.1. Fuel rod characteristics

The authorized radioactive content, as described in chapter 2.3 of the safety file, is made up of fresh fuel rods,
destined for PWRs. as described below:

Fuel rod characteristics before irradiation:

Max total mass per cavity (kg)

Max total mass of rods per box (kg)

Max mass of heavy metal per box (kg)

Nominal active length (mm)

Max number of fuel rods per box

Cladding material

- Min thickness (mm)

- Min outside diameter (mm)

Pellets:

- Max diameter (mm)

- Max oxide density (97.5 % theoretical density)

- Max initial enrichment 235U/Utotal (%)

- Max mass ratio 2 32
U/Utotal (%)

- Max mass ratio 2 34
U/Utotal (%)

- Max mass ratio 2 3 6
U/Utotal (%)

- Min gadolinium oxide content by weight of gadolinia rods (%)

Max absolute internal pressure at 20 'C (bars)

17x17 12 ft

751

665

483(0)

3658

267

Zirconium alloy

0,52

9,40

UNE

8,30

10,69

4,9

5.10-8

0,055

0,05

2

32,7

(1) This maximum mass only covers contents with wedging and gadolinia contents..

The mechanical strength properties of the cladding materials must meet either of the following criteria:

1 2; 3 '

Rpo.2 (MPa) > 520 455 350 250 290

Rm (MPa) _ 710 590 480 400 440

A, (%)> 12 12 15 25 20

APPENDIX 11 
FRESH PWR FUEL RODS 

The safety file justifying this content is TFXlDC/2159 rev. D. 

This content must be loaded into an FCC 3 version I container. 

1. DEFINITION OF THE AUTHORIZED RADIOACTIVE CONTENT 

1.1. Fuel rod characteristics 
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The authorized radioactive content, as described in chapter 2.3 of the safety file, is made up of fresh fuel rods, 
destined for PWRs, as described below: 

Fuel rod characteristics before irradiation: 17x1712 ft 

Max total mass per cavity (kg) 

Max total mass of rods per box (kg) 

Max mass of heavy metal per box (kg) 

Nominal active length (mm) 

Max number of fuel rods per box 

Cladding material 

Pellets: 

Min thickness (mm) 

Min outside diameter (mm) 

Max diameter (mm) 

Max oxide density (97.5 % theoretical density) 

Max initial enrichment 235UlUtotal (%) 

Max mass ratio 232U/Utotal (%) 

Max mass ratio 234UlUtotal (%) 

Max mass ratio 236UlUtotal (%) 

Min gadolinium oxide content by weight of gadolinia rods (%) 

Max absolute internal pressure at 20°C (bars) 

751 

665 

483(1) 

3658 

267 

Zirconium alloy 

0,52 

9,40 

UNE 

8,30 

10,69 

4,9 

5.10-8 

0,055 

0,05 

2 

32,7 

(1) This maximum mass only covers contents with wedging and gadolinia contents .. 

The mechanical strength properties of the cladding materials must meet either of the following criteria: 
" 

; , " 
/', ·.-1, ?; 3' ,', "."~, 4"" , :,5' .' 

-RpO,i (MPa) ~, 520 455 350 250 290 

Rm (MPa)~· 710 590 480 400 440 

At (%)~ 12 12 15 25 20 
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1.2 Consignment conditions

All the assemblies in a consignment must meet the conditions below.

Max number of rods Max initial enrichment of Min number of rods in the
Tpe of authorized per consignment each rod in the consignment consignment (1)

assembly (
23 5

U/U.total)

17x17 267 4,9 Full row of fuel or inert rods

(1) Incomplete fuel rod rows may be equipped with solid steel (or Zy) bars possibly containing a
neutron poison. The term << number of rods per box >> means the total number of fuel rods and
steel (Zy) bars.

The presence of materials more hydrogen-containing than water in the packaging is forbidden.
Max activity per packaging: The maximum activity of the content must be lower than 1 A2.
Physical state: Fuel rod assemblies consisting of sintered pellets placed in a

Zirconium alloy cladding meeting either of the criteria given in
paragraph 1. 1 of this appendix.

Chemical form: Uranium oxide pellets (U0 2) and/or fuel pellets composed of a U0 2

blend whose enrichment in U235 is no more than 4,9% and of a
substance acting as neutron poison with a blend density of no more
than 10,69 g/cm3 .

Special form: Transported materials are not in special form.

2. INTERNAL LAYOUT

The internal layout consists of a rod box, as described in chapter 2.3 of the safety file.

2.1 Rod boxes

Non-assembled rods are grouped in rod boxes versions FCC3 which are inserted in place of the
assemblies inside the FCC3 version 1.

The box consists of a U-shaped plate, closed at the ends and strengthened by two stringers welded to
the upper part of the plate. It forms a square housing of section 214 x 214 mm2 .

An axial and radial wedging system makes it possible to adapt to the length of the rods and to hold
them in place. A schematic is given in figure 5.1. A detailed description accompanied by drawings is
supplied in appendix 1 of the safety file (note FFDCO 103 8).

2.2 Wedges

A set of 2 wedges provides longitudinal restraint of the box in the cavity (a top wedge and a bottom
wedge). A detailed description accompanied by drawings is supplied in appendix 1 of the safety file
(note FFDCO 1038).

1.2 Consignment conditions 
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All the assemblies in a consignment must meet the conditions below. 

Type of 
Max number of rods Max initial enrichment of Min number of rods in the 

assembly 
authorized per consignment each rod in the consignment consignment (I) 

e35UlUtotal) 
17x17 267. 4,9 Full row of fuel or inert rods 

(1) Incomplete fuel rod rows may be equipped with solid steel (or Zy) bars possibly containing a 
neutron poison. The term « number of rods· per box » means the total number of fuel rods and 
steel (Zy) bars. 

The presence of materials more hydrogen-containing than water in the packaging is forbidden. 
Max activity per packaging: 
Physical state: 

Chemical form: 

Special form: 

2. INTERNAL LAYOUT 

The maximum activity of the content must be lower than 1 A2. 

Fuel rod assemblies consisting of sintered pellets placed in a 
Zirconium alloy cladding meeting either of the criteria given in 
paragraph 1.1 of this appendix. 
Uranium oxide pellets (U02) and/or fuel pellets composed of a U02 

blend whose enrichment in U235 is no more than 4,9% and of a 
substance acting as neutron poison with a blend density of no more 
than lO,69 g/cm3. 
Transported materials are not in special form. 

The internal layout consists of a rod box, as described in chapter 2.3 of the safety file. 

2.1 Rod boxes 

Non-assembled rods are grouped in rod boxes versions FCC3 which are inserted in place of the 
assemblies inside the FCC3 version 1. 

The box consists of a U-shaped plate, closed at the ends and strengthened by two stringers welded to 
the upper part of the plate. It forms a square housing of section 214 x 214 mm2

. 

An axial and radial wedging system makes it possible to adapt to the length of the rods and to hold 
them in place. A schematic is given in figure 5.1. A detailed description accompanied by drawings is 
supplied in appendix 1 of the safety file (note FFDCOI038). 

2.2 Wedges 

A set of 2 wedges provides longitudinal restraint of the box in the cavity (a top wedge and a bottom 
wedge). A detailed description accompanied by drawings is supplied in appendix 1 of the safety file 
(note FFDCOI038). 
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3. CRITICALITY STUDY

It is described in report FFDC01046, given in appendix 12 of the safety file and in report
FFDC03125.

The hypotheses taken into account are as follows:
- Partial flooding;
- Waterlogging of all empty spaces.

Criticality Safety Index (CSI):
- case of shipment of U0 2 rods with radial and axial wedging:

" Criticality safety index: 0 (Number N infinite)
" Special precautions when loading into reactor: None

- case of shipment of U0 2-Gd2O 2 rods with or without radial and axial wedging:
" Criticality safety index: 0 (Number N infinite)
" Special precautions when loading into reactor: None

- case of shipment of U0 2 rods in small numbers, with or without radial and axial wedging
" Criticality safety index: 50 (Number N = 1)
" Special precautions when loading into reactor: respect a maximum U0 2 mass of 20 kg per

package.

The confinement system is made up of the features described in appendix 0 and, for the content
section, of the following features:
- The Fuel rod characteristics as described in the table in paragraph 1.1;
- The cladding tubes which guarantee the containment of the fissile material in accident condition.

3. CRITICALITY STUDY 
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It is described in report FFDCOI046, given In appendix 12 of the safety file and In report 
FFDC03125. 

The hypotheses taken into account are as follows: 
Partial flooding; 
Waterlogging of all empty spaces. 

Criticality Safety Index (CSI): 
case of shipment ofU02 rods with radial and axial wedging: 
• Criticality safety index: 0 (Number N infinite) 
• Special precautions when loading into reactor: None 

case of shipment of U02-Gd20 2 rods with or without radial and axial wedging: 
• Criticality safety index: 0 (Number N infinite) 
• Special precautions when loading into reactor: None 

case of shipment of U02 rods in small numbers, with or without radial and axial wedging 
• Criticality safety index: 50 (Number N = 1) 
• Special precautions when loading into reactor: respect a maximum U02 mass of 20 kg per 

package. 

The confinement system is made up of the features described in appendix 0 and, for the content 
section, of the following features: 

The Fuel rod characteristics as described in the table in paragraph 1.1; 
The cladding tubes which guarantee the containment of the fissile material in accident condition. 
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FIGURE 11.1
ROD BOX DIAGRAM
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1. INTRODUCTION

The fresh nuclear fuel for use in powering PWR nuclear power plants is made up of fuel rods
assembled to form an array. These products need to be transported between their place of production
(factories) and the nuclear power plants either in the form of fuel assemblies, or in the form of non-
assembled, rods.

This report addresses the transportation of the following content:
" fuel assemblies with a nominal length of 8, 10 and 12 feet,
" non-assembled rods for assemblies with a nominal length of 8, 10 and 12 feet,
in packagings (containers) designated throughout this document by the term "FCC3"(*).

S This "FCC3" packaging re-uses the shells formerly used by the "RCC3", but incorporates a new
internal equipment system which comes in two versions, depending on the content:

o • Version 1: for fuel assemblies composed of a 17x17 or 15x15 square fuel rod array or for non-
assembled fuel rods pre-packed in channels,

E Version 2: for fuel assemblies composed of a 14x14 (8 and 10 ft) square fuel rod array.
Ce

S The rods in either of these versions can be made from Enriched Natural Uranium (ENU) or from
Enriched Reprocessed Uranium (REPU).

-t The packaging/content combination takes the regulatory name of "package". These packages must
u_ meet regulatory shipping requirements. For the "FCC3", the modes of transport envisaged are: by
~ road, rail and sea, but exclude shipment by air. The "FCC3" packages must therefore comply with the
= following applicable Regulations:
z S European Agreement on the International Carriage of Dangerous Goods by Road (ADR),
a.. - Regulation governing International Rail Transportation of Dangerous Goods (RID),
z
•< E International Maritime Code for Dangerous Goods (IMDG).
w
0o- However, the aforementioned Regulations simply repeat, in their entirety, the requirements laid down

S in the IAEA transportation regulation (a 1996 edition) governing radioactive materials, packagings,
packages and testing.

ILL

Evidence of package compliance is presented with reference to the IAEA Regulation.

The FCC3 packaging is very similar to the FCC4, excepted for its length, 4923 mm instead of 5740 mm, and the absence
of any lifting points on the lower shell. Considering the similarity of the two designs, their individual safety reports also
have the same structure.
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1. INTRODUCTION 

The fresh nuclear fuel for use in powering PWR nuclear power plants is made up of fuel rods 
assembled to form an array. These products need to be transported between their place of production 
(factories) and the nuclear power plants either in the form of fuel assemblies, or in the form of non­
assembled.rods. 

This report addresses the transportation of the following content: 

• fuel assemblies with a nominal length of 8, 10 and 12 feet, 

• non-assembled rods for assemblies with a nominal length of 8, 10 and 12 feet, 

in packagings (containers) designated throughout this document by the term "FCC3"('). 

This "FCC3" packaging re-uses the shells formerly used by the "RCC3", but incorporates a new 
internal equipment system which comes in two versions, depending on the content: 

• Version 1: for fuel assemblies composed of a 17x17 or 15x15 square fuel rod array or for non­
assembled fuel rods pre-packed in channels, 

• Version 2: for fuel assemblies composed of a 14x14 (8 and 10 ft) square fuel rod array. 

The rods in either of these versions can be made from Enriched Natural Uranium (ENU) or from 
Enriched Reprocessed Uranium (REPU). 

The packaging/content combination takes the regulatory name of "package". These packages must 
meet regulatory shipping requirements. For the "FCC3", the modes of transport envisaged are: by 
road, rail and sea, but exclude shipment by air. The "FCC3" packages must therefore comply with the 
following applicable Regulations: 

• European Agreement on the International Carriage of Dangerous Goods by Road (ADR), 

• Regulation governing International Rail Transportation of Dangerous Goods (RID), 

• International Maritime Code for Dangerous Goods (IMDG). 

However, the aforementioned Regulations simply repeat, in their entirety, the requirements laid down 
in the IAEA transportation regulation (a 1996 edition) governing radioactive materials, packagings, 
packages and testing. 

Evidence of package compliance is presented with reference to the IAEA Regulation. 

(.) The FCC3 packaging is very similar to the FCC4, excepted for its length, 4923 mm instead of 5740 mm, and the absence 
of any lifting pOints on the lower shell. Considering the similarity of the two designs, their individual safety reports also 
have the same structure. 

TF018 Rev. 1 



A
FRAMATOME ANP

IN TFX DC 2159 EQ

I REV. D
PAGE 11/79

.0

0

CO

CO

Cn

0)

0

IL-

z
0U

0

L-

Note:
This document refers to current IAEA regulations - 1996 edition [1].

Table 1 gives the correspondence between the chapters of this document and the articles of the 1996
edition.

Table I
Correspondence between chapters and IAEA articles - edition 1996

Chapters 1996 edition

Quality Assurance 310

Activity limit and fissile 401 to 419
material limits

General requirements for all 606 to 616
packagings and packages

Requirements for type A 633 to 649
packages

Requirements for packages 671 to 682

containing fissile materials

Package tests 713 to 733

Tests for demonstrating
ability to withstand normal 719 to 724
shipment conditions

Tests for demonstrating
ability to withstand accident 726 to 729
shipment conditions

Water leakage tests for
packages containing fissile 731 to 733
materials
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Note: 
This document refers to current IAEA regulations - 1996 edition [1]. 

Table 1 gives the correspondence between the chapters of this document and the articles of the 1996 
edition. 

Table 1 
Correspondence between chapters and IAEA articles - edition 1996 

Chapters 1996 edition 
~ 

,--
Quality Assurance 310 

Activity limit and fissile 
material limits 

401 to 419 

General req uirements for all 
packagings and packages 

606 to 616 

Requirements for type A 
packages 

633 to 649 

Requirements for packages 
containing fissile materials 

671 to 682 

Package tests 713 to 733 

Tests for demonstrating 
ability to withstand normal 719 to 724 
shipment conditions 

Tests for demonstrating 
ability to withstand accident 726 to 729 
shipment conditions 

Water leakage tests for 
packages containing fissile 731 to 733 
materials 
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2. DESCRIPTION OF PACKAGING CONTENTS

2.1 Description of radioactive materials

The following table presents the various radioactive materials transported in FCC3 packagings.

CU

Cu

4)
0.

z

z
LU.

0

I-

Characteristics of contained radioactive materials

Maximum thermal power 0.44 W (Appendix 5)
released

a, 13 for fuel containing ENU

Emitted radiation a, 13, y, (the latter being the main
contributor) for fuel containing
REPU

U 234_< 4.10-4 (g/gU)

ENU isotopic vector for 1 g of U 235 < 5.10-2 (g/gU)
uranium U 236_< 3.10-4 (g/gU)

U 238 > 0.94 (g/gU)

U 232 <2.10-8 (g/gU)

REPU isotopic vector for lg bf U 234 _< 2.10.' (g/gU)
uranium U 235 < 5.10.2 (g/gU)

See Appendix 5 U'236 : 2.10-2 (g/gU)

U 238 > 0.92 (g/gU)

sintered U0 2 pellets and/or mix of
Physical state and chemical form U02 + material acting as neutron

poison.

Maximum U 235 enrichment 5 %

97.5 % of U0 2 theoretical
Density density: 10.69

Special form No
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2. DESCRIPTION OF PACKAGING CONTENTS 

2.1 Description of radioactive materials 

The following table presents the various radioactive materials transported in FCC3 packagings. 

Characteristics of contained radioactive materials 

Maximum thermal power 
0.44 W (Appendix 5) 

released 

a, ~ for fuel containing ENU 
c: a., ~, y, (the latter being the main 0 Emitted radiation iii contributor) for fuel containing 
~ 
b REPU 

'" Cll U 234 ~ 4.1 0-4 (g/gU) (Il 
en 
:0 ENU isotopic vector for 1 9 of U 235 ~ 5.10-2 (g/gU) c: 
(Il 

§, uranium U 236 ~ 3.10-4 (g/gU) 

'" Cll U 238 > 0.94 (g/gU) 0 
I 

U 232 ~ 2.10-8 (g/gU) Q) 
::J 

U. U 234 ~ 2.10-3 (g/gU) L. REPU isotopic vector for 1 g bf (\) 
Cll uranium U 235 ~ 5.10-2 (g/gU) (J 
::J 
Z See Appendix 5 U 236 ~ 2.10-2 (g/gU) I 
a. 

U 238 > 0.92 (g/gU) z « 
w sintered U02 pellets and/or mix of :2 
0 Physical state and chemical form U02 + material acting as neutron 
~ poison. 
:2 

~ Maximum U 235 enrichment 5% 
u. 

Density 
97.5 % of U02 theoretical 
density: 10.69 

Special form No 
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2.2 Description of fuel assemblies

The various types of fuel assembly to be transported differ either in the number and diameter of the
fuel rods they contain, or in their length.

The detailed characteristics of the transported fuel assemblies, together with the corresponding
masses, are given in Table 2.2 below.

The general composition of the assemblies, common to all the types, is illustrated in Figures 2.2.1,
2.2.2, 2.2.3 and 2.2.4. It comprises:

an inert supporting structure (skeleton) composed of zirconium alloy guide thimbles (and an
instrumentation tube for 15x15 and 17x17 type assemblies) fixed at their ends to 2 stainless steel
nozzles. Zirconium alloy grids, with a square-shaped honeycombed structure, are arranged at

_• regular intervals along the tubes. They act both as spacers for the tubes and as a restraining
Cstructure for the fuel rods. Some assemblies may be equipped with mid-span mixing grids (MSMG)

which are added to the support grids.
(/)

cc fuel rods, consisting of zirconium alloy claddings (with end plugs), filled with sintered U02 pellets
and/or a mixture of U02 + neutron poison material. This stack of pellets held in place by a

CM-.compression spring constitutes the fissile column. The rods are pressurized with helium up to a
, maximum absolute pressure of 32.7 bars at room temperature. They are held in place by spacer

grids within the fuel assembly.

I-• During transportation, the fuel assemblies may contain accessories referred to as "core components";
U_ designed to facilitate the control of the nuclear reactions or of the heat exchanges in the reactor. These
M core components are made up of rods which insert into the guide thimbles and are of 3 types:

= a RCCAs consisting either of absorber rods whose stainless steel claddings are filled with Ag-In-Cd
(silver - indium - cadmium) or B4C (boron carbide), or absorber rods containing Ag-In-Cd and inert
rods (stainless steel claddings containing stainless steel).

w 0 "poison" rod clusters which are "thimble plug" assemblies in which steel bars have been replaced
0 by stainless steel claddings containing borosilicate glass.

° "inert" so-called "thimble plug"' assemblies whose rods are stainless steel bars.

For incomplete fuel assemblies, the missing U02 rods will be replaced by cylinders of the same outer
diameter, displacing an identical volume. These may be either rods containing depleted uranium and /
or neutron poison or a metallic material, or bars filled with metallic material (note: "metallic material" is
understood to mean any material commonly used in PWRs).
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2.2 Description of fuel assemblies 

The various types of fuel assembly to be transported differ either in the number and diameter of the 
fuel rods they contain, or in their length. 

The detailed characteristics of the transported fuel assemblies, together with the corresponding 
masses, are given in Table 2.2 below. 

The general composition of the assemblies, common to all the types, is illustrated in Figures 2.2.1 J 

2.2.2, 2.2.3 and 2.2.4. It comprises: 

• an inert supporting structure (skeleton) composed of zirconium alloy guide thimbles (and an 
instrumentation tube for 15x15 and 17x17 type assemblies) fixed at their ends to 2 stainless steel 
nozzles. Zirconium alloy grids, with a square-shaped honeycombed structure, are arranged at 
regular intervals along the tubes. They act both as spacers for the tubes and as a restraining 
structure for the fuel rods. Some assemblies may be equipped with mid-span mixing grids (MSMG) 
which are added to the support grids. 

• fuel rods, consisting of zirconium alloy claddings (with end plugs), filled with sintered U02 pellets 
and/or a mixture of U02 + neutron poison material. This stack of pellets held in place by a 
compression spring constitutes the fissjle column. The rods are pressurized with helium up to a 
maximum absolute pressure of 32.7 bars at room temperature. They are held in place by spacer 
grids within the fuel assembly. 

During transportation, the fuel assemblies may contain accessories referred to as "core components"; 
designed to facilitate the control of the nuclear reactions or of the heat exchanges in the reactor. These 
core components are made up of rods which insert into the guide thimbles and are of 3 types: I 

• RCCAs conSisting either of absorber rods whose stainless steel claddings are filled with Ag-In-Cd 
(silver - indium - cadmium) or 84C (boron carbide), or absorber rods containing Ag-In-Cd and inert 
rods (stainless steel claddings containing stainless steel). 

• "poison" rod clusters which are "thimble plug" assemblies in which steel bars have been replaced 
by stainless steel claddings containing borosilicate glass. 

• "inert" so-called "thimble plug~' assemblies whose rods are stainless steel bars. 

For incomplete fuel assemblies, the missing U02 rods will be replaced by cylinders of the same outer 
diameter, displacing an identical volume. These may be either rods containing depleted uranium and / 
or neutron poison or a metallic material, or bars filled with metallic material (note: "metallic material" is 
understood to mean any material commonly used in PWRs). 
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Table 2.2
Characteristics of the fuel assemblies and rods transported in

FCC3 packagings
F 0 I ! At l~o'vAoivi, 1 ~

W I~1~~ WMO! 12"S111 larM~f~! " ~j

t-

C

U_

u)

:,
Z

ca

Z

0)
S2

LI

LL

* I

z
uJ

0

I-

Top nozzle section (mm) 214 214 197 197
Bottom nozzle section (mm) 214 214 197 197
Nominal length (mm) 4058 4097 2898 3506
Mass max tolerances(kg) 691 675 405 503
Mass with nom tolerances/kg) 678 667 398 493
Max core component mass (kg) 66 74 -

Number 8 7 6 7
Envelope (mm.. 214 214 196 196

Number 24 20 16 16
Material Zirconium alloy Zirconium alloy Zirconium alloy Zirconium alloy
Nominal OD (mm) 12 14 14 14
Nominal ID (mm) 11.2 13 13 13

no instrumentation no instrumentation
Material Zirconium alloy Zirconium alloy tube tube

Nominal OD (mm) 12.45 14
Nominal ID (mm 11.45 13

Number per assembly 264 204 179 179
Pitch (mm) 12.6 14.3 14.1 14.1
Cladding material Zirconium alloy Zirconium alloy Zirconium alloy Zirconium alloy
Min OD (mm) 9.46 10.68 10.68 10.68
Min thickness (mm! 0.52 0.57 0.57 0.57

Type of fuel ENU or REPU ENU or REPU ENUJ or REPU ENU or REPU
Max pellet diameter (mm) 8.20 9.31 9.4 9.4
Rod active length (mm) 3658 3658 2413 3048

Max U02 mass per assembly (kg) 541 535 317 401

U235 enrichment (%) 5 5 5 5
Max density of U02 pellets 10.69 10.69 10.69 10.69
(97,5%)
Fissile cross-section (mm) 214x214 214x214 197x197 197x197

I" Note: Here zirconium alloy is understood to mean any non-irradiated zirconium alloy used as a constituent of a PWR fuel
assembly. When used for the rod cladding, this alloy must also meet the conditions specified in paragraphs 5.5.3.1 and
5.5.3.2 of this document.

(') The pellet height is not a safety feature. In all the criticality studies, it is the fissile column height which is modelled.
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Table 2.2 
Characteristics of the fuel assemblies and rods transported in 

~.~FCC3 

no instrumentation no instrumentation 
tube tube 

('J Note: Here zirconium alloy is understood to mean any non-irradiated zirconium alloy used as a constituent of a PWR fuel 
assembly. When used for the rod cladding, this alloy must also meet the conditions specified in paragraphs 5.5.3.1 and 
5.5.3.2 of this document. 

(') The pellet height is not a safety feature. In all the criticality studies, it is the fissile column height which is modelled. 
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Figure 2.2.1 17x17 - 12 ft fuel assembly
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Figure 2.2.117x17 -12 ft fl,lel assembly 
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Figure 2.2.2
15xl 5 fuel assembly >
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Figure 2.2.2 
15x15 fuel assembly 
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Figure 2.2.3
14x14 - 8 ft fuel assembly
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Figure 2.2.3 
14x14 - 8 ft fuel assembly 
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2.3 Description of non-assembled rods

Fuel rods are constituted of zirconium alloy tubular cladding (with a plug at both ends), filled with
sintered U0 2 uranium oxide pellets and/or sintered fuel pellets constituted by a mixture of U0 2 and a
neutron poison material. This stack of pellets held in place by a compression spring forms the fissile
column (active length). The rods are filled with helium up to an absolute pressure of 32.7 bars
maximum at room temperature

Table 2.3.1
Characteristics of the non-assembled fuel rods transported in the FCC3 packagings

17x17 14I 41Type of rods *1 t156xI5~ 41 41

Cladding: Zirconium alloy Zirconium Zirconium Zirconium

Material: alloy alloy alloy

* minimum OD(mm) 9.46 10.68 10.68 10.68

. minimum thickness (mm) 0.52 0.57 0.57 0.57

Nominal active length (mm) 3658 3658 2413 3048

Maximum uranium 235
enrichment per rod (%):

Maximum pellet diameter (mm) 8.20 9.31 9.40 9.40

Total nominal rod length (mm). 3867 3874 2629 3209

Rod mass at maximum 2.49 3.17 2.12 2.65
tolerances (kg)

Rod mass at nominal tolerances 2.45 3.11 2.08 2.60
(kg)

Maximum density of U02 pellets 10.69 10.69 10.69 10.69
(97.5%)

Note: Here, zirconium alloy is understood to mean any non-irradiated zirconium alloy used as a
constituent of a PWR fuel assembly. When used for the rod cladding, this alloy must also meet the
conditions specified in paragraphs 5.5.3.1 and 5.5.3.2 of the present document.
These non-assembled rods are grouped in FCC3 fuel rod channels, which are inserted in place of fuel
assemblies in the FCC3 version 1.

These FCC 3 rod channels are designed for the transportation of all types of rods 12, 10 and 8 ft.

The channel is made of a U-shaped plate closed at the ends and reinforced with two stringers welded
on the upper part of the plate.

A radial and axial wedging system adapts to the length of the rods and ensures their positioning. A set
of 2 wedges ensures the longitudinal positioning of the channel inside the cavity.

IF 018 Rev. 1
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2.3 Description of non-assembled rods 

Fuel rods are constituted of zirconium alloy tubular cladding (with a plug at both ends), filled with 
sintered U02 uranium oxide pellets and/or sintered fuel pellets constituted by a mixture of U02 and a 
neutron poison material. This stack of pellets held in place by a compression spring forms the fissile 
column (active length). The rods are filled with helium up to an absolute pressure of 32.7 bars 
maximum at room temperature 

Table 2.3.1 
Characteristics of the non-assembled fuel rods transported in the FCC3 packagings 

Cladding: 

Material: 

• minimum OD(mm) 

. minimum thickness (mm) 

Nominal active length (mm) 

Maximum uranium 235 
enrichment per rod (%): 

Maximum pellet diameter (mm) 

Total nominal rod length (mm) 

Rod mass at maximum 
tolerances (kg) 

Rod mass at nominal tolerances 
(kg) 

Maximum density of U02 pellets 
(97.5%) 

Zirconium alloy Zirconium 
alloy 

9.46 10.68 

0.52 0.57 

3658 3658 

5 5 

8.20 9.31 

3867 3874 

2049 3.17 

2045 3.11 

10.69 10.69 

Zirconium 
alloy 

10.68 

0.57 

2413 

5 

9040 

2629 

2.12 

2.08 

10.69 

Zirconium 
alloy 

10.68 

0.57 

3048 

5 

9040 

3209 

2.65 

2.60 

10.69 

Note: Here, zirconium alloy is understood to mean any non-irradiated zirconium alloy used as a 
constituent of a PWR fuel assembly. When used for the rod cladding, this alloy must also meet the 
conditions specified in paragraphs 5.5.3.1 and 5.5.3.2 of the present document. 

These non-assembled rods are grouped in FCC3 fuel rod channels, which are inserted in place of fuel 
assemblies in the FCC3 version 1. 

These FCC 3 rod channels are designed for the transportation of all types of rods 12, 10 and 8 ft. 

The channel is made of a U-shaped plate closed at the ends and reinforced with two stringers welded 
on the upper part of the plate. 

A radial and axial wedging system adapts to the length of the rods and ensures their positioning. A set 
of 2 wedges ensures the longitudinal positioning of the channel inside the cavity. 

TF018 R~v.l 
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The wedging system ensures the safe position of the rods within the channel and of the channel inside
the cavity, both in transport conditions and in the event of an accident.

The channel is filled with successive full rows of rods. If a row of fuel rods is incomplete, it will be
completed with inert rods (replacement rods).

The basic diagram is shown on Figure 2.3.1. A detailed description with drawings is given
in Appendix 1.

Note: The maximum number of loaded rods is not based on criticality concerns, only on the available
stacking space and compliance with the maximum weight content.

Figure 2.3.1
Rod channel
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The wedging system ensures the safe position of the rods within the channel and of the channel inside 
the cavity, both in transport conditions and in the event of an accident. 

The channel is filled with successive full rows of rods. If a row of fuel rods is incomplete, it will be 
completed with inert rods (replacement rods). 

The basic diagram is shown on Figure 2.3.1. A detailed description with drawings is given 
in Appendix 1. 

Note: The maximum number of loaded rods is not based on criticality concerns, only on the available 
stacking space and compliance with the maximum weight content. 
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. Table 2.3.2
Rod channels

Typofid 7-x17 15x15
Typ~p ~ -rod <( 12 !t)ý8ad 0f

Maximum number of rods per channel 267 241 241

Maximum U02 mass per channel (kg) 548 635 465/586

Rod mass, max tolerances (kg) 665 765 566/708

Rod mass, nom tolerances (kg) 655 750 557/695

masse totale maximale (kg) 751 751 751

TFO18 Rev. 1
TF 018 R~v. 1
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. Table 2.3.2 
Rod channels 

Maximum number of rods per channel 

Maximum U02 mass per channel (kg) 

Rod mass, max tolerances (kg) 

Rod mass, nom tolerances (kg) 

masse totale maximale (kg) 
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267 

548 

665 

655 

751 
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2.4 Calculation of maximum activity and material classification

2.4.1 Shipment of enriched natural uranium (ENU)

For ENU shipment, the A2 value is unlimited (cf. Table I of [1]). Therefore there is no activity restriction
for ENU shipment.

Maximum total activity per assembly type:

Q

U)

U)

U-

2:

w

0
F-

r r

17x17
12ft

+ 24 rods

15x15 14x14
8ft

+ 16 rods

14x14
loft

+ 16 rods+ 20 rods

Max U0 2 mass (kg) 591 588 346 437

Max activity per 5.67x10.2  5.65xl 0' 333x 2 4.21x1 0'
assembly (TBq)

Max activity per 0.113 0.113 0.066 0.084
container (TBq)

Maximum total activity per channel:

17x17
12ft

15x15 14x14
8ft

14x14
loft

Max number of rods 267 241 241 241

per channel

Max U0 2 mass (kg) 548 632 436 552

Max activity per 5.26xl 0-2 6.07xl 0-2 4.20xl 0.2 5.31x1 0-2
assembly (TBq)

Max activity per 0.105 0.122 0.084 0.111
container (TBq) I

These radioactive materials contain fissile
article 226 of the Regulations [1].

materials. They must therefore be classified LSA II as per

The material is classified fissile and Low Specific Activity:

* LSA II as per the IAEA 96 regulations

TF 018 Rev. 1
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2.4 Calculation of maximum activity and material classification 

2.4.1 Shipment of enriched natural uranium (ENU) 

For ENU shipment, the A2 value is unlimited (cf. Table I of [1]). Therefore there is no activity restriction 
for ENU shipment. 

Maximum total activity per assembly type: 

17x17 15x15 14x14 14x14 
12 ft 8ft 10 ft 

Max U02 mass (kg) 541 535 317 401 

Max activity per 5.20x10-2 5.14x10-2 3.05x10-2 3.86x10·2 
assembly (TBq) 

Max activity per 
0.104 0.103 0.061 0.771 container (TBq) 

17x17 15x15 14x14 14x14 
12 ft 8ft 10 ft 

+ 24 rods + 20 rods + 16 rods + 16 rods 

Max U02 mass (kg) 591 588 346 437 

Max activity per 5.67x10-2 5.65x10-2 3.33x10·2 4.21x10-2 
assembly (TBq) 

Max activity per 
0.113 0.113 0.066 0.084 container (TBq) 

Maximum total activity per channel: 

17x17 15x15 14x14 14x14 
12 ft 8ft 10 ft 

Max number of rods 
267 241 241 241 per channel 

Max U02 mass (kg) 548 632 436 552 

Max activity per 5.26x10-2 6.07x10·2 4.20x10-2 5.31x10-2 
assembly (TBq) 

Max activity per 
0.105 0.122 0.084 0.111 container (TBq) 

These radioactive materials contain fissile materials. They must therefore be classified LSA II as per 
article 226 of the Regulations [1]. 

The material is classified fissile and Low Specific Activity: 

• LSA II as per the IAEA 96 regulations 

TF01SRev.1 
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2.4.2 Shipment of reprocessed uranium (REPU)

For REPU shipment, a blend is involved. The A2 value of the blend is calculated from the following
formula (articles 304 and 404):

A2ofblend= I - Blendactivity
A bl f(i) Activity(U232) Activity(U234) Activity(U235) Activity(U236) Activity(U238)

A2(i) A2(U232) A2(U234) A2(U235) A2(U236) A2(U238)

Tables 2.4.2.1 to 2.4.2.9 collect and present:

A ) input data for the calculations:

0 e The specific activity of each of the radioisotopes (taken from Table Al-1 of [1]) in Bq/g

* The max. mass of Uranium in each assembly type (see § 2.4.1).i
W B) Results of calculations:
Cu

* The A2 value of the blend (TBq) for the various radioactive contents of the FCC3 packaging.
CThe A2 of the blend is calculated by taking into consideration the uranium in the rods and does

.ui not take into account the fission products, giving a conservative result.

o 0 The total activity of an assembly (TBq), taking into account only the uranium. The uranium mass
is assumed equal to the uranium oxide maximum mass, including tolerances, multiplied by the
ratio 238/270.

* The total activity of an assembly (TBq) after integration of the fission products (average specific
activity (7+ct) assumed conservatively to be equal to 5000 Bq/g U - Appendix 5).

z
' - The average specific activity of the U0 2 material (Tbq/g) and the comparison with the criteria

z given in article 404 of Regulation [1]: LSA II material: 10-4 A2/g and LSA Ill material: 2.10-3 A2/g.

2Maximum total activity per assembly type:0

17x17 15x16 14x14 14x14
12ft 8ft loft

Max U02 mass (kg) 541 535 317 401

Max activity per 0.261 0.258 0.153 0.193
assembly (TBq)

Max activity per 0.522 0.516 0.306 0.387
container (TBq) I I I

TF 018 Rev. I
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2.4.2 Shipment of reprocessed uranium (REPU) 

For REPU shipment, a blend is involved. The A2 value of the blend is calculated from the following 
formula (articles 304 and 404): 

A20fblend 1 Blendactivity 
,,!(i) Activity(U232) Activity(U234) Activity(U235) Activity(U236) Activity(U238) 
L,,-- + + + + 

A2(i) A2(U232) A2(U234) A2(U235) A2(U236) A2(U238) 

Tables 2.4.2.1 to 2.4.2.9 collect and present: 

A ) input data for the calculations: 

• The specific activity of each of the radioisotopes (taken from Table AI-1 of [1]) in Bq/g 

• The max. mass of Uranium in each assembly type (see § 2.4.1). 

B ) Results of calculations: 

• The A2 value of the blend (TBq) for the various radioactive contents of the FCC3 packaging. 

The A2 of the blend is calculated by taking into consideration the uranium in the rods and does 
not take into account the fission products, giving a conservative result. 

• The total activity of an assembly (TBq), taking into account only the uranium. The uranium mass 
is assumed equal to the uranium oxide maximum mass, including tolerances, multiplied by the 
ratio 238/270. 

• The total activity of an assembly (TBq) after integration of the fission products (average specific 
activity (y+o.) assumed conservatively to be equal to 5000 Bq/g U - Appendix 5). 

• The average specific activity of the U02 material (Tbq/g) and the comparison with the criteria 
given in article 404 of Regulation [1]: LSA " material: 10-4 A2/g and LSA III material: 2.10.:J A2/g. 

Maximum total activity per assembly type: 

17x17 15x15 14x14 14x14 
12 ft 8ft 10 ft 

Max U02 mass (kg) 541 535 317 401 

Max activity per 
0.261 0.258 0.153 0.193 assembly (TBq) 

Max activity per 
0.522 0.516 0.306 0.387 container (TBq) 

Tf 018 Rev. 1 
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17x17
12ft

+ 24 rods

15x15

+ 20 rods

14x14
8ft

+ 16 rods

14x14
loft

+ 16 rods

Max U0 2 mass (kg) 591 588 345 437

Max activity per 0.284 0.283 0.166 0.209
assembly (TBq)

Max activity per 0.569 0.566 0.333 0.421
container (TBq)

cc

2in

:3

0

z

0

U,

V
I

LC

0
I

U-

Cu

Maximum total activity per channel:

17x17
12ft

15x15 14x14
8ft

14x14
lOft

Max number of rods 267 241 241 241

per channel

Max U02 mass (kg) 548 632 426 539

Max activity per 0.264 0.305 0,204 0.258
assembly (TBq)

Max activity per 0.528 0.610 0.411 0.520
container (TBq)

C) Classification scheme:

> The maximum total activity of two assemblies is greater than the value A2 of the maximum activity
of radioactive materials authorised in a type A package,

> The material (uranium oxide) is in solid form and uniformly distributed in the solid,

) The material is fissile.

> The average specific activity of the material is less than 10-4 A2/g - criterion for type II low-specific
activity material (article 226 of [1]).

> On the basis of the test in Appendix 13, the value of the maximum activity lost by leaching in
agitated water is set at a value less than 100 Bq for a U0 2 mass of 10.86 g. This value as a
proportion of the masses of the various contents at no time leads to a released activity in excess of
0.1A2, which is in line with the criterion in article 703 of the Regulation [1].

The material is classified fissile and Low Specific Activity:

LSA III as per the IAEA 96 regulation

TF 018 Rev. I
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Max U02 mass (kg) 

Max activity per 
assembly (TBq) 

Max activity per 
container (TBq) 

17x17 
12 ft 

+ 24 rods 

591 

0.284 

0.569 

Maximum total activity per channel: 

Max number of rQds 
per channel 

Max U02 mass (kg) 

Max activity per 
assembly (TBq) 

Max activity per 
container (TBq) 

C ) Classification scheme: 

17x17 
12 ft 

267 

548 

0.264 

0.528 

15x15 

+ 20 rods 

588 

0.283 

0.566 

15x15 

241 

632 

0.305 

0.610 
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14x14 
8ft 

+ 16 rods 

345 

0.166 

0.333 

14x14 
8ft 

241 

426 

0.204 

0.411 

14x14 
10 ft 

+ 16 rods 

437 

0.209 

0.421 

14x14 
10 ft 

241 

539 

0.258 

0.520 
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~ The maximum total activity of two assemblies is greater than the value A2 of the maximum activity 
of radioactive materials authorised in a type A package, 

~ The material (uranium oxide) is in solid form and uniformly distributed in the solid, 

~ The material is fissile. 

~ The average specific activity of the material is less than 10-4 A2/g - criterion for type II low~specific 
activity material (article 226 of [1]). 

~ On the basis of the test in Appendix 13, the value of the maximum activity lost by leaching in 
agitated water is set at a value less than 100 8q for a U02 mass of 10.86 g. This value as a 
proportion of the masses of the various contents at no time leads to a released activity in excess of 
0.1A2, which is in line with the criterion in article 703 of the Regulation [1]. 

The material is classified fissile and Low Specific Activity: 

LSA III as per the IAEA 96 regulation 

TF 018 R~v. 1 
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Table 2.4.2.1
Activity of fuel assemblies

containing REPU

Isotope Quantity specific activity Activity for 1g Activity 1g A2 (TBq)
(g/Ig uranium) B uranium (Bq) uranium (TBq) IAEA 96

U232 2.OOE-08 8.28E+1 1 1.66E+04 1.66E-08 1.OOE-03
U234 2.O0E-03 2.31E+08 4.62E+05 4.62E-07 6.00E-03
U235 5.00E-02 8.OOE+04 4.OOE+03 4.OOE-09 unlimited
U236 2.00E-02 2.40E+06 4.79E+04 4.79E-08 6.00E-03
U238 9.28E-01 1.24E+04 1.15E+04 1.15E-08 unlimited

Total (g) 1 5.42E+05 5.42E-07

Table 2.4.2.2
Material classification for

17x17 - 12 ft fuel assemblies containing REPU

A2 Max activity of radioactive materials authorised in a package A (TBq) 5.34E-03
Total activity of an assembly (only U Included) (TBq) 2.58E-01
Total activity of an assembly (integration of fission product activity) (TBq) 2.61E-01
Total activity of a packaglng (TBg) 6.22E-01

lActivity lost by leaching of 2 assemblies (TBq) 9.9-06
Leaching criterion : 0.1 A2 tTBg) 5.34E-04

Specific activity of REPU material (Bq/) 5.42E+05,
Average specific activity of the REPU'material (U02 mass) (A21I) [j I ,i
Average specific activity criterion for an LSA II material (TBc/g)
Average specific activity for an LSA Ill material (TBqtg) 2E-03 A2./

Table 2.4.2.3
Material classification for

17x17 - 12 ft fuel assemblies containing REPU+ 24 fuel rods

A2: max activity of radioactive materials contained in package A (TBq) 5.34E-03
Total activity of an assembly (only U included) (TBq) 2.82E-01
Total activity of an assembly (integration of fission product activity) (TBq) 2.84E-01
Total activity of a packa (Finp (TBq) 5.69E-01

jActivity lost by leaching of 2 assemblies (TBq) J 1.09E-05
Leaching criterion: 0.1 A2 (TBg) 5.34E-04

Specific activity of REPU material (Bq/g) 5.42E+05
Average specific activity of the material (U02 mass) (A2ag) ,i~ iE10 i
Average specific activity criterion for an LSA II material (TBq/I) l, , It] I -,.
Average specific activity criterion for an LSA III material (TBq/g) 2E-03 A2/1

TF 018 Rev. I
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Isotope Quantity 
(g/g uranium) 

U232 2.00E-OB 
U234 2.00E-03 
U23S S.OOE-02 
U236 2.00E-02 
U23B 9.2BE-01 

Total (g) 1 

Table 2.4.2.1 
Activity of fuel assemblies 

containing REPU 

specific activity Activity for 1 g 
Bq!g uranium (Bq) 

B.2BE+11 1.66E+04 
2.31Et{)B 4.62E+OS 
8.00Et{)4 4.00E+03 
2.40Et{)6 4.79E+04 
1.24Et{)4 1.1SE+04 

5.42Et{)5 

Table 2.4.2.2 
Material classification for 

Activity 19 
uranium (TBq) 

1.66E-OB 
4.62E-07 
4.00E-09 
4.79E-08 
1.1SE-OB 
5.42E-07 

17x17 -12 ft fuel assemblies containing REPU 

A2 : Max activity of radioactive materials authorised in a package A (TBq) 
Total activity of an assembly (only U Included) (TBq) 
Total activity of an assembly (Integratron of fission product activity) (TSq) 
Total activity of a packaging (TBq) 

Table 2.4.2.3 
Material classification for 

A2 (TBq) 
IAEA96 
1.00E-03 
6.00E-03 
unlimited 
6.00E-03 
unlimited 

S.34E-03 
2.SBE-01 
2.61E-01 
6.22E-01 

17x17 -12 ft fuel assemblies containing REPU+ 24 fuel rods 

TF 018 Rev. 1 
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Table 2.4.2.4
Material classification for

15x15 fuel assemblies containing REPU

A2: max activity of radioactive materials contained in package A (TBq) 5.34E-03
Total activity of an assembly (only U included) (TBq) 2.56E-01
Total activity of an assembly (integration of fission product activity) (TB]) 2.58E-01
Total activity of a packaging (TBq) 6.16E-01

JActivity lost by leaching of 2 assemblies (TBq) 9.85E-06
ILeachlno criterion : 0.1 A2 (TBQ) 5.34E-04

Specific actMty of REPU material (B(/g) 5.42E+05
Average specific activity of the material (U02 mass) (A2/Ig)
Average specific activity criterion for an LSA II material (TBq•g) IZN N I. , "I
Average specific activity criterion for an LSA III material (TBq/g) I 2E-03 A2/g

Table 2.4.2.5
Material classification for

15x15 fuel assemblies containing REPU + 20 fuel rods

A2: max activity of radioactive materials contained in package A (TBg) 5.34E-03Total actvity of an assembly (only U included) (TBq) 2.81E-01

Total activity of an assembly (integration of fission product activity) (TBq) 2.83E-01
Total activltyh of a packaging (TBq) 5.66E-O1

Ti W 1~iI IN.".~h

Activity lost by leaching of 2 assemblies (TBg) I 1.08E-05j
Leachinq criterion: 0.1 A2 TB 5.'34E-04I

,Specific actvity of REPU material (Bq/g) 5.42E+051

Average specific activity of the material (U02 mass) (A2/g) )j F5,EI' .

Average specific actvit criterion for an LSA II material (TBqtg) I,
Average specific acvity criterion for an LSA III material (TBq/g) 2E-03 A2/g

TF 018 R~v. 1
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Table 2.4.2.4 
Material classification for 

15x15 fuel assemblies containing REPU 

Table 2.4.2.5 
Material classification for 

j 

15x15 fuel assemblies containing REPU + 20 fuel rods 

A2: max activity of radioactive materials contained in oackaQe A (1 BQ) 
Total activity of an assem bly (only U included) (TBq) 
Total activity of an assembly (integration of fISsion product activity) (TBQ) 
Total activ(tyh of a packaging (TBq) 

PAGE 26179 

5.34E-03 
2.81E-01 
2.83E-01 
5.66E-D1 

TF 018 Rev. 1 
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Table 2.4.2.6
Material classification for

14x14 fuel - 8 ft fuel assemblies containing REPU

0C
.0
(o

o3

LL
(D
0

z

0)

LL

C)

•0

U-

LL,

A2: max activity of radioactive materials contained In package A (TBq) 5.34E-03
Total activity of an assembly (only U included) (TBq) 1.51E-01
Total activity of an assembly (integration of fission product activity) (TBq) 1.53E-01

Total actlvityh of a packaging (TBq) 3.06E-01

Activity lost by leaching of 2 assemblies (TBq) 5.84E-06
ILeachinl criterion : 0.1 A2 (TBq) [ 5.34E-04

Specific activity of REPU material (Bq/gi) I 5.42E+05
[Average specific activity of the material (U02 mass) (A2•g) J ,,.qN E, i2
Average specific activity criterion for an LSA II material (TBq/•g) r!,auý
Average specific activity criterion for an LSA III material (TBq/g) 2E-03 A2,Jq

I- -h' ' ROM "h-Io-1. o fiS

Table 2.4.2.7
Material classification for

14x14 - 8 ft fuel assemblies containing REPU + 16 fuel rods

A2: max activity of radioactive materials contained in package A (TBq) 5.34E-03
Total activity of an assembly (only U included) (TBq) 1.65E-01
Total activity of an assembly (integration of fission product activity) (TBq) 1.66E-01
Total activi h of a eackaqinp (TBq, 3.33E-01

Activity lost by leaching of 2 assemblies (TBq) I 6.35E'06j
Leaching critedon :0.1 A2 (TB. ) I- , 5.34E'04

ifal - N W, ihIri10W -IR1 R 10 Wil OR , =, ,l E$

Specific activity of REPU material (Bq/g) 5.42E+05
Average specific activity of the material (U02 mass) (A2I) 8. •
Averase specific activity criterion for an LSA II material (TBq/g) IHIMMEL0
Average specific activity criterion for an LSA III material (TBq/g) 2E-03 A2/g

Ve'%~ ( I _ lj I NM I I I "Ri, I U- ih i;ýl i !i.r)
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Table 2.4.2.6 
Material classification for 

14x14 fuel - 8 ft fuel assemblies containing REPU 

Table 2.4.2.7 
Material classification for 

14x14 - 8 ft fuel assemblies containing REPU + 16 fuel rods 

PAGE 27/79 
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Table 2.4.2.8
Material classification for

14x14 - 10 ft fuel assemblies containing REPU

C

0

C,,

A2: max activity of radioactive materials contained in package A (TBq) 5.34E-03
Total activity of an assembly (only U included) (TBq) 1.92E-01
Total activity of an assembly (integration of fission product activity) (TBq) 1.93E-01
Total activityh of a packaging (TB9) 3.87E-01

lActivity lost by leaching of 2 assemblies (TBq) 7,38E'06
ILeaching criterion : 0.1 A2 (TBq) 5.34E-04

Specific activity of REPU material (Bq/) I 5.42E+05
Average specific activity of the material (U02 mass) (A21g) ,
Average specific activity criterion for an LSA II material (TBq/g) IA.t
Average specific activity criterion for an LSA III material (TBqgi) ... 2E-O3 A2/g

Table 2.4.2.9
Material classification for

14x14 - 10 ft fuel assemblies containing REPU + 16 fuel rods

A2: max activity of radioactive materials contained in package A (TBl) 5.34E-03
Total activity of an assembly (only U included) (TBq) 2.09E-01
Total activity of an assembly (integration of fission product activity) (TBq) 2.11 E-01
Total activityh of a packa, In (TBq) 4.21E-01

lActivity lost by leaching of 2 assemblies (TBq) J 8.05E-061
ILeaching criterion : 0.1 A2 (TBq) j 6.34E-04

Specific activity of REPU material (Bq/g) 5.42E+05
Average specific activity of the material (U02 mass) (A2/g) ,.E4,0•A•gI9
Average specific activity criterion for an LSA II material (TBq/g) M UI .MM4

Average specific activity criterion for an LSA III material (TBq/g) 2E-03 A2/g
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Table 2.4.2.8 
Material classification for 

14x14 -10 ft fuel assemblies containing REPU 

Table 2.4.2.9 
Material classification for 

14x14 -10 ft fuel assemblies containing REPU + 16 fuel rods 

~nillli'!l,'liII.'J::~~illit'll!rti;:j\H 
1>(2: max activity of radioactive materials contained in package A (TBg) 5.34E-03 
Total activity of an assembly (only U included) (1Bg) 2.09E-01 
Total activity of an assemblv (integration of fission oroduct activity) (TBa) 2.11E-01 
Total activltyh of a packaging (TBq) 4.21E-01 
iWiil~c.t!m~(!~1!~(;~gIODr~iP.m~QqJlIA!lI:2JiB!!b~'iillli~~Mr.i!~~*ji\}jillii~ffijl , , ~ " oJ·; ,nn~i· , 
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3. PACKAGING DESCRIPTION

The FCC3 packaging only differs from the FCC4 packaging in its geometrical characteristics (length,
weight, number of cradle cross-pieces and number of shock mounts). Its design remains the same as
for the FCC4, excepting the absence of handling points on the lower shell. The weight of the FCC3 is
less than for the FCC4.

3.1 General characteristics

The FCC3 packaging is generally made up of:

0 An horizontal cylinder comprising two half-shells, linked by flanges in a diametric plane;

0 a steel cradle consisting of two stringers suspended, by means of shock mounts, from the lower
half-shell;

co,
M- 0 An internal equipment system resting on the cradle and designed to accommodate one of the
Ucontents described in Section 2. For easier loading, it can swivel relative to the cradle to reach

vertical position (Figure 3.1.3).

co • This packaging is shown schematically in Figures 3.1.1 and 3.1.2.

I The FCC3 packaging design comes in 2 versions, so that its internal geometry can be adapted to the
:3 geometry of the contents.

CU ® Version 1: FCC3 for 15x15, 17x17 assemblies and for 12 ft rod channels (Appendix 1 and 2),
* Version 2: FCC3 for 14x14 assemblies (Appendix 3).z

0.. These differences do not significantly affect the above description nor, under any circumstances, thez
< Components classified Important for Safety (see chapter 6).
w
0

3.2 Outline dimensions and weight

S Overall dimensions:

Length : 4923 ± 8 mm
Width -1141 ± 4 mm
Height " 1213 ± 4 mm

Weights ( indicative values):
Empty packaging : 2800 ± 100,150 daN
Loaded packaging: 4200 ± 100 daN (2)(3)

(1) outer diameter of the bare cylinder (without reinforcements or accessories other than the linings) :1049mm.
(2) loading weight bounding all types of assembly and fuel rod transportation channels

.(3) In calculations demonstrating the compliance of the model with the regulatory requirements, a maximum loading weight of
4400 daN shall be considered..

IF 018 R6v.

c:: 
o 

·00 .s: 
is 
UI 
Q) 
(ij 
(/) 

"0 c: 
tU 
c: 
0) 

·00 
Q) 

o 
I 

Q) 
::J 

lL. ... 
tU 
CD o 
::J 
Z 
I 

D.. 
Z 
~ 
W 
~ 
o 
~ 

~ 
lL. 

A N° TFX DC 2159 EO 

FRAMATOME ANP REV. D PAGE 29/79 

3. PACKAGING DESCRIPTION 

The FCC3 packaging only differs from the FCC4 packaging in its geometrical characteristics (length, 
weight, number of cradle cross-pieces and number of shock mounts). Its design remains the same as 
for the FCC4, excepting the absence of handling pOints on the lower shell. The weight of the FCC3 is 
less than for the FCC4. 

3.1 General characteristics 

The FCC3 packaging is generally made up of: 

• An horizontal cylinder comprising two half-shells, linked by flanges in a diametric plane; 

• a steel cradle consisting of two stringers suspended, by means of shock mounts, from the lower 
half-shell; 

• An internal equipment system resting on the cradle and designed to accommodate one of the 
contents described in Section 2. For easier loading, it can swivel relative to the cradle to reach 
vertical position (Figure 3.1.3). 

This packaging is shown schematically in Figures 3.1.1 and 3.1.2. 

The FCC3 packaging design comes in 2 versions, so that its internal geometry can be adapted to the 
geometry of the contents. 

• Version 1: FCC3 for 15x15, 17x17 assemblies and for 12 ft rod channels (Appendix 1 and 2), 
• Version 2: FCC3 for 14x14 assemblies (Appendix 3). 

These differences do not Significantly affect the above description nor, under any circumstances, the 
Components classified Important for Safety (see chapter 6). 

3.2 Outline dimensions and weight 

Overall dimensions: 

Weights ( indicative values): 

Length 
Width 
Height 

: 4923 ± 8 mm 
: 1141 ±4mm(1) 
: 1213±4mm(1) 

Empty packaging : 2800 ± 100,150 daN 
Loaded packaging: 4200 ± 100 daN (2) (3) 

(') outer diameter ofthe bare cylinder (without reinforcements or accessories other than the linings) : 1049mm. 

(2) loading weight bounding all types of assembly and fuel rod transportation channels 

(3) In calculations demonstrating the compliance of the model with the regulatory requirements, a maximum loading weight of 
4400 daN shall be considered .. 
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3.3 Description of the sub-assemblies

Details of the sub-assemblies and associated parts lists are given in appendices 1, 2 and 3. For each
assembly, these parts lists give all the packaging components, some of which have been identified as
Important for Safety in chapter 6. The important components are grouped together in drawings specific
to each of the packagings, called "Safety Drawings".

3.3.1 Lower shell

It forms the base of the packaging and is made up of the following components:

0 2 steel plates, 3 mm thick, in the shape of a half-cylinder and butt-welded,

e 2 steel plate ends, 4 mm thick,

* Reinforcements in the form of 6 radial angle bars joined to 8 vertical gusset plates and flats 6 mm
thick,

.S * 2 stringers braced by "U" sections and angle bars which enable the cylinder to rest on the ground
Zo5 on 4 metal skids and to be handleable by fork lift truck,

* 2 folded plates, 5 mm thick, forming the supports of the shock mounts which link the internal
equipment system to the shell,

CO A special angle bar (flange) joining the lower shell to the upper shell by means of 30 bolts,

• Stabilizing pads increasing the shell stability when the frame is in a vertical position (Figure 3.1.3).
a,

_ 3.3.2 Upper shell
U.
- It forms the packaging cover and is made up of the following components:

2 steel plates, 3 mm thick, in the shape of a half-cylinder and butt-welded,
z

• 2 steel plate ends, 4 mm thick, to which two axial shock absorbers are attached,a-
Z * Reinforcements in the form of radial angle bars joined to plates 5 mm thick,
w • An angle bar acting as a connecting flange between the lower shell and the upper shell.

This shell is equipped with 4 storage stands each fitted with an upper shell and packaging handling
point. The upper faces of these stands are equipped with centring pins for stacking.

3.3.3 Cradle

It supports the frame when the latter is in horizontal position. It is made up of the following

components:

* 2 stringers and 7 cross-pieces connected to the lower shell by 22 shock mounts,

* A pivoting support leg locking the frame in its vertical position.

* A bottom side end featuring 2 bearing supports designed to accommodate the pivots for tilting the
frame,

0 14 yokes for the clevis pins of the eye swing bolts for securing the frame to the cradle.

TF 018 Rev. 1
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3.3 Description of the sub-assemblies 

Details of the sub-assemblies and. associated parts lists are given in appendices 1, 2 and 3. For each 
assembly, these parts lists give all the packaging components, some of which have been identified as 
Important for Safety in chapter 6. The important components are grouped together in drawings specific 
to each of the packagings, called "Safety Drawings". 

3.3.1 Lower shell 

It forms the base of the packaging and is made up of the following components: 

• 2 steel plates, 3 mm thick, in the shape of a half-cylinder and butt-welded, 

• 2 steel plate ends, 4 mm thick, 

• .. Reinforcements in the form of 6 radial angle bars joined to 8 vertical gusset plates and flats 6 mm 
thick, 

• 2 stringers braced by "U" sections and angle bars which enable the cylinder to rest on the ground 
on 4 metal skids and to be handleable by fork lift truck, 

(/) 

~ • 2 folded plates, 5 mm thick, forming the supports of the shock mounts which link the internal 
CI) equipment system to the shell, 
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~ • A special angle bar (flange) joining the lower shell to the upper shell by means of 30 bolts, 
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• Stabilizing pads increasing the shell stability when the frame is in a vertical position (Figure 3.1.3). 

3.3.2 Upper shell 

It forms the packaging cover and is made up of the following components: 

• 2 steel plates, 3 mm thick, in the shape of a half-cylinder and butt-welded, 

• 2 steel plate ends, 4 mm thick, to which two axial shock absorbers are attached, 

• Reinforcements in the form of radial angle bars joined to plates 5 mm thick, 

• An angle bar acting as a connecting flange between the lower shell and the upper shell. 

This shell is equipped with 4 storage stands each fitted with an upper shell and packaging handling 
point. The upper faces of these stands are equipped with centring pins for stacking. 

3.3.3 Cradle 

It supports the· frame when the latter is in horizontal position. It is made up of the following 
components: 

• 2 stringers and 7 cross-pieces connected to the lower shell by 22 shock mounts, 

• A pivoting support leg locking the frame in its vertical position. 

• A bottom side end featuring 2 bearing supports designed to accommodate the pivots for tilting the 
frame, 

• 14 yokes for the clevis pins of the eye swing bolts for securing the frame to the cradle. 
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3.3.4 Internal system - frame and doors

It is made up of the following components:

0 A rigid reverse "1" structure for accommodating the assemblies. The boiler works part of the frame
contains neutron-absorbing resin.

* A bottom plate screwed to the frame and supporting the fuel assemblies at the time of the loadings
and unloadings when the frame is in vertical position,

* A two-part top plate for closing off the cavities and wedging the assemblies at the other end,

* 2 "L"-shaped doors containing neutron-absorbing resin. These doors swivel on hinge pins joined to
the frame and close to seal off the fuel assemblies.

The internal equipment system therefore leaves space for two cavities for housing the assemblies
and/or fuel rod channels. These cavities, referred to as the "neutronic cavity", have a section exactly
fitting the contents.

_ Note: these cavities are protected from bursting due to possible temperature rise by the presence of

vent holes, positioned in accordance with the safety drawings 229 K 0102, 229 K 0202 and
U, 229 K 0302, and whose operating guarantee is furnished in the document reference [14].

(• A distinction is drawn between two cavity sections which determine the two FCC3 packaging versions
mentioned in the introduction:

C 9 219x219 section for 15x15, 17x17 assemblies and 12 ft rod channels: Version 1,
cj,

o 0 202x202 section for 14x14 - 8 et 10 ft assemblies: Version 2.

Each internal equipment system bears an indication allowing the type of version to be identified.

U-

S Through this design, the internal equipment system fulfils the following functions:

- confinement of the fuel rods within a volume whose section is maintained. This is achieved byz means of the frame, doors and end plates and enables the package to be kept in sub-critical state,

z 0 limitation of neutronic interactions between the two assemblies or between packages, through
< the absorbing action of the resin contained in the doors and frame.LU

0

LL
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3.3.4 Internal system - frame and doors 

It is made up of the following components: 

• A rigid reverse 'T' structure for accommodating the assemblies. The boiler works part of the frame 
contains neutron-absorbing resin. 

• A bottom plate screwed to the frame and supporting the fuel assemblies at the time of the loadings 
and unloadings when the frame is in vertical position, 

• A two-part top plate for closing off the cavities and wedging the assemblies at the other end, 

• 2 liLli-shaped doors containing neutron-absorbing resin. These doors swivel on hinge pins joined to 
the frame and close to seal off the fuel assemblies. 

The internal equipment system therefore leaves space for two cavities for housing the assemblies 
and/or fuel rod channels. These cavities, referred to as the "neutronic cavity", have,a section exactly 
fitting the contents. 

Note: these cavities are protected from bursting due to possible temperature rise by the presence of 
vent holes, positioned in accordance with the safety drawings 229 K 0102, 229 K 0202 and 
229 K 0302, and whose operating guarantee is furnished in the document reference [14]. 

, A distinction is drawn between two cavity sections which determine the two FCC3 packaging versions 
mentioned in the introduction: 

• 219x219 section for 15x15, 17x17 assemblies and 12 ft rod channels: Version 1, 

• 202x202 section for 14x14 - 8 et 10 ft assemblies: Version 2. 

Each internal eqUipment system bears an indication allowing the type of version to be identified. 

Through this design, the internal equipment system fulfils the following functions: 

• confinement of the fuel rods within a volume whose section is maintained. This is achieved by 
means of the frame, doors and end plates and enables the package to be kept in sub-critical state, 

• limitation of neutronic interactions between the two assemblies or between packages, through 
the absorbing action of the resin contained in the doors and frame. 
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Figure 3.1.1
FCC3 packaging - Overview with container closed
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Figure 3.1.1 
FCC3 packaging - Overview with container closed 
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FRAMATOME ANP - Nuclear Fuel - Design and Sales Division

Figure 3.1.2
FCC3 packaging - Arrangement of assemblies 0
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Figure 3.1.2 
FCC3 packaging - Arrangement of assemblies 
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FRAMATOME ANP - Nuclear Fuel - Design and Sales Division

Figure 3.1.3 FCC3 packaging - General view with container open, support frame in vertical position

Top

'n >

0

z
TU

I I

I I
I I

I I

* I

Loft ight ST.-D

0)

t

A

j . . I I . I

I 1A 1A 1IW{ Bottom
D I

m•

A - 1110W

57#0

II

4 =DL r r~ht

Bottom

left 

ý

---l
x
0

(0
,, -o

-I,

FRAMATOME ANP - Nuclear Fuel- Design and Sales Division 

Figure 3.1.3 FCC3 packaging - General ~iew with container open, support frame in vertical position 
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3.4 Weights specification

When calculating the compliance of the model with regulatory requirements, a conservative margin is
added to the weight values given to the packaging and its components.

In order to comply with the regulatory requirements demonstrated in this report, the maximum full
weight of the loaded packaging shall not exceed 4300 daN.

3.5 Material specifications

The numerical values in Table 3.5 are the values guaranteed by the AFNOR standards in force. The
containers will be built in accordance with the standards in force at the time of their fabrication.

.0 Note also that the specified AFNOR grades may be replaced by grades with mechanical properties at
least equivalent. For each steel grade used in the fabrication of the Components Important for Safety, it

0 is verified that there is no brittle fracture at -40 °C.

Un The whole of the door-frame assembly is made of austenitic stainless steel. Toughness at low
C- temperature is an intrinsic characteristic of this material. No further guarantee is needed for this

structure.

For screws of quality grade 10.9, the material grade is chosen from those proposed in standard
NF A 35.557 [8].

U-
Further, the bolting procurement requirements will include the guarantee of a toughness value at -40°C

0 through specific product tests, as per NF EN 10113-1 [13].

I The main building materials for the packaging components are listed in Table 3.4.
a- Unless otherwise stated, characteristics are given for a temperature range of [-40 °C; +38 00].
z

0
I-l
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3.4 Weights specification 

When calculating the compliance of the model with regulatory requirements, a conservative margin is 
added to the weight values given to the packaging and its components. 

In order to comply with the regulatory requirements demonstrated in this report, the maximum full 
weight of the loaded packaging shall not exceed 4300 daN. 

3.5 Material specifications 

The numerical values in Table 3.5 are the values guaranteed by the AFNOR standards in force. The 
containers will be built in accordance with the standards in force at the time of their fabrication. 

Note also that the specified AFNOR grades may be replaced by grades with mechanical properties at 
least equivalent. For each steel grade used in the fabrication of the Components Important for Safety, it 
is verified that there is no brittle fracture at -40°C. 

The whole of the door-frame assembly is made of austenitic stainless steel. Toughness at low 
temperature is an intrinsic characteristic of this material. No further guarantee is needed for this 
structure. 

For screws of quality grade 10.9, the material grade is chosen from those proposed in standard 
NF A 35.557 [8]. 

Further, the bolting procurement requirements will include the guarantee of a toughness value at -40°C 
through specific product tests, as per NF EN 10113-1 [13]. 

The main building materials for the packaging components are listed in Table 3.4. 
Unless otherwise stated, characteristics are given for a temperature range of [-40°C; +38 °C]. 
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Table 3.5
Properties of the FCC3 packaging

Materials Components and properties
I -

Steels S355 JO and
S355 K2G3 (E36.3 and
4.)

Thickness (mm) 3•e• 16 16• e: 40 405e560

Rm MPa 490 to 630

Re MPa 355 345 335

A % 22 21

Rupture energy KV (J): 27 J in quality grade 3
40 J in quality grade 4

No brittle fracture at -40 IC

Young's modulus 204 000 MPa
Poisson's ratio 0.28

It is used in grade 3 for most of the plates and structures of the upper and lower shells, together with the
stringers and cross-pieces of the cradle. It is also used in grade 4 for the closure flanges of the lower shell. It
complies with NF EN 10025 [2]

Stainless steels or They comply with NF EN 10088-3 [12].
similar grade

This steel grade is used for the internal equipment system structure

X2CrNi 1809 Rm = 490 MPa and Re = 205 MPa

(austenitic type) This steel is unaffected by low temperatures.

(Z3 CN 19-09) This steel grade is used for the connecting pins

Rm = 900 MPa, Re = 700 MPa and KV > 28 J at - 40'C.
and for ball locking pins

X4 CrNiMo 16-5-1 Rm = 1200 MPa et Re = 900 MPa and KV > 28 J at - 40'C.
(Z6 CND 16-05-01)

Bolting (type) The screws used are at least class 10.9 for:
- all the internal equipment system screws, including the attachment of the bottom cross-pieces to the

42 CD 4 support frame,

- The nuts of the "special head" screws joining together the two shells are class 10.
These screws are made non-corrodible by various surface treatments. They comply with NF A 35-557 [8].
Rp 0.2 = 950 MPa
A%=8%

KCV = 3.5 daJ/cm2 at -40 "C

- For the frame-bottom plate connection, Rm = 800 Mpa, M20
STAINLESS STEEL A
4-80

Resin The neutron-absorbing resin contained in the doors and frame is a polymer resin [9]

Density: between 1.6 and 1.79 Chemical composition:
H: 4.65% 0: 45.5%

Thermal conductivity: < 0.75 W/mK at 160 °C C: 27.9% Al: 15.5%

Heat capacity: > 1.45 J/g"C at 160*C B: 2.1% Zn: 4.25%
Si: 0.05% Mg: 0.05%

Shock absorbers The axial shock absorbers consist of a stainless steel enclosure containing balsa wood.
Density: 150 g/l
Moisture rate: 10%
Crush stress: 12 MPa

Coating A "corrosion inhibitor + paint" coating is applied to all the upper and lower shells (inside and outside).

Rubber Shock mounts and gasket between the two shells
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Materials 

Steels S355 JO and 
S355 K2G3 (E36.3 and 
4.) 

Stainless steels or 
similar grade 

X2CrNi 1809 
(austenitic type) 

(Z3 CN 19-09) 

X4 CrNiMo 16-5-1 
(Z6 CND 16-05-01) 

Bolting ( type) 

42CD4 

STAINLESS STEEL A 
4-80 

Resin 
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Coating 
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N° TFX DC 2159 EO 

REV. D PAGE 36f79 

Table 3.5 
Properties of the FCC3 packaging 

Components and properties 

Thickness (mm) 3:5e:516 16:5e~40 40 ~ e:5 60 

RmMPa 490 to 630 

ReMPa 355 345 335 

A% 22 21 

Rupture energy KV (J): 27 J in quality grade 3 
40 J in quality grade 4 

No brittle fracture at -40 °c 
Young's modulus 204000MPa 
Poisson's mtio 0.28 

It is used in grade 3 for most of the plates and structures of the upper and lower shells, together with the 
stringers and cross-pieces of the cradle. It is also used in grade 4 for the closure flanges of the lower shell. It 
complies with NF EN 10025 [2] 

They comply with NF EN 10088-3 [12]. 

This steel grade is used for the internal equipment system structure 
Rm = 490 MPa and Re = 205 MPa 
This steel is unaffected by low temperatures. 

This steel grade is used Jor the connecting pins 
Rm = 900 MPa, Re = 700 MPa and K Y > 28 J at - 40°C. 
and for ball locking pins 
Rm = 1200 MPa et Re = 900 MPa and KV > 28 J at - 40°C. 

The screws used are at least class 10.9 for: 
- all the internal equipment system screws, including the attachment of the bottom cross-pieces to the 
support frame, 
- The nuts of the "special head" screws joining together the two shells are class 10. 
These screws are made non-corrodible by various surface treatments. They comply with NF A 35-557 (8). 
Rp 0.2 = 950 MPa 
A%=8% 
KCY = 3.5 daJ/cm2 at -40 °c 

- For the frame-bottom plate connection, Rm = 800 Mpa, M20 

The neutron-absorbing resin contained in the doors and frame is a polymer resin [9] 

Density: between 1.6 and 1.79 Chemical composition: 

Thermal conductivity: < 0.75 W/mKat 160 °c H:4.65% 0: 45.5% 
C: 27.9% AI: 15.5% 

Heat capacity: > 1.45 J/gOC at 160°C 8:2.1% Zn: 4.25% 
Si: 0.05% Mg: 0.05% 

The axial shock absorbers consist of a stainless steel enclosure containing balsa wood. 
Density: 150 gil 
Moisture rate: 10% 
Crush stress: 12MPa 

A "corrosion inhibitor + paint" coating is applied to all the upper lind lower shells (inside and outside). 

Shock mounts and gasket between the two shells 
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4. PROVISIONS AND INSPECTIONS FOR TRANSPORT

4.1 Article 501: requirements applicable before first shipment

4.1.1 Definition of the containment envelope

In the FCC3 packaging design, the fissile material confinement is provided by the fuel rod cladding and
the zirconium alloy welded end plugs.

The internal equipment system provides mechanical protection under normal and accident conditions.
The mechanical tests on the package have shown that no rod in the assembly can break under

.2 accident transport conditions.
A2

O The checks carried out after fabrication and before the first dispatch aim to 'guarantee that fissile
A material confinement is ensured.

4.1.2 Definition of the isolation system
co

C:
•' • The isolation system of the packaging is provided by the frame, itself made up of the following

components:

- Internal system: frame, doors and end plates, along with the longitudinal and axial wedging
I_ system for rod channels, forming together two neutron cavities. Regulatory drop tests and

( thermal tests (cf Appendix 11 and 15) show no modification of its geometry in TAG. The internal
7) equipment system ensures the following functions:

I- limitation of neutron interaction between fuel assemblies or rod channels and
< between packages.

a control of fissile material moderation contained in the neutronic cavity through its
limited volume

The neutron-absorbing resin placed in the doors and frame. Its characteristics are given in
Table 3.5. Following the regulatory thermal test the resin still retains its absorbent quality and
its thickness to guarantee the subcriticality of the array of packages in accident conditions
(Appendix 12)

The lower and upper shells: ensure the internal equipment system protection in TAC and TNC.
Following regulatory drop tests (Appendix 11), both half-shells remain attached together and
show only a very slight deformation. They help limit interactions between the packages by
maintaining the neutronic cavities within their given volume.

Detailed drawings of these components are given in Appendix 1 and 2, and their minimum
characteristics are listed in Appendix 12.
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4. PROVISIONS AND INSPECTIONS FOR TRANSPORT 

4.1 Article 501: requirements applicable before first shipment 

4.1.1 Definition of the containment envelope 

In the FCC3 packaging design, the fissile material confinement is provided by the fuel rod cladding and 
the zirconium alloy welded end plugs. 

The internal equipment system provides mechanical protection under normal and accident conditions. 
The mechanical tests on the package have shown that no rod in the assembly can break under 
accident transport conditions. 

The checks carried out after fabrication and before the first dispatch aim to 'guarantee that fissile 
material confinement is ensured. 

4.1.2 Definition of the isolation system 

The isolation system of the packaging is provided by the frame, itself made up of the following 
components: 

Internal system: frame, doors and end plates, along with the longitudinal and axial wedging 
system for rod channels, forming together two neutron cavities. Regulatory drop tests and 
thermal tests (cf Appendix 11 and 15) show no modification of its geometry in TAC. The internal 
equipment system ensures the following functions: 

• limitation of neutron interaction between fuel assemblies or rod channels and 
between packages. 

• control of fissile material moderation contained in the neutronic cavity through its 
limited volume 

The neutron-absorbing resin placed in the doors and frame. Its characteristics are given in 
Table 3.5. FollOwing the regulatory thermal test the resin still retains its absorbent quality and 
its thickness to guarantee the subcriticality of the array of packages in accident conditions 
(Appendix 12) 

The lower and upper shells: ensure the internal equipment system protection in TAC and TNC. 
Following regulatory drop tests (Appendix 11), both half-shells remain attached together and 
show only a very slight deformation. They help limit interactions between the packages by 
maintaining the neutronic cavities within their given volume. 

Detailed drawings of these components are given in Appendix 1 and 2, and their minimum 
characteristics are listed in Appendix 12. 
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The isolation system of the fissile material is ensured by:

- a maximum 2
3U enrichment limited to 5% (4.5% for 16x16 and 18x18 ft.),

- the cladding tubes: ensuring the fissile material containment in accident conditions,

- for transportation of fuel assemblies:

" the fuel assembly structure (grids and nozzles) which outlines and limits the
volume occupied by the fissile material. Regulatory drop tests results show a
general compaction of the array following a drop, with the exception of a
possible expansion at the top level of the grid (if vertical drop).

" The fully structured assemblies: missing fissile rods are replaced with inert rods.

The minimal characteristics of fissile material constituents are given in Appendix 11.
.M
Zi Last, the isolation system is also defined by the number of packages N to be shipped together. This
o number N, varying in accordance with the content of the packages, is given in Appendix 12.
U)

-0 4.1.3 Neutronic and thermal protection

oc The internal equipment system is designed to limit neutron interaction between assemblies. This is
W provided mainly by the use of a polymer resin.
0

This resin also makes it possible to protect the containment system from the effects of the
= temperatures prevailing under accident shipment conditions.LL

4.1.4 Inspection prior to first shipmentz

a- The checks carded out during fabrication ensure that the packaging structural components making up
< z the isolation system comply with those of the approved model (cf. 7.2).
LLI

0 The required resin performance characteristics are obtained:

, During fabrication, by checking the application of qualified processes,

U- At end of fabrication, by analyses on test samples taken simultaneously.

Before the first shipment, (and before each subsequent shipment, cf. § 5.2), a final check of the
conformance of shipped products with the approved content, with special attention to the fuel rod
claddings and their welded nozzles, ensures that the containment envelope complies with the
approved package type.

The rod claddings internal protection system in shipment accident conditions, along with the checks
made during the fabrication process of the packaging, also guarantee the safe containment of the
fissile material during transportation.
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The isolation system of the fissile material is ensured by: 

a maximum 235U enrichment limited to 5% (4.5% for 16x16 and 18x18 ft.), 

the cladding tubes: ensuring the fissile material containment in accident conditions, 

for transportation of fuel assemblies: 

• the fuel assembly structure (grids and nozzles) which outlines and limits the 
volume occupied by the fissile material. Regulatory drop tests results show a 
general compaction of the array following a drop, with the exception of a 
possible expansion at the top level of the grid (if vertical drop). 

• The fully structured assemblies: missing fissile rods are replaced with inert rods. 

The minimal characteristics of fissile material constituents are given in Appendix 11. 

Last, the isolation system is also defined by the number of packages N to be shipped together. This 
number N, varying in accordance with the content of the packages, is given in Appendix 12. 

4.1.3 Neutronic and thermal protection 

The internal equipment system is designed to limit neutron interaction between assemblies. This is 
provided mainly by the use of a polymer resin. 

This resin also makes it possible to protect the containment system from the effects of the 
temperatures prevailing under accident shipment conditions. 

4.1.4 Inspection prior to first shipment 

The checks carried out during fabrication ensure that the packaging structural components making up 
the isolation system comply with those of the approved model (ct. 7.2). 

The required resin performance characteristics are obtained: 

• During fabrication, by checking the application of qualified processes, 

• At end of fabrication, by analyses on test samples taken simultaneously. 

Before the first shipment, (and before each subsequent shipment, cf. § 5.2), a final check of the 
conformance of shipped products with the approved content, with special attention to the fuel rod 
claddings and their welded nozzles, ensures that the containment envelope complies with the 
approved package type. 

The rod claddings internal protection system in shipment accident conditions, along with the checks 
made during the fabrication process of the packaging, also guarantee the safe containment of the 
fissile material during transportation. 
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4.2 Article 502: requirements applicable before each shipment

The FCC3 packaging allows the transportation of fresh fuel assemblies or non-assembled fuel rods
under regulatory security conditions. It was designed so that it can be easily used.

A broad outline of the operations is given in the following paragraphs. In operation, they are covered by
precise, detailed operating procedures. These instructions oblige the operators to report any difficulty
encountered in their enforcement.

4.2.1 Content inspection

Compliance of shipped products:
" Product inspection (type of assembly or non-assembled rods, enrichment).
* Suitability of the packaging and the content to be transported.

4.2.2 Packaging inspection
O * Check packaging validity date with respect to the periodic inspections referred to in § 8.2.
W

'a 4.2.3 Inspections during loading

Durinq and after loadinq of the assemblies or rod channels:
0 Check on the set-up and locking of all the ball locking pins (Components Important for Safety).
, Check on the wedging of the rods in the channel.
0 Check on the wedging of the assemblies and/or channels.
U Check on internal contamination.

g On the closed package:Z
. Check on proper lid positioning and tightening of all the bolts (Components Important for Safety).

0_
z 0 Check that the "Radioactive" and "Fissile" labels are affixed.
w • Check on radiation intensity at contact and 1 m away, and on surface contamination.

Loading of packages:
0 Position of the packages on the platform, as per the drawings.
• a Stowing and lashing of the packages (Appendix 9).

L-

4.3 Requirements and inspections for contamination and leakage

Compliance is with the requirements in articles 512 and 513.

For the case where loose or fixed radioactive contamination exceeds the maximum acceptable values
as specified in article 508 of the Rules [1], the packaging will be handed over for decontamination to
the specialized department.

4.4 Requirements for the transportation of LSA materials in industrial
packages

Radioactive fissile materials are classified as LSA II according to [1] for the transportation of ENU
(§ 2.4.1) and REPU (§ 2.4.2) assemblies.
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4.2 Article 502: requirements applicable before each shipment 

The FCC3 packaging allows the transportation of fresh fuel assemblies or non-assembled fuel rods 
under regulatory security conditions. It was designed so that it can be easily used. 

A broad outline of the operations is given in the following paragraphs. In operation, they are covered by 
precise, detailed operating procedures. These instructions oblige the operators to report any difficulty 
encountered in their enforcement. 

4.2.1 Content inspection 

Compliance of shipped products: 

• Product inspection (type of assembly or non-assembled rods, enrichment). 

• Suitability of the packaging and the content to be transported. 

4.2.2 Packaging inspection 
• Check packaging validity date with respect to the periodic inspections referred to in § 8.2. 

4.2.3 Inspections during loading 

During and after loading of the assemblies or rod channels: 

• Check on the set-up and locking of all the ball locking pins (Components Important for Safety). 

• Check on the wedging of the rods in the channel. 

• Check on the wedging of the assemblies and/or channels. 

• Check on internal contamination. 

On the closed package: 

• Check on proper lid positioning and tightening of all the bolts (Components Important for Safety). 

• Check that the "Radioactive" and "Fissile" labels are affixed. 

• Check on radiation intensity at contact and 1 m away. and on surface contamination. 

Loading of packages: 

• Position of the packages on the platform, as per the drawings. 

• Stowing and lashing of the packages (Appendix 9). 

4.3 Requirements and inspections for contamination and leakage 

Compliance is with the requirements in articles 512 and 513. 

For the case where loose or fixed radioactive contamination exceeds the maximum acceptable values 
as specified in article 508 of the Rules [1], the packaging will be handed over for decontamination to 
the specialized department. . 

4.4 Requirements for the transportation of LSA materials in industrial 
packages 

Radioactive fissile materials are classified as LSA II according to [1] for the transportation of ENU 
(§ 2.4.1) and REPU (§ 2.4.2) assemblies. 
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The transportation of the FCC3 packagings is performed subject to "exclusive use", as defined in
article 221 of the Regulation [1].

The package is defined as a Type 2 fissile Industrial Package (CI-2).

4.5 Determination of Transport Indices

4.5.1 Transport index for inspection of radiation exposure

Radiological inspection measurements are taken prior to any shipment to enable the transport index to
be calculated.

As an example, radiation measurements on an FCC3 container equipped with a door placed in front of
a 14x14 REPU assembly enriched 4.25% in U235 give at a distance of 50 cm a maximum radiation
value of 12 gSv/h (Appendix 16). A radiation intensity at 1 m of 12/2 pjSv/h (6 gSv/h) is deduced, in
other words a transport index for the radiation exposure inspection TI = 0.6 (as per article 526).

These values are very conservative, keeping in mind the high enrichment of the assembly and the test
conditions (measurements taken in the fuel assembly storage bay). They nevertheless remain well
within the thresholds indicated in article 566 [1] for transportation.

4.5.2 Determination of the Criticality Safety Index

The criticality safety index is calculated as per articles 528 and 529 of Regulation [1], in the criticality
notes in Appendix 12.

Depending on the type of assembly, the number N of packages taken into account pursuant to
articles 681 and 682 varies. From this number N of packages calculated in the criticality studies, the
value of the criticality safety index (CSI) is determined by the formula CSI = 50 / N.

Table 4.5.2
Criticality Safety Index of the FCC3 packaging

Content Nb of CSI

packages

Non-assembled rods all types infinite 0

Assembly() 14x14 (8 and 10 ft) Infinite 0

15x15 80 0,63

17x17 80 0,63

In the case of a mixed rod/17xl7 XL/XLR assembly loading, the assemblies are considered to be non-assembled rods for

the purposes of determining the criticality safety index.
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The transportation of the FCC3 packagings is performed subject to "exclusive useft
, as defined in 

article 221 of the Regulation [1]. 

The package is defined as a Type 2 fissile Industrial Package (CI-2). 

4.5 Determination of Transport Indices 

4.5.1 Transport index for inspection of radiation exposure 

Radiological inspection measurements are taken prior to' any shipment to enable the transport index to 
be calculated. 

As an example, radiation measurements on an FCC3 container equipped with a door placed in front of 
a 14x14 REPU assembly enriched 4.25% in U235 give at a distance of 50 cm a maximum radiation 
value of 12 ).lSv/h (Appendix 16). A radiation intensity at 1 m of 12/2 ).lSv/h (6 ).lSv/h) is deduced, in 
other words a transport index for the radiation exposure inspection TI = 0.6 (as per article 526). 

These values are very conservative, keeping in mind the high enrichment of the assembly and the test 
conditions (measurements taken in the fuel assembly storage bay). They nevertheless remain well 
within the thresholds indicated in article 566 [1] for transportation. 

4.5.2 Determination of the Criticality Safety Index 

The criticality safety index is calculated as per articles 528 and 529 of Regulation [1], in the criticality 
notes in Appendix 12. 

Depending on the type of assembly, the number N' of packages taken into account pursuant to 
articles 681 and 682 varies. From this number N of packages calculated in the criticality studies, the 
value of the criticality safety index (CSI) is determined by the formula CSI = 50 I N. 

Table 4.5.2 
Criticality Safety Index of the FCC3 packaging 

Content Nb of CSI 
packages 

Non-assembled rods all types infinite a 
Assembly'") 14x14 (8 and 10 ft) Infinite a 

15x15 80 0,63 

17x17 80 0,63 

(.) In the case of a mixed rod/17x17 XLlXLR assembly loading, the assemblies are considered to be non-assembled rods for 
the purposes of determining the criticality safety index. 
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4.6 Determination of the package category

As determined in § 2.4, the FCC3 packaging is designed and fabricated for the exclusive shipment of
LSA radioactive fissile materials (LSA II according to [1] for ENU and REPU).

Radiological inspection measurements are taken prior to any shipment to enable the transport index to
be calculated.

When a package is loaded to its capacity, the maximum radiation intensity at any point on its outer
surface is in the order of:

* 20 gSv/h for ENU-based assemblies (5%),

* 28 gSv/h for REPU-based assemblies (4.25%) - Appendix 16.

The package category is determined from the Transport Index (TI - § 4.5.1) and the measured
maximum radiation intensity. The tables in article 533, reproduced in Table 4.6, indicate the package
categories according to these parameters.

Table 4.6
Package category

Transport Index Maximum radiation intensity at any point Category

on the outer surface

01 Not more than 0.005 mSV/h I-WHITE

More than 0 but not more More than 0.005 mSV/h but not more than Il-YELLOW
than 1 0.5 mSV/h

More than 1 but no more than More than 0.5 mSV/h but not more than 2 Ill-YELLOW
10 mSV/h

More than 10 More than 2 mSV/h but less than 10 mSV/h Ill-YELLOWV

aI
z

w
0

L-

1 If the measured TI is no greater than 0.05, its value may be reduced to zero in accordance with line c) of article

526.
2 The packages belonging to this category must be transported under "exclusive use".
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4.6 Determination of the package category 

As determined in § 2.4, the FCC3 packaging is designed and fabricated for the exclusive shipment of 
LSA radioactive fissile materials (LSA II according to [1] for ENU and REPU). 

Radiological inspection measurements are taken prior to any shipment to enable the transport index to 
be calculated. 

When a package is loaded to its capacity, the maximum radiation intensity at any pOint on its outer 
surface is in the order of: 

• 20 /J.Svlh for ENU-based assemblies (5%), 

• 28 /J.Sv/h for REPU-based assemblies (4.25%) - Appendix 16. 

The package category is determined from the Transport Index (TI - § 4.5.1) and the measured 
maximum radiation intensity. The tables in article 533, reproduced in Table 4.6, indicate the package 
categories according to these parameters. 

Transport Index 

More than 0 but not more 
than 1 

Table 4.6 
Package category 

Maximum radiation intensity at any point Category 
on the outer surface 

Not more than 0.005 mSV/h I-WHITE 

More than 0.005 mSV/h but not more than II-YELLOW 
0.5 mSV/h 

More than 1 but no more than More than 0.5 mSVfh but not more than 2 III-YELLOW 
10 mSVfh 

More than 10 More than 2 mSVfh but less than 10 mSVfh III-YELLOW 

1 If the measured TI is no greater than 0.05, its value may be reduced to zero in accordance with line c) of article 
526. 

2 The packages belonging to this category must be transported under "exclusive use". 
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4.7 Marking and labelling

Marking and labelling meet AIEA Regulation requirements - 1996 [1].

4.7.1 Marking

In accordance with article 536 of the Regulation [1], the container bears on the outer face of the lower
shell, on the bottom side, a stainless steel plate fixed to the packaging. This "approval plate" bears
legibly and durably the following markings:

CU

(D)

U)

CU

0)
In
CL

z

C "-• ONTENEUR PO0uR .CoMBusTiBL•E NUCLEAiRE NEuF U02 •":!i

FRESH Uo•2 NUCLEAR.FUEL SHIPPING CONTAINER

INIP davro ent.
ApprovalN

' ...'... " N0 de serie .i ":. ". . :, : ".. ' .

Serial No

Gross weight

LI
A second plate named "manufacturer plate", not required by [2], bears the following markings:

Masse :a vide
Tare weight
Masse brute.
Gross.we.1ight
.Dimensilns hors tout
Overaii dimensions:
P ro0pridtaire
Owner
Constructeur
Manufacturer
Ann6e de construction
Year of construction
No de s6rie
Serial N°
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4.7 Marking and labelling 

Marking and labelling meet AIEA Regulation requirements - 1996 [1], 

4.7.1 Marking 

In accordance with article 536 of the Regulation [1], the container bears on the outer face of the lower 
shell, on the bottom side, a stainless steel plate fixed to the packaging. This "approval plate" bears 
legibly and durably the following markings: 

CONTEN~URP()URCQMBUSTI~LENijCLEAIRE NElJFU02 •. .•• .' 

. . ..• FRESHU02 NIJ,CLEARFUEL SHIPPING. CONTAINER 

. . 
" . 0 '" ,' .. " ".: ..... " 

·N<dagrement. 
· ItPProvaft-/ .. ···. 

. ",' .. ' 

· N°des~~ie" 
· Seria/N° 

: '. ,.', . 

. . Masse brute ". .: 
. .<Gio~s~elgl7t: 

....... , 

A second plate named "manufacturer plate", not required by [2], bears the following markings: 

"',: .... :' .... " ... ' ." 

. Masse~ vide. . 
Tar~.V'{eight 

Mas~e.l:)rllte .' 
Gr:o~s·W~ig/Jt 

.... Pif11~ri~!QIlS~Qr£it~ut· 
'Overalldiniensions . 
Prop:~ietaire 
Owner 
CcmstrLicteur 
ManLlfacturer 
Annee deconstruction. 
Year(Jfcon$tr~ction . 
N° deserie. 
Seria/N° 
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4.7.2 Labelling

4.7.2.1 Loaded container

In accordance with article 543 [1], the loaded container bears a stainless steel plate at each end. The
following wording is engraved on this plate:
0 LOW SPECIFIC ACTIVITY RADIOACTIVE MATERIALS (LSA-II / LSA-IIl), FISSILE (article 535),
* N- ONU 3324 / (FAS-lI) (article 535),
o EXPEDITEUR: FBFC ROMANS or DESSEL (Article 534),
* RADIOACTIVE MATERIALS OF LIMITED SPECIFIC ACTIVITY (LSA I1) FISSILES,
* No UN 3324
0 SENDER: FBFC ROMANS or DESSEL.

0- The same plate bears the labels in Figures 2, 3 or 4 (categories I-WHITE, Il-YELLOW and III-
._ YELLOW) and 5 (label for the criticality safety index) as required by articles 541 and 544 [1]. These
0• labels are filled in as follows:
(D

-M Category label:U)

Content designation
*-U02 ENU solid X% U235, LSA II

o . U02 ENU solid X% U235, LSA II

Activity definition
LL.

oThe activity marked on the label is the activity measured prior to any transportation.

z Transport index definition

Ia It is noted down following the radiological inspection prior to any transportation.
z
< As an example, this index would be 0.6 (see § 4.5.1) for the assembly in Appendix 16.

0I-l

M• Label for the criticality safety index:

Definition of the criticality safety index

The CSI value as defined in the criticality study (Appendix 12) according to content is displayed on
this label (see § 4.5.2).

4.7.2.2 Container empty

The container can be transported either:

As an excepted package:

If the conditions of article 520 [1] are met.

By conventional transportation:

If it is established that the internal and external contamination levels do not exceed the thresholds
stated in article 214 [1].
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4.7.2 Labelling 

4.7.2.1 Loaded container 

In accordance with article 543 [1]. the loaded container bears a stainless steel plate at each end. The 
following wording is engraved on this plate: 

• LOW SPECIFIC ACTIVITY RADIOACTIVE MATERIALS (LSA-III LSA-III), FISSILE (article 535), 

• N" ONU 33241 (FAS-II) (article 535), 

• EXPEDITEUR: FBFC ROMANS or DESSEL (Article 534), 

• RADIOACTIVE MATERIALS OF LIMITED SPECIFIC ACTIVITY (LSA II) FISSILES, 

• N" UN 3324 

• SENDER: FBFC ROMANS or DESSEL. 

The same plate bears the labels in Figures 2, 3 or 4 (categories I-WHITE, II-YELLOW and 111-
YELLOW) and 5 (label for the criticality safety index) as required by articles 541 and 544 [1]. These 
labels are filled in as follows: 

Category label: 

Content designation 

• U02 ENU solid X% U235, LSA II 

• U02 ENU solid X% U235, LSA II 

Activity definition 

The activity marked on the label is the activity measured prior to any transportation. 

Transport index definition 

It is noted down following the radiological inspection prior to any transportation. 

As an example, this index would be 0.6 (see § 4.5.1) for the assembly in Appendix 16. 

I 

Label for the criticality safety index: 

Definition of the criticality safety index 

The CSI value as defined in the criticality study (Appendix 12) according to content is displayed on 
this label (see § 4.5.2). 

4.7.2.2 Container empty 

The container can be transported either: 

As an excepted package: 

If the conditions of article 520 [1] are met. 

By conventional transportation: 

If it is established that the internal and external contamination levels do not exceed the thresholds 
stated in article 214 [1]. 
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In both cases, the container bears the single indication "EMPTY CONTAINER" at both ends. This
wording appears by turning over the plate described in § 4.7.2.1, which guarantees compliance with
article 554 [1].

In the case of transportation as an excepted package, the plate also bears the number ONU 2908 in
accordance with [1].

4.8 Lashing

Lashing shall be performed in total security (article 564 of [1]). The calculations described in Appendix
6 show that the forces exerted at the package lashing points do not prevent it from meeting the
regulatory requirements and that these points withstand the applied stresses.

The purpose of this calculation is not to demonstrate the performance of the lashing system, but to
check the performance of the container lashing points. Accordingly, the calculation of the lashing points.2

.n takes into account the ultimate tensile strength of the lashing systems, which is 5000 daN.

Results show that the maximum stress (function of the tensile force F exerted), taking friction into
CO account, amounts to 19.1 daN/mM2. If conservative calculations are made omitting friction stress, the
'0 maximum value is 25.0 daN/mm2 which remains significantly lower than the yield strength of theC: M

material (35.5 daN/mm2). This means the lashing system will break before the lashing point.
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In both cases, the container bears the single indication "EMPTY CONTAINER" at both ends. This 
wording appears by turning over the plate described in § 4.7.2.1, which guarantees compliance with 
article 554 [1]. 

In the case of transportation as an excepted package, the plate also bears the number ONU 2908 in 
accordance with [1]. 

4.8 Lashing 

Lashing shall be performed in total security (article 564 of [1]). The calculations described in Appendix 
6 show that the forces exerted at the package lashing points do not prevent it from meeting the 
regulatory requirements and that these points withstand the applied stresses. 

The purpose of this calculation is not to demonstrate the performance of the lashing system, but to 
check the performance of the container lashing points. Accordingly, the calculation of the lashing points 
takes into account the ultimate tensile strength of the lashing systems, which is 5000 daN. 

Results show that the maximum stress (function of the tensile force F exerted), taking friction into 
account, amounts to 19.1 daN/mm2. If conservative calculations are made omitting friction stress, the 
maximum value is 25.0 daN/mm2

, which remains significantly lower than the yield strength of the 
material (35.5 daN/mm2). This means the lashing system will break before the lashing point. 
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4.10 FCC3 packaging configurations per content

Table 4.9 groups the packaging layout variants per content.

Table 4.9
FCC3 packaging configurations

Wonent Pack gig

14x14 - 8 and 10 ft
14x14 - 8 and 10 ft FCC3 "Version 2"
+ 16 rods maximum

A I sseIi•bie-s' 15x15
, ,•,;- 15x15 + 20 rods maximum FCC3 "Version 1"

17x17 - 12 ft
17x17 -12ft FCC3 "Version 1"
+ 24 rods maximum

14x14 - l0,ft FCC3 "Version 1"
Rods in "12 ft" type rod channels

•i ;i•i•; i•i;• 17x17 - 12 ft

TF 018 R4§v. 1
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4.10 FCC3 packaging configurations per content 

Table 4.9 groups the packaging layout variants per content. 

Table 4.9 
FCC3 packaging configurations 

14x14 - 8 and 10 ft 
14x14 - 8 and 10 ft 
+ 16 rods maximum 

15x15 
15x15 + 20 rods maximum 

17x17 - 12 ft 
17x17 -12 ft 
+ 24 rods maximum 

14x14 - 8 ft 

14x14 -10·ft 

17x17 -12 ft 

FCC3 "Version 2" 

FCC3 "Version 1" 

FCC3 "Version 1" 

FCC3 "Version 1" 
in "12 fi" type rod channels 
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5. ANALYSIS OF COMPLIANCE WITH REGULATORY REQUIREMENTS

5.1 General remarks

In accordance with articles 622 and 671 of the IAEA Regulation for shipment of radioactive materials,
[1], the type 2 fissile industrial packages (CI-2) must be designed to meet the packaging requirements
in the following articles of the said Regulation. These requirements are recalled hereunder:

Requirements 1996 edition

General requirements for packagings 606 to 616
and packages

Particular requirements for type 2 621 and 622
industrial packages (CI-2)

Particular requirements for packages 671 to 682
containing fissile materials

This chapter will demonstrate article by article the compliance with these requirements of the package
design, made up of the FCC3 packaging and its radioactive content.

5.2 General requirements for packagings and packages

5.2.1 Article 606

The packaging shall be so designed that the package can be manipulated and transported easily and
safely. Handling can be performed in normal security conditions by standard lifting machinery, by
means of slings and hooks. Two lifting modes are possible:

" By means of the 4 lifting points welded on the upper shell, for the handling of the loaded or empty

package and the lid alone during opening operations,

" By means of the truck fork openings provided under the lower shell.

The packaging is also designed to be suitably lashed during shipment by means of lifting points.

5.2.2 Article 607

The package shallbe raised by the lifting points on the upper shell (Appendix 6).

The results of the lifting calculations demonstrate that the FCC3 packaging has been so designed that
no lifting attachment fails when used in the intended manner..The package thus conforms to article 607
of Regulation [1].

TF 018 Rev. I
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5. ANALYSIS OF COMPLIANCE WITH REGULATORY REQUIREMENTS 

5.1 General remarks 

In accordance with articles 622 and 671 of the IAEA Regulation for shipment of radioactive materials, 
[1], the type 2 fissile industrial packages (CI-2) must be designed to meet the packaging requirements 
in the following articles of the said Regulation. These requirements are recalled hereunder: 

Requirements 

General requirements for packagings 
and packages 

Particular requirements for type 2 
industrial packages (CI-2) 

Particular requirements for packages 
containing fissile materials 

1996 edition 

606 to 616 

621 and 622 

671 to 682 

This chapter will demonstrate article by article the compliance with these requirements of the package 
design, made up of the FCC3 packaging and its radioactive content. 

5.2 General requirements for packagings and packages 

5.2.1 Article 606 

The packaging shall be so designed that the package can be manipulated and transported easily and 
safely. Handling can be performed in normal security conditions by standard lifting machinery, by 
means of slings and hooks. Two lifting modes are possible: 

• By means of the 4 lifting points welded on the upper shell, for the handling of the loaded or empty 
package and the lid alone during opening operations, 

• By means of the truck fork openings provided under the lower shell. 

The packaging is also designed to be suitably lashed during shipment by means of lifting points. 

5.2.2 Article 607 

The package shall be raised by the lifting points on the upper shell (Appendix 6). 

The results of the lifting calculations demonstrate that the FCC3 packaging has been so designed that 
no lifting attachment fails when used in the intended manner. .The package thus conforms to article 607 
of Regulation [1]. 
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5.2.3 Article 608

The package is raised by the lifting points on the upper shell.

The packaging does not have any other features on the outer surface liable to be used for lifting.

5.2.4 Article 609

The packaging is so designed and finished that its outer surface does not exhibit protuberances other
than those formed by the lifting points, the reinforcing angle bars, the vessel flanges and the support
skids.

The outer surfaces of the packaging are designed and finished so as to be easily decontaminated.
C.. They are simple in shape and painted with an enamel type coating. The FCC3 containers are also
._ subjected to a programme of regular inspections and maintenance which ensures that the paint coating
.2: is in good condition.

M 5.2.5 Article 610
W

CO The outer enclosure of the packaging is cylindrical: its shape prevents water from collecting and being
. retained on the surface.
U)
(D0

5.2.6 Article 611

U-- No feature is added to the package at the time of transport.
0.

z 5.2.7 Article 612

z The effects of an acceleration, vibration or resonance which may arise under conditions which should
uJ be those of routine transport cannot detract from the effectiveness of the closing devices nor degrade
2• the package as a whole.

Effectiveness of the closinq devices:
0 Hinge pins and locking pins are held axially by locking devices (balls, retaining rings).
0 The torque of the bolts guarantees that they will not loosen during transport. They were sized to

maintain a permanent tightening force.

Packagje integrity:
• The materials of the packaging and the quality of the welds shall be such as to withstand the

loadings encountered during transport.

The experience built up with the RCCs confirms the effectiveness of this design.

5.2.8 Article 613

The materials of the packaging and all the internal components or structures were chosen to be
physically and chemically compatible with each other and with the intended radioactive contents of the
package.

TF 018 R6v. 1
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5.2.3 Article 608 

The package is raised by the lifting points on the upper shell. 

The packaging does not have any other features on the outer surface liable to be used for lifting. 

5.2.4 Article 609 

The packaging is so designed and finished that its outer surface does not exhibit protuberances other 
than those formed by the lifting points, the reinforcing angle bars, the vessel flanges and the support 
skids. 

The outer surfaces of the packaging are designed and finished so as to be easily decontaminated. 
They are simple in shape and painted with an enamel type coating. The FCC3 containers are also 
subjected to a programme of regular inspections and maintenance which ensures that the paint coating 
is in good condition. ' 

5.2.5 Article 610 

The outer enclosure of the packaging is cylindrical: its shape prevents water from collecting and being 
retained on the surface. 

5.2.6 Article 611 

No feature is added to the package at the time of transport. 

5.2.7 Article 612 

The effects of an acceleration, vibration or resonance which may arise under conditions which should 
be those of routine transport cannot detract from the effectiveness of the closing devices nor degrade 
the package as a whole. 

Effectiveness of the closing devices: 

• Hinge pins and locking pins are held axially by locking devices (balls, retaining rings). 

• The torque of the bolts guarantees that they will not loosen during transport. They were sized to 
maintain a permanent tightening force. 

Package integrity: 

• The materials of the packaging and the quality of the welds shall be such as to withstand the 
loadings encountered during transport. 

The experience built up with the RCCs confirms the effectiveness of this design. 

5.2.8 Article 613 

The materials of the packaging and all the internal components or structures were chosen to be 
physically and chemically compatible with each other and with the intended radioactive contents of the 
package. 
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The packaging materials (see. § 3.4) are not degraded by the radiation reaching them.

Furthermore, the materials which the packaging may contain are not susceptible to radiolytic
decomposition. No corrosion phenomena are expected to occur.

The internal equipment system is exclusively stainless steel, which protects this section from the risks
of corrosion. For the carbon steel parts (shell and cradle), the periodic inspection programme includes
monitoring of the condition of the paint-coating, so as to detect and remedy incipient corrosion.

5.2.9 Article 614

The valve fixed on the lower shell is a pressure-relieving valve. It is protected by a bolted plate which
prohibits any unauthorised manipulation.

5.2.10 Article 616
.2

.2: This article concerns radioactive materials having other dangerous properties, such as susceptibility to
0
,0 explosion, inflammability, pyrophoricity, chemical toxicity and corrosivity. It therefore does not apply to
c the package design constituted by the FCC3 and its contents.
-v

M

t- 5.3 Requirements for type 2 industrial packages
41)

5.3.1 Article621

,, Article 621 renders applicable articles 606 to 616 and 634. Articles 606 to 616 were addressed here-
above.

z Regarding article 634, the smallest overall external dimension of the package is well above 10 cm
1a_ (113 cm).

z
w 5.3.2 Article 622
0

In addition to compliance with article 621, Article 622 calls for evidence that if the package was
subjected to the free drop and stacking tests alone (722 and 723), the result would not be:

" 0 Loss or dispersal of the radioactive contents,

0 Loss of shielding integrity leading to a 20 % increase in the radiation level at any point on the
external surface.

As shown in § 5.5.3 below, in comparison with the FCC4 package, which adequately withstood the
tests corresponding to the accident transport conditions (9 m drop and 1 m drop on bar), we can
predict that the FCC3 package could undergo the tests corresponding to normal transport conditions
without significant damage. These tests are much more conservative than the test corresponding to
normal transport conditions (1.2 m free fall drop test).

The stacking case dealt with in § 5.5.2.3 shows that the package is not sensitive to this test.

The FCC3 package could therefore undergo these two tests without significant damage.

TF 018 R6v, 1

c 
o 
'w .s: 
is 
(/) 
(I) 

ro 
C/) 

"'C 
C 
«l 
c: m 
'w 
(I) 

o 
I 

Q5 
::J 

LL ... 
ell 
(I) 
(3 
::J 
Z 
I 

0.. 

~ 
w 
::2: 

~ 
~ 
LL 

A N° TFX DC 2159 EO 

FRAMATOME ANP REV. D PAGE 48/79 

The packaging materials (see. § 3.4) are not degraded by the radiation reaching them. 

Furthermore, the materials which the packaging may contain are not susceptible to radiolytic 
decomposition. No corrosion phenomena are expected to occur. 

The internal equipment system is exclusively stainless steel, which protects this section from the risks 
of corrosion. For the carbon steel parts (shell and cradle), the periodic inspection programme includes 
monitoring of the condition of the paint-coating, so as to detect and remedy incipient corrosion. 

5.2.9 Article 614 

The valve fixed on the lower shell is a pressure-relieving valve. It is protected by a bolted plate which 
prohibits any unauthorised manipulation. 

5.2.10 Article 616 

This article concerns radioactive materials having other dangerous properties, such as susceptibility to 
explosion, inflammability, pyrophoricity, chemical toxicity and corrosivity. It therefore does not apply to 
the package design constituted by the FCC3 and its contents. 

5.3 Requirements for type 2 industrial packages 

5.3.1 Article621 

Article 621 renders applicable articles 606 to 616 and 634. Articles 606 to 616 were addressed here­
above. 

Regarding article 634, the smallest overall external dimension of the package is well above 10 cm 
(113 cm). 

5.3.2 Article 622 

In addition to compliance with article 621, Article 622 calls for evidence that if the package was 
subjected to the free drop and stacking tests alone (722 and 723), the result would not be: 

• Loss or dispersal of the radioactive contents, 

• Loss of shielding integrity leading to a 20 % increase in the radiation level at any point on the 
external surface. 

As shown in § 5.5.3 below, in comparison with the FCC4 package, which adequately withstood the 
tests corresponding to the accident transport conditions (9 m drop and 1 m drop on bar), we can 
predict that the FCC3 package could undergo the tests corresponding to normal transport conditions 
without significant damage. These tests are much more conservative than the test corresponding to 
nonnal transport conditions (1.2 m free fall drop test). 

The stacking case dealt with in § 5.5.2.3 shows that the package is not sensitive to this test. 

The FCC3 package could therefore undergo these two tests without significant damage. 
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5.4 Requirements for packages transporting fissile materials

The FRAMATOME 12 ft "FCC3" package design is very similar to the 14 ft design or "FCC4". Their
difference in terms of geometrical characteristics induces a lower mass for the FCC3. No additional
tests were therefore run on the FCC3. Its presumed behaviour during the regulatory tests will be
analysed by comparison with the results of the tests run in 1998 on the FCC4 package. For the
criticality studies, the condition of the FCC3 package in normal and accident conditions will be
considered the same as the condition of the FCC4 package on completion of these regulatory tests,
with the exception of the geometrical characteristics, which will be those of the FCC3.

5.4.1 Article 672

The FCC3 packaging loaded with the content described in chapter 2 does not meet the requirements in
article 672 of Regulation [1]. It is therefore subject to the requirements in articles 671 to 682 of
Regulation [1] which apply expressly to fissile materials.

5.4.2 Article 671
W

-i The fissile materials are packaged and shipped so that sub-criticality is maintained in all the
circumstances most frequently encountered in normal transport conditions and in case of accident.

CO

The contingencies taken into consideration are indicated in the corresponding criticality studies given in
Appendix 12 and below.

0

5.4.3 Article 675
U-

The analysis in § 5.5.2 shows that the condition of the package upon completion of the regulatory tests
0D for normal transport conditions (spray, free drop, stacking and penetration) is as follows:
z
I . The package enclosure only sustains local deformations which do not modify the spacing

z conditions between packages,
* The condition and distribution of the contents inside the enclosure are unchanged,

0
- The packaging construction would prevent the entry of a 10 cm cube,

* The presence of water is not a critical parameter for the FCC3 packaging, since this is a hypothesis
Uin the criticality studies.

The design of the FCC3 packaging is therefore such that the configuration of the contents and the
vessel geometry have not undergone, following the tests for normal transport conditions, any
modifications which could significantly raise reactivity.

This is why, in normal conditions, in the criticality studies (Appendix 12), the packaging is considered
as a cylindrical shell whose internal length is determined from the length of the neutronic cavity. The
enclosure keeps its internal diameter of 1,048 mm, the packaging length and the position of the
assemblies in the neutronic cavity are also kept.

5.4.4 Article 676

The upper temperature limit (+38 IC) is acceptable for all the packaging materials (steels for the vessel
and structural components, rubber for the shock mounts).
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5.4 Requirements for packages transporting fissile materials 

The FRAMATOME 12 ft "FCC3" package design is very similar to the 14 ft design or "FCC4". Their 
difference in terms of geometrical characteristics induces a lower mass for the FCC3. No additional 
tests were therefore run on the FCC3. Its presumed behaviour during the regulatory tests will be 
analysed by comparison with the results of the tests run in 1998 on the FCC4 package. For the 
criticality studies, the condition of the FCC3 package in normal and accident conditions will be 
considered the same as the condition of the FCC4 package on completion of these regulatory tests, 
with the exception of the geometrical characteristics, which will be those of the FCC3. 

5.4.1 Article 672 

The FCC3 packaging loaded with the content described in chapter 2 does not meet the requirements in 
article 672 of Regulation [1]. It is therefore subject to the requirements in articles 671 to 682 of 
Regulation [1] which apply expressly to fissile materials. 

5.4.2· Article 671 

The fissile materials are packaged and shipped so that sub-criticality is maintained in all the 
circumstances most frequently encountered in normal transport conditions and in case of accident. 

The contingencies taken into consideration are indicated in the corresponding criticality studies given in 
Appendix 12 and below. 

5.4.3 Article 675 

The analysis in § 5.5.2 shows that the condition of the package upon completion of the regulatory tests 
for normal transport conditions (spray, free drop, stacking and penetration) is as follows: 

• The package enclosure only sustains local deformations which do not modify the spacing 
conditions between packages, 

• The condition and distribution of the contents inside the enclosure are unchanged, 

• The packaging construction would prevent the entry of a 10 cm cube, 

• The presence of water is not a critical parameter for the FCC3 packaging, since this is a hypothesis 
in the criticality studies. 

The design of the FCC3 packaging is therefore such that the configuration of the contents and the 
vessel geometry have not undergone, following the tests for normal transport conditions, any 
modifications which could significantly raise reactivity. 

This is why, in normal conditions, in the criticality studies (Appendix 12), the packaging is considered 
as a cylindrical shell whose internal length is determined from the length of the neutronic caVity. The 
enclosure keeps its internal diameter of 1,048 mm, the packaging length and the position of the 
assemblies in the neutronic cavity are also kept. 

5.4.4 Article 676 

The upper temperature limit (+38 0c) is acceptable for all the packaging materials (steels for the vessel 
and structural components, rubber for the shock mounts). 

TF018 Rev. 1 



A WN TFX DC 2159 EQ

FRAMATOME ANP REV. D PAGE 50/79

For the lower temperature limit (-40 CC), the internal equipment system features defined as safety
components (see chapter 6) are all made from austenitic stainless steel. Only a few of the components
are made from S355 JO and S355 K2G3 Steels (E 36.3 or .4) (shells and cradle) for existing packaging
series. The adoption of components with small thicknesses made of a grade of minimum quality 3
provides a decrease in the brittle failure risks at low temperatures. New shells for the package design
will be built with structural materials performing satisfactorily at -400C in terms of toughness.

It must also be noted that impact tests were performed at a temperature of -40" C on S355 JO (E 36.3)
steel specimens, sampled from o 12 ft ) packagings. These tests showed that there was no brittle
fracture (Appendix 10).

Further, partial degradation of the outer vessel can be considered as permissible, as it is the internal
equipment system made of austenitic stainless steel, a material insensitive by design to low
temperatures, which protects the fuel rods in normal and accident conditions. In addition, the
containment enclosure is ensured by the fuel rods cladding made from zirconium alloy, whose
properties are not altered at the maximum low temperature of -40°C (Appendix 10)

.2_. Regarding the bolts, standard NF A 25-100 [3] states that the fixings used in the FCC4 can be used in
0o,• the temperature range -50 °C / +300 °C. Fixings of class 10.9, have been selected from those

_Q proposed in standard NF A 35-557 [8]. This standard [8] guarantees a KCV toughness value of
~3.5 daJ/cm2 at -20 °C. The toughness value at -40 °C shall be measured by tests. Procured materials

will therefore be inspected to check the absence of brittle fracture at -40 °C.
c

Q 5.4.5 :Articles 677, 678 and 679

The isolated package, damaged or undamaged, shall be sub-critical with total reflection by a 20 cm
" water layer around the confinement enclosure.
c)
: The modelling taken into account for normal and accident conditions is described in Appendix 12. More
Z generally, the criticality studies show that the FCC3 packaging considered in isolation and loaded with
a. the content described in chapter 2, is such that a critical state cannot be reached in any possible or
z foreseeable transport contingency (package damaged or undamaged).
w
0

.-
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For the lower temperature limit (-40°C), the internal equipment system features defined as safety 
components (see chapter 6) are all made from austenitic stainless steel. Only a few of the components 
are made from S355 JO and S355 K2G3 Steels (E 36.3 or .4) (shells and cradle) for existing packaging 
series. The adoption of components with small thicknesses made of a grade of minimum quality 3 
provides a decrease in the brittle failure risks at low temperatures. New shells for the package design 
will be built with structural materials performing satisfactorily at -40°C in terms of toughness. 

It must also be noted that impact tests were performed at a temperature of _40° Can S355 JO (E 36.3) 
steel specimens, sampled from « 12 ft » packagings. These tests showed that there was no brittle 
fracture (Appendix 10). 

Further, partial degradation of the outer vessel can be considered as permissible, as it is the internal 
equipment system made of austenitic stainless steel, a material insensitive by design to low 
temperatures, which protects the fuel rods in normal and accident conditions. In addition, the 
containment enclosure is ensured by the fuel rods cladding made from zirconium alloy, whose 
properties are not altered at the maximum low temperature of -40°C (Appendix 10) 

Regarding the bolts, standard NF A 25-100 [3] states that the fixings used in the FCC4 can be used in 
the temperature range -50°C I +300 °C. Fixings of class 10.9, have been selected from those 
proposed in standard NF A 35-557 [8]. This standard [8] guarantees a KCV toughness value of 
3.5 daJ/cm2 at -20°C. The toughness value at -40 °C shall be measured by tests. Procured materials 
will therefore be inspected to check the absence of brittle fracture at -40°C. 

5.4.5 :Articles 677, 678 and 679 

The isolated package, damaged or undamaged, shall be sub-critical with total reflection by a 20 cm 
water layer around the confinement enclosure. 

The modelling taken into account for normal and accident conditions is described in Appendix 12. More 
generally, the criticality studies show that the FCC3 packaging considered in isolation and loaded with 
the content described in chapter 2, is such that a critical state cannot be reached in any possible or 
foreseeable transport contingency (package damaged or undamaged). 
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5.4.6 Articles 681 and 682

Clustered packages shall be sub-critical, with the package array surrounded on all sides by a 20 cm
layer of water.

In normal conditions, the configuration studied in the criticality studies is an infinite array (cylindrical
model) of undamaged packages filled with water and with a void space between packages. In accident
conditions, the array is composed of damaged packages (parallepiped model) whose modelling is
described in Appendix 12.

The results of these calculations show that an infinite array of undamaged packages is always sub-
critical. However, an array of damaged packages respects the sub-criticality margin, for a number N of
packages dependent on the type of assembly transported (Appendix 12).

C
_0 5.4.7 Article 568

The hypotheses for evaluating the sub-criticality in article 568 concern packages for which the
-U transported fissile materials are either irradiated fissile materials or unspecified fissile materials (whose
U characteristics -composition, mass, concentration, .... - are unknown).

C They are not therefore applicable to the package made up of an FCC3 packaging and the content
defined in chapter 2.

D
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5.4.6 Articles 681 and 682 

Clustered packages shall be sub-critical, with the package array surrounded on all sides by a 20 cm 
layer of water. 

In normal conditions, the configuration studied in the criticality studies is an infinite array (cylindrical 
model) of undamaged packages filled with water and with a void space between packages. In accident 
conditions, the array is composed of damaged packages (parallepiped model) whose modelling is 
described in Appendix 12. 

The results of these calculations show that an infinite array of undamaged packages is always sub­
critical. However, an array of damaged packages respects the sub-criticality margin, for a number N of 
packages dependent on the type of assembly transported (Appendix 12). 

5.4.7 Article 568 

The hypotheses for evaluating the sub-criticality in article 568 concern packages for which the 
transported fissile materials are either irradiated fissile materials or unspecified fissile materials (whose 
characteristics -composition, mass, concentration, ... - are unknown). 

They are not therefore applicable to the package made up of an FCC3 packaging and the content 
defined in chapter 2. 
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5.5 Behaviour of the package design subjected to regulatory tests

5.5.1 Introduction

The specified regulatory tests are listed in the following table.

Regulatory tests IAEA 1996 edition

Tests for proving capacity to
withstand normal transport Articles 719 to 724
conditions

Tests for proving capacity to
withstand accident transport Articles 726 to 729
conditions

Tests for proving the water
tightness of the packages Articles 731 to 733
containing fissile materials

U)

C

0

'1I

75

M
CO

z

CI

U-

a
I

z

0

LL

The packaging was designed to guarantee the sub-criticality of the package on completion of the
regulatory tests, by maintaining confinement as defined in the criticality studies (see § 5.4 and
Appendix 12). For the criticality studies, the condition of the FCC3 package in normal and accident
conditions will be considered identical to the condition of the FCC4 package on completion of these
regulatory tests.

5.5.2 Effects of the tests for proving capacity to withstand normal transport conditions

5.5.2.1 Article 721: Water spray test

The water tightness criterion is not applicable to the FCC3 packaging, as the model used for the
criticality studies takes into account the presence of water around the assembly.

This test therefore has no effect on the later behaviour of the FCC3 packaging.

5.5.2.2Article 722: Freefall drop test (1.2 m)

The packaging loaded with an assembly and test weight (of the same mass) underwent a test more
severe than the one imposed in this article: 9 m drop see § 5.5.3.1.2. The packaging could therefore
undergo the free drop test without significant damage.
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5.5 Behaviour of the package design subjected to regulatory tests 

5.5.1 Introduction 

The specified regulatory tests are listed in the following table. 

Regulatory tests 

Tests for proving capacity to 
withstand normal transport 
conditions 

Tests for proving capacity to 
withstand accident transport 
conditions 

Tests for proving the water 
tightness of the packages 
containing fissile materials 

IAEA 1996 edition 

Articles 719 to 724 

Articles 726 to 729 

Articles 731 to 733 

The packaging was designed to guarantee the sub-criticality of the package on completion of the 
regulatory tests, by maintaining confinement as defined in the criticality studies (see § 5.4 and 
Appendix 12). For the criticality studies, the condition of the FCC3 package in normal and accident 
conditions will be considered identical to the condition of the FCC4 package on completion of these 
regulatory tests, 

5.5.2 Effects of the tests for proving capacity to withstand normal transport conditions 

5.5.2.1 Arlicle 721: Water spray test 

The water tightness criterion is not applicable to the FCC3 packaging, as the model used for the 
criticality studies takes into account the presence of water around the assembly. 

This test therefore has no effect on the later behaviour of the FCC3 packaging. 

5.5.2.2 Article 722: Freefall drop test (1.2 m) 

The packaging loaded with an assembly and test weight (of the same mass) underwent a test more 
severe than the one imposed in this article: 9 m drop see § 5.5.3.1.2. The packaging could therefore 
undergo the free drop test without significant damage. 
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5.5.2.3Article 723: Stacking test

The package must be subjected for a minimum of 24 hours to a compression force equal to the higher
of the two following values:

" Equivalent to 5 times the mass of the actual package,

" Equivalent of the product of 13 kPa by the vertical projection area of the package

The compression force to be considered is therefore F1 = 21600 daN (equivalent of 5 times the mass
of the package), applied uniformly to the 4 bearing points of packages stacked for storage (support
boxes).

The calculations describing the mechanical strength of the package are described in Appendix 8.

The loadings which would arise due to the stacking test may under no circumstances cause stresses
higher than the yield strength in the package structures. It is therefore deduced that this FCC3
packaging withstands the stacking test without any problem.
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5.5.2.3Artic/e 723: Stacking test 

The package must be subjected for a minimum of 24 hours to a compression force equal to the higher 
of the two following values: 

• Equivalent to 5 times the mass of the actual package, 

• Equivalent of the product of 13 kPa by the vertical projection area of the package 

The compression force to be considered is therefore F1 = 21600 daN (equivalent of 5 times the mass 
of the package), applied uniformly to the 4 bearing points of packages stacked for storage (support 
boxes). 

The calculations describing the mechanical strength of the package are described in Appendix 8. 

The loadings which would arise due to the stacking test may under no circumstances cause stresses 
higher than the yield strength in the package structures. It is therefore deduced that this FCC3 
packaging withstands the stacking test without any problem. 
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Figure 5.5.2.3
Container stacking possibilities (storage and transportation)
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Figure 5.5.2.3 
Container stacking possibilities (storage and transportation) 

2282 (contaIners In contact) 
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5.5.2.4Article 724: Penetration test

The most fragile part of the package is the enclosure whose thickness is 3 mm. Dropping, from a
height of 1 m, a bar 3.2 cm in diameter with a hemispherical end and a mass of 6 kg can leave only a
shallow imprint. Under no circumstances should it perforate the enclosure, as shown by the following
calculation:

The drop height is 1 m. As the bar weighs 6 daN, an energy of 6 daN.m must be absorbed at the
moment of impact. The aim is therefore to evaluate the rupture energy of this wall.

The steel breaks in a circular line of length ILD bounding the bar of diameter D.

To cut a plate of thickness e, the force exerted on the cut edges of area f-.D.e must move its point of
application by a distance e.

.2
So, if x is the shear rupture stress of the steel, the rupture energy is given by: E = t.f-.D.e2

4) With the following values:
Ca

U)
P = 6 daN

r- h = 1 m drop height
C

._2 D = 32 mm bar diameter
e = 3 mm min enclosure thickness
T = 0.8.Rm = 39.2 daN/mm 2

(for a steel of grade S355 JO (E 36.3): Rm mini = 49 daN/mm 2)
LL.

This gives a rupture energy E

Z = x x2 03
z E = t.FI.D.e= 39.2 x IIx32x 3 =35.5.10 daN.rm = 35.5 daN.m
CI

z The energy to be absorbed at the moment of impact is only 6 daN.m, so there is no perforation of the
, enclosure.
0
I- Lastly, the package was designed to withstand the drop on bar test (see § 5.5.3.1.1), a test which is

much more severe for the latter, which clearly demonstrates that the package can withstand this test
without significant damage.

U-
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5.5.2.4Article 724: Penetration test 

The most fragile part of the package is the 'enclosure whose thickness is 3 mm. Dropping, from a 
height of 1 m, a bar 3.2 cm in diameter with a hemispherical end and a mass of 6 kg can leave only a 
shallow imprint. Under no circumstances should it perforate the enclosure, as shown by the following 
calculation: 

The drop height is 1 m. As the bar weighs 6 daN, an energy of 6 daN.m must be absorbed at the 
moment of impact. The aim is therefore to evaluate the rupture energy of this wall. 

The steel breaks in a circular line of length IT.D bounding the bar of diameter D. 

To cut a plate of thickness e, the force exerted on the cut edges of area IT.D.e must move its point of 
application by a distance e. 

So, if t is the shear rupture stress of the steel, the rupture energy is given by: E = t.ILD.e2 

With the following values: 

P = 6 daN 
h = 1 m drop height 
D = 32 mm bar diameter 
e = 3 mm min enclosure thickness 
t = O.BRm = 39.2 daN/mm2 
(for a steel of grade 5355 JO (E 36.3): Rm mini = 49 daN/mm2} 

This gives a rupture energy E 

E = •. n.D.e'- = 39.2 x n x 32 x 32 = 35.5.103 daN.mm = 35.5 daN.m 

The energy '0 be absorbed at the moment of impact is only 6 daN.m, so there is no perforation of the 
enclosure. 

Lastly, the package was designed to withstand the drop on bar test (see § 5.5.3.1.1), a test which is 
much more severe for the latter, which clearly demonstrates that the package can withstand this test 
without significant damage. 
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5.5.3 Cumulative effect of the tests for proving capacity to withstand accident transport
conditions

5.5.3.1 Article 727: Mechanical tests

The compliance of the FCC3 packaging with the IAEA requirements [1] is demonstrated by subjecting
a full-scale test specimen to the regulatory mechanical tests (article 701). This specimen shall, in all
respects, conform with the series design and only differ from the latter in the components (considered
insignificant) mentioned in Table 5.5.3.1.

The test was performed with a fuel assembly. The skeleton (inert supporting structure) and cladding of
this assembly are made of zirconium alloy Zr4. Other zirconium alloy grades may be used. Report
FF/DC/00924 (see Appendix 11), specifies the conditions in which the results obtained in the

C mechanical tests of this steel grade may be extended to any other zirconium alloy. It shows that the
A_ skeleton material is not significant and that regarding the cladding material:

Is deemed acceptable any material which meets the three criteria below:
o Rp0.o2 > 520 MPa

U)
'0- o am>710MPaCU0• o total strain >_ 8.3%

Is also deemed acceptable any material which meets the three criteria below:
o Rp0 .2•/o Ž250 MPa
o am > 400 MPa

U. o total strain _> 9.5 %

0- Subject to verification of the conditions attached to cladding material, Prototype n02 is therefore
z representative of the package designs for which the approval is requested.

I-
Z

U-
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5.5.3 Cumulative effect ()f the tests for proving capacity to withstand accident transport 
conditions 

5.5.3.1 Article 727: Mechanical tests 

The compliance of the FCC3 packaging with the IAEA requirements [1] is demonstrated by subjecting 
a full-scale test specimen to the regulatory mechanical tests (article 701). This specimen shall, in all 
respects, conform with the series design and only differ from the latter in the components (considered 
insignificant) mentioned in Table 5.5.3.1. 

The test was performed with a fuel assembly. The skeleton (inert supporting structure) and cladding of 
this assembly are made of zirconium alloy Zr4. Other zirconium alloy grades may be used. Report 
FF/DC/00924 (see Appendix 11), specifies the conditions in which the results obtained in the 
mechanical tests of this steel grade may be extended to any other zirconium alloy. It shows that the 
skeleton material is not significant and that regarding the cladding material: 

Is deemed acceptable any material which meets the three criteria below: 
o Rpo.2% ~ 520 MPa 
o am ~ 710 MPa 
o total strain ~ 8.3% 

Is also deemed acceptable any material which meets the three criteria below: 
o Rpo.2% ~ 250 MPa 
o am ~400 MPa 
o total strain ~ 9.5 % 

Subject to verification of the conditions attached to cladding material, Prototype n0 2 is therefore 
representative of the package designs for which the approval is requested. 
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Table 5.5.3.1: Representativity of the prototype n°2 container

Z

CLI

u)

U)

Z
I

0

z

I

0

Justification of
Container prototype n°2 Series containers representativity

Type of container: 14' - 17x1 7 12' et 14' arrays and rod Report TFX/DC/2104
XL/XLR + assembly 17x17XL channels and § 5.5.3.1.3

Position of grid pads adapted Pad position adapted to each On prototype n°2 pads 5 and
to 17x17 14' type of assemblies 6 were deliberately off-

centred from door frame for
test purposes. The
mechanical tests results
prove that the rib/grid relative
position has no effect on
package behaviour.

Pad housing size 54x146 Pad housing size The criticality analysis models
17x17 XL and XLR 93x146 the full scale housing and
16x1 6 and 18x1 8 : 54x162 concludes that their filling with
17xl 7andt 15x15 x 12': 54x146 water is acceptable.
14x14 : continuous x129(width.)

2 lateral outriggers 1 central support leg No impact on safety related
components

The assembly occupies the For assemblies 14x14, an Differential slippage of rods
whole cavity adaptable length wedge must covered in report

be placed on the bottom side TFJN/DC/1 671 - Appendix 12

Frame handing lug welded on Handing lug inserted in rib and No impact on safety related
top rid welded components

Door plates connection weld: Overlapping of plates as 20 kg weight increase
edge-to-edge angle weld reinforcement to doors at this accounted for in safety

level margins used for specimens
and calculations

Shell E 36 thickness 3 mm Packaging 501 a 515: shell Report TFX/DC/2104
thickness2.4 mm

Blocking of swivelling pin by Beta locking pin forl6xA6 and No impact on safety related
Mecanindus locking pin 18x18 designs components

End supports for assembly 16x16 eand18xl8 - different top No impact on safety related
17x17 and bottom supports components

No spring-loaded ejector on 4 spring-loaded ejectors M8 to No impact on safety related
connecting pins between hold swivelling hinges in open components
doors and bottom plates position

Grid and head clamping Change of material to improve No impact on safety related
system - stainless steel Z2 long-term performance components
pads and Z6 screws

Closure of doors by 10 Closure of doors by 9 locking Report TFXIDC/2104
locking pins pins for 16x16 and 18x18

Ball locking pin for door Ball locking pin length 60 mm A length allowance (40 mm)
closure length 100 mm beyond the ball had been

provided to prevent large
frame bowing from causing
the pins to drop out ; tests
showed that 60 mm lock pins
are sufficient to hold doors in
place.
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Table 5.5.3.1: Representativity of the prototype n02 container 

Container prototype n02 Series containers 
Justification of 
representativity 

Type of container: 14' - 17x17 12' et 14' arrays and rod Report TFXlDC/2104 
XUXLR + assembly 17x17XL channels and § 5.5.3.1.3 

Position of grid pads adapted Pad position adapted to each On prototype n02 pads 5 and 
to 17x1714' type of assemblies 6 were deliberately off-

centred from door frame for 
test purposes. The 
mechanical tests results 
prove that the rib/grid relative 
position has no effect on 
package behaviour. 

Pad housing size 54x146 Pad housing size The criticality analysis models 
17x17 XL and XLR : 93x146 the full scale housing and 
16x16 and 18x18 : 54x162 concludes that their filling with 
17x17andt 15x15 x 12': 54x146 water is acceptable. 
14x14: continuous x129(width.) 

2 lateral outriggers 1 central support leg No impact on safety related 
components 

The assembly occupies the For assemblies 14x14, an Differential slippage of rods 
whole cavity adaptable length wedge must covered in report 

be placed on the bottom side TFJN/DC/1671 - Appendix 12 

Frame handing lug welded on Handing lug inserted in rib and No impact on safety related 
top rid welded components 

Door plates connection weld: . Overlapping of plates as 20 kg weight increase 
edge-to-edge angle weld reinforcement to doors at this accounted for in safety 

level margins used for specimens 
and calculations 

Shell E 36 thickness 3 mm Packaging 501 a 515: shell Report TFXlDC/21 04 
thickness2.4 mm 

Blocking of swivelling pin by Beta locking pin for16x16 and No impact on safety related 
Mecanindus locking pin 18x18 designs components 

End supports for assembly 16x16 eand18x18 - different top No impact on safety related 
17x17 and bottom supports components 

No spring-loaded ejector on 4 spring:loaded ejectors M8 to No impact on safety related 
connecting pins between hold swivelling hinges in open components 
doors and bottom plates position 

Grid and head clamping Change of material to improve No impact on safety related 
system - stainless steel 22 long-term performance components 
pads and 26 screws 

Closure of doors by 10 Closure of doors by 9 locking Report TFXlDC/21 04 
locking pins pins for 16x16 and 18x18 

Ball locking pin for door Ball locking pin length 60 mm A length allowance (40 mm) 
closure length 100 mm beyond the ball had been 

provided to prevent large 
frame bowing from causing 
the pins to drop out; tests 
showed that 60 mm lock pins 
are sufficient to hold doors in 
place. 

TF018 Rev. 1 



A N- TFX DC 2159 EQ

FRAMATOME ANP REV. D PAGE 58179

The regulatory test was run in September 1998 on an FCC4 package design. The test report in
Appendix 11 describes the configurations and results of these mechanical tests, whose main results
are discussed below.

5.5.3.1.1 Drops on bar

The FCC4 packaging loaded with depleted uranium and a test weight underwent two successive drops
from a height of 1 m onto a solid vertical steel bar of circular section 15 cm in diameter and 1.2 m in
length.

For the first drop, as indicated in Figure 5.5.3.1.1a, the packaging axis made an angle of 00 with
horizontal and the angle between the mating surface of the shells and vertical was 290 in order to
impact one of the locking devices of the door containing the assembly.

Perforation of the upper enclosure 150 mm in width and 200 mm in height was observed on the top
side.

•- Through the openings in the shell, the main observations were as follows:

* Depression on the door plate, but no tearing,
Co
oU) The lock pins of the doors closest to the doors were intact.
C" The neutronic cavity remained undamaged.

-• For the second drop, as shown in Figure 5.5.3.1.1b, the packaging axis made an angle of 150 with
o horizontal and the angle between the mating surface of the shells and vertical was 490 in order to

impact the top side of the door containing the assembly.

LL On the other side of the upper shell, the second drop caused a perforation of 450 mm in height onCo an opening 335 mm by 150 mm.

: Through the openings in the shell, the following were observed:

a,- 9 Depression on the upper door plate over a zone of 500 mm,
Z
< * Tearing of the door upper plate along two axes,LU
2• a The cradle-frame connection damaged but still in place.0

2• This combination of the two drops on bar at the same point of impact represents a very severe test for
g• the packaging. Expert assessment of the assembly after opening up the container did not reveal any
U_ rod rupture, but did show settling of the array and permanent deformation of the assembly between

grids 5 and 6 to a depth of 12 mm. The presence of resin between the two walls dampened the shock
and spread the load transmitted by the bar to the whole door width.

5.5.3.1.2 9 m drop

After these two drops, the package was dropped from a height of 9 m (Figure 5.5.3.1.2). The
configuration selected was a flat drop with a longitudinal incidence 15.20 and an azimuthal angle of
1800 (upper enclosure directed towards the target).

After turning the packaging over, it could be seen that:

* the container was no longer cylindrical at the two ends,

* all the bolts joining the 2 half-shells were still in place.
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The regulatory test was run in September 1998 on an FCC4 package design. The test report in 
Appendix 11 describes the configurations and results of these mechanical tests, whose main results 
are discussed below. 

5.5.3.1.1 Drops on bar 

The FCC4 packaging loaded with depleted uranium and a test weight underwent two successive drops 
from a height of 1 m onto a solid vertical steel bar of circular section 15 cm in diameter and 1.2 m in 
length. 

For the first drop, as indicated in Figure 5.5.3.1.1 a, the packaging axis made an angle of 0° with 
horizontal and the angle between the mating surfaCe of the shells and vertical was 29° in order to 
impact one of the locking devices of the door containing the assembly. 

Perforation of the upper enclosure 150 mm in width and 200 mm in height was observed on the top 
side. 

Through the openings in the shell, the main observations were as follows: 

• Depression on the door plate, but no tearing, 

• The lock pins of the doors closest to the doors were intact. 

The neutronic cavity remained undamaged. 

For the second drop, as shown in Figure 5.5.3.1.1 b, the packaging axis made an angle of 15° with 
horizontal and the angle between the mating surface of the shells and vertical was 490 in order to 
impact the top side of the door containing the assembly. 

On the other side of the upper shell, the second drop caused a perforation of 450 mm in height on 
an opening 335 mm by 150 mm. 

Through the openings in the shell, the following were observed: 

• Depression on the upper door plate over a zone of 500 mm, 

• Tearing of the door upper plate along two axes, 

• The cradle-frame connection damaged but still in place. 

This combination of the two drops on bar at the same point of impact represents a very severe test for 
the packaging. Expert assessment of th~ assembly after opening up the container did not reveal any 
rod rupture, but did show settling of the array and permanent deformation of the assembly between 
grids 5 and 6 to a depth of 12 mm. The presence of resin between the two walls dampened the shock 
and spread the load transmitted by the bar to the whole door width. 

5.5.3.1.2 9 m drop 

After these two drops, the package was dropped from a height of 9 m (Figure 5.5.3.1.2). The 
configuration selected was a flat drop with a longitudinal incidence 15.2° and an azimuthal angle of 
1800 (upper enclosure directed towards the target). 

After turning the packaging over, it could be seen that: 

• the container was no longer cylindrical at the two ends, 

• all the bolts joining the 2 half-shells were still in place. 
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Expert assessment of the packaging yielded the following results:

0 Indentation of the upper shell,

0 The shock absorbers were undamaged and in place,

* The support frame and cradle were completely pulled apart, but the internal equipment system still
supported the neutronic cavity,

0 30 mm bowing of the frame-door assembly with respect to the horizontal plane, no vertical bowing,

* Depression on the upper face of both doors was observable on the top side. This 19 mm
depression corresponds to the impact of the stffening angle bar of the higher-rigidity upper shell. In
this zone, cracking of the weld of the connection between the upper and lower plates could be
observed on the door containing the test weight.

5.5.3.1.3 Conclusion from the mechanical tests

The condition of the FCC4 packaging on completion of these three drops was as follows:

" The two shells were still connected,

" The shock absorbers were still in place and undamaged,

* The relative positions and spacing of the assemblies within the packaging were unchanged,

" No rod failure was observed on completion of these mechanical tests,

* The two successive drop on bar tests at the same point of impact caused perforation of the
enclosure and tears in the doors, but the door bolts stood up very well to the shocks imposed by
these two drops and continue to fulfil their restraining function,

" The internal equipment system continued to ensure a nuclear safe configuration and ensured the
housing geometry was preserved,

" The section of the cavity was reduced overall and the locally observed maximum values nowhere
exceeded the values of the criticality studies,

" The resin thickness and characteristics were unchanged.

The presence of a rod channel in place of a fuel assembly makes no visible.change to the behaviour
for two reasons:

- the weight of the loaded channel is, at most, equal to that of the assembly,
- The rigidity of a door is higher than that of a channel.

The second point is demonstrated by comparing the rigidity of one of the components in the cavity with
that of the channel.

The channel is made of a U -shaped sheet 5 mm thick reinforced with two square tubes 15xl5xl.5.
The channel bending inertia is lower than 107 mm 4.

For comparison purposes, the bending inertia of the frame alone is 116x10 6 mm 4 The calculation
considers neither the resin within the frame nor the presence of other components such as doors which
will provide some structural rigidity and displace the neutral fibre close to the channel neutral fibre.

It is shown that the replacement of a fuel assembly by a rod channel does not modify the neutron
cavity behaviour whatsoever.
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Expert assessment of the packaging yielded the following results: 

• Indentation of the upper shell, 

• The shock absorbers were undamaged and in place, 

• The support frame and cradle were completely pulled apart, but the internal equipment system still 
supported the neutronic cavity, 

• 30 mm bowing of the frame-door assembly with respect to the horizontal plane, no vertical bowing, 

• Depression on the· upper face of both doors was observable on the top side. This 19 mm 
depression corresponds to the impact of the stiffening angle bar of the higher-rigidity upper shell. In 
this zone, cracking of the weld of the connection between the upper and lower plates could be 
observed on the door containing the test weight. 

5.5.3.1.3 Conclusion from the mechanical tests 

The condition of the FCC4 packaging on completion of these three drops was as follOWS: 

• The two shells were still connected, 

• The shock absorbers were still in place and undamaged, 

• The relative positions and spacing of the assemblies within the packaging were unchanged, 

• No rod failure was observed on completion of these mechanical tests, 

• The two successive drop on bar tests at the same point of impact caused perforation of the 
enclosure and tears in the doors, but the door bolts stood up very well to the shocks imposed by 
these two drops and continue to fulfil their restraining function, 

• The internal equipment system continued to ensure a nuclear safe configuration and ensured the 
housing geometry was preserved, 

• The section of the cavity was reduced overall and the locally observed maximum values nowhere 
exceeded the values of the criticality studies, 

• The resin thickness and characteristics were unchanged. 

The presence of a rod channel in place of a fuel assembly makes no visible .change to the ,behaviour 
for two reasons: 

- the weight of the loaded channel is, at most, equal to that of the assembly, 
- The rigidity of a door is higher than that of a channel. 

The second point is demonstrated by comparing the rigidity of one of the components in the cavity with 
that of the channel. 

The channel is made of a U -shaped sheet 5 mm thick reinforced with two square tubes 15x15x1.S. 
The channel bending inertia is lower than 107 mm4. 

For comparison purposes, the bending inertia of the frame alone is 116x106 mm4
. The calculation 

considers neither the resin within the frame nor the presence of other components such as doors which 
will provide some structural rigidity and displace the neutral fibre close to the channel neutral fibre. 

It is shown that the replacement of a fuel assembly by a rod channel does not modify the neutron 
cavity behaviour Whatsoever. 
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The combination of the tests for normal transport conditions and the mechanical tests corresponding to
accident transport conditions therefore causes modifications in the package geometry and in the
position of its content inside the enclosure. These modifications are compatible with the hypotheses
taken in the criticality studies (refer to § 5.4 and Appendix 12).

5.5.3.2Article 728: Thermal test

The thermal performance of the packaging is evaluated by calculation (Appendix 14).

On completion of the fire test phase, the assessment of the thermo mechanical behaviour of the fuel
rods shows that in the grid-to-grid section, no rod seems liable to a cladding failure. In the void volume,
temperatures are higher, and two rods are susceptible to cladding failure.

However, a possible cladding failure in a void volume would not occur opposite the pellet stack.
Furthermore, it would lead to a release of the internal pressure, therefore reducing even more the risk
of pellets being ejected.

Lastly, fuel pellets ejection tests [11] show that even in the grid-to-grid section, cladding failures do not
U) lead to the ejection of fuel pellets. Cladding failure is ductile and therefore very localized.

U)
All the above confirm that there is no risk of fuel pellet ejection.

€- Remark: among the zirconium alloy grades available, the most conservative case is that of claddings
") made from Zr4. Therefore these conclusions may be considered as applicable to any zirconium alloy

with burst strength characteristics higher than those of Zr4 (presented in Appendix 14).

In conclusion, when reviewing the consequences of the failure of two rods on the overall reactivity of a
-® package in accident transport conditions, we can confirm that:
z - The two rods at risk are positioned side by side in the upper corner of the neutron cavity. The
a assumed ejection of their pellets content does not improve the moderation of the whole

z assembly.
< - Considering from a very conservative aspect the increased moderation ratio of the whole
2assembly corresponding to the ejection of the fuel pellets from 2 rods, the resulting reactivity
0Ovariation will not have any significant impact on the package safety (Appendix 12)

On completion of the thermal test, the results show no criticality risk for the package.
Li.

5.5.3.3 Article 729: Water immersion test

The water tightness criterion is not applicable to the FCC3 packaging, as the model used for the
criticality studies takes into account the presence of water around the assembly.

Water tightness is also provided by the containment system formed by the fuel rod cladding and the
welded end plugs. The pressure on the internal equipment system could under no circumstances inflict
damage on the rods, in comparison with the effects of the two drops on bar.

This test is therefore not applicable for the FCC3 packaging.
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The combination of the tests for normal transport conditions and the mechanical tests corresponding to 
accident transport conditions therefore causes modifications in the package geometry and in the 
position of its content inside the enclosure. These modifications are compatible with the hypotheses 
taken in the criticality studies (refer to § 5.4 and Appendix 12). 

5.5.3.2Article 728: Thermal test 

The thermal performance of the packaging is evaluated by calculation (Appendix 14). 

On completion of the fire test phase, the assessment of the thermo mechanical behaviour of the fuel 
rods shows that in the grid-to-grid section, no rod seems liable to a cladding failure. In the void volume, 
temperatures are higher, and two rods are susceptible to cladding failure. 

However, a possible cladding failure in a void volume would not occur opposite the pellet stack. 
Furthermore, it would lead to a release of the internal pressure, therefore reducing even more the risk 
of pellets being ejected. 

Lastly, fuel pellets ejection tests [11J show that even in the grid-to-grid section, cladding failures do not 
lead to the ejection of fuel pellets. Cladding failure is ductile and therefore very localized. 

All the above confirm that there is no risk of fuel pellet ejection . 

Remark: among the zirconium alloy grades available, the most conservative case is that of claddings 
made from Zr4. Therefore these conclusions may be considered as applicable to any zirconium alloy 
with burst strength characteristics higher than those of Zr4 (presented in Appendix 14). 

In conclusion, when reviewing the consequences of the failure of two rods on the overall reactivity of a 
package in accident transport conditions, we can confirm that: 

- The two rods at risk are positioned side by side in the upper corner of the neutron cavity. The 
assumed eje91ion of their pellets content does not improve the moderation of the whole 
assembly. 

- Considering from a very conservative aspect the increased moderation ratio of the whole 
assembly corresponding to the ejection of the fuel pellets from 2 rods, the resulting reactivity 
variation will not have any significant impact on the package safety (Appendix 12) 

On completion of the thermal test, the results show no criticality risk for the package. 

5.5.3.3 Article 729: Water immersion test 

The water tightness criterion is not applicable to the FCC3 packaging, as the model used for the 
criticality studies takes into account the presence of water around the assembly. 

Water tightness is also provided by the containment system formed by the fuel rod cladding and the 
welded end plugs. The pressure on the internal equipment system could under no circumstances inflict 
damage on the rods, in comparison with the effects of the two drops on bar. 

This test is therefore not applicable for the FCC3 packaging. 
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5.5.4 Water leakage test for packages containing fissile materials

This test relates to articles 731 to 733.

Judging by the results of § 5.5.3, the water tightness of the enclosure will be affected by the tests
simulating accidents during transportation. Water inleakage during immersion is therefore expected.
The presence of water will therefore be considered for the criticality study of § 5.4 and Appendix 12.

In accordance with article 631 of the Regulation, the FCC3 packaging will be excepted from this test as
the in-leakage or out-leakage causing the largest reactivity is assumed for criticality evaluation
purposes.

5.5.5 Conclusions of the regulatory tests

The tests for accident transport conditions led to modifications in package geometry. These
.2 modifications are easily covered by the hypotheses taken into account in the criticality studies (see §

5.4 and Appendix 12).
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5.5.4 Water leakage test for packages containing fissile materials 

This test relates to articles 731 to 733. 

Judging by the results of § 5.5.3, the water tightness of the enclosure will be affected by the tests 
simulating accidents during transportation. Water inleakage during immersion is therefore expected. 
The presence of water will therefore be considered for the criticality study of § 5.4 and Appendix 12. 

In accordance with article 631 of the Regulation, the FCC3 packaging will be excepted from this test as 
the in-leakage or out-leakage causing the largest reactivity is. assumed for criticality evaluation 
purposes. 

5.5.5 Conclusions of the regulatory tests 

The tests for accident transport conditions led to modifications in package geometry. These 
modifications are easily covered by the hypotheses taken into account in the criticality studies (see § 
5.4 and Appendix 12) . 
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Figure 5.5.3.1.la
Drop test - Accident conditions of transport - Drop on bar N°I
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Figure 5.5.3.1.1 a 
Drop test - Accident conditions of transport - Drop on bar N°1 
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Figure 5.5.3.1. b
Drop test - Accident conditions of transport - Drop on bar N02
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Figure S.S.3.1.1b 
Drop test - Accident conditions of transport - Drop on bar N°2 
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Figure 5.5.3.1.2
Drop test - Accident transport conditions -9 m flat drop
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Figure 5.5.3.1.2 
Drop test - Accident transport conditions· Sm flat drop 
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6. ANALYSIS OF THE COMPONENTS IMPORTANT FOR SAFETY

The Components Important for Safety (CIS) for the FCC3 packaging are as follows:

" The top and bottom plate connection with the frame-door assembly,
" The links between the doors and the frame,
* The doors,
" The support frame,
" The resin,
* The axial shock absorbers,
* The half shell connector bolts.

The analysis in Tables 6.1 and 6.2 shows that all the Components Important for Safety continue to fulfil
,_ their functions after the three drops (two drops on bar and one 9 m flat drop). Table 6.1 describes the

main failure modes of the CIS, prior to the regulatory tests, and their effects on the assembly and
O5 package. Table 6.2 draws a parallel between the package condition on completion of the regulatory
_ ~ tests and the hypotheses taken into account in the criticality studies for the CIS.
CU

The frame-door assembly sustained degradation during the mechanical tests, but the successive drops
CU led overall to shrinking of the cavity, which is a favourable factor for criticality. The door tears are the
C
-.0 result of the combination of the two drops on bar, which targeted the same impact point on the door

containing the assembly. However, the resin thickness was unaffected and the neutronic protection
function was still fulfilled.

" On completion of these mechanical tests, no fuel rods were broken, the confinements formed by the
rod claddings and the top end plugs were undamaged and continued to fulfil their confinement function.

= Likewise, the internal equipment system, despite the impacts of the drops, still afforded protection to
z the assemblies as all the door/frame/top and bottom plate connections remained intact during the
r_ drops.
z
w These initial results show that the drop configurations chosen in the document "Choice of drop
M configurations" - TFXE/DC/2104 in Appendix 11 proved highly conservative for the FCC4 packaging,0 but the latter performed very well mechanically, validating the hypotheses in the criticality studies. This
M• overall analysis is applicable to the FCC3 packaging.
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6. ANALYSIS OF THE COMPONENTS IMPORTANT FOR SAFETY 

The Components Important for Safety (CIS) for the FCC3 packaging are as follows: 

• The top and bottom plate connection with the frame-door assembly, 
• The links between the doors and the frame, 
• The doors, 
• The support frame, 
• The resin, 
• The axial shock absorbers, 
• The half shell connector bolts. 

The analysis in Tables 6.1 and 6.2 shows that all the Components Important for Safety continue to fulfil 
their functions after the three drops (two drops on bar and one 9 m flat drop). Table 6.1 describes the 
main failure modes of the CIS, prior to the regulatory tests, and their effects on the assembly and 
package. Table 6.2 draws a parallel between the package condition on completion of the regulatory 
tests and the hypotheses taken into account in the criticality studies for the CIS. 

The frame-door assembly sustained degradation during the mechanical tests, but the successive drops 
led overall to shrinking of the cavity, which is a favourable factor for criticality. The door tears are the 
result of the combination of the two drops on bar, which targeted the same impact point on the door 
containing the assembly. However, the resin thickness was unaffected and the neutronic protection 
function was still fulfilled. 

On completion of these mechanical tests, no fuel rods were broken, the confinements formed by the 
rod claddings and the top end plugs were undamaged and continued to fulfil their confinement function. 
Likewise, the internal equipment system, despite the impacts of the drops, still afforded protection to 
the assemblies as all the door/frame/top and bottom plate connections remained intact during the 
drops. 

These initial results show that the drop configurations chosen in the document "Choice of drop 
configurations" - TFXE/DC/2104 in Appendix 11 proved highly conservative for the FCC4 packaging, 
but the latter performed very well mechanically, validating the hypotheses in the criticality studies. This 
overall analysis is applicable to the FCC3 packaging. 
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Table 6.1
General analysis of the functions important for safety
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Connection between the * mechanically protect the assembly * rupture of the plate * axial deformation of the a none
top and bottom plates axially fasteners assembly

*n h rm n or maintain housing geometry * assembly slipping in the
container

Connection between the * maintain housing geometry * rupture of the connections • risk of assembly damage * doors wide-open
doors and frame

* limIt temperature nise in the cavity * rAsk of temperature rise in
the cavity

Doors and frame * contain the resin * door teaning • lateral deformation of the • loss of resin
• maintain housing geometry * door deformation assembly * deformation of housing

* mechanically protect the assembly * frame deformation * s fro utregoer
laterally * risk of temperature rise in

• limit temperature rise in the cavity the cavity

Resin • ensure loss of neutronic * resin degradation * risk of assembly damage * damage of the neutron-
interaction • hikesrdconabsorbing shield* thicknessmprareductioni

*limit temperature rise in the cavity • loss of resin th r aisoftemeaueyiei

Bolted connection * provide connection between the * shearing of some * risk of assembly damage * pulling apart of the shock
between half-shells upper and lower shells connecting bolts absorbers

* hold the shock absorbers in place_______________ _____________

Axial energy absorbers * dampen the loads applied to the * loss of shock absorber * axial deformation of the * crushing of the shell and
assembly during axial shocks characteristics assembly door-frame assembly

* slipping of the shock
absorbers

Lower and upper half * Dampen loads applied to content • Tearing * risk of assembly damage • modification of package
shells during regulatory drops. * Bowing array geometry

* Spacing of fissile materials in array • deformation of housing
of packages geometry
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~ General analysis of the functions important for safety 0 
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Connection between the • mechanically protect the assembly • rupture of the plate • axial deformation of the • none 
top and bottom plates axially fasteners assembly 
and the frame and doors 

• maintain housing geometry • assembly slipping in the 
container 

Connection between the • maintain housing geometry • rupture of the connections • risk of assembly damage • doors wide-open 
doors and frame 

• limit temperature rise in the cavity • risk oftemperature rise in 
the 

Doors and frame • contain the resin • door tearing • lateral deformation of the • loss of resin 

• maintain housing geometry • door deformation 
assembly • deformation of housing 

frame deformation • risk of rod rupture geometry • mechanically protect the assembly • 
laterally • risk of temperature nse in 

• limit temperature rise in the cavity 
the cavity 

Resin • ensure loss of neutronic • resin degradation • risk of assembly damage • damage of the neutron-
interaction 

thickness reduction 
absorbing shield • 

• limit temperature rise in the cavity 
loss of resin • risk of temperature rise in • the cavity 

:;0 2:i 
Bolted connection • provide connection between the • shearing of some • risk of assembly damage • pulling apart of the shock ct>-
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between half-shelis upper and lower shells connecting bolts absorbers 0 

hold the shock absorbers in place 
--I • "'T1 

Axial energy absorbers loss of shock absorber axial deformation of the crushing of the shell and 
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• dampen the loads applied to the • • • 
assembly during axial shocks characteristics assembly door-frame assembly 
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• G) N 

absorbers m ...... 
(l) 01 

Lower and upper half • Dampen loads applied to content • Tearing • risk of assembly damage • modification of package (l) (0 

shells during regulatory drops. array geometry ~ m Bowing 
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• Spacing offissile materials in array • deformation of housing 
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Table 6.2: Analysis of components important for safety during regulatory tests
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Connection between the top 0 9 m axial drop 0 good performance of the top 9 no change In geometry between normal 0 no risk
and bottom plates and the (justification by calculation) and bottom plate connection and accident conditions for the top and
frame and doors bottom plates

Connection between the 0 Drops on bar 0 5 mm maximum gap between 9 zero-gap model as worst-case 0 no risk more
doors and frame doors and frame configurations are taken Into account conservative criticality

* 9 m flat drop (differentia[ drainage, mist) model

Doors and frame 0 Drops on bar 0 2 door tears (70 mm and 30 0 Accident configuration: a No risk Criticality
mm) due to combination of 2 - parallepiped shell of thickness 100 mm study model more

0 9 m flat drop drops on bar around the cavity, severe because of
- filled with water or empty. expansion* impacts on door

3 Section of cavity at max of construction
• 30 mm bowing of frame value
• Shrlpking of cavity 0 Section of assembly expanded to cavity

* F/A deformation section

0 No rod rupture

Resin * Drops on bar a Constant resin thickness 0 Modification of resin thickness in the * No risk More
(44mm) except at the impact outer surfaces and of its characteristics: conservative criticality

* Thermal test point (42 mm min and 46 mm - 7 mm empty outside model
max) -7 mm without hydrogen

-30 mm where resin intact
• Damaged resin

Bolted connection between 0 Drops on bar 0 one bolt sheared during drop Accident configuration: * No risk
half-shells on bar n0l - parallepiped shell of thickness 100 mm

S9 m fiat drop around the cavity,
0 good performance of the - filled with water or empty.

9 m axial drop connection after the drop
(justification by calculation) tests

Axial energy absorbers 0 9 m axial drop 0 the final calculated thickness * absorber s replaced by void or water * no risk
(justification by calculation) of the absorbers following the conservative criticalityaxial drop is 89 mm * longitudinal gap between shell and cavity model

reduced to minimum remaining thickness

of absorber after axial drop: 80 mm

Upper and lower half shells 0 9-meter axial drop, 0 Perforation of upper shell Accident configuration: • no risk
- parallepiped shell of thickness 100 mm (conservative

* Indentation of shells around the cavity, criticality model)
• Drop on bar - filled with water or empty.
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7. QUALITY ASSURANCE

7.1 General remarks

The design and regulatory qualification of the FCC3 packaging are in accordance with the
FRAMATOME Quality Assurance programme. Through its workmanship, the FCC3 packaging meets
the regulatory requirements as stated in this report.

Likewise, the procurement of the raw materials and components and the manufacturing of the
packaging are performed by companies applying a quality assurance programme, in accordance with
article 310 of regulation [1] and certified ISO 9001.

7.2 Manufacturing inspections

_a 7.2.1 Procurement inspection
C,,

The procurement inspection is conducted by the manufacturer. For each sub-order, a certificate is
issued.

'a
0
O Material certificates or certificates of compliance with the applicable standards (AFNOR or equivalent)

are supplied for metal components, (chemical composition and mechanical properties)
LL

()

z 7.2.2 In-process inspections

Z In-process inspections are systematically conducted by the manufacturer, in accordance with a list
W 'previously approved by FRAMATOME. These inspections centre on the dimensional characteristics
o and workmanship.

2• The welds of load-bearing parts are executed as per processes approved in compliance with the
General Requirements of the AQUAP [4] for the parts recovered from the RCC and with the

" AFNOR NF EN 288 [5] standards for new portions.

These welds are executed by qualified welders in accordance with Standard NFEN 287-1 [6], and are
liquid penetrant examined.

The welds are all identified (Sxx) and shown on the drawings in line with the standardised symbols for
engineering drawings (ISO 2553). They are noted in a welding record in accordance with the above-
mentioned standards guaranteeing the strength levels aimed for and/or taken into account during the
design phase.

7.2.3 End of manufacturing inspections

Visual and dimensional inspections are conducted at end of manufacturing as part of the packaging
acceptance process. Table 7.2.3 lists the design and manufacturing criteria for the Components
Important for Safety referred to in chapter 6.
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7. QUALITY ASSURANCE 

7.1 General remarks 

The design and regulatory qualification of the FCC3 packaging are in accordance with the 
FRAMATOME Quality Assurance programme. Through Its workmanship, the FCC3 packaging meets 
the regulatory requirements as stated in this report. 

Likewise, the procurement of the raw materials and components and the manufacturing of the 
packaging are performed by companies applying a quality assurance programme, in accordance with 
article 310 of regulation [1] and certified ISO 9001. 
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The procurement inspection is conducted by the manufacturer. For each sub-order, a certificate is 
issued. 

Material certificates or certificates of compliance with the applicable standards (AFNOR or equivalent) 
. are supplied for metal components, (chemical composition and mechanical properties) 

7.2.2 In-process inspections 

In-process inspections are systematically conducted by the manufacturer, in accordance with a list 
previously approved by FRAMATOME. These inspections centre on the dimensional characteristics 
and workmanship. 

The welds of load-bearing parts are executed as per processes approved in compliance with the 
General Requirements of the AQUAP [4] for the parts recovered from the RCC and with the 
AFNOR NF EN 288 [5] standards for new portions. 

These welds are executed by qualified welders in accordance with Standard NFEN 287-1 [6], and are 
liquid penetrant examined. 

The welds are all identified (Sxx) and shown on the drawings in line with the standardised symbols for 
engineering drawings (ISO 2553). They are noted in a welding record in accordance with the above­
mentioned standards guaranteeing the strength levels aimed for and/or taken into account during the 
design phase. 

7.2.3 End of manufacturing inspections 

Visual and dimensional inspections are conducted at end of manufacturing as part of the packaging 
acceptance process. Table 7.2.3 lists the design and manufacturing criteria for the Components 
Important for Safety referred to in chapter 6. 

TF 018 Rev. 1 
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Table 7.2.3: Classification of safety - related components

;U>

-Il•>0

Z'aW)

Safety Functions~Safety
0 Functions important Criteria Inspections/checks Inspection criteria
2;: for safety components
0Q

Rib thickness: 14,4 mm mini
* dimensional check of ribs Rbtikes 44nnmn

- connection - mechanical strength of Ligament thickness: 5 mm mini

door/frame intermediate ribs Material report: Re mini: 205 MPa
Rm mini: 490 MPa

- no dimensional check of the upper rib:

- mechanical strength of largely oversized
upper ribaeilreot emii 0 ~

- connection • Upper rib material Material report: Re mini: 205 MPa
Rm mini: 490aMPa

Maintain frame/top plate visual on welds No fault indication
container - mechanical strength of
geometry welds S2 and S 14 • Welds dimensions Apothem: 3 mm for S2

containment 
2 mm for S14

• no dimensional check on bottom rib:

- mechanical strength of largely oversized

connection b bottom rib material Material report: Re mini: 205 MPa

frame/bottom Rm mini: 490 MPa

plate • visual on welds No fault indication
- mechanical strength of

SI and S13 welds -Welds dimensions Apothem: 3 mm for S12 mm for S13

M Plates material Material report: Re mini: 205 MPa
Mechanical - half-cavity (frame - mechanical strength of Rm mini: 490 MPa
protectinlo side) platesprotection o s Plates dimensions Upper plate thickness: 4.6 mm mini

M

-4c.

CD

z

-t
'1
x

0

0C
(0

m
0>
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Table 7.2.3: Classification of safety - related components ~ : 
0 

" 3:: 
1"1'1 

)-
<Il Z -= Safety Functions "'0 41 

= Safety 0 Functions important Criteria Inspections/checks Inspection criteria c.. components e for safety 
0 
U 

• dimensional check of ribs 
Rib thickness: 14,4 mm mini 

- connection - mechanical strength of Ligament thickness: 5 mm mini 

door/frame intermediate ribs Material report: Re mini: 205 MPa 
• rib material Rm mini: 490 MPa 

• no dimensional check of the upper rib: 

- mechanical strength of largely oversized 

upper rib 
• Upper rib material 

Material report: Re mini: 205 MPa 
- connection Rm mini: 490 MPa 

Maintain 
frame/top plate 

• visual on welds No fault indication 
container - mechanical strength of 
geometry welds 82 and 814 • Welds dimensions 

Apothem: 3 mm for 82 
~ 

2 mm for 814 e containment 
~ • no dimensional check on bottom rib: ;... 
~ - mechanical strength of largely oversized 

~ 
- connection 

bottom rib Material report: Re mini: 205 MPa :::0 
• bottom rib material Ql 

frame/bottom Rm mini: 490 MPa :< 

plate 
0 --i • visual on welds No fault indication "'T1 - mechanical strength of 

Apothem: 3 mmfor 81 
X 

81 and 813 welds • Welds dimensions 2mmfor 813 
"'U 0 
» 0 

• Plates material 
Material report: Re mini: 205 MPa Q I\l 

Mechanical Rm mini: 490 MPa 
m ...... 

protection of 
- half-cavity (frame - mechanical strength of 

0> <J1 
side) plates <0 <.0 

assembly • Plates dimensions Upper plate thickness: 4.6 mm mini ~ 
<0 m 

0 

\ 
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0

0

Safety
]Wl1nefinng

Functions
important
for safety

-n
;0

_U

Safety
components

Criteria Inspection/checks Inspection criteria

E
Thermal

protection
and sub-

criticality

contain the
resin

" plate material Material report: Re mini: 205 MPa
Ran mini: 490 MPa

Thickness
* Plates dimensions Upper plate: 4.6 mm mini

_lower plate: 2.6 mm mini

" visual of S3, S5, S9 and SlO welds No fault indication

- adequate resin
containment
volume - mechanical strength of

S3, S5, S9 and S10
welds - weld passivation check No ferritic elements

- resin thickness - Intermediate ribs dimensions Height of rib fins: 43.8 mini
Rib core width: 66 mini

XD

CD

5

0)
rn
-4

n

x
0

0

(0
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<Ii 0 - ~ = ; Q,I Functions 111 = Safety Safety = important Criteria Inspection/checks Inspection criteria » .; 

Q" Functions e for safety components Z 
= "U 
U 

• plate material 
Material report: Re mini: 205 MPa 

- mechanical strength of 
Rm mini: 490 MPa 

plates Thickness 

Thermal • Plates dimensions Upper plate: 4.6 mm mini 
Q,l - adequate resin 8 protection contain the lower plate: 2.6 mm mini 
t': and sub- resin 

containment 
- mechanical strength of • visual ofS3, S5, S9 and SIO welds No fault indication :.. volume 

~ criticality S3, S5, S9 and SlO 
welds • weld passivation check No ferritic elements 

- resin thickness • Intermediate ribs dimensions 
Height of rib fins: 43.8 mini 
Rib core width: 66 mini 

;, 
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SFunctions
Safety Safety

important components Criteria Inspections/checks Inspection criteriafunctions for safety cmoet

-Rib dimensions Rib thickness: 24.2 mm mini
Door/frame - Mechanical strength of Ligament thickness: 5 mm mini

connection intermediate ribs Material report: Re mini: 205 MPa
Rm mini: 490 MPa

- no dimensional check on the upper rib:

- Mechanical strength of largely oversized.

- Door/upper plate upper rib * Upper rib material Material report: Re mini: 205 MPa

Maintain connection Rm mini: 490 MPa
container - Mechanical strength of - Visual of S3 weld No fault indication

Containment geometry S3 weld - S3 weld dimensions Apothem: 2 mm

- No dimensional check of bottom rib:

-Mechanical strength of largely oversized
$" bottom rib Materiat Ro mini: r0i MPa
O - Door/bottom plate Botmrb aeilMaterial report: Re mini: 205 MPa
0 connection Rm mini: 490 MPa

- Mechanical strength of , Visual of S5 weld No fault indication

S5 weld - S5 weld dimensions Apothem: 2 mm

Mechanical - Half cavitMechanical echanical strength of "Plate material Material report: Re mini: 205 MPa

protection of Rm mini: 490 MPaaseby side) plates
assembly s Plate dimensions Plate thickness: 2.6 mm mini

- Mechanical strength of " Plate material Material report: Re mini: 205 MPa
Rm mini: 490 MPaThermal plates

proei Resin A Plates dimensions Plate thickness: 2.6 mm miniprotection Resin -Adequate resin

and sub- containment volumes - Mechanical strength of - Visual check No fault indication
criticality S1, S2, S9, S12 et S13

welds • weld passivation check No ferritic elements

- adequate geometry • Intermediate rib dimensions Rib fin width: 43.6 mm
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rIl ~ -= 0 
~ Functions = Safety Safety 3: 
c important Criteria Inspections/checks Inspection criteria ITI c. functions components 5 for safety ~ 
0 Z 
U " 

• Rib dimensions 
Rib thickness: 24.2mmmini 

- Door/frame - Mechanical strength of Ligament thickness: 5 rom mini 

connection intennediate ribs Material report: Re mini: 205 MFa 
• Rib material Rm mini: 490 MFa 

• no dimensional check on the upper rib: 

- Mechanical strength of largely oversized. 

- Door/upper plate 
upper rib 

• Upper rib material 
Material report: Re mini: 205 MFa 

Maintain connection 
Rm mini: 490 MPa 

container 
- Mechanical strength of • Visual of S3 weld No fault indication 

Containment 
geometry 

S3 weld • S3 weld cliffiensions Apothem: 2 rom 

• No dimensional check of bottom rib: 

-Mechanical strength of largely oversized 

M - Doorlbottom plate 
bottom rib 

• Bottom rib material 
Material report: Re mini: 205 MPa 

0 Rm mini: 490 MFa 0 connection 
0 • Visual ofS5 weld No fault indication - Mechanical strength of 

S5 weld • S5 weld dimensions Apothem: 2 rom 

Mechanical • Plate material 
Material report: Re mini: 205 MFa 2,; 

- Half cavity (door - Mechanical strength of Rm mini: 490 MFa ;;0 ~" 

protection of CD 

assembly 
side) plates ~ 

• Plate dimensions Plate thickness: 2.6 rom mini 0 -i 
Material report: Re mini: 205 MFa 

'"T1 

• Plate material X 
- Mechanical strength of Rm mini: 490 MFa 

Thennal plates 
~ 

0 
protection Resin - Adequate resin 

• Plates dimensions Plate thickness: 2.6 rom niini 0 
G) 

'" and sub- containment volumes - Mechanical strength of • Visual check No fault indication m .... 
criticality SI, S2, S9, S12 et S13 (11 

• weld passivation check No ferritic elements :t CO 
welds ~ 

<D m 
- adequate geometry • Intennediate rib dimensions Rib fin width: 43.6 rom 0 

~ 
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SFunctionsfuti Safety
fimportant cmoets Criteria Inspections/ checks Inspection criteria~~~~for safety copn ts

- Door/frame
connection Double shear strength:

22000 daN (o16)
- Frame/upper plate 28000 daN (o18)

Containment Maintain connection - Mechanical strength of * P material
container Pnmtra
geometry - Door/upper plate pins Resilience KV at -40C> 28 J/cm2

connection
- Door/bottom plate

connection Tensile strength Rm = 1200 MPa

- Hinge pin dimensions Min diameter hinge pin: 17.95 mm

- Door / frame - Mechanical strength of Material report: Re mini: 700 MPa
connection hinge pins • Hinge pin materials Rm mini: 900 MPa

Resilience KV at -40'C > 28 3/cm2

- Hinge pin dimensions Min diameter hinge pin: 16,00 mm
* ' Containment MaintainMaeilrpt:Rmn:70Ma

container - Door / tenon - Mechanical strength Material report: Re mini: 700 MPae0connection - hinge pins Rm mini: 900 MPa
geometry c Hinge pin materials

Resilience KV at -40'C > 28 J/cm2

- Hinge pin dimensions Min diameter hinge pin: 16.00 mm

- Frame / upper - Mechanical strength of Material report: Re mini: 700 MPa
plate connection hinge pins * Hinge pin materials Rm mini: 900 MPa

Resilience KV at -40°C > 28 3/cm2

Maintain Dmnin 2C a n ntain - Frame/bottom - Mechanical strength of Dimension: M20o Containment container Tearing strength
_ _ plate connection screws Pm mini: 800 MPageometry

- Frame/upper plate T nsTenon thickness: 33 mm mini
Maintain connection - Mehical streng of Ligament thickness: 5 mm mini

Containment container
geometry - - Frame/bottom tenons Material report: Re mini: 205 MPa

• Tenons material Re mini: 20 MPaplate connection Rm mini: 490 MPa

-U
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= Functions 0 , 
Q,l 

= Safety Safety 3: 
; 

e important Criteria Inspections! checks Inspection criteria· ", 
, 

$:l. functions components. :t' 8 for safety » 
0 z U 1J 

- Door/frame 
connection Double shear strength: 

- Frame/upper plate 
22000 daN (016) 

Maintain 
28000 daN (018) 

CI) 
Containment connection - Mechanical strength of s:: container • Pin material ...... 

pins P-4 geometry - Door/upper plate 
Resilience KV at -40°C > 28 J/cm2 

connection 

- Doorlbottom plate 
Tensile streIigth Rm = 1200 MPa 

connection 

• Hinge pin dimensions Min diameter hinge pin: 17.95 mm 

- Door / frame - Mechanical strength of Material report: Re mini: 700 MPa 
connection hinge pins • Hinge pinrilaterials Rm mini: 900 MPa 

Resilience KV at -40°C > 28 J/cm2 
, 

CI) '. 

s:: • Hinge pin dimensions Min diameter hinge pin: 16,00 mm .- Maintain 0.. Containment - Door I tenon - Mechanical strength Material report: Re mini: 700 MPa Il) container 
0.0 

geometry 
connection . hinge pins • Hinge pin materials Rm mini: 900 MPa s:: ...... 

Resilience KV at -40°C > 28 J/cm2 ::r:: 
~ 

• Hinge pin dimensions Min diameter hinge pin: 16.00 mm ::0 

~ 
- Frame / upper - Mechanical strength of Material report: Re mini: 700 MPa 0 

~ plate connection hinge pins • Hinge pin materials Rm mini: 900 MPa 

" Resilience KV at -40°C > 28 J/cm2 >< 
Maintain ~ 

0 
I-< 

~ - Framelbottom - Mechanical strength of Dimension: M20 0 u Containment container • Tearing strength G> CZl plate connection screws Rmmini: 800MPa m N 
geometry ->. 

0'1 ., -..j 
<0 - Frame/upper plate ,- Tenon thickness: 33 mm mini N 

CI) • Tenons dimensions ::::, s:: Maintain connection - Mechanical strength of Ligament thickness: 5 mm mini <0 m 
0 Containment container 0 s:: 
Il) geometry - - Framelbottom tenons Material report: Re mini: 205 MPa 

Eo-< plate connection • Tenons material Rm mini: 490 MPa 
, 
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0Functions

o Safety Safetyf important Criteria Inspections / checks Inspection criteria• " functions components

for safety

- Plate material Material report: Re mini: 205 MPa
Rm mini: 490 MPa

' Plate dimensions Plate thickness: 29.2 mm mini.
Coti Mechanical - Cavity closure - Mechanical strength of Minimum thickness;-4 Containment protection of

plate plate 6.16 nun mini
assembly

* Material ligament dimensions 5.46 mm mini

8.12 mm mini
5.16 mm mini

- Plate material Material report: Re mini: 205 MPa
RPn mini: 490 MPa

o Cotainent Mechanicalpectiniof - Cavity closure - Mechanical strength of * Plate dimensions Plate thickness: 29.2 mm mini.:: dContainment protection of
0P1aseby plate plate

assembly p Dimensions under spot facing Material thickness: 13.7 mm mini.

- Material ligament dimensions Thickness: 6,16 mm mini.

;a

n >
z

Frame / door (hinge side) gap Max. gap: 5 mm

Thermal
protection

Limitation of
temperature

rise in
container

- Compliance with max
gap

" Frame/door (locking side) gap Max. gap: 5 mm

" Bottom plate/door (lower side) gap Max. gap: 5 mm- Doors/frame gap

rJn

0

0

- Upper plate/ door (upper side) gap Max. gap: 5 mm

Mechanical strength of See above
connections

CD

-.

(0

Per sampled section,
Hm.. x L.. < Smj with

Limitation of .Dimensions of S.,i depending on series:
Sub- neutron internal faces of - Maximum cavity - Per sampled cavity section, measurement - FCC3 Vl and FCC4 VI Sjaj = 2192
criticality cavity ersection of height H and width L. mm 2,

volume frame/doors set - FCC3 V2 S.,j = 2132 mm 2 inbottom
housing of pad
-FCC4V2S,,i=2352'mm2

z

X
-I

Im0
01

C1
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= Functions 0 ~ 

= Safety Safety 3:: 0 important Criteria Inspections I checks Inspection criteria tTl ,. c. functions 8 for safety 
components » :~ 

0 Z 
, 

U "tJ 

• Plate material 
Material report: Re mini: 205 MPa 

Rm mini: 490 MPa 
Il) ..... 

• Plate dimensions Plate thickness: 29.2 mm mini. 
.. 

t'j ...... Mechanical 0.. - Cavity closure - Mechanical strength of Minimum thickness 
I-< Containment protection of 
Il) plate plate 6.16 nun mini 

~ 
assembly 

6.01 nun mini 
• Material ligament dimensions 

5.46 mmmini 
8.12 mmmini 
5.16 mmmini 

• Plate material 
Material report: Re mini: 205 MPa 

S Rm mini: 490 MPa 
Il) Mechanical 0 ..... - Cavity closure - Mechanical strength of • Plate dimensions Plate thickness: 29.2 rom mini. ..... t'j Containment protection of ..... - plate plate Op.. assembly • Dimensions under spot facing Material thickness: 13.7 mmmini. p:) 

" 

• Material ligament dimensions Thickness: 6.16 nun mini. 

Frame / door (hinge side) gap Max. gap: 5 mm 

Limitation of - Compliance with max • Frame/door (locking side) gap Max. gap: 5 mm 
z 

Thermal temperature gap • Bottom plate Idoor (lower side) gap Max. gap: 5 mm 
. 

- Doors/frame gap :;0 '. ..... protection rise in (l) 

Il) ~ 
CI) container • Upper plate! door (upper side) gap Max. gap: 5 mm 0 
CI) -I 
I-< 

- Mechanical strength of "T1 
0 

See above >< .g connections 
Q) 

Per sampled section, j; 0 

~ 
0 

Hmean x L",ean ~ Smaxi with Q N 
I-< Limitation of Smaxi depending on series: 

m ~ 

~ - Dimensions of 01 
Sub- - Maximum cavity - Per sampled cavity section, measurement - FCC3 VI and FCC4 VI Smaxi = 2192 -..j 

(0 neutron <.> 
internal faces of ~ criticality cavity section of height H and width L. rom2 

<0 m 
volume 

frame/doors set - FCC3 V2 SmaxJ = 2132 mm2 inbottom 0 

housing of pad 
- FCC4 V2 Smaxi = 2352 mm2 ~1. 
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SFunctionsSafety Safety
important Criteria Inspection / checks Inspection criteriav. functions copotponSaenty

efor safety

Hydrogen content: %H Ž-4.65
-chearo-acteristics - Batch chemical analysis Boron content: %B 3_2.1

Sub- Neutron Density > 1.6 g/cm3

criticality decoupling * Process qualification Qualification report
- Fill-up of cavity • Controlled injection procedure Injection report

- Injected resin - Chemical composition Aluminium content: %AI = 15,5

Thermal Limitation of (specially aluminium) Them al con tivty % 0.75 ,5

protection temperature rise • Qualified resin injection process

in the cavity - Thermal strength at 160 0C
Heat Capacity Ž_1.45 J/(g.°C) at
1600C
Check report per batch: crush

- Crush resistance * Average measured stress between 0 and resistance
70% crushing 12 MPa (± 2) between -40*C and

0 -Balsa fibre
characteristics - Fibre orientation • Visual check Fibre direction as specified in drawing

S Containment Load damping1%2 -Conainen L Moisture content Moisture content: 10% + 2
~- Moisture

- Weld dye penetrant test No fault indication

- Adequate FCC 3: thickness: 163 mm mini
absorber - Absorbers dimensions • Absorber thickness FCC 4: thickness: 170 mm mini

thickness _FCC 4: thickness: 170 min mini

0K
Ill

z
-U
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C'Il ~ - 0 == ~ Functions 
~ == Safety Safety 

Criteria Inspection / checks Inspection criteria rn Q important c. functions components > 
.~ e for safety 

Z Q 
U 11 

- Neutron-absorbing 
Hydrogen content: %H ~4.65 

• Batch chemical analysis Boron content: %B ~.1 
Sub- Neutron characteristics 

Density> 1.6 glcm3 

criticality decoupling • Process qualification Qualification report 
Q - Fill-up of cavity 

• Controlled injection procedure Injection report .-C/.l - Injected resin 0) - Chemical composition 
Aluminium content: %Al = 15,5 ~ (specially aluminium) 

Thermal Limitation of 
Thermal conductivity ~0.75 W/(m.K) protection temperature rise • Qualified resin injection process 
at 160°C in the cavity - Thermal strength 
Heat Capacity ~1.45 J/(g.0C) at 
160°C 
Check report per batch: crush 

• Average measured stress between 0 and resistance 
"""' 

- Crush resistance 
70% crushing 12 MPa (± 2) between -40°C and 0) 

-e +38°C \> - Balsa fibre 0 
characteristics - Fibre orientation • Visual check Fibre direction as specified in drawing C/.l 

~ Containment Load damping 
• Moisture content Moisture content: 10% ±2 >. 

- Moisture e.o • Weld dye penetrant test No fault indication 0) 

2;i Q - Adequate 
FCC 3: thickness: 163 mm mini ;:0 , (.I.l 

absorber - Absorbers dimensions • Absorber thickness (1) 

FCC 4: thickness: 170 mm mini :-:.: 
thickness 0 -l 
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SFunctionsSafety Safety
functions important components Criteria Inspections/checks Inspection criteria~for safety

Ensure - Flange mechanical Issued for RCC packaging and validated
connection with shell connection strength by FCC packaging drop tests

lower shell
.No visible bowing or cracking on
I Containment Strength of - Lifting boxes and - Mechanical strength of plates and welds following a 15 min.

lifting points welds on boxes lashing points test at nominal load with diagonal
____slinging

Load damping - Shell - mechanical strength - Regulatory drop tests RCC shell

Spacing of
Sub- fissile content - Shell - Shell dimensions • Shell dimensions RCC shell

criticality in array of
packages

Ensure tFlange mechanical Compliance with FCC drop tests RCC shell
connection with - Shell connection

Containment upper shell - No brittle fracture at ° Resilience at - 40'C At -40-C, Kv >40.J/cm 2

_400C

Load damping - Shell - Mechanical strength * Regulatory drop tests RCC shell
C

Spacing of
Sub- fissile content - Shell - Shell dimensions * Shell dimensions RCC shell

criticality in array of
packages
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= Safety Safety I'll c important Criteria Inspections/checks Inspection criteria ~. Q., functions components ~ e for safety Z c "'D U 

Ensure 
- Flange mechanical • Issued for RCC packaging and validated connection with - shell connection - lower shell 

strength by FCC packaging drop tests 
~ 
-= No visible bowing or cracking on 
~ 

'" Containment Strength of - Lifting boxes and - Mechanical strength of 
• Load test with slinging 

plates and welds following a 15 min. 
~ 

lifting points welds on boxes lashing points test at nominal load with diagonal Q., 
c. slinging ;:J 

Load damping - Shell - mechanical strength • Regulatory drop tests RCCshell 

Spacing of 
Sub- fissile content 

- Shell - Shell dimensions • Shell dimensions RCC shell criticality in array of 
packages 

Ensure 
- Flange mechanical 

• Compliance with FCC drop tests RCC shell strength 
, 

connection with - Shell connection - Containment upper shell - No brittle fracture at 
• Resilience at - 40°C At -40°C ,Kv ~O.J/cm2 - -40°C ~ 

-= ~ 
'" RCC shell ~ Load damping - Shell - Mechanical strength • Regulatory drop tests ~ 
~ :;0 

'" C til 
...:l Spacing of ~ 

Sub- fissile content ·0 --I 
criticality in array of 

- Shell - Shell dimensions • Shell dimensions RCC shell 'TI 

packages >< 
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~Functions
f Safety Safety

functions important components Criteria Inspections/checks Inspection criteria
Sfor safety

- respect of required Number check Number for FCC3: 30 bolts
number Number for FCC4: 50 bolts

C
Material report: 42 DC 4 checked

oclass 10.9 for the screwo • Material

"U Ensure shell - Mechanical strength of class 10 for the nut
Containment - Shell connections bolts 120 daN/mm2 for washer

connections
SDimension of the design drawing for-Special bolts dimensions t es eilb l~the special bolt

S- No brittle firacture at Resilience at -40'C At -400C , Kv _35.J/cm2
-40 0C
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M
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= Safety Safety Q important Criteria Inspections/checks Inspection criteria Z Q" functions components 8 for safety "U 
Q 

U 

" 

- respect of required 
• Number check 

Number for FCC3: 30 bolts 
!'l number Number for FCC4: 50 bolts 

-= .Q Material report: 42 DC 4 checked 

= class 10.9 for the screw 0 • Material ',c 
Ensure shell - Mechanical strength of class 10 for the nut y 

Containment - Shell connections 120 daN/mm2 for washer ~ bolts = connections 
= Dimension of the design drawing for 0 • Special bolts dimensions y the special bolt --~ -= - No brittle fracture at rn • Resilience at -40°C At -40°C, Kv ~5.J/cm2 

-40°C 
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8. OPERATION

8.1 Instructions for use

Before beginning to load content into a packaging, the checks in § 4.2.1 and 4.2.2 of this document are
made.
Preparation for Transport operations are performed to enforce the duly validated procedures whose

outline is given in Appendix 15.

During and after these operations, the checks given in § 4.2.3 of this document are made.

C The operating procedures prevent the shipment of packages deviating from the stated criteria.
0)

8.2 Checking and maintenance instructions
ca

When the first of the limits is reached - 5 years or 50 rotationsc*) - the packaging is subjected to the
following checks and maintenance:

* Replacement of all half-shell connecting bolts,

a• Examination of the gripping zones for lifting (search for excess deformation and/or cracks by visual
U_ and liquid penetrant examination),
CU
a)- 0 Check on the working of the safety check valve,
Z

* Check on the tightening of all the bolted connections,

* Check on the wear of the door hinge pins and hinges, of the top and bottom plates and of the framew
2pivots with replacement if necessary,
0

* Check on the frame condition,

" a Check on the presence and good condition of the pin retainers (retaining rings, lock pin, set screw),

* Check on the condition of the ball locking pins and on the efficiency of locking in the yokes,

* Sand-blasting and paint-coating of the outer face of the shells (inner face every 10 years).

( A rotation represents the route taken by the packaging during shipment and delivery of fuel assemblies:
- FGFC plant where assemblies are loaded into packagings
- The site location where assemblies are delivered and unloaded
- FBFC plant where the packaging is returned.
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8. OPERATION 

8.1 Instructions for use 

Before beginning to load content into a packaging, the checks in § 4.2.1 and 4.2.2 of this document are 
made. 

Preparation for Transport operations are performed to enforce the duly validated procedures whose 
outline is given in Appendix 15. 

During and after these operations, the checks given in § 4.2.3 of this document are made. 

The operating procedures prevent the shipment of packages deviating from the stated criteria. 

8.2 Checking and maintenance instructions 

When the first of the limits is reached - 5 years or 50 rotations(") - the packaging is subjected to the 
following checks and maintenance: . 

• Replacement of all half-shell connecting bolts, 

• Examination of the gripping zones for lifting (search for excess deformation and/or cracks by visual 
and liquid penetrant examination), 

• Check on the working of the safety check valve, 

• Check on the tightening of all the bolted connections, 

• Check on the wear of the door hinge pins and hinges, of the top and bottom plates and of the frame 
pivots with replacement if necessary, 

• Check on the frame condition, 

• Check on the presence and good condition of the pin retainers (retaining rings, lock pin, set screw), 

• Check on the condition of the ball locking pins and on the efficiency of locking in the yokes, 

• Sand-blasting and paint-coating of the outer face of the shells (inner face every 10 years). 

(1 A rotation represents the route taken by the packaging during shipment and delivery of fuel assemblies: 

- FGFC plant where assemblies are loaded into packagings 

- The site location where assemblies are delivered and unloaded 

- FBFC plant where the packaging is returned. 
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The shock absorbers are subjected to the following inspections and maintenance:

* Visual check on the good appearance of the shock absorber (no dents, welds) every 5 years,

* Liquid penetrant examination of the shock absorber welds every 10 years.

8.3 Monitoring Operations and Maintenance

Each packaging has an accompanying file with information on:

* The actual use made of the container,

* The unscheduled incidents encountered and/or minor maintenance performed,

- The scheduled maintenance dates (every 5 years and/or 50 rotations),.o_

* The results of the inspections and the parts replaced during scheduled inspections.0
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The shock absorbers are subjected to the following inspections and maintenance: 

• Visual check on the good appearance of the shock absorber (no dents, welds) every 5 years, 

• Liquid penetrant examination of the shock absorber welds every 10 years. 

8.3 Monitoring Operations and Maintenance 

Each packaging has an accompanying file with information on: 

• The actual use made of the container, 

• The unscheduled incidents'encountered and/or minor maintenance performed, 

c:: • The scheduled maintenance dates (every 5 years and/or 50 rotations), 
o 

'(ij 

~ • The results of the inspections and the parts replaced during scheduled inspections. 
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9. CONCLUSION

The FCC3 packaging, as defined in this report, is used to transport fissile radioactive materials (ENU or
REPU) either in the form of assemblies with a nominal length 8, 10 and 12 ft., or in the form of non-
assembled rods with a nominal length 8, 10 and 12 ft. grouped in rod channels.

The internal equipment system of the packaging is tailored to the transported contents and therefore
comes in two versions: version 1 for 17x17 and 15x15 assemblies and the 12 ft rod channels and
version 2 for the 14x14 assemblies with a length of 8 and 10 feet.

For compliance with the regulatory requirements for transport by road, rail and sea, the packaging and
.- its contents (package) meet the demands of the IAEA Regulation (96 edition) which covers each of the
.2_ regulations for the intended conveyances.
CO

A Considering the radioactive materials being shipped, the fissile materials are classified as LSA II
according to [1] for the transportation of ENU and the transportation of REPU. The package is then
defined as a type 2 fissile Industrial Package (IP-2).

ED

. The safety file furnishes the necessary proofs (calculations and tests) to demonstrate the sub-criticality
of the package on completion of the normal and accident transport regulatory tests.

: The design and the regulatory qualification of the FCC3 packaging are performed in accordance with
" FRAMATOME's Quality Assurance programme. The procurement of the raw materials and
( components, and the manufacturing of the packaging, are performed by companies enforcing a quality
0 assurance programme and certified ISO 9001.

IE. The FCC3 packaging meets the requirements of IAEA 1996 regulations on transportation of radioactivezz< materials.
wu
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9. CONCLUSION 

The FCe3 packaging, as defined in this report, is used to transport fissile radioactive materials (ENU or 
REPU) either in the form of assemblies with a nominal length 8, 10 and 12 ft., or in the form of non­
assembled rods with a nominal length 8, 10 and 12 ft. grouped in rod channels. 

The internal equipment system of the packaging is tailored to the transported contents and therefore 
comes in two versions: version 1 for 17x17 and 15x15 assemblies and the 12 ft rod channels and 
version 2 for the 14x14 assemblies with a length of 8 and 10 feet. 

For compliance with the regulatory requirements for transport by road, rail and sea, the packaging and 
its contents (package) meet the demands of the IAEA Regulation (96 edition) which covers each of the 
regulations for the intended conveyances . 

Considering the radioactive materials being shipped. the fissile materials are classified as LSA II 
according to [1] for the transportation of ENU and the transportation of REPU. The package is then 
defined as a type 2 fissile Industrial Package (IP-2). 

The safety file furnishes the necessary proofs {calculations and tests} to demonstrate the sub-criticality 
of the package on completion of the normal and accident transport regulatory tests. 

The design and the regulatory qualification of the Fee3 packaging are performed in accordance with 
FRAMATOME's Quality Assurance programme. The procurement of the raw materials and 
components, and the manufacturing of the packaging. are performed by companies enforcing a quality 
assurance programme and certified ISO 9001. 

The FCe3 packaging meets the requirements of IAEA 1996 regulations on transportation of radioactive 
materials. 
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Drawing of the FCC3 packaging
12 ft - 17 x 17 design

Version 1

* General assembly drawing -_229 K 0100 and associated lists

* Operating drawing 229 K 0101

* Safety-related characteristics - Drawing 229 K 0102

* Assembly drawing (( lower shell )) 229K0105

* Assembly drawing ((upper shell )) 229K01 10

* Sub-assembly drawing (( Cradle )) 229K0130

* Sub-assembly ( support frame )) 229K0145

* Sub-assembly drawing (( left door)) 229K0170

* Rod channel - FCC packaging - FF DC 01038
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Drawing of the Fee3 packaging 
12 ft -17 x 17 design 

Version 1 

General assembly drawing - 229 K 0100 and associated lists 

Operating drawing 229 K 0101 

Safety-related characteristics - Drawing 229 K 0102 

Assembly drawing « lower shell» 229K0105 

Assembly drawing « upper shell» 229K011 0 

Sub-assembly drawing « Cradle» 229K0130 

Sub-assembly « support frame» 229K0145 

Sub-assembly drawing « left door» 229K0170 

Rod channel- FCC packaging - FF DC 01038 
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1. PURPOSE

This document defines the requirements to manufacture rod boxes that will be transported in FCC
containers.
The purpose of this document is to specify to FBFC the framework allowing to define the material's
equipment specification.

2. SCOPE AND LIMIT OF THE SUPPLIES

2.1 General description
0
D The transport of new fuel rods is performed in FCC packaging by placing the rods in a box arranged in
5 one of the container cavities.
_a The design defines two rod box versions:
CI) v' version adapted to the FCC3 container,
"- V version adapted to the FCC4 container.
'a

• The box is made up of a U-formed sheet, closed at both ends and reinforced by means of 2 welded
o stringers at the upper part of the sheet (see Appendix, page 4 and 5).

When the rods are shorter than the box length, the remaining space is filled with blocks whose length
is adapted to that of the rods. Therefore, axial blocks are defined for 12-foot, 10-foot, or 8-footLL

U assembly rods.
-) In order to limit displacement of the centre of gravity, loading is performed at the centre of the box;
z 2 similar axial blocks are placed at the box ends. They are secured at the bottom of the box by a bolt &
a, nut system so as not to rest on the rods in case of axial drop. Taking into account the fact that,

z according to the rod designs, their nominal lengths and their tolerance intervals vary, the bolt/nut
< linking system is adjustable by means of a lock nut so as to reduce axial play.
0 Taking into account the presence of stringers on the box, the width of axial blocks cannot be equal to

that occupied by the rods. That is the reason why a wider rod end seating plate is positioned between
the rods and the block (see Appendix, page 3).

U The box is held longitudinally in position in the cavity thanks to 2 box blocks. The block positioned onLJL

the foot side between the container's footplate and the rod box is used to accommodate the adjustable
system supporting the axial block. The block on the head side between the container's head plate and
the rod box also supports the head plate pad, thus reducing the axial play between the box and the
cavity.
The box is filled with complete row of rods (if required, complete the number of rods in the row with
inert rods).
The cavity space above the rods is filled thanks to a block system. This arrangement is composed of a
main radial block corresponding to the space above 13 rows of 10.75 mm 0 rods.
Taking into account the presence of stringers on the box, the radial block width cannot be equal to that
occupied by the rods. That is the reason why installation of 2 plates side by side, placed between the
rods and the radial block, allows to cover the rod bundle width (see Appendix, page 2).
When filling with 9.5 mm 0 rods or with a lower number of rows, the space is filled with a set of row
compensating blocks.
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1. PURPOSE 

This document defines the requirements to manufacture rod boxes that will be transported in FCC 
containers. 
The purpose of this document is to specify to FBFC the framework allowing to define the material's 
equipment specification. 

2. SCOPE AND LIMIT OF THE SUPPLIES 

2.1 General description 

The transport of new fuel rods is performed in FCC packaging by placing the rods in a box arranged in 
one of the container cavities. 
The design defines two rod box versions: 

./ version adapted to the FCC3 container, 

./ version adapted to the FCC4 container. 

The box is made up of a U-formed sheet, closed at both ends and reinforced by means of 2 welded 
stringers at the upper part of the sheet (see Appendix, page 4 and 5). 
When the rods are shorter than the box length, the remaining space is filled with blocks whose length 
is adapted to that of the rods. Therefore, axial blocks are defined for 12-foot, 10-foot, or 8-foot 
assembly rods . 
In order to limit displacement of the centre of gravity, loading is performed at the centre of the box; 
2 similar axial blocks are placed at the box ends. They are secured at the bottom of the box by a bolt & 
nut system so as not to rest on the rods in case of axial drop. Taking into account the fact that, 
according to the rod designs, their nominal lengths and their tolerance intervals vary, the bolt/nut 
linking system is adjustable by means of a lock nut so as to reduce axial play. 
Taking into account the presence of stringers on the box, the width of axial blocks cannot be equal to 
that occupied by the rods. That is the reason why a wider rod end seating plate is positioned between 
the rods and the block (see Appendix, page 3). . 
The box is held longitudinally in position in the cavity thanks to 2 box blocks. The block positioned on 
the foot side between the container's footplate and the rod box is used to accommodate the adjustable 
system supporting the axial block. The block on the head side between the container's head plate and 
the rod box also supports the head plate pad, thus reducing the axial play between the box and the 
cavity. 
The box is filled with complete row of rods (if required, complete the number of rods in the row with 
inert rods). 
The cavity space above the rods is filled thanks to a block system. This arrangement is composed of a 
main radial block corresponding to the space above 13 rows of 10.75 mm {2) rods. 
Taking into account the presence of stringers on the box, the radial block width cannot be equal to that 
occupied by the rods. That is the reason why installation of 2 plates side by side, placed between the 
rods and the radial block, allows to cover the rod bundle width (see Appendix, page 2). 
When filling with 9.5 mm {2) rods or with a lower number of rows, the space is filled with a set of row 
compensating blocks. 
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This set is comprised of an upper block whose length is equal to the radial block, and short
intermediate blocks positioned regularly between the upper block and the radial block. The assembly is
maintained with bolts whose heads are housed in the thickness of the upper block and screwed into
the radial block. The vertical play between the cavity and the block system is filled by resting the
vertical pads of the container door.
In case of a reduced number of rows, 2 radial blocks are stacked in replacement of the excessive
number of intermediate compensating blocks.
The horizontal play between the cavity and the rod box is filled by resting the container door horizontal
pads on the box side.

0C-,

.)

0

C'
CO

-i0)

aI
0

.-

Ui

FF 017 R6v. 1

c 
o 

·Cii 
.;> 

i:S 
rJ) 
Q) 

ro 
(j) 

"C 
C 
ro 
c 
0> 

·Cii 
Q) 

o 
I 

Q5 
::J 
U. 
..... 
ro 
Q) 

U 
::J 
Z 
I 

a.. 
Z 
<x: 
w 
~ 
o 
~ 
~ 

~ 
u. 

A N° FF DC 01038 EO 

FRAMATOME ANP REV. A PAGE 4/7 

This set is comprised of an upper block whose length is equal to the radial block, and short 
intermediate blocks positioned regularly between the upper block and the radial block. The assembly is 
maintained with bolts whose heads are housed in the thickness of the upper block and screwed into 
the radial block. The vertical play between the cavity and the block system is filled by resting the 
vertical pads of the container door. 
In case of a reduced number of rows, 2 radial blocks are stacked in replacement of the excessive 
number of intermediate compensating blocks. 
The horizontal play between the cavity and the rod box is filled by resting the container door horizontal 
pads on the box side. 
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2.2 Scope and limit to the equipment to be supplied
The minimum supply for each configuration is defined in the following table:

U

FCC4 container FCC3 container

14 foot
17x17
rods

14 foot
16x16 or

18x18
rods

12 foot
17x17 or

15x15
rods

10 foot
14x14
rods

8 foot
14x14
rods

12 foot
17x17 or

15x15
rods

10 foot
14x14
rods

8 foot
14x14
rods

FCC4 rod box 1 1 1 1 1 0 0 0
FCC3 rod box 0 0 0 0 0 1 1 1

2,460 mm2dabo 1 1 0 0 1 0 0 1.radial block
1,900 mmadabo 1 1 2 1 0 2 1 0radial block
1,260 mmadabo 0 0 0 1 0 0 1 0radial block
2,460 mm2,460 1 1 0 0 1 0 0 1seating plate
1,900 mm1a900 1 1 2 1 0 2 1 0seating plate
1,260 mm1,260 0 0 0 1 0 0 1 0seating plate

2,460 mm
compensating 1 1 0 0 1 0 0 1

block
1,900 mm

compensating 1 1 2 1 0 2 1 0
block

1,260 mm
compensating 0 0 0 1 0 0 1 0

block
Intermediate

compensating 48 48 48 42 24 48 42 24
block

75 mm axial 0 1 .0 0 0 0 0 0
block

310mmaxial 0 0 2 0 0 0 0 0
block

645mmaxial 0 0 0 2 0 0 0 0
block

935 mm axial 0 0 0 0 2 0 0 0
block

330 mm axial 0 0 0 0 0 0 2 0
block

620mmaxial 0 0 0 0 0 0 0 2
block

40mmbox 1 1 1 1 1 0 0 0
block

45 mm box 1 1 1 1 1 2 2 2
block

Rod end 2 2 2 2 2 2 2 2
seating plate 2
Handling lug 2 2 2 2 2 2 2 2

• FF 017 Rev. 1

c:: 
o 

·00 .s; 
(5 
CJ) 
Q) 

co 
(f) 

" c:: 
co 
c:: 
en 

·00 
Q) 

o 
I 

a; 
:J 
U. .... 
co 
Q) 

(3 
:J 
Z 
I 

a.. 
z « 
w 
~ 
o 
~ 
~ 

~ 
u. 

A- N° FF DC 01038 EO 

FRAMATOME ANP REV. A PAGE 5/7 

2.2 Scope and limit to the equipment to be supplied 
The minimum supply for each configuration is defined in the following table: 

FCC4 container FCC3 container 

14 foot 
14 foot 12 foot 

10 foot 8 foot 12 foot 
10 foot 8 foot 

17x17 
16x16 or 17x17 or 14x14 14x14 17x17 or 

14x14 14x14 18x18 15x15 15x15 rods rods rods rods rods 
rods rods rods 

FCC4 rod box 1 1 1 1 1 0 0 0 
FCC3 rod box 0 0 0 0 0 1 1 1 

2,460 mm 1 1 0 0 1 0 0 1 .radial block 
1,900 mm 1 1 2 1 0 2 1 0 radial block 
1,260 mm 

0 0 \ 0 1 0 0 1 0 radial block 
2,460 mm 1 1 0 0 1 0 0 1 seating plate 
1,900 mm 1 1 2 1 0 2 1 0 seating plate 
1,260 mm 0 0 0 1 0 0 1 0 seating plate 
2,460 mm 

. compensating 1 1 0 0 1 0 0 1 
block 

1,900 mm 
compensating 1 1 2 1 0 2 1 0 

block 
1,260 mm 

compensating 0 0 0 1 0 0 1 0 
block 

Intermediate 
compensating 48 48 48 42 24 48 42 24 

block 
75 mm axial 0 1 0 0 0 0 0 0 block 
310 mm axial 

0 0 2 0 0 0 0 0 block 
645 mm axial 0 0 0 2 0 0 0 0 block 
935 mm axial 0 0 0 0 2 0 0 0 block 
330 mm axial 0 0 0 0 0 0 2 0 block 
620 mm axial 0 0 0 0 0 0 0 2 block 
140 mm box 1 1 1 1 1 0 0 0 block 
45 mm box 1 1 1 1 1 2 2 2 block 

Rod end 2 2 2 2 2 2 2 2 
seating plate 
Handling lug 2 2 2 2 2 2 2 2 
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2.3 Scope and limit of services

The supply consists of:
V drafting the engineering drawing file
, manufacturing the components specified upon the order
v/ performing inspections
, carrying out acceptance
v' drafting the manufacturing file.

3. DESIGN CONDITIONS

The design consists of defining the engineering file in adequacy with the supplier's industrial tool from
the diagram provided in the Appendix:

• • Toleranced dimensions are to be complied with. Non-toleranced dimensions on the diagrams are to be
defined with the tolerance allowed by the supplier's industrial tool.

_• The design also consists of lightening the assembly by defining recesses in some components without
modifying their main mechanical features. Replacement of the block material with an aluminium alloy

-0 whose mechanical features are similar to those of 304 L stainless steel, features which are maintained
CM--on a range from -40'C to +500'C, is to be studied. The component manufacturing file will be redefined
C
r.2) according to the alloy features (weldability, machinability, ... ). Should tests be required, they will be
(D proposed to the client via a procedure and will result in the drafting of a report.0
_ The substantiation of the geometrical integrity of the blocks under a heavy load is performed in theory

by calculation or by test with a press.LL

axial block: strength to a 750,000 daN axial stress
- radial block: strength to a distributed radial stress proportional to its length

z - 425,000 daN for a 2,460 mm long block

IM- 325,000 daN for a 1,900 mm long blockz
< 220,000 daN for a 1,260 mm long block.w

0
I--

4. MATERIALS
U- Supply must be accompanied by a material report:

Selection of the aluminium alloy will be substantiated by a supplier's documentation or test results
proving that the mechanical features are maintained up to 500'C.
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5. MANUFACTURING AND CORRESPONDING CHECKS

The rod boxes are manufactured from a single-piece sheet. Should a solution with 2 butted sheets be
proposed, flatness along 250 mm each side of the weld must not exceed 0.3 mm.

Stainless steel components must be stripped and passivated.

Aluminium components must be anodised.

Each similar component must be identified with an engraved number (order number according to the
number specified on the order).

Traceability of the components must be ensured throughout manufacturing.

The parts must be checked by means of calibrated devices. The check will result in the issuance of a
check report.

Each component must be weighed.

The client must be notified of any deviation with respect to the requirements by means of a report
.0 issued by the supplier as soon as said deviation is noticed. The client will decide on the way to process
Ln

the deviation.0
( Manufacturing will be subject to acceptance in the presence of the client to demonstrate the
Mo functionalities of the assembly and compliance with the functional dimensions. Acceptance will be

subject to a procedure submitted to the client for approval and a report completed upon carrying out
acceptance.

c)

I 6. DOCUMENTS TO BE DRAFTED BY THE SUPPLIER
U- The supplier will draft:
aUa) - a manufacturing schedule
z - an engineering drawing file

Ia- - a quality plan
z
< - a welding book
ww - a test procedure (in case of test)
0 - a test report (in case of test) or a theoretical justification

- a final check procedure
- an end-of-manufacturing inspection report
- a manufacturer file.

FF 017 Rev. 1
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The supplier will draft: 
- a manufacturing schedule 
- an engineering drawing file 
- a quality plan 
- a welding book 
- a test procedure (in case of test) 
- a test report (in case of test) or a theoretical justification 

- a final check procedure 
- an end-of-manufacturing inspection report 

- a manufacturer file. 
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Appendix I

Rod box project diagram
(12 pages)
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Drawing of the FCC3 packaging
12 ft - 15 x 15 design

Version 1

* General assembly drawing 229 K 0200 and associated lists

* Operating drawing 229 K 0201

* Safety-related characteristics - Drawing - Plan 229 K 0202

* Sub-assembly drawing ( left door)) 229 K 0270
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Drawing of the FCC3 packaging 
12 ft -15 x 15 design 

Version 1 

• General assembly drawing 229 K 0200 and associated lists 

• Operating drawing 229 K 0201 

• Safety-related characteristics - Drawing - Plan 229 K 0202 

• Sub-assembly drawing « left door)} 229 K 0270 
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Drawing of the FCC3 packaging
12 ft - 14 x 14 - 8 and 10 ft design

Version 2

* Assembly drawing 229 K 0300

" Operating drawing 229 K 0301

" Safety-related characteristics - Drawing 229 K 0302

" Sub-assembly (( left door D 229 K 0370
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Drawing of the FCC3 packaging 
12 ft -14 x 14 - 8 and 10 ft design 

Version 2 

Assembly drawing 229 K 0300 

Operating drawing 229 K 0301 

Safety-related characteristics - Drawing 229 K 0302 

SUb-assembly « left door» 229 K 0370 
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Photographs of the FCC3 packaging

Photographs of the FCC3 packaging
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Photographs of the FCC3 packaging 
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Calculation of the maximum thermal power of the transported fuel

* Calculation of the maximum thermal power-TFJN 99.0449
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Rf : TFJN/99.0449 B - EQ

CALCULATION OF THE MAXIMUM THERMAL POWER OF THE
TRANSPORTED FUEL

Thermal power released by the rods and/or REPU fresh fuel assemblies transported in the FCC and
activity

1. Thermal power

To simply determine this parameter, irrespective of the FCC contents (assembly or box), the table below
gives a generic value in W/KgU calculated with the ORIGEN-S code.

Isotopic composition (% by weight):

This isotopic composition is not that of the ASTM but it bounds the one used for the design of our
products and to calculate the package activity.

Thenhnal power released for I KgU = 4.2F-4W.

2. Activity

Standard ASTM C996 specifies that the total gamma activity must be less than 440 BqMeV/gU and 3.3
Bq/gU for alpha activity. The average energy of the gamma-emitting fission products (Pm 147, Ce144,
Cs137, Cs134, Sb]25, Rul06, Tc99 and Sr9O) ranges from 0.1 to 2 McV, which corresponds to activity
values extending from 220 to 4400 Bq/gU'.

If we consider a single fictitious fission product with an activity level (alpha + gamma) of 5000
Bq/gU(very pessimistic hypothesis), the total activity will be 5000 x = 500 kg, or 2.5 10 ' Bq which
remains under 3.0 109, the rounded value.

APPENDIX 5 TFX DC 2159 D-EO 
Ref: TFJNj99.0449 B - EO 
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Calculation of the lifting points - FCC3 packaging 

• Verification of the sizing of the lifting points 
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Summary

The purpose of this study is to verify the acceptability of lifting of the containers intended for
transporting FCC3, 12 foot U0 2 fuel assemblies, by the lifting points located on the upper shell
while taking into consideration the increase in mass due to the modification of these containers.

The lifting calculations are made firstly by considering that the loads are taken up by two of the
four lifting points which are diagonally-aligned, through a device which does not guarantee a
uniform distribution of the load across the four strands.

Further calculations are made by taking into consideration a share of forces among the four lifting
points, using strand angles of between 450 and 90'. For the study to be valid, an installation such
as a lifting beam, making it possible to effectively distribute the load between the four legs, must
be made available.

The study of the various design codes and rules considered for the lifting process, previously
developed for 14 foot containers, fully re-applies to the 12 foot containers. The rules used are
those of Code RCC-MR.

As regards the use of two lifting points, the excessive deformation and plastic instability criteria
are fulfilled, due to the increased thickness of weld beads S8 and S14 (formerly identified as S7).
This lifting method, however, is not recommended. Using a four lifting point device gives a
minimum structural safety margin of 51%. For the bolts, the margins are smaller, 13%, mainly due
to the preload (applied torque of 6 daN-m).

As far as fatigue is concerned, when using four lifting points, the margins, for both structure and
welds, are wide, with damage equal to 0.11. For the bolts, an allowable number of 1362
tightening-lifting-loosening cycles is obtained.

A procedure for monitoring the weld beads and bolts should be set up, together with the replacing
of the latter upon completion of 1300 tightening-lifting-loosening cycles, i. e. after 8 years of
operation.
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1. PURPOSE

The purpose of this study is to verify the acceptability of lifting of the containers intended for
transporting FCC3, 12 foot U0 2 fuel assemblies, by the lifting points located on the upper shell
while taking into consideration the increase in mass due to the modification of these containers.

The lifting calculations are made firstly by considering that the loads are taken up by two of the
four lifting points which are diagonally-aligned, through a device which does not guarantee a
uniform distribution of the load across the four strands.

Further calculations are made by taking into consideration a share of forces among the four lifting
points, using strand angles of between 45' and 90*. For the study to be valid, an installation such
as a lifting beam, making it possible to effectively distribute the load among the four legs, must be
made available.

The present version of the note takes into account the new minimum thickness values of the weld
beads between the lifting boxes and the upper half-shell of the container, as shown in reference 3
drawing.

The study of the various design codes and rules considered for the lifting process, previously
developed for 14 foot containers (reference 1), fully re-applies to the 12 foot containers.

Reference 2 sets out the specifications of this study.

Remark: in the event that the lifting points break, the safety of the transported material is not
covered by this study, but is matter of separate analyses in other studies.

2. INPUT DATA

2.1 Geometrical data

This is defined on reference 3 to 7 drawings.

The container is made of two, lower and upper, half-shells, bolt-assembled at flanges mounted in
the horizontal diametric plane of the container.

The overall dimensions of the 12 foot container are as follows:

+ length : 4923 mm,

+ diameter of shells : 1054 mm,

+ total height: 1213 mm,

* total width : 1141 mm.
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2.2 Materials

The containers are made out of E36 steel. Its properties are given in reference 8 standard.

The mounting bolts on the two half-shells are class 10.9 treated 42 CD4 steel. Its properties are
given in reference 9 standard.

The other properties, not covered by references 8 and 9, are taken from Appendix A3 of RCC-MR
code (reference 17), 12S and 11 B for E36 steel and 42 CD4 steels respectively. The values of the
properties at 200C are presented in the table below.

Steel properties at an ambient temperature of 20°C

E 36 42 CD4

Young's modulus (MPa) 209000 209000

Poisson's coefficient 0.3 0.3

Density (kg/M 3) 7850 7850

Min. yield strength, Re (MPa) 355 940

Min. tensile strength, Rm (MPa) 490 1040(510 fore < 3mm) 14

In terms of weld beads, references 10 and 11 show that the mechanical properties of the welding
material are at least equal to those of the base metal.

Operating temperature ranges between -20'C and +70'C. The changes in properties over this
range, in relation to 20'C, are negligible, thus we make use of the properties at 200C.

2.3 Loads

The container is FCC version:

+ total mass : 4500 kg,

* upper shell mass : 500 kg,

* lower shell mass : 750 kg,

+ internal equipment mass : 3250 kg.
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3 cases, outlined below, have been considered for lifting analysis.

Case 1

The loads are taken up by 2 of the 4 lifting points on the upper shell, which are diagonally aligned.
The resultants forces are at a 450 angle, in a vertical plane parallel to the longitudinal axis of the
container and at a 100 angle in a plane perpendicular to the aforementioned axis. These
conditions also apply when lifting the container with a 4-strand sling where only 2 of the strands
are supposed to bear the load. This case envelopes the lifting by a system to distribute the for6es
over the 4 lifting points.

Case 2.1

The container is lifted using 4 strands. The loads are supported by the 4 lifting points. The
resultant force is in the vertical plane parallel to the longitudinal axis of the container and forms an
angle of 450 with the vertical.

Case 2.2

The container is lifted with 4 strands. The loads are supported by the 4 lifting points. The resultant
force is vertical.

In order to account for the dynamic amplification effects of the lifting, FEM rules, reference 15, are
used. The maximum lifting speed of 6 m/min gives rise to an amplification factor of 1.15 on the
weight.

Regarding the bolted connection, the study covered by reference 1 note shows that the stresses
in the bolts caused by the weight are small compared to the stresses resulting from the
preloading. As a result, only one situation, with a preload of 6 daN-m per bolt, has been
considered; the two flanges can not rotate in relation to each other.

2.4 Regulations

The regulations used are those applicable to the transportation of radioactive materials (reference
12) and specify the general requirements concerning packages.

The container analysis carried out in this study focuses, in particular, on the strength of the
hooking points, the lifting box welded joints, and the half-shell connecting bolts.

The following types of failure have been studied:

* excessive deformation and plastic instability,

* fatigue.
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The study of the various design codes and rules that could be applied to the lifting process,
previously used for the 14 foot containers (reference 1) has been fully re-applied and incorporated
into this study.

The codes reviewed were:

+ CM66 , reference 13,

* NFP 22-470 , reference 14,

* F.E.M. , reference 15,

* KTA 3905 , reference 16,

* RCC-MR , reference 17,

# 10CFR , reference 18.

3. CALCULATIONS

3.1 Method

The calculations are made using the SYSTUS finite-element programme (reference 19) assuming
a linear elastic behaviour of materials.

3.2 Modelling

Two three-dimensional models are used, made of 3 or 4 node, thin shell elements. The first
mesh, as the use of just two lifting points leads to a lack of symmetry, represents the whole
container. The second, models just one-quarter of the container and is used where four,
symmetrical lifting points are used. Actually, the container is not perfectly symmetrical, as the
lifting boxes are of different lengths (850 mm on the one side of the container and 760 mm on the
other). However, the local geometry of the hooking points is strictly identical and as the loads are
applied just within these areas, thus asymmetry has no effect on the results. A representative
length of 850 mm is selected.

The 1 st mesh is made up of 17058 nodes and 16778 elements and the 2 nd of 4363 nodes and
4194 elements. They are shown in Figures 1 and 2.

They take into account the modelling of the hooking points, the effective lengths of all the lifting
box weld beads and stiffening L-beams of the upper shell and the representation of the bolted
connections. Bead lengths are given in Figure 3

The lower skid frames, given their rigidity, are not represented.
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container. The second, models just one-quarter of the container and is used where four, 
symmetrical lifting points are used. Actually, the container is not perfectly symmetrical, as the 
lifting boxes are of different lengths (850 mm on the one side of the container and 760 mm on the 
other). However, the local geometry of the hooking points is strictly identical and as the loads are 
applied just within these areas, thus asymmetry has no effect on the results. A representative 
length of 850 mm is selected. 

The 1st mesh is made up of 17058 nodes and 16778 elements and the 2nd of 4363 nodes and 
4194 elements. They are shown in Figures 1 and 2. 

They take into account the modelling of the hooking points, the effective lengths of all the lifting 
box weld beads and stiffening L-beams of the upper shell and the representation of the bolted 
connections. Bead lengths are given in Figure 3 

The lower skid frames, given their rigidity, are not represented. 
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3.3 Boundary conditions

For the complete model, at the diagonally-aligned box holes, we assume a restrain in the Z' axis,
459 to the horizontal and 100 to the vertical plane; parallel to the longitudinal axis of the container.
To prevent tilting around the Y axis the displacements UX and UY of the 2 nodes located in the
vertical axis of symmetry of the container are blocked. To prevent global rotation around Z, the
displacement UY of a flange node located in the plane (XOZ) is blocked.

,1

For the one-quarter model version, the symmetry conditions are considered in relation to the
planes (XOZ) and (YOZ).
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3.3 Boundary conditions 

For the complete model, at the diagonally-aligned box holes, we assume a restrain in the Z' axis, 
45° to the horizontal and 10° to the vertical plane; parallel to the longitudinal axis of the container. 
To prevent tilting around the Y axis the displacements UX and UY of the 2 nodes located in the 
vertical axis of symmetry of the container are blocked. To prevent global rotation around Z, the 
displacement UY of a flange node located in the plane (XOZ) is blocked. 

For the one-quarter model version, the symmetry conditions are considered in relation to the 
planes (XOZ) and (YOZ). 
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Therefore for plane (XOZ) the displacements and rotations are blocked: UY = 0, and Ox = Oz = 0,
and for plane (YOZ) the displacements and rotations are blocked • UX = 0 and Qy = 0z = 0.

At the lifting point, we take a restraint, in direction Z' making an angle of either 450 or 900 with the

horizontal line, where Z' lies in a plane parallel to (XOZ).

3.4 Modelling of the loads

The loads to be taken into consideration are presented in § 2.3.

In the calculations, the acceleration due to gravity g = - 9.81 m/s 2 is introduced in order to get the
weight. The densities of the various structural components are corrected in order to obtain the
exact masses.

4. RESULTS

As regards the use of 4 lifting points, there is little difference between the results obtained for the
two sling angles. The stresses in the welded joints are at their greatest in the 900 case. The two
examined situations should therefore cover all angles between, 45' and 900.

4.1 Displacements

The maximum displacements obtained are presented in Figure 4. These are small: the maximum
bow obtained in the bottom central section of the container is equal to 0.6 mm when using 4 lifting
points and 0.8 mm when using just 2 lifting points.

Remark: these values are given without dynamic amplification.

4.2 Stresses

4.2.1 Stresses in the shells

By way of example, Figures 5 to 13 present, in the form of iso-values, the von Mises equivalent
stresses obtained in the shell elements (without dynamic amplification of 1.15). It should be noted
that these are mean values, averaged at the nodes of the elements, and that the maximum
stresses obtained in the elements can be slightly higher. The maximum values obtained (without
dynamic amplification) are:

2 lifting points 4 lifting points

. in membrane • a= 118 MPa a = 67.5 MPa

* in membrane plus bending cy = 176 MPa cy= 70.0 MPa
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Therefore for plane (XOZ) the displacements and rotations areiblocked: UY = 0, and 9x = 9z = 0, 
and for plane (YOZ) the displacements and rotations are blocked UX = 0 and 9y = 9z = O. 

At the lifting point, we take a restraint, in direction Z' making an angle of either 45° or 90° with the 

horizontal line, where Z' lies in a plane parallel to (XOZ). 

3.4 Modelling of the loads 

The loads to be taken into consideration are presented in § 2.3. 

In the calculations, the acceleration due to gravity g = - 9.81 m/s2 is introduced in order to get the 
weight. The densities of the various structural components are corrected in order to obtain the 
exact masses. 

4. RESULTS 

As regards the use of 4 lifting points, there is little difference between the results obtained for the 
two sling angles. The stresses in the welded joints are at their greatest in the 90° case. The two 
examined situations should therefore cover all angles between, 45° and 90°. 

4.1 Displacements 

The maximum displacements obtained are presented in Figure 4. These are small: the maximum 
bow obtained in the bottom central section of the container is equal to 0.6 mm when using 4 lifting 
points and 0.8 mm when using just 2 lifting points. 

Remark: these values are given without dynamic amplification. 

4.2 Stresses 

4.2.1 Stresses in the shells 

By way of example, Figures 5 to 13 present, in the form of iso-values, the von Mises equivalent 
stresses obtained in the shell elements (without dynamic amplification of 1.15). It should be noted 
that these are mean values, averaged at the nodes of the elements, and that the maximum 
stresses obtained in the elements can be slightly higher. The :maximum values obtained (without 
dynamic amplification) are: 

2 lifting points 4 lifting points 

• in membrane cr=118MPa cr = 67.5 MPa 

• in membrane plus bending cr = 176 MPa cr = 70.0 MPa 
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They are located at the lifting point and the stiffening L-beam at its connection with the lifting box.

4.2.2 Stresses in the weld beads

The weld beads in the lifting area are partial-penetration fillet welds. The stresses are computed

at the throat cross-sectional plane, based on the element forces.

The method used is explained in Appendix 1.

The minimum throat dimensions of the three types of beading concerned are as follows
(according to reference 3 drawing):

* circumferential welds on the L-beam, S14 (previously S7): a = 3 mm,
" longitudinal welds on the box, S8: a = 3 mm,
" inclined welds between box and L-beam, S9: a = 3.5 mm,

The maximum equivalent stresses obtained (without dynamic amplification) are:

Location Membrane Membrane + bending

2 Weld S14 58.1 MPa 58.1 MPa

lifting Weld S8 24.1 MPa 65.0 MPa

points Weld S9 45.4 MPa 74.7 MPa

4 Weld S14 34.7 MPaý 34.7 MPa

lifting Weld S8 33.5 MPa 50.5 MPa

points Weld S9 33.7 MPai 41.3 MPa

The locations are identified in Figure 14.

4.2.3 Loads in the bolts

The tensile forces in the bolts resulting from external forces (lifting only) are minor. The maximum
values, for the most heavily loaded bolts (without dynamic amplification) are:

* 2 lifting points

* 4 lifting points

F = 3091 N,

F = 2107 N.

The force resulting from the preload alone is 25200 N. It is calculated as a function of the torque
(6 daN.m) according to Appendix A6 of RCC-MR.

A NVPM DC 99 0663 EO! TFX-12' FUEL ASSEMBLY CONTAINER­
LIFTING POINT MECHVERIFICATI0N Rev: B FRAMATOME ANP 16/35 

They are located at the lifting point and the stiffening L-beam at its connection with the lifting box. 

4.2.2 Stresses in the weld beads 

The weld beads in the lifting area are partial-penetration fillet welds. The stresses are computed 
at the throat cross-sectional plane, based on the element forces. 

The method used is explained in Appendix 1. 

The minimum throat dimensions of the three types of beading concerned are as follows 
(according to reference 3 drawing): . 

• 
• 
• 

circumferential welds on the L-beam, S14 (previously S7): . 
longitudinal welds on the box, S8: 
inclined welds between box and L-beam, S9: 

a = 3 mm, 
a = 3 mm, 
a = 3.5 mm, 

The maximum equivalent stresses obtained (without dynamic amplification) are: 

Location Membrane Membrane + bending 

2 Weld S14 58.1 MPa! 58.1 MPa 

lifting Weld S8 24.1 MPa 65.0 MPa 

points Weld S9 45.4 MPa 74.7 MPa 

4 Weld S14 34.7 MPa 34.7 MPa 

lifting Weld S8 33.5 MPa: 50.5 MPa 

points Weld S9 33.7 MPai 41.3 MPa 

The locations are identified in Figure 14. 

4.2.3 Loads in the bolts 

The tensile forces in the bolts resulting from external forces (Iif;ting only) are minor. The maximum 
values, for the most heavily loaded bolts (without dynamic amplification) are: 

• 2 lifting points 

• 4 lifting points 

F = 3091 N, 

F=2107N. 

The force resulting from the preload alone is 25200 N. It is caiculated as a function of the torque 
(6 daN·m) according to Appendix A6 of RCC-MR. 
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5. ANALYSIS

5.1 Choice of a code

The analyses carried out in reference 1 are fully applicable to this case.

The weld beads are the most sensitive to the analyse results. We have examined the various
design code methods likely to suit the container analysis (see list in § 2.4).

A comparative analysis of the methods is presented in Table 1. Code RCC-MR has been chosen,
for the following reasons:

* the formula for the equivalent stress in the welded joints is the most severe,

* the welded joint factor, n = 0.5 (< 0.8 of KTA) is envelope,

* it is a detailed nuclear code that also offers the possibility of analysing the shells and bolted
assemblies,

# it takes into account plastic instability in the allowable stresses.

Remark: Code 10 CFR71, reference 17, is not a design code. However, as far as the lifting points
are concerned, it stipulates that a minimum safety coefficient of 3 must be used with respect to
yield stress. This value is covered by the RCC-MR analysis.ý The same conclusion would apply
when using an American code such as the ASME, which contains the same safety coefficients.

5.2 Analysis programme

The shells and weld beads are analysed in accordance with article RB 3800 which refers to
RB 3200:

# RB 3851 : excessive deformation and plastic instability,

* RB 3861 : fatigue.

The bolted connections are analysed in accordance with article RB 3280 and Appendix A6.

5.3 Excessive deformation and plastic instability

The analysis results are shown for the maximum stresses obtained in the various cases
examined, using a dynamic amplification of 1.15 (see § 2.3).

* For the shells, we must limit primary membrane stresses Pm < Sm and primary membrane plus
bending stress PL + Pb < 1.5"Sm.

We obtain Sm = Min {2/3 Re; 1/3 Rm} = 163 MPa.
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5. ANALYSIS 

5.1 Choice of a code 
I 

The analyses carried out in reference 1 are fully applicable to this case. 

The weld beads are the most sensitive to the analyse results. We have examined the various 
design code methods likely to suit the container analysis (see I'ist in § 2.4). 

A comparative analysis of the methods is presented in Table { Code RCC-MR has been chosen, 
for the following reasons: 

• the formula for the equivalent stress in the welded joints is the most severe, 

• the welded joint factor, n = 0.5 « 0.8 of KTA) is envelope, 

I 
• it is a detailed nuclear code that also offers the possibility, of analysing the shells and bolted 

assemblies, ' 

• it takes into account plastic instability in the allowable stresses. 

Remark: Code 10 CFR71, reference 17, is not a design code. However, as far as the lifting points 
are concerned, it stipulates that a minimum safety coefficient, of 3 must be used with respect to 
yield stress. This value is covered by the RCC-MR analysis.· The same conclusion would apply 
when using an American code such as the ASME, which contains the same safety coefficients. 

5.2 Analysis programme 

The shells and weld beads are analysed in accordance with article RB 3800 which refers to 
RB 3200: 

• RB 3851 excessive deformation and plastic instability, 

• RB 3861 fatigue. 

The bolted connections are analysed in accordance with article RB 3280 and Appendix A6. 

5.3 Excessive deformation and plastic instability 

The analysis results are shown for the maximum stresses obtained in the various cases 
examined, using a dynamic amplification of 1.15 (see § 2.3). 

• For the shells, we must limit primary membrane stresses Pm < Sm and primary membrane plus 
bending stress PL + Pb < 1.5·Sm. 

We obtain Sm = Min {2/3 Re; 1/3 Rm} = 163 MPa. 
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The comparisons are:

2 lifting points 4 lifting points Allowable stress
(MPa)

Margin
(%)

Pm (MPa) 136 77.6 163 17/52

PL + Pb (MPa) 202 80.5 244.5 17/67

For the weld beads, Pm < n'Jm'Sm and PL + Pb < 1.5'n'Jm'Sm with:
* n = 0.5: fillet weld coefficient,
* Jm = 1: properties of the welding metal at least equal to those of

reference 9).

The comparisons are:

the base metal (see

Pm
(MPa)

Allowable
stress (MPa)

Margin
(%)

PL + Pb
(MPa)

Allowable
stress (MPa)

Margin
(%)

2 Weld S14 66.8 81.5 18 66.8 122.3 45

lifting Weld S8 27.8 81.5 66 74.8 122.3 39

points Weld S9 52.2 81.5 36 86.0 122.3 30

4 Weld S14 40.0 81.5 51 40.0 122.3 67

lifting Weld S8 38.5 81.5 53 58.0 122.3 53

points Weld S9 38.8 81.5 52 47.5 122.3 61

In terms of using 2 lifting points, the stresses are still acceptable once the welds have been
strengthened, but the margins are much smaller than when using 4 lifting points: therefore, this
type of lift is not recommended. Equipment that guarantees the uniform distribution of the loads
among the 4 lifting points is required.

* Analysis of the bolted connection.

A bolt preload with torque of 6 daN-m is taken into consideration. The M12 bolts are class 10.9
treated, 42CD4 steel.

We obtain SBm = Min {1/4 Re; 1/5 Rm} = Min {235 MPa; 208 MPa}.

We consider that the force is the result of the combination of the force obtained by the preload
and the force resulting from the lift.

We obtain, with 2 lifting points, at the most tensioned bolt Fift = 3555 N, i.e. stress ayn = 46.7
MPa (dynamic amplification included), to which we add the preload F0 = 25200 N. A global
stress of 377.4 MPa is obtained.

In the case of 4-lifting points we obtain, for the most tensioned bolt, F1i, = 2423 N, i.e. stress on
= 31.8 MPa (dynamic amplification included), to which we add the preload. A global stress of
362.5 MPa is obtained.
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The comparisons are: 

2 lifting pOints 4 lifting points Allowable stress Margin 
(MPa) (%) 

Pm (MPa) 136 77.6 163 17/52 

PL + Pb (MPa) 202 80.5 244.5 17/67 

• For the weld beads, Pm < n·Jm·Sm and PL + Pb < 1.5·n·Jm·Sm with: 
• n = 0.5: fillet weld coefficient, 
• Jm = 1: properties of the welding metal at least equal to those of the base metal (see 

reference 9). 

The comparisons are: 

Pm Allowable Margin PL + Pb Allowable Margin 
(MPa) stress (MPa) (%) (MPa) stress (MPa) (%) 

2 Weld S14 66.8 81.5 18 66.8 122.3 45 

lifting Weld S8 27.8 81.5 66 74.8 122.3 39 

points Weld S9 52.2 81.5 36 86.0 122.3 30 

4 Weld S14 40.0 81.5 51 40.0 122.3 67 

lifting Weld S8 38.5 81.5 53 58:0 122.3 53 

points Weld S9 38.8 81.5 52 47.5 122.3 61 

In terms of using 2 lifting points, the stresses are still acceptable once the welds have been 
strengthened, but the margins are much smaller than when using 4 lifting points: therefore, this 
type of lift is not recommended. Equipment that guarantees the uniform distribution of the loads 
among the 4 lifting pOints is required. 

• Analysis of the bolted connection. 

A bolt preload with torque of 6 daN·m is taken into consideration. The M12 bolts are class 10.9 
treated, 42CD4 steel. 

We obtain SB m = Min {1/4 Re; 1/5 Rm} = Min {235 MPa; 208 MPa}. 

We consider that the force is the result of the combination of the force obtained by the preload 
and the force resulting from the lift. 

We obtain, with 2 lifting points, at the most tensioned bolt Flill = 3555 N, i.e. stress an = 46.7 
MPa (dynamic amplification included), to which we add the preload Fo = 25200 N. A global 
stress of 377.4 MPa is obtained. 

In the case of 4 lifting points we obtain, for the most tensioned bolt, Flill = 2423 N, i.e. stress an 
= 31.8 MPa (dynamic amplification included), to which we add the preload. A global stress of 
362.5 MPa is obtained. 
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Comparisons with allowable stresses:

(Om)fictitious
(MPa)

Allowable
stress

Sam (MPa)

Margin
(%) a,

(MPa)
Allowable

stress
2"SBm (MPa)

Margin
(%)

2 lifting 46.7 208 77 377.4 416
points

4 lifting 31.8 208 85 362.5 416 13
points

The limits are observed with small margins.

5.4 Fatigue

Given that it is not recommended that lifting operations be carried out using just 2 lifting points,
the verification of fatigue is solely focused on the use of 4 lifting points.

The number of lifting cycles is based on 20 years of usage of the container at a rate of 80
deliveries per year. We consider that a delivery corresponds to 12 cycles, amounting to 20000
cycles in total.

For the bolts we consider the tightening-lifting-loosening cycles and lifting only sub-cycles.

The loading cycles are represented in the following diagram.

A
stress

6 lifting cycles

tightening looseninl

6 lifting cycles

tightening loosening
time

L1 delivery

For the weld beads we consider, in line with article RB 3861.12 a factor of 4 for the stress, i.e.,
a maximum stress of 232 MPa. In the absence of fatigue curves for E36 steel in RCC-MR,
Appendix A3, we use those of A48 steel (group 12S), the latter supposedly less resistant than
E36 steel. The enforcement of the rules leads to the following fatigue damage:

Nadm = 190000 cycles = V = 0.11.

The maximum damage is therefore slight and well below 1.
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Comparisons with allowable stresses: 

(a m)flctitlOUS 
Allowable Margin Allowable Margin stress am stress 

(MPa) SB m (MPa) (%) (MPa) 
2'SB 

m (MPa) 
(%) 

2 lifting 
46.7 208 77 377.4 416 9 points 

4 lifting 
31.8 208 85 362.5 416 13 points 

The limits are observed with small margins. 
l 

5.4 Fatigue 

Given that it is not recommended that lifting operations be carried out using just 2 lifting points, 
the verification of fatigue is solely focused on the use of 4 lifting points. 

The number of lifting cycles is based on 20 years of usage of the container at a rate of 80 
deliveries per year. We consider that a delivery corresponds to 12 cycles, amounting to 20000 
cycles in total. 

For the bolts we consider the tightening-lifting-loosening cycles and lifting only sub-cycles. 

The loading cycles are represented in the following diagram. 

stress 

6 lifting cycles 6 lifting cycles 

tightening loosening 
time 

= I delivery 

• For the weld beads we consider, in line with article RB 3861.12 a factor of 4 for the stress, i.e., 
a maximum stress of 232 MPa. In the absence of fatigue curves for E36 steel in RCC-MR, 
Appendix A3, we use those of A48 steel (group 12S), the latter supposedly less resistant than 
E36 steel. The enforcement of the rules leads to the following fatigue damage: 

Nadm = 190000 cycles => V = 0.11. 

The maximum damage is therefore slight and well below 1. 
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For the bolts we consider a stress concentration factor of 3.77, calculated according to

reference 20 document. The fatigue curves are defined in Appendix A3-1 1 B (bolting steel).

The application of the rules leads to the following fatigue damage:
20000

* lifting sub-cycle: Ao = 120 MPa = Nadm = 46.106 cycles => V1 - 20000 = 0.0004,
46.106

* full cycle: Au = 1367 MPa = Nadm = 1362 cycles.

It should be noted that most of the fatigue damage is due to the tightening-lifting-loosening
cycles. It is therefore necessary to replace the bolts at fixed intervals of at least 1300
tightening-lifting-loosening cycles.

Remark: * the calculated damages do not take into consideration the accumulated damage of
the old containers,

* we assume that the bolts are new.

6. CONCLUSION
An examination of the acceptability of lifting for 12 foot assembly containers was carried out, in

accordance with Code RCC-MR.

The rules of this code envelope those of the other codes examined.

The current version of this note takes into account the new minimum weld bead thickness values
applicable to the joints between the lifting boxes and the upper half-shell of the container.

Regarding the use of 2 lifting points, the excessive deformation and plastic instability criteria are
fulfilled after increasing the thickness of welds S8 and S14 (formerly S7). This lifting method is,
however, not recommended. When using a device with four lifting points, the structure observes
the criteria with a minimum margin of 51%.

With regard to the bolts, the margins are smaller, 13%. This is mainly the result of the preload
(torque of 6 daN-m).

In terms of fatigue, when using 4 lifting points, the margins are relevant for both the structures
and the weld beads, with a damage of 0.11. For the bolts, an acceptable number of 1362
tightening-lifting-loosening cycles is obtained.

A procedure for monitoring the weld beads and bolts should be established, together with a
means of replacing the latter every 1300 tightening-lifting-loosening cycles, i.e. after 8 years of
operation.
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• For the bolts we consider a stress concentration factor of 3.77, calculated according to 
reference 20 document. The fatigue curves are defined in Appendix A3-11 B (bolting steel). 

The application of the rules leads to the following fatigue damage: 

20000 
• lifting sub-cycle: ~cr = 120 MPa => Nadm = 46'106 cycles => V1 = 6 = 0.0004, 

46·10 
• full cycle: ~cr = 1367 MPa => Nadm = 1362 cycles. 

It should be noted that most of the fatigue damage is due to the tightening-lifting-loosening 
cycles. It is therefore necessary to replace the bolts at fixed intervals of at least 1300 
tightening-lifting-loosening cycles. 

Remark: • the calculated damages do not take into consideration the accumulated damage of 
the old containers, 

• we assume that the bolts are new. 

6. CONCLUSION 

An examination of the acceptability of lifting for 12 foot assembly containers was carried out, in 
accordance with Code RCC-MR. 

The rules of this code envelope those of the other codes examined. 

The current version of this note takes into account the new minimum weld bead thickness values 
applicable to the joints between the lifting boxes and the upper half-shell of the container. 

Regarding the use of 2 lifting points, the excessive deformation and plastic instability criteria are 
fulfilled after increasing the thickness of welds S8 and S14 (formerly S7). This lifting method is, 
however, not recommended. When using a device with four lifting points, the structure observes 
the criteria with a minimum margin of 51 %. 

With regard to the bolts, the margins are smaller, 13%. This is mainly the result of the preload 
(torque of 6 daN·m). 

In terms of fatigue, when using 4 lifting points, the margins are relevant for both the structures 
and the weld beads, with a damage of 0.11. For the bolts, an acceptable number of 1362 
tightening-lifting-loosening cycles is obtained. 

A procedure for monitoring the weld beads and bolts should be established, together with a 
means of replacing the latter every 1300 tightening-lifting-loosening cycles, i.e. after 8 years of 
operation. 
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Table 1

Comparative analysis of design methods

Calculation of stress in Field of"
Code the beas Loading and safety coefficient Allowable stress applcton

the beads application

CM66 a2 = r±2 ÷1.8 (t•2 +T1//2) Dead loads (weight) p = 1.33. c 2.e 2, with: Steel frame
Live loads or dynamic a,= yield strength, construction.
amplification p = 1.5. a : welding coefficient:
Dynamic amplification: = 1, for a < 4 mm,
such as FEM y = 1.15. = 0.8(1+1/a),
In total : c=1.33.Po+1.5.0.15.Po for a > 4 mm.

= 1.56"Po.

NFP 22-470 C = 'CY2 + 3 (Ti
2 

+X//
2

) Idem CM66. k ae, with welding Steel frame
(corresponds coefficient: construction.
to Addendum k = 0.7 for E24,
80 of CM66) k = 0.85 for E28,

k = 1 for E36.

FEM a 4 a'_2 + 2 (.C,
2 

+C,/
2
) Case I of FEM. Ca= Ge / 1.5 Lifting devices.

C= Y'c 'l'SL, with:

yc = 1.2 (lifting device),
y (dynamic amplification) =

1.15 fora lifting speed of 6

m/min,
SL = stress resulting from the
load.

KTA 3905, a = ý/_L2 + 3±2 +-[/T2  Reinforced requirements: k ae / VM, with welding Load lifting
according to C= 1.25 .. P0 with: coefficient k = 0.8 for points in
DIN 18800 dynamic amplification y = 1.8 fillet Weld, nuclear power

(for lesser values justification is vM = material strength plants.

required). parameter.

RCC-MR Cy 'a 1
2 3 (Ti2 +T,2) C= .P0, with: Smr=min(2/3"Re ; 1/3"Rm), Mechanical

RB 3851.12 dynamic amplification y = 1.15 am-< n'Jrn'Sm, components of
In the area of the welded (as for FEM). aynb -< 1.5'n'JmrSr, RNR nuclear

joint, the membrane and with n = 0.5 (fillet weld) islands.
membrane + bending and Jm = 1 (welding
stress are to be metal properties at least
determined equal to those of the

base metal).

10 CFR (a = Ge / 3 Transportation
§ 71.45 of radioactive

materials.
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Table 1 

Comparative analysis of design methods 

Code 
Calculation of stress in 

Loading and safety coefficient Allowable stress 
Field of 

the beads application 

CM66 cr2 = cr.1 2 + 1.8 (t.12 +1//) Dead loads (weight) p = 1.33. a 2.cr.2
, with: Steel frame 

Live loads or dynamic cr.= yield strength, construction. 
amplification p = 1.5. a : welding coefficient: 
Dynamic amplification: = 1, for a s; 4 mm, 
such as FEM IjI = 1.15. = 0.8(1 +1/a), 
In total: c=1.33·Po+1.5·0.15·Po for a> 4 mm. 
= 1.56·Po. 

NFP 22-470 cr = --Jcr.12 + 3 (1/ +1;/) Idem CM66. k cr., with welding Steel frame 
(corresponds coefficient: construction. 
to Addendum k = 0.7 for E24, 
800fCM66) k = 0.85 for E28, 

k = 1 for E36. 

FEM cr = --Jcr.12 + 2 (1.12 +1//) Case I of FEM. cra = cr. 1 1.5 Lifting devices. 
C= Yo .1jI,SL , with: 
Yo = 1.2 (lifting device), 
IjI (dynamic amplification) = 
1.15 for a lifting speed of 6 
m/min, 
SL = stress resulting from the 
load. 

KTA 3905, cr = --Jcr.12 + 1/ +1// Reinforced requirements: k cr. 1 VM, with welding Load lifting 
according to C= 1.251j1·Po. with: coefficient k = 0.8 for points in 
DIN 18800 dynamic amplification IjI == 1.8 fillet weld, nuclear power 

(for lesser values justification is VM = material strength plants. 
required). parameter. 

RCC-MR cr= --Jcr.12 +3(1/ +1;/) C= IjI·Po. with: Sm=min(2/3·R. ; 1/3'Rm ), Mechanical 
RB 3851.12 dynamic amplification IjI = 1.15 crm s; n·Jm·Sm, components of 

In the area of the welded (as for FEM). crm+b s; 1.5·n·Jm·Sm, RNR nuclear 
joint, the membrane and with n = 0.5 (fillet weld) islands. 
membrane + bending and Jm = 1 (welding 
stress are to be metal properties at least 
determined equal to those of the 

base metal). 

10 CFR cra = cr. 1 3 Transportation 
§ 71.45 of radioactive 

materials. 
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Figure 1

Complete model - 2 lifting points
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Figure 1 

Complete model - 2 lifting points 
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Figure 2

One-quarter model - 4 lifting points
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Figure 2 

One-quarter model - 4 lifting points 
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Figure 3

Identification, length, and thickness of weld beads throat section
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Figure 3 

Identification, length, and thickness of weld beads throat section 
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Figure 4
Resultant displacements
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Figure 4 
Resultant displacements 
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Node D i r(''Cti LIn mm 
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Figure 5

Lower surface iso-stresses -2 lifting points

LOWER SURFACE ISO-STRESSES -
2 STRANDS AT 450 - DEADWEIGHT - MASS 4500 KG
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Figure 5 

Lower surface iso-stresses - 2 lifting points 
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Figure 6

Mid thickness iso-stresses - 2 lifting points

MID THICKNESS ISO-STRESSES -
2 STRANDS AT 450 - DEADWEIGHT - MASS 4500 KG
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Figure 6 

Mid thickness iso-stresses - 2 lifting points 
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Figure 7

Upper surface iso-stresses -2 lifting points
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UPPER SURFACE ISO-STRESSES -
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Figure 7 

Upper surface iso-stresses - 2 lifting points 
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Figure 8

Lower surface iso-stresses - 4 lifting points .at 450
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LOWER SURFACE ISO-STRESSES -
4 STRANDS AT 450 - DEADWEIGHT - MASS 4500 KG
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Figure 8 

Lower surface iso-stresses - 4 lifting points at 45° 
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Figure 9

Mid thickness iso-stresses - 4 lifting points at 450

MID THICKNESS ISO-STRESSES -
4 STRANDS AT 450 - DEADWEIGHT - MASS 4500 KG
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Figure 9 

Mid thickness iso-stresses - 4 lifting points at 45° 
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Figure 10

Upper surface iso-stresses - 4 lifting points at 450

UPPER SURFACE ISO-STRESSES -
4 STRANDS AT 450 - DEADWEIGHT - MASS 4500 KG
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Figure 10 

Upper surface iso-stresses - 4 lifting points at 45° 
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Figure 11

Lower surface iso-stresses - 4 lifting points at 900

LOWER SURFACE ISO-STRESSES -
4 STRANDS AT 900 - DEADWEIGHT - MASS 4500 KG
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Figure 11 

Lower surface iso-stresses - 4 lifting points at 90° 
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Figure 12

Mid thickness iso-stresses - 4 lifting points at 900

MID THICKNESS ISO-STRESSES -
4 STRANDS AT 900 - DEADWEIGHT - MASS 4500 KG
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Figure 12 

Mid thickness iso-stresses - 4 lifting points at 90° 
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Figure 13

Upper surface iso-stresses - 4 lifting points at 900

UPPER SURFACE ISO-STRESSES -
4 STRANDS AT 90 - DEADWEIGHT - MASS 4500 KG
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Figure 13 

Upper surface iso-stresses - 4 lifting points at 90° 
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Figure 14

Positions of the most loaded weld beads
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Figure 14 

Positions of the most loaded weld beads 




