
IAEA L ibrary

II
0" 000002 11697130

International Atomic Energy Agency

INTERNATIONAL WORKING GROUP ON FAST REACTORS

THIRTEENTH ANNUAL MEETING

Vienna, Austria 
9 -1 1  April 1980

IW G F R /3 4 /2

SUMMARY REPORT
PART II



Reproduced by the IA E A  in Austria 

October 1980

80 - 5677



THIRTEENTH ANNUAL MEETING

Vienna, Austria 

9-11 April 1980

SUMMARY REPORT 

PART II





TABLE OP CONTEHTS

SUMMARY REPORT (PART I I )

Le développement des réacteurs à neutrons rapides en France

de Mars 1979 à Mars 1930 ....................  ...........................     ..........  1
L . Vautrey

Status of the Past Breeder Reactor Development in 
the Federal Republic of Germany, Belgium and
the Netherlands.........  ..................................................   17
R . Hiïper, R . Friese

A Review of Past Reactor Programme in India, April 19^0 ...............  40
S . R . Paranjpe

A Review o f the I t a l ia n  Past Reactor Programme ...............................  47
F. Pierantoni

Состояние работ по быстрым реакторам в СССР на
апрель 1980 ............. ...................... ........  64
Е.И. Инютин

Review of Fast Reactor Activities, March 1980.................................  81
W. Balz

Review of Fast Reactor Activities at OECD (NEA) .............................. 85
J . Royen

A Review of the UK Fast Reactor Programme: March 1980 ................... 95
R . D . Smith

Status of Fast Breeder Reactor Development in
the U nited  States ..................................  ................................................................ 114
S . Rosen

A Review of Fast Reactor Progress in Japan......... ............................ 122
K. Tomabechi



I



LE DEVELOPPEMENT DES REACTEURS A NEUTRONS RAPIDES EN FRANCE 

DE MARS 1979 A MARS 1980

L . VAUTREY

Commissariat â l'Energie  Atomique 

CEN de Saclay 

Gi f-sur-Yvet t e

Le texte qui suit donne un aperçu général sur le développement des 

réacteurs & neutrons rapides en France de mars 1979 à mars 1980.

L'exposé porte successivement sur :

- Rapsodie

- la centrale de démonstration Phénix

- la centrale prototype de Creys Malville (Super Phénix 1)

- Iss centrales futures (chaudières dites Super Phénix 2) et le programme d'avenir 

“ la recherche et le développement en cours.

Le bilan général peut être résumé ainsi :

- le réacteur Rapsodie a été à l'arrêt pendant la majeure partie des

12 mois écoulés. Différents travaux de maintenance ont été effectués, 

mais la durée de cet arrêt est essentiellement liée à la recherche minutieuse 

d'une micro-fuite de sodium, à peine détectable, sur le circuit primaire.

Le réacteur a été remis en marche récemment.

- le fonctionnement de Phénix a été particulièrement bon, et a

atteint le maximum de ce qu'on pouvait en attendre.

- la construction de la centrale de Creys-Malville (Super Phénix 1) se

déroule de manière satisfaisante.

- les études de Super Phénix 2, c'est-à-dire des centrales â neutrons rapides 

qui suivront Creys Malville se poursuivent activement, et le programme 

français de centrales à neutrons rapides est maintenant clairement 

envisagé.

- l'ensemble du programme de Recherche et Développement se déroule normalement 

d'une part .pour-les besoins de Super Phénix 1, d'autre part pour les 

perspectives de Super Phénix 2 et de l'avenir de la filière.

Les moyens financiers consacrés au CEA aux réacteurs rapides en 1979 

et en 1980 sont de l'ordre de 600 millions de francs peu: an, hors cycle de 

combustible, auxquels s'ajoutent environ 70 millions â Electricité de Prance. 

Les moyens de recherche propres aux firmes industrielles ne sont pas pris 

en compte dans ces chiffres. Les effectifs en personnel n'ont pas sensiblement 

varié : de l'ordre de 1500 personnes (personnel de l'industrie non inclus).

R A P S O D I E

1

A la précédente réunion, il y a un an environ, j'indiquais que 

Rapsodie, après son 49ème cycle d'irradiation terminé à la mi-janvier 1979, 

avait été arrêté pour plusieurs mois pour un ensemble de travaux de 

maintenance.

Depuis cette date, un 50ème cycle d'irradiation a eu lieu de la 

fin mai à fin juin 1979. Mais le réacteur a été le plus souvent 

à l'arrêt et vient d'ëtre remis en marche récemment au début de mars 1980.

La raison majeure de cette longue période d'arrêt a été la recherche 

minutieuse d'une source d'aérosol de sodium trouvée dans la double enveloppe 

du système primaire. La source est minime et n'a finalement pas pu être 

localisée de manière certaine. Le réacteur a donc été récemment remis en 

fonctionnement avec des moyens additionnels de localisation fine de fuites 

éventuelles.

Voici quelques détails sur ce défaut, jusqu'à présent très mineur, 

qui a coûté environ 1 an d'investigations sans conclusions encore définitives.

Rappelons d'abord que le système primaire de Rapsodie comprend deux 

circuits de sodium ; les tuyauteries de refoulement des deux pompes primaires 

se raccordent sur une tuyauterie unique d'entrée dans la cuve du réacteur, 

appelée "Saxophone'', par l'intermédiaire d'une "culotte" de jonction 

(voir figure 1). Les tuyauteries et appareils sont enfermés dans des doubles



enveloppes remplies d'azote. Cet azote sert également au préchauffage et au 

refroidissement de secours ds la cuve.

C'est le 20 octobre 1978, après plus de 11 ans d'exploitation de 

Rapsodie qu'une très légère bouffée d'aérosols de sodium actif a été détectée 

dans la double enveloppe du circuit primaire (circuit d'azote).

A partir,de cette date et jusqu'au 27 juillet 1979, on s'est efforcé de 

suivre l'évolution du défaut et de le localiser à partir d'un fonctionnement 

intermittent du réacteur .

Dès les premiers signaux, on s'est attaché à en confirmer l'origine 

au moyen d'analyses spectrométriques sur des filtres du détecteur d'aérosols 

radioactifs. On a ainsi mesuré des isotopes (Na 22, Na 24, Cs 137) et des 

rapports isotopiques tout à fait représentatifs du sodium primaire.

En suivant l'évolution des signaux au cours du temps on a 

pu acquérir l'assurance que la fuite restait très faible (quelques grammes
_ g

d'aérosols de sodium émis au total pour 2 mois en puissance (10 g de sodium 

par m3 d'azote), et n'avait aucune conséquence sur la contamination dans le 

bâtiment du réacteur.

A l'occasion de plusieurs essais, on a tenté de corréler l'émission 

d'aérosols aux différents paramètres de fonctionnement du réacteur : puissance, 

débit et température du sodium. On a ainsi montré que le signal variait 

exclusivement en fonction de la température d'entrée du sodium (T° nominale = 

400*C) et qu'en dessous d'une certaine valeur comprise entre 250e et 300°C 

la fuite cessait d'exister. Ceci constituait une indication importante de 

prélocalisation s le défaut se situait su: le circuit d'entrée de sodium primaire.

Des essais ultérieurs liés aux points de prélèvement sur le circuit 

d'azote, ainsi qu'à l'évolution des mesures d'aérosols en fonction d'une 

vidange partielle du sodium primaire, ont permis de confirmer :

- qu'il existait bien un défaut d'étanchéité du circuit primaire de sodium,

- que cette fuite était de très faibles dimensions,

- qu'elle était probablement située dans la moitié inférieure de la culotte 

de jonction ou de la tuyauterie horizontale attenante.

On a alors décidé en août 1979, d'entreprendre un examen "in situ" 

pour identifier la fuite. Les investigations ont été menées jusqu'en 

novembre 1979 sur la culotte de jonction et la partie horizontale attenante 

de la tuyauterie d'entrée. Cette partie du circuit était relativement 

accessible mais soumise à un rayonnement gamma atteignant en certains points 

plusieurs Rems par heure.

Après mise en place de protections biologiques complémentaires, les 

investigations ont consisté à mettre en oeuvre le maximum de méthodes 

d'examen non destructif en utilisant des ouvertures aménagées à cet effet 

dans la double enveloppe. Ainsi, la plupart des soudures suspectes ont été 

minutieusement contrôlées. Quelques unes n'ont pu cependant être examinées 

complètement en raison de difficultés d'accès ou d'un débit de dose très 

élevé dans l'axe de la tuyauterie.

Parmi les moyens utilisés, en plus des méthodes classiques (instruments 

optiques, tests physico-chimiques, gammagraphies, test hélium, ressuage, 

ultra-sons, courants de Foucault, empreinte à la pâte dentaire....) on peut 

signaler particulièrement tmis techniques:

- un chauffage électrique local de la zone suspecte, entre 400 et 500SC,

destiné à solliciter la fuite présumée bouchée en-dessous de 250°C

- la recherche de traces de sodium par une méthode originale d'arc électrique 

haute fréquence basée sur le principe du spectrographe d'émission 

(excitation lumineuse et recherche de la raie jaune du sodium).

- l'utilisation systématique, en dernier ressort, de la technique des 

répliques métallographiques, extrêmement performante (possibilité de 

détecter une fissure de quelques microns de longueur), mais très lourde 

d'emploi.

Le bilan des examens peut être ainsi résumé :

- de nombreuses méthodes d'examen non destructif ont pu être mises en oeuvre

efficacement dans un environnement hostile !

- l'état de santé de la zonte inspectée semble excellent, en particulier



celui de la culotte de jonction théoriquement soumise à des contraintes 

importantes ;

os a observé des traces erratiques de sodium et de produits de fission.

Au total ces examens ont confirmé que le défaut d'étanchéité était 

bien réel, mais restait de faibles dimensions et n'avait pas contaminé les 

circuits d'azote. Ils n'ont pas permis toutefois de localiser la fuite soit 

parce qu'elle ne se trouvait pas sur les soudures inspectées, soit parce 

qu'elle était de dimensions trop faibles pour être détectée.

Remarques

Les doses d'irradiation jusqu'à présent accumulées par le personnel 

ont été de 70 Rems répartis sur 160 personnes jusqu'en juin 1979 et de 

120 Rems sur 200 personnes de juillet 1979 à février 1980. Aucune personne 

n'a atteint les limites réglementaires (3 Rems/trimestre et 5 Rems/an).

La fuite de Rapsodie a été détectée à un stade extrêmement précoce : 

quelques grammes par mois. Il aurait été tentant de continuer à exploiter 

le réacteur jusqu'à ce que le débit de fuite devienne suffisant pour per

mettre une localisation facile. On a cependant préféré rechercher le défaut 

au stade le plus précoce possible.

Pendant toute la période d'arrêt, la puissance résiduelle du coeur, 

qui a décru jusqu'à environ 10 KW, a été suffisante pour maintenir le sodium 

liquide dans la cuve.

Conclusions

Les investigations ont jusqu'ici coûté plus d'un an au programme 

d'irradiation de Rapsodie : 1 'emplacement exact du défaut n'a p u  été 

trouvé, ni sa cause. Toutefois, la relative accessibilité de la zone in

criminée ainsi que la "bonne santé* des surfaces inspectées laisse bien 

augurer de la possibilité de réparer, quand le besoin s'en fera sentir.

La recherche du défaut a été poussée â un degré de détail inhabituel 

pour des examens "in situ" sur circuits actifs. C'est en soi une expérience 

très intéressante, à l'actif des réacteurs rapides, obtenue avec des doses 

d'irradiation certes non négligeables, mais restant bien en deçà des limites 

réglementaires. Les techniques d'examen y ont trouvé une application en

richissante sur le plan du développement et plus encore sur celui de la 

validité et de l'applicabilité des techniques d'inspection en service : 

l'expérience des circuits d'essai avait déjà enseigné la particulière 

difficulté de trouver un défaut provoquant une fuite de sodium même signi

ficative .

D'autre part, la conception des circuits et le problème de contraie 

de qualité, ont donné matière à réflexion à l'occasion de ces investigations 

les problèmes associés aux innombrables singularités existant sur les tu

yauteries des réacteurs à boucles (loop type) sont clairement apparus. One 

réflexion sur l'intégrité du confinement du sodium primaire dans le cadre 

des comparaisons entre systèmes â boucles et intégrés (loop et pool) doit 

en être tirée.



PHENIX

Le fonctionnenent de la centrale Phénix durant l'année 1979, a été 
tout è fait satisfaisant. Un seul chiffre le résumé : le taux de disponibi
lité qui a atteint 93,51 et le taux de charge de 84,78 % (1) .

Depuis le mois de Février 1979, quatre cycles de fonctionnement 
ont été effectués, et un cinquième est en cours, qui se terminera â la fin 
du mois de Mars, lorsque débutera l'arrêt, d'environ trois mois, programmé 
pour travaux.

PHENIX J979-J980 

D i a g r a m m e  d e  f o n c t i o n n e m e n t

DATE ЛЕРР
Taux de disponibilité 
pendant le cycle

15ème cycle 14.1 au 18.3.79 66 102 « (2)

16ène cycle 31.3 au 1.7.79 81 89 %

17ème cycle 9.7 au 16.9.79 68 96 %

lBème cycle 29.9 au 1.1.80 95 99,5 %

Il 6 117 lis

№£b-
M

№ e

Le diagramme et le tableau suivants donnent un ensemble des résultats 
statistiques du fonctionnenent de Phénix.

On pourra retenir en outre quelques chiffres significatifs actualisés 
au lei saxs 1980 :

- La production d'énergie brute, y compris la vapeur vendue & магcoule, a 
atteint 7,20 milliards kWh.

- Le taux de disponibilité depuis le 21 avril 1978 (reprise du fonctionnement 
& pleine puissance avec les 6 échangeurs réparés) est de 86,8 % et le taux 
de disponibilité global depuis le 14 juillet 1974 atteint 62,4 %.

(1) : — On rappelle que le taux de charge est rapporté & la puissance nominale 
électrique de 250 MWe.

- Pour le taux de disponibilité, on admet que, pendant la .manutention - 
du combustible, le réacteur est disponible à sa puissance nominale.

FEV MAR AVR MAI JUN JUL AOUT SEP OCT NOV DEC

|I9

JAN FEV

1979 •1980 —

M : Campagne de manutention du combustible

Les numéros 16 - 17 - 18 - 19 indiquent le début des 
cycles d'irradiation.

(2) : La puissance électrique produite est le plus souvent supérieure & 250 MWe 
(de l'ordre de 260 MHe).



PHENIX 1979

. STATISTIQUES

Depuis l'origine

-  Energie thermique réacteur ................ .........  676 243 MWj
-  J.E.P.P.....................................................  1 201,14 JEPP
* Energie électrique brute ..................  6 991 430 MWh
- Energie brute (y compris vapeur) .................. 7 002 343 MWh
-  Energie électrique nette ..................  6 507 447 MWh
• Combustion massique max. assemblages ...........  78 300 MWj/t
- û.p.a. max. assemblages Pu .........................  118 Dpa

Depuis le 14 ju ille t 1974

• Energie thermique réacteur .......................... 649 932 MWj
-  J.E.P.P.....................................................  1 154,41 JEPP
-  Energie électrique brute ..................  6 750 820 MWh
-  Energie brute (y compris vapeur) .................  6 761 733 MWh
-  Energie électrique nette ........... . 6 284 863 MWh
- Taux de charge ........................................  56,43 ï
- Taux de disponibilité ......................... ;....  '61,46 ï

Depuis le début de l'annéa

- Energie thermique réacteur .........................  177 366 MWj
-  J.E.P.P.............. ......................................  315,04 JEPP

-  Energie électrique brute :..................  1 850 100 MWh
- Energie brute (y compris vapeur) ............... 1 856 696 MWh
* Energie électrique ne tte .............. .............  1 724 210 MWh
- Taux de charge .........................................  84,78 %
- Taux de d ispon ib ilité ............................... 93,51 5

A la fin du 18ème cycle (1.1.1980), l'expérience statistique 
des irradiations d'aiguilles au plutonium était la suivante :

Sur 69.033 aiguilles irradiées :

. 50.496 aiguilles ont dépassé 40.000 MWj/t

.31.563 " " " 50.000 MWj/t

. 3.590 " " * 60.ООО'MWj/t

460 " * " 70.000 MWj/t

Le taux de combustion maximal atteint est de 9,2 % correspondant 
à une combustion massique de 78.600 MWj/t.

Les taux de dommage des gaines en déplacement par atome (dpaF) 
sont les suivants :

. 51.471 aiguilles ont dépassé 50 dpaF

. 40.750 " " * 60 dpaF

. 25.015 * " " 70 dpaF

. 8.411 " * “ 80 dpaF

. 1.2S7 * * • 90 dpaF

Le ™ h atteint est 118,4 dpaF.

L'année 1979 a vu le début des premières campagnes représentatives 
de retraitement dans les usines du groupe CEA. A ce jour, un demi-coeur a 
été retraité sans difficulté majeure. Le plutonium récupéré a été livré i 
l'usine de fabrication de Cadarache.

Le cycle du combustible a donc été rêellenent bouclé.

RESULTATS SUR LE COMBUSTIBLE

INCIDENTS

Le seul fait nouveau et marquant & signaler est la première et 
unique rupture de gaine de Phénix : elle s'est produite le 1er mai 1979.
La détection a été rapide et l'évolution suivie toute la journée. Lorsque 
1'assemblage fautif a été localisé avec certitude, et bien qu'aucun seuil 
d'alarme n'ait été atteint, le réacteur a été arrêté. L'assemblage a été 
déchargé sans aucune autre perturbation. Cet incident a été la cause de 
72 heures d’indisponibilité seulement. On notera par contre que depuis le 
début du 18ème cycle, en Septembre 1979, plus aucun relâchement gazeux,.dont 
le premier avait été observé en Juin 1975, n’a été détecté.



Par ailleurs la majeure partie des indisponibilités de la centrale 

proviennent de défauts intéressant la partie conventionnelle : vanne vapeur 

(environ 3 JEPP), soupapes d1 admission du corps HP de la turbine (environ 

6 JEPP) et alternateur principal (régulateur de tension de l'excitation et 

circuit d'eau de refroidissement du stator, environ 6 JEPP).

Rappelons enfin que le bon fonctionnement et l’entretien aisé de 

Phénix trouvent leur concrétisation dans l'innocuité de l'installation sur 

les hommes gui y travaillent et son environnement. Les rejets gueux con

tinuent à être pratiquement nuls (^ 0,35 curie/jour) et la dose totale 

intégrée peu: le personnel, sur 12 mois glissant, est de 4,5 homme-Rem pour 

336 agents, soit 15 & 20 mBem par personne et par an (à comparer à 5000 mftem 

autorisés) . Ces chiffres se passent de commentaire.

SUPER PHENIX I 

(Centrale de Creys-Malville)

L'année 1979 a été marquée par la poursuite des études et de la 

réalisation de la chaudière Super Phénix.

Durant l'année 1979, aucune nouvelle disposition de 

construction de la chaudière n'a été adoptée, telle que par exemple la 

décision prise en 1978 concernant les circuits sodium/air de refroi

dissement de secours que je mentionnais l'année dernière. Par contre 

la plus grande partie des études poursuivies cette année a été consacrée 

à la Justification du dimensionnement des structures et composants de 

la chaudière. Ce sont principalement des travaux de vérification de la

tenue des matériels à la combinaison des charges dans les différents 

cas de fonctionneront de la chaudière : régime ..normal, régimes tran

sitoires , séismes, etc...

Ces travaux ont nécessité d'importants moyens de calculs 

et d'essais. Ils ont porté par exemple sur les structures internes 

du bloc-réacteur, sur les échangeurs intermédiaires, sur les généra

teurs de vapeur et leurs bâtiments respectifs.

Un avenant au contrat de réalisation clefs en main de la 

chaudière a été conclu en 1979. Le constructeur principal N0VAT0ME- 

NIRA et le maitre de 3'ouvrage NERSA ont ainsi porté le délai de mise 

en service de la chaudière de 70 mois, tel que prévu au contrat initial 

de 1977, à 76 mois. Le constructeur principal porte une attention 

particulière au respect de ce délai. Le fonctionnement de la centrale 

reste prévu en 1983.

En fin d'année 1979, la quasi-totalité des commandes prévues 

pour la réalisation de la chaudière était engagée.

Dans l'atelier sur le site de Creys-Malville, l'assemblage des 

structures de la chaudière s'est poursuivi activement. L'état actuel 

des travaux est le suivant :

- Cuve principale : les derniers éléments sont positionnés et en cours 

de soudage.

- Cuve interne : les deux redans, conique et tcrique sont en place depuis 

le milieu de l'année ; on procède actuellement au soudage des deux 

dernières "cheminées" dams lesquelles viendront se loger les pompes 

primaires.

- Cuve de sécurité : cette cuve est terminée depuis décembre 1979, elle 

a été sortie de l'atelier site et mise en attente de montage sur une 

aire de stockage extérieure.



- Platelage : cette structure est en cours de finition, elle portera 

le sommier, réalisé en usine, dans lequel viendront se loger les 

assemblages- combustibles.

- Dalle : le soudage des éléments périphériques, de mime que le raccor

dement- des circuits de refroidissement,sont terminés ; on procède 

actuellement à la mise en place des viroles sur lesquelles seront 

soudées les cuvesprincipale et de sécurité.

- Grand bouchon tournant : l'assemblage de la structure est terminé, 

le soudage de l'appui du petit bouchon tournant est en cours. Les 

grandes brides sont en phase de finition.

- Barillet de stockage du combustible : les deux cuves du barillet sont 

terminées depuis le milieu de l'année ; on procède actuellement à la

mise'en place du platelage dans la cuve principale.

- Réservoirs sodium : le soudage des différents réservoirs sodium 

est en cours, certains sont terminés et attendent à l'extérieur 

de l'atelier la mise à disposition des locaux.

Dans les différentes usines en France, en Italie, en RFA,

aux Pays-Bas, se poursuit la réalisation des composants dont les

dimensions sont compatibles avec un transport par route. Ce sont

principalement :

- Les générateurs de vapeur en cours de fabrication à Chalón dans

l'usine de CreUSOT-LOÍRE ; l'année 1979 y a éïé consacrée à la 

maîtrise des conditions de soudage, d'enroulage en hélice et de 

supportage des tubes d'échange de chaleur de grande longueur.

- Les 8 échangeurs intermédiairesétudiés en France par STEIN-INDUSTRIE 

sont en cours de fabrication en Italie pour partie dans les ateliers 

de BREDA et pour partie dans les ateliers FRANCO TCSI. La réalisation 

de ces appareil prend en compte l'expérience tirée de la réparation

en 1977-78 des E.I. du même type de Phénix, notamment celle concernant

les conditions de mélange des filets fluides chauds de sodium secon

daire, non actif, dans le collecteur de sortie du faisceau de tubes 

d'échange.

La réalisation en France par JEUMONT-SCHNEIDER des pompes primaires 

en est au stade des essais en vraie grandeur et en eau dans les 

installations d'EDF à Gennevilliers.

La construction des pompes secondaires se poursuit en Italie dans 

les ateliers de FIAT et BELLELX.

De nombreux autres composants et structures sont en cours de réali- 

. sation et pour beaucoup déjà terminés. Ce sont par exemple :

. le sommier du réacteur en Italie chez BREDA 

. le manège de stockage du combustible chez NOELL en RFA 

. les dispositifs de manutention du combustible, rampes, sas,, 

machines de transfert, etc.... réalisés par NEYRPIC en 

France sont en cours d'essais en usine avant 

expédition pour essais en sodium dans les 

installations du CEA à Cadarache, Les dispositifs de 

commande des banres de contrôle seront aussi essayés 

sur ces installations.

Sur le site, les travaux de Génie Civil du bâtiment réacteur 

et des divers bâtiments annexes (bâtiments des générateurs de vapeur, 

de stockage — dépotage du sodium, etc...) se sont déroulés en 1979 

en.conformité avec les besoins du constructeur de la chaudière, 

NOVATOME-NIRA. Le pont tournant destiné à la manutention des composants 

dans le bâtiment réacteur a été mis en place à la fin de l'année. La 

brèche temporaire dans le mur de ce bâtiment a été équipée du dispositi 

de manutention spécial destiné à l'introduction des gros composants 

de la chaudière. Le coffrage de la coupole situé à plus de 80 m de 

hauteur est assemblé, le bétonnage final est en cours. A l'intérieur, 

dans le puits du réacteur, les travaux de mise en place du béton 

lourd, de pose de la peau d'étanchéité, de montage des panneaux du 

circuit de refroidissement sont bien avancés, de sorte que les premiers



travaux de montage de la chaudière vont débuter par l'introduction de 

la cuve de sécurité prévue es mai de cette année 1980. Les premiers 

travaux de montage des installations de manutention, des circuits 

secondaires et des installations de remplissage en sodium ont également 

commencé. Les premières livraisons de sodium sur le site vont inter

venir vers la fin de l'année.

SUPER PHENIX II

NOVATOME a poursuivi durant l'année 1979, pour le compte 

d’EDF, un programme d'étude d*avant-projet de la chaudière SUPER 

PHENIX II directement dérivée de la conception de la chaudière de 

CREYS-MALVILLE. Le programme avait débuté en 1978. Son principal 

objectif est de définir les voies menant & une réduction du coût de 

la chaudière. Quatre domaines ont ainsi été simultanément explorés :

- prise en compte du progrès technique et des effets de taille

- jumelage des tranches

- effets de série

- réduction des coûts de fabrication et du planning de construction.

Les études d'avant-projet sont actuellement terminées. Les 

discussions relatives & l'étape suivante, la phase de projet, sont es 

cours. Elles portent principalement sur les options de la chaudière 

qui devront être retenues.

Il faut rappeler ici qu'EDF a annoncé son intention d'engager 

avant 1985 la construction de deux tranches de 1 500 MWe équipées de 

chaudières du type SUPER PHENIX II.

L'AVENIR DU PROGRAMME DES CENTRALES A NEUTRONS RAPIDES EN FRANCE

Compte tenu de la longue expérience acquise avec Rapsodie, du 

fonctionnement particulièrement satisfaisant de Phénix (si on excepte les 

incidents connus, mais parfaitement maitrisés sur les échangeurs intermé

diaires) et enfin du bon déroulement de la construction de la centrale de 

Creys Malville (Super Phénix 1) dont le fonctionnement reste prévu pour 1983, 

le programme d'avenir des centrales à neutrons rapides en France a été 

maintenant envisagé clairement.

Deux points essentiels font partie de ce programme.

- diminuer les coûts d'investissements et les coûts de production d'énergie 

& partir des centrales & neutrons rapides ;
- mettre en place les installations nécessaires pour fermer le cycle du 
combustible (fabrication et retraitement), ce qui est un impératif pour 

un développement substantiel des centrales à neutrons rapides.

Bn ce qui concerne les coûts, l'électricité produite & Creys Malville 

sera au même prix que celle produite 4 partir de mazout désulfurisé. Pour 

l'avenir, on vise & un prix du kWh issu d'une centrale rapide qui ne soit 
pas supérieur de plus de 20 â 30% au prix du kWh produit par un PWR.

Les études en cours montrent que cette perspective n'est pas hors de portée.

Bn ce qui concerne le cycle du combustible, il faut d'abord 

rappeler qu'on a fermé le cycle de Rapsodie en retraitant son combustible 

& l'atelier pilote ATI à La Hague. Pour Phénix, le combustible a été retraité,



en partie à La Bague (par dilution avec des combustibles de réacteurs 

graphite gaz), en partie à Marcoule dans 1'atelier spécifique SAP.

Phénixr comme Rapsodie, a donc un cycle de combustible fermé.

Il faut maintenant étendre ces capacités de retraitement pour 

faire face au programme futur. Ceci sera fait en plusieurs étapes.

Tout d'abord, à Marcoule, un atelier pilote (TOR) d'une capacité de

5 tonnes/an permettra, à partir de 1983-84 de retraiter tout le com

bustible de Phénix, et d’assurer quelques autres prestations de re

traitement.

D'autre part, une usine spécifique de retraitement des combus

tibles rapides de grande taille, dénommée PURR, est en cours d'étude.

Sa capacité correspondra aux besoins de Super Phénix et des premières 

centrales qui suivront.

Concrètement, Electricité de France a annoncé son intention de 

commander, avant 1985, au moins une paire de centrales à neutrons ra

pides, dont la puissance serait de l'ordre de 1500 MWe (Super Phénix 2). 

Les installations nécessaires au cycle de combustible (fabrication et 

retraitement) seraient lancées simultanément.

RECHERCHE ET DEVELOPPEMENT

La Recherche et le Développement se poursuivent dans 

tous les domaines concernés par les réacteurs à neutrons rapides.

On en donne un bref aperçu dans ce qui suit :

TECHNOLOGIE

Des recherches fondamentales continuent dans de 

nombreux domaines tels que :

- Calorifuge en gaz et en sodium, étude des espaces annulaires de tra

versées de composants.

- Formation et piégeage des aérosols de sodium.

- Epuration du gaz de couverture par distillation cryogénique ; achèvement 

des travaux de mise au point d'un pilote destiné 4 Phénix (séparation 

argon/krypton).

- Fatigue-fluage des matériaux en sodium, corrosion et transfert de masse, 

décarburation des aciers ferritiques, matériaux de frottement, mouillage 

par le sodium.

- Cavitation en sodium, caractérisation acoustique du phénomène d'érosion 

de cavitation.

- Systèmes de purification du sodium et cristallisation des impuretés.

- Mesures des injuretés dans le sodium (oxygène, hydrogène, carbone...).

- Instrumentation, visualisation dans le sodium à l'aide de transducteurs 

immergés, détection des défauts de refroidissement du coeur, essais acous

tiques dans Phénix, détection des fuites de sodium...

- Pompes électromagnétiques immergées.

- Mélangeurs et stratification du sodium dans les tuyauteries.

Mais les activités les plus importantes dans le domaine 

de la technologie concernent les principaux composants de Super-Phénix et 

les études effectuées pour 1'avant-projet de Super-Phénix 2 .  Pour Super- 

Phénix, il s'agit soit d'essais sur des prototypes, soit d'essais de qua

lification sur des appareils de série.

Pour les générateurs de vapeur, les essais thermiques 

et d'endurance de la maquette 45 MWth du générateur de vapeur de Super- 

Phénix 1 à tubes hélicoïdaux sont terminés au Centre EDP des Renardières. 

Des essais partiels se sont poursuivis, ils concernent le distributeur 

d'entrée du sodium,, l'étude des vibrations du faisceau, les collecteurs de 

vapeur, le contrôle des tubes par courants de Foucault.



Les études de petites faites (wastage) sont achevées pour 

ce qui concerne Super-Phénix, d’autre part on a effectué des essais sur 

l'alliage ferritique EM 12. Les essais de grandes fuites et l'étude de 

ruptures secondaires se poursuivent au CEA et au CNEN (BRASIMONE). On a 

poursuivi également les études de corrosion par les produits de la réaction 

sodium-eau, relatives à l'alliage 800 utilisé pour Super-Phénix et démarré 

les essais de l'acier ferritique EM 12.

Pour Super-Phénix 2, on a effectué l'étude d'adaptation 

du générateur de vapeur de type hélicoïdal en alliage 800 et d'une variante 

en acier ferritique (chromesco 3 - EM 12). L'essai d'une maquette en acier 

ferritigue monotubulaire placée dans un serpentin hélicoïdal a été effectué 

au Centre de Grand Quevilly avant l'arrêt des installations. Les essais 

d'un générateur de vapeur monotubulaire à tube droit en acier ferritique 

CEE 3 et EM 12) ont également été réalisés. L'étude de la station d'essais 

technologiques SET, prévue à Cadarache, pour remplacer l'installation 

d'essai de Grand Quevilly, est en cours et les premiers travaux de réa

lisation ont démarré.

Pompes mécaniques

On a effectué les essais en sodium de la tuyauterie de 

liaison pompe primaire-réacteur pour Super-Phénix (liaison articulée et 

démontable), les essais de la liai son pompe seconda1re-réservoir d'expansion 

sont en cours. L'installation d'essais en sodium de l'ensemble de l'arbre 

et des parties tournantes d'une pompe primaire est en cours de mise en 

service au CNEN à BrasImane. Des essais couplets en eau des pompes de 

Super-Phénix sont .en cours de démarrage à Gennevilliers au Centre d’EDF. 

D'autre part, des essais en eau d'une pivoterie hypercritique, sont en 

cour» au CEA.

Echangeurs intermédiaires

Les études hydrauliques ont été réalisées sur une maquette 

en eau de 1'échangeur de Super-Phénix. La qualification des codes thermo- 

hydrauliques utilisés pour calculer, en régime permanent et transitoire, 

les échangeurs de Super-Phénix s'est poursuivie & partir des mesures effec

tuées sur maquettes hydrauliques et sur Phénix. Pour Super-Phénix 2, on a 

étudié un échangeur dérivé de celui de Super-Phénix, l'augmentation de la 

puissance est possible par la mise en place de dispositifs de réglage des 

débits primaire et secondaire, afin de limiter les écarts de températures 

entre couches interne et externe, des essais hydrauliques sont en cours 

au L.N.E.

Isolation thermique des fermetures supérieures et traversées des 

composants

Les essais de calorifuge en argon, effectués sur la ma

quette CYTHERE et sur la maquette GULLIVER où une traversée de grand com

posant est expérimentée en vraie grandeur, se sont poursuivis. Après 17000H

d'essais sur GULLIVER et de nombreux cyclages thermiques entre le régime

nominal et le régime de manutention, on a pu vérifier le boa. «raportemesit 

du calorifuge.

L'étude du refroidissement par gaz des fermetures supé

rieures est en cours, cette solution est étudiée, en variante, pour Super- 

Phénix 2.

Le prototype du système d'arrêt complémentaire (SAC) de 

Super-Phénix réalisé aux dimensions de Phénix, a été expérimenté avec succès 

au cours de 1 700 В d'essais en sodium, il est actuellement sur le site du 

réacteur Phénix oû il sera prochainement expérimenté.

Les essais de qualification des vannes et robinets de 

Super-Phénix se sont poursuivis.

Les autres essais en cours pour Super-Phénix concernent

en particulier :

- Qn prototype & l'échelle 1 du système de purification intégrée : après 

une première phase d'essais thermiques et mécaniques, il a subi quelques 

modifications, les essais en sodium se poursuivent.

- Le pot de manutention des assemblages irradiés.

- L'étude du "déversoir" qui permet le retour du sodium de refroidissement 

de la cuve principale, les essais en sodium sont pratiquemment terminés.



- Les essais des filtres destinés à arrêter les aérosols de sodium dans les 

circuits d'argon reliés au ciel de pile.

- Les thermocouples sodium-eacier (circuits d'essai, montage sur Rapsodie).

- Les visus de Super-Phénix (vision par ultra-sons), ces appareils sont 

en cours de réglage avant les essais en sodium.

- Le système de détection et localisation de ruptures de gaines.

La grande installation, appelée TRIPOT gui recevra les 

essais des systèmes d'arrét principaux et complémentaires, et des méca

nismes de manutention du combustible est en service. Les réglages préli

minaires des dispositifs expérimentaux sont en cours, avant la réception 

des matériels.

PHYSIQUE ET ETUDES DE COEUR

Expériences critiques de grande taille

(MASURCA - Programmes PRE-RACINE et RACINE)

L'année 1979 a été consacrée au programme expérimental 

PRE-RACINE 3 et 4 efe & la préparation de l'installation pour l'expérience 

RACINE.

PRE-RACINE 3

Est destiné & l'étude des barres diluantes et absorbantes 

de Super-Phénix 1, les paramètres mesurés étant :

- l'antiréactivité des barres »

- la perturbation de la distribution de puissance ;

- 1'échauffement gamma.

Ce programme a permis de tirer les enseignements suivants

- les écarts calcul-expérience sont indépendants de la surface de la section 

des barres diluantes ;

- l'écart calcul-expérience pour les barres diluantes dépend de l'enrichis

sement des milieux dans lesquels ces barres sont plongées et des propor

tions volumiques d'acier et de sodium contenues ;

- les écarts сalcul-expérience pour les barres absorbantes sont directement 

liés à la teneur en Bore 10.

La technique d'homogénéisation des barres absorbantes 

utilisée pour les calculs projet conduit à surestimer les antiréactivités 

par rapport à une description hétérogène de la barre. L'expérience montre 

que le calcul prévoit correctement l'effet d'hétérogénéité.

Les résultats obtenus dans le programme PRE-RACINE 3 ont 

été utilisés pour la détermination des enrichissements critiques de dé

marrage du combustible de Super-Phénix.

PRE-RACINE 4

A permis d'évaluer l'influence de la présence d'une zone 

fertile interne sur les effets en réactivité de vidange sodium obtenus dans 

la zone fissile adjacente (zone 1) : les résultats confirment la surestimation 

par le calcul des effets en réactivité dans les zones fissiles lorsqu'elles 

sont en présence de zones fertiles internes.

RACINE (Etude de coeurs hétérogènes)

Débutera, après une période de travaux et de transport de 

combustible, en avril 1980 et est défini et exécuté dans le cadre de la 

collaboration CEA-DEBENE-CNEN. Il sera plus particulièrement axé -sur les 

problèmes suivantes :

- Optimisation : on se propose de valider les méthodes de calculs utilisées 

pour optimiser les dessins du réacteur ;

- Fonctionnement : il est prévu d’étudier les problèmes d'interaction entre 

barres de commande, en présence des zones fertiles, et l'incidence de 

leur implantation ;

- Sûreté : étude systématique d'effet de vidange sodium en différentes 

zones du réacteur.



Le programme HACINE comportera deux étapes principales :

RACINE I, configuration incluant une zone fertile centrale et un anneau 

fertile ;

RACINE II, configuration avec une zone fertile centrale et deux anneaux 

fertiles (prévue à partir de 1981, suivant la quantité de combustible 

disponible).

Formulaires de calcul

Formulaire coeur

a) Un important travail est entrepris dans la réévaluation 

des données de base (sections efficaces des actinides 

et des matériaux de structure) afin de compléter et 

d'améliorer les données antérieures. En 1979, l'effort 

a été porté essentiellement sur :

L'écriture de codes de calcul de section efficaces de façon à y inclure 

les derniers développements de la théorie concernant la description du 

processus de fission ;

L'évaluation d'actinides particuliers comme le Np et l'A^4* en

tenant compte des données microscopiques, des données intégrales et 

des modèles nucléaires.

b) Dims le domaine des codes de calcul, le code de cellule 

HETAÏRE est en cours de réécriture ; la comparaison 

des performances des divers codes spatiaux français et 

étrangers (différences finies et éléments finis) est 

en cours d'achèvement.

c) Des expériences intégrales destinées à la validation et 

& l'ajustement des sections efficaces des matériaux de 

structure sont en cours â Bologne (expérience RB 2)

et à Cadarache (assemblage couplé thermique-rapide 

ERMINE).

Formulaire couverture

La validation expérimentale du formulaire couverture & 

l'aide du programme NEFERTITI sur le réacteur TAPIRO (accord CNEN-CEA) 

démarrera mi-60.

Formulaire protection

- La nouvelle bibliothèque BABEL est mise en place. Y sont incorporées les 

fonctions réponses pour 1'activation, la production d'HE et de Tritium.

- Sont en cours le dépouillement et l'interprétation du programme expé

rimental. sur HARMONIE et TAPIRO. Cette analyse devrait aboutir & l'ajus

tement du formulaire PROPRANE D.O.

- Cette nouvelle bibliothèque couplée Neutron-Gamma est utilisée gr&ce au 

code PRESGA pour les calculs d'échauffement des assemblages du coeur de 

Super-Phénix.

- Les études paramétriques de protection avec B^C pour 1'avant-projet SPX 2 

ont permis de déterminer les expériences nécessaires pour valider le 

formulaire sur ce type de protection ( Programme JASON sur le réacteur 

HARMONIE).

Etudes de nouveaux concepts de coeurs

Ces études ont été centrées en 1979 sur des analyses para

métriques concernant le concept hétérogène. En particulier, les influences

- du diamètre des pastilles combustibles ;

- de la puissance du réacteur ;

- de la hauteur de la colonne fissile ;

ont été étudiées dans le cadre de la comparaison du concept homogène et du

concept hétérogène.



Recherche et développement en soutien du projet SPX 1

Technologie "assemblages et coeur"

Barres de contrôle

On a introduit dans Phénix une Irradiation (PRECORSAB) de 

confirmation de la tenue de l'élément absorbant de SPX 1. Les résultats sont 

attendus pour fin .1930.

SAC (Système d'Arrêt Complémentaire)

La première phase d'Irradiation (absorbant seul) d'un SAC 

de même conception que celui de SPX 1 s'est déroulée de façon satisfaisante.

Réglage de déblt-cavltation

1979 a vu la solution du problème d'apparition de la ca

vitation dans le déprimogène de certains assemblages SPX 1. Par ailleurs, des 

résultats nouveaux ont apporté la confirmation de la validité des essais hy

drauliques en eau, & la fols sur le plan perte de charge et sur le plan de 

la marge vis-à-vis de la cavitation.

Recherche et développement SPX 2

Raccourcissement de l'assemblage

Recherche de solutions cohérentes de raccourcissement des 

différents types d'assemblages, applicables à SPX 2. A noter en particulier 

les essais préliminaires encourageants des déprlmoqènes compacts, solution 

élégante au problème de raccourcissement de l'assemblage. La validation de 

cette solution sera faite en 1980.

Etudes de l'environnement du coeur

En 1979, construction de plusieurs veines d'essai, ayant 

pour objectif l'étude, en 1980-81, des problèmes :

- d'écoulement dans le sommier, avec essais de solutions envisagées pour 

SPX 2 )

- de mélange de jets en sortie d'assemblage ;

- de mélange & l'intérieur de la partie supérieure de l'assemblage (PUS) 

en fonction de sa forme (PNS longue, PNS courte, PNS & aiguilles).

COMBOSTXBLB

En 1979, la conférence d'Ajacdo a permis de faire un 

point assez complet des recherches en matière de comportement des assem

blages combustibles. On a montré le grand intérêt des expérimentations 

dans Phénix dont le bon fonctionnement en f&it un outil extrêmement précieux. 

Plus particulièrement, on a mis en évidence que l'essentiel des questions 

actuelles concerne le comportement sous flux rapide, en température, des 

matériaux de structure et de gainage, le combustible oxyde ne posant désor

mais plus de question urgente.

Du point de vue du comportement des aciers proprement dits, 

on a pu préciser le rdle de l'évolution de la structure métallique sur le 

gonflement & chaud et souligner que l'utilisation du 316 Ti écroui est plus 

favorable que celle du 316, mais que des différences de comportement entre 

les 316 écrouis sont reliées & la composition des autres éléments secondaires 

qui permettent de définir la structure de la matrice austénitique.

Du point de vue du comportement du faisceau, on a accompli 

de gros progrès ces dernières années et on a pu préciser la mécanique interne 

des déformations et interactions de l'assemblage. Les gaines gonflent, l'es- 

paceur se déforme et provoque 1'ovalisation et la flexion de la gaine qui 

cesse d'ëtre rectiligne pour devenir une hélice, le tube hexagonal se déforme 

par fluage d'irradiation et par l'effet d'un gonflement hétérogène de ses 

diverses faces qui est directement dépendant du flux neutronique local. Le 

résultat conduit & un comportement global très satisfaisant, comme le montrent 

notamment les coupes d'un assemblage Phénix enrobé et tronçonné après ir

radiation : malgré les déformations et quelques contacts gaine-gaine, 1'Ir

radiation de l'ensemble des aiguilles est restée homogène et il n'y a pas 

eu de surchauffe du combustible.



Sur un plan plus analytique, on a mis en évidence le rfile 

de la teinpérature sur le fluage d'irradiation et on a mis à jour les relations 

existant entre ce dernier et le gonflement. L'ensemble montre que les théories 

sont encore & approfondir. Cependant, l'expérimentation de nouveaux alliages 

pour gaines devrait encore permettre d1 accomplir des progrès importants. De 

ce point de vue, on ne peut qu'être encouragé par le très bon conçortement 

des aciers ferritiques jusqu'à 150 dpaF et au-delà.

Pour être complet, il convient de signaler que :

- les efforts de compréhension de la métallurgie sous flux rapides apportent 

des éléments précieux sur l'évolution des dislocations sous irradiation, 

sur le r£le des dislocations existant préalablement à l'irradiation, sur 

le r61e de certains éléments d'addition des 316 modifiés, sur le type 

particulier de précipitations induites par l'irradiation qui, dans certains 

cas, conduit à ce que les cavités soient tapissées de précipités.

- Les efforts technologiques se poursuivent pour apprécier les conditions 

limites des assemblages combustibles (température, puissance, taux de 

combustion, thermohydraulique), le comportement en pile d'assemblages 

spéciaux, le comportement des gaines rompues, l'effet du suivi de réseau, 

le bien-fondé du concept de coeur hétérogène.

SUKE'IE

Les études de sûreté sont en majeure partie liées aux 

accidents qui se traduisent par une fusion du combustible dans le coeur.

Il s'agit d'une part des essais en pile (CABRI et SCARABEE), 

d'autre part des essais hors pile et des supports théoriques correspondants.

CABRI-SCARABEE

Le réacteur CABRI pour les expériences d'injection rapide 

d'énergie a poursuivi son fonctionnement par :

- L'essai A 2 en avril 1979, avec une injection d'environ 1,1 kJ/g au re
froidissement nominal » malgré des fusions locales d'oxyde, il n'y a pas 

•u de rupture de gaine.

- L'essai.В 1 en juin 1979, avec une diminution de débit de refroidissement 

sans injection d'énergie allant jusqu'à ébullition du sodium et des fusions 

de gaine.

- L'essai В 2 en juillet 1979, avec une diminution de débit de refroidissement 

et injection d'environ 1,2 кJ/g avant le début d'ébullition du sodium t la 
majorité du combustible a fondu en zone centrale, des mouvements de com

bustible fondu et sa resolidification ont été observés.

Les calculs rendent assez bien compte des phénomènes ob

servés, aux incertitudes de mesure près. Des difficultés demeurent sur la 

distribution de densité de puissance, dues au spectre thermique du réacteur ; 

plusieurs solutions sont en cours d'évaluation pour compenser ceci.

En août 1979, pendant une période d'arrêt, un incendie 

deuis des armoires électriques du système de détection de mouvements du 

combustible (hodoscope) a entraîné des travaux de remise en état importants, 

sur le point d’être terminés. La protection incendie a été améliorée par 

des codifications faites au cours de ces travaux.

Les travaux pour la seconde phase des essais de défauts 

de refroidissement sur du combustible irradié allant à 37 aiguilles ont 

été poursuivis pour le réacteur SCARABEE. La matrice d'essais a été précisée 

pour étudier :

- Les accidents de refroidissement d'ensemble (diminution lente de débit 

ou augmentation lente de puissance).

- Les bouchages partiels d'assemblages en pied, afin de préciser les 

possibilités de détection.

- Les bouchages complets d1 assemblages en pied, au démarrage ou en puissance, 

pour définir les conditions d'un début de fusion dans un assemblage.

- La rétention d'une quantité importante de combustible fondu dus m  as

semblage bouché fait l'objet d'études de faisabilité avancées.



Essais hors pile

Etude de 1'ébullition du sodium et de la fusion des gaines : 

mise en évidence, grâce aux essais réalisés sur la boucle CESAR, de 1'impor

tance prépondérante de l'inertie thermique des matériaux dans leur cinétique 

de fusion et leur relocalisation.

Etude de la coulée du combustible fondu dans les gaines 

(essais СОСОПЕ) . Les essais ne permettent pas encore de conclure sur les 

conditions dans lesquelles une fusion de l'acier pourrait se produire au 

contact de l'écoulement d'OO^. Des expériences en géométrie de grappe semblent 

nécessaires.

Etude de la condensation de la bulle de vapeur de sodium 

(EXCOBÜLLE) : mise au point de la source EXCOBÜLLE II de 1 litre à double 

enveloppe et développement du code DIFFUS pour décrire l'influence de la 

présence d'incondensables sur la condensation de vapeur sur un liquide sous- 

refroidi. On rappelle que les essais EXCOBÜLLE consistent â faire éclater 

sous l'eau une bulle contenant soit quelques cm^ soit 1 litre d'eau sur

chauffée et à mesurer la réduction de l'énergie mécanique de détente de 

la vapeur due à la condensation. Avec les billes â double enveloppe, l'es

pace étant rempli de gaz simulant des gaz de fission, il est possible 

d'étudier 1'influence de la présence d'incondensables.

Etude des éjections de sodium (CARAVELIE) : des essais 

ont été faits sur l'éjection de sodium au travers des fuites de la ferme

ture supérieure lors d'un accident dégageant de l'énergie mécanique à 

l'intérieur du bloc-réacteur. La maquette a montré que l'éjection au moment 

de l'impact est nulle. Par contre, après 1'impact, il y a formation d'une 

émulsion gaz-liquide qui peut être chassée par une éventuelle pression ré

siduelle si des fuites subsistent dans la fermeture supérieure.

15
Autres études de sûreté

L'wçériœentation sur les feux de sodium s'est poursuivie : 

rétention des fuites de sodium, diminution des feux, distribution de la 

poudre extinctrice MARCALINA.

L'étude théorique et expérimentale des feux de sodium 

pulvérisé et en nappe a été précisée. L'installation d'essais de feux de 

sodium de grande ampleur (plusieurs dizaines de tonnes) est en cours de 

construction. Sa mise en service est prévue en 1982 (-Installation ESMERALDA) .

COLLABORATION INTERNATIONALE

Il faut rappeler pour terminer l'importance de la collaboration 

internationale dans le domaine des réacteurs â neutrons rapides.

Pour la France, elle existe à des degrés divers, avec tous les 

autres pays engagés dans le développement de cette filière, et en 

particulier avec différents pays européens. La réalisation de la Centrale 

de Creys Malville en est une concrétisation.

Sous souhaitons que cette collaboration soit encore élargie.

En ce qui concerne l'année écoulée, il n'y a pas d'élément majeur £ signaler.
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STATUS OF THE FAST BREEDER REACTOR DEVELOPMENT IN' 
THE FEDERAL REPUBLIC OF GERMANY, BELGIUM AND 
1HE NETHERLANDS

R. HÜPER, R. FRIESE 
Kemforschungszentrum Karlsruhe 
Federal Republic of Germany

Preface

In 1967 and 1968 the Federal Republic of Germany., the Kingdom of Belgium 

and the Kingdom of the Netherlands ("DeBeNe") agreed to develop, in a 

joint program, breeder reactors to the point of commercial maturity. The 

following research organizations take part in this effort:

- Kernforschungszentrum Karlsruhe (KfK)

- INTERATOM, Bergisch Gladbach

- ALKEM, Wolfgang near Hanau

- SCK/CEN, Mol

- Belgonuclêaire, Brussels

- ECN, Petten

- TNO, Apeldoorn

- NERATOOM, The Hague.

The three German institutions mentioned above have been interrelated since 

1977 by the Entwicklungsgemeinschaft (EG) Schneller Briiter. Between KfK, 

INTERATOM, and the French Commissariat à l'Energie Atomique contracts were 

concluded in 1977 about close cooperation in the Fast Breeder field, with 

association of the Belgian and Dutch partners.

The results of research and development activities carried out by the 

DeBeNe partners in 1979 have been compiled in this report. The report be

gins with an annual review. The bulk of the report following next is or

ganized by the Working Groups of the R&D Program Working Committee of the 

Fast Breeder Project; the annexes provide information about the commission

ing status of KNK II and the construction of SNR 300.

1. INTRODUCTION

1.1 The Fast Breeder Situation in the Federal Republic of Germany

In 1979 some progress was made on the Kalkar site of the SNR 300 as a 

consequence of the partial construction license issued on December 20,

1978. This license covers part of the assembly work related to mechani

cal and electrical engineering. The civil engineering work has nearly 

been completed except for the cooling tower. Further progress on site 

will depend on the additional construction licenses being issued, es

pecially those concerning decay heat removal and emergency core cooling 

systems, the reactor proper, and the regular heat transfer systems. 

Fabrication and testing of the components is proceeding satisfactorily.

At the Karlsruhe Nuclear Research Center, the 20 MWe KNK II plant with 

sodium coolipg and a fast neutron core has gone into operation. Valuable 

experience has been accumulated, e.g., from measurements of the e n t r a p 

ment of cover gas in the sodium. This entrainment has been reduced con

siderably by the installation of valves in a ventilation pipe. A failed 

fuel element was identified and exchanged. The experimental program has 

begun.

A significant factor in the breeder sector influencing parliamentary dis

cussions on nuclear energy within the Federal Republic of Germany has been 

the establishment of a fact finding committee of the German Bundestag.

This body, which was established in the spring of 1979 to work out recom

mendations on nuclear matters, presented its program of activities in early 

July and held its first working session in September. The Committee has 

organized its activities in seven complexes for which non-parliamentary 

rapporteurs have been appointed. The fourth complex of questions to be 

dealt with is: "What decisions on breeder technology, especially on the 

possible commissioning of the SNR 300, are to be taken by the Federal



Parliament?" Work on these problems was taken up in November 1979. The 

fact finding committee is also going to take into account the results of 

INFCE and is keeping itself informed on the development abroad. The com

mittee will present an intermediate report to the Bundestag in May 1980.

International Cooperation

- INFCE:

The DeBeNe partners (Germany, Belgium and the Netherlands) have been ac

tively engaged in the International Nuclear Fuel Cycle Evaluation (INFCE) 

exercise since 1977, especially in Working Group 5 of that effort (Fast 

Breeder Reactors). That working group examines the significance of bree

der reactors for the future energy supply of the world, conceivable bree

der fuel cycles etc. under the aspects of proliferation resistance, and 

the environmental impacts of a breeder economy. Drafts were completed by 

the working groups in 1979 for the more detailed final version of the INFCE 

report. The INFCE report is to be published in the spring of 1980.

- DeBeNe-CEA Agreements:
«

Since the entering into force in 1977 of the German-French breeder agree

ments there have been almost 200 joint technical discussions and exchanges 

of more than 1000 reports. Some important subprojects have been declared 

joint programs by the German-French Steering Committee:

Mark II in-pile experiments for the SNR 300, the VOLGA defective rod ex

periments, the development of a program for computing the thermohydraulics 

of helical wire spacers, the measurement of nuclear parameters of breeder 

cores under accident conditions (core compaction etc.), coolant blockage 

experiments in the Belgian BR 2 reactor and in the French Scarabee facility, 

tests on acoustic boiling detection in sodium cooled breeders and on fault 

detection by temperature fluctuation measurements, measurements of the 

acoustic background in the NIRA steam generator in the EdF test bed of Les 

Renardières, tests on precursors of the secondary SNR shutdown system and 

studies of thermal striping and the resultant cyclic material loads.

The Steering Committee also agreed to CEA participating in the PFR-M2 ma

terials in-pile experiments (pressure tube tests to be conducted in the 

United Kingdom).

Computer programs are to be exchanged with France under the R&D agreement.

A program on cooperation in the field of aerosol research and sodium fires 

has been agreed upon with France. SNEAK fuel was shipped from the ZEBRA 

Zero Power Facility at Winfrith, England, to MASURCA at Cadarache to con

tinue measurements of nuclear parameters of heterogeneous breeder reactor 

cores with the participation of DeBeNe partners.

Agreements with the USA

Agreements concluded between the Federal Republic of Germany and the US-NRC 

and the US-D0E have been expanded to a trilateral basis (including France) 

since 1978 and refer to exchanges of reports and to cooperation in the sub- 

areas of fuels and materials, reactor core, safety and components. In Decem

ber 1979 a DeBeNe/CEA/DOE seminar on oxide fuel was organized at Richland, 

Washington. The meeting of the trilateral Core Working Group was organized 

at Aix-en-Provence in September 1979. Shielding and neutronics computer pro

grams were the subjects of specialists meetings held at Knoxville, Tenn. in 

October and at KfK in November 1979, respectively. Cooperation with the USA 

in the safety sector involves the NRC, especially with regard to CABRI and 

ACRR experiments. Negotiations with DOE about extensions of the information 

exchange in the subareas of breeder development mentioned above have been 

carried on in March 1980.

Agreement with PNC, Japan:

Under the trilateral agreement in force among KfK, CEA and PNC since 1978 

an annual meeting in June 1979 led to the identification of other areas for 

cooperation, especially with regard to the safety of fast reactors. This 

event had been preceded, inter alia, by an exchange of knowledge about the 

Joyo and KNK II reactors and a trilateral meeting of experts on structural 

materials at Karlsruhe. Measurements conducted by the Toshiba company to

gether with KfK on the transport of fission products in the cooling system 

were successful.

Agreement with the United Kingdom:

On February 12, 1980 KfK and CEA signed a contract with the British UKAEA 

as a result of which KfK and CEA are given access to information about failed 

fuel rod tests in the PFR and TREAT reactors. By way of exchange, UKAEA is

being supplied the results of the CABRI safety experiments.
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1.3 Review of Major R&D Results

Major progress has been achieved in the DeBeNe region (Germany, Belgium, Nether 

lands) in research and development work on sodium cooled fast breeder reactors. 

Some of it relates to the prototype breeder power plant at Kalkar (SNR 300), 

which has been under construction since 1973. Some of it was devoted to further 

development beyond SNR 300. Most of the activities were concentrated on fuel 

element and materials development, safety, and sodium component development.

The status of activities attained can be summarized as follows:

The development work on fuel fabrication techniques aimed, inter alia, at 

achieving improved solubility in' reprocessing, has led to satisfactory so

lubilities in nitric acid.- Because of the great variety of techniques of 

fabricating fuel with increased density now being tested, more studies are 

needed for a method to be adopted for the follow-on cores of the SNR 300.

More interim results have also become available on the behavior of fuel rod 

cladding tubes under in-pile conditions. Interim measurement in a materials 

irradiation test ( fluency so far 0.4 x 10^3 n/cm^) revealed no swelling and 

only minor creep in the temperature range 400-500°C. In-pile experiments of 

materials and fuel rod subassemblies will be continued, and new ones will be 

prepared. Post-irradiation examination of irradiated specimens furnished 

valuable data about the causes of rod failures observed.

Studies of the behavior of failed fuel elements in the reactor are becoming 

more and more important. According to the experiments conducted so far, the 

amount of fuel escaping from large artificial rod defects at the hot spot of 

the cladding is small, even after power cycling operation over many weeks.

The finding is that scrams are not compulsory as a result of certain fuel 

element defects.

Thermohydraulic out-of-pile fuel element studies have supplied important 

data for the optimization of the flow throttles for the first core of the 

SNR 300 and on the influence of spacers upon the sodium flow and the heat 

transfer. For the second SNR core, out-of-pile experiments indicated that 

there will be no deformations and vibrations in the test elements. Especial

ly non-nominal and eccentric rod arrangements are now being studied theo

retically and experimentally, with the objective to calculate the influence 

of flow and heat transport on the temperature distribution in a satisfactory 

manner, e.g., also in the corner zones.

Extended experimental programs on SNR structural materials (mainly reactor 

vessel material) have also produced some interim results on the stress-rup- 

ture strength of the base material and the welds. The radiation induced 

reduction in stress-rupture strength diminished with decreasing stress; 

in welds this reduction was much smaller than in the base material. Fatigue 

tests at low strain rates resulted in a significant radiation induced re

duction of the number of load cycles up to the point of rupture.

Most of the physics work was concerned with reactor cores of breeders in the

1300 MWe category. Detailed tests were conducted to demonstrate the useful

ness of the KASY neutron flux synthesis program in calculating sodium void 

effects in large reactor cores. Such nuclear parameters as the sodium void 

values of various zones, control rod effectiveness and power distribution were 

measured and, in part, evaluated. This program, which was carried out 

with the participation of DeBeNe in the ZEBRA zero power facility 

in Britain, is now being continued in France. To improve the nuclear data base, 

neutron cross sections of such actinide elements as americium were measured 

in an accelerator or reevaluated.

The demonstration to be provided in the on-going licensing procedure

is of major importance for the SNR 300. Theoretical safety analyses

of major hypothetical accidents led to important findings. Thus, significant 

releases of mechanical energy will occur only if several pessimistic assumptions 

are made simultaneously; they will then be in the range of 100 MJ instead of the 

SNR design base value of 370 MJ. In a similar way this applies also to secondary 

excursions. The materials distribution in the reactor vessel seems 

to indicate long term cooling capability even after a major accident.

The movement of materials in a major accident was simulated also 

in iron-thermit experiments. In these experiments, some peak pressures up 

to 100 bar were observed, but no pressure buildup continued over 

prolonged periods of time. The efficiency of conversion of thermal 

energy into mechanical energy was only approx. 0.1%. Uranium-thermit 

experiments and the experimental programs started in the CABRI, Cadarache,and 

HFR, Petten, reactors are to back up these theoretical studies.



Six out of the eleven variants of material considered for a 

protective layer in the catching pan for fissile materials of the 

core catcher turned out to be feasible in the light of materials tests.

The decision was taken in favor of UOg.

Evaluation of the two coolant blockage experiments so far performed in 

the Mol 7C series in the BR 2 reactor indicated that local boiling occurred 

only as a result of a very significant reduction of the integral sodium flow 

in the rod subassembly. Cooling of a severely damaged fuel element can be ensured 

over a long period of time at full power.

Various techniques have proved to work satisfactorily with respect

to monitoring of the reactor core. For instance, in KNK II, a failed fuel

element was detected from delayed neutron signals in sodium. At the

same time, typical fission product noble gases could be detected in

the cover gas by an automatic gamma scanning station. Cross correlation

measurements of neutron flux, sodium flow, temperature and pressure at various

core positions turned out to be useful in the localization of gas voids in KNK II.

Out-of-pile boiling experiments proved that sodium boiling can be

detected reliably by acoustic means. In monitoring for cladding failures a

KfK fission product precipitator has been found to work reliably in

out-of-pile tests conducted in Japan.

For safe shutdown of the SNR 300 two independent systems will

be used. The functional test and life test of a prototype of the first

shutdown system under conditions close to those existing in a reactor was

completed successfully. The modified prototype of the second shutdown

system was subjected to extreme loads in an excessive test in which the specified

shutdown times were achieved at all times. The limit of capacity

was reached only as a result of sodium flooding to 1.4 m at handling temperature.

In the first experiments conducted with sodium fire aerosols at the 

Karlsruhe FAUNA facility satisfactory agreement with theoretical calculations 

was found. There are still some uncertainties, e. g., in determining the 

source term, the initial particle size and the chemical behaviour of 

the sodium fire aerosols.

The leakage of accident aerosols through cracks in concrete and model 

openings was studied at ECN Petten. Cracks in the concrete of the 

containment, according to these tests, have a relatively high penetration rate 

for aerosols, whereas the penetrations of steel tubes through concrete walls 

exhibit only minor aerosol leakages.

The development of large scale components for heat transfer in

part exceeded the requirements imposed by the SNR 300, especially in

the sodium pump in the greatly expanded pump test rig and in the big 

isolation valves. In the steam generator test rig the intermediate heat

exchanger for the SNR 300, which had been modified in the light of earlier

tests, was tested satisfactorily. An active exchange of information has been 

agreed upon with the French CEA about tests, the evaluation of experiments 

and the results of operation of pumps and intermediate heat exchangers.

The development of intermediate heat exchangers and steam generators for 

larger breeder reactors has been continued. The development of a remotely 

operated welding machine was completed in successful tests.

The R&D program on the handling concept has largely been completed.

In-service inspections, especially those relating to internals of 

the vessel and the primary system pipelines, have become one of 

the focal points of R&D activities. Good progress has been achieved 

in instrumentation methods and manipulators. To avoid prolonged downtimes, 

the methods of visual inspection under sodium and remote observation of 

tank internals have been advanced vigorously.

Preliminary studies carried out until now on the pool concept of the 

primary system seem to indicate that this concept might be licensable 

in Germany. The essential problem areas from a safety point of view 

center on the reactor block. The in-service inspections, separate location 

of redundant components in the reactor roof area, and cooling of the roof and 

rotating plugs might require adaptive design with respect to the German 

licensing situation. The Super Phénix technology looks interesting also 

for some plant features of a large breeder with a loop design.
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Important R&D activities must still be conducted on reprocessing breeder fuels. 

Studies of the head end of this process are being conducted in Belgium and 

will be continued on an enlarged scale in the HERMES pilot plant under 

construction there. Laboratory scale experiments on plutonium extraction 

are planned for implementation in the MILLI facility.

2. REPORTS BY THE WORKING GROUPS

2.1 Development of Core Materials and Core Components

For the first(Mark la)reactor core of the SNR 300, fuel rods are planned which 

will have 6 mm diameter, fuel of low density and grid type spacers. The fuel 

elements to be used in the Mark II follow-on core of the SNR 300 will have 

fuel rods 7.6 mm in diameter, fuel of medium density and possibly also grid 

type spacers.

2.1.1 Core Materials

(a) Cladding_Material§_and_Structural„Materials

For the 1.4970 type of fuel rod cladding tube steel the stress-rupture 

conditions following corrosion by U02 and simulated fission products 

were determined in 1979, and so were the influences of axial notches.

Studies of the stress-rupture and creep behaviour of cladding tubes 

under cyclic temperature and internal pressure loads have been taken up.

In this connection a theoretical model has been developed which allows 

advance calculations to be made on the basis of materials data taken 

from experiments conducted under constant load conditions.

Neutron induced structural changes such as swelling, creep and high 

temperature embrittlement, are investigated in in-pile experiments. 

Post-irradiation examinations of specimens from the DFR 397 in-pile 

experiment were completed by determining the influence of microstructural 

changes upon the mechanical properties. Post-irradiation examinations 

of Mol-2 specimens consisting of 1.4970 type cladding tube steel were 

completed by determining the influence of temperature upon the microstructure;

post-irradiation examination of a VEC simulation irradiation test was 

completed by determining the temperature dependence of pore swelling. 

Post-irradiation examinations of the Ripcex-I specimens irradiated in 

RAPS0DIE have so far only covered assays of the length, diameter and 

internal pressure and have proved swelling to be homogeneous and to 

be hardly influenced by the stress applied.

In the Ripcex-II in-pile experiment the first interim assay was conducted
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(the dose attained to date is 0.4 x 10 n/cm ); no swelling was observed

and also in-pile creep was very slight in the temperature range of

400-500 °C. However, the experiments conducted in RAPS0DIE and BR 2 could

not be conducted as planned, because of the non-availability of these reactors.

This also applies to the continuation of in-pile experiments on ferritic material

Ferritic steel is used as a structural core material, e. g., for the 

clamping ring of the SNR 300 and, in addition, is looked upon as an 

alternative material for the fuel element cladding. The post-irradiation 

examination of an in-pile tensile test of No. 1.6770 ferritic material 

has been completed and the stress-rupture conditions have been assayed 

after irradiation.

In addition to ongoing work relating to the in-pile experiments in KNK II, 

another materials test element is being prepared. Newly developed passive 

temperature monitors will be used for temperature measurement in this case. 

Supplementary tribological experiments were conducted on reference materials 

of the SNR 300 reactor, e. g. for subassembly distance pads. Some first

studies of alternative materials containing no cobalt have led to 

encouraging results.

(b) Fu§l_Dev§logment

The design criteria for the chemical interaction between the fuel and the 

cladding were reworked in cooperation with CEA.

(c) Absorber.Materials

The absorber materials data used for design calculations by the DeBeNe side 

were compared with the corresponding CEA data sets. This turned out to result in



good agreement. Some preliminary results of out-of-pile compatibility studies of 

components of a wet vented absorber rod do not seem to indicate any compatibility 

problems in the B^C/Na/steel system under Mark II operating conditions.

With respect to a later demonstration breeder reactor it is presently investigated 

to what extent getter materials may help to reduce corrosive attack inside 

the rod.

The development of EuBg as an alternative absorber material to B^C has been 

continued by the Elektroschmelzwerk Kempten. A joint CEA/DeBeNe experiment 

on a vented absorber rod has been started in the Phénix reactor.

2.1.2 Core Component Development 

(a)

An agreement with UKAEA on irradiation of a Mark la DMSA cluster is about to 

be concluded. Fabrication of the individual components, such as spacers, 

distance pads etc. has been started. The fuel rod specifications have 

been harmonized with the manufactures.

The technical and legal basis of Mark II irradation in Phénix has been 

established and some preliminary studies about adapting the "ark II element 

to Phénix conditions have begun. The spacers for an out-of-pile model have 

been ordered, design of the dummy element has been started.

However, additional work will not be performed before the irradiation agree

ment has been concluded, which has not yet been defined with respect to its 

technical scope, financial expenditure and the mode of participation.

The ongoing monitoring irradiation of three rods for irradiation in Rapsodie II 

was interrupted after having reached 9 at. % burnup; the rods were examined 

by non-destructive tests, and one irradiated rod was replaced by a fresh one.

The results acchieved so far exhibit good in-pile behavior of this type of 

fuel rod. After restarting of the RAPSODIE reactor, irradiation of the monitor 

and of the 19-rod subassembly is going to be continued.

(b) 0ut-of;gil§ Exgeriments_under_Sodium_(AKB_Tests)

The first phase of sodium testing of an assembly of seven fuel elements, which 

will be a long term test over 300 h at 560 °C under nominal flow conditions, 

was completed at the Interatom AKB test facility in October 1979. The array 

consisted of four-fuel-element and two-fuel-element dumiies and a cascade 

diode. Two of the dummy fuel elements were subjected to interim examination. 

Subsequently the whole array will be reassembled and retested under transient 

conditions. One of the dummy fuel elements of the Mark II fuel element type 

had already been tested previously and will reach an aggregate total of approx. 

9000 h of operation under sodium.

(c ) Post-irradiationExaminations

For further elucidation of faults, post-irradiation examinations are being 

carried out at Mol on the Belgian fuel rods from the DFR 455 experiment.

After the faulty fuel element in KNK II had been identified and replaced, 

the element fabricated by BN is ready for post-irradiation examination.

At present all possibilities of disassembly and post-irradiation examination 

at the Hot Cells of Mol and Karlsruhe are being -investigated.

(d) Wgrk_gn_Fuel_E1ement_Disassembly

Since disassembly of the fuel elements and subsequent chopping of the indi

vidual fuel rods is required for reprocessing purposes both for SNR Mark la 

and for Mark II, R&D work was begun in 1978 on the disassembly of fuel ele

ments equipped with grid type spacers. Tests on dummy Mark la and Mark II 

fuel elements, in which rod bowing caused by swelling and in-pile creep 

had been simulated, indicated that the fuel rods could still be pulled out 

of the spacer structure with a tolerable amount of force. Even in the case 

of the Mark II concept it was possible to pull out all fuel rods si

multaneously after having removed the base of the fuel element.
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(e ) QëïÊl2£rç§DÎ_°Î ̂ - Ç 90[?y£Ët_B!;°9!2am_and_Sg§cif iç_In;9ile_Programs

The SWAMB computer program has been developed to describe the mechanical 

behavior of fuel elements equipped with helical wire spacers. CEA and 

DeBeNe jointly verified the range of validity of the model by recalculating 

a RAPSODIE element.

The first test conditions for the FARFADET in-pile program were determined 

to assess fuel behavior at the onset of irradiation; the fuel specifications 

have been completed and discussed with the manufacturer. Some first compo

nents are ready for the in-pile rigs.

2.1.3 Failed Fuel Program

Fuel rod failures cannot be excluded completely. For economic reasons a breeder 

power plant should be able to continue operation with a limited number of de

fective fuel rods. The origins and the effects of such faults are to be clari

fied in a German-French failed fuel program recently started. So far, the re

sults of three experiments are available which were conducted on test fuel rods 

identical except for the burnup and artificially made defective at the hot spot 

of the cladding. They relate to one rod without any burnup and two rods with 

burnups of 90,000 MWd/t in RAPSODIE. The fourth experiment on a rod pre-irra- 

diated to 120,000 MWd/t, with a natural defect at the hot spot due to preli

minary weakening of the cladding and gas pressure, was begun in late 1979.

Despite major artificial rod defects at the hot spots of the claddings the 

amount of fuel escaping even after many weeks of a power cycling operation 

was small. The escape and the migration of fuel and fission products was 

evaluated by means of delayed neutron monitoring, neutron radiographies, on

line gamma telescopy, off-line gamma spectrometry, on-line fission product 

gas monitoring, and the customary destructive post-irradiation examination 

techniques.

2.1.4 Operating Transient Program

This program serves to study possible operating transients (power transients, 

such as "hard" load following operation, load ramps, power peaking and coolant 

transients) and their impact on the behavior of fuel elements. Some first ex

periments have meanwhile been defined or carried out:
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- Five startup ramp type experiments in HFR DUELL capsules (June 1979 - May 1980),

- two operating ramp type experiments in HFR KAKADU capsules (long KNK rods, 

starting March'1980),

-• one combined power ramp/loss-of-coolant test with a KNK rod in the BR-2-VIC 

loop (to' be started in May 1980).

Pre-irradiated test fuel rods will be used later. Besides verifying computer 

programs these experiments are to indicate potential load limits in fuel rods, 

and they are also to clarify whether it would be possible to approach the shut

down limits more than once.

2 .Z Measuring Techniques, Instrumentation, and Sodium Chemistry

2.2.1 In-core Monitoring Instrumentation and Failed Fuel Behavior

For SNR in-core monitoring instrumentation the irradiation of advanced thermo

couple and flowmeter systems in a fast neutron flux in high temperature sodium 

was prepared. One difficulty encountered was the fabrication of irradiation 

specimens, especially when this involved NICR0BRAZ brazing of wire penetrations. 

Brazing experiments were conducted to improve this specific brazing technique.

For analyses of temperature fluctuations as a means of detecting fuel element 

cooling defects, measurements of partly blocked, electrically heated 28- and 

169-rod subassemblies, respectively, were evaluated. The parameter

К = oN/v

furnished direct information about the loss-of-cooling in the fuel element; 

in this formula, a = RMS value of the temperature fluctuation, which is a direct 

function of the loss-of-cooling; N = fuel element power, v = coolant flow velo

city. One condition for the validity of this relation is the proper choice of 

the cutoff frequency of the thermocouples used. The sensors successfully used 

were steel/sodium thermocouples with high cutoff frequencies.

For cladding monitoring, measurements with the KfK precipitator were completed 

in FPL (Fission Product Loop, Toshiba). It was demonstrated in the course of 

these tests that even in the presence of a high Ar-41 background a limit of 

detection of fission products is attained which is given by the natural sur

face contamination of the fuel elements. The precipitator was found to be a 

rugged, reliable means of detection.



In KNK II a failed fuel element was detected as a result of a DND (Delayed 

Neutron Detection) signal; at the same time, typical fission gases could be 

detected in the cover gas by means of an automated gamma measuring station.

These measurements were backed up by mass spectrometric determination of 

Xe isotope ratios..In the studies conducted on artificially defective fuel 

elements in the Siloe failed fuel program (in cooperation with the French 

CEA) the thicd experiment has now been evaluated. A defect of originally 

30 x 0.2 rrm2 was enlarged by many orders of magnitude within a few weeks 

of operation, and sodium uranate/plutonate was generated. By the DND met

hod of detection it was found that the escape of iodine and bromine is 

controlled by diffusion in the uranate/plutonate layer, which makes it 

larger than would be the case if it resulted from simple fission product 

recoil. These studies provide some preliminary information on the continued 

operation of defective fuel elements in sodium cooled breeders, plus the 

finding that scrams are not necessary in case of certain types of fuel 

element defects.

Concerning the deposition behavior of radionuclides in sodium, it was found 

that fission product iodine absorbed onto tube walls remains absorbed even 

as it disintegrates into xenon. This is important when assessing various 

methods of detection for can failures, in which these isotopes are assayed, 

among others. In the fuel rod defect in KNK II a quantity of Cs-137 was de

tected in sodium which amounted to 2% of the rod inventory.

Statistical methods of early fault recognition were applied to detect and 

localize gas bubbles, which resulted in negative reactivity drops and in 

scrams of the KNK II reactor (cf. 3.1.1).

Out-of-pile experiments indicated that acoustic boiling detection is always 

possible, irrespective of the type of boiling, but that the intensity is 

very much a function of the type of boiling. In experiments conducted on the 

acoustic transmission behavior in a water tank it was seen that even the mere 

circulation of water entrains so much air across the agitated free surfaces 

of the water as to greatly deteriorate transmission properties. This effect 

could also have some impact in the reactor; the introduction of a baffle 

plate to limit the gas inlet is therefore very important.

A method has been elaborated for fluorimetric assays for uranium in sodium 

specimens (4 grams), which allows uranium concentrations to be determined 

in the ppb range.

For calibration of electrochemical oxygen probes in concentration ranges be

low 1 ppm a probe was exposed under steady state conditions together with a vana

dium foil at 400 °C. As a result of gettering of the oxygen dissolved in so

dium by the vanadium foil the oxygen concentration decreased from its initial 

level (75 ppm) to an equilibrium level below 10'2 ppm within 25 days (ana

lysis of the oxygen content of the vanadium foil after the experiment indi

cated a calculated equilibrium level of the oxygen concentration in sodium 

of approx. 10“® ppm).

Work on establishing a method of analyzing the hydrogen content in sodium 

has been begun by exposing scandium foils in sodium at 600 °C. It is to be 

expected that this method will allow hydrogen concentrations to be assayed 

considerably below 0.1 ppm.

The long-time test of a hydrogen detector at ASB of Bensberg was interrupted 

after 42,000 hours for installation of additional equipment. The test section 

was recommissioned in late 1979.

The unequivocal relationship between the hydrogen concentration in sodium and 

that in the cover gas above the sodium to be expected from Sievert’s law has 

not been confirmed after evaluation of several test series on doping water in 

the sodium chemistry system for hydrogen concentrations around 0.5 ppm in so

dium. The hydrogen contents measured in the cover gas were approximately a 

factor of 2 higher and lower than the values to be expected. Most probably 

sodium, which condensed at colder points above the liquid sodium, acts as a 

hydrogen buffer. However, in the laboratory sodium system plugging temperatures 

were found at very high hydrogen concentrations in the cover gas (8000 to 

3000 vpm), which corresponded to the hydrogen concentrations in sodium to be 

expected theoretically.

Electrochemical carbon probes with reference electrodes made of graphite or 

ferritic steel turned out to be unstable in long time experiments (in excess 

of 2000 hours), most probably because of corrosion effects in the reference
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electrode. In a recent design of the carbon probe the reference electrode used 

is a CO/COg mixture introduced into the fused salt. This system should be ca

pable of measuring carbon activities between 10'4 and 1; i.e., activities can 

be measured which are both lower and higher than those found in real sodium 

systems.

Further studies of the carbon probe were carried out both with a membrane type 

monitor operating by the diffusion principle and by an EMF monitor. The latter 

type is analogous to the type designed by UNC; it only differs in the use of 

the flame ionization detector (FID) and the mass spectrometer. The EMF monitor 

uses a fused Nagl^-LigCOj as the electrolyte. The behavior of the equipment 

was tested.

Differences in the results obtained by FID and mass spectrometry were explained 

on the basis of the state of oxidation of the inner surface of the membrane; 

accordingly, the mass spectrometer will no longer be used for further studies 

in this system.

The EMF monitor has been tested for 325 hours under steady state conditions 

in the laboratory and for 920 hours in the system. Because of a minor defect 

in the membrane the unit has meanwhile been dismantled for closer examination.

Preliminary results concerning the thickness of the sodium film on steel sur

faces of sodium systems after draining the sodium indicated film thicknesses 

between 10 and 20 ym. No systematic connection has so far been found between 

the thickness of the sodium film, the exposition temperature, the exposition 

time and the materials composition.

2.3 Neutron Physics and Nuclear Core Design

2.3.1 Experiments in Fast Zero Power Assemblies

The BIZET and RACINE test series jointly conducted with UKAEA and CEA, res

pectively, serve to determine reactor physics parameters of breeders in the 

1300 MWe category. While the BIZET program was devoted to homogeneous and 

heterogeneous structures, RACINE is solely geared to heterogeneous reactor 

cores. The programs were designed in such a way as to complement each other 

meaningfully.

In the BIZET experiments conducted in the ZEBRA facility of Winfrith, DeBeNe 

participated with one or two delegates in 1979. The BZD assemblies last studied 

consisted of a central breeding area surrounded by a fissile area and a breeding 

blanket. The diameter of the central zone was varied. Together

with the BZC assemblies studied earlier, which contained several small islands 

of breeding material, the BZD assemblies served to furnish information about 

the nuclear design of large heterogeneous reactor cores. Measurements mainly 

related to the fissile inventory, the sodium void coefficients of various 

zones, control rod worths and power distribution.

Earlier BIZET experiments conducted on the homogeneous BZA and BZB assemblies 

have only partly been evaluated in 1979.

The RACINE program to be conducted jointly with CEA/CNEN in the MASURCA faci

lity of Cadarache will refer to heterogeneous assemblies with annular zones.

The details of the first assembly of this series, RACINE 1, have meanwile been 

determined. This is a core with two fissile and three fertile zones. From 

November 1979 onwards materials from SNEAK were transported to Cadarache for 

the joint experiment. Experiments at Cadarache will be started up in early 1980; 

the measurements conducted there will be the same as those performed in the 

BIZET program. KfK delegated the project leader for this program at Cadarache.

The SNEAK 11 test series was completed in late October 1979. It was devoted 

to the design and the licensing procedure for the KNK II reloading. The final 

assembly in this series, SNEAK 11C, referred to an assembly with seven Mark II 

elements in the test zone. Above all the sodium void and control rod worths 

and thepower distributions for various control rod positions were measured. 

Evaluation will extend far into 1980.

The SNEAK 12 assembly is to be used for studying safety related reactivity 

coefficients. After some preliminary calculations, the first assembly, SNEAK 

12 A, a uranium assembly, has been designed.

2.3.2 KNK-II-oriented Work

Neutron and thermohydraulic calculations were performed for a preliminary 

study conducted to expand the experimental facilities in KNK II. The purpose 

is to increase the size of the zone available for experiments by changing from
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two rows of reflector elements to one row and in this way also create more 

reactivity reserve. The necessary uranium enrichment of the fuel elements is 

to be reduced to approximately 20%.

2.3.3 Cross Section Data

Measurements conducted at the Van-de-Graaff accelerator served to improve the 

data base for the capture cross section of Am-241 and the capture resonance 

width of Fe-56 at 27.7 keV. The isomer ratio of Am-242 following neutron cap

ture of Am-241 is presently being determined.

A re-evaluation of actinides for the KEDAK nuclear data file was performed 

using the optical and the statistical nuclear models. Outside data libraries 

were used in advance to establish a multi-group set for nuclear transformations 

of the actinides.

The evaluation of data for fission products and for the corrosion products in 

stainless steel was continued. Of these, Cr-50, Fe-54, Zn-64 and Ni-64 have so 

far been completed,

2.3.4 Computer Programs

A number of additional benchmark calculations were performed to verify the 

effectiveness and the consistency of the results of various diffusion codes. 

Detailed tests were conducted to demonstrate the usefulness of the KASY flux 

synthesis code in calculating sodium void effects in reactor cores of the 

1300 MWe category. Adapting the coarse meshed ROSI code to hexagonal geometries 

was initiated by deriving a corresponding set of formulae.

The ONETRAN and TWOTRAN transport codes were adopted, the DIAMANT 2 code was 

improved for triangular geometries. The two-dimensional transport perturbation 

theory code, TP 2 , was completed and documented.

A new method of calculating heterogeneity effects was developed to calculate 

anisotropic diffusion coefficients for partly voided plate type lattices. The 

formulae by Yoshida and Seki/Sasaki were used to determine anisotropic diffu

sion coefficients for control rod followers.

The concept of a three-dimensional program was established to determine the 

reactivity worths of bowings.

The neutron part of a flexible fast design code in a hexagonal geometry was 

successfully tested and completed.
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2.3.5 Core Concepts

Parameter studies were carried out to optimize reactor cores with respect to 

radiation damage and temperatures. The use of ZrH rods allows the dpa rates 

to be reduced by 20-30Ж. At the same time, the positive sodium void effect

is reduced by 50%, while the Doppler effect in absolute terms is doubled.

However, the breeding ratio will drop by 0.15-0.20.

2.4 Safety

2.4.1 Accident Analyses for the SNR 300

The analyses of a hypothetical core disruptive accident (HCDA) were brought to 

a temporary conclusion for the SNR 300. Both the L0F (loss-of-flow) and the 

TOP (transient overpower) types of accident were studied. Only the L0F type of 

accident is relevant to the licensing procedure, because it can be demonstrated

that this will be more probable than the TOP case. Moreover, it also includes the 

latter case. The results of the L0F studies were discussed with the experts, 

who supported most of the conclusions drawn in these analyses:

- In the sequence of accident events expected ("the best estimate case") the

expected energy release can be neglected. Axial fuel expansion and fuel dis

persal will result in a very mild power excursion. There may be recriticality 

in the following transition phase.

- Significant energy releases can only be calculated if several pessimistic 

assumptions are made at the same time. The mechanical energies to be expected 

in that case are on the order of 100 MJ, which means that they are smaller 

than the design value (370 MJ) of the SNR 300.

- Secondary excursions, which may be brought about by fuel movement or by 

collapsing of the fuel-steel mixture, also result in mechanical energies 

not exceeding 100 MJ.

- The distribution of materials in the reactor vessel after an HCDA possi

bility for long term cooling.

- In addition to these studies, which were carried out as contributions to 

the licensing procedure, some preliminary calculations on the basis of the



SIMMER code showed a drastic reduction in the release of mechanical energy. 

This result is consistent with corresponding American studies on the CRBR, 

for which also the SIMMER code was used. Because of the lack of experimen

tal verification of the models used here these results have so far not been 

employed in the licensing procedure.

The DYANA modular computer program serves for the dynamic analysis of operating 

events, accident events and post-scram behavior of the core, the primary and 

secondary systems. Interatom has further expanded the program and meanwhile 

completed the following activités:

- Assessment of the repercussion on reactivity of the core inlet temperature.

- Thermodynamic description of the downcomers in the reactor vessel.

- Inclusion of insulation losses of the systems pipelines.

- Description of the flow redistribution in the core due to different 

buoyancy forces in the different cooling channels.

- Calculation of thermodynamics in the case of pipe ruptures in the primary 

system.

Since late 1978 the program has been used in project related systems analyses.

2.4.2 Out-of-pile Experiments on Materials Movements

KfK experiments were continued to study the movements of the fuel, cladding 

material and coolant. In these studies rods filled with thermit are being ig

nited. Materials redistribution phenomena are observed by means of X-ray high 

speed cinematography.

Some 150 experiments have been conducted so far. Most of them were single-rod 

experiments, but they also included some 3- and 7-rod experiments.

Here are some important results:

- In the subassembly experiments the early failure of rods will cause the so

dium to be expelled from the subassembly. The remaining rods will fail in

a partly voided subassembly.

- Significant movements of the molten materials into the (simulated) blanket 

zones were observed. Partial blockages forming around the spacer grids did 

not impede such movements.

- Some peak pressures up to 100 bar were measured, but there was no prolonged

pressure buildup. The efficiency of the conversion of thermal energy into

mechanical energy was only approx. 0 .1%.

It is planned to continue these experiments in larger subassemblies. At some 

later date uranium-thermit is probably going to be used instead of the present 

iron-thermit.

2.4.3 In-pile Studies

Within the framework of the CABRI program so far tests Al, AIR, A2, B1 and B2

have been performed. The А-tests are TOP experiments, while the series В tests

are to study LOF-phenomena and LOF-driven TOP phenomena. The results of these 

experiments are presently being analyzed. The tests conducted so far were per

formed on fresh fuel. Parallel to the program in the CABRI reactor mixed oxide 

rods were pre-irradiated in Phénix. These rods will be used in subsequent CABRI 

experiments using irradiated fuel. Other rods were sent to Dounreay for pre

irradiation in the PFR. A fire in late August 1979 destroyed the hodoscope el

ectronics and some of the data acquisition electronics for the test section.

The test section electronics are to be repaired by late March 1980Í The hodos

cope will not be fully available until the fall of 1980.

The third experiment in the Mol-7C test series has been prepared, but.not yet 

been performed, because of the outage of the BR 2 reactor. It has now been plan

ned for the first or second cycle after restarting of the reactor. The measured 

data and the post-irradiation examinations of the Mol 7C/1 and Mol 7C/2 tests 

have been evaluated. The conclusions to be drawn from the experiments so far 

are these:

- Under normal conditions a central porous blockage 40 mm long and 25 mm in 

diameter will not cause local sodium boiling.

- To reach boiling condition, the integral sodium flow must be reduced con

siderably.

- Rod failure can be recognized reliably from the detection of delayed neu

trons (DND).

- Integral -cooling of a severely damaged fuel element can be ensured over a 

prolonged period of time at full power.
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2.4.4 Sodium Boiling

Studies of local boiling with various types and sizes of blockages have been 

completed at KfK and ECN and have largely been evaluated in the meantime. Ex

trapolation to reactor conditions of the most important test results in connec

tion with the safety philosophy underlying subassembly failure has been started.

The required additional studies of porous blockages will be conducted in water 

in order to assess the influence of the residual flow upon the behavior of the 

gas injected and also upon the temperature distribution downstream of the 

blockage.

The results on the first two items are presently being evaluated. For the time 

being, the most important results indicate that gas accumulation is possible 

even if there is only some residual flow. With increasing leak rate the gas 

accumulation in the area downstream of the blockage will become smaller. The 

influence of the leak rate is more pronounced at low flow velocities than at 

high ones.

Development of a computer program on subassembly boiling (steady state and 

transient boiling) has been continued. At KfK it concentrates on the specific 

conditions of application to the loop concept, i.e., the rapid drop in sodium 

flow in case of a pump failure, and to the fuel element grid type spacer con

cept. These activities are harmonized with the French partner, who pursues the 

same goal in the first step, but on the basis of different model concepts.

In France, due to the different reactor and fuel element concepts, the main 

points of attention are gradual pump coastdown and helical wires used as spa

cers in the fuel element.

Tests of the behavior of acceleration transducers under sodium and the first 

experiment on the interaction between a shock wave and components in systems 

filled with liquids were conducted in the sodium boiling section of the faci

lity for engineered safeguards tests (ASB) of Bensberg. Assembly and instal

lation work on the rupture mechanics test rig has been completed.

2.4.5 Computer Programs for Systems and Components under Accident Conditions

The DEVIL computer program is a steam generator simulation program specifically 

designed for long term transients (problem times up to several hours). Most of

the system of equations has meanwhile been programmed and formally tested. Гп- 

tercomparison calculations with the DESY reference program have been started

and have furnished satisfactory results so far. At present some supplementary

program parts, e.g. concerning the feed water system, separation flask, feed 

v/ater control and regulation are being designed.

The ROPLAST computer code describes the propagation of shock waves in systems, 

taking into account also the plastification of pipelines. It is applied in the 

analysis of the primary system under hypothetical Bethe-Tait accident condi

tions and in the secondary system analysis in case of a multiple pipe rupture 

in the steam generator. The code expanded so as to describe also steam genera

tor accidents was verified on the basis of analytical reference calculations, 

recalculations of a rupture disk experiment and reference calculations using 

HEINKO, an established steam generator accident code (in which, unlike ROPLAST, 

pipe plastification is not taken into account).

Moreover, the program was expanded to include also possibilities for incor

porating the dependence on the strain rate of the characteristic materials curve. 

This expansion has also been completed satisfactorily by reference calculations 

of pipe plastification tests.

The second shot in the 1:6 tank model for verification of the ARES code was 

carried out according to plan in early April 1979, after the necessary advance 

calculation had also been submitted in time. This advance calculation furnished 

5.8% hoop strain of the reactor vessel and 17.7% hoop strain of the shield tank. 

The experiment, however, revealed 2.4% hoop strain of the reactor vessel and 

some 10% hoop strain of the shield tank. Evaluation of the experiment indicates 

that the charge in the experiment may have supplied an energy release approx.

30% too low. At present, the pressure-vs.-time function existing in the experi

ment is being determined in the light of the test results. This function will 

then be used for recalculation.

2.4.6 Work on Core Meltdown and Post-accident Heat Removal (PAHR)

(a) Studies_of_the_NaK_S^stem_of_the_SNR_Çore_Çatçher

The AVB facility of Interatom was converted to accommodate studies of the 

function, handling and instrumentation of the NaK system in the SNR core cat

cher.
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The system was started up without any difficulties. All the components pre

viously operated in sodium also worked satisfactorily in NaK. Because of the 

different electrical data of Na and NaK, new calibration values were recorded 

in the temperature range of 20 °C to 400 °C for the level probe and the flow

meter.

Also the operating cold trap of the plant, the plugging meter and the original 

EM pump were tested.

(b) Í5§Í£_Work_on_the_Core_Meltdown_Problem

The purpose of these studies is the prediction and control of the behavior of 

molten core masses following a HCDA. The studies are relevant to problems of 

retention of the molten core inside or outside of the vessel. They mainly com

prise the following aspects:

- the behavior of the materials of the molten core and the core catcher or 

the crucible,

- thermodynamics and fluid dynamics of molten cores.

In the former area, selection tests have so far been conducted on crucibles 

made of refractories representative of the categories of oxides, carbides,

nitrides and borides. Results show that the only relatively high temperature

resistant material to be used in a core catcher or crucible is a member of the

oxide group (Th02) in the range of temperatures studied (at 2200 °C).

The carbides, nitrides and borides react with the liquid steel between 1500 

and 2000 °C and cannot be used as temperature resistant core catcher linings. 

In the melting facility for 5 kg of material, SUSI, some preliminary tests are 

now going on. The SUSI facility was completed at KfK in 1978/79. The test pro

gram proper will not begin until early 1980.

Activities in the second area are both experimental and theoretical.

Model experiments conducted on the meltdown of insoluble materials under hot 

liquids have so far been conducted on the systems of frozen benzene under wa

ter, frozen cyclohexane under water, and frozen cyclohexane under glycerin. In

these experiments, above all the heat of fusion and the Prandtl number of the

hot liquid were varied.

Model experiments conducted on the meltdown of soluble materials inter alia 

related to the propagation of the melting front for purposes of the UOg core

catcher to be used in the SNR 300.

The experiments relating to the volume heated pool were extended to two-dimen-

sional geometries (cylinders) for detailed studies of local temperature, heat

flow and velocity variations.

The present status of theoretical work is this:

- Earlier studies of double-diffusive convection in connection with the inter

pretation of meltdown experiments involving miscible materials were documented. 

The effects found experimentally, especially the rapid increase in heat trans

fer with increasing differential density, can be explained accordingly.

- Work on the IWAN computer code was concluded. The code can be used to compute 

meltdown events in multi-dimensional geometries on the basis of thermal con

duction.

- To describe convection by density gradients as a result of temperature 

and concentration fields the setup of computer programs on the basis of 

various numerical methods was begun.

2.4.7 Sodium Fires, Aerosols

In the spring of 1979 the FAUNA facility was commissioned at KfK. Here are

some of the major design data:
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Volume of the cylindrical vessel : 220 m^

Rated pressure : 4 bar

Sodium supply : 3000 1

Maximum volume burning in a pool type fire: 1000 1

Maximum burning area : 12 m^

Maximum volume for a sodium spray fire : 10 1/h.

The gas composition in the vessel can be kept constant automatically; this 

applies to 0£, CO2 and gas mixtures.

In some preliminary experiments on the behavior of sodium fire aerosols,

150 kg and 250 kg, respectively, of sodium were burnt with a burning area 

of 2 m2 and a duration of the fire of 90 and 150 minutes, respectively. With



the volumes burnt of 90 kg and 150 kg, respectively, maximum aerosol concen

trations were encountered of 14 and 12 g/m3, respectively. For both cases 

the measured dependence on time of the aerosol concentration was compared 

with calculations based on the PARDISEKO code; agreement is satisfactory.

Also the test facility for recirculation cooling (ULK) was commissioned. It 

is used to reinforce the cooling systems in the outer reactor containment 

for the phase following a severe hypothetical accident. In the test series 

the functioning of the cooling systems including circulators and electric 

motors under the impact of aerosols is to be demonstrated. Additional infor

mation is to be generated on the buildup, as a function of time, and the 

chemical composition of the deposited layers and about the water precipita

tion bahavior in the coolers. For the tests of the mode of action of the 

active cooling systems for the outer containment in the SNR 300, which have 

been begun in the ULK facility, the FAUNA facility will be used to generate 

the required fire aerosols.

There is still some uncertainty in fixing the source term, the initial par

ticle size, and tbe chemical behavior of sodium fire aerosols. The deposition 

behavior of sodium fire aerosols in pipelines is hardly known quantitatively.

Releases of UO2 and fission products from hot sodium pools (without fires) are 

studied at KfK in the NALA II facility, which was also completed 1979.

The leakage of accident aerosols through concrete cracks and model openings 

was studied in Petten. According to these studies, cracks in containment 

concrete have a relatively high rate of aerosol penetration (<0.5 p), whilst 

penetrations of steel pipes through concrete walls only exhibit minor aerosol 

leakages.

2.5 Thermohydraulic and Technological Studies of Core Components

2.5.1 Thermohydraulics of Non-nominal Geometries

Now that the basic activities on the thermohydraulics of fuel elements and 

blanket elements carried out in the past few years have established a basis 

for the treatment of undisturbed geometries the development, both on the

theoretical and on the experimental sides, is now increasingly concentrated 

on problem areas resulting from eccentric and non-nominal rod arrangements, 

respectively, or from the influence of spacers.

For this purpose, the VITESSE computer program is being developed in close 

cooperation with experimental activities. It is based on the solution of the 

underlying differential equations for turbulent flows and heat transfer. The 

numerical technique used to predict local flow conditions and temperatures is 

based on the finite element method. Either the mixing length model or the kin

etic energy model of turbulence are used to solve the Reynolds equations.

The method of calculation was applied to a 19-rod subassembly with liquid 

metal cooling. The numerical results mainly relate to the influence of the 

velocity distribution and the heat transport in edge zones upon the tempera

ture distribution in those zones. Comparisons between theoretical predictions 

and test results exhibit satisfactory agreement in the velocity distribution, 

but still major deviations in the temperature distribution. More experiments 

are therefore necessary to improve and verify the computer program.

2.5.2 Core Design and Technology

Data important for the core design resulted from the work on optimization of 

the flow throttles for the SNR 300 Mk la core. Model experiments on water were 

carried out to determine the resistance curves of single and multi-stage flow 

throttles consisting of nozzles the size of quarter circle cylinders. Proper 

choice allows the flow to be adapted to all groups of the cooling systems.

Within the framework of temperature measurements in sodium on the Rapsodie II 

in-pile subassembly a fully heated 19-rod subassembly was studied in different 

power distributions. The results served to improve the input data for irradia

tion analysis. Evaluation and documentation of the experiment are still under 

way.

For the SNR Mark II R&D program the long time experiment with a subassembly 

of seven core elements in the core component test facility (AKB) of Interatom 

was completed after four months of operating time. The positive outcome of 

this experiment for an SNR 300 follow-on core lies in the fact that the test 

elements exhibited no deformations or vibrations.
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2.5.3 Shutdown Systems

The function and life tests of the prototype of the first shutdown system 

under conditions close to those existing in a reactor were completed success

fully. It is possible to extrapolate from the results that the first shut

down system will meet the requirements imposed by reactor operation. The in

fluences of the temperature, sodium level and displacement parameters are 

slight. The amount of wear of the stressed components caused by the large 

number of actuations was within the framework of what had been expected. 

Control and shutdown functions were not impaired in the course of the life 

test.

The modified prototype of the second shutdown system was subjected to extreme 

loads during an excessive test. Experience with respect to the shutdown func

tion has shown that the shutdown times specified were always met. The load 

limit had only been met after sodium flooding at handling temperature. Al

though this was an extraordinary type of incident, six satisfactory scrams 

could still be carried out. Only then was the high flooding level of sodium 

and the exessive amount of sodium transported into the system felt and in

fluenced the shutdown process. A total of 210 scrams and 210 double full 

cycles were carried out in the severely bowed'absorber guide tube.

The handling gear, which failed in life tests No. 1 and 2, was modified for 

the excessive test. Throughout the 100 handling operations wear remained 

within tolerable limits.

2.6 Reactor Vessel, Handling, and Sodium Technology

2.6.1 Development of Inflatable Seals

To seal the atmosphere in the reactor vessel relative to the outside atmos

phere under all operating conditions the rotary plugs must be equipped with 

sealing systems. These sealing functions are exercised by several elastomer 

seals arranged in pairs in the rotary plugs of the SNR 300: per plug there 

are two seals for static and dynamic applications during replacement of a 

seal, plus one auxiliary seal inserted while the seals are being replaced.

The space between the seals is filled with pure argon (cover gas).

As a result of extensive tests one type of seal is now preferred under the 

conditions of use encountered, in which the sealing function is achieved by 

unrolling the sealing tube.

2.6.2 In-service Inspections

The development and testing of inspection facilities for the in-service in

spections of the reactor vessel mainly comprise the areas of

- ultrasonic and visual inspections from the outside of the wall of the re

actor vessel,

- visual inspection of the internal cover gas space in the vessel,

- inspection under sodium inside the reactor vessel.

Planning and design activities on a test rig in which the complete handling 

and inspection system for ultrasonic tests and for visual inspections of the 

wall of the reactor vessel is to be tested on a full scale have been started. 

The test rig represents a segment of the SNR 300 reactor vessel with nozzles, 

part of the flange and spherical bottom area, and the double tank with the 

rail system. Inclusion of a sodium filled test vessel with man-made faults 

would allow the reactor conditions to be simulated, except for the influence 

of radiation. The tests include both the manipulators to be used in the SNR 300 

and the ultrasonic inspection system as well as the control, electronics and 

data acquisition systems involved in in-service inspections.

Camera systems monitoring the ultrasonic inspection procedure and those used 

for inspection of the surfaces of the reactor vessel and the double tank are 

included in the test program.

For construction of the test facilities studies are now being carried out on 

the coupling medium of the ultrasonic test, on the design of the coupling me

dium system and on the cooling system of the TV camera. The coupling medium 

and cooling medium for the TV camera will be a proven type of silicone oil. 

This allows a meaningful combination of the two systems to be made.

For visual inspection of the cover gas space inside the tank the development 

of a TV camera has been commissioned which is to be used for experiments in 

the sodium test vessel of the RSB facility. One experiment on long time tes-



ting of the handling facility with gear wheel load tests on a prototype of 

the fuel element shuffling device has been continued in the RSB.

2.6.3 Studies of Temperature Fluctuations across a 7-Element Assembly in 

Sodium in AKB

The temperature fluctuations in the upper plenum are to be measured out of 

pile across a Mark II 7-element assembly consisting of four fuel elements, 

two blanket elements and one reflector element. The test parameters are the 

differential temperatures of sodium in the central element and the surroun

ding elements and different sodium flow conditions.

For this purpose, the structures in the upper plenum (instrumentation plate,

support tube, probe guide tubes) were simulated so as to resemble SNR 300

reference conditions in the areas of interest above the central element and 

the two blanket elements. A rotating probe (two webs of the instrumentation 

plate of 90 mm height, 80 mm length of the legs and 10 mm thickness under 

120 °C) can be used to measure temperature fluctuations up to a height of

2.3 mm above the elements.

The probe and the support tube were equipped with a total of 46 fast thermo

couples to measure the temperature fluctuations in the fluid and in the wall 

surface. To measure the sodium temperature of the jet discharged into the 

upper plenum, thermocouples were installed in the bottom end of the probe 

tubes, the tips of which are aligned with fuel element axis and embedded in 

the heads of the fuel elements.

The tests at AKB of Bensberg were begun in January 1980. Measurements of the

temperature fluctuations and temperature distributions in the upper plenum, 

the decrease of fluctuation amplitudes as a function of height and the atte

nuation of fluctuation amplitudes as a function of frequency in the boundary 

layer up to the surface of the structure are to provide information about the 

loads acting on the materials.

2.7 Heat Transfer Systems and Components
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2.7.1 Development of Large Sodium Pumps

Studies and design drafts of large sodium pumps are being developed at Inter

atom with respect to a demonstration breeder reactor.

The APB pump has been converted for demonstration breeder experiments. The 

pump made by KSB, which is presently installed in APB, has been equipped with 

a new hydraulic system, a new impeller wheel and a new inlet nozzle.

At the same time, the loop for demonstration breeder tests with pipes of 850 

and 1000 mm inner diameter has been completed. The first test series, which 

served for calibration of the SNR 300 magnet for flow measurement, was carried 

out in late 1979.

The old pipe loop of APB was used for experiments with sodium velocities up 

to 15 m/s. In straight, undisturbed pipelines this is not the upper limit. 

However, this limit cannot be indicated in general terms in the presence of 

internals in pipelines, such as valves and bends. The experiments will be 

continued in the converted APB in 1980.

An axial compensator of 150 mm has been installed in APB. Tests were carried 

out in this compensator until the end of the year. An NW 600 axial compensator 

was developed, ordered and supplied in late 1979.

The experiments conducted by NERAT00M on a newly developed inducer for the so

dium pump showed good agreement between the recorded and the expected NPSH 

curves. The specific intake coefficient was raised. This means a considerable 

reduction in diameter of the sodium pumps for a 1300 MWe breeder.

As a substitute for the mechanical seal in the SNR 300 pump NERAT00M developed 

a hydraulic seal (visco seal) on a 1:2 scale and tested it successfully.

The mechanical energy loss is reduced considerably by this concept.

For operation of the post-accident heat removal systems of large breeder fa

cilities Interatom is developing a double acting EM pump.



2.7.2 Development of Valves and a Mall Thickness Measuring Unit

For large pipelines proper isolation valves are being developed at INTERATOM:

- NW 1000 mm isolation valve:

The design and development phase with subsequent assessment of the types 

has been completed and the software for a prototype has been ordered. The 

prototype will be based on existing structural elements.

- Neyrpic valve:

The valve was installed in APB and tested in a sodium flow.

- Sodium valve with magnet core:

This development has been started in cooperation with the manufacturer. 

Some preliminary design drafts are available.

- Shutofr^systems under repair conditions:

Design and development work is being carried out with three different com

panies. The purpose of these activities is the proof of feasibility. A 

cost-benefit analysis is to enable a choice to be made for further develop1 

ment work and construction of a prototype.

- Non-return valve:

Another design and development contract has been placed; accordingly, two 

companies are presently engaged in testing the use of these components in 

the continued breeder program.

A prototype for a hydraulically operated ultrasonor unit for measuring wall 

thicknesses within the framework of in-service inspections has been developed 

and tested successfully at NERATOOM.

2.7.3 85 MWth Prototype Intermediate Heat Exchanger (IHX)

In the steam generator and IHX test facility of Hengelo the tests conducted 

in 1979 were mainly carried out on the reinforced version of the 85 MWth IHX 

for the SNR 300.

In the light of the analysis of the first test results a flow distribution 

baffle was attached to the floating head on the secondary side in early 1979, 

which produces higher flow and thus improved cooling capacity for the outer 

tube banks of the IHX bundle during operation, in this way compensating for 

the heating effect of the bypasses on the primary side.

The IHX was then re-installed into the test facility. The results of the 

tests subsequently carried out under steady state nominal conditions exhibited 

a sufficient margin between the differential temperatures encountered and the 

permissible difference between the bundle tubes. Accordingly, this modifica

tion has been successful.

The program was also continued with dynamic tests corresponding to the SNR 300 

transients. The bundle was cleaned in late 1979 and will be removed and inspec

ted in early 1980.

2.7.4 Steam Generators

Steam generator concepts both for helical and straight tube designs for 250 and 

460 MW units are available and were studied intensively by NERATOOM and 

INTERATOM in 1979, especially for the following aspects: optimum design of 

the flow skirt of the straight tube type with respect to transients, hydrogen 

detection, sodium flow, repair problems (exchange of tubes, repair), need to 

use bellows, alternative materials, corrosion, optimum arrangement with res

pect to in-service inspections and repair concepts, and control of sodium- 

water interaction in a helical tube type steam generator.

On the basis of systems harmonized with INTERATOM the studies will be con

tinued in 1980 for unit sizes of 435 MW. Moreover, a conceptual design study

for an 800 MW component with helical tubes is planned.

The design drafts of a steam generator building with four components per sys

tem have been discussed with power plant planners. One of the recommendations 

was putting the steam generator building into a vault and using a common base 

slab for the reactor building and the steam generator buildings. The number of 

steam generators is to be reduced. Results are expected to come forth in 1980. 

INTERATOM has completed layout studies with two steam generators per system.

Within the framework of the SNR 300 licensing procedure a new transient cove

ring steam generators has been defined. It required the development of a spe

cial computer program (strain concentration). Efforts to this effect were comple

ted in 1979 and have since been passed on to the Planning Department. The hy

drodynamic studies necessary for the development of heat transferring components

for future LMFBR's were continued by TNO in 1979, especially in the areas of

inflow box and subassembly inlet zone. Experiments were conducted to evaluate 

and develop a three-dimensional computer program.
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2.7.5 Welding Techniques

TNO studied the applicability of welding techniques for tube/tube plate joints

with a view to using alternative materials (relative to the SNR 300) for large

components. The program of developing a reproducible fabrication technique will 

be continued in 1980.

The development of a remotely operated welding machine has been completed with 

successful tests,. The machine was designed for inserting an IHX bundle during 

the replacement phase. The program for qualification of the welds was started 

in 1979.

2.8 Fuel and Blanket Element Fabrication, Fuel Cycle

2.8.1 Fuel Rod Fabrication

Fabrication of the fuel rods for the SNR 300 Mark la core was begun at ALKEM

in 1979. More than 1000 fuel rods had been fabricated by late 1979.

Under the heading of the "increased specification requirements" project the 

measuring technique for gamma spectrometric assays for americium was ad

apted to ALKEM-specific conditions and is presently being tested. This will

allow quick and precise assessment of the Am content.

Modification of the gravimetric assaying technique for the 0/Me ratio, which 

is being applied in routine analysis, has helped to greatly improve the use 

and the measuring accuracy of this technique.

At Belgonuclêaire's Dessel plant anticipatory qualification tests and the 

pre-production series in SNR fuel rod fabrication were continued. A total of 

approx. 65 kg of U0g - PuÛ2 pellets and 115 fuel rods have been fabricated so 

far. This provides a statistic demonstration of the feasibility of the manu

facturing technique for the SNR 300 Mark la core.

Now that the fuel qualification meets the requirements of the design and also 

of the T0V (Technical Inspectorate), fuel fabrication was gradually increased 

in scale to approach production levels. By late 1979, more than 500 fuel rods 

had been completed at Belgonucleaire.

Other tests related to the fabrication of dummy fuel elements for the quali

fication of subassembly fabrication. Belgonucleaire also prepared the fabri

cation, inter alia, of fuel for KNK I1/2 and the PFR in-pile experiments of 

SNR Mark la fuel rods. The joint SCK/CEN Pu fuel group is developing methods 

of pellet fabrication from co-precipitated powders on the basis of solgel 

techniques for long term application.

2.8.2 Reprocessing Techniques

Studies about the head end of reprocessing breeder fuels were continued at 

SCK/CEN.

Fuel dissolution tests in boiling nitric acid were conducted on specimens 

of approx. 10 g each from the RAPSODIE I experiment.

For off-gas cleanup, tracer experiments were conducted in the 25 m^/h test 

loop. They mainly related to the removal of iodine treatment of the waste 

accumulated in the process, and low temperature retention and removal of 

krypton and xenon, including the steps necessary for plutonium treatment.

After installation of the automatic control system the cryogenic unit has 

been run at an availability of 99.75% since October 1978.

The HERMES pilot plant is under construction for head end tests on samples 

up to 10 kg of irradiated breeder fuel each. The program also includes pro

cess studies for the development of suitable equipment, especially for chop

ping and leaching the fuel. Today's knowledge of offgas purification should 

be expanded to cover also fully radioactive conditions.

2.9 Structural Materials

2.9.1 In-pile Behavior of SNR Structural Material

The studies for materials qualification of a reference cast of the 1.4948 

material, including welds, carried out within the framework of the joint 

irradiation program (ECN, KfK, Interatom) have been concluded except for 

the low-cycle fatiguestress-rupture tests at KfK.



Continuing studies have been started. Preliminary results of three original 

SNR 300 casts and two welds with exposure times up to a maximum of 5000 h 

are available to define the batch dependence of the creep and stress-rupture 

behavior of 1.4948 in the irradiated condition. The stress-rupture strength 

accordingly shows approximately the same amount of variance in the irradiated 

as in the unirradiated state, and the radiation induced reduction of the 

stress-rupture strength becomes lesser with decreasing stresses. The reduc

tion, as a consequence of irradiation, of the stress-rupture strength of 

welds is much less pronounced than in the base material, as had already been 

found out in the reference melt program. The LCF tests at low strain rates 

carried out at ECN indicated a reduction, as a result of irradiation, in the 

N’f-coefficients by a factor of approx. 7, while the corresponding factor in 

the LCF holding time experiments at KfK was 4.

Since the experts make an operating permit for the SNR 300 beyond 50,000 h 

dependent on the demonstration of stress-rupture data of irradiated specimens 

>  10,000 h, long-time creep tests of irradiated specimens are planned. For 

this purpose ECN at present has three, KfK two machines; a test program has 

been harmonized between the DeBeNe partners.

2.9.2 Structural Mechanical Studies in Sodium Systems, Corrosion Problems

Studies of the interaction between metallic materials and the sodium coolant 

are concentrated on verifying the mechanical materials data important for com

ponent design in the presence of the coolant. Because of their use over long 

périods of time, 1.4849 and 1.6770 structural materials are being considered.

For this purpose, conditioning corrosion aging of materials specimens is be

ing carried out for purposes of a subsequent fatigue test at TN0 and direct 

fatigue tests under sodium at INTERATOM; creep tests under sodium were carried 

out at SCK/CEN, INTERATOM and KfK.

After 15 months of construction an LCF test rig was commissioned at Karlsruhe. 

It is used to expose materials specimens under sodium to a cyclic mechanical 

stress which corresponds to the fatigue generated in the reactor as a result 

of differences in temperature. The main objective of this test rig is to de

termine the influence of faults on crack propagation in welds under creep and 

LCF stresses and simultaneous influences of sodium.
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In the program about corrosion mechanisms, which is to extend over years, TN0 

has achieved some preliminary results with the inert molybdenum-sodium loop.

In addition, INTERATOM and TN0 continued their laboratory work on the corrosion 

of metallic structural materials by sodium reaction products and oxygen.

2.9.3 Rupture Mechanical Studies

A joint test program was agreed upon among ECN, TN0 and INTERATOM with respect 

to rupture mechanics activities.

ECN studies the closure of gaps in 1.4948 material within the framework of 

fatigue crack growth studies and has just embarked on activities to charac

terize the structural material after irradiation. TN0 has begun J jq studies 

of aged 1.4948 material and specimens in the as-supplied condition. KfK has 

performed some first fatigue crack growth tests at room temperature and eva

luated the derivation with respect to time of the crack length-vs.-N curve 

by means of the 11-point polynomial method.

INTERATOM studied fatigue and creep induced crack growth in the 1.4948 material 

flsase material and welds). The fatigue crack growth tests were carried out both 

on the material in the as-supplied condition and in aged material at room tem

perature and àt 550 °C. Supporting experiments are evaluated in the as-supplied 

condition at 350 °C. In addition, creep crack growth experiments were begun on 

the base material at 550 and 700 °C and on welds at 550 °C. A test rig serving 

rupture mechanics studies of real geometries on a large scale will be set up.

2.9.4 General Characterization of Materials for High Temperature Strength 

Design

Inelastic recalculation of bending bar model tests with the purpose of quali

fying the method of calculation used requires laws of materials for this model 

case which are specific to the batch of material studied. The available ma

terials data of the model material used were evaluated by graphic and numeri

cal approaches. For the time independent average monotonie stress-strain re

lation in the range of temperature considered (20 - 650 °C) an arc tan approach 

was used. To describe the time dependent stress-strain behavior, relevant

Work on rupture mechanics accompanies the studies.



creep tests were evaluated by non-linear equalization calculation for the set

up by Blackburn with three coefficients. In a higher-order evaluation the 

influence on the creep curves of the temperature and the stress was determined 

and the respective stress-strain relations were calculated. The laws of ma

terials will be used in recalculating the model experiments.

The inelastic strength design of components of the SNR 300 requires average 

materials laws indicating upper and lower limits and based on an evaluation 

of many casts of the 1.4948 material.

The temperature end curves for the short term strength data obtained from 

the data bank agree well with the data found in the literature for the com

parable American AISI 304 type steel, both with respect to the slope of the 

curve and the position.

2.9.5 Processing Technologies

Potential materials for the major components and the heat exchanging equip

ment are further studied with respect to processing techniques and materials 

mechanics in view of potential alternative structural materials.

TNO continues to investigate high-chrome alloys for steam generators. In the 

sector of alternative austenitic materials the qualification of related weld 

filler metals was backed successfully.

2.10 Experimental Program and Experience in Fast Breeder Operation

2.10.1 Post-irradiation Examinations of the First Core of KNK II

The post-irradiation examinations of the core elements of the first core of 

KNK II are under preparation. First of all, the fabrication parameters of 

the fuel rods were compiled with a view to post-irradiation examinations 

and processed. On this basis the programm of work for the Hot Cells in KfK was 

agreed upon and the measuring systems required in addition were ordered.

It is difficult to obtain an extended handling permit for the Hot Cells; 

right now they are not allowed to accommodate KNK II fuel elements with 

their high fissile material contents.

The second reactor core of KNK II, which differs from the first one mainly 

by its larger fuel rod diameter (7.6 mm instead of 6 mm), is presently being 

manufactured. Along with this activity all the data required for post-irra- 

diation examination of these fuel elements are collected already now.

2.10.2 In-pile Experiments in the 2nd Core of KNK II

The in-pile experiments in the second core of KNK II were prepared accor

ding to schedule. Fabrication of the test rods has begun. Especially the 

irradiation of newly developed absorber rods in the in-plant absorber ele

ments of KNK II is of importance. In these rods the use of absorber materials 

on the basis of europium reduces the buildup of pressures or even prevents 

it entirely by a venting possibility, which can provide the extension of 

in-pile times urgently needed. The absorber material, especially the euro

pium pellets, have been fabricated. Moreover, out-of-pile tests of the 

vented absorbers were carried out.

In addition to the materials test element already available in KNK II an

other one has been planned for the irradiation also of structural materials.

A loading plan has been elaborated in agreement with the interested parties 

and the design concept of the second materials test element has been fixed. 

Other structural materials irradiations will be carried out in a materials 

irradiation plug which can be instrumented and heated.

2.10.3 Experiments on In-core Instrumentation

The experiments on in-core instrumentation were largely determined by the 

gas void problem, to which also noise analysis and correlation techniques 

were applied. In an experimental plug, which had been loaded in the reactor 

tank already in late 1978 with the corresponding transducers (neutron flux, 

pressure, flow and vibration meters), a large part of the transducers failed, 

probably as a result of damage to the cladding material. The plug has been 

taken to the Hot Cells for post-irradiation examination. The result, which 

is not yet available, will greatly affect future in-core instrumentation 

within the framework of the KNK test program.
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To localize defective fuel elements, the wet sipping technique, in which the 

elements in the core are tested by reducing the pressure in the fuel element 

region, is to be tested in KNK II. The method has been planned as an in-plant 

system for the SNR 300. The test facility (fuel element inspection system) is 

presently under fabrication, after preliminary expert clearance and inspection 

have been concluded.

Most of the test rig designed to test global failed fuel detection systems 

has been completed. The system has been planned for various detection methods, 

such as spectroscopy of the cover gas by means of Nal- and Ge(Li)-detectors, 

gas chromatography, Xe-adsorption, and several different precipitators. The 

lead shield, which weighs some 40 t, had to be built up. The feed lines, which 

are long because of the adverse site of the unit, are lead shielded. In the 

planning phase of this test facility earthquake protection was in the fore

ground of concern, because of the large weights involved. Triggered off by 

the events at TMI, it was necessary to backfit remotely operated valves in 

the lines. Parallel to the work on the test rig a number of experimental plugs 

were fabricated which can be used to load small fuel rods with defined defects 

in the core. The test program will be started in the spring of 1980.

2.10.4 Reactor Chemistry ( cf. also 2.2.2., p. 13)

Fabrication of the continuously measuring oxygen probe to be installed in the 

secondary sodium system and of a primary sodium sampling system has advanced 

so far that testing and installation in KNK II can begin in early 1980. The 

preliminary expert opinion phase has also been completed on the carbon measu

ring unit. Difficulties with the probe were encountered in some preliminary 

tests which must be resolved before the experiment can be continued.

The other experiments on reactor chemistry (sodium, cover gas and steam gene

rator feed water analyses) were continued routinely. Completion of a new cover 

gas sampling device is scheduled for February 1980.

2.10.5 Operating Behavior of Components and Systems

Licensing problems for an experimental facility designed to measure aerosol 

density and radioactivity concentration of the cover gas in the area of the

rotating plug were preclarified. In this concept, radioactive cover gas loaded 

with aerosols is to be pumped through heated pipelines from the reactor tank 

into a shielded glovebox set up at the operating level of the reactor so as 

to be movable. The test components can now be purchased.

3. ANNEXES

3.1 Annex 1: Operation of KNK II

KNK attained its full power for the first time on March 3, 1979. Commissioning 

of the plant required measures to be taken and measurements to be conducted to 

solve the gas void problem and a defective fuel element to be replaced. Changes 

in the process and the installation of valves in a bypass line drastically re

duced the number of gas bubbles entrained in the primary sodium. Thorough stu

dies, both of the reactor and of flow model systems, are being conducted in an 

effort to recognize the cause of the remaining bubbles and detect possibilities 

of removing tjiem.

A fuel element failure encountered in April 1979 provided an opportunity to 

test the systems and procedures available in KNK II for the detection and lo

calization of defective fuel elements. The systems met the expectations and 

specifications. The defective fuel element was replaced. Its subsequent exa

mination is being prepared; this, in particular, requires licensing difficul

ties to be overcome first.

3y the end of 1979 KNK II had attained a burnup of approx. 108 full power days, 

which is roughly one third of the target burnup. This value corresponds to an 

average burnup of the most highly loaded fuel element of 18,000 MWd/t.

The second reactor core, KNK 11/2, with fuel elements of the SNR-Mark II type 

(7.6 mm fuel rod diameter, spark eroded spacers with skirts), is in the process 

of fabrication.

The main activities will be described in more detail below.

3.1.1 Reactivity Change Induced by Voids

After completion of the commissioning of KNK II at powers up to 40% design 

power there was a first scram via "negative reactivity high" at approx. 60%
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design power in August 1978. Reactivity is one of the three measured parame

ters whose signals are used in KNK II to detect coolant flow disturbances in 

fuel elements. The limit of negative reactivity (the void coefficient being 

negative throughout the core of KNK II) is -7.3

Additional experiments helped to detect a vent line as the main source of gas 

entering the sodium. Actually this line serves to ensure decayheat removal by 

natura convection in a certain type of accident. The amount of gas entrained 

is a function of the flow and, hence, the reactor power. For this reason, 

throttle valves were installed in the vent line at the beginning of the period 

under review. A setting of these valves has been found at which this introduc

tion of gas bubbles no longer occurs, while the original function of the line 

is retained. Full power operation is now possible without any scram being ini

tiated by gas bubbles. Minor quantities of gas are introduced into the system 

on some other routes. The gas collects at certain points at the pumps until it 

is entrained towards the reactor core, depending on flow conditions in the 

pipelines.

Measures are now being discussed to deflect the gas bubbles by design modifi

cations at the grid plate inserts of the fuel elements so as to make them move 

towards the reflector elements, which they can pass without affecting reactor 

operation.

3.1.2 Detection and Localization of a Failed Fuel Element

After 18 days of continuous, undisturbed plant operation at full load and con

nected to the grid, the xenon activity in the reactor cover gas suddenly rose 

on April 1, 1979. This indicated a failed fuel element cladding. The plant was 

shut down manually.

In KNK II, failed fuel elements can be determined by a dry sipping test. In 

this technique the fuel elements are successively pulled into the refueling 

machine . Then the cooling gas system of the refueling machine is turned off 

and the space around the element is evacuated. In a defective fuel element, 

fission product gases are bound to escape, because of the absence of cooling 

and the action of the vacuum, which can then be detected.

Along with this technique, also other possibilities of localizing faulty fuel 

elements are being prepared for licensing. There is, above all, the method of

operating under skewed load conditions which, in combination with the DND mea

surements in both systems, is hoped to narrow down the scope of suspected fuel

elements.

In late May the dry sipping tests were begun which clearly identified a defec

tive test fuel element on June 8. The defective element was exchanged for a 

standby element and the reactor was restarted. In late 1979 the defectivifuel 

element was still kept in the sodium pond of KNK II for cooling.

In view of the fabrication of the second core of KNK II, the cause of this de

fect should be d'etermined as quickly as possible. The Hot Cells of KfK have 

prepared the equipment necessary for disassembly of the fuel element.

3.2 Annex 2: Construction of the Kalkar Nuclear Power Station

Construction and completion of the building shells of the plant have practi

cally been completed.

The permit for construction of the cooling tower is expected to come forth 

in 1980 at. the earliest.

Inside the reactor cell, construction and assembly work on the biological 

shield has been completed. Preparations are under way for assembly of the 

reactor cell internals.

The licensing problems associated with the steel shell of the containment 

have aggravated. It has not yet been possible to obtain clearance for the

planned design, because the existing design backup margins were deemed to

be insufficient. Compensation of penetrations and different designs of the 

anchorage points of the steel shell to the building are presently studied

as possibilities to greatly improve the design reserves.

Assembly of machines and electrical systems in the conventional part of 

the facility, which is not subject to permits, has been completed.

In the area of the systems and components requiring permits under the 

Atomic Energy Act, assembly of the plant components licensed in late 1978 

is going on. Assembly of the electrical power current systems is of parti

cular importance. Progress in these activities is not fully satisfactory, 

because severer criteria were imposed within the framework of a preliminary
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inspection with respect to the dynamic effects to be controlled under im

pacts of the design base earthquake and airplane crashes. For this reason, 

it will probably not be possible to switch the plant supply before mid-1982.

Fabrication in parallel of all major components on the basis of specifications 

previously cleared by the experts continues to be satisfactory. Approximately 

two thirds of all components have been completed or are about to be completed 

soon. Other components are temporarily stored in the plants or on the con

struction site. Work on the reactor plug, whose fabrication had to be entrus

ted to a different manufacturer, proceeds satisfactorily.

Problematic components in the fabrication process at present are the helical 

tube steam generators (installation of a redundant bundle suspension because 

of impossibility of in-service inspection of the original suspension), the 

intermediate heat exchangers (control of the nozzle load due to reduced ma

terials data, reinforcement of suspension), and parts of the pipelines (sub

stitution of tangential bends for smooth tube bends).

From the present point of view, the project deadlines are exclusively de

pendent on the licensing situation. If the permit determining further de

velopment were issued around the turn of 1980/81, critical loading of the 

facility would probably not be started before mid-1984.

List of Abbreviations Used

ACRR Annular Core Research Reactor, Sandia Labs., Albuquerque, N.M., USA

AKB Anlage zur Erprobung von Kernbauteilen, Interatom, Berg. Gladbach

ALKEM Alpha-Chemie u.-Metallurgie GmbH, Wolfgang near Hanau

APB Anlage zur Erprobung von Pumpen f. Brüter (Breeder pump test facility),

Interatom, Berg. Gladbach 

ASB Anlage für Sicherheitsversuche an BrLiterbauteilen (Breeder component

safety test facility), Interatom, Berg. Gladbach 

AVB Allg. Versuchskreislauf für Brüterbauteile (General breeder component

test loop), Interatom, Berg. Gladbach 

BMFT Bundesministerium für Forschung und Technologie, Bonn (German Federal

Ministry for Research and Technology)
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BN Belgonucléaire S.A., Brussels

BR 2 Belgian Reactor 2, Mol

CABRI Test reactor at Cadarache

CEA Commissariat à l'Energie Atomique, Paris

CEN Centre d'Etudes de l'Energie Nucléaire, Mol, and Grenoble, and Cadarache,

respectively

DeBeNe German-Belgian-Netherlands breeder project

DFR Dounreay Fast Reactor, Dounreay, U.K.

DMSA Demountable Subassembly for fuel subassembly irradiation in the Bri

tish PFR

DND Delayed Neutron Detector

DOE Department of Energy, Washington

ECN Energieonderzoek Centrum Nederland, Petten

EdF Electricité de France, Paris

FAUNA Forschungsanlage zur Untersuchung nuklearer Aerosole (Nuclear aerosol

research facility of KfK)

FR 2 Forschungsreaktor 2, Karlsruhe (research reactor)

FPL Fission Product Loop of Toshiba, Japan

HCDA Hypothetical Core Disruptive Accident ("Bethe-Tait" accident)

HFR High flux reactor, Petten

IAEA International Atomic Energy Agency, Vienna

IHX Intermediate heat exchanger

INB Internationale Natrium-Brutreaktor-Baugesellschaft mbH, Berg.Gladbach

INTERATOM Internationale Atomreaktorbau GmbH, Berg. Gladbach

IWGFR International Working Group on Fast Reactors of IAEA, Vienna

KBG Kernkraftwerk-Betriebsgesellschaft, KfK

KfK Kernforschungszentrum Karlsruhe GmbH

KNK Kompakte Natriumgekühlte Kernreaktoranlage, Karlsruhe

LOF Loss-of-flow

MASURCA Maquette Surrêgênérateur Cadarache (zero power assembly)

Mark la, Mark II : first and second reactor cores of the SNR 300 

MILLI High level reprocessing test facility at KfK

NALA Hot sodium pool aerosol studies at KfK

Neratoom Netherlands industrial consortium for nuclear technology, The Hague

Novatome French breeder manufacturer



NRC U.S. Nuclear Regulatory Commission, Washington

OECD Organization for Economic Cooperation and Development, Paris

PAHR Post-Accident Heat Removal

PFR Prototype Fast Reactor, Dounreay, U.K.

Phénix French prototype breeder, Marcoule

PSB Projekt Schneller Briiter (Fast Breeder Project)

RAPSODIE Experimental fast reactor at Cadarache

Ripcex Cladding materials irradiation in RAPSODIE to determine swelling

and creep

RSB Reaktorteststrecke fUr Schnelle Briiter (fast breeder reactor test

bed), Interatom, Berg. Gladbach 

RSK Reaktorsicherheitskommission (German Advisory Committee on Reactor

Safeguards)

SBK Schnell-Brüter-Kernkraftwerksgesellschaft mbH, Essen

SCK/CEN Studiecentrum voor Kernenergie, Mol

SERENA French-German breeder systems company

Siloe Test reactor at Grenoble

SNEAK Schnelle Nullenergie-Anlage Karlsruhe (fast zero power assembly)

SNR 300 Schneller Natriumgekühlter Reaktor, Kalkar Nuclear Power Station

Super Phénix French demonstration breeder power plant at Creys-Malville 

TNO Netherlands industrial research organization, Apeldoorn

TOP Transient Overpower

TREAT Transient Reactor Test Facility, Idaho, USA

UKAEA United Kingdom Atomic Energy Authority, London

ULK Versuchsanlage für Umluftkiihlung (Recirculation air cooling test

facility), Karlsruhe 

UNC United Nuclear Corp., USA

VEC Variable Energy Cyclotron, Harwell

VIC "Variable Internal Cooling" loop in BR 2

ZEBRA Zero energy facility at Winfrith, U.K.

40

A REVIEW OP FAST REACTOR PROGRAMME IN INDIA, APRIL 1930

S. R. PARANJPE 
Reactor Research Centre 
Kalpakkam, Tamil Nadu 
India

1. INTRODUCTION

Nuclear energy has to play a significant role in the energy resources of 

India in the next century. To-day's apparently vast reserves of fossil 

fuels would be under severe strain due to rapidly increasing demand for 

energy. Long-term perspective planning requires Nuclear Energy to play a 

significant role from early part of the next century and share a major 

load.

But, India is not endowed with vast reserves of uranium and must therefore 

aim to utilise more abundant thorium reserves which are estimated to be 

about 350,000 tonnes. Department of Atomic Energy which is responsible 

for the development of nuclear energy in India has therefore planned a 

step-wise approach consisting of t

(i) First phase of the programme of natural uranium based thermal

reactors to produce power and plutonium which is the basis 

of the next phase.

(ii) Second phase of the programme to produce power and breed more and

more plutonium through fast breeder deployment so as to build 

sufficient inventories of fissile material which can then become 

the basis of the third stage.

(iii) To utilise thorium with the help of fissile material produced by 

2nd phase of Breeder Reactors.

2.0 R4D PLANS AND 083ECTIVES

It is in this context, that Department of Atomic Energy has launched in 

early seventies a programme of Research and Development in the field of



fast breeder reactors with the broad aim of developing within the country 

the skills and expertise for design—construction—-and operation of 

fast breeder power stations and associated fuel cycle facilities and 

establish an important source of energy for the future.

It uas recognised that development of all facets of the technology by a 

single country independently of other nations is a very difficult task 

requiring very huge investments and deployment of large man-power and 

international co-operation can play a very important role in reducing 

the overall cost and time required to attain the desired objectives» It 

uas therefore decided to avail of external assistance as and when possible 

and at the same time to proceed ahead to develop from the grass root level 

the technological base for the programme through the setting up of a 

research centre with the following immediate objectives i

A. To set up a liquid-metal cooled fast breeder reactor for 
developing men and materials.

8. To develop sodium technology.

C. To develop fuel and other structural materials for future
fast power reactors.

0. To develop techniques for reprocessing fast reactor fuels.

E. To develop basic chemistry required for the fast reactor and
its fuel cycle.

F. To study safety related phenomenon to get a better understanding 
of risks involved and establish methods to minimise the impact 
on environments.

This lead to the formation of REACTOR RESEARCH CENTRE, KALPAKKAN near 

MADRAS having the main units as given below t

I. FAST BREEDER TEST REACTOR (Design 4 Construction)

II. REACTOR ENGINEERING LABORATORY (Sodium Technology)

III. FIETALLURGY LABORATORY (Platerials Development)

IV. REPROCESSING LABORATORY (Reprocessing of fuel and Blanket)

V. RADIO-CHECIISTRY LABORATORY (Chemical Aspects of Fast Reactor 
and its Fuel Cycle)

VI. HEALTH AND SAFETY LABORATORY
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3.0 PRESENT STATUS

In this centre, we have to-day a staff of about 370 professional engineers/ 

scientists with the necessary support of technical assistants. Itoreover, 

these efforts are supplemented by some contributions from Bhabha Atomic 

Research Centre and other units of Department of Atomic Energy (DAE) like 

Nuclear Fuel Complex and Electronic Corporation of India Limited at 

Hyderabad. Further, Indian Industry is also a partner in this progress 

as they have undertaken to fabricate major nuclear components like sodium 

pumps, sodium to sodium heat exchangers, steam generators, control rod 

drives, fuel handling machines, etc. etc. Side by side, different facilities 

and groups in RRC are making a steady progress and a brief account of the 

progress in different areas is given below. A common feature of the entire 

programme is the emphasis on development of technological base by doing 

things in the 1st phase while increasing emphasis will be placed on 

research in the 2nd phase.

3.1. Fast Breeder Test Reactor

Fast Breeder Test Reactor (FBTR) is an experimental reactor being built 

in Kalpakkam, India in collaboration with France. The reactor is rather 

similar to Rapsodie upto the primary circuits while on the secondary side 

the reactor is provided with steam generators and a turbo alternator 

to produce electricity. The design was initiated in 1969 and the 

construction was launched in 1972 and the construction is well advanced.

The following table gives an outline of the principle features of the 

reactor >

CHARACTERISTICS OF FBTR

Thermal Power - Nominal 42.5 ГЭД

Thermal Power - Stretch 50.0 №l

Electrical Output 12.5 to 15 fU

Nature of the fuel UO^ PuO^

Coolant Sodium



Critical Mass t 

Total Oxide (UO^ PuO^) Kg. 

P u Oj . * «. • • • »

u o2 • • • » • • • •

Breeding Ratio t 
Internal .... ....

External .... ....

T ota1 .... ....

Volume of the Core ....

REACTOR VESSEL 

Diameter, .... ....

Height .... ....

Material of Construction 

CONTROL ROD MECHANISMS 

Number of control rods .... 

Material for control ....

Speed of the rods ....

Weight of B4 С for 7 rods 

Coolant temperature t 

Inlet to the reactor .... 

Outlet from the reactor 

Primary sodium flow ....

Secondary sodium flow .... 

Maximum flux ....

Average fuel burn-up ....

1B0.9

54.26

126.6

0.03

0.47

0.50

about 55 litres

236 cms 

650 cms 

316 S. S.

6

B4 С - with 90$ 010

Same for all withdrawals 
or insertion

about 6.5 Kgs 

380 °C

516 °C (at 45 № new core 

1000 Te/hour 

660 Te/hour

3.07 to 1015 n/cm^/sec

50,000 rWd/te

Barring unforeseen difficulties, the reactor should become operational 

in 82-83.

3.2. Fast Reactor Physics Studies

Efforts have been made to lay a strong foundation and generate the 

capability for a sound and reliable nuclear design of fast reactors 

in the absence of an experimental programme on fast critical assemblies 

The various activities under progress are given below i

Nuclear Data Evaluation, Processing and Testing t A limited evaluation
93? 733 938 740 741

work of nuclear data has been taken up for Th , U , U , Pu , Pu

and Nickel.

Ue have the following data libraries to serve as a beginning for our 

future work : Cadarache Version-1, KEDAK, ENDF/B-IV (limited materials) 

and DLC (from RSIC/0RNL). Based on these libraries and our own evaluations, 

a reference RRC Data File is being generated which would be updated 

continuously.

In addition to the individual data processing codes, a unified code 

system for processing the basic data from RRC Data file or ENDF/B files 

into multigroup sets, is under development. Analysis of simple benchmarks 

for data testing of core and shielding materials is in progress.

Computational Methods and Code Development t A number of diffusion theory 

and transport theory computer codes needed for neutronics calculations 

have been developed or adapted to our computer system. Improvements 

to the numerical algorithms or acceleration techniques in these codes are 

being made and codes based on variational and synthesis methods have bean 

written for faster calculations.

Collision probability methods have been developed to study the effects of 

heterogeneity in a lattice cell and methods to generate anisotropic 

diffusion coefficients for streaming calculations are being developed.

Analysis of Experiments for Validation of Methods and Data t Detailed 

analysis of Rapsodie/Fortissimo measurements on various parameters has 

been carried out with the available data and codes and the causes for some 

discrepancies are being investigated by updating the nickel cross-sections, 

improving the reflector cross-section processing methoda and updating the 

delayed neutron data.

A major programme of analysis of various critical experiments to assess 

our methods and data for the prediction of control rod worths, gamma heating 

in core and blankets, blanket physics, sodium void and Doppler reactivity 

and neutron streaming effects, has been taken up.



Reactor Design and Analysis * The detailed neutronics calculations for 

the Fast Breeder Test Reactor have been completed. Preliminary physics 

design calculations for a 500 fflie fast breeder power reactor have been 

made for the global parameters and detailed studies are being planned.

Heterogeneous core configurations are being examined from the point of 

view of assessing their relative merits and problems аз compared to the 

homogeneous cores.

Kinetics and Safety Analysis > The efforts an kinetics studies are 

devoted towards incorporation of feedback effects in point kinetics 

code, development of space-time kinetics code and codes to calculate 

the power transfer function and feed back transfer function and stability 

analysis.

A major programme of development of code modules required for accident 

analysis comprising of predisassembly phase, disassembly phase and mechanical 

work energy release, has been taken up to study the various incidents 

like LOFA and TOPA. After a detailed review of the flolten Fuel Coolant 

Interaction Studies, codes to calculate the energy release with different 

models are being developed.

Application of Noise Analysis methods for malfunction detection in fast 

reactors has been extensively studied and efforts are being concentrated 

on a few specific techniques of accoustic and temperature noise measurements 

for detection of sodium boiling.

Radiation Transport and Shielding * The neutron and gamma shield design 

studies for Fast Breeder Test Reactor have been completed.

Radiation transport in bulk shields is being studied using improved 

discrete ordinate methods and Honte Carlo techniques. Albedo-Monte Carlo 

methods have been extended to radiation streaming in ducts and techniques 

to generate albedo data are being studied.

Study of the various shielding benchmarks available for assessing the data 

and methods has been started.
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Evolution, distribution and release of fission products and corrosion 

products in sodium cooled fast reactors is being studied.

Planning of Start-up Experiments in FBTR t The various physics experiments 

to be performed during the start-up of FBTR have been planned. The special 

equipment needed for incore measurements are being designed and the 

methods of analysing the results are being finalised.

3.3. Reactor Engineering Laboratories

Launching of FBTR construction in early seventies had become possible only 

because of the system consultancy agreement with CEA, France and industrial 

know-how agreements with different French companies for the manufacture 

of various nuclear components under licensing arrangements in the works 

of Indian manufacturers. Simultaneously, therefore, steps have been 

initiated to develop the technology of sodium and train manpower for taking 

up the responsibilities which arise from construction and operation of 

F8TR. During this process, a large number of small experiments have been 

executed and the experience of these forms the basis of expansion of the 

activities in the future. The salient points of these experiences are t

(i) Development of methods for purification of sodium. Based on the 

pilot-plant experiment a larger installation has been designed to 

purify the sodium required for FBTR.

(ii) Design, construction and operation of a 500 Kid sodium loop which 

has been used to train personnel in handling sodium circuits.

As a result of these operations we are now proceeding to the 

design and fabrication of a sodium pump having the same specific 

speed as the pump required for the next stage of our programme.

(iii) Test facilities have been put into operation for l

(a) endurance testing of fuel pins and fuel subassembly in high
temperature flowing sodium;

(b) Testing in sodium of control rod drive mechanisms}

(c) Caliberation of E.PI. flow meters required for FBTR in a flowing
sodium loop;



(d) Hydraulic testing of different types of subassemblies entering 
the reactor vessel (fuel, blanket, reflector, steel, etc* etc.) 
to obtain the required flow distribution without cavitation;

(e) To study carbon pick-up by stainless steel and resultant changea 
in the mechanical properties;

(f) Development of instruments like transit time flou meters, zero 
time constant thermocouples, ionisation detector for detecting 
micro-quantitie9 of sodium/sodium oxide aerosols in air, 
continuous and discontinuous level probes, etc. etc.

(g) Development of rupture disks for sodium and other applications.

3.4. Metallurgical Activities (in support of Fast Breeder Reactor Programme)

Materials for fuels and cladding and structural materials are being 

studied. With respect to fuels, in addition to the development of the 

fabrication technology of the driver fuel for FBTR the advanced fuels 

like carbides, nitrides and carbonitrides are also being'studied (at BARC).

A Radio-metallurgy Laboratory uhich is a hot cell facility for carrying 

out post-irradiation examination of fuel pins and fuel assemblies from 

FBTR is being set up. The laboratory is being equipped for the complete 

range of post-irradiation evaluations including dimensional measurements, 

non-destructive tests like eddy current testing, x-ray graphy and neutron 

radiography, measurement and collection of fission gases for analysis, 

mechanical tests like tensile tests, rupture and burst tests on tubes and 

impact tests, optical and electron metallographic studies and electron 

probe microanalysis.

The various supplies of stucturai and constructional materials (plates, 

forgings, pipes, etc.) and the fuel clad tubes procured for FBTR are being 

evaluated in detail for their mechanical corrosion and other metallurgical 

properties. The objectives of these evaluation programmes are two—fold-—

(1) to assure that the materials meet the long-time properties requirements 

assumed in the design over and above the short-term acceptance criteria 

and (ii) to provide the base line data with uhich the changes in the 

properties and metallurgical characteristics of the materials that occur 

during in-reactor service (irradiation and sodium exposure) could be 

monitored as part of a materials surveillance programme.

A detailed study of the effects of the various parameters on the different 

mechanical properties like tensile, creep, fatigue and impact properties 

of the austenitic stainless steels has been undertaken. The influences 

of grain size and the amount of cold work on the creep and rupture behaviour 

of type 316 stainless steel are being investigated. In addition, the roles 

of temperature, applied stress and the test environment on the various 

creep properties like rupture life, minimum creep rate, rupture ductility, 

etc. are being examined. Extensive tensile testing of these stainless 

steels is being carried out in the temperature range of-20°C to 800°C 

uith a vieu to studying their deformation behaviour and its dependence 

on various microstructural features. Moreover, the influence of specimen 

geometry on the tensile ductility is being studied. Characterisation of 

ageing embrittlement of austenitic stainless steels using the fracture 

mechanics concepts has also been undertaken.

A systematic study of the effects of the uelding processes and techniques» 

choice of electrodes, filler uires, flux, etc., pre- and post-weld heat 

treatments on the macro and the microstructures, mechanical properties and 

corrosion behaviour of the auatenitic stainless steel weldments has been 

undertaken. The variation in the properties between the weld deposit, 

the base metal and the heat affected zone is being given special attention.

A detailed analysis of the composition and the microstructure of the 

weldments with special reference to the -ferrite phase is being carried 

out. The effects of cold work, heat treatments and other thermomechanical 

treatments on the tensile, creep, impact and fatigue properties of these 

uelds are investigated. Electro-chemical techniques to carry out selective 

dissolution of the austenite phase from the stainless steel ueldments have 

been developed.

Compatibility of austenitic stainless steels in liquid sodium at 500 to 

650°C in static and recirculating systems is being studied. A mass transfer 

loop has been designed and being built to study the effects of impurities 

in sodium, sodium velocity and temperature. Localised corrosion of 

austenitic stainless steels in chloride environments is being studied by 

E l e c t r o c h e m i c a l  t e c h n i q u e s  s u c h  as potentiostatic and potentiokinetic

44



polarization. Galvanic corrosion of stainless steel/low alloy steel and 

copper/carbon steel are also being investigated. Stress corrosion cracking 

of stainless steels and low alloy steels in caustic environments and 

chloride-containing aqueous solutions are examined. Atmospheric corrosion 

of austenitic and ferritic steels with different fabrication and heat 

treatment history is evaluated by exposing samples on atmospheric corrosion 

panels.

Stainless steel, the major structural material of fast breeder reactor, is 

susceptible to sensitisation during the various stages of fabrication and 

heat-treatments, resulting in deterioration of mechanical properties and 

corrosion behaviour. To arrive at the optimum heat treatment parameters 

necessary for avoiding such sensitisation, a time-temperature-corrosion 

diagram is being developed. The influence of cooling rates on sensitisation 

is also being studied. A new method for evaluating the critical cooling 

rates has been developed. The microstructural aspects of the sensitised 

components ere also being investigated using electron optical methods.

3.5. Reprocessing Programme of the Fast Reactor

The reprocessing programme for reprocessing of irradiated fuels from fast 

reactors will be the extension of the reprocessing technology developed 

for thermal reactors for which India has a strong base. In the first 

phase attention has been focused on developing techniques for reprocessing 

mixed oxide fuels while the possibility of having to deal with advanced 

fuels at a later date has been kept in mind. Therefore the efforts are 

concentrated on various aspects of aqueous fuel reprocessing technology. 

However, some studies of pyro-chemical methods applied to head-end steps 

like volaxidation, chemical decladding at high temperatures and high 

temperature operations that form preliminary steps for conversion of various 

advanced fuels to oxide form would also receive attention. Evaluation of 

pyro-chemical methods is proposed to be taken up for keeping the options 

o p e n ,

A facility has been built to permit initiation of studies in the following 

areas s
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1. Studies on the solubility of irradiated fuel and blanket 
materials and the equipments needed for the dissolution;

2. Recovery of fissionable material from the undissolved residues;

3. Treatment for off gases like iodine and tritium including the 
study of filters for containment of particulate activity;

4. Studies on flow sheet based on aqueous processing of fuel;

5. Development of centrifugal contactors of required capacities;

6. Studies on the sintered filters and centrifuges for 
clarification of the feeds;

7. Studies on methods of final conversion of the fissile material 
from the solution to a suitable solid form;

8. Evaluation of specifications of materials to be used and 
establishment of fabrication procedures to be followed;

9. Design of remote handling systems suitable for remote 
maintenance;

10. Development of mechanical devices like choppers and casks 
for handling fuels;

11. Improved instrumentation.

The development work is being initiated in steps as individual equipments 

and set-ups are getting ready. The laboratory is on the threshold of 

entering active development work.

3.6. Radlochemlstry

The chemical aspects of the fast reactor programme ie the responsibility 

of the Radiochemistry Laboratory being set up at Kalpakkam. This 

laboratory houses a bank of hot cells, facilities for handling irradiated 

and unirradiated fuel materials and a sodium laboratory.

facilities are being set up for post-irradiation studies including burn-up 

measurements. With a view to understanding the chemical behaviour of 

fuel, re-distribution of U, Pu and oxygen are studied as well as the 

behaviour of fission product elements.

A programme of basic studies on the thermodynamics of U, Pu systems is 

just underway. U8ing techniques such as Knudsen Cell-Flass spectrometry, 

thermal analyser, x-ray diffraction and solid-electrolyte e.m.f. cells,



the gaps in our knowledge of thermodynamic parameters and phase relationships 

in uranium/plutonium systems are sought to be filled in. These and thermo

migration studies will be folloued by out-of-pile simulation experiments»

The sodium laboratory has standardised techniques for the characterisation 

of commercial sodium that is being received at site and later of the 

purified reactor grade sodium. A small sodium loop is being set up to 

develop and calibrate oxygen and carbon meters as well as to standardise 

equilibration techniques. Solubility of manganese in sodium is being 

measured.

Analytical support facilities have been set up for the analysis and 

characterisation of a wide variety of materials from fuel materials to 

steels and raw materials.

3.7. Study of Fast Reactor Safety Problems

The primary objective of the Safety Research Programme is the study of 

safety problems related to sodium cooled fast reactors and the generation 

of data needed for the assessment of safety of these reactors.

Some of the ongoing activities are centred on the following areas of 

investigation t

Response of Reactor Structure to Energy Release under DBA Conditions i An 

experimental programme was undertaken at Safety Research Laboratory to study 

the response of reactor structures to dynamic loads sq as to obtain 

information that could be of use in the evaluation of the integrity of the 

structures under 08A conditions. In the experimente that have so far been 

carried out, a charge of high yield explosive known as composition PEK-1 

with a velocity of detonation of 7 mm/u sec and detonation pressure of 100 kbar, 

was set off inside an open water filled seamless cylindrical vessel (Radius 

to wall thickness ratio of 20 to 40). The shock overpressure on. the vessel 

wall in the charge plane was measured. The impulse received by the vessel 

wall was determined in thtese experiments from the pressure traces. The 

behaviour of both the impulse and the residual vessel strain have also been 

analysed and found to be similar to what was observed in earlier work of 

Teypkin and Wise and Proctor.
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The extension of these experiments to slower explosives and to vessels with 

a large radius to wall thickness ratio ( 80) is in progress.

Study of Fuel Behaviour in Reactor Transients : Fuel overheating in a

power transient has been simulated at Safety Research Laboratory by rapid 

deposition of energy in an UO^ pellet by discharging through it electrical 

energy stored in a capacitor bank. The spherical nature of the UO^ aerosols 

produced as determined from microscopic examinations and the range of 

particle size obtained by use of an Anderson Air Sampler point to partial 

pellet vaporisation. The total quantity of aerosols generated was estimated 

at 1-3$ by alpha activity measurement. Instrumentation for measurement of 

the actual amount of energy deposited in the pellet is being incorporated.

Studies on Sodium Fires and Aerosols t The experimental programme of 

Safety Research Laboratory in this area is directed towards laboratory 

scale experiments on pool and spray fires under different conditions of 

humidity, temperature and oxygen concentration. These are intended to 

yield data on burning rates, pressure transients, sodium and sodium oxide 

aerosol characteristics, their formation and release rates.

In order to study the coagulation behaviour of sodium oxide aerosols, a 

series of experiments were conducted in an experimental chamber of about 

1 cubic metre in volume. Sodium aerosols were generated by heating gram 

amounts of sodium in a stainless steel container and sweeping air over the 

molten sodium. Aerosols released were sampled by size selective samplers 

to obtain the particle size distribution. A computer code has been written 

to solve the coagulation equation describing the behaviour of an aerosol 

in a closed vessel as a function of time. Initial half-times for mass 

concentration evaluated by the code agree well with the experimentally 

measured values.

3
For sodium fire studies a mild steel chamber of 5.4 PI volume is in use. 

Growth of sodium aerosols released from sodium fire as a function of
3

relative humidity was studied using a study chamber of 5.5 m volume. 

Experiments are in progress to study the filtration characteristics of 

different filters for sodium aerosols.



Shielding Properties of Reactor Concretes Containing Rare Earth Materials » 

The possibility of using rare earth oxides in shielding concrete has been 

envisaged by many workers. In the biological shield concrete of Rapsodie, 

rare earth oxides have been made use of in place of boron. However, 

detailed analysis of the shielding properties of rare earths containing 

concrete is not available in open literature. SRL has undertaken a 

detailed study of the neutron attenuation properties of rare earth concrete. 

In the first phase of this programme, concrete mixes of different densities 

and percentage fractions of rare earths/boron have been used to manufacture 

test blocks and the engineering properties such as compressive strength, 

tensile strength, shrinkage, thermal conductivity, thermal expansion etc. 

determined.

In the subsequent stage, measurement of neutron spectrum and dose for 

different thicknesses of concrete for different incident neutron spectre 

has been taken up. A comparative study of the experimental and computed 

radiation field characteristics is then expected to provide the basis for 

optimisation of actual reactor shield configurstion. This work is also 

supported by the IAEA as a research contract.

Other areas of investigation which have been taken up at SRL include the 

study of the transport and deposition behaviour or fission and activation 

products in the flowing sodium systems. A pumped sodium loop is being 

set up at SRL for this purpose.

Besides the above, a programme of study of fuel-coolant thermal interaction 

and their effect on subassembly structures has just been initiated. The 

emphasis as currently envisaged in these experiments is to study the degree 

of interaction when finely divided fuel particles are injected into sodium.

In the first phase of the studies it is proposed to characterise the 

particle produced in air using the electrical discharge set up described 

above as a function of both the rate and the amount of specific energy 

deposited in fuel. Experiments are also being planned to study the influence 

of the initial temperatures, drop sizes and dropping velocity on the 

conversion of thermal to mechanical energy and the Pinal particle size 

distribution when molten metal is dropped into a relatively cool liquid 

simulating fuel-coolant interactions.
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A REVIEW OP THE ITALIAN FAST REACTOR PROGRAMME 

P .  PIERANTONI

CHEN Past Reactor Programme 

Via Arcoveggio, Bologna, Italy

1. INTRODUCTION

The 1979 was a quite difficult year for Italy in 

the energy sector expecially for gasoil availability.

The crisis was originated by the inadequacy of the meth 

ods used by the Government to fix prices for oil prod

ucts to be sold in Italy whereas crude oil prices are 

substantially different in the free market compared to 

those paid on long term contracts.

The main attention was paid to solve short-term 

problems and to settle criteria to be used during a 

possible emergency in electricity -supply system. Also 

the construction of most of our conventional power 

stations was delayed during the seventies. In Italy, 

difficulties are coming up against every power station 

even if they are turbogas type.

At the end of 1979 a set of decisions has been 

taken: the criteria for firtijig oil product prices were 

changed; the ENEL rates were raised to balance the bud

get in 1981. The 1979 winter has passed without major 

troubles due to -tie quite nice weather conditions and to a 

large increase (of about a factor of three) of electric 

ity imported by other countries. In the meantime the 

Government presented a B i l l vto the Parliament to stimu 

late energy savings expecially in the house heating 

sector and to boost use of solar and hydroelectric 

energy. ENEL will supply 100.000 solar boilers and hydro



electric plants with power below 3000 kW will be liber

alized. A large attention was paid also to relationship 

with Regional and Municipal authorities.

Criteria for emergency shut down of electricity 

supply system will not affect Regions producing more 

electric power of what they use; moreover ENEL will 

pay every year to local Government in addition to the 

2200 lire/kW installed, in 1Í75 money, paid during the 

construction (this mean about 5000 lire today) 1 lire/ 

kWh produced by new plant including those under construc 

tion at the end of 1979, except for oil and gas burning 

power stations.

ENEL will also pay to Regional Governments 0,5 

lire for each kWh exported in the other regions.

Particular attention was also paid to break off 

the close loop created by the 393 Act of 1975 by which 

it was necessary to obtain the agreement of Regional and 

Municipal Governments also for making a geological survey.

At the beginning of 19 79 a Commission was set up 

by the Minister of Industry to ánalyze the status and 

the prospects of the energy sector in Italy.

In Italy, only in power electricity production, 

oil consumption will continue to go up and in 1985 we will 

need about1 40 milion ton of oil compared with the 2 3 

consumed in 197 8. A crash program was approved at the end 

of 1-979 to increase the use of coal, pushing up by 1990 

to 13500 MW the installed capacity of coal burning sta

tions. At the same time ENEL will present before the end 

of june a revised version of the construction plan in or

der to reduce the increase in oil uses in power stations.

A Commission on nuclear safety was established in 

August to make an assesment of the present state of safety

of existing nuclear power stations, especially the one 

at Caorso, a BWR which is now going to full power.

The Commission's conclusions were brought together 

in a report made public at a national conference called 

by the Government and held in Venice from 25th to 27th 

January 1980. The Commission reached the conclusions that 

safety standards adopted in Italy are in line with those 

used in countries with higher technological development 

and that the power stations in use, and those in course 

of construction»give the greatest possible guarantees 

as regards safety.

During the Venice Conference only a moderate 

disagreement against nuclear power stations was noted.

During 1979 CNEN, through its Regulating 

Committee, has drawn a site map, sub-dividing the country 

into 400,000 meshes of one km each, examining in detail 

the aspects of seismicity, population density, hydrógraphy, 

etc... so as to obtain an exact evaluation of the area 

for installation of the plant. This mighty task of land 

investigation was suggested by the Government to local 

organisms (the Regions) as an instrument of meditated 

and programmed choice for the definitive decision as to 

the sites for nuclear power station installations.

The Italian programme on fast reactors has suffered 

from the situation of general uncertainty characterizing 

the national energy picture and it has therefore gone 

ahead on the basis of the initiatives previously undertaken.

CNEN has deeply examined the problem as to how to 

orient its own programme in the course of the next five- 

year plan, and has, in this regard, prepared a document 

entitled "Guide Lines for the I V ^  CNEN Five-Year Plan".



The document traces the lines along which CNEN's 

activity should be developed; besides covering traditional 

nuclear sectors, this activity includes a series of 

interventions in the field of renewable energy and energy 

saving.

This has been approved by the Board of Directors 

of CNEN and will now be submitted to the Government for 

examination.

In the specific sector of fast reactors the CNEN 

Guide Lines underline the need to develop knowledge in 

Italy on the technology of these reactors with the aim 

of keeping open an option of vital strategic importance 

to a Country whose poverty of energy resources is noto

rious .

There is thus no provision in the next five-year 

plan either for any concrete steps towards the introduction 

of fast power reactors into Italy, merely a continuation 

of the research and development programme and industrial 

promotion, progressing within the scope of the collaboration 

with France.

Within the framework of this collaboration one 

foresees development of the design and manifacturing 

activities already successfully begun with the Superphenix 1 

and Superphenix 2 projects - in which Italian industry 

is directly involved - aimed at acquiring the knowledge 

necessary both from the economic and safety viewpoints, 

to evaluate the possibility of installing fast power 

reactors in Italy.

Alongside this it is expected that the research 

and development programme, being carried out within the 

CNEN-CEA agreement will go on.

As regards the PEC reactor, which is the focal 

point of that programme the document on the guide lines

brings out that this is a difficult objective to achieve 

either from a technological, managerial and financial 

viewpoint. Therefore, to carry it out calls for a sub

stantial contribution from all interested parties; thus 

the undertaking must be considered as a plan of national 

significance. At organizing level it has been considered 

necessary to set up a Commitment Group to realize PEC 

including, besides CNEN personnel, ENEL staff with direct 

experience in this sector.. This Group started its activity 

in January 1980.

This should be the first step towards getting 

approval of the detailed PEC projects and thus make it 

possible to continue construction work at a reasonable 

speed.

The financial Commitment,which is limited to PEC 

and Research and Development activities on fast reactors 

and does not include the expenses for CNEN's staff, was 

about 67 billions Lira in 1979, of which about 55 billions 

Lira for the PEC reactor.

PEC REACTOR

Of the 21 detailed projects to be presented to the 

Regulating Committee regarding the PEC construction 

20 have been prepared, 10 have been submitted to CNEN 

Regulating Committee and only 3 approved. Regarding to 

the approved projects the situation is therefore 

unchanged since last year, and bui'lding has proceeded 

in the main on these approved projects. Besides this, 

workshop construction has continued on some components 

for which specific authorization was granted in order 

not to stop work in hand. At the beginning of 1980 the 

new Committment structure became operative as requested 

by the Regulating Committee, so PEC activities should



start moving once again with the required planning. Even 

though building has been slowed down, experimental and 

prototype building activities have gone ahead with good 

results. There now follows a presentation of the general 

situation of the work.

2.1. Work on site

Civil works and the metal structures of the Reactor 

Building have reached level -4: the relative state of 

progress may be evaluated at about 40%. Inside the building 

fitting has been completed of the penetrations of the 

thermal shield of the primary cooling circuit and the 

pneumatic test has been carried out successfully. At 

present the lower part of the reactor tank supporting 

structure is being mounted.

Reconditioning work has been continued on the 

external metal container and should terminate within a 

few months when fitting of the final penetrations, the 

main carriageway entrance door are completed and the 

tests on the leak rate have been carried out.

The foundations of the Fuel Handling and the 

Control and Services Buildings have been completed and 

the rising works have already begun, total advancement 

of the work being about 2S%.

As to the other main-buildings (Sodium & Gas 

Buildings) the foundation excavations have been completed 

as well as waterproofing, while the beginning of 

foundation laying awaits the necessary approval of the 

Regulating Committee.

2.2. Construction of Components

As regards manufacturing of the main PEC components, 

the situation is as given hereunder:

SO

Reactor tank and shielding plugs : construction of these 

is well advanced at the BREDA works.

Tank supporting structure: the lower part is already complete 

and in course of fitting on the reactor. The upper part is 

in an advanced phase of construction at CMI.

Fuel handling machine : at present acceptance tests at 

GEC-REL are underway.

The manufacturing projects are either complete or 

in course of completion, and the supply and preparation 

of materials for the following components began some time 

ago:

- Primary and secondary mechanical pumps

- Intermediate sodium-sodium heat exehangers

- Core supporting grid

- Final air-sodium heat exchangers

- Sodium plant piping

- Reactor component tank & relative plug

- Test channel component tank & plug

- Control rod mechanisms

- Core hold-down mechanisms

- Process instrumentation, safety system
and data acquisition system

- Cover gas purification system

2.3. Core and fuel' design

This work is performed under the direct respon

sibility of CNEN. At the present time the core and fuel 

design is already defined and the relative detailed safety 

report has been submitted to the CNEN Regulating Committee.

In the field of nuclear design, all necessary 

calculation tools have been successfully tested for 

different configurations'and will be applied for the

(FIAT)
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(BREDA)

(TOSI) 

(SANDVIK) 

(BREDA-TERNI) 

(BREDA-TERNI) 
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final composition to be selected for the core (mixed 

oxide plus enriched uranium fuel).

As far as mechanical and thermohydraulic design is 

concerned, the main calculations have already been 

performed; at the moment verifications on core behaviour 

under seismic and other abnormal conditions, are under 

way.

In the area of fuel design, the main specifications 

for the fuel pin and sub-assembly have been defined; veri

fications under non-nominal conditions are now being 

carried out, as well as an experimental programme to 

characterize mechanical behaviour of the cladding material.

As a final verification, performance of an irradiation 

experiment is foreseen in a fast reactor on a reduced-size 

fuel bundle.

2.1+. Experimental activity

Experimental activity supporting design and 

construction proceeded with considerable drive in 1979. 

Construction of the large installations and main proto

types for testing, were completed; at the same time 

final design of the experiments has been completed, and 

the equipment and instrumentation necessary to carry out 

tests and to interpretate experimental data, were 

strengthened.■

The situation is as follows:

Tests on mechanism prototypes: the reconditioning of IPM 

plant, built for the tests of prototypes of PEC mechanisms, 

was completed and final testing in sodium was effected.

A temperature of 550°C was reached and thermal shock tests 

were done with ramps of 30°C/sec. During testing, trouble 

occurred with the bearings of the device for positioning 

of fuel elements with reference to the fuel handling machine.

This was eliminated by replacing the bearings with others 

of the type used on the fuel handling machine.

A  further trouble had to do with the pinion-rack coupling 

of the device to obtain forcing of the fuel elements. This, 

due to imperfect alignment of the cam-shaft, was also 

eliminated. As regards the mechanism prototypes,' the fol 

lowing is the situation:

- on the fuel handling machine, built by GEC-REL, the 

cold tests in air and the argon test at 200°C have 

been carried out.

Subsequently, when doing the cold calibration tests in 

air, the lower pantograph pin broke. Examination of the 

material brought out the excessive hardness (63-J-65 HRC) 

compared to the data given (S9-r61 HRC). A new pin has 

been made according to the specifications and the tests 

will be continued with this;

- positive working tests in air, and the technological 

acceptance tests on some details were effected on the 

control rod mechanism, built by FIAT. This has already 

been delivered to CNEN-Casaccia where qualification 

tests in air are being made before beginning the sodium 

tests. In 1979 seismic vibration tests were carried out 

at ISMES on the lower part of the mechanism; the result 

was positive but it is considered necessary to repeat 

the tests on the complete mechanism including the upper 

part ;

- the operating-in-air and acceptance tests were carried 

out in the workshop, with positive results, on the fuel 

element hold-down mechanism, built by FIAT. This will 

shortly be sent, to CNEN-Casaccia for the sodium tests. 

Tests in air were made for thermocouple bending and will 

have to be repeated in sodium at the ASPRO plant now 

ready at BRASIMONE.



Tests on the experimental channel: the tests will be 

carried out in two plants: the CPC-2 for thermal shocks 

on channel details, and the CPC-1 for the full-size 

tests of the experimental circuit.

As regards the CPC-2, building and mounting of 

the plant was completed in 1979. Connection to the 

centralized sodium storage plant was completed in 

December and commissioning tests were begun which will 

be completed by June 19 80 with a sodium temperature of 

650°C and thermal transients of 50°C/sec with a it 

maximum of 150°C. The test section, consisting of a 

model of the channel in full size, but shortened in the 

straight part to reach a total height of 9 m. is in 

course of completion at FIAT.

As to the CPC-1, plant testing was completed in

December. The sodium tests were ddne after installing 

a model of the test channel, reaching a temperature of

650°C with a flow of 70 m 3/h. Failure of the heating

elements made of AISI 30*+ steel occurred in one of the 

sodium heaters and some troubles cropped up in the 

pneumatic controls of the sodium circuit 4" diameter 

valves. At the moment the first phase of experiments 

is being done on the centrifugal pumps of the test 

channel primary circuit. The complete test programme 

includes: normal and accidental working tests, flow- 

rate transients, lack of power, etc... Tests will begin 

in 1980 on the channel prototypes to be supplied by 

FIAT.

Tests on the fuel transfer cell: the cell mock-up, built

on the CPC-1 plant, will be used to carry out full-size 

handling tests on the channel, on the test section, and 

on the PEC fuel. Construction of the cell and the rela

tive tests have been completed. The tests were effected 

with inert gas (N2 ) circulation at 35°C and at a pressure

of -70 mm of water. During the cell mock-up tests the 

CPC-1 circuit was working and also the already installed 

equipment was put into operation with positive results: 

wall manipulators, power manipulator, and the test channel 

manipulation machine.

Slight oil losses were noted from some manipulation seals, 

which were eliminated. At the moment manifacturin.cc of the 

other projected equipment is in course of completion: the 

fuel transfer device, fuel element transport containers, 

prototype of the fuel element transit channel, etc...

3. CREYS-MALVILLE (SXJPERPHENIX-1) POWER STATION

It is, above all, worth remembering that the Creys- 

Malville power station was ordered by NERSA, a company 

formed by electricity producers in France (EdF), Italy 

(ENEL) and Germany CSBK), to-promote development of fast 

power reactors. ENEL, whose share in the partnership is 

33%, takes part in all NERSA's activities, from design 

and realization of the plant to preparatory activity for 

future operation of the station.

The turn-key supply of the Nuclear Steam Supply 

System has been jointly entrusted to the NIRA-N0VAT0ME 

Consortium. NIRA, besides directly participating in the 

cooperative's engineering activities with ist own staff, 

is responsible for the supply to the Consortium ôf the 

components to be realized by the italian industry.

The supply contracts related to the Nuclear 

Steam Supply System, have been assigned on the basis of 

an economical competitiveness,with the result that the 

italian share has reached the 3S%, distributed as follows:

- 3 3% circuits

- 42% reactor block

- 2 3% fuel handling system
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2% electrical, drive and control components 

while it is 7% as far as core components are concerned.

To carry out the work a whole series of agreements 

have been drawn up between Italian and French industries, 

which have given life to very satisfactory collaboration 

both as to the results achieved and as regards future 

prospects.

In general itrcan be said that the work has 

developed respecting the schedule and at present the state 

of progress of the main components is as follows:

Safety tank, supplied by ATB, FOCHI and CIMI; mounting 

is complete at the atelier-site. It will be introduced 

into the reactor well by May 19 80.

Dom e , supplied by BELLELI: S0% completed. It is expected 

that mounting will begin on site in June 1980.

Core supporting gri d , supplied by BREDA and ANSALDO: work 

on the supporting grid for core elements and on the grid 

for radial shield element is nearing completion. Transport 

to site is expected in July 1980.

Main and internal tanks, supplied by BREDA in collaboration 

with NEYRPIC: the construction is 80% complete. Introduction 

in the reactor well is forecast by June 1980.

Control mechanisms, supplied by FIAT in collaboration with 

NEYRPIC and N0VAT0ME: completion of the prototype machine, 

on which the test programme will begin in May 19 80, is 

going ahead.

Fuel handling machine, supplied by CMI in collaboration with 

NEYRPIC and N0VAT0ME: mounting has begun in the workshop. 

Completion is expected for August 19 80 after which it will 

be sent to CNEN-CadaEache for testing.

Secondary pumps, supplied by FIAT-BELLELI-TOSI in collab

oration with Jeaumont-Schneider: workshop manufacture has 

begun. State of progress at present is 30%.

Storage barrel, supplied by FOCHI in collaboration with 

INTERATOM and N0VAT0ME: manufacture of the tanks and 

internals is completed. Introduction in the reactor block 

is expected for June 1980.

Primary sodium storage tanks, supplied by DE BARTOLOMEIS: 

mounting is almost complete. Installation in the steam 

generator building is expected for June 1980.

Primary auxiliary circuits and accessories, supplied by 

AMN in collaboration with STEIN INDUSTRIE: mounting has 

begun on the building site.

Primary pump motors, supplied by ANSALDO: the first motor 

was sent to Genvilliers for testing towards the end of

1979.

Intermediate Heat Exchangers, built by BREDA-T0SI in 

collaboration with STEIN INDUSTRIE: construction has 

begun. The first exchangers will be finished by March 

1981.

Sodium valves, supplied by NU0V0 PIGN0NE: construction 

is under way.

. PARTICIPATION BY NIRA IN THE SPX-2 STUDIES

The studies in progress on SPX-2 are carried out 

in the frame of an action promoted by E.d.F. with the 

aim of installing two to six plants between 1988-89, 

each equipped with a Nuclear Steam Supply System of the 

SPX-2 type derived from the SPX-1 demonstration plant.



In June 19 7 7 NIRA concluded an agreement with 

NOVATOME for the development and marketing of large fast 

power reactors which permitted the former to take part, 

to the extent of 30%,in the conception and design 

studies aimed to elaborate a technical offer. By this 

agreement NIRA has become a partner in the project with 

the limitation that its use is restricted to a possible 

Italian market.

Within the scope of this agreement NIRA partici

pation extends to the studies commissioned by E.d.F. and 

CEA. These are carried out in mixed design team at 

NOVATOME, who performs the general studies and coordinates 

those on components and main sub-systems effected by 

French manufaturers trough contracts received from 

NOVATOME.

Italian participation foresees a commitment for 

1978-81 of 15, 30, HO and 54 full-time personnel, 

respectively. At present NIRA participation is distrib

uted as follows: in the design team at NOVATOME, 17 

persons ; in the core study team, 3 persons ; in the NIRA 

engineering sector (Genoa), 11 people.

The engineering team of Genoa carries out 

prevalently predimensioning,feasibility and cost 

estimation studies, while the design team at NOVATOME 

takes part in the work of all units into which the project 

is sub-divided.

Parallel to the above-mentioned engagement, NIRA 

has promoted the following activities in Italy:

- involvement of Italian suppliers in the elaboration of 

cost estimates, starting from_evaluation of feasibility; 

T h e  firms interested are: F. TOSI, BREDA-TERMOMECCANTCA, 

BELLELI, FIAT, FOCHI, DE BARTOLOMEIS, A T B , ZANON and 

CMI; the .subjects of the studies were: secondary and

primary storage tanks, auxiliary circuits of the. primary 

sodium circuit, emergency cooling circuits and components 

reactor intermediate heat exchangers, secondary pumps, 

reactor tank, core supporting structures, fuel handling 

machines, storage of irradiated elements;

preliminary investigation to verify the compatibility 

of the general conception of the SPX-2 solutions with 

the safety criteria to be applied in Italy.

RESEARCH, DEVELOPMENT AND INDUSTRIAL PROMOTIONAL 

ACTIVITIES

The activities in this sector have been continued 

mainly within the framework of the CEA-CNEN collaboration 

these activities are finalized partly to support the 

Superphenix-1 reactor construction and partly to the R&D 

programme for the development of future large fast power 

reactors.

5.1. Technology (Components)

The activities carried out in Italy in this field 

are aimed at the development of national industry; they 

deal mainly with steam generators, sodium pumps and 

inflatable seals.

The straight tube 50 MWt steam generator prototype 

(PGV-1) designed by NIRA and constructed by BREDA TERM0- 

MECCANICA, has been installed on the C.G.V.S. plant at 

Les Renardières.

The commissioning, started in September 1979, was 

completed by the end of the year. During the commission

ing tests, the PGV-1 component ran at the 20% of nominal
2

power and produced steam at 500°C and 180 kg/cm .



In January 1980, the planned experimental programme 

started, including: operating tests at different* condi

tions (20% to 105% of nominal power); static and dynamic 

stability tests; operating tests under transient condi

tions and simulated accident tests such as water and sodium 

flow' rate rapid interruption, rapid depressurization, 

and cold thermal shock due to inlet water, etc...

Up to now (March 31, 1980) the PGV-1 prototype, 

has accumulated a total of 2868 operating hours, 8Г8 of 

which at full power.

Furthermore, the PGV-1 prototype has been equipped 

with special antennas to verify the possibility of de

tecting small water leaks by means of noise analysis.

Moreover, NIRA and NERATOM have almost completed 

the design of maintenance equipment in the case of 

sodium-water reaction. The maintenance programmé includes: 

opening of the water-steam header, identification of the 

leaking tube, determination of adjacent tube wastage, 

replacement of the damaged tube and plugging of holes 

on the tube plate.

Sodium-water reaction tests on the Brasimone ISA-1 Plant:

during 19 79 the experimental programme on sodium water

reaction due to large leaks continued on steam generator

test sections. This programme has been mainly finalized

to the development of calculation codes. A series of

experiments (named MODICA) has been carried out to obtain

operating conditions and data capable of being used

directly in the calculation codes. The experimental work

has continued with the BA-11 experiment, consisting of

the injection of water in a cylindrical vessel containing

sodium at a 1 kg/cm of pressure and a temperature of

320°С. The water at the same temperature as the sodium
2

and at a pressure of 184 kg/cm was injected into the

center of the vessel for a period of 5 seconds. After 

the initial stage of the reaction (some tenths of a

second) during which pressure peaks .of about 10 kg/cm
2

were recorded, the pressure reached 16 kg/cm. and the 

temperature rose to about 7 50°C. Furthermore, design 

and preparation of the more representative experiment 

BA-12 consisting of the injection of water in sodium 

inside a test section simulating the steam generator 

configuration and operating conditions are now under 

completion.

Sodium pump development: in this field a collaboration 

agreement FIAT-NIRA-JEUMONT SCHNEIDER is under way. At 

the moment Italian industry is engaged in the construc

tion of PEC pumps and of Superphenix-1 secondary pumps.

Sodium pump tests' on the Brasimone CPV-1 plant: the 

CPV-1 plant is designed to test in sodium the rotating 

parts of the Superphenix-1 primary sodium pumps, also 

under seismic conditions.

During 19 79 FIAT completed the plant and the 

installation of the PIV0TERIE-1 test section., construc

ted jointly by FIAT and JEUMONT-SCHNEIDER.

In December 197 9 the plant was filled' by sodiTtm 

and commissioning is now under way. The experimental 

programme, whose beginning is foreseen in the second 

half of this year, includes:

- test of the mechanical behaviour of the pump shaft 

under typical reactor conditions (temperature, pressure 

and revolving speed);

- test on rotating seal realiability of the shaft and 

hydrostatic bearing;

- test on hydrostatic bearing reliability in seismic 

conditions (0,2 * 0,5 g and 2 t 10 Hz) and in non- 

verticality conditions (about 0,6%>;

2



- definition of cleaning criteria and procedures of 

the test section.

Inflatable seals: the work will be carried out within 

the framework'of a contract with PIRELLI. In addition 

to completion of the design of a 1,5 m diameter rig, 

a programme has been set-up for material qualification, 

joint profile design, test section production and test 

specifications.

5.2. Technology (Materials)

Our program on the qualification of materials 

for fast reactor steam generators,concerning ferritic 

alloys and incoloy-800, is developed in cooperation with 

Italian industry (FIAT, TERNI, CSM, DALMINE),

IncoToy-800 - Six heats of different Ti and A1 composition 

have been studied with regard to their mechanical and 

creep properties. The influence of thermal aging on the 

alloy mechanical properties has been also analyzed.

Up to now ten thousand hours of creep have been 

accumulated. Information with notched specimens have been 

obtained to test the susceptibility to premature failure 

in service of the material. Particular attention has 

been devoted to the intermediate anneal and final heat 

treatments with respect to the hot ductility problem.

Ferritic Alloys - The mechanical and creep properties 

of the 2.2 5 C r , 1 Mo, stabilized with N b , have been 

studied. Terni has also prepared a thick plate and the 

tests on its mechanical properties are under way. The 

alloy 9 Gr, 2 Mo has been studied with respect to me

chanical and creep properties. The stress-to-rupture 

data of this alloy are comparable with the other 

commercially available 9 Cr alloys. In our case, how

ever, a very low transition temperature has been 

obtained. In the case of alloy 1 Cr, 1 Mo, thick plates 

and tubes have been prepared and the tests on their 

mechanical and creep properties are under way.

5.3. Core Studies

The experimental activity on fuel element thermo- 

hydraulics is progressing: the programme includes 

experiments in sodium on electrically-heated seven-pin 

bundles , some of them in nominal geometry and others 

containing one or more deformed pins. The main results 

of these experiments dealing with pressure drop and 

temperature distribution are analyzed with analytical 

and interpretative codes. This activity is correlated 

to an experimental programme on rod bundles tested in 

water at the CEA center of Cadarache. The entire programme 

is aimed at the development of a calculation tool able 

to analyze the evolution of core thermo-hydraulics 

behaviour during its life.

At CNEN laboratories an important effort is also 

conducted in the field of new technologies for the 

construction of electrically-heated rod-bundles of 

enhanced size (e.g. 19 pins).

The experimental programme on mechanical behaviour 

o_f the core, conducted by a CNEN staff at Cadarache on a 

Superphenix grid model, is in the completion stage. This* 

activity has produced important results on the charac

terization of the core elements under stress, on the 

mechanical equilibrium of different core element arrays 

and, finally, on the fuel handling forces for the Super

phenix reactor fuel elements.

In the field of core hydraulics the previously 

developed calculation code (TERSICORE) has been applied



to the Superphenix configuration to analyze coolant 

velocity distribution in the low pressure plenum at fuel 

element level. An experimental programme aimed at 

determining the fluidodynamic characteristics of the low 

pressure plenum is now under way.

The activity on noise analysis is continuing with 

particular reference to the sodium experiments- conducted 

at the Casaccia CNEN laboratories.

5.4. Physics

The main lines of development in this area are:

- development of improved calculation methods for nuclear 

data and integral parameter evaluations;

- implementation of a new version of the formulaire 

CARNAVAL for core and shield design;

- validation of data and codes via interpretation of 

integral experiments in critical facilities and power 

reactors.

A cooperative CEA-CNEN-DeBeNe effort was started

in 1979 in the field of nuclear data, aimed at obtaining

a new, coherent set of evaluations for transactinides.
241

The Am cross section evaluations have been completed 

at CNEN and are progressing for three Curium isotopes.

The measurement campaigns planned in Italian 

facilities have been completed.. Integral cross sections 

of the main structural material components have been 

measured in the RB-2 reactor in Bologna, while data from 

neutron propagation experiments in sodium-steel mixtures 

in the TAPIRO reactor at £asaccia,have been used for the 

adjustment of the shielding formulaire PROPANE. Both 

facilities were modified in 1979 to accommodate experi

ments which are expected to meet design requirements

for structural material cross sections in harder spectra 

(RB-2) and for parametric studies'of breeding in blanket 

configurations (TAPIRO).

The PRE-RACINE programme in the French facility 

MASURCA were completed in July. One of the highlights of 

this first approach to heterogeneous cores has been the 

possibilitity to have a deeper insight into the effects 

of internal breeding on -safety-related parameters such 

as the sodium void coefficient.

Meanwhile, the objectives, characteristics and 

planning of the RACINE programme have been throughly 

defined. This programme - а СЕА/CNEN/KFK cooperation 

aimed at systematic investigations of the neutronics of 

heterogeneous cores in large-size criticáis - is sched

uled to start in March 1980, with the first measurements 

in a clean configuration containing two inner blanket 

regions.

S.5.. Fuel

The activities in this field include in-pile and 

out-of-pile experiments on oxide and advanced fuels.

The experimental in-pile programme has been delayed 

because of the forced shut-down of the Rapsodie reactor, 

in which it was planned to perform irradiation experiments 

aimed at studying the mechanical fuel clad interaction 

as a function of gap size and pellet density for mixed 

oxide fuels (X-8 experiment) and for mixed carbide fuels 

(HC-2 experiment).

Irradiation experiments in thermal reactors have 

continued. Two experiments have been conducted in the 

SILOE reactor on mixed carbide fuels, aimed at studying 

evolution of the diametral growth as a function of burn- 

u p , gap size and porosity, with measurements at the end



of each irradiation cycle. One of these experiments had 

to be stopped at 33.000 MWD/t because of a failure in 

the measurement device. The second one has now reached 

a burn-up of 15.000 MWD/t. Irradiation conditions call 

for a linear heat rating of about 550 W/cm, a cladding 

temperature of 670-500°C and a central temperature of 

1700 °C.

Other irradiation experiments on mixed oxide and 

carbide fuels are in preparation. Three of them will be 

performed in the SIL0E reactor to characterize the 

behaviour of mixed oxide pellets obtained by sol-gel 

particles: the investigated phenomena will be the thermal 

conductivity, dimensional stability of pellets, and 

total diametral growth of the pin.

Three more irradiation experiments in thermal 

and fast reactors are in preparation on mixed carbide 

fuels, two of them aimed at studying thermal behaviour 

at the beginning of life as a function of the linear 

heat rating and the third aimed at evaluating the in

fluence of free carbon on the cladding corrosion rate.

0ut-of-pile activities include a very complex, 

programme for the study of fuel bundle-wrapper inter

action: for this purpose irradiation results and out- 

of-pile experiments on a subassembly and on its compo 

nents, are utilized.

The final objective is the development of a cal 

culation code able to predict the mechanical behaviour 

of the bundle-wrapper system during the entire life of 

the fuel.

Satisfactory results have been obtained on the 

plug-cladding welding by the magno-welding technique 

applied at the ISPRA and Saluggia laboratories: welding 

have shown good mechanical properties and tightness.

Characterization tests in sodium and in-pile of these 

weldings are now in preparation.

5.6. S a f e t y

Research and development activities in this area 

are aimed at studying problems of safety and environmental 

impact in order to demonstrate both the feasibility and 

acceptance of fast breeder reactors in Italy.

The activities under way are described in the 

following and cover dynamic behaviour of the coolant, . 

the fuel, and the core as well as dynamic response of 

the containment structures.

In the field of dynamic behaviour of the coolant 

experimental and theoretical research have been carried 

out by studying transients with tests in sodium and in 

water.

Experiments on a 13 rod-bundle in the Brasimone 

CEF-1 water loop have been performed to analyze the 

hydraulic behaviour of the bundle in partial plugging 

conditions. Experimental results are used to validate 

the FLUTEC code, which is able to investigate the behaviour 

of a partially-plugged channel.

Sodium experiments have been developed in parallel 

with thermohydraulic experiments for core studies. A new 

type of electrically-heated rod is now under development 

in order to obtain a longer heating section (60 cm) and 

better component reliability.

With regard to dynamic behaviour of the fuel 

the theoretical and experimental studies on fuel-sodium 

thermal interaction have been continued, A new test 

section to melt oxide fuels in sodium has been designed 

and is now under construction.



Furthermore, Italy participates in the in-pile 

CABRI-SCARABEE experimental programme. An interesting 

contribution given by CNEN is the development of the 

MOWGLI code which is able to study the behaviour of the 

fuel-clad system during melting.

The activity on dynamic behaviour of the core 

includes the development of a two-dimensional calculation 

code (NADYP II) where modules for boiling, fuel-dispersion 

and sodium-fuel interaction are incorporated. This code 

has been used to study the loss of flow reference accident 

for SUPERPHENIX by analyzing the sensitivity of the 

results related to some design and operating parameters.

In the field of dynamic behaviour of the containment 

structures, activity has been strongly reduced for lack 

of manpower. The main results regard the study of the 

dynamic response of a thin-wall tank by means of the 

ASTARTE-3 and REXCO-H codes; theoretical results have 

been compared with results obtained from experiments 

carried out at the ISPRA center.

Considerable effort on sodium-air reaction is 

planned by CNEN in collaboration with Italian industry 

within the framework of the ESMERALDA programme carried 

out jointly with French partner. Up to now the design of 

the facility has been completed and the components to 

be built in Italy have been identified.

The ESMERALDA programme is supported by aerosol 

studies and tests on powders able to extinguish sodium 

fires.

5.7. Technical and economical studies

The activities have been finalized to the study 

of the fuel cycle and power costs for thermal and fast

reactors. Three codes have been developed, namely the 

SARCO-2, able to evaluate the fuel cycle costs for 

heterogeneous cores, the ECO-1 code for homogenepus 

cores, and the NURPLA-1 code to evaluate material flows 

in thermal fast reactor strategies. Detailed analysis 

has been conduced for Superphenix-1 and Superphenix-2 

reactors with the aim of optimizing core and fuel.cycle 

parameters and determine the plutonium value.

5.8. Codes and Standards

Activities have been continued along three main 

lines: classification and control of standards, experimen 

tal activity and calculation codes.

In the first area activities carried out in 1979 

have been finalized to the preparation of a data base 

to utilize the selected standards by means of a computer 

programme. The STAIRS programme has been chosen to manage 

the standard bank.

Two more data bases are under study: the first 

deals with the classification of data for standardized 

materials, the second will collect all the data for 

structural materials used- for PEC reactor construction.

In the same area comparative analysis for the 

standards used in USA and in Italy has been delayed 

through wai'ting for the results to be obtained in the 

National Commission for Fast Reactor Standards. This 

Commission is now involved in analyzing results of 

acceptance and in-service tests of components, structural 

analysis and material properties with the aim of identifying 

standards for European countries involved in fast reactor 

programmes.



Experimental activities mainly deal with the 

study of the behaviour of different materials under 

thermal fatigue, ratchetting and long term operation. 

Fatigue- analysis due to thermal cycling nas been performed 

by the ISPRA Center. Results obtained are now being 

elaborated. Tests on small specimens are under way at 

Casaccia Center to verify ratchetting behaviour and to 

attempt theoretical investigation. Extensive work is 

being done in collaboration with BREDA to verify the 

behaviour under fatigue cycle for class-1 components.

In the area of calculation codes the CASTEM code, 

developed by CEA, is under acquisition at CNEN. In order 

to obtain a validation of the code an extensive experimental 

programme including thermal shock and ratchetting tests 

both in water and in sodium is now under way. Other 

experiments are foreseen on the CPC-2 loop at Casaccia 

Center expressly designed to test "PEC central loop 

components in thermal shock conditions.

PICTURE DESCRIPTION

1. - An external view of the PEC reactor building

(Brasimone site)

2. - Status of the work inside the PEC reactor building

(Brasimone site)

3. - The PEC fuel handling machine prototype during

testing on the IPM plant (Casaccia center)

4. - The CPC-2 plant for thermal shocks on test loop

details (Casaccia Center)

5. - Two details of the CPC-1 plant for the full-size

tests on the experimental circuit (Brasimone site)

5.1 - 5.2

An external view of the f.uel-transfer cell mock-up 

of the PEC reactor to carry-out full-size handling 

tests on the experimental channel, test section and 

fuel elements.(Brasimone site)

The CPV-1 plant to test in sodium the rotating parts 

of the Superphenix-1 primary sodium pumps (Brasimone 

site)
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■Состояние работ по быстрым реакторам в СССР на 
апрель 1980

Е . I .  INYUTIN

Institute of Physics and Power Engineering 

Obninsk, Kaluzskaja Region, USSR

АННОТАЦИЯ

Дан обзор состояния работ по быстрым реакторам в СССР на 

апрель 1980 г., включая: результаты работы реакторов БР-ТО, 

Б0Р-60 и ЕН-350, состояние с пусковыми работами на реакторе 

БН-600, а также - расчётно-экспериментальные и прикладные иссле

дования в области быстрых реакторов.

За прошедший, 1979 г., существенных изменений в направлении 

работ по быстрым реакторам не было. Несколько большее внимание 

уделялось конкретизации вариантов развития ядерной энергетики и 

роли быстрых реакторов-размножителей в энергетике будущего. Эта 

работа проводилась в рамках программы международной оценки ядер- 

ного топливного цикла. В смежных областях науки и техники про

должалась разработка методов и средств расчёта быстрых реакторов, 

разработка усовершенствованного топлива, создание высоконадёжно

го оборудования и необходимых приборов.

Ведутся вариантные проработки проекта реактора БН-1600 и 

по улучшению реактора БН-600. На очереди - получение опыта эк

сплуатации реактора БН-600 на Белоярской атомной электростанции.

ЕР - 10.
64

В 1979 г. производился "дожиг" активной зоны с тепловыде

ляющими элементами из двуокиси плутония. Реактор работал на 

уровнях мощности до 4 МВт с коэффициентом использования рабочего 

времени около 0,75.

Флюенс нейтронов (Е >  0,1 МэВ) на стенку корпуса реактора 

составляет 8,4.I022 нейтр./см2, на корпус петлевого канала, рас

положенного в центре активной зоны - 8,1.10^ нейтр./см2.

Фяюенс нейтронов на оболочки центральных твэлов равен 8,1.I022 

нейтр./см2.

Максимальная величина выгорания плутония равна 14,1$ тяже

лых ядер, что в 1,4 раза превышает проектное значение выгорания.

В ноябре 1979 г. активная зона выгружена в хранилище (119 

тепловыделяющих и экспериментальных сборок). Все сборки были 

проверены на герметичность во внереакторной системе обнаружения 

дефектных тепловыделяющих сборок.

Эта, третья, активная зона реактора БР-ТО эксплуатировалась 

на мощности с 1973 г. В нашем докладе на П-ом ежегодном совеща

нии международной рабочей группы сообщалось, что появление пер

вой дефектной (негерметичной) тепловыделяющией сборки было заре

гистрировано в 1977 г., начиная с выгорания 10,7$. С тех пор по 

1979 год зарегистрировано 14 случаев разгерметизации тепловыде

ляющих элементов в сборках. Из них 10 случаев газовой течи,и 4 

случая идентифицированы как разгерметизация с контактом топлива 

и теплоносителя. В пересчёте на тепловыделяющие элементы процент 

разгерметизированных твэлов составляет от 0,5$ до 1$ от общего 

количества твэлов.



Можно отметить, что обнаружение 10 негерметичных тепловыде

ляющих сборок приходится на самый конец работы активной зоны - 

второй и третий кварталы 1979 г. Из них 7 сборок имели негерме- 

тичность по газу и три - контакт топлива с теплоносителем.

Исследовалась возможность использования трековых детекторов 

из нитроцеллюлозы для оценки загрязненности оборудования первого 

контура реактора БР-10 ядерным топливом, присутствующим в нат

риевом теплоносителе. В этом методе используется естественная 

альфа-активность ядерного горючего. Гибкость целлюлозы позволяет 

проводить измерения на изогнутых поверхностях.

В эксперименте измерялась загрязнённость ядерным топливом 

внутренней поверхности сдренированного байпасного трубопро

вода, торцевого среза трубопровода и отмытой от натрия поверх

ности технологического прибора, находившегося в радиоактивном 

контуре. На поверхности трубопровода, которая была покрыта плён

кой натрия, зарегистрировано наличие загрязнения ядерным топливом 

(средняя плотность треков после вычета фона составляла 630 тре- 

ков/4ш̂ ), на поверхности прибора, отмытого от остаточного 

слоя натрия, треки от альфа-частиц топлива не обнаружены. Что 

касается торцевого среза трубопровода, то треки альфа частиц 

располагались по четко всаженной линии, соответствующей внут

реннему диаметру трубопровода.

Делается вывод о применимости методики трековых детекторов 

из нитроцеллюлозы для определения альфа-загрязнения ядерным топ

ливом оборудования и теплоносителя первого контура.

28 сентября 1979 г. реактор БР-10 остановлен на реконструк

цию. В программу реконструкции входит: замена корпуса реактора; 

замена тепловыделяющих сборок; замена системы управления и защи

ты реактора, а также - контрольно-измерительной аппаратуры; 

усовершенствование экспериментальных устройств.

В частности, предполагается вместо одного из нейтронных 

пучков установка нескольких материаловедческих устройств для 

изучения радиационной ползучести, внутриреакторной длительной 

прочности, пластичности и других механических характеристик кон

струкционных материалов.

Будет продолжено совершенствование систем контроля за сос

тоянием твэлов. Предстоит уточнять данные по распределению деля

щегося вещества и радиоактивных продуктов коррозии в контуре.

Завершение реконструкции предполагается в 1982 г.

К настоящему времени проведена проверка арматуры на плот

ность (увеличением давления в контуре), осуществлен слив натрия 

из контура, разгружена активная зона, смонтированы системы паро

газовой и дистиллатной отмывки, проведена парогазовая отмывка, 

демонтируется биологическая защита, мешающая работам по рекон

струкции, демонтируется мешающее оборудование.

На очереди - промывка контура дистиллатом, сушка контура 

и демонтаж реактора.

БОР - 60.

Эксплуатация быстрого опытного реактора Б0Р-60 проходила 

в режиме АЭС на мощности 50 Шт. Величина мощности определялась



программой экспериментов на реакторе. Почти третья часть 

топливной загрузки реактора состоит из экспериментальных тепло

выделяющих сборок. Одновременно облучалось до 20 материаловед- 

ческих образцов.

Продолжались ресурсные испытания модульного парогенератора 

конструкции ЧССР. Время его работы составило около 30000 часов.

С февраля 1979 г. начаты испытания модели прямотрубного 

парогенератора для реактора ЕН-600. Мощность модели 20 МВт.

Модель отличается от парогенератора длиной трубных пучков.

Модель снабжена устройствами регистрации температурной и гидро

динамической неравномерности по тепловыделяющим трубкам и нап

ряжения - в элементах конструкции.

Первая петля реактора Б0Р-60 эксплуатировалась с чехосло

вацким парогенератором и воздушным теплообменником, а вторая 

петля - с моделью парогенератора для реактора ЕН-600. На втором 

контуре второй петли третий год эксплуатируется электромагнит

ный насос с расходом до 500 м3/час.

Продолжалось исследование методов регулирования температуры 

натрия на выходе из активной зоны при быстрых переходных процес

сах, например, при срабатывании аварийной защиты реактора. В част

ности, если обеспечить управление расходом теплоносителя таким 

образом, чтобы зависимости уменьшения мощности и расхода были бы 

близки, то температура теплоносителя на выходе из реактора в 

этом случае будет изменяться меньше и соответственно уменьшатся 

температурные напряжения. -

На реакторе Б0Р-60 испытывались, так называемые, одноимпуль- 

сный и трёхимпульсный регуляторы температуры. В конечном итоге 

производилось воздействие на возбуждающую обмотку генератора, 

питаадего двигатель главного циркуляционного насоса.

В случае одноимпульсного регулятора температуры сигнал 

поступал от малоинерционных термопар, установленных на выходе 

из тепловыделяющих сборок. Результаты были вполне удовлетвори

тельные, но введению такой схемы в систему регулирования техно

логическим процессом воспрепятствовала малая надёжность приме

нявшихся малоинерционных термопар.

Тогда в качестве датчиков были использованы инерционные 

термопары, имевшиеся на выходе из реактора, а для улучшения ка

чества регулирования дополнительно подключены сигналы от датчи

ков по расходу теплоносителя и мощности излучения нейтронов.

Такой регулятор температуры получил название трёхимпульсного. 

Временное поведение указанных трёх сигналов сравнивалось соот

ветствующей схемой и результирующее решение передавалось на 

возбуждающую обмотку генератора, регулируя тем самым число оборо

тов главного циркуляционного насоса.

Результаты испытаний трехимпульсного регулятора температуры 

приведены на рис. I. Испытания проводились при срабатывании ава

рийной защиты на мощности 40 МВт и расходе теплоносителя 

900 м3/час.

Отклонение температуры от первоначального значения, измерен

ное на выходе активной зоны не превышало 17 К, а на выходе из 

реактора 5 К. Без регулирования эти величины равны 115 и 25 К 

соответственно.
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Работы по обнаружению кипения натрия в модели тепловыделяю

щей сборки реактора Б0Р-60 за счёт нагрева вольфрамовых стержней 

гамма-излучением были распространены на изучение явления корре

ляции акустических и нейтронных шумов. Полученные результаты 

указывают на возможность уменьшения вероятности пропуска аварии 

с вскипанием натрия при соответствующем развитии этой методики.

БН - 350.

Реактор ЕН-350 в течение минувшего года работал в устойчи

вом режиме на мощности 650 МВт(т) с коэффициентом использования 

рабочего времени около 0,9. Электрическая мощность достигала 

125 МВт, вырабатывалось до 80000 т дистиллята в сутки. Радиацион

ная обстановка в районе АЭС удовлетворяла нормам радиационной 

безопасности. Реактор работает в стационарном режиме перегрузки 

с проектным выгоранием 5% тяжелых ядер. Некоторые эксперименталь
ные тепловыделяющие сборки извлекаются по достижении 5,8$ - выго

рания.

Известно, что в активной зоне используется ядерное топливо 

Т7%- и 26$- обогащения, а в зоне воспроизводства применяется 
отвальный уран. В течение последнего года продолжался перевод 

активной зоны реактора ЕН-350 на унифицированные с реактором 

БН-600 тепловыделяющие элементы (внешним диаметром 6,9 мм вместо 

6,1 мм).

В докладе на 10 ежегодном совещании МРГБР мы уже говорили 

о некоторых результатах измерения мощностного эффекта на реакто

ре БН-350. Сегодня имеется возможность суммировать результаты 

измерения мощностного эффекта реактора ЕН-350 в пяти различных 

его состояниях: со свежим топливом и с топливом, имеющим выгора

ние около 2, 3, 4 и 5,5% тяжелых ядер (рис. 2), На этом же рисун

ке приведены результаты расчётов для случаев свежего топлива и 

2 и 5% - выгорания. Особенность данных расчётов заключается в 
том, что в каждом отдельном случае анализировались температурные 

режимы твэлов в зависимости от истории работы реактора и выгора

ния твэлов.

Грубо можно выделить три наиболее характерных режима твэлов: 

при низких тепловых нагрузках на твэл (когда линейная тепловая 

нагрузка < 350 Вт/см), при промежуточных (~ 350 Вт/см) и высо

ких тепловых нагрузках на твэл (>350 Вт/см).

В первом случае термические напряжения в топливном брикете 

не приводят к нарушению его целостности, и зазор между топливом 

и оболочкой твэла зависит от величины распухания топлива и мате

риала оболочки и термическим расширением топливного сердечника 

и оболочки. Перепад температуры на зазоре рассчитывался по 

"газовой модели" взаимодействия топлива и оболочки.

Во втором случае уровень тепловых нагрузок таков, что целост

ность топливного брикета нарушается, но залечивание образовавших

ся трещин за счёт массопереноса происходит медленно (по сравнению 

со временем работы твэлов). В данном случае в расчётах применялась 

модель контактной проводимости.
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В третьем случае наличие значительного градиента температуры 

по радиусу топливного брикета приводит к массопереносу топлива 

от центра к периферии, залечиванию образовавшихся трещин и улуч

шению контакта топлива с оболочкой твэла. В этих условиях тоже 

применялась модель контактной проводимости с расчётом коэффициен

та контактной проводимости по эмпирической зависимости, полученной 

из анализа экспериментальных данных.

Указанные подходы к определению температурного режима твэлов 

улучшили совпадение расчётных и экспериментальных результатов по 

мощностному эффекту реактора ЕН-350. И тем не менее остающееся 

расхождение, по-видимому, в основном связано с неточностью оцре- 

деления величины контактной проводимости в разных условиях рабо

ты твэлов в реакторе. Например, превышение расчёта над эксперимен

том в случае мощностного эффекта при 5%-выгорании топлива говорит 

о том, что в действительности имеются лучшие условия теплопереда

чи в твэлах, чем это принято в расчёте.

Из сказанного следует, что необходимо продолжать работу по 

экспериментальному изучению контактной теплопроводности и по уточ

нению физико-механических свойств топлива в зависимости от выгора

ния и температуры.

Остановимся на результатаханализа разгерметизации парогене

ратора J6 5, происшедшей в феврале 1975 г. Реактор работал тогда 

на мощности 120 МВт, давление в парогенераторе по третьему кон

туру было равно 35 ати.

Аварийная ситуация развивалась, начиная с малой течи.

Система контроля за водородом в натрии зафиксировала её, и сра

ботала предупредительная сигнализация. К моменту срабатывания 

сигнализации концентрация водорода возросла с 0,01$ (объемных) 

до 0,1% (объемных). Далее процесс развивался практически мгно

венно: подскочило давление в газовой полости испарителей и сра

ботала аварийная защита парогенератора (аварийная уставка 

равнялась 2,5 ати): лопнула аварийная мембрана, закрылся быстро

действующий клапан подачи питательной воды, открылся быстродей

ствующий клапан аварийного осушения парогенератора, произошло 

отсечение парогенератора по пароводяным коммуникациям, отключился 

циркуляционный насос второго контура.

Персонал смены сдренировал натрий из парогенератора, однако 

полностью эту операцию провести не удалось из-за забивания дре

нажных линий продуктами взаимодействия натрия с водой. Из-за 

пропуска запорной арматуры в парогенератор продолжала поступать 

вода, которая испарялась, и оставшийся натрий продолжал взаимо

действовать с водой и паром. Температура в месте аварии достигала 

800°С, произошло значительное повреждение элементов конструкции 

парогенератора. Был поврежден также основной трубопровод второго 

контура и через отверстие в нём продолжал выливаться натрий. 

Утечка и горение натрия прекратились примерно через два часа. 

После этого в течение примерно 0,5 часа продолжалось горение 

водорода, образовавшегося при взаимодействии натрия с водой. По 

оценкам в натрий попало около 800 кг воды. После тушения было 

собрано около 300 кг пролитого натрия.

Никаких взрывных явлений ни во время разгерметизации паро

генератора, ни во время ликвидации её последствий не происходило.
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Малая течь в парогенераторе могла возникнуть в результате 

развития возможного необнаруженного металлургического дефекта 

в материале трубки, материале донышка или в сварном шве, соеди

няющем донышко с теплопередающей трубой.'

В итоге парогенератор № 5 демонтирован и вместо него смон

тирован модульный парогенератор производства ЧССР.

Парогенератор № 4 отработал с начала энергетического пуска 

более 48000часов безаварийно.

Главные циркуляционные насосы продолжают нарабатывать 

ресурс работы (который достиг 49000 часов).

Исследуется изменение формы тепловыделяющих сборок вслед

ствие радиационного распухания и радиационной ползучести. При 

Ъ%- выгорании размер тепловыделяющей сборки "под ключ" изменя
ется с 96,0 мм до 97,2 мм, а стрела прогиба тепловыделяющей 

сборки составляет 15 -s- 17 мм.

Гильзы системы управления и защиты, изготовленные из стали 

с 30/ь-содержанием никеля, были извлечены и заменены после дос-
9 Q  О

тижения флюенса 3,7.10 нейтр./см'". Хотя они не имели замет

ных внешних повреждений и их геометрические размеры сохранились, 

предварительные испытания показали, что пластичность материала 

уменьшилась.
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Реактор БН-600.

Прошедший год был годом завершения монтажных работ на реак

торе БН-600 и подготовки к его физическому пуску.

В 1979 г. промышленность завершила изготовление для БН-600 

основного оборудования такого, как парогенераторы, циркуляцион

ные насосы, турбогенераторы, механизмы системы управления и 

защиты, устройства транспортно-технологического тракта. В тече

ние года происходил монтаж этого оборудования.

На Белоярскую атомную станцию в течение 1979 г. доставлялся 

натрий в железнодорожных цистернах.

В ноябре-декабре месяцах проводилось заполнение первого 

контура натрием, обкатка главных циркуляционных насосов, очистка 

натрия от окислов, загрузка первых воспроизводящих сборок.

Далее проводилось испытание работы циркуляционных насосов в раз

ных режимах, испытывались схемы управления режимами.

Была испытана работа поворотных пробок, механизмов системы 

управления и защиты реактора, транспортно-передаточных механиз

мов, взаимодействие ЭВМ с системой управления реактором. Прово

дились вибройспытания корпуса реактора в сборе с целью уточнения 

собственных частот закрепленных элементов, а вместе с тем - и 

качества закрепления.



В активной зоне и в боковой зоне воспроизводства в это вре

мя находились имитаторы тепловыделяющих сборок. В процессе физи

ческого пуска эти имитаторы извлекались, а вместо них устанавли

вались тепловыделяющие сборки. Вначале были установлены сборки 

зоны воспроизводства, а затем - ТВС зоны малого обогащения с 

каналами органов регулирования, а потом - ТВС зоны большого 

обогащения.

При установке нейтронного источника перед началом физичес

кого пуска проверялось качество нейтронной защиты помещений 

первого контура и защиты транспортно-технологического тракта.

Параллельно физическому пуску завершался монтаж оборудования 

второго контура, его оцробование, заполнение второго контура 

натрием.

К настоящему времени все три турбогенератора опробованы от 

постороннего источника пара. Заполнены натрием петли второго 

контура. Ведётся отладка автоматики и измерительных приборов на 

петлях второго и третьего контуров.

ЛАБОРАТОРНЫЕ ДОСЛЕДОВАНИЯ

Эксперименты на критических сборках. Завершены эксперимен

тальные исследования критической сборки, моделирующей энергети

ческий быстрый реактор большой мощности с урановым топливом. На 

этой критической сборке изучались вопросы стабильности поля энер

говыделения, оптимизации расположения регулирующих стержней,

эффективность стержней и их взалмодействие, натривый пустотный 

эффект реактивности и другие характеристики. В варианте модели 

без органов управления измерялись также составляющие локального 

коэффициента конверсии, а также Ко*, для центра активнрй зоны. 
Было показано, что с увеличением отношения диаметра активной зоны 

к её высоте с 2,5 (модель реактора БН-600) до 3,4 эффекты неста

бильности полей энерговыделения, связанные с введением возмущений, 

увеличились в 3-4 раза. Заметные искажения полей энерговыделения 

могут наблюдаться уже при введении возмущений порядка эффектив

ности стержней автоматического регулирования.

В рамках программы исследований на критических сборках со 

вставками сКм ^  I изучались системы со смешанным топливом: 

с металлическим плутонием и окисью урана, а также - с металли

ческим плутонием и металлическим ураном. В частности, были изме

рены величины К „с , 'S/'V, 'у/£; £?/& • Показано, что

для обеих сборок расчёт указанных величин по системе нейтронных 

данных БНАБ-78 уменьшает расхождение расчёта с экспериментом по 

сравнению с системой ЕНАБ-70. Для сборки с металлическим уран- 

шгутониевым топливом БНАБ-78 удовлетворительно описывает: все 

перечисленные экспериментальные величины. Для сборки с металли

ческим плутонием и окисью урана, несмотря на наблюдающееся умень

шение расхождения, остаётся ещё отличие эксперимента от расчёта, 

которое в 2-4 раза превышает оцененную погрешность эксперимента.

Завершены исследования критсборки со вставкой с I

из никеля и окиси урана. Обе версии нейтронных данных (БНАБ-70 

и -78) дают значительную погрешность в величине (6-8$).



Отношение коэффициента реактивности никеля к коэффициенту реак» 

тивности урана-235 предсказывается по системе ЕНАБ-78 с погреш

ностью ~  15%.
Проведены эксперименты по измерению коэффициентов реактив

ности типичных поглощающих, рассеивающих и делящихся элементов в 

сборках быстрых реакторов нулевой мощности, центральные части 

которых имели составы, соответствующие К - I. Расчёт экспе

риментов, выполненных в центре такой сборки, с последующим анали

зом отношений коэффициентов реактивности исключает пространствен

ные ошибки расчётов и выявляет погрешность расчёта, обусловленную 

погрешностью нейтронных сечений.В расчётах учитывалась гетероген

ная структура, сборок и конечные размеры образцов.

Опыты проводились в критических сборках БФС-31-4, -33-2 и 

-35-1. Сборка БФС-31-4 состояла из металлического плутония-239, 

в сборке БФС-33-2 плутоний был замещён окисью урана с обогаще

нием 8,35$, а сборка БФС-35-1 была повторением сборки S/Z£/W-Q.
Результаты опытов иллюстрируются рис. 3.

Измерялись и рассчитывались спектры мегаэлектронвольтных 

нейтронов в быстрых критических сборках (БФС-30, -33 и-35-I). 

Сборка БФС-30 имеет состав, близкий к составу зоны большого обо

гащения энергетического быстрого реактора с окисным топливом и 

натриевым теплоносителем. Сборка БФС-33 имеет вставку с ^  I 

из окиси урана и металлического урана. Экспериментальные и рас

чётные данные использовались для уточнения матрицы неупругого • 

рассеяния урана-238 и оценки группового приближения в области 

порогов деления и реакции ( П , 2 п ).

Разработана схема численного решения многогруппового одно

мерного нестационарного уравнения диффузии с числом групп более 

20. Схема реализована в виде соответствующей программы на ЭВМ. 

Сравнение результатов расчёта с экспериментом проводилось на 

подкритических сборках двух типов. Один тип относился к сборкам, 

имитирующим состав активной зоны быстрых реакторов, второй - к 

сборкам из природной окиси урана. Сравнивались расчётные и 

экспериментальные величины декремента затухания нейтронного 

импульса. Результаты свидетельствуют об эффективности принятых 

в схеме приближений и приёмов, обеспечивающих устойчивость и 

сходимость расчёта кинетики мгновенных нейтронов в быстрых сбор

ках (до Кэфф = 0,7 и менее).

Разрабатывался и совершенствовался прецизионный метод изме

рения тепловыделения в моделях внутриреакторной защиты, исследу

емых в быстрых критических сборках. В критических сборках плот

ность тепловыделения невелика, поэтому требуются методы с высо

кой чувствительностью. Например, в активной зоне урановой крит- 

сборки изменение температуры происходит со скоростью около 

ТО-2 °С/мин, а в экране '-ГО-4 °С/мин.

Метод получил название контактного кинетического метода. 

Основан он на измерении зависимости собственной частоты кварце

вого резонатора от температуры. Достаточную чувствительность 

имеют кварцевые резонаторы с резонансной частотой ^  5 МГц и 

температурным коэффициентом ~ 170 Гц/°С.

Пример экспериментальных результатов показан на рис. 4. 
Принцип измерений следующий. Вначале регистрируется температура



исследуемой части критической сборки в отсутствие мощности,затем 

критическая сборка выводится на некоторый уровень мощности и 

измеряется изменение температуры в результате тепловыделения в 

данном месте реактора при постоянной мощности. Плотность тепло

выделения рассчитывается по формуле вида:

о - c [ ÿ ~  f ió ] ,

где С - теплоёмкость, кад/град,

- скорость изменения температуры при работе критичес

кой сборки на постоянной мощности, град/с,

/¡ (t)- скорость температурного дрейфа в отсутствие мощнос

ти, град/с.

функция била отлична от нуля даже после длительной оста
новки реактора, если наблюдалась температурная нестабильность 

внешней среды.

Для приведения рассматриваемой формулы к рабочему состоянию 

необходимо иметь измеренные или рассчитанные величины С и f f é ) .
Переход реактора с одного уровня мощности на другой (см. 

рис.4 ) может быть использован для определения относительной 

величины плотности тепловыделения.

В области пя.тшядионного материаловедения все в большей 

степени привлекают внимание вопросы оценки работоспособности 

твэлов быстрых реакторов и, в частности - вопросы статистической 

оценки. Существует мнение, что накопленный к настоящему времени 

опыт позволяет предположить, что в расчётах работоспособности 

твэлов неопределенности, связанные с математическими моделями,

не являются определяющими. И что неопределенности расчёта обус

ловлены, главным образом недостаточностью сведений о физико

механических свойствах и поведении конструкционных материалов 

при облучении, особенно, при фшоэнсе нейтронов с Е >  0,1 МэВ 

более Ю2^ нейтр./см2.

Разрабатываются методы статистической оценки работоспособ

ности твэлов, основной характеристикой в которых является число 

разгерметизированных к данному моменту времени твэлов (не превы- 

шащее допустимых значений). Сейчас допустимое число разгермети
зированных твэлов в быстром реакторе принимается равным от 0,1$ 

до 1$ от общего числа твэлов в активной зоне. Эта величина 

зависит от условий перегрузки топлива в реакторе, от радиацион

ной обстановки на. реакторе, от характера разрушений, от поведе

ния разгерметизированных твэлов и т.п. и уточняется в процессе 

эксплуатации реактора.

Один из результатов статистической оценки работоспособнос

ти твэлов с окисным смешанным уран-плутониевым топливом приведен 

на рис. 5.

Расчёт проведен для стационарной мощности быстрого энерге

тического реактора. Из рисунка видно, что для выгораний больших 

7$ тяжелых ядер число разгерметизированных твэлов возрастает 

почти экспоненциально.

Статистический анализ позволяет ввделить основные параметры, 

определяющие степень неопределенности в оценке работоспособности 

твэлов, такие, как скорость ползучести оболочки (до 30$), распу

хание материала оболочки (до 20$), скорость ползучести топлива 

(до 30$), распухание топлива (до 20$), коррозия материала обо
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лочки (до 15$), контактная проводимость зазора топливо-оболочка 

(до 10$) и т.п. Дальнейшее уточнение указанных свойств материа

лов позволит улучшить надежность предсказания работоспособности 

твэлов быстрых реакторов. Этот вывод служит руководством для 

работы по изучению свойств материалов под действием излучения.

Получены результаты по радиационному распуханию аустенитных 

сталей XI8H9, XI8HI0T и XI6HIIM3, а также сварных швов этих ста

лей. В качестве металла наплавки применялась сварочная проволока 

Св - 02ХГ7Н10М2-ВИ, сварка выполнялась аргонно-дуговым способом. 

Экспериментальные образцы облучались в реакторах БР-10 и Б0Р-60. 

Результаты определения распухания приведены на рис. 6.

Сравнение распухания аустенитных сталей с распуханием аустенитно- 

ферритных сталей (в том числе - материала наплава) свидетельст

вует о том, что аустенитно-ферритные стали обнаруживают 

повышенную склонность к радиационному распуханию. Особенности 

химического состава не объясняют это явление. Предполагается, 

что причиной повышенной склонности к распуханию является нали

чие феррита, а точнее - наличие растягивающих напряжений, воз

никающих в его присутствии.

Признаётся оправданным проведение аустенизации для металла свар

ных соединений, т.к. уменьшение содержания се -фазы в металле 

швов служит основным средством для снижения распухания.

Результаты исследования гильзы системы управления и защиты, 

изготовленной из стали XI8H9 и облученной в реакторе Б0Р-60 до 

фпюенса 1,8.10^ нейтр./см̂ (99 смещ./атом), показали наличие

неравномерного распухания по толщине стенки гильзы. Это явление 

отнесено к влиянию температурного перепада между внутренней и 

внешней поверхностями гильзы, который равнялся в трех разных по 

высоте сечениях снизу вверх: 350/360, 380/435 и 395/470 (в °С). 

Толщина стенки гильзы равна 3 мм . На рис. 7 приведено изме

нение среднего диаметра и концентрации пор по стенке гильзы СУЗ.

Технология натрия. Начаты расчётно-экспериментальные работы 

по изучению кинетики взаимодействия масла и продуктов его пиро

лиза с натрием в диапазоне температур 350 * 700°С.

Проведены расчётно-экспериментальные работы по определению 

температурной зависимости активности углерода в натрии и выпол

нены расчёты продольно-радиальных профилей концентраций раство

ренного углерода в натрии в условиях взвесенесущего потока в 

канале круглого сечения.

Продолжались работы по фильтрации взвесей в натриевом теп

лоносителе и определению химсостава отфильтрованного продукта.

Отрабатываются методы контроля термодинамической активности 

углерода в натрии на основе метода равновесных образцов (сплавы 

железа с никелем, железа с марганцем, железа с хромом

и никелем) и диффузионного датчика углерода с хроматографом в
—3

качестве вторичного прибора в диапазоне активностей 5.10 +

5.I0-1*

Продолжалось экспериментальное изучение характеристик элек

трохимических ячеек для контроля активности кислорода в натрии 

в стендовых условиях и на I контуре реактора БР-10.
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Проведен цикл экспериментов по изучению конечной стадии 

развития течей воды в натрий и повреждаемости противоположной 

трубки - мишени из стали U2M в диапазоне температур 400 + 450°С. 

Величины начальных течей воды составляли I.I0-3 * I.I0-* г/с. 

Максимальные течи на конечной стадии саморазвития достигали зна

чений более 4 г/с.

Проводились расчётно-экспериментальные исследования по выяс

нению возможности использования акустического метода для обнару

жения течи воды в натрий в парогенераторах быстрых реакторов. 

Исследования проводились на экспериментальных стендах с примене

нием датчиков волноводного и погружного типа. Диапазон созда-
о  т

ваемых течей воды в натрий составлял 3.10 + З.Ю-± г/с, кон

тролируемые частоты составляли от 200 Гц до 20 'кГц. Проводилось 

измерение фоновых шумов на моделях парогенераторов и на испари

телях установки БН-350.

В рамках теплофизических исследований для быстрых реакто

ров в 1979 г. доводилось изучение температурных полей твэлов 

при отклонении параметров от номинальных: одиночные и групповые 

смещения твэлов, неодинаковые тепловые мощности твэлов, блоки

ровки проходных сечений для теплоносителя, неадиабатические 

условия на обечайках (межкассетные протечки) и т.д. Эти вопросы 

занимают важное место в кардинальной проблеме обеспечения рабо

тоспособности реакторов и повышения их мощности.

Производилось одиночное смещение периферийных твэлов вдоль 

обечайки на половину зазора между твэлами ;

центральные твэлы смещались по линии, соединяющей центры твэлов. 

Получена обобщенная формула для оценок максимальных неравномер

ностей температуры "смещенных" периферийных твэлов быстрых реак

торов.

Увеличение мощности отдельных твэлов (группы из 3-х твэлов) 

быстрых реакторов на 50-100$ мало сказывается на температурном 

режиме кассет твэлов вследствие "рассеивания "температурного 

"пятна" из-за интенсивного межканального обмена под действием 

проволочных спиралей и высокой теплопроводности натрия.

Межкассетные протечки теплоносителя ведут к уменьшению 

подогрева теплоносителя з периферийных ячейках сборок твэлов и 

способствуют усилению неравномерности температуры твэлов. Увели

чение неравномерности может составлять до 50$ при величине про

течек 5-6$.

Разработан метод расчёта распределения температуры поверх

ности периферийных твэлов шестигранной кассеты для реактора с 

натриевым теплоносителем. В этом методе пространство, окружаю

щее твэл, разделяется на пять элементарных ячеек (рис. 8 )•

Для каждой из ячеек известны значения средних температур и ско

ростей теплоносителя. Использование понятия геометрического 

параметра неравномерности ячейки упростило форму записи распре

деления температуры по периметру твэла. Тепловое взаимодейст

вие соседних ячеек учитывалось заменой геометрического парамет

ра неравномерности эффективным параметром неравномерности ячей

ки. Получены обобщенные зависимости, которые позволяют рассчи



тывать расцределение температуры по периметру твэла с точностью, 

которая иллюстрируется рис. 9.

На нем показано распределение температуры по периметру бокового 

твэла в сборке реактора Б0Р-60 на высоте 0,24 м от входа в актив

ную зону.

Проведены расчётные исследования парогенераторов, обогревае

мых натрием, с естественной циркуляцией по пароводяному контуру. 

Теплоноситель третьего контура проходит по каналам типа трубок 

Фильда: вода- по центральной, опускной, трубе, а пароводяная 

смесь - по кольцевому зазору. Рассчитывались прямоточная и про- 

тивоточные схемы движения греющего теплоносителя по отношению 

движения пароводяной смеси в кольцевом зазоре. Давление в паро

водяном контуре находилось в пределах от 2,3 до 7,2 МПа, отно

шение сечений кольцевого канала и опускной трубки равнялось 3,4, 

длина труб Фильда - 7 м. Анализировались условия теплообмена, 

распределение паросодержания по длине испарительного канала, 

кратность и условия устойчивости естественной циркуляции.

Результаты анализа показали, что при исследованных давле

ниях в третьем контуре существуют некоторые оптимальные парамет

ры греющего теплоносителя, отклонение от которых может вызвать 

неустойчивость режима естественной циркуляции или сделать пере- 

течки тепла от теплоносителя из кольцевого канала в опускную 

трубку сравнимыми с подводимой тепловой мощностью. При колеба

ниях входных параметров теплоносителей парогенератор с противо- 

точной схемой должен работать более стабильно (чем с прямоточной 

схемой).

Промежуточные теплообменники быстрых реакторов с натриевым 

теплоносителем обычно представляют собой кожухотрубные аппараты, 

схематически изображенные на рис. 10 . Трубный пучок состоит

из нескольких тысяч труб. В этих условиях предложена приближен

ная модель расчёта распределения скоростей и температур по теп

лообменнику, исходя из гомогенизированной модели теплообменника 

(рис. II). Многосвязанная область, соответствующая трубному 

пучку, заменяется односвязной. Скорости и температура теплоноси

теля в односвязной области принимаются равными усредненным 

значениям по этой области в реальном теплообменнике. Законы со

противления и теплопередачи формулируются таким образом, чтобы 

распределения скоростей и температур теплоносителей соответство

вали распределениям, усредненным по реальному теплообменнику. 

Тепло от одного теплоносителя к другому передается через плос

кую стенку с соответствующим коэффициентом теплопередачи.

Не останавливаясь на деталях метода, приведу результаты 

численного расчёта для теплообменника ЕН-600 (рис. 12 и 13).

Метод может быть распространен и на расчёты парогенерато

ров быстрых реакторов.

Развитие ядерной энергетики, увеличение её мощностей, обус

лавливает повышение интереса к вопросам переработки отработав

шего ядерного топлива. В статье под названием "Критерии выбо

ра экстрактора" ("Атомная энергия" 47, 5, 324 (1979 г.) в 

порядке обсуждения рассмотрена некоторая методика для оценки 

и выбора экстракторов, предназначенных для переработки ядерного 

топлива, исходя из специфики технологии: необходимости работы



в дистанционных условиях, сложности ремонта, желательности 

максимальной автоматизации, надежности аппарата, его техноло

гических качеств и экономической характеристики.

Проведено математическое моделирование процессов экстрак

ционной переработки ядерного топлива е целью анализа процесса 

вытеснительной реэкстракции применительно к переработке топлива 

быстрых реакторов. Рассмотрена совместная переработка топлива 

торцевых экранов и активной зоны с целью получения смешанного 

уран-плутониевого топлива для повторной загрузки с получением 

уран-плутониевой смеси необходимого соотношения, а также - зада

ча полного разделения урана и плутония. Получены зависимости 

содержания плутония в уране от кислотности реэкстрагента и от 

концентрации урана в экстрагенте для каскадов с разным числом 

ступеней.

Длительный срок службы быстрых реакторов (не менее 30 лет) 

приводит к необходимости того, чтобы при проектировании в кон

струкцию активной зоны закладывалась известная гибкость, которая 

позволяла бы приспосабливать параметры АЭС с быстрым реактором 

к изменяющимся условиям на разных стадиях развития системы реак

торов. Эти стадии характеризуются различным соотношением в 

системе ядерной энергетики числа быстрых реакторов-размножителей 

и тепловых реакторов

Материалы международной оценки ядерного топливного цикла 

и, в частности, доклада рабочей группы № 5 МОЯТЦ "Быстрые реак- 

торы-размножители" выразительно иллюстрируют роль быстрых реак

торов в энергетике будущего при разных условиях.

Кроме расчётов, выполненных в рамках программы МОЯТЦ, бала 

проведена, в частности, оценка того, насколько должны будут 

разниться параметры быстрых реакторов на различных стадиях раз

вития ядерной энергетики.

Было рассмотрено два этапа развития: ранний и последующий.

Ранний этап характеризовался освоением реакторов-размножителей, 

когда тепловые реакторы составляют преобладающую долю в общем 

количестве реакторов. Во время этого этапа реакторы-размножители 

работают на плутонии из тепловых реакторов, и их собственное 

воспроизводство плутония не оказывает пока заметного влияния на 

развитие системы.

На последующем этапе количество быстрых реакторов-размножи- 

телей возрастает до такой степени, что для системы станут весь

ма существенными воспроизводящие свойства быстрых реакторов (их 

удельные загрузки и темп накопления избыточного плутония). 

Возможно, дефицит относительно дешёвого урана приведёт к тому, 

что топливо для тепловых реакторов тоже придётся нарабатывать 

в быстрых реакторах-размножителях.

В расчётной схеме не учитывались возможные другие методы 

искусственного получения ядерного топлива (например, в гибрид

ных термоядерных реакторах и пр.). В качестве тепловых реакторов 

были приняты реакторы ВВЭР-1000, а в качестве быстрых - реакторы 

типа. EH-I600. Такой реактор, оптимальный по собственному времени 

удвоения Tg имеет среднюю теплонапряженность 450 - 550 кВт/л 

(рис. 14 ). Для ядерной энергетики из быстрых и тепловых реакто

ров оптимум по времени удвоения смещается в область меньшей теп- 

лонапряженности быстрых реакторов. Это означает, что для двух
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компонентной системы ядерной энергетики в состоянии равновесия 

необходимы быстрые реакторы, имеющие больший коэффициент воспро

изводства, несмотря на несколько большую удельную загрузку 

(конечно - при условии превышения наработки плутония над загруз

кой в быстрые реакторы с учётом темпа развития ядерной энергети

ки).

Из рисунка видно, что если быстрый реактор, построенный 

на ранней стадии̂развития ядерной энергетики, позволяет произ

вести замену окисного топлива на металлическое, не меняя тепло- 

напряженности активной зоны, то такой размножитель может удов

летворить оптимальным условиям работы на последующей стадии раз

вития ядерной энергетики - в двухкомпонентной системе.

Рис. I Переходные процессы с регулированном (--- )
и (юз регулирования (---—) температуры и эксперимен
тах со с pafia ты наймем аварийной защиты: 1 и 2 - тем
пература на выходе из активной зоны и из реактора соот

ветственно
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Рис. 2
Зависимость мощностного эффекта реактивности от уровня 
мощности в БН-350 для температуры топлива, рассчитан
ной только по модели газового проводящего зазора (----- )
и с учетом растрескивания топлива (---------- ): 1 —  «све
жее» топливо; 2 , 3  —  выгорание 2 и 5%  (расчет); О — 

анергопуск; о, Д , С .  А  —  выгорание ~ 2 , 3. 4 и 5,5% 
(эксперимент)
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Рис. 3
Отношение ьт •ффнцивито» реактивности m Pu, **С и ,еВ к  коэффициенту реактивности , n lï  в сборке ЬФСХЛ-;: i и s — p a r
ser no i к.'.1чЛP-?fi ляп гомогенной и гетерогенной модели; 3 и 4 — расчет по Б Н А Б -70  для гомогенноП и гетерогенной модели.
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Рис. 5 Изменение общего числа разгерметизированных 
тн:>лон но мере выгорания топлива при уверительной 

вероятности события 95 %

РИС. 6 Распухание аустенитных сталей с литой рекристалли- 
зованной структурой при различном флоенсе нейтронов:
1, г — металл наплавки н сталь X16H1IM.4 соответственно 
при T Q(5Л =  380 -т- 430 °с; 3 — металл наплавки (ф — метод 
ТЭМ) при Гобл =  500 -т- 600 °С; Д, ф, □ — стали X16HIIM3. 
Х18Н10Т и X1 8 H 9  соответственно при T 0g n =  500 ч- 600 °С
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Рис. 7 Изменение среднего диаметра (ф) а концентрации пор (О) 
по стенке гильаы СУЗ (верхнее сеченне)

РИС. 9 Распределение температуры по периметру Гшконого 
тп:>лп c6opi.ii БОР-СО на иысоте 0,24 м от нхода и ¡путинную 
иону:
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РИС. 8 Схема окрестности бокового тшла шестигранной кас
сеты:
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Рис. I I  Плоский кожухотрубный теплообменник (а) и гомогенная модель (б) Рис. 10
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REVIEW OP PAST REACTOR ACTIVITIES, MARCH I980

W. BALZ
Commission of the European Communities 
Rue de la Loi, Brussels, Belgium

1. As in previous years, a short outline of the major achievements made since 

the last IWCFR meeting is given in the following.

First I want to mention that on 18 February 1980 the Council of Ministers 

has approved a resolution in which they recognise the strategic importance 

of fast breeder reactors and the need to continue the efforts towards 

maintaining an effective fast breeder option in the Member States ( 00)

2. Activities performed in the frame of the Fast Reactor Coordinating Committee 

jCommj.sisi£n_-_OTIPEDE_(j^)

The study performed jointly by the Commission and UNIPEDE on the pene

tration of fast reactors in the European Community was continued. From the 

variation of a number of parameters, especially with regard to the fuel 

cycle, the importance of an industrially well developed fuel reprocessing 

for the commercial introduction of IMFBRs is becoming evident. The 

conclusion of the study is scheduled for the end of this year.

_Saf ety_Working_Group_( SWG )

The Safety Working Group has made good progress in the elaboration of 

preliminary safety criteria and guidelines. Three accident categories 

have been treated until now : primary reactivity accidents, general cooling 

accidents and subassembly cooling accidents. The still outstanding items 

are accidents outside the core and external accidents.

(°)  UNIPEDE = Union Internationale des producteurs et 
distributeurs d'énergie électrique

( 00) See Official Journal of the European Communities, №  С 51» 29.2.1980

In collaboration with experts from the Member States, the SWG reviewed 

the outstanding problems in the field of post accident heat removal and 

examined the current R + D activities with the aim to evaluate if  all 

important areas were adequately covered. At the time being, the results of 

the review are analysed and possible ways to increase the activities 

in some areas are discussed.

Whole Core_Accident> Code_Subgrou2 £WAC¿

The results of a comparative study for a TOP accident using different 

codes from the Member States and the US- NRC were published and presented 

at the Seattle Conference (August 1979)* In a subsequent round of calcu

lations, a mild overpower transient (10 c/s) is treated for an irradiated 

core* Steady state and transient calculations up to clad failure have been 

carried out so far. The results showed generally good agreement in the 

early phase of the transient, as soon as phenomenological models come 

into play the results are more diverging. More analysis will be performed 

with regard to the models used to explain the discrepancies.

The European Accident Code (EAC) which is developed by the ISPRA 

Establishment of the Joint Research Center in the frame of the WAC group 

activities was further improved, in particular with regard to calculation 

time. The present code version will be documented by the middle of this 

year.

Co nt eraient L o adi ng  and Resp£n£e_(COITT¿

The group continued the exchange of information on the current activities 

performed by the JRC - ISPRA and by national organisations in the field of 

development and validation of codes used to assess the consequences of a 

severe accident on the reactor tank. Besides this, increasing effort was 

devoted to the analysis of the consequences of subassembly accidents. The 

development of simulant material to be used in subassembly experiments, 

as well as code development were discussed.
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The group has followed with interest the APRICOT code comparison programme 

to which several member countries contributed. A reviewer has been 

nominated by the group who participated in the analyses of the results.

Codes; and St andaxds Working Gr£U£ deslíe»)

During 1979 the Council of Ministers has approved additional funds 

allowing to increase the Commission's financial support to the group's 

work. In I98O an amount of 300.000 EUA is foreseen.

As had been said at former meetings, the main objectives of the group's 

activities are to draw up an inventory of existing codes and standards 

applied to fast reactors in the Member Countries, to identify points 

of similarity and to evaluate points of dissimilarity with the aim to 

reach a consensus on a possible elimination of the existing dissimi

larities.

Main topics of the 1980* activities are .

— quantitative analysis of national manufacturing standards,

- performance of benchmark calculations using different structural 

analysis codes,

— comparison of structural material properties,

- elaboration of opinion papers on particular topics.

. R + D activities performed by the JRC

The Council of Ministers has approved in March I98O the JRC programme 

for the period 1980-1983. This programme is a logical continuation of the 

preceeding one and takes into account the recent development in the field 

of nuclear safety. Иге budget foreseen for 1MPBR safety research in the 

frame of the general reactor safety programme is in the order of 70 j’<EUA and 

the budget for the ШИЖ fuel and fuel cycle safety research is 

approximately 40 MEUA: for the four-years period.

Some highlights from the two main areas of the JRC UffiBR activities

- safety and fuel - are reported.

. MFBR Safety

VJholje £ore_a£C_iden;t code

The JRC activities on the European Accident Code (EAC) have been 

concentrated on streamlining of the code in order to reduce the 

calculation time. Various modules describing physical phenomena 

were cleaned up. A databank has been implemented which replaces the 

algebraic expressions used for empirical material properties by 

tabularized data.

The JRC participated in the comparative calculations performed 

by the WAC Group, using the presently available EAC version. The 

results were in good agreement with those from other codes.

JiigBR suba¡ssembl^ ¿heiraohydrauli_cs_

The mathematical modelling and code development (THARC-S) for the 

treatment of a loss-of-flow ( LO?) accident in subassembly geometry 

up to the early phase of boiling has essentially been ténuinated.

A user manual for the code THARC—S has been prepared. The code has 

been successfully used to analyse the thermohydraulic conditions of a 

LOF accident in SUPER PHENIX subassemblies (271 rod).

The VALESC0-3D computer code which treats steady flow conditions in a 

failed subassembly was developed further and validated by an experiment 

with a tight blockage.

Sodium boiling experiments in simple geometry have been terminated; 

the results are used to validate the Ha-boiling code ESSO.

Boiling experiments in porous blockages formed of pure 00^ or pure 

stainless steel particles have showed important differences in the



boiling pattern. As a consequence, additional boiling tests in 

porous blockages using mixtures of those materials were initiated.

Fuel-coolant interaction

The experimental and theoretical work has been continued with the 

main objectives to investigate the thermodynamic processes of 

interaction and to estimate the consequences of vapor explosions.

A code (SAMI) allowing the PCI treatment in multichannel geometry 

was developed further and used for a parametric study. Blanket pressure,' 

coolant temperature, coolant vapor distribution in the channel, 

non-uniformity of motion in subchannels and the length of the sub- 

assembly were varied to study their effect on pre-pressure, voiding 

and heat transfer as a function of time.

Measurements of the vapour explosion and mechanical energy were 

performed in different facilities using UO^ and stainless steel melts 

in water. The main characteristic of these experiments was the 

forced impact energy which was changed over a wide range. A number of 

empirical correlations between impact energy and melt mixed with 

the coolant as well as the vapour explosion work could be established. 

Upper conversion factors of 3.3 % referred to the heat stored in the 

melt were measured.

The effect of vapour pressure cut off by system pressurisation was 

studied using a molten salt and water system. A cut offwas observed for 

a pressurisation of 0 .2  to 0.3 XiPa. Also the effect of subcooling 

was investigated; a pressure cut off was observed changing the sub

cooling from 10° to 150°C.

Post_acc¿dent heat removal (PAHR)

Experimental and theoretical work is performed with the aim to under

stand the different phenomena involved : release of molten material from 

the core, the formation of particulates, their settlement, cooling and 

possible remelting and the formation and cooling of a molten pool.

From consultations with experts from the Member States it has been 

concluded that, in order to show that molten core material can be 

safely cooled inside the reactor tank, in-pile experiments are desirable.

In such experiments, besides the particulate cooling capabilities, 

their transition into a molten pool as wéll as molten pool cooling 

capabilities will be investigated.

In collaboration with national research centers, a feasibility study 

for a European in-pile experiment is performed. The choice of a suitable 

crucible material for such tests is the most urgent problem. Experiments 

to determine the heat source distribution in a molten pool are under 

preparation. Measurements of material data, such as the viscosity and 

thethermal diffusivity of molten uranium-plutonium oxide are to be reported.

Theoretical work is mainly centered on the development of codes necessary 

in support of the experimental work envisaged.

The computation model ASPAB for predicting the heat transfer behaviour 

of fuel particulate beds has been further developed. Parametric calcula-? . 

tions were carried out for particulate beds with a loading of 600 kg/m2 

and a variable decay heat range of 0 .2  - 5 Kw/kg.

Code development to study the molten pool behaviour and the interaction 

with its supporting structures was pursued. The code MACONDO describes 

in two dimensions natural convection in the molten pool, crust formation 

and growth of pool boundaries and heat transfer with change of phase in 

supporting structures.

Dynamic _loadin£ _and response

Theoretical and experimental work to develop and validate 2D 

non-linear dynamic finite element codes for coupled hydrodynamics and 

structural codes was continued.

The codes SEURHNUK and ЕЦМШ-1М were submitted to a series of tests 

for comparison. With regard to the structural behaviour almost perfect 

agreement was reached in the elastic field, but discrepancies appeared



in the plastic deflection of the cap. 3y the introduction of the full 

bending theory instead of membrane theory in SEURBNUK the results were 

improved, but further analysis is still necessary.

The codes EURDYN-ILI and SEURBNUK were validated by interpreting experiments 

of the COVA-Programme. The codes were also used to analyse the French 

validation experiments. The results of the codes agreed very well with the 

experimental data.

Further experiments of the COVA programme were performed as well as a 

firing in a 1 :6 scale SUR 300 reactor tank model. SEURBNUK was used to 

perform pre-shot calculations. Overall examination of the experimental 

results indicated that the energy released experimentally was much smaller 

than that expected from the equation of state used in the calculation for the 

explosive.

A conclusion from the COVA programme was that additional effort is 

necessary to improve material data and material behaviour modelling. An 

adequate material testing programme was elaborated in contact with 

national experts to overcome the difficulties encountered.

All work described is executed in close collaboration with the Containment 

Expert Group (CONT) of the Fast Reactor Safety Working Group (SWG).

SaXety_related_mat¿r¿al properties

The activity on constitutive laws of austenitic stainless steels was

continued and extended to include AISI 304 and AISI 321 besides AISI 316.

A large number of dynamic uniaxial tensile tests were performed in support

of COVA activity. The main negative effects of defects created by

welding and irradiation on the dynamic flow curves were investigated.

In order to extend the investigations to materials damaged by mechanical

and theraal fatigue or creep under multiaxial state of stress, as well

as to include large test pieces where the statistical distribution of

defects determines the strength of the real structure, a high-load dynamic
2

biaxial device for specimens having a.cross section of up to 20 mm was

developed and tested, and another machine for large specimens with a
2

cross section of up to $000 mm was designed.

The activity on constitutive laws of subassembly internal's were continued 

with the construction of a new test rig for the measurement of the 

relationship pressure/volume for a subassembly pin bundle in a hexagonal 

matrix.yith undeformable walls. Experiments are under way.

In the field of fracture mechanics the thermal shock experiments and

the elasto-plastic fracture mechanics studies involving the use of

"J" resistance curves methodology were terminated. Work on mixed mode

type of fatigue crack growth was carried out. In order to assess the

significance of defects, viz. irradiation damage, under the aspect of

structural safety of operating reactors, an irradiation experiment

to be carried out in the HFR reactor of the JRC Establishment Petten 

was prepared.

The work related to creep fatigue damage in stainless- steel structures 

was concentrated on the effects of frequency, hold time and load cycle 

combinations (AISI 304), and on the study of creep crack growth by 

characterisation of the plastic deformation process of defects growth 

near a crack tip (AISI 304 and AISI 310). Finally, the creep modelling 

work in order to develop a phenomenological model of the creep damage 

in AISI 304 - taking into account experimental results obtained at 

temperatures of up to 650°C ~ was succesfully continued.

. mFBR Fuels 

Utilisation lmits_of fcgt_Jbreeder_faels

New experimental results for advanced fuels - obtained in out-of-pile 

and in-pile experiments - on fission gas kinetics, fuel mechanical 

properties and irradiation induced diffusion have contributed to perfect 

the models of microscopic swelling and the concept of a critical 

temperature for swelling. A new model for the in-pile performance of 

advanced fuels based on four standard fuel zones was established and 

tested against experimental data.

In-pile temperatures of advanced fuels have been studied by means of 

ultrasonic thermometers developed by the JRC Establishment Karlsruhe. 

Previous irradiation data have been analysed in detail.



Work on equation of state of nuclear materials has been continued : 

studies have been extended to the advanced fuels systems, starting on 

DC. The gas dynamics study of the evaporation jet have been extended 

to binary mixtures of monatomic and polyatomic gases. The various 

theoretical models for the prediction of critical point and thermo

dynamic data of nuclear fuels have been assessed.

The activity on the corrosion of stainless steel cladding of mixed 

oxides approaches its end. Besides laboratory investigations of 

detailed aspects of the proposed quantitative corrosion model and 

further development of a microcell for measuring oxygen potentials in 

irradiated fuels, work was concentrated on the design and the analysis of 

an in-pile test. The purpose of this experiment is to test the various 

predictions of the model developed at the JRC Establishment Karlsruhe.

Plutonium and aotinide_aspects_of nuclear fuel_c^c¿e_

Determination of the fission yield of selected actinide isotopes and 

work on the cumulative fission yield measurements have been carried out. 

The previously determined integral cross sections of some heavy 

elements have been validated. Moreover, isotope correlation techniques 

have been used to predict actinide build-up, and for neutron emission 

studies.

Activities related to aerosol research has been continued : various 

techniques of sampling and analysing aerosol were compared. Furthermore, 

a special aerosol laboratory is being established.

Finally, in the field of head- end processing of mixed carbide fuels, 

experimental and theoretical studies were oriented towards thermo

chemistry and phase relations, kinetics involved in dissolution processes 

and in oxidation reactions, and controlled oxidation of irradiated fuels.
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REVIEW OP PAST REACTOR ACTIVITIES AT OECD (NEA)

J .  ROYEN

Nuclear Development Division 

OECD Nuclear Energy Agency 

Paris , Prance

The Committee on the Safety of Nuclear Installations 
(CSNI) has recently increased its activity in LMFBR safety, under 
the guidance of its Group of Senior Experts on LMFBR Safety 
R & D. This Group, formed in 1978, consists of CSNI delegates 
(or alternates) from Member countries sponsoring major research 
in the field, and the Commission of the European Communities.

The Group now oversees the preparation of international 
status reports on relatively well-developed areas of LMFBR safety 
technology, and the convening of specialist meetings, expert 
groups and task forces to aid in investigating and resolving 
problems in less-evolved safety subjects.

Three status-of-technology reports are to be published 
during 1980, on:

(!) the role of fission gas release in the propagation 
of fuel failure;

(ii) increasing the reliability of fast reactor shutdown 
systems, and

(iii) reactivity monitoring in an LMFBR at shutdown.

Preparation will begin in late 1980 of reports on:

(iv) local cooling disturbances in sub-assemblies of. 
sodium-cooled reactors;

(v) interactions between sodium and concrete, including 
the effect of defective liners; and (possibly)

(vi) the consequences of local clad defects.

Expert meetings were convened in March 1980 on 
three subjects of current research interest:

(i) an ad hoc meeting discussed the relationship of fuel 
failure consequence modelling to the planning of 
confirmatory fuel experiments. The meeting recommended 
that an exchange of detailed information be conducted 
in 1980 on key accident phenomena, the computer codes 
used to model them, as well as uncertainties in 
related experimental data and work planned to reduce 
them.



(ii) the first meeting of an expert group on LMFBR
containment R & D decided to undertake two tasks.
First, the group will prepare in 1980 a report 
systematically outlining the modes of LMFBR contain
ment failure considered significant, and their 
origin. Incorporated will be several independently- 
produced fault tree descriptions of the failure 
modes. The group will review the descriptions to try 
and arrive at a consensus view, and to comment on 
how current and planned research bears on the 
predicted failure modes.

Second, the group intend to conduct in 1981 a series 
of benchmark problems for computer codes used to 
model structural and radiological consequences of 
primary system breaches. (This activity will be 
organised in close consultation with the CSNI Group 
of Experts on Nuclear Aerosols in Reactor Safety, 
who hâve already, studied certain of the phenomena 
involved).

(iii) an expert group met for the first time to consider
natural circulation cooling of LMFBRs under degraded 
core conditions. The group will produce in 1980 
a report summarizing current and planned research 
relevant to demonstrating cooling by natural 
circulation of an LMFBR core for various situations: 
natural circulation with all reactor cooling circuits 
and systems functioning, and when some reactor 
systems have been deliberately shut down; the 
influence of sodium boiling on flow and core damage; 
the influence of externally-induced damage to core 
or other reactor equipment; acceptability of 
natural circulation cooling for long periods; and 
the need and ability to restore normal, forced-flow 
cooling.

Other ongoing CSNI activities are also pertinent 
to the safety of fast reactors.

The CSNI Group of Experts on Nuclear Aerosols 
in Reactor Safety produced in 1979 the first in a new 
series of CSNI State-of-the-art reports on different 
safety-related topics. This report (which has the same title 
as the group) concentrates on:

(i) aerosol formation and characterization (source term);

(ii) aerosol processes inside containment; and

(iii) computer modelling of aerosol processes inside 
containment.

This report is available from OECD Sales Agents.

The Group has also organised a Specialist Meeting 
for 15th - 17th April 1980 on Nuclear Aerosols in Reactor 
Safety, to be hosted by the Oak Ridge National Laboratory 
in conjunction with the USNRC, in Gatlinburg, Tennessee, USA. 
Using the state-of-the-art report as a basis, the meeting will 
focus on new information, and is intended to identify any 
additional information useful for resolving remaining questions 
bearing on realistic radiological consequence assessment.

In 1979, the Group conducted a critical review of 
aerosol measurement techniques. It was concluded that most 
measurement difficulties arose from the fact that nearly 
all instruments have been designed for ambient, atmospheric 
applications and so cannot function at high temperatures, 
pressures and mass concentrations. As well, errors due to 
the sampling methods now used can be larger than instrument 
error. Because of these problems, the Group may arrange for 
collaborative efforts in 1981, involving experimental and 
analytical work, towards quantifying-the accuracy of aerosol 
measurement techniques.

CSNI has long been active in the field of (molten) 
fuel-coolant interaction (FCI) - whose destructive potential 
conceivably could significantly worsen a reactor accident. 
Following a recommendation of the fourth CSNI Specialist 
Meeting on FCI (held in Bournemouth,U.K. in April 1979), an 
interpretive exercise in 1980 will attempt to clear up 
theoretical uncertainties about the physical processes 
involved in FCIs. Researchers will try to explain in coherent 
fashion the results of two well-instrumentated experiments, 
based on their concepts of the micro-physical stages of an 
FCI. The CSNI Group of Experts on the Science of FCIs will 
also continue their discussions on the subject.

In the long term, when theoretical understanding of 
FCIs has been clarified, an expert group will be convened 
to evaluate the theoretical implications for safety 
arguments and reactor design. Further CSNI Specialist Meetings 
and Newsletters on FCI R & D are envisaged.

g a s =ç o o l e d _f a s t _r e a ç t o r s  

(Nuclear Development Division)

It is advisable to evaluate internationally the 
capacity of the GCFR to offer a valid option as a back-up 
solution to LMFBR development. Since 1971, the NEA 
Co-ordinating Group on Gas-Cooled Fast Reactor Development 
has endeavoured to establish a co-ordinated programme for



work to be undertaken on GCFR development, at their own 
expense, by national research centres and by industrial 
undertakings in the participating countries. At present, 
ten countries and two international bodies are represented 
in the Co-ordinating Group: Austria, Belgium, France, the 
Federal Republic of Germany, Japan, the Netherlands, Sweden, 
Switzerland, the United Kingdom, the United States, the 
Commission of the European Communities and the European 
Association for the Gas-Cooled Breeder Reactor (GBRÂ); the 
Italian Comitato Nazionale per l'Energia Nucleare intends 
to become associated with the Group.

During 1979 the Co-ordinating Group continued its 
programme on the consolidation of the reference design 
features of a gas-cooled fast reactor. The scope of the 
development work being carried out in  the national research 
centres covers:

- feasibility of the fuel element concept;
- materials and corrosion investigations;
- experimental studies on performance aspects;
- plant safety and design;
- component development.

Since the previous meeting of the IWGFR, the Co-ordinating 
Group sponsored one specialist meeting, on GCFR heat transfer 
(Wilrenlingen, Switzerland, May 1979).

During 1980, the work of the Group will continue 
along the same lines. Another specialist meeting on GCFR 
heat transfer will be held at the Berkeley Nuclear 
Laboratories, U.K. from 15th to 17th September 1980; it will 
be followed on the 18th and 19th by a GCFR benchmark calcu
lations meeting at Y/indscale.

It should be noted, however, that there is a trend 
in several countries of the Co-ordinating Group towards 
a cutting down of GCFR programme budgets (recently, the 
U.S. Department of Energy has even decided to eliminate 
GCFR programme funding in the next fiscal year).

A "GCFR Status Report" reviewing the work carried 
out by the organisations represented on the Co-ordinating 
Group in the design study, safety study, and research and 
development fields, was published in January 1980. The 
Report provides an up-to-date statement on gas-cooled fast 
reactors and examines the rationale and arguments for the 
development of GCFRs; a copy was sent to the Members of the 
IVÍGFR. A brief summary of the Status Report is attached as 
Annex 1,
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FAST REACTOR PHYSICS 

(Nuclear Science Division)

The 22nd meeting of the NEA Committee on Reactor 
Physics (NEACRP) was held in Paris in October 1979 and two 
IAEA technical observers from the USSR were present. 
Discussions of a technical nature took place on a variety 
of topics, including:

(1) Isotopic correlations for fuel exposure history 
determinations;

(2) Criticality problems in storage and transportation 
of 'out-of-pile' fuel;

(3) Neutron deep-penetration problems in the blankets of 
fast breeder reactors;

(4) Fuel cycle aspects of the optimisation of existing 
reactors and in the design of alternative reactor 
systems.

In September 1979, the NEACRP cosponsored with the 
IAEA, a symposium on Fast Reactor Physics at Aix-en-Provence 
(France). The whole field of reactor physics was covered but 
the major categories of contributions were the verification 
of design methods by critical experiments and by the use of 
operational experience, the study of large heterogeneous 
fast power reactors and alternative design concepts with 
particular reference to INFCE (International Nuclear Fuel 
Cycle Evaluation). Conclusions drawn from the symposium 
were that current calculational methods and nuclear data 
were largely sufficient for conventional cores under 
normal conditions, but that for accident configurations or 
for non-conventional designs more refined methods were 
necessary. Although these techniques have been developed 
and successfully verified they are not widely used and 
further work is needed to find simple but reliable appro
ximations to be used in routine design calculations. 
Measurements on heterogeneous cores, although not yet fully 
evaluated, exhibit no major discrepancies with the refined 
calculations, but no firm conclusion could be drawn on the 
overall advantage of these concepts, 'as intensive thermo- 
hydraulic, safety and cost-benefit analyses must also be ” 
included.

The collaborative programme on the application of 
sensitivity and uncertainty analysis in shielding calculations 
and the conduct of penetration benchmark- experiments was 
reviewed by the NEACRP with the conclusion that it was 
appropriate to hold a specialists' meeting on this topic.
This will take place on 27th to 29th October, 1980, at OECD, 
Paris.



From the several papers presented on in-reactor 
measurements, it was apparent that significant work was in 
progress in a number of Member countries. However, as this 
was still at an early stage, the specialists’ meeting on this 
topic was scheduled for the second half of 1981. Detailed 
arrangements will be made at the 1980 NEACRP meeting and the 
IAEA will be kept informed.

The draft proceedings of the NEACRP specialists' 
meeting on the LMFBR benchmark, held at Argonne National 
Laboratory, USA, in February 1978, is now available. 
Considerable interest has been shown in this exercise and work 
is continuing to clarify the discrepancies highlighted by 
the study.

In November 1979, a specialists' meeting was held on 
the Calculation of Three Dimensional Rating Distributions in 
Operating Reactors. This concerned new, fast, 'coarse-mesh' 
computing techniques and nuclear power utilities provided 
a substantial quantity of operating data to validate the 
accuracy of the methods for prediction of power peaking and 
fuel management.

The Committee discussed the forthcoming ANS/ENS/IAEA 
meeting on Advances in Mathematical Methods for Solution of 
Engineering Problems. Although the subject scope is very 
large, some aspects are of interest to the specific reactor 
physics problems studied in NEACRP and the Committee expressed 
the wish to have a member on the organising committee.

Preparations for the third Specialists' Meeting on 
Reactor Noise (SMORN III) have continued, with the planned 
venue in Tokyo in October 1981. An organising committee has 
been appointed by NEACRP including a representative from 
the NEA Committee on the Safety of Nuclear Installations 
(CSNI), to coordinate the session devoted to the reactor 
safety aspects. The emphasis of the meeting will be on the 
applications of reactor noise analysis and will include a 
benchmark comparison of analyses of a well-specified noise 
recording, in an attempt to achieve some standardisation of 
methods.

NUCLEAR-DATA FOR FAST REACTORS 

(Nuclear Science Division)

The NEA Nuclear Data Committee (NEANDC) cooperates 
with the NEACRP on topics of mutual interest. The high 
priority request list for nuclear data originated with the 
NEACRP but is now maintained by a sub-committee of NEANDC.
This file, much of which is related to fast reactors, has 
increased in size as more countries contributed their

requests, and a detailed review has recently been performed 
by the sub-committee. The list is also included within the 
somewhat wider compilation of the World Requests for 
Experimental Nuclear Data (WRENDA) which was published in 
a new edition by the IAEA in 1979. New and modified requests 
from NEA Member countries were coded at the NEA Data Bank.

The NEANDC held its 21st meeting at Geel, Belgium, 
in September 1979. Both the technical discussions and the 
Specialists' Meetings sponsored by the Committee reflect 
the long-term commitment to the fulfilment of the data needs 
of the reactor programmes. The agenda of the meeting 
included a review of isotopic separation programmes, new 
measurement facilities, data for. the heavier plutonium and 
americium isotopes, and the data needs of fusion reactor 
systems and the alternative fission reactor fuel cycles.

A joint NEANDC/IAEA meeting on Transactinide Nuclear 
Data was held in Cadarache, France, in May 1979 when the emphasis 
was placed on decay information and on the intercomparison of 
evaluated data. A further meeting in.December 1979 in 
Bologna brought together specialists on Neutron Cross Sections 
of Fission Product Nuclei, a field in which there is consi
derable activity. Future meetings will be supported on Fast 
Capture Cross Sections of Fissile and Fertile Isotopes 
(Argonne National Laboratory, early 1981), Scattering Cross- 
Sections (France, 1981) and Uranium and Plutonium Resonance 
Parameters (Vienna, 1981), the latter in co-sponsorship with 
the IAEA. The NEANDC also intends to participate in the major 
European conference on Nuclear Data for Technology, planned 
to take place in Geel, Belgium, in 1981.

The NEANDC continues its involvement in standards.
The meeting discussed the program for the coordination of 
neutron flux intercomparisons and fission foil reference 
standards. In cooperation with INDC (International Nuclear 
Data Committee), â file is maintained on current standards 
and discrepancies in neutron data and from 17th to 21st 
March, 1980, a joint NEANDC/ISO (International Standardization 
Organization) Working Group on Terminology in Fission and 
Fusion will meet in Paris.

An intercomparison of nuclear model computer codes 
for calculation of fast neutron cross sections, similar to 
that carried out by the Cross Section Evaluating Working 
Group (CSEWG) in the USA, was supported by the Committee. 
This intercomparison will be coordinated in Europe and Japan 
by the NEA Data Бапк with the help of a technical expert 
appointed by the Committee, and in close collaboration with 
the continuing CSEWG work.



The NEANDC has expressed concern about restrictions 
on the release of the new evaluated nuclear data file, 
ENDF/B-V, outside the USA and Canada. Only some parts of this 
file have been distributed although the previous version 
ENDF/B-IV is now fully available as a reference file. The 
Committee is generally concerned that the present multilateral 
exchange of evaluated data may be replaced by a few bilateral 
agreements to the detriment of open verification of evaluated 
data.

The first of the NEANDC monographs entitled Neutron 
Fission will be published in 1980 and the volumes on Neutron 
Sources and on Neutron Capture should appear soon afterwards.

OTHER ACTIVITIES OF INTEREST TO IWGFR

(i) NEA DATA BANK:

The NEA Data Bank has completed its second year of 
operation as a combined data centre. Compilation of experimental 
neutron data, maintenance of the СINDA bibliography and the 
testing of computer programs of interest to the nuclear 
community have continued. Requests for information from OECD 
Member countries in Western Europe and Japan are now fulfilled 
from the integrated data base or from the standard files 
containing the many evaluated and specialised data sets. The 
computer program library continues to increase in size and 
encompass new categories of topical interest. A service to 
IAEA countries not Members of OECD, is provided through an 
IAEA liaison officer on long-term secondment to the Data Bank.

The Data Bank, in collaboration with the NEACRP and 
NEANDC, is involved in the chain of measurement, processing 
and end use of nuclear data in reactor physics and so parti
cipates in the continuing feedback processes necessary for 
the gradual refinement of the information. The SECU activity 
(Service on Experience in Code Utilisation) collates the ex
perience of users of programs and a recent publication in this 
series contains studies on shielding and cross section cal
culation programs. In December 1978, a seminar was held on 
the water reactor accident analysis program RELAP and further 
such meetings are planned for the future.

The Management Committee of the Data Bank has noted 
a small but growing trend to replace free multilateral 
exchange of computer programs through the Data Bank by 
individual barter arrangements, and is taking steps to 
discourage such activity. There is an imbalance between 
the U.S. and Europe in the exchange of programs and, in 
order to publicise to the U.S. user community major programs 
of European and Japanese origin, a seminar will be held in 
Argonne National Laboratory in May 1980.
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(ii) FUEL CYCLE REQUIREMENTS AND SUPPLY (Nuclear Development 
Division!?

A new edition of the NEA/IAEA report on "Uranium 
Resources, Production and Demand" was published in December 
1979. The report, which was prepared within the framework 
of the NEA/IÂEA Working Party on Uranium Resources, contains 
information on uranium resources for 35 countries representing 
most of the world's uranium deposits outside the USSR,
Eastern Europe and China. Forecast maximum attainable 
production capabilities are also reported and an estimate, 
given to the year 2025, of production capability from known 
resources. The new publication also includes some exploration 
expenditures and expanded analyses on availability of 
uranium in the coming decades.

Information on uranium demand has been revised in 
the light of more recent forecasts of the growth of nuclear 
power, particularly the forecasts produced by the International 
Nuclear Fuel Cycle Evaluation (INFCE). The Working Party 
developed this revision in the closest co-operation with the 
INFCE Working Group on Fuel and Heavy Water Availability.

The report focuses attention on the practical 
availability of uranium as well as on global supply and 
demand. It shows that, on a global basis, there is enough 
known uranium to support the nuclear industry over the next 
15 to 20 years and that there are grounds for confidence that 
substantial additional resources (which must at present be 
regarded as speculative) exist and can be found. Practical 
availability is, however, much less certain: physical 
accessibility and environmental or other political cons
traints are limiting factors; and there must be real concern 
whether development of new reserves and production capacity 
can be achieved on the required time-scale. The lead time 
from exploration to production of uranium is typically some 
15 years, \^hich means that, by the 1990s, there will be a 
growing dependence on sources not now being exploited or which 
are currently only in the speculative category. Recent trends 
in exploration and discovery have been healthy but this 
momentum will be maintained only if the mining industry 
is provided with a sufficient basis for confidence by the 
development of nuclear programmes.

For the longer term, the report explores the uranium 
demand implications of several reactor strategies. If new 
construction continues to be dominated by water reactors 
beyond the turn of the century, currently known resources will 
be rapidly depleted. Strategies with heavy reliance on breeder 
reactors would place far less demand on resources which are 
currently only speculative.



The main findings and conclusions of the Report, 
which is available from OECD Sales Agents and the IAEA, are 
summarised in the attached Annex 2.

Otherwise, progress has been made in the preparation 
of the next report on "Nuclear Fuel Cycle Requirements and 
Supply Considerations Through the Long-Term" ("Yellow Book"). 
The target date for publication planned by the V/orking Party 
on Nuclear Fuel Cycle Requirements is June 1981,

Annex 1: INTERNATIONAL COLLABORATION ON GAS-COOLED
FAST REACTORS*

The Nuclear Energy Agency of OECD has for over ten 
years been sponsor for a coordinating arrangement for studies 
of gas-cooled fast reactors (GCFRs). Countries who we re 
actively working on GCFRs agreed to pool their ideas and 
results, and this has brought together national organisations, 
and industrial and utility interests from Europe, Japan and 
the USA. The Coordinating Group in which these exchanges take 
place has recently decided the time had come for the preparation 
of a status report, and this presentation is made by one of the 
editors of that report on behalf of the Group.

The type of GCFR considered is the steam-generating 
version based on helium as primary coolant, and on the use 
of a prestressed concrete pressure vessel. The fuel assembly 
is of the pin type with stainless steel clad and mixed-oxide 
fuel, and operates on the "balanced pressure" principle, a 
feature which enables its operating conditions to be kept very 
close to those for an LMFBR. Specimen in-reactor tests of the 
principle both in the USA and in Europe have been very encou
raging.

The Status Report, in summarising the results of the 
, investigations carried out so far, points out the gains accruing 
from the use of a neutron transparent single phase coolant such 
as helium in the fields of nuclear performance, safety and 
maintenance, and draws attention to the materials advantages 
helium confers because of its inert nature. Coolant compositions 
can be selected which minimise general corrosion, and attack 
on fuel in the event of a clad failure.

It is noted however that while the prestressed concrete 
pressure vessel with its inherent redundancy in construction 
reduces major depressurisation accidents to extremely low

* Summary of the "GCFR Status Report" prepared by Mr. J. Smith, 
AEE Winfrith, for the 1980 Annual Meeting of the American 
Nuclear Society.
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levels of probability, engineered safeguards of a highly reliable 
nature must be provided to meet cooling requirements for 
depressurised conditions and schemes have been devised which 
appear to meet the requirement. This provision, while also 
useful under pressurised conditions, is not essential as 
natural convection is then able to remove the residual heat.

The breeding ratio of a GCFR is high at 1.4 even 
without calling on advanced fuels or heterogeneous cores, but 
current studies tend to optimise designs at higher inventories 
then LMFBRs, though the values could be reduced if there were the 
incentive. The system doubling time is attractive at 12 years 
(17 years linear) and puts the reactor in the "advanced." fuel 
cycle performance category. As a device for influencing economy 
in the consumption of uranium, it is therefore an important 
option to be retained.

The relative simplicity of the concept, in which 
the primary coolant delivers heat directly to the steam 
generators and the circuit is wholly contained within the 
PCRV apart from small auxiliary systems, leads to estimated 
capital costs based on a comparison with gas-cooled thermal 
reactor information which are some 20>á greater than for LWRs.
A simplified analysis indicates that for equal generating costs, 
the allowable cost per unit of throughput in the fuel cycle 
can even at U,Og prices of $45/lb. be several times that of a 
LV/R recycle. Tnis margin increases substantially as uranium 
prices rise. There appear to be good grounds for belief that 
though the fuel assembly is more complex than that for a LWR, 
the estimated margins for breakeven should be more than 
sufficient.

Industry has a wide experience with gases over a range 
of temperature and pressure conditions, and it is this tech
nological base coupled with the accumulating experience from 
the 10,000 MW of gas-cooled thermal reactors, which the GCFR 
can exploit. This "feel" for gas technology can be expected 
to aid considerably both in minimising the amount of engineering 
development required, and in ensuring that timescales and costs 
for development are as realistic as can be.

This argument can be extended to help in assessing 
the timescale and method of introducing GCFRs. A number of 
studies have demonstrated, even on the much reduced installation 
trends currently in vogue, the importance of having fast 
reactors available not later than 2010 if uranium needs are 
to be kept to reasonable levels. If a commercial version is 
to be available by then, the GCFR must have gone through a 
demonstration stage significantly earlier. The general 
technological experience with gas supports the view that a 
demonstration unit of several hundred MWe - that is one using 
engineering components and layouts comparable with those for 
a commercial-size olant - could be nlanned in sufficient time.



The determining feature would then be whether the balanced 
pressure fuel concept could be' adequately demonstrated in time. 
The Coordinating Group view is that a suitable programme of 
inpile tests of pins and small assemblies, coupled with use of 
general fast reactor information being accumulated, could 
generate sufficient confidence in the fuel assembly performance 
to proceed to that scale of demonstration plant.

Clearly an engineering development programme is 
needed coupled with an R&D programme if this plan is to be 
successful. Commercialisation programme studies have been 
made both in Europe and in the USA and have concluded that 
some $450 - 550 million would be needed to cover the R&D and 
development costs. The Group considers that, in addition to 
the engineering proving, the principal areas needing further 
attention are (i) more intensive study of flow and temperature 
conditions in the fuel assembly to allow better design 
analysis of differential void swelling and corrosion effects, 
with possible fretting effects also needing study, (ii) pin. 
and cluster tests to establish the balanced pressure scheme, in 
particular whether blockage of gas passages in the fuel 
assembly can occur, (iii) continuing study of fuel failure 
mechanisms, and of subassembly accidents and their possible 
propagation, (iv) further study of residual heat removal 
under the full range of accident cases and examination of 
"core catcher" concepts in case they prove to be needed.

Annex 2: NEA/IAEA REPORT ON URANIUM RESOURCES,
PRODUCTIOH AND DEMAND 
( December 19791

Uranium Demand (Excluding that of the USSR, Eastern Europe 
and China)

Uranium requirements in 1980 are expected to be 
in the range 28,000 tonnes to 32,000 tonnes, well below the 
maximum attainable production capability of nearly 50,000 
tonnes U.

Uranium requirements to 1990 can be reasonably 
determined by the reactors in operation and under construction, 
particularly since it is generally accepted that by 1990 
recycle of uranium and plutonium will not make a substantial 
contribution and fast breeder reactors will not yet have been 
introduced in significant numbers. These factors indicate 
that annual uranium demand will increase over the decade 
1980 to I99O to about 60,000 tonnes U for the low INFCE 
nuclear power growth forecast (374,000 Mí/е in 1990), to about
88,000 tonnes U for the high INFCE nuclear power growth 
forecast (460,000 Ше in 1990).
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Beyond 1990 the projections of uranium demand vary 
over an increasingly wider range, as uncertainty about choice 
of reactor types and rates of nuclear power growth increases. 
Annual requirements in the year 2000 would reach 200,000 tonnes 
U under the conditions of high nuclear power growth examined 
by INFCE (1,207,000 MV/e) and use of light water reactors 
without any improvement in efficiency nor any recycle of used 
fuel. Conversely, under INFCE assumptions of low nuclear power 
growth (834,000 Ше), recycle of uranium and plutonium and 
their use in fast breeder reactors, the uranium requirements 
would be about 100,000 tonnes U. After the year 2000 the 
projections diverge even more as uranium requirements for 
programmes using only light water reactors continue to increase 
rapidly - even with substantially improved LWRs - while 
projected annual requirements level off in the case of full 
utilisation of fast breeder reactors (they even decrease, 
before 2 0 2 5 ,  in the case of low nuclear power growth examined 
by INFCE).

Projections of annual uranium requirements to 2025 
are shown in Figures 1 and 2. While the levels of demand to 
the year 2000 are less than those forecast in the previous 
edition of this report, the estimates continue to indicate 
rapid growth from the present level.

Uranium Resources (Excluding those of the USSR, Eastern 
Europe and China)

(a) Reserves

Uranium Jleserves (see Table 1), defined as Reasonably 
Assured Resources exploitable at a cost below $80/kg U, total 
1.85 million tonnes. This is higher by 200,000 tonnes than the 
figure in the 1977 edition of the "Red Book". The increase is 
chiefly due to discoveries in Brazil and Canada, and improved 
knowledge about deposits in Central African Republic, Namibia, 
South Africa, Spain and the United States of America.

(b) Resources

Resources in the Reasonably Assured category, 
exploitable at costs between $80 and $130/kg U, amount to an 
additional 0.74 million tonnes uranium, and Estimated Additional 
Resources in the low and high cost categories together amount 
to 2.45 million tonnes uranium (see Table 2). There were 
sizeable increases in the figures reported for these categories 
since the previous edition of this report. The main additions 
resulted from discoveries in Brazil, Canada, Greenland, South 
Africa and the United States of America. Even though some of 
the additions to Reasonably Assured Resources came from the



Estimated Additional Resources reported in the last "Red Book" 
as a result of exploration of previously identified deposits, 
the net "known" resources increased by 750,000 tonnes U.

(c ) SgeculativeJResources

It has been recognised that resources, as yet 
undiscovered, are likely to exist in addition to those iden
tified in Estimated Additional Resources. The NEA and IAEA 
have commenced an evaluation,. "The International Uranium 
Resources Evaluation Project" (IUREP), to assess the potential 
of these resources on a world-wide basis о The first phase of 
this project resulted in the publication in December 1978 of 
"World Uranium Potential : An International Evaluation". In 
that OECD/IAEA publication, a judgement was made on the amount 
of resources that may exist in addition to Estimated Additional 
Resources, which may be discoverable by present techniques.
The term Speculative Resources was introduced to describe this 
new category. The report also indicates areas with potential 
for additional uranium resources» Following publication of 
"World Uranium Potential", an Orientation Phase was initiated.
In this phase, geologists are sent to selected countries 
identified as having a potential for the discovery of uranium. 
This is intended to provide a more accurate estimate of 
Speculative Resources, indicate more precisely areas of 
favourability, and make recommendations concerning exploration 
methods which could be used for the discovery of the resources. 
Figures on Speculative Resources have been included in Uranium 
Resources, Production and Demand, for the first time.

(d) Uranium_Ex2loration

Exploration programmes have been reported in 
40 countries, and several government sponsored reconnaissance 
programmes have been initiated. Exploration expenditures have 
increased by $230 million to $570 million since the previous 
edition of this report, although part of the increase represents 
cost inflation. The Working Party on Uranium Resources believes 
that there are many areas of the world, geologically favourable 
for the occurrence of uranium, that have to date received 
relatively little attention. There may however be logistical, 
political or financial constraints to be overcome in many of 
these places.

Uranium Production

Several new uranium mines are scheduled to start 
production in the 1980s. This new production, plus projected 
expansions by current producers in Canada and the United States, 
will mean that any increase in uranium demand in the 1980s 
should be readily met. Based on current projections, the 
overall supply situation could be expected to be less favourable 
and could even reverse during the 1990s.
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While production amounted to about 38,000 tonnes 
uranium in 1979, the maximum attainable capability was about
44,000 tonnes/year. Provided that there is sufficient economic 
incentive and stability to support an orderly growth, this 
maximum capacity could increase to 119,000 tonnes/year by 1990 
based on estimated uranium resources. During the 1990s, 
increasing reliance on production in countries which have not 
previously provided substantial supplies of uranium may be 
necessary.

After the year 2000, uranium production from currently 
known resources will decrease and uranium supply will come to 
depend more and more on resources which still await exploration, 
discovery and development of production capability.

Considering the uncertain nature of the results of 
exploration and the long lead times from discovery to production, 
increasing levels of uranium exploration and development will be 
necessary during the next two decades to ensure adequate levels 
of production. The industry must not only provide sufficient 
additions to Reserves to sustain required rates, but must do so 
in a manner which is consistent \^ith environmental, political 
and economic constraints which tend to restrict the accessi
bility of certain uranium bearing areas and the capability to 
develop, produce, and export from identified deposits.

Comparison of Uranium Availability and Requirements

In the long-term, if nuclear power is to be a major 
source of energy, large increases in exploration efforts and 
new production capability will be required before the end of 
this century. Additions to production will need to be based 
largely on sources other than low-cost known conventional 
resources. By the year 2025, cumulative lifetime requirements 
could range from 4 million tonnes uranium to 20 million tonnes 
uranium (on the basis of the INFCE projections), depending on 
the reactor mixes actually in use. If new construction continues 
to be dominated by water reactors, the rate of demand will 
rapidly deplete currently known resources.

These demand characteristics illustrate clearly the 
role for improved converter reactors and still more of breeder 
reactors in conserving uranium. As uranium resources are 
unevenly distributed, this role may be of vital concern to 
some countries well before the end of this century.

Considering the long lead times involved in fast 
breeder development and large-scale introduction, whatever 
the future mix of reactors may be, substantial quantities of 
new uranium resources must be identified and made available to 
sustain the expected growth of nuclear power.
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Table 1. REASONABLY ASSURED RESOURCES 

(1,000 tonnes U)

Data available 1st January, 1979

COST RANGE
<$80/kg U 

RESERVES
$80-130/kg U

TOTAL 

AT < Í130/kg U

28 0 28

Argentina ................................. 23 5.1 28. 1

290 9 299

Austria2 .................................. 1. 8 0 1.8

Bolivia .................................... - 0 0

0 0.4 0.4

Brazil ...................................... 74.2 0 74.2

Canada1 .................................... 215 20 235

Central African Republic........ 18 0 18

Chile ........................................ 0 0 0

Denm ark.................................. 0 27 27

Egypt........................................ 0 0 0

Finland .................................... 0 2. 7 2. 7

France .................................... 39.6 15.7 55. 3

Gabon2 .................................... 37 0 37

Germany, Federal Republic of . 4 0.5 4. 5

India.......................................... 29. 8 0 29.8

Italy.......................................... 0 1. 2 1. 2

Japan ........................................ 7.7 0 7.7

Korea, Republic of4 ............... 0 4 .4 4.4

Madagascar2 ........................... 0 0 0

Mexico3 .................................. 6 0 6

Namibia .................................. 117 16 133

Niger2 ...................................... 160 0 160

Philippines2 ........................... 0 .3 0 0.3

Portugal .................................. 6.7 1.5 8. 2

Somalia3 .................................. 0 6.6 6.6

South Africa............................. 247 144 391

Spain ........................................ 9 .8 0 9. 8

Sweden 5 .................................. 0 301 301

Turkey .................................... 2 .4 1.5 3.9

United Kingdom....................... 0 0 0

United States of America........ 531 177 708

Yugoslavia ............................... 4 .5 2 6.5

Zaïre2 .................................... 1.8 0 1.8

Total (rounded)......................... 1,850 740 2,590

- Less than 100 tonnes U.

1. The material reported as reserves Is mineable at prices up to $ CAN 125/kg U and othex Reasonable Assured Resources are 

'mineable at prices between $ CAN 125 and $ CAN 175/kg U.

2. Source of data: Uranium Resources, Production and Demand, Paris, 1977.

3. Data refer to resources "ln-sltu", rather than recoverable.

4. Reported as 13, 000, 000 tonnes of ore with an average grade of 0.04* U30 8.

8. No uranium production allowed ta a deposit of 300, 000 tonnes U due to a veto by the local authorities for environmental reasons.

Table 2. ESTIM ATED ADDITIONAL RESOURCES 

(1,000 tonnes U)

Data available 1st January, 1979
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COST RANGE < $ 80/kg U $80-130/kg U
TOTAL 

AT < $130/kg U

0 5.5 5.5

3.8 5. 3 9. 1

47 6 53

0 0 0

0 0.5 0.5

0 0 0

90. 1 0 90. 1

370 358 728

Central African Republic ........ 0 0 0

Chile .......................................... 5. 1 0 5. 1

0 16 16

Egypt.......................................... 0 5 5

0 0.5 0.5

26.2 20 46. 2

0 0 0

Germany, Federal

Republic of ........................... 7 0.5 7. 5

0.9 22. 8 23.7

0 2 2

0 0 0

Korea, Republic o f ................... 0 0 0

Madagascar2 ............................. 0 2 2

2.4 0 2.4

30 23 53

53 0 53

Philippines2 ............................. 0 0 0

2.5 0 2.5

0 3.4 3.4

South Africa............................... 54 85 139

8.5 0 8.5

0 3 3

0 0 0

United Kingdom......................... 0 7.4 7.4

United States of America ........ 773 385 1,158

5 15. 5 20.5

Zarre2 ...................................... 1. 7 0 1.7

Total (rounded) ......................... 1,480 970 2,450

1), 2), 3) - As In footnotes to Table 1.

NB: A number of occurrences of uranium are not well enough defined to be included in Tables 1 and 2 but are described in Part lit, 

the'country reports.



A REVIEW OP THE UK PAST REACTOR PROGRAMME: MARCH 1980

R. D. SMITH
Risley Nuclear Power Development Establishment 
Risley, Warrington

1. BACKGROUND TO THE 1980 REVIEW

Towards the end of 1979 the Government announced a new programme of thermal reactor 
stations to be built over ten years (totalling 15GW), in addition to the two AGR stations at Torness and 
Heysham 'B' which had been approved by the previous Government. The first station of the new 
programme will be based on a Westinghouse PWR, subject to safety clearance and the outcome of a 
public inquiry, and it is envisaged that the remaining stations of the programme would be split between 
PWRs and AGRs.

The AEA Chairman wrote formally to the Secretary of State for Energy in December 1979, 
putting forward on behalf of the Electricity Supply Authorities, NNC, BNFL and the AEA a recommended 
strategy for building the Commercial Demonstration Fast Reactor (CDFR), subject to normal licensing 
procedure and to public inquiry, so as to ensure that the key options for introducing commercial fast 
reactors, when required, should remain open. A Government statement is expected during the next few 
months.

Meanwhile the level of effort on fast reactor research and development in the UK has been 
maintained, the fast reactor remaining the largest of the UKAEA's reactor development projects with 
expenditure totalling somewhat over £80M  per annum.

The main feature of the UK fast reactor programme has continued to be the operation of PFR 
(Sections 2 and 7) which is yielding a wealth of experience and of information relevant to the design of 
commercial fast reactors. Bum-up of standard driver fuel has reached 6-7% by heavy atoms, while 
specially enriched lead fuel pins have reached 11 %  w ithout failure. An extensive programme of work in 
the reactor and its associated steam plant was completed in March 1980 and the reactor then started 
its fifth power run. The fuel reprocessing plant at DNE is being commissioned and has reprocessed 
some of the spent fuel remaining from the DFR. It w ill start soon on reprocessing fuel discharged from 
the PFR.

During the year improvements to the design of the future Commercial Fast Reactor (CFR) have 
concentrated on reducing the capital cost and improving the intrinsic safety of the reactor. Particular 
attention is being paid to achieving the necessary guarantees of structural reliability for those internal 
structures which are difficult to inspect and good progress has been made in this area, particularly in 
providing redundancy in the key reactor structures.

International collaboration continues to play a large part in the UK programme and there is an 
active exchange between the UK and all those countries with operating fast reactors.

A particular step forward was the signing of an agreement between the AEA and the USDOE 
for a programme of work on fuel testing, which is aimed to provide important confirmatory work on the 
safety of fuel in fast reactors. This programme envisages the destructive testing in the US safety test 
reactor TREAT at Idaho of fast reactor pins of both UK and US origin which have been irradiated in PFR 
and then shipped across the Atlantic for testing.
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2. PROTOTYPE FAST REACTOR

2.1 Highlights of recent operating experience

The operation of PFR has continued to provide invaluable experience and a vast store of data on 
which the design and operation of future commercial stations can be firm ly based. The reactor has now 
operated for the equivalent of 247 full power days and total gross electrical generation now stands, at 
810 x 10‘ kWh. Good progress has been made with natural circulation tests in the primary circuit 
which have reached the stage of a simulated loss of electrics trip from 50MW (th). In parallel w ith 
the operation of the power station, good progress has been made with preparations for opening up the 
routes for irradiated fuel and waste on the Dounreay Site. The first irradiated PFR sub-assembly is 
scheduled to be reprocessed in the late Spring of 1980.

2.2 Diary of main events in 1979

The Station operated at full design thermal power of 600 MW  for a short period at the beginning 
of January. Sustained full power operation was prevented by a number of trips, followed by failure of 
an experimental fuel pin. The reactor was shut down in early February and the charge machine was 
loaded to ailow removal of the sub-assembly containing the fuel failure. The shutdown lasted 16 days.

Late in February during power raising a leak occurred in evaporator 2. Shortly after resuming 
three circuit operation a leak occurred in evaporator 1. In each case operation continued on two 
circuits at reduced power while the tube ends affected were plugged. A turbine alternator seal oil 
system leak interrupted generation towards the end of this period of tw o circuit operation in the second 
half of May.

In the period from the end of May to late July power operation was interrupted for a variety of 
reasons including a failure in the electrical grid system due to electrical storms, a flow  restriction in the 
primar/ circuit argon gas blanket system and water treatment plant problems due to a high level of 
organics in the intake water. Operation at full power was limited to a short period at the beginning
of July.

Two circuit operation was resumed in August following the dumping of circuit 2 to investigate 
a suspected small leakage of sodium at the main flange between the reheater tube bundle and its 
containing vessel. Further primary circuit natural circulation tests were carried out at the end of 
August and the plant was then shut down for a programme of maintenance work. The programme of 
fuel, absorber and guide tube changes, pressure vessel test, inspection work, investigation of sodium 
leakages at steam generator unit flanges and refurbishment of the seawater pumphouse ended in 
March 1980.

2.3 Reactor primary and secondary circuits

Experience w ith the operation of primary and secondary circuits has continued to be excellent. 
The reactor has operated w ith high availability. Since the first achievement of criticality in March 1974 
the overall availability has been 71%. The reactor shutdown system has always operated correctly on 
demand. Primary and secondary sodium pumps continued to operate w ith extremely high availability. 
Where occasional pump outages have occurred these have been associated w ith out-of-sodium circuit 
systems, e.g. pump oil systems. No problems have arisen in the past year w ith in-sodium pump hard
ware. The control of primary and secondary circuit impurities has been achieved as required by opera
tion of the cold traps. Improvements are currently being made to the sodium level control system in



Tie primary cold trap loop which has always been difficult to operate. Experience with radiation and 
contamination control during power operation and active handling has been excellent w ith minimal 
personnel exposure.

Two failures of highly rated experimental fuel pins of an alternative to the standard design have 
occurred. Delayed neutron emitters were detected in the primary sodium coolant, indicating that some 
fuel was exposed. The first failure occurred in September 1978. The failed pin location loop was 
commissioned and used successfully to locate the failure at low power, following which the reactor was 
shut down and the sub-assembly concerned was removed. A further failure in the same type of fuel 
occurred early in January 1979. On this occasion Station operation was continued for 1 month at 
about half the design thermal power while the failure signals were studied. This item too was removed 
with the reactor shut down. Both fuel items have subsequently been transferred to the irradiated fuel 
cave for examination. Radiography has not revealed any signs of fuel in positions where it ought not to 
be, or of clad failure. Arrangements are now being made to disassemble one of the items (an experi
mental cluster from a demountable sub-assembly) for more detailed examination.

Studies of the effect of sodium temperature fluctuations on components in the plenum above 
:he core, and of the effect of sudden temperature change on primary components which follow a trip 
from full power, have continued. These studies have involved the use of instrumented rigs containing 
'ast resoonse thermocouples in the reactor, and rigs of various types in the laboratories at. Risley, 
airected not only to achieve a better understanding of PFR but also to provide information which will 
be of great value to the designers of larger commercial stations. A further special instrumemed rig, 
particularly orientated towards studies of temperature fluctuations, was loaded into the reactor at the 
last shutdown.

It is important to note that, with the exception of the experimental fuel pin failures, the primary 
circuit issues summarised above have not significantly affected the availability of the reactor. Removal 
of the fuel failures required shutdown to load/unload the charge machine. It is to be hoped that current 
efforts to develop a high temperature pantograph charge machine, which could remain in the reactor 
during operation, w ill be successful. Fuel failures would then be more speedily removed if continued 
operation with them present cannot be justified.

It has been demonstrated previously that the steady-state dissipation of heat (equal to that 
immediately after a trip from full power) from the core to the primary circuit can be accomplished in 
the total absence of forced circulation. In addition, significant progress has been made in demonstrat
ing the smooth transition from forced to natural convection flow  in the event of the loss of forced 
circulation in the primary circuit, including that provided by the primary pump auxiliary pony motors. 
A series of tests was carried out in which the reactor power was set at 5, 10 and 15MW (th), to 
simulate various levels of decay heat, and the primary pumps were tripped w ith pony motors isolated. 
These tests at constant power do not give the correct primary circuit temperature distribution that 
exists immediately following a trip from power and consequently a further series has started which 
takes this factor into account. Two tests have been carried out so far involving simultaneous pump and 
reactor trips from a reactor power of 50MW (th). The results indicate that a smooth transition from 
forced to natural circulation occurred.

2.4 Steam generator units

The steam generator units have continued to perform satisfactorily w ith their operation inter
rupted significantly only as a result of leaking tube/tube-plate welds in the evaporators of circuits 1 and
2. Prior to these leaks, the most recent previous leak was in the circuit 3 evaporator in October 1977. 
A t the end of February 1979 a leak occurred in evaporator 2, the first in this unit since early 1976. The
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circuit was shut down and the affected tube blanked off by explosive plugging. The leak in the circuit 1 
evaporator occurred in April 1979 and was the first that has occurred in any unit o f circuit 1. Both 
units were returned to service after leak location and repair operations that followed previous practice. 
The down-time for such operations is typically about 2-3 weeks. However, in some cases the time has 
been extended to allow for additional inspections.

In the case of the recent evaporator leaks, it is concluded from work on weld samples removed 
from the units and laboratory investigations that the hard, highly stressed weld in these units is 
susceptible, under certain conditions, to stress corrosion cracking in pure water. In  t h e  case of the 
spare evaporator unit, which has recently been delivered to the Site, compressive stress w ill be intro
duced at the weld surface by shot peening. Laboratory tests have shown that this technique should 
provide complete protection at least for a significant time in the future against the probability of weld 
failures from this cause. The welds in the existing units are protected by a layer of magnetite at present, 
and it is considered that the weld failures which have occurred probably followed damage in some way 
to the magnetite layer. In the future, consideration is being given to shot peening the welds in the 
existing units following the first required chemical cleaning of the steam tubes. Should the frequency of 
occurrence of leaks in the existing units demand it, this task could be brought forward.

The manufacture of new superheaters and reheaters of improved design continues w ith the 
delivery of the first unit scheduled for 1982. These units, in 9Cr ferritic steel, w ill replace the existing 
austenitic steel units. The highly stressed tube to tube-plate weld in the existing units w ill be elimi
nated and replaced by a brazed jo int between the steam tube and thermal sleeve, which is welded to 
the tube-plate.

In July 1979 there was evidence (small emission of smoke from a lagging box) that the seal 
between reheater vessel flange and the reheater tube bundle flange in circuit 2 was not perfect. The 
circuit was shut down for investigation and it was found that some 2 kg of sodium had found its way 
past the metaflex seal. Inspection after cleaning of reaction products revealed no significant damage 
to the main structure of the unit.

One flange bolt was found to be cracked and two nuts showed signs of cracking (out of a total 
of 64 nuts and bolts). Bolts were replaced and tightened and the circuit refilled with sodium shortly 
before the start of the last shutdown. Evidence from "peep-hole" examination through lagging indi
cated the presence of leakages at other steam generator unit flanges, which were also repaired.

2.5 Refuelling

The fuel charge machine has continued to work well, being stored between refuelling campaigns 
in a flask under argon purge. It has not been found necessary to exert undue forces either in sub- 
assembly removal or insertion operations. Six control and shut-off guide tubes have been successfully 
changed in the first operation of this kind at the last shutdown. Checks throughout the past year have 
confirmed that absorbers are moving freely in their surrounding guide tubes. A selection of sub- 
assemblies have been rotated through 180° at each shutdown so that, for the remainder of their period 
of residence in the core, they bow in the opposite direction. While the monitoring of core distortion and 
bow resulting from increased irradiation is proceeding, there has been, thus far, no significant problem 
arising from this source during refuelling.



2.6 Fuel and waste routes

Considerable progress has been made in commissioning PIE equipment in the irradiated fuel 
cave and in completing and commissioning hardware required to allow the first movement of irradiated 
fuel and waste to facilities on the Dounreay site. In particular, components removed from the reactor, 
such as sub-assemblies and absorbers, are being X-rayed routinely. The laser system is currently being 
recommissioned in preparation for cutting the wrappers of irradiated sub-assemblies for the first time. 
Tne next major step in completing the fuel route w ill be the commissioning of the facility which steam 
deans the residual sodium from components prior to their despatch for reprocessing. This work is 
currently In progress and should be completed early in 1980.

The store for irradiated fuel, which w ill act as a buffer between reactor and reprocessing plant, 
is scheduled for completion in the Spring of 1980.

2.7 General points of operational experience

Operation of the Station has been interrupted too frequently by trips which have mainly 
originated from conventional equipment. While action is taken to eliminate trip sources as far as 
possible as they occur, it  was decided in addition to carry out a thorough review of plant protection 
logic to see if the number of parameters initiating trips could be reduced. The Station logic has been 
compared with other nuclear and conventional stations and recommendations have been made which, 
when implemented, w ill result in a reduction in the number of parameters initiating trips.

While major ingresses of seaweed into the seawater pumphouse have caused major plant shut
downs for weed removal on some 3-4 occasions since operations started, full remedial work would 
be very costly, and no action is planned at present. Attention is concentrated on the refurbishment of 
the drum screens in the seawater pumphouse with the aim of reducing the number of occasions when 
small weed penetrates the defences and, by blocking condenser tubes, causes loss of vacuum with a 
consequent requirement for power reduction.

The high level o f organic matter in the water arriving at the plant has, on a number of occasions, 
required action to reduce power and hence water demand. Organics foul the resin beds and cause 
problems in maintaining, in particular, chloride, sodium and conductivity levels w ithin specification. 
While plant improvements and changes in operating procedures have already been made, work is 
continuing to define more efficient ways of dealing with sudden increases in organic level in the intake 
water.

Experience with the operation of the main turbine, heater drains pump and auxiliary boiler feed 
pump in the past year has been good.

3. DESIGN STUDIES

During the early part of the year, work continued on an advanced reactor design in order to 
assess the capital costs of a plant not constrained by current technical uncertainties. Latterly, effort 
has been deployed in selecting those advanced features of this design which could be incorporated 
with confidence into CDFR to give technical advantages and lower capital costs. This exercise is not
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yet complete, but particular design changes that could result in significant cost reductions are 
mentioned here as follows.

A PFR-style single rotating shield and pantograph refuelling machine would lead to a reduction 
in primary vessel diameter. Refuelling machines which are designed to remain in the reactor would 
minimise shutdown times, particularly when dealing w ith failed fuel. Such machines must be capable 
of remaining inoperative for periods of 6 to 12 months In sodium at core outlet temperatures and then 
o f operating satisfactorily at 250 to 300°C. It is recognised that development work w ill be necessary, 
particularly on the wear characteristics of selected bearing materials as an aid to design.

A vertical/horizontal transfer system would be used in conjunction w ith the above refuelling 
machine for the movement of core Items from the reactor along a shielded tunnel to an external store. 
Irradiated items would be hoisted out of the fuel transfer rotor in sodium filled buckets and transferred 
along the tunnel (argon atmosphere) before being lowered into a sodium filled store. New items would 
follow the reverse route. It has been estimated that for normal irradiated fuel transfers, no forced cool
ing of buckets would be necessary.

An all-steel primary containment has been evaluated in which the roof structure would be used 
to support the primary circuit components, the primary vessel and a hot leak jacket. The roof would be 
deflection limited to minimise the movement of components w ith respect to the core and its support 
structure, and as such it is expected to be capable of withstanding a 1 to 3GJ excursion yield.

Consideration has been given to  an alternative primary circuit layout in which the pumps pene
trate the hot sodium pool in insulated standpipes which are connected to the core support structure 
top membrane to form a boundary between the hot and cold pools. In this way the geometry of the 
hot tank would be simpler (cylindrical as against lobed) and the surfaces requiring thermal insulation 
under sodium would be significantly reduced. In order to function satisfactorily, however, a thickness 
of stratified sodium would need to be maintained in the region immediately above the core support top 
membrane.

A reduction in the number of primary sodium pumps from 6 to 4 is thought to be technically 
feasible in the CDFR timescale. Pumps similar in style to those of the reference design are envisaged 
but of slightly larger diameter.

Designs have been produced for 400 MW and 800 MW  IHX units based on a style developed for 
a possible PFR replacement unit of 100 MW. Four only of the larger IHXs would be required for the 
operation of a 1320MW(E) station, but w ith such large increases in unit size, confidence in their feasi
bility must be established before selection. 800 MW  "U " tube, "J "  tube, straight tube and helical once- 
through boilers are all being considered along w ith units of smaller size. The most attractive steam 
cycle, particularly in the long term, is thought to be a once-through single vessel steam generator in 
which feed water is evaporated and converted to superheated steam in each tube of the u n it It is 
recognised, however, that such a system would be less stable than a comparable forced circulation unit 
and its response during transients would be faster, but it would have the advantage of being more 
economical in terms of ancillary equipment, sodium/steam pipework and vessels.

The use of four self-contained secondary sodium circuits would appear to be feasible, particu- 
lariy w ith the larger (80 0 MW) IHXs and boilers. The pipework required would be approximately 0-75 
metres bore, producing sodium velocities of 10 m/sec. which follows the trend in other countries. In 
order to eliminate expansion bellows an amount of negative pre-strain would need to be introduced 
into the pipework over a significant part of its working temperature range to keep the total stress within 
elastic limits. A practical way of achieving this would be to heat the installed pipework to some inter
mediate temperature before making the closing welds.



4. ENGINEERING COMPONENT DEVELOPMENT

4.1 Large sodium rigs

Two new large sodium rigs, the High Temperature Sodium Loop (HTSL) and the Sodium Compo
nents Test Rig (SCTR), have now been fully commissioned at the Risley Nuclear Laboratories.

As mentioned in the previous review, HTSL was designed to fulfil the dual functions of a high 
temperature isothermal-endurance rig and a thermal shock facility. In its endurance role it can provide 
a sodium flow of 90 litres/sec at temperatures up to 650°C; this is adequate to test a pair of CDFR 
fuel sub-assemblies. In Its thermal shock role it can produce thermal shocks from 600°C to 400°C 
at up to 25 deg К/second; this is adequate to simulate the thermal shocks produced on any of the 
reactor structures by reactor trip conditions.

The rig consists of a main sodium loop and an auxiliary loop. High temperature sodium is 
pumped round the main loop by a centrifugal pump, and this provides the endurance facility. The 
subsidiary loop comprises an annular linear electromagnetic pump and an electrical induction heater. 
In order to produce a thermal shock, the test section is maintained at the upper temperature by the 
subsidiary loop while the main loop is running at the lower temperature through a bypass leg; the 
shock is applied by switching the cooler flow from the bypass to the test section. A mixing vessel in the 
main circuit prevents thermal shocks damaging the centrifugal pump.

The rig is constructed in 316 H austenitic stainless steel pipework of 150, 100 and 50 mm dia
meter. The sodium holdup is 21 mJ. The auxiliary equipment includes a sodium impurity control and 
monitoring system comprising cold traps, an automatic plugging meter and a direct sodium sampling 
unit.

In a high flow sodium rig the phenomenon of cavitation requires particular attention. If in any 
pan of the rig the local absolute fluid pressure falls below the sodium vapour pressure, bubbles of 
sodium vapour are formed, which collapse again when they enter a region of higher fluid pressure. This 
subsequent bubble collapse can be quite violent, causing undesirable noise and. if sufficiently violent, 
structural damage. Cavitation tends to occur where the sodium velocities are high and the absolute 
pressure low, and so the pump inlet is a particularly vulnerable region.

О
It is convenient to investigate cavitation phenomena using water, but there is not yet any 

adequately proven correlation between pump cavitation behaviour in water and in sodium. To provide 
basic information in this area, initial commissioning of HTSL was carried out w ith the rig filled with 
water, and measurements, were taken of the cavitation inception of the centrifugal pump and the rig, 
for subsequent comparison with similar data when running in sodium.

After the water tests described above, the main loop was dried, the ancillary systems were 
connected, and the rig was filled with sodium. During the rig commissioning phase the experiments on 
a sub-assembly thermal regulator (described below) were undertaken. To date some 4000 hrs pump 
running have been accumulated at sodium temperatures up to 650°C.

The Sodium Components Test Rig was designed to test CDFR control, shut-off and fuel handling 
mechanisms in static sodium or sodium vapour at operating sodium temperatures. It consists of a 
common sodium storage and purification system feeding up to 7 test vessels. Electrical heaters and 
heat exchange equipment associated with each vessel enable the vessels to operate at different tem
peratures (up to a maximum o f 650°C) whilst connected to the purification system. Alternatively, 
vessels may be connected to subsidiary clean-up systems and operated at different impurity levels. 
The subsidiary purification system comprises a cold trap and plugging meter; the main system has an 
automatic plugging meter and a direct sodium sampling unit.

SCTR can accommodate 3 large vessels up to 26 m high and 1 m diameter; these vessels will 
be custom built to suit the CDFR components which require testing. Four smaller vessels, 3-35 m long 
and 0-6 m diameter, for general purpose use, are already installed in the rig.
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Both rigs are housed in a purpose-built building with sufficient height and cranage to handle test 
components up to 20 m long and 12 tonnes weight. The rig's are operated from a common control 
room containing automatic data logging and safety systems for each rig, and data processing equip
ment for the various experiments.

4.2 Components

4.2.1 Under-sodium viewer

Experience with power reactors has shown the value to the operator of an ability to assess 
visually the surface conditions, shape and relative positions of components. In PFR the sodium is 
opaque but ultrasonic instruments may be used to detect echoes from a pulsed beam which may then 
be synthesised electronically into a recognisable image. An ultrasonic viewer using these principles 
is being constructed for use in PFR with the initial objective of surveying the core top during reactor 
shutdown. It will monitor the relative positions of the tops of the individual sub-assemblies and the 
relative heights of the individual wrappers; this w ill provide essential information on the core distor
tions arising from neutron induced voidage.

The ultrasonic viewer comprises the following:

(a) an array of transducers which can transmit ultrasonic pulses and receive echoes

(b) a mechanical arrangement for traversing this transducer array across the core top

(c) an electronic system to store the resulting raw data and process it

(d) an output terminal which can display a recognisable image.

The sodium-proof transducers are constructed from the piezo-electric material PZT, which is 
satisfactory for use in the sodium temperature range 250-300°C. The transducer performance has 
been proved using small sodium rigs. An array of 12 transducers will be mounted on the end of a 10m 
long vertical tube which Is loaded into a penetration In the PFR Rotating Shield; the array is traversed 
over the core by rotating both the Rotating Shield and the Viewer Tube itself.

The Data Processor records the transducer positions, time of flight and intensity of the echoes; 
the transducer position and time of flight information is synthesised to produce an image on a television 
screen, and the echo intensity is discriminated by the colour of the Image. The traversing mechanisms 
and the data processor have been developed using the water facility BRUTUS at RNL, which comprises 
a model of the PFR core top Immersed In water. The dimensions of the model are such that the time of 
flight of the echoes in the BRUTUS model are Identical to those in sodium in the reactor; thus the 
electronic input information is identical to that which will be received from the reactor.

The viewer is presently under construction and will be available for installation in PFR by 
mid 1980.

4.2.2 Steam generators

Thermal hydraulic work has continued at AEEW using the Freon Rig, in which electrical and hot 
water heating are used to investigate the effect of the form of heating on dryout, post-dryout heat 
transfer and temperature fluctuations at dryout. The design of the third stage test section has been 
completed and machining of the tube to obtain the required heat flux profile by electrical heating, which 
will correspond to that obtained in the hot water heated second stage tests, has been carried out 
successfully. Instrumentation of the test section has been completed and installation in the rig is 
proceeding. A computer program has been prepared to analyse the experimental data.



A limited series of calculations has been carried out to investigate the performance of a very 
long U-tube once-through steam generator using the AEEW codes JCBARK and LOOP. This showed 
that quite severe throttling was required to obtain stable operation at low load but that the potential 
instability was not induced by downward boiling. This work has been extended to an examination of a 
straight tube once- through boiler design. These calculations suggested that the 20% load condition 
was less stable than full load or start up conditions. Significant inlet throttling would be required to 
maintain stable operation.

The Super Noah Rig at DNE is being refurbished, and future experimental work w ill be concen
trated on the phenomena of escalating leaks including the development of improved systems of protec
tion against this type of leak event.

4.3 Coolant circuit studies

4.3.1 Thermal shock

Apparatus has been developed to simulate, out-of-pile, without using sodium, the type of 
thermal shock to which in-pile components are subjected as a result of a reactor trip. Initial work has 
been directed to a 6 inch diameter tubular specimen with an internal plug and an external flange 
welded, to it.

As mentioned in the previous review, the test specimen is placed in a furnace and slowly heated 
to 600°C; it is then quickly moved out of the furnace and into an array of tubes from which an air blast 
is applied to the external surface. This provides a surface thermal shock from 600°C to 400°C at up to 
10 deg К/second which is quite adequate to simulate in-pile conditions. The rig is automated so that 
fast cycling without hold time, or any desired hold time at the upper temperature, can be achieved.

A theoretical analysis of the effect of this thermal shock on the component has been carried out 
using the heat transfer program HEATRAN and the elastic stress analysis program TRESS, both 
developed by the UKAEA. These calculations showed that the thermal shock cycle caused local strains 
in the component which were significantly in excess of the elastic limit, and identified those regions 
which would be subjected to the largest cyclic straining.

A more extensive theoretical analysis using the inelastic finite element structural analysis code 
BERSAFE, developed by the CEGB Berkeley Laboratories, has confirmed the results of the elastic code 
and also indicated the extent of the regions of plastic straining. By applying the principles of linear 
elastic fracture mechanics, the calculations showed that the most likely form of fatigue failure would be 
a crack starting from the end of an existing crevice in the component between the tube and the internal 
plug.

Two specimens have been examined, one after 200 thermal cycles of 200°C amplitude, and 
another after 500 cycles of 125°C amplitude. Both showed small fatigue cracks starting from the 
crevice and propagating in the direction predicted by the calculations. Thus the form of failure of the 
component under these conditions has been fairly well established. Future experimental work is aimed 
at studying the rate of growth of these cracks, so that the total number of thermal shocks needed to 
cause failure of the component can be determined.

4.3.2 Thermal striping

As mentioned in the previous review, flow and power variations between individual sub- 
assemblies lead to significant temperature differences between the streams of sodium emerging from 
adjacent sub-assemblies. These streams of sodium at differing temperatures retain their thermal 
identity for a substantial distance downstream and, since the flow is unsteady, any structure immersed

in this flow is subjected to fluctuating sodium temperatures. This phenomenon, known as thermal 
striping, causes the surface temperature of the structure to fluctuate, leading in turn to cyclic thermal 
straining, and possible surface crack formation and propagation.

The extent of these thermal fluctuations in PFR is tc ing investigated both by in-pile instrumenta
tion and by out-of-pile models, air and water models. The main model is one in which the complete 
above-core region is represented. Individual electrical heaters mounted in selected simulated core and 
blanket assemblies permit the individual temperature levels in these assemblies to be set to the values 
which simulate detailed core outlet temperature patterns. The resultant flow velocities and tem
perature fluctuations in the above-core region are measured.

Comparison with temperature measurements made by fast response thermocouples inserted 
into the above-core region of PFR show that the models provide an accurate simulation of the tem
perature fluctuations in the actual reactor coolant.

In principle a temperature sensitive electromagnetic gag could be fitted to the outlet of blanket 
sub-assemblies which would increase the outlet temperature of fresh sub-assemblies and thus reduce 
the intensity of thermal striping arising from the core/blanket boundary. A prototype EM gag has been 
designed and constructed using a permanent magnet which retains its magnetic properties up to 
~ 600°C, and the Curie point properties of 50/50 Ni-Fe material.

This device has been tested in the High Temperature Sodium Loop. The experimental results 
show that, using such an EM gag, the blanket sub-assembly outlet temperature swing over its reactor 
life would be reduced from 140 deg К with a fixed gag to 40 deg К using the regulator. A related 
reduction in "cold" flow would also occur. This combination would virtually eliminate "thermal 
striping" effects from blanket sub-assemblies: It has, however, some disadvantages: throttling takes 
place at the sub-assembly outlet, thus increasing the wrapper internal pressure and enhancing wrapper 
dilation.

5. MATERIALS DEVELOPMENT

5.1 Fabrication and inspection

International Research and Development Co Ltd, Newcastle, have successfully completed a 
study of the connection of 9Cr 1 Mo thermal sleeves to 2^-Cr 1 Mo tube sheets by explosive welding. 
The method has a number of attractions compared with the more conventional technique of spigot 
welding, and in addition results in the production of a relatively stress free joint, as evidenced by its 
resistance to stress corrosion cracking in aggressive environments, without the need for stress relief. 
The investigation of an alternative way of making direct tube to tube plate connections in the current 
design of evaporators, using explosive welding, has also been completed successfully.

As a back up to the use of brazing for fast reactor tube bundles, a new feed back system has 
been developed, at MEL, which allows fusion welds to be made in which the weld is controlled to 
prevent penetration through the tube wall. A version suitable for production is under construction. 
Work on weld quality optimisation and process tolerance is also underway.

It appears that narrow gap TIG welds in 50 mm thick 316 plate, besides being more easily 
inspectable than other welds in similar material with a different profile, possess a fracture toughness 
almost as great as the parent plate and considerably better than that exhibited by Armex GT (17Cr 8 Ni 
2 Mo) weld metal deposited by manual metal arc. An all-position pipe weld in 316 steel with the pipe 
horizontal is currently being made from which further test specimens will be taken: defects will be 
deliberately introduced into certain sections to assess the ultrasonic testing response.

Work has continued at RNL on the inspectability of CDFR weldments using angled longitudinal 
ultrasonic waves, and encouraging results were obtained from an ultrasonic examination, supported by



radiography, of 14 manual metal arc welds containing deliverately induced defects, of which vertical 
cracks proved to be the most difficult to detect. As yet, none of the defects can be sized confidently 
because of the ultrasonic beam skewing phenomenon, but the results will be more easily interpreted 
after the test blocks have been examined by destructive metallography.

AERE investigations into the applicability of the time of flight technique to defect sizing have 
continued, with measurements on some of the RNL defected austenitic weld specimens and with a 
theoretical assessment of the likely performance of the method. The results suggest that it has con
siderable potential. Studies have also begun of the use of correlation techniques to improve the signal 
to noise ratio for pulse echo inspection using longitudinal waves. Knowing the velocity of ultrasound 
through the material, the range of the defect is determined by observing the time delay for which there 
is the best correlation between the incident and reflected signal.

Initial theoretical calculations by AERE suggest that it should be no more difficult to detect 
cracks filled with sodium, than those filled with gas, provided that the sodium is liquid and that the 
crack faces are more than 0 01 mm apart.

5.2 Mechanical and physical properties of circuit materials

5.2.1 Stainless steels

A programme of notched bar rupture testing on Type 316 wrought metal and weld metal at 
550° and 625°C has been completed, with "rupture times of up to 16,000h. Shallow notches were 
used and in no instance was the presence of a notch or crack found to be weakening.

Strain controlled creep/fatigue tests on Type 316 steel, involving a hold time in the tension part 
of each cycle, are continuing at SNL and RNL. At SNL, tests have been performed on two casts of steel 
at 570°C, one cast containing high carbon and known to give a low rupture ductility. The endurance 
under continuous cycling was found to be greater at 570°C than at 625°C but the hold time effects 
were found to be larger. Increasing the hold time did not necessarily result in a decrease in endurance, 
and recent tests involving hold times of 3 and 10 hours gave a life comparable to that observed under 
continuous cycling. This provides further evidence of the complexity of creep/fatigue behaviour.

Creep endurance of 316 steel was less in titanium gettered oxygen than in non-gettered sodium, 
but superior to that in vacuum. Increased oxygen contents (up to 100 ppm) decreased rupture times 
in both 304 and 316 steels, but decreased ductility only in 304 steel.

An SNL repeated thermal down shocks have been applied to rectangular bar type specimens in 
Type 304 steel, by quenching from bulk temperatures in the range 250°-500°C. Crack initiation lives 
are in good agreement with isothermal strain cycling data. It was found that an effective thermal 
cycling amplitude of 150°C did not cause cracking in 105 cycles.

Isothermal strain controlled high cycle fatigue tests on Type 316 have shown that at low strain 
ranges relevant to thermal striping the material does-not readily stabilise and that at constant total 
strain range the plastic strain range decreased to a low value towards the end of the test.

High strain fatigue tests at 625°C, with 0 - 2 %  plastic strain range and {  hour dwell, conducted 
at CERL, have shown that crack growth rates are greater in solution treated material than those in post 
weld heat-treated or service exposed materials.

Measurements of crack growth under cyclic elastic strain conditions also show higher crack 
growth rates in solution treated material, compared with post weld heat-treated material. This work is 
to be continued on Type 316 weld metal.

Fatigue crack propagation tests have been completed on irradiated Type 316 parent and weld 
metal specimens. Specimens were irradiated to two dose levels, namely 0-2dpa and 2-8dpa, relevant

to the lifetime dose levels of the CDFR diagrid and sub-assembly carriers respectively. The approximate 
irradiation and subsequent test temperature was 380°C. The results show no detrimental effect of 
irradiation on the growth rate, in general a slight decrease being observed.

Investigations of embrittlement in Type 316 weld metal at 475°C, at CERL, have revealed only 
slight r e d u c t io n s  in  impact resistance during the first 1000h exposure; a time during which most of 
the embrittlement is reported to take place. Exposures are continuing to longer times. Very much 
greater reductions in impact resistance were produced by post weld heat treating at 800°C. This is in 
agreement with results at MEL.

5.2.2 Alloy 718

In co-operation with Oak Ridge National Laboratory, BNL have compared the properties of 
Alloy 718 with those of Type 316 steel for above-core usage. Although the predicted tolerance of 
Alloy 718 to thermal striping is greater than that of Type 316 steel, there are areas of concern with 
Alloy 718 such as notch sensitivity, property variability, low toughness and loss of strength following 
ageing.

5.2.3 Ferritic steels

Mechanical properties in static or low-flow rate sodium are being investigated at BNL. High 
carbon activity sodium increased creep endurance and reduced secondary creep rates in 2-j and 9Cr
1 Mo steels. The ductilities were not affected, although the strain dependence of creep crack initiation 
was decreased.

At MEL, work on the transformation kinetics of 9Cr 1 Mo steels shows that 6-ferrite is unlikely 
to form during welding in conventional welding processes for compositions within specification. The 
work is being extended to higher Cr equivalents and to 9Cr 2 Mo VNb. Preliminary work on the TIG 
welding of 9Cr 1 Mo has identified process tolerance for a range of welding parameters.

5.3 Waterside corrosion

5.3.1 Stress corrosion of boiler steels

Studies have been carried out on the influence of manganese sulphide distribution on the 
susceptibility of 2 |C r  1 Mo and 2J'Cr 1 Mo 1 Nb steels to caustic cracking. A grain boundary sulphide 
distribution similar to that observed in autogenous tube/tube plate welds was produced by subjecting 
' C  ring specimens to an ’overheating’ treatment at high austenisation temperatures. Comparison of the 
behaviour of these specimens, which had been subsequently softened by tempering at 700°C with 
ones of normalised and tempered material, showed that the presence of sulphides on the prior- 
austenitic grain boundaries only increased the rate of cracking by a factor of 2. Much greater crack 
velocities were measured with ’overheated’ specimens which had not been softened by tempering.

5.3.2 Corrosion in the presence of heat flux

Experimental work in the RNL Model Boiler Test Facility is continuing on the influence of water 
chemistry, thermal and hydraulic parameters on operational corrosion in pendant tubed boilers. 
Initially, testing was limited to salt hideout and corrosion under different water chemistry regimes when 
adverse hydraulic conditions resulted in 'steam blanketing’ or ,’premature dry-out’ in the bend region. 
This condition is brought about by low coolant flow causing stratification of the steam-water mixture. 
More recently the scope of the testing has been extended by simultaneously generating an additional 
’dry-out' patch close to the riser exit of the boiler tube, by locally enhancing the heat flux to give



departure from nucleate boiling. This provides a unique opportunity for making direct comparisons 
between the two types of 'dry-out' under identical water chemistry regimes.

In a 4000 h test under acid sulphate fault conditions at high heat flux on the Harwell Mild Steel 
Loop, corrosion and oxide deposition on the surface of 9Cr 1 Mo tubing are similar to the behaviour 
under normal water chemistry conditions. In defects, however, concentrated acid sulphate solutions 
are formed and the local corrosion rate is increased significantly.

Destructive examination of a 9 Cr 1 Mo test section from the miniature boiler loop at AERE has 
been carried out after 7300 h operation, with predominantly good quality water at a heat flux of 
800 kWm"J. The surface was covered with a compact inner oxide layer containing Cr and Fe, overlaid 
by a porous outer layer containing mainly iron. No significant build-up of activity has been observed 
at the dry-out zone when dosing with various salts containing MNa, showing that the amounts of 
concentrated solution formed at that position must be small.

5.3.3 Chemical cleaning

Work at AERE during the past twelve months has concentrated on the chemical cleaning of 
2¿Cr 1 Mo tubing (stabilised and unstabilised) for the existing and replacement PFR evaporator 
bundles. Standard cleaning mixtures have been used comprising inhibited ammoniated 3% citric acid 
at pH 3-5-4 0, 90-95°C with and without additions of 0-5% formic acid, chiefly at a flow velocity of
0-3 m sec"1.

RNL work is mainly concerned with variants of the standard citric acid cleaning procedures and 
with the longer term development of alternative methods, especially ones suitable for use at elevated 
temperatures for possible on-line operation.

5 .4  A bsorber m ate ria ls

Tests have been completed on the joint compatibility of monoclinic europia, sodium and M 316/ 
PE 16 claddings. A study of the effect of Interface pressure on the compatibility of boron carbide with 
M 316 and PE 16 cladding at 800°C has shown that pressure increases the penetration of boron to a 
similar degree to that caused by the presence of sodium (without significant pressure). Construction 
of a loop in the MCTR at Risley to study the rate of loss of absorber material from failed pins is pro
ceeding well, with a first run expected in early 1980.

Improvement of the SNL code BORCON, which models the behaviour of boron carbide control 
rod pins, Is proceeding with the incorporation of sub-routines dealing with clad swelling and the tem
perature distribution with sodium in the pcllet-cladding gap. The equations necessary for a similar 
computer model of the behaviour of europia pins, YUKON, have been prepared for programming.

5 .5  T ribo lo g y

Further work on the fretting and thermal sliding of 9Cr 1 Mo/aluminised Inconel 718 continues 
to confjrm the choice of this combination for supports in the replacement tube bundles for the PFR 
superheaters and reheaters. Studies of fretting behaviour in the rubbing and impacting modes have 
examined the influence of the various parameters in greater detail and pure rubbing and impact-slide 
tests have been extended to 500 h to provide a firmer basis for the assessment of steam generator 
lifetimes.

The trlbological properties of chromium-containing alloys in sodium are believed to depend on 
the presence or absence of a s u r fa c e  layer of sodium chromite, a s o f t  layer-lattice compound, and an 
investigation is in progress of the inter-relationship between these properties and the exposure tem
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perature and cold trapping condition. Combinations of high temperature and low oxygen level lead to 
relatively high coefficients of friction (~ 1-0), broadly comparable w ith those found with oxide-free 
surfaces in inert atmospheres. Conversely, with combinations of high oxygen level and low tem
perature, conditions under which sodium chromite has been observed, coefficients of friction have been 
found to be significantly lower (~ 0-3-0-41 and were accompanied by substantial reductions in wear 
rates. Initially, using weld-deposited Stellite 6 couples and, more recently. 316 stainless steel couples, 
it has proved possible to bracket an effective tribologlcal boundary separating high and low friction 
regimes over the temperature range 650°-500°C. The boundaries for stainless steel and for Stellite 6 
are parallel, that for stainless steel lying at slightly lower oxygen levels/higher exposure temperatures 
than the one for Stellite 6. The former also lies close to a boundary for chromite formation suggested 
in related work at AERE, based on SEM and X-ray diffraction studies. More direct confirmation of the 
role of chromite has been provided by a scanning electron micrograph of a slider track which clearly 
shows smearing of chromite deposits.

6 . CHEMICAL ENGINEERING/SODIUM TECHNOLOGY

6.1 C orrosion, m ass and a c tiv ity  tran s fe r and depos ition

6.1.1 Corrosion and macs transfer in sodium

At RNL the development of codes for predicting both corrosion rates and the rates of release of 
specific elements from fast reactor core materials has continued. Experimental data to build up these 
codes has been acquired from the Large Mass Transfer Loop where an 18-month programme of work 
has been completed under conditions representative of PFR. Weight loss rates in the maximum tem
perature part of riie core section of the loop have beer, constant, in accord with data from previous 
small loop studies. In the lower temperature core section, weight loss rates are lower than anticipated: 
this is attributed to the specimens being slightly oxidised and covered with corrosion product layers. 
Weight losses in the neutron shield rod section indicate that the sodium is not saturated with corrosion 
products at the core exit. This large surface area in the reactor must therefore be taken into account in 
calculating the burden of corrosion products in the primary circuit.

The IHX section is the main area for deposition, the deposits consisting of small metallic 
particles or composites. In the early stages of loop operation, deposit composition varied along the IHX 
tube, being nickel- and manganese-rich in the lower temperature outlet region and iron-rich at the 
higher temperature inlet region. With extended operation the iron-rich particles deposited throughout 
the tube to give a more uniform deposit, whose composition approximated to that of the corroding 
surface. In the later stages of operation the deposits at the inlet appeared to erode and redeposit in the 
cooler outlet region. This eroded material contains chromium-rich particles believed to be associated 
with the oxide layers under the deposits.

Mass transfer coefficients for material deposition in the IHX and BPD sections of the loop have 
been determined assuming that deposition is linear with time and controlled by boundary layer.diffuslon 
and that no material removal has occurred. Values of the coefficients agree reasonably w ith theoretical 
predictions and are comparable with those obtained for cobalt deposition in the Active Mass Transfer 
Loop at Harwell.

Though‘ the sodium environment of the loop is carburising to both fuel cladding and IHX 
materials, only a limited pick-up of carbon by these steels has occurred. From surface carbon deter
minations in the core materials (633°C), it appears that kinetic effects are more important than thermo
dynamic considerations with surface carbon increasing with increasing temperature. In the IHX, where 
the temperature decreases along the length, differences in carbon levels are small and not significantly 
different from the as-received values. Surprisingly it is observed that nitrogen transfer from the high 
temperature core section to lower temperature areas can occur.



The presence of corrosion product deposit thicknesses of ~ 4 ц т  in the IHX and BPD sections 
have not measurably affected the thermal-hydraulic conditions of the loop.

6.1.2 Activity transfer and deposition

Modelling and assessment of the distribution of radioactive nuclides around the primary circuit 
has continued at the RNE and BNL establishments, where codes for calculating radioactivity source 
terms are under development. Quantitative application of the codes to reactor circuits requires a 
knowledge of partition and deposition coefficients and element solubilities in liquid sodium. Experi
mental information is being obtained from laboratory and active mass transfer loop work at Harwell 
and Risley. At Harwell, cobalt mass transfer coefficients derived from loop experiments using a radio
active stainless steel source are in good agreement with those calculated from mass transfer theory, 
indicating that the mechanism of cobalt deposition is governed by the mass transfer rate through the 
sodium-steel boundary layer. Mass deposition in the IHX tube has been shown to increase along its 
length, being some 3 times greater at the colder downstream end than at the hot upstream end, but the 
proportions of iron, nickel and chromium in the deposits remained unchanged. There is some evidence 
that the deposits at the higher temperature are more strongly bound to the steel surface.

Initial operation of the active loop at Risley, using an active source of pure iron and carried out 
at low temperature (450°C) with sodium velocities of ~ 6 m/sec, indicates that the initial release of 
59Fe and 5*Mn may be associated with mechanically-unstable surface films. The release rate subse
quently drops and is then believed to correspond to removal by a dissolution mechanism. Extended 
operation of the loop at higher temperature (650°C) and at an oxygen-in-sodium level of 5 ppm 
revealed an activity deposition along the entire deposition tube: the ” Fe build-up was linear with time 
whereas that of 5<Mn was parabolic.

Studies on manganese solubility in sodium are in hand at Harwell. Problems were encountered 
initially in producing acceptable sample crucibles, but nickel crucibles lined with Mn88-Ni12 foil are 
now being used. Recent incorporation of a filter in the sodium sampling equipment has improved the 
precision of the data. Solubility measurement over the temperature range 450-650°C has been made 
and no effect has been observed due to variations in the level of oxygen in sodium.

Work on caesium behaviour in sodium continues with a study at Nottingham University of its 
distribution between sodium and steels, and at BNL examination of pipework specimen: from the 
caesium studies loop. At BNL the deposition of caesium on AISI 316 steel surfaces has been shown to 
be dependent upon the presence of an oxide film at the steel surface. These studies have also shown 
that significant diffusion of atomic caesium into 316 steel does not take place, and reported observa
tions of this phenomenon have been rationalised. Experimental studies on Mn and Co behaviour in 
sodium environment have been initiated to gain basic understanding of their transport kinetics.

6.2 Sodium impurity monitoring instrumentation

6.2.1 Oxygen meters

Development and testing of the electrochemical oxygen meter based on a thoria/yttria ceramic 
electrolyte continues at Berkeley, Harwell and Risley. Performance has been good, especially if a 
metal/metal oxide (e.g. Sn/Sn02 or ln /ln2Oj) is used for the reference electrode instead of the more 
conventional air electrode. At Berkeley the air reference oxygen cell has been re-calibrated by direct 
addition of Na¡0 and the results, coupled with.other experimental data to determine ionic transport 
numbers, have enabled the effective transport number for this cell to be determined. Revised calibra
tion equations (the numerical constants of which vary with temperature and solubility expression) have 
been derived.

Cell lifetime appears to be the limiting parameter, mean lifetime being about 6 months. In an 
effort to improve lifetime, an investigation into failure modes is being conducted jointly by Harwell,
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Berkeley and Risley Laboratories. Failures do not appear to be due solely to thermal shock but may be 
associated with chemical attack on the ceramic electrolyte (in sodium). Experiments have been 
initiated therefore to study the compatibility in sodium of the thoria-yttria ceramics under varying 
conditions of purity and composition of the ceramic, and oxygen level in the sodium. Modifications to 
the production procedures for Harwell. Mk II ceramic tubes have also been made, including increasing 
the cell wall thickness and improved inspection techniques to identify flaws. Preliminary testing of the 
newly manufactured cells indicate an enhanced service life.

A feasibility study at Harwell on a microleak detection unit indicates it should be possible to 
detect small water leaks into sodium resulting in changes in oxygen level in the ppb range by means of 
oxygen meters operating in a differential mode.

6.2.2 Hydrogen meters

At the CEGB’s Berkeley Laboratories, basic work on the hydrogen galvanic cell is continuing, in 
order to define performance limits for the present cell design. Comparative assessment of this cell 
and an ion pump hydrogen meter has been performed. An extensive study is under way In which the 
galvanic hydrogen cell is being used to investigate the chemical behaviour of sodium hydride in sodium 
with and without other impurities present, and including the precipitation behaviour of the hydride 
species in plugging meters. Also associated with this work is an evaluation of cold trapping for removal 
of hydride.

6.2.3 Instrument modules

Berkeley, Risley and Dounreay establishments have collaborated in the development of instru
ment modules (containing hydrogen and oxygen meters) for installation on large sodium rigs and on the 
PFR. The modules are designed to protect the meters against temperature and pressure fluctuations 
in the sodium. Thermal performance tests on a loop at Dounreay have demonstrated that module 
temperature control can be achieved to within ± 0-5°C.

6.2.4 Carbon meters

The Harwell diffusion type carbon meter has operated satisfactorily on PFR. Laboratory experi
ments have been performed to establish a new calibration curve for operation of the meter at tem
peratures below 500°C (original design operating temperature, 550°C). It has also been demonstrated 
that the meter w ill operate satisfactorily at near unit carbon activity levels. One of the iron membranes 
of the units instaÜHu on PFR has been converted for use «к a hydrogen/tritium monitor. The values 
obtained for hydrogen levels are in good agreement with plugging meter temperature measurements.

Tests comparing the behaviour of electrochemical carbon meters with both binary and ternary 
carbonate electrolytes have been carried out at BNL. The ternary electrolyte (m.p. 397°C) w ill allow 
extension of the operating range of the meter to lower temperatures. Preliminary results show good 
agreement between meters operating with the 2 types of electrolyte over the carbon activity range
1- 0 -1.

6.2.5 Plugging meters

Earlier analyses of PFR plugging meter data have been re-examined and it has been concluded 
that hydride is the fast plugging species in the PFR primary coolant. At BNL the use of electrochemical 
hydrogen and oxygen meters to characterise plugging meter behaviour has continued. Preliminary 
experimental evidence has indicated the existence of a third species, other than oxygen or hydrogen, 
depositing in the plugging meter orifice.



6.3 Sodium removal and decontamination

Further attempts to remove sodium from PFR No 3 reheater tube bundle have been made with 
melt-out temperatures raised to 200°C maximum and assisted by hot sodium flushing. Subsequent 
inspection has shown that some tubes are still blocked. Future plans are under consideration. An 
alcohol cleaning plant is available if required.

A design scheme Is being finalised to modify the PFR Decontamination Pit to accommodate a 
water vapour/nitrogen (or carbon dioxide) system for sodium removal, and facilities to enable decon
tamination of all reactor components Including intermediate heat exchangers and sodium pumps will 
also be installed. At Risley laboratories support work involving cleaning of test specimens containing 
design features representative of crevices, etc. in PFR components, is under way to assess the effective
ness of the cleaning treatment. This support work will be extended to examine the effectiveness of 
vacuum distillation techniques for sodium removal.

6.4 Sodium chemistry and technology

6.4.1 Impurity control

PFR cold traps have operated satisfactorily over the past year. Earlier indications of flow block
age in the primary trap cleared after redistributing the basket impurities and the graded mesh basket 
in the secondary trap continues to show extended service life characteristics. The regeneration of 
secondary circuit cold traps is under consideration and work will shortly start to investigate a method 
based on thermal dissociation of sodium hydride (tritide) with separation and collection of the evolved 
hydrogen and tritium as tritiated water. Experiments at Berkeley have already demonstrated the 
feasibility of this method and indicated that the application of a vacuum technique for gas removal is 
preferred to gas sparging. An expression for rate of hydrogen release has been derived -  for example, 
a trap of 1 mJ sodium surface area at 400°C would release about 350g of hydrogen per day.

CEGB (Marchwood and Berkeley Laboratories) and GEC are collaborating to investigate the 
performances of new experimental designs of automatic plugging meter and cold trap. Initial results 
reveal modifications to the trap internals are required to improve flow and temperature distributions. 
Results also confirm that the plugging meter, which has an increased orifice velocity, can achieve a 
faster flow response and thus greater sensitivity for given impurity and temperature conditions than 
previous models. Plugging rate data have revealed the presence of a slow and fast plugging species, 
correlations with previous work at Berkeley indicating that hydride is the fast plugging impurity.

BNL hydrogen and oxygen meters have been fitted to the Purity Control and Monitoring Loop at 
GEC (REL). Meter responses to changes in cold trap temperature have been measured, for correlation 
with saturation temperatures measured with the plugging meter.

6.4.2 Liquid metal disposai

An atomised spray burning technique has been developed on DFR into a safe, reliable and easily 
controllable method for the disposal of NaK (or sodium). Because the secondary circuit NaK is slightly 
contaminated by u’Cs, operations have been limited by imposed weather restrictions, nevertheless 
some 3 7 1 NaK have been processed in batches up to 1 -21 and burning rates of 6 5 -70Kg/hr. The 
primary NaK, which is highly contaminated with ‘ ’ ’Cs, is to be disposed of by injection into NaK OH 
solution and the plant will shortly be commissioned. In an attempt to minimise the volume of highly- 
radloactive 13,Cs waste studies are under way to investigate the effectiveness of reticulated vitreous 
carbon as a trap for caesium.
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6.4.3 Sodium-water reactions

In the new test facility at BNL for the investigation of microleaks, studies to characterise 
behaviour of leaks through 9Cr/1 Mo steel have continued; steam pressures up to 130 bars with 
sodium temperatures 400-500°C have been employed. Leak escalation was observed In some tests, in 
which initial leak rates were ~ lO ^gsec"1, with no leak blockage preceding escalation. Material 
damage at leak sites has also been studied for leak rates of 10“5gsec~‘ and steam pressures down to 
7 bars. This work has indicated that complete and permanent leak blockage does not readiiy occur, 
but a phenomenon of rapid initial partial blockage has been Identified.

6.4.4 Carbon in sodium

At BNL a model has been developed for carbon transport in austenitic steel sodium circuits 
and the effects of input assumptions on predictions are being assessed by comparing with loop 
carburisation test data. The modelling exercise indicates the importance of the effective diffusion 
coefficient of carbon in steels (Dc) and studies are in hand to ascertain the factors influencing the 
value of Dc and the carbon profiles resulting from carburisation and décarburisation of steel. These 
profiles are affected by the degree of carbide precipitation and a theory for this precipitation, based on 
carbon diffusion to grain boundaries has been developed which agrees with thermal ageing data. 
Based on this theory a carbon profile model is being developed.

Studies on interstitial element transport in 316/9Cr-1 Mo steel systems have yielded informa
tion on the thermo-dynamics of this process, and the effect of sodium-oil reaction products on the two 
steels has also been investigated.

The effect of calcium impurity on sodium carbon activities has been quantitatively determined, 
and the observed increases in carbon activity w ith carbon concentration, following calcium removal 
from solution, support the hypothesis that carbon is dissolved in sodium as a diatomic species.

Surface and bulk carbon levels produced in 316 steel by adventitious carbon ingress to a fast 
reactor primary circuit have been predicted using a previously developed carbon transport model.

6.4.5 Gettering studies

The kinetics of gettering of oxygen and hydrogen from solution in sodium by foils of uranium 
and yttrium respectively have been studied at Berkeley using electro-chemical oxygen and hydrogen 
meters. Both processes appear to be controlled by the rate of mass transfer of the non-metal from 
solution in the liquid sodium to the metal foil surface across a stagnant boundary layer.

6.5 Sodium leaks, fires and aerosols

To gain further basic understanding of sodium fire phenomena, small scale experiments have 
continued at BNL. The nature of sodium combustion has been compared with that of potassium and 
sodlum-potasslum alloy. Although ignition temperatures differ, burning rates and resultant smoke 
fractions were found to be similar. Layers produced (in addition to oxide) on the burning metal were 
found to contain carbon, calcium, oxygen and silicon. Vapour jet flames of sodium, potassium and NaK 
vapour have been studied and charge densities of ~ 10l8ionsm 'J have been measured.

CEGB have tested the corrosive effects of chloride- and carbonate-based fire powders on 316 
type stainless steels. Rapid corrosion occurred with chloride powders, especially at weld areas, 
whereas at comparable temperatures (600-650°C) corrosion by carbonate powders was considerably 
reduced.

Chemical and physical studies of fire aerosols are in hand at Winfrith. Chemical analysis 
techniques are being investigated to monitor aerosol reactions with atmospheric constituents and



differential thermal analysis appears to offer a promising technique in investigating reaction kinetics 
in the Na0x/Na0H/Na2C03 complex. Physical analysis work continues, currently directed towards 
production of monodispersal aerosols for sizing instrumentation calibrations.

6.6 Sodium vapour, heat and mass transfer

Studies continue at AERE on the heat and mass transfer of sodium vapour across a fast reactor 
cover gas space, particularly using water/air analogue techniques to study specific geometries. 
Agreement between predicted and experimental values of mass transfer to a cooled roof from 2 
concentric pools was reasonable though some dependence of experimental data on the thermal 
properties of the roof is being investigated. Work continues on transfer studies into cylindrical 
geometries above a hot sodium pool. The experimental data have been compared w ith theoretical 
calculations based on the code to be used for design purposes, and correction factors obtained. To 
date Rayleigh numbers have been 3 orders of magnitude lower than for COFR but larger diameter tube 
tests are planned for measurements with Rayleigh numbers closer to reactor values. Heat and mass 
transfer measurements are also being made in an annulus rig, varying the hot plate driving temperature 
and the wall temperature distribution. Very little gas convection occurs with an annular gap of 10mm: 
further tests Will be m a d e  using larger gaps and with gap eccentricities.

6.7 Cover gas clean-up studies

Following equilibrium studies to measure charcoal adsorption capacities for krypton and xenon 
in argon, it has been demonstrated that xenon adsorption is virtually unaffected by changes in argon 
pressure ilO ’ Pa to 1-3 x 105Pa), by the presence of 2000vpm nitrogen, or by the additional presence 
of krypton at one-tenth the xenon concentration. Comparisons of the adsorptive capacity of different 
charcoal samples from the same batch or material from different types of charcoal from the same 
manufacturer show only slight variations (~ 10%). Equipment is almost ready for fixed bed dynamic 
adsorption studies to be performed.

6.8 Water circuits

Problems have been encountered over the past 12-18 months on the PFR feed water treatment 
plants, due to surges in organic impurity levels. These have adversely affected quality/quantity control 
of the boiler feed water due to fouling of ion exchange resins in the various water treatment plants. 
Work at Aberdeen University has been carried out to characterise the organic species in the units' 
feed and product waters. In conjunction with this work, the performances of different resins have been 
evaluated on a laboratory test rig. Further selections of the more suitable resins w ill be submitted to 
full-scale plant trials.

7. FUEL DEVELOPMENT

7.1 Introduction

There have been three focal points in the last year's studies, obviously amongst a much larger 
range of investigations. These are the distortions and resultant loadings occurring in the PFR; the 
evolution of the gel precipitated fuel strategy; and the development and selection of cladding and sub- 
assembly structural alloys for both PFR and CDFR. Substantial additional studies have been concerned 
with fuel design for ease of reprocessing; fuel design to ameliorate reactor structure design tasks; and 
the exploration of advanced fuel concepts with a potential for lower fuel cycle cost.
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7.2 Irradiations in the PFR

The PFR driver fuel reached a peak burn-up of 6-7% by heavy atoms by February 1980. This 
is the 325 pin style, supported by grids, in wrappers with 142 mm across-flats. The bulk of the fuel is 
in the form of annular pellets with a nominal 80% smear density, but vibrocompacted fuel is also 
included. The wrappers for the driver fuel are made of either cold worked 321 type steel or from 
Nimonic PE16; cladding is cold worked M316. No failures have been detected in the driver charge, 
which has now over 5000 pins at above 5% burn-up.

The management of the PFR fuel entails the calculation of length, bow and dilation in the sub- 
assemblies and other core components for a range of possible materials properties, and the calculation 
of stresses in parts of the support structure. Working limits are set on all of these (and derived) 
quantities. If the limits are likely to be exceeded during a planned run, then some action, such as 
rotating the sub-assembly, or making a specific monitoring measurement is undertaken. To date, over 
60 rotations of sub-assemblies have been undertaken with no difficulty. Part of the experimental plan 
is to allow substantial bows to develop at the head of some sub-assemblies to accumulate data both 
on void swelling and on the effect of restraint. The measured data acquired at the last reactor shut
down have justified proceeding further, retaining the bulk of the present fuel charge for further 
irradiation.

An experimental demountable sub-assembly has been removed from the reactor at 10 8% burn- 
up with no indication that any of the pins has failed. Posbirradiation examination w ill be undertaken 
in due course.

In last year's report, mention was made of two experimental assemblies which had given failure 
signals at low burn-up. The demountable sub-assembly which was one of the two assemblies has been 
taken to the caves and subjected to some examination. Only one of the pins has failed by cracking 
mode which has exposed a very limited surface area of fuel. Previous work in DFR would lead to the 
expectation that the failed pin could be left for a protracted period in the reactor without concern.

Control and shut off rods and their guide tubes have been removed from the reactor without 
difficulty. The items of especial interest for such rods if swelling and gas release in the absorber 
material and distortions and dimensional changes in the rods and guide tubes.

It is o f  interest that in a few ¿ases it has been necessary to adjust the position of the charge 
machine to engage on a core component planned for discharge. These adjustments, made from a 
consideration of the calculated displacements using the code CRAMP, have in all cases enabled the 
object to be engaged straightforwardly. The calculated discharge loads and semi-permanent structural 
loading of core components have been kept comfortably within the capacity of the handling machines 
and their design limits; actual experience is consistent w ith the predictions.

7.3 CDFR fuel design

The experience to date with PFR fuel has not pointed to any weaknesses which require redesign 
but the CDFR target burn-up level of 10% has not yet been reached In a representative and large 
scale manner. Attention is being given to the calculated distortions and associated loading of the 
CDFR fuel design with a restrained core with two restraint planes: for this the code CRAMP is being 
used. The calculations are taking account of the refuelling operations which are likely to be used in the 
reactor.

Consideration is being given to changing from the PFR s u p p o r t  style, which uses sub-assembly 
carriers which plug into the inlet coolant plenum, to a method by which the sub-assemblies are 
supported individually.

A reactor design task is the detailing of the above core structure such that the thermal fluctua
tions and shocks arising from reactor operation can be accommodated by the structure without



unacceptable damage occurring. One avenue to ameliorate the thermal striping problem at source is 
to reduce the temperature differences between sub-assemblies, especially at the core blanket boundary.

A number of design details and operational routines have been examined in this context, includ
ing magnetic flow gags, mechanical adjustable gags and fuel shuffling. Experimental work undertaken 
on the magnetic gag has indicated that it is a feasible proposition (see Section 4.3.2).

7.4 Fuel cycle

From a large scale fabrication point of view, it is suggested that the gel precipitation route for 
producing spheroidal mixed oxide granules from a nitrate feed solution has advantages over power 
precipitation routHs. A favoured pin filling route is to use this material in a 2-component vibro- 
compacted column. Material suitable for irradiation has been prepared at Harwell, canned and inserted 
into the PFR. The salient objectives of the development programme on this item are to examine the 
behaviour of the gel precipitated fuel as a material, and to determine the maximum linear rating at 
which the concept is likely to be acceptable. A large scale supply of the material w ill come from a 
plant currently being commissioned at Windscale.

7.5 Clad and structural alloys

The performance of stainless steels of the M 316 and 321 compositions in the PFR has been 
substantially in accordance with expectation from the irradiations carried out in DFR and in simulation 
trials. Value Is attached in the UK to the use of simulation experiments for specific comparative sorting 
purposes. In this general composition range, the UK is continuing an interest in a 316 steel alloyed 
with silicon and titanium, in the niobium stabilised steel which, it is noted, is of general interest to fast 
reactor programmes around the world.

8. REPROCESSING

8.1 Reprocessing of PFR fuel

The plant at DNE is being prepared to reprocess irradiated PFR fuel In the near future. As part 
of the planned programme of commissioning, the reprocessing of 0-75t of DFR highly enriched uranium 
molybdenum alloy fuel has been successfully completed. The new sections of the plant used in the DFR 
campaign (i.e. from the preparation of the clarified dissolver liquor onwards) have performed well 
confirming satisfactory plant operating conditions and performance including, for example, the high 
speed centrifuge to separate the fission product insolubles from the dissolver liquor and fluidic transfer 
systems.

Commissioning of the parts of the plant not used in DFR fuel reprocessing is continuing. The 
sub-assembly dismantling route requires the use of a laser to cut the wrapper to expose the ends of 
the fuel pin and to cut the wrapper and grid into suitably sized pieces for waste disposal. Commission
ing of the laser and its associated equipment is proceeding well. Some problems, notably cave 
machine control and the overlong shear machine cycle time, occurred during the commissioning of the 
pin pulling equipment; solutions have been developed and satisfactorily demonstrated inactively.

8.2 Reprocessing developments

The objectives of reprocessing development in support of a fast reactor programme include:

(a) design endorsement, monitoring and development of the PFR core fuel and radial blanket 
flowsheet, plant and equipment.

(b) generic programmes to provide:

(i) design information for a reprocessing plant required to demonstrate the capability 
and reliability of providing fuel for a CDFR by demonstrating specific unit operations 
at scales equivalent to those required for a future larger plant or having reliable 
"scale up" capability.

(Ii) to examine methods of reduction of waste arisings from reprocessing and treatment 
prior to storage or disposal.

Theoretical studies and experimental programmes have been defined and are being imple
mented to meet the above objectives.

Heat transfer calculations related to  the CDFR irradiated fuel sub-assembly during the dis
mantling process have shown that, in air, forced cooling will be required at a decay heat level of above 
4kW  and that a considerable reduction in cladding temperatures can be obtained by handling in a 
helium atmosphere.

A study of the removal of sodium from irradiated sub-assemblies has concluded that, for the 
heat ratings of CDFR fuel, advantages could be obtained by using an inert gas/vacuum distillation 
system. A feasibility study and small scale experimental work are in hand to enable a decision on its 
further development to be made later this year.

The possibility of removing pins from the sub-assembly before cropping to minimise dissolver 
and waste treatment problems is being examined as a first priority and the dismantling of PFR fuel will 
provide valuable information on this process. Experimental work and close liaison with fuel designers 
on the introduction of new concepts in fuel design such as grids, grid supports and pin fixtures and also 
the use of materials which exhibit differential behaviour under conditions of electrochemical attack, 
encourages the hope that pins may be withdrawn from the sub-assembly wrapper in one simple opera
tion for subsequent comminution.

The massive shearing of fuel assemblies, with or without wrappers, is being examined as an 
alternative to the currently preferred pin pulling and cropping methods. Exploratory work using a 
vertical shear and an "alligator" shear on both U0¡ and glass pellets within the stainless steel pins is 
showing encouraging results. Further work in association with fuel dissolution trials w ill establish 
criteria for acceptable limits on the end closure of the cropped lengths of fuel pin and the production of 
fuel fines.

Dissolution tests on unirradiated co-precipltated and physically mixed U/Pu02 fuel has indicated 
that fuel with higher levels of Pu content is more difficult to dissolve in around 8M  boiling nitric acid 
and that the type and quantity of insoluble residues may be related to the fuel particle size.

The application of pressure cycling to the dissolution process is being examined in an attempt to 
enhance the rate of dissolution of fuel contained in stainless steel hulls, particularly where the access of 
acid is limited or gas logging occurs. Preliminary results from small scale laboratory experiments show 
that under certain circumstances the rate of fuel dissolution can be increased by pressure cycling.

The use of a magnetic method of removing the insolubles from the dissolver liquor prior to feed
ing to the solvent extraction process is being examined; results from tests in a 0-5 tesla magnetic field 
using a filter (which can be readily cleaned) show removal efficiencies of up to 99%, in a filter about 
one-fifth the length of a similar mechanical filter.

A survey of the solvent extraction flowsheets, based on the PUREX system, has indicated that 
fast reactor fuel reprocessing Is subject to constraints similar to those for thermal reactor fuel reproces
sing and. together w ith the considerable experience available, concludes that many of the features of 
thermal reactor fuel reprocessing flowsheets should be retained.

The possible use of pulsed columns for U/Pu fission product separations is being examined, 
requiring the measurements of U and Pu mass transfer rates in TBP nitric acid systems, relevant to



pulsed columns design and the evaluation of U-Pu separative techniques to minimise waste streams 
containing salts.

In order to improve on the control of gaseous releases to the atmosphere from a once-through 
ventilation system, theoretical and experimental studies are examining the feasibility in a closed cycle 
system of C02 condensation and evaporation to provide atmospheric circulation. Experimental 
examination of the condensing and evaporating characteristics of CO¡, the form of the condensed layer 
and the effects of non-condensible gases has indicated the viability of the concept.

Solvent treatment processes are being developed for the removal of degradation products and 
associated fission products from the stripped solvent to allow solvent recycle. Experiments using the 
solid absorber hydrated titanium oxide to clean up the solvent have shown improved decontamination 
from Pu degradation products and fission products compared with the conventional alkaline wash 
processes; design and chemical engineering development are in hand with the intention of using the 
process in the PFR fuel reprocessing plant.

The development of ultrasonic techniques to assist in the decontamination of dismantled equip
ment and sub-assembly components which have not been in contact with fuel has shown advantages 
over conventional washing methods. An ultrasonic bath is currently being installed in an active cell 
for the decontamination of cell equipment prior to disposal and when PFR irradiated fuel hulls become 
available, decontamination based on the use of ultrasonics and of electrochemical techniques will be 
studied.

9. SAFETY

9.1 General survey

Particular attention has been paid to the criteria to be used for acceptability. The use of risk 
assessment and probability analysis techniques is generally agreed, but it is recognised that the 
margins of uncertainty and confidence may be quite wide, especially at the lower probability levels. 
The aim is to reduce the probability for a serious but essentially contained accident to around 1СГ4 per 
reactor year, and to 10 '6 or less per reactor year for an uncontrolled major release from the core. There 
would also be such further reduction of risk from major accidents as may reasonably be provided by 
containment. To meet the above objective on whole core melt-down probability, the probability of any 
given single accident progression leading to a melt-down would have to be of the order of 10"’  per 
reactor year. A study of potential accident development modes indicates that such a figure should be 
attainable. One aspect requiring further detailed attention is the structural integrity of the core support.

The CEGB have presented a paper giving the design criteria against seismic events for future 
AGRs and it is likely that CFRs will be designed for the same safe shutdown earthquake level. This is 
to withstand a horizontal ground acceleration of 0-25 g without the safety functions being impaired. 
In order to simplify the design process, the concept of a design basis earthquake has been introduced. 
This stipulates tbat all relevant components must stay within their elastic response regime for a hori
zontal ground acceleration equal to half the specified safe shutdown earthquake le v e l .

A contract has been signed with USDOE agreeing to irradiate US and UK pins in PFR with an 
agreed programme of subsequent testing in TREAT. The general behaviour of fuel pins under rapid 
transient melt conditions is important in predicting the energy yields from whole core accidents. 
Experimental and theoretical investigations continue to show that the nuclear mechanical energy yield 
in such a process is likely to be small and attention is now being directed towards the eventual probable 
modes of dispersion of material from a boiling core.

Attention has turned towards the possibility of sodium vapour being rapidly generated during the 
melt down process and acting to produce an energetic disassembly. French, German and USA codes
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tackle this problem making rather different assumptions to each other, but all conclude that the result
ing mechanical energies, although significant, are not at a level seriously to challenge the primary 
containment. The reasonableness of the various assumptions is being examined within the UK.

One result of the Three Mile Island incident is a closer examination of possible reactor faults 
which stop short of an energetic melt down. A search to identify such faults on fast reactors is in 
progress.

At the ANS/ENS Fast Reactor Safety Technology Conference in Seattle, a claim was made that 
the use of primary sodium circulating pumps having a long run downtime enables the reactor to w ith
stand an incident whereby all power supplies to those pumps are lost and the reactor fails to trip. This 
advantage arises because the delay permits the control rod supports to expand and partially insert rods 
into the core. There is also expansion of the core and diagrid which produce negative reactivity effects. 
A similar favourable reactor response has been noted for PFR and provides an additional safety factor, 
even though the faster pump rundown time limits the full protection effect to certain power levels and 
certain portions of the irradiation cycle. The advantage of this extra safety is limited to situations for 
which ample protection facilities already exist and it may not be worth distorting future CFR designs in 
order to accentuate this feature.

9.2 Fuel failure

9.2.1 Analysis of fuel failure experiments

The work of this subject has covered 3 international collaborative in-pile experiments;

(i) CABRI: the KfK-CEA programme in which the AEA is a junior partner.

(ii) PINEX: the US benchmark experiments in TREAT for which predictions were sub
mitted and found to be in reasonable agreement with post-test examination.

(iii) PFR/TREAT: for which an agreement for a joint irradiation and test programme has been
signed.

9.2.2 Wrapper fracture

The irradiation-induced loss of ductility of wrapper materials may render them susceptible to fast 
fracture under abnormal loading conditions. Notched subsize fracture mechanics test pieces have been 
remotely machined from highly irradiated 321 steel obtained from a DFR control rod carrier and are to 
be tested at elevated temperatures (400°-500°C) in an instrumented impact test facility. A prerequisite 
of the test procedure is to introduce a fatigue crack below the root of the notch. A miniature high cycle 
fatigue test facility has been adapted for remote operation and set up in cell together with an electronic 
crack measuring device. A test procedure has been evolved on trial active specimens for fatigue crack
ing and the precracking of the test samples is proceeding.

9.3 Sodium boiling

9.3.1 Sodium boiling theory

Development and applications work have continued on both SABRE, the code used for multi
channel analysis and NASLIP, used for analysis of single pin rigs. Work has now reached a stage 
where, in single phase, reliable production v e r s io n s  o f  SABRE with s e v e r a l  g e o m e t r y  options such as 
wire wraps, spacer grids, pin bowing are available and in regular use. A transient version of SABRE is



also being developed. Full representation of thermal capacity and conductivity of pins are included and 
also the 2-phase region is treated as compressible. Boiling and flow reversal have been successfully 
treated.

Under the KNS/COVA agreement, analysis of the KNS sodium boiling experiments has con
tinued, using the SABRE code. An analysis of general sodium boiling conditions has also been made by 
CEGB Berkeley Laboratories which suggests that dryout occurs at the stage where intense vapour 
flows within the boiling region are sufficient to disrupt the liquid film flow on the fuel pins.

9 . 3 . 2  L o w  f l o w  s o d iu m  b o i l i n g  e x p e r im e n t

An experiment has been proposed orientated to a study of sodium boiling conditions at decay 
heat flux levels. The experiment, which would include the main features of gridded sub-assemblies, will 
produce basic data for several safety situations.

9.4 Sub-assembly blockages

9 . 4 . 1  W a t e r  m o d e l l i n g  a n d  a s s o c ia t e d  w o r k

Experiments in the Visual Flow Rig were undertaken to determine the pressure loss caused by 
the pin support grids and by the blockage itself. The experimental values of grid pressure loss have 
been shown to compare well with those which are predicted using a simple model of the hydraulics of 
the pin grid assembly. Certain inconsistencies in some of the friction factor determinations made 
previously have led to a theoretical investigation of the variation of friction factor with subchannel 
geometry.

Work on the 11-pin linear test section in the Low Pressure Water Modelling Rig has continued 
and a number of boiling runs have been completed, ranging from "incipient" boiling, in which vapour 
is produced in the wake region and extends downstream before collapsing completely, to more 
developed boiling in which a substantial part of the wake is permanently occupied by boiling liquid.

9 . 4 . 2  B lo c k a g e  f o r m a t i o n

Blockage formation studies using a 7-pin test section containing CDFR-style grids have shown 
that only particulate material of about 1 mm size and above is effective in forming a blockage. Using 
sand as the test material, the work has confirmed Schultheiss' conclusions that blockage growth tends 
to be in the radial r:?her than the axial direction. Further experiments have also generally supported the 
hypothesis that the radial dispersion of initial particles released from a fuel pin is characterised by a 
Gaussian distribution.

9.5 Instrumentation

9 . 5 . 1  A l t e r n a t i v e  s h u t d o w n  ( A S D )  -  r o d  p o s i t i o n  i n d i c a t o r

The feasibility is being examined of an ultrasonic system to get a positive and continuous indica
tion of the position of the CDFR Alternative Shutdown Rods. In this system a high temperature 
immersed transducer, located at the bottom of the ASD resetting tool, is to be used both to generate 
the ultrasonic signals and receive the echoes reflected by a target machined into the top of the ASD 
absorber rod. Development of a high temperature transducer is proceeding, lithium niobate crystals 
having been succssfully bonded to the transducer diaphragm. Development work is also proceeding on 
ASD target design and data processing to extract the low level echo signals from the background noise.
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some of which will be due to flow, vibration and relative motion of the transducer and reflector. A full 
scale test in water of the ASD system, incorporating the ultrasonic detection, is due to be carried out 
in 1980.

9 . 5 . 2  A c o u s t i c  d e t e c t i o n  o f  b o i l i n g

Work on pump noise is proceeding at 3 places. At Northern Engineering Laboratories (NEL) data 
from 3 similar pumps has been reviewed a n d  conclusions drawn on the effect o f  pump design para
meters on noise scaling under cavitating and non-cavitating conditions. At Weir's of Alloa, RNL have 
recorded noise from rubbing seal cavitation in a model CFR pump in order to determine the signifi
cance of seal cavitation in overall pump noise performance. At RNL, noise measurements have been 
made during the sodium commissioning of HTSL to compare the pump noise performance in sodium 
with previous results obtained when the loop was filled with water.

A long-term, automatic data collecting equipment is proposed for the PFR in 1980, which will 
provide statistics of acoustic noise as seen by the existing detection system and sample signal records 
with which detection techniques and hardware can be improved. A rig is under construction for instal
lation in the PFR containing 2 microphones designed to work with the reactor at power.

9 . 5 . 3  T e m p e r a t u r e  n o is e

A theoretical study of temperature noise, as a means of blockage detection in fast reactor sub- 
assemblies based on a random walk model of the turbulent flow, has been made. The computer code 
developed from the model has been refined to include spatial variations of velocities and correlation 
lengths. A new hot water injection rig is being designed which w ill enable velocities and temperatures 
to be measured in much more controlled conditions.

9 . 5 . 4  D F R  s p e c ia l  e x p e r im e n t s

The analysis of the detection of coolant boiling in the DFR Special Experiments by temperature 
noise and acoustic noise has continued. Both techniques gave an unambiguous indication of the onset 
of boiling by a steep rise of signal.

9 . 5 . 5  D e v e l o p m e n t  o f  s u b - a s s e m b ly  i n s t r u m e n t  p a c k a g e

The Sub-Assembly Instrumentation Development Test Section on the RNL Sodium Pump Test 
Rig has now been completed and commissioned. This Test Section simulates 2 CDFR sub-assembly 
outlets (one adjacent to and one remote from a control rod position) with the appropriate boundary flow 
conditions. Transients of flow, of temperature, or a combination of both can be generated at either 
sub-assembly outlet. The object of this Test Section is to study transient response, signal-to-noise, 
cross-talk and errors due to structural distortions. Typical values of total temperature noise were also 
recorded for use on a proposed design of computer-based temperature trip handling system.

A proposal for the irradiation of co-axial thermocouple ropes in PFR has been made. The design 
of a sodium facility for insertion trials of thermocouple ropes into simulated CDFR guide tubes has 
commenced.

9 . 5 . 6  P r o c e s s in g  o f  s u b - a s s e m b ly  s ig n a ls

Parallel developments of hardwired and computer-based protection systems have continued, 
the underlying objectives being: to design, build, test and demonstrate hardware capable of fulfilling 
the requirements arising from the need to handle the thousands of sub-assembly thermocouple signals



both safely and with adequate availability. Theoretical work has shown that such exacting reliability 
requirements can only be satisfied with hardware having self-diagnostic properties, hence an important 
factor has been to des ign -in  such properties at all stages of the chain of hardware concerned with 
multiplexing, signal transmission, trip algorithm execution and decision logic using both computer- 
based and hardwired methods. Sufficient progress with design and development work along these 
lines has been made to warrant the construction of a signal processing rig in which representative 
hardware would be constructed and operated in appropriate environmental conditions.

9.5.7 Pulse-coded logic (PCL)

Existing demonstration systems in the reactors DIDO. BRADWELL and OLDBURY continue to 
operate satisfactorily and are seen as useful steps in the direction of showing the suitability of PCL for 
use in future reactor systems, particularly where self-diagnostic features are required.

9.5.8 Computer-based system

A conceptual design of a system has been completed and some progress has been made in the 
detailed design and laboratory testing of some critical components. The underlying principle is that the 
pattern of inputs determined by the multiplexer wiring is conveyed right through the computer system 
and ultimately recognised by hardwired logic at the system output. The underlying objective is to 
institute -self-diagnostic, fail-safe operation independently of software or hardware failures or wiring 
errors.

Particular consideration has been given to the specification, design and implementation of 
computer-based reactor safety systems, in which additional constraints are placed on the means by 
which fa jlt-tolerance is achieved. It has been shown that the basic functions of the system can be 
partitioned simply in such a way that implementation of the system using microprocessors is feasible. 
A theory has been developed for analysing the availability and safety of such a system, so that different 
possible architectures can be compared. A self-checking dual-processor has been developed for use in 
this type of system and an efficient coding technique has been established to provide reliable data 
transfer.

9.5.9 Sub-assembly faults: Related phenomena

With regard to reactivity anomaly detection, a simulation of PFR plus an anomalous reactivity 
calculation system (containing a dynamic reactivity model) has been set up. It is now recognised that 
the important parameter is rate of change of anomalous reactivity, and this may be measured by using 
a reactivity model with a moving base for anomalous reactivity.

Low frequency temperature noise has been shown to undergo significant changes in rms value 
and amplitude distribution during an aporoach to sodium boiling in a sub-assembly. The associated 
algorithms are amenable to microprocessor solution and a conceptual design for a suitable on-line low 
frequency temperature noise monitor has been produced.

9.6 Possible energetic molten fuel/coolant interactions (MFCI)

9.6.1 Metal/water experiments in THERMIR

Further experimental work on THERMIR on the propagation stage of thermal interactions 
between molten tin and water has shown that the front propagates as a shock wave. With this equip
ment similar observations have been made of the propagation of an interaction through a mixture of 
aluminium and water. As expected, both peak pressure and propagation velocity were higher in this 
system.
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As another guide to fragmentation mechanisms, extensive analysis of the debris from THERMIR 
experiments has been carried out. This shows a very fine structure of the order of a few microns in 
size within the individual debris particles. The form of debris (coke-like structure) is suggestive of some 
vapour collapse process being responsible with both aluminium and tin, but in the latter case a plate
like structure suggesting boundary layer stripping occurs in some interactions.

9.6.2 Studies using thermite charges to produce molten иОг

The first phase of the experimental programme in water has now been completed. In this work 
the dispersion of the molten U02 into the water in the rig vessel was controlled by variation of initial 
rig pressure and initial cover gas volume. Four different types of interaction between U02 and water 
have been identified, and i-t has been shown that an MFCI sequence of mixing, trigger and interaction 
can take place in a UO¡/water system. The effect of water temperature and sub-cooling is being 
investigated.

Work in sodium has paralleled that in water, and sodium temperatures up to 500°C have been 
used. To date some 20 charges have been fired successfully and although no energetic MFCI type of 
interactions have been observed, some evidence of very mild interactions has been obtained.

The new facility for assembling and firing up to 20 kg thermite charges has been completed. 
The rig will be Used initially for the development of 5 kg charges and for studying the effect of sodium 
entrapment in molten U02. The case for the provision of large Molten Fuel Test Facility (MFTF) has 
been reviewed and approval confirmed. Operation is scheduled for Autumn 1982.

9.6.3 Detonat[on model

Work on the detonation model of MFCI has continued and a large potential influence of ambient 
pressure bn the propagation of MFCIs has been identified. At CEGB Berkeley Laboratories a series of 
long tube experiments using 2 to 3 kg of molten tin in water has been concluded and the results com
pared with the predictions of the detonation model. The deduced rate of fragmentation appears to be 
somewhat faster than expected from the hydrodynamic mechanism along. An experiment to study film 
boiling between molten U02 and sodium has been designed and constructed by CEGB, Berkeley.

9.7 Core dynamics

9.7.1 Small MFCI in a sub-assembly

Tests representing an MFCI which burst the wrapper and so released gas into the inter-wrapper 
space show that, after an initial outward movement, a free-standing core could spring back to reach a 
higher reactivity. The introduction of leaning posts substantially reduced the magnitude of motion in 
the 'petalling’ mode without diminishing the coherence of sub-assembly movements. The compaction 
effect of off-centre energy releases is being considered.

Experiments have been made in which the sub-assemblies had representative bending stiffness. 
It was clear that these sub-assemblies responded significantly in the first bending mode as well as by 
petalling. This w ill be investigated further in the context of restrained core designs.

9.7.2 Large M F C / in a sub-assembly

Experimental work on the crushing characteristics of sub-assemblies under MFCI pressures 
proceeds slowly owing to the difficulties of procuring brittle materials of a reproducible nature simulat
ing irre .Hated wrapper material. The heat treatment route has proved satisfactory for 5% ductile 
wrappers but the properties at high strain rates may not be satisfactory.



9.8 Nuclear excursion yield

9.8.1 Development of methods for whole-core accident investigations

CEGB have performed simulant fluid experiments to investigate the instabilities and entrapment 
of a liquid from the interface of a rapidly expanding whole core accident bubble. Preliminary results 
indicate the growth of large-scale instabilities.

Application of the issued version of FRAX, (FRAX-2), has brought to light various anomalies and 
problems, so that an important part of the work over the last year has been the resolution of such 
difficulties. The updated version is now a valuable code and this is being demonstrated in compaiisons 
with other countries' codes carried out by the EEC Whole-Core Accident Codes group (see below).

The PINEX-AR code, which was originally developed in the UK for use in the analysis of the 
PINEX-2 international benchmark experiment, has been greatly extended. Improvements in the 
modelling include turbulent flow of the fission-gas/molten-fuel mixture along the fuel pin central hole, 
intergrain fission gas flow, the transient freezing of the molten-fuel/gas mixture along the central hole, 
and the effect of Caesium upon the fuel gas pressure in the molten fuel.

9.8.2 Accident code development and use

Work has been carried out on the safety implications of simultaneous seizure of ail pumps, 
assumed to arise as a consequence of an earthquake. The study showed that progression to core melt
down would be inevitable, even though trips are operation, if an assumption of extreme flow rundown 
(from full flow to 5 per cent full flow in one second) is made.

Further work up-dating a slow transient-over-power (TOP) fault (0 03 $/s ramp) is tending to 
confirm previous predictions of top-of-core failure positions in irradiated pins. This leads to predictions 
of low energetics for the accident. An up-dating of a previous fast TOP study (25$/s ramp) indicated 
significant reductions in yield due to the incorporation of more realistic pin failure criteria. An examina
tion of spatiai kinetics effects has shown that the use of point kinetics in FRAX pre-disassembly calcula
tions is adequate.

The UK has continued to participate in EEC activities through membership of the Expert Sub- 
Group on Whole-Core Accidents. The results obtained by the European participants for the clean core 
TOP study are in reasonable agreement for total energy and excursion yield. A new exercise has now 
started for a 2-batch beginning-of-equilibrium-cycle irradiated core model.

Full 3-dimensional calculations of the sodium-voiding effects for CDFR in its equilibrium burn-up 
condition have been performed to provide a mapping of the reactivity changes, with associated 
uncertainties, for fast reactor safety studies. Work is continuing on the development of a recommended 
method for calculating the effects of neutron streaming, because provisional estimates indicate that 
the effects are about one-third of the heterogeneity correction to sodium-voiding effects.

9.8.3 Equations of state

Studies on the equation of state of urania have been essentially concluded w ith the presentation 
of a complete data set. An analysis of the sensitivity of predictions of excursion yields to the uncertain
ties in the thermodynamic data of urania has been made. The formulation of the equation of state of 
urania and plutonia solutions is based on an extrapolation of the chemical potentials of uranium, 
plutonium and oxygen in the solid to the liquid state. Attention is also being given to the influence of 
fission products on excursion yields; the effects of non-condensable gas bubbles and caesium are 
being considered. A sensitivity study by CEGB indicates a dominant uncertainty is the specific heat 
of molten urania which could lead to an overprediction of yields by a factor of about 2.
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9.8.4 Properties of materials

An assessment has been made of the mechanisms of thermal transport in urania. It is con
cluded that the electronic mechanisms provide an important contribution to the thermal conduction 
processes in both solid and liquid urania. The thermal conductivity of molten urania just above the 
melting point is expected to be significantly greater than that for the solid.

9.8.5 Transient release of fission product gases

Initial work with irradiated fuel taken from a sub-assembly irradiated in the DFR has been com
pleted. Samples from one fuel pin at 10% peak burn-up havá been examined. Transient heating in the 
VIPER reactor to temperatures between 2200 and 2400°K (600-700 J g '1) released 10% of the gas. 
This amount of g a s  is  similar t o  that expected to be held o n  grain b o u n d a r ie s .  The remainder of the gas 
was released on melting but with a large quantity of non-fission product gases. The source of these 
non-fission product gases has been investigated and can be attributed in these experiments to 
impurities introduced during storage and handling of the irradiated fuel. Substantial improvements in 
handling techniques have been made resulting in techniques which now generate impurities com
mensurate with the gas generation expected from the known impurities in the fuel.

The role of non-fission product gases in contributing to core dispersal may prove to be important 
particularly at low burn-up before appreciable fission product concentrations have been generated. 
Carbon o i a c a r b o n  containing impurity may prove to be an effective s o u r c e .  H o w e v e r ,  b e fo r e  this 
contribution can be guaranteed, the pressure generating species has to be shown to survive the irradia
tion process and the timescale of pressure generation has to be sufficiently rapid to be effective in the 
accident.

9.9 Containment

9.9.1 Experiments

Code validation work has been concentrated on SEURBNUK. Analysis of the more complex 
COVA experiments has been made possible by the implementation in SEURBNUK of a model for fluid 
flow through permeable structures. SEURBNUK calculations performed for a large selection of the long 
vessel (loop type) COVA experiments have illustrated the code's ability to reproduce the main hydro- 
dynamic features and have demonstrated its viability for containment analysis.

Active collaboration with JRC Ispra and with Germany through the KNS-COVA agreement has 
continued with the execution of an extensive programme of material testing of vessel materials at Isprái 
Interatom and Aldermaston. The data are currently being processed and should resolve whether dis
crepancies in predicting strain levels result from uncertainties in the material data.

9.9.2 Containment analysis

CDFR systems have been investigated, initially for 1 GJ energy yield excursions, arid roof impulse 
and primary tank/roof loads have been obtained. The first studies have been of the effects of cover 
gas gap and bubble pressure-volume characteristics. Analysis of the 1 /20th  scale CDFR model has 
continued using both SEURBNUK and MODSIM (a 1 D hydrodynamic/structural code).

9.9.3 Accident containment theory

The development of the explosion containment codes ASTARTE and SEURBNUK has continued, 
most effort being applied to SEURBNUK in response to the high level of usage of this code.



Enhancement of ASTARTE has been achieved by the provision of an ancillary re-zoning facility 
so that problems involving flow distortion can now be handled, and by the revision and correction of the 
provision for calculating the motion of elastic plastic structures. A new edition of the code incorporat
ing these features has been issued.

Development of SEURBNUK is being pursued in co-operation with JRC Ispra. The main 
advances during the year were the consolidation of the treatment of porous materials and the introduc
tion of the finite element code EURDYN into the code to provide a more advanced structural capability.

The work of the EEC Expert Group on Containment Loading and Response has been actively 
supported during the year, particularly with the associated study contracts on computational fluid 
dynamics and on unsteady flow through perforated plates. Early submissions to the international code 
comparison APRICOT exercise have been supplemented by a calculation of problem 7 using the 
ASTAR"! t  code, and calculations or problems 4, 5 and 6 using the SEURBNUK code. Performing these 
calculations provided a worthwhile return in developing calculation expertise.

9.10 Missile studies

The compressed air missile launcher and its associated transient measurement acquisition 
equipment have been successfully commissioned, and an initial series of experiments has been com
pleted. This has tested the repeatability and effect of manufacturing variations on the performance of 
reinforced microconcrete targets when impacted with deformable missiles. The effects of variations of 
the impact load-time function on target behaviour have also been investigated, and comparison of the 
predictions of the SARCASTIC finite difference computer code with experimental results are in hand.

Collaborativo experiments with France to test the applicability of similitude theory to impacts of 
rigid missiles with reinforced concrete structure are under way, and collaborative experiments with 
Germany are now in progress also.

Experiments on the impact of rigid missiles with metal target panels have continued using the 
drop test technique, and measurements of both static and dynamic performance have been compared 
with predictions of the EURDYN 02 and CADROS computer codes with encouraging results. Interest 
in the performance of metallic barriers within the nuclear industry has led to a programme of experi
ments, due to start in the immediate future, on metal targets using the compressed air launcher to 
increase missile impact velocities to cover the range up to 250ms"1.

9.11 Post-accident heat removal

Emphasis has been given to establishing the scale laws for dryout in particulate beds. This will 
enable a closer link to be maintained with the in-pile particulate bed experiments planned at Sandia 
Laboratories in the USA and at Mol in Belgium which require interpretation, because of certain limita
tions such as bed diameter (less than 10cm).

The initial results from the Investigations into the reactions between basalt, concrete, MgO or 
AI20 j with U02 were presented at the PAHR meeting in Ispra in October. The assessment of these 
results coincided with a growing awareness from the design point of view of the cost of sacrificial 
material and accordingly the programme concentrated on the properties of concrete and the relatively 
cheap refractory alumina. Further experiments confirmed the rapid dissolution of U02 at 2000°C by 
both certain types of concrete and alumina. The influence of aggregate on melt behaviour is being 
investigated.

Work has continued at Culham on the characteristics of the molten pool which may be formed 
as the aftermath of a meltdown accident in which the vessel is penetrated. The effectiveness of core
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debris barriers within the reactor vessel depends on the rate of melt-through of steel structures and the 
coolability of particulate beds under sodium. Work on the development of a satisfactory model to 
predict the dryout and subsequent behaviour of particulate beds of U02 and steel under sodium is in 
progress.

The constitution of molten irradiated oxide fuel is not single phase, but segregation of phases 
containing fission product elements can occur. Experimental studies have verified this. The influence 
of the presence of stainless steel and uranium carbide have also been investigated. Stainless steel is 
immiscible with liquid oxide but dissolves some of the fission product elements. If a carbide breeder 
were used the constitution of the debris would be markedly altered; uranium and plutonium could be 
segregated with the fission product elements and stainless steel. The presence of carbide would also 
result in the formation of carbon monoxide gas.

9.12 Active gases and aerosols

Event trees have been developed covering the processes which eventually lead to escape of 
noxious material from a damaged secondary containment, but laying emphasis on the initial transfer 
from the primary. This has helped identify uncertainties, and the interfaces with other areas of accident 
analysis. More attention is being directed towards events within the primary containment; for 
example, an assessment has been made of the diffusion coefficient of sodium vapour in argon.

The Safety and Reliability Directorate (SRD) has contributed substantially to the CSNI document 
"Nuclear Aerosols in Reactor Safety" and taken the initiative in directing CSNI attention to the question 
of attainable experimental accuracy in this area. AEROSIM calculations have also been made in support 
of US experimental work.

Progress has been maintained on the determination of the physical characteristics of nuclear 
aerosols. Standard liquid aerosols are generated by means of a Collison-Whitby aerosol generator, and 
the resultant aerosols are being used to calibrate and compare impactor designs for particle-size 
analysis. A low concentration clay aerosol generator and a fluidised bed dust aerosol generator are 
under construction to aid in the understanding and validation of specific aerosol analysis techniques. 
Equipment is being modified so that it can be operated remotely to study primary UO, particles in the 
size range 0 01 -  1 nn1-

10. REACTOR PERFORMANCE STUDIES

10.1 Neutronics design data

10.1.1 Nuclear physics data

The new 136 MeV electron linac at Harwell was officially opened In July 1979. Commissioning 
tests are now pearly completed and it Is hoped to start experimental work shortly. This w ill include 
high resolution measurements of neutron cross-section data for various nuclides, part of which was 
previously carried out using the Harwell synchrocyclotron which was closed down in March 1979.

Meanwhile, the analysis of capture cross-section data of Fe, Ni and Cr has continued. During 
the year, significant advances have been made in understanding the response of the Harwell large 
liquid scintillator to gamma-rays and scattered neutrons. In particular, its efficiency for the prompt 
detection of scattered neutrons has been shown to be smaller than for similar detectors elsewhere and 
this means that only small corrections to the Harwell measurements are needed for this effect. A time- 
consuming part of the analysis of capture cross-section data has been the calculation of the multiple 
scattering correction. Up to now, this had been done by Monte Carlo techniques but during the year 
the programme REFIT, which obtains resonance parameters from transmission data by shape analysis,



has been extended to analyse capture cross-section data. An analytical method of calculating multiple 
scattering corrections has been developed which is about 20 times faster than the Monte Carlo 
method. The analysis of the Fe data is now virtually complete and the discrepancies in the resonance 
parameters of the important 1.-15 and 27 keV resonances have been resolved.

The parameters obtained for the 1-15 keV resonance in !6Fe are now In excellent agreement 
with values recently reported by the Geel Laboratory which were based on transmission measurements.

The programme to evaluate the neutron cross-section data of americium isotopes is continuing. 
The data file on J41Am is now available in the UK nuclear data library and the document describing it is 
being reproduced. Work has started on J,5Am. The work to measure the neutron yields from (a,n) 
reactions in light elements has continued and some data are available in preliminary form.

A document summarising the Priority 1 nuclear data requirements of the NEA countries and the 
measurement programmes in progress or planned has been distributed in a draft form for comment. 
It is hoped that this will encourage international collaboration to meet these high priority requirements.

1 0 . 1 . 2  C h e m ic a l  n u c le a r  a n d  d e c a y  h e a t i n g  d a t a

The CASCADE computer code which generates usable radiation data sets from evaluated decay 
schemes is now operational.

The UK Chemical Nuclear Data File, in ENDF/B-IV format, is probably the most up-to-date file 
available anywhere and now contains UK evaluated data for:

(a) fission yields o f  7 fissile nuclides;
(b) decay data for 91 activation products of structural materials;
(c) decay data for 67 heavy elements and actinides;
(d) decay data for over 900 fission products;
(e) delayed neutron data.

Development and updating of the Chemical Nuclear Data File is continuing. Decay data for 
heavy elements and actinides from !06Hg to J53Es are being evaluated and an evaluation of spontaneous- 
fission data has been started.

The uncertainties associated with the decay schemes of many actinide nuclides are large. 
Attempts are being made internationally to improve the situation as outlined at a recent Advisory Group 
Meeting on Transactinium Nuclear Data held at Cadarache, France. Measurements have been started 
on a number of nuclides of the half-lives, alpha and gamma ray abundancies, and branching ratios. 
Gamma ray intensities of ! , ,Np have just been completed. The values have been correlated with the 
latest UK evaluated decay scheme and agrée within its limited uncertainty of ± 10%. The decay 
scheme of the beta-decay daughter product 233Pa is now almost completed.

New recommendations have been made on the calculation of decay heat from the fission of 
H)U and o n  the associated uncertainties. For decay heat of i!9Pu, considerably larger uncertainties are 
proposed for the time being, because of discrepancies between different integral measurements and 
between some of these measurements and calculations. Further work on JJ,Pu is to be done.

The recommended fission yield set was modified by inclusion of yields for Isomeric states and 
the effects of these changes upon calculated decay heating studied.

1 0 . 1 . 3  R e a c to r  p h y s ic s  d a ta  l ib r a r ie s

Eighteen dosimetry files, translated from the American ENDF/B-IV library, were added to the UK 
Nuclear Data Library, together with the new file for 1(lAm already mentioned. Files for the !JNa (n. 2n), 
J5C (n, p), "A r  (n, y) and !0Cr (n, y) reactions have been compiled, but not yet added to the library.
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10.2 Experimental reactor physics

The UK/KfK BIZET experiments in ZEBRA have concentrated during the last 1^ years on the 
study of 2 heterogeneous configurations which incorporate internal blankets within the main fissile 
region. Such cores offer the prospect of considerably reduced reactivity changes on loss of sodium and, 
at the same time, potential improvements in breeding performance and (owing to the higher fuel 
enrichment) a decreased damage fluence for a given burn-up. In the first assembly (BZC), the internal 
blanket comprised a number of small islands distributed throughout the core while, in the second (BZD), 
these were collected to form a single large central region surrounded by an annulus of fissile elements. 
These 2 types of heterogeneity are characteristic of an alternative core design currently favoured.

Detailed measurements of reaction-rate distributions, control-rod worths and interactions, 
sodium-void reactivity, and gamma-ray heating have been made in these 2 assemblies, and have 
already provided much valuable insight into the comparative physics of the 2 types of heterogeneity. 
In particular, while the small blanket Islands of BZC provide only a modest reduction in sodium-void 
worth, a much more marked improvement is found in BZD as a result of the strong radial flux gradients 
a c ro s s  the fissile annulus.

However, the large central blanket in this core has the effect of making the power distribution 
of an operating reactor undesirably sensitive to asymmetric perturbations, such as those caused by 
control-rod movements and changes introduced through fuel management. Recent predictions suggest 
that a core with a somewhat smaller central blanket will retain the favourable sodium-voiding charac
teristics but, because of the tighter neutron coupling, w ill have a power distribution less sensitive to 
reactivity perturbations. For these reasons, a third configuration with a somewhat reduced central 
blanket (BZD/1A) has also been included in the programme.

Both BZC and BZD are being studied In a rod-free reference state and also with control rods 
partially inserted, in order to represent more closely power reactor conditions.

The BIZET assemblies have provided relevant neutron spectra for supplementary integral 
experiments of the capture cross-section of !,)Am (in conjunction with Harwell) and activation data of 
some typical fast reactor steels. Measurements of gamma-energy deposition using thermoluminescent 
detectors will assist in the validation of the data and methods being applied to PFR predictions of 
temperatures of demountable sub-assemblies, and to gamma-heating of blanket elements relevant to 
temperature-cycling of the above-core structure.

Analysis of the measurements of beta-decay energy from fission of HiU and J39Pu in a fast 
r e a c to r  spectrum (PFR m o c k - u p )  h a s  b e e n  completed. Results f o r  decay times of up to one year have 
been compared with FISPIN predictions using the current decay data and yield recommendations. 
Agreement to within 10% (absolute) over this period is found for both nuclides.

The techniques of sub-critical monitoring (sometimes called 'shut-down reactivity monitoring') 
were evaluated in experiments in assembly BZB/3 of the BIZET programme on ZEBRA. The more 
important new deductions from this work are:

(a) Reactivities obtained by the modified source multiplication technique with the distributed 
source alone and with the localised !SJCf source added at various positions (simulating

24,Cm build-up in Irradiated fuel) agree very well. The variations between results for 
detectors around the radial blanket, are no greater after the introduction of the source.

(b) The change in count rates of a set of detectors distributed around the radial blanket/ 
reflector region produced by lowering a calibrated ZEBRA control rod in the presence of the 
distributed neutron source might be used to deduce the sub-criticality of the system to an 
accuracy of 15% on a ppint-model interpretation, provided that calculations are made to 
take account of changes in the worth of the rod.



(с) In applying the modified sourco multiplication technique with a detector located in the 
outer radial reflector region, efficiency correction factors taken from source-mode calcula
tions for a point in the blanket along the same radius (using a truncated reactor model) may 
be used, except where loading changes close to this blanket point are involved.

10.3 Methods development

A paper at the Aix Symposium in September 1979 assessed the accuracy of the UK methods 
and data used for the calculation of fast-reactor sodium-void effects. The assessment was made on the 
basis of ZEBRA experiments and theoretical studies of other features such as the effects of operational 
fuel temperatures. Adjustment factors and uncertainties for each reactivity perturbation term were 
recommended as a result of this review. The factors applied to a conventional core at or above 
operating temperatures and for all states of burn-up. They required the use of the FGL5 nuclear data 
library and methods which include treatment for sub-assembly heterogeneity, diffusion-theory whole- 
reactor fluxes and exact perturbation theory.

A comparison has been made of diffusion and transport theory calculations for a heterogeneous 
core that might be considered by NPC for CDFR. The comparison of reaction rates for a 1-D cylindrical 
model shows that there are appreciable differences in the inner blanket island for 2,9Pu (n, f), J)*U 
(n, f) and »“ U (n, y ) . The integrated values for the core region agree to within 1 or 2% (normalised to 
the same total power) but there are larger local differences. Perturbation theory calculations of total 
sodium-voiding reactivity effects in 1-D models show that the maximum positive void effects agree to 
within 2%.

10.4 Energy deposition and shielding

As mentioned, in the last IWGFR report, experiments on iron in well-characterised geometry 
(benchmark experiments) have been performed on the ASPIS test assembly used at Winfrith for 
shielding experiments. Comparisons have been made between the data adjustments for iron shown to 
be necessary by the ASPIS results and the adjustments made to the iron data, as a result of ZEBRA 
lattice experiments, in producing the FD5 data. This has been done by applying the adjustment factors 
to the input data for the McBEND shielding code (in 1000 energy groups) and comparing the calculated 
fluxes at deep penetration in iron. Both ASPIS and ZEBRA adjustments produced significant changes 
in the calculated fluxes, but these changes are in good agreement. This early result argues favourably 
for the derivation of a common fast reactor data set for physics and shielding calculations.

In order to refine the analysis of data requirements for the CDFR radial shield conducted in the 
previous year, it has been necessary to identify the correlations which exist between the errors in the 
cross-sections at the different energies of a 100-energy-group library. This has been accomplished 
by expanding 15-group data published by Oak Ridge. The CDFR radial shield has been re-analysed 
using these data and the uncertainty in the sodium activation-rate in an intermediate heat exchanger 
has been reduced from the previous estimate of 83% to 49%. To reduce the uncertainty to the target 
level of 25% requires improvement in the sodium elastic scattering data in the energy range 10 keV to 
500 keV.

Gamma radiation is an important heat source in the internal blankets of heterogeneous cores. 
A very detailed analysis of thermoluninescent dosimeter measurements made in ZEBRA BZC has been 
completed, using the McBEND Monte Carlo code to treat photon migration, with sources derived from 
TIGAR neutronics calculations. Good agreement (better than 5% absolute) is found in fissile and fertile 
regions but there is about a 15% over-prediction at the centre of a 15 cm-square steel column, due 
probably to poor data on gammas from inelastic scattering.
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Following the initial examination of the proposed design of flask for transporting new fuel for the 

CDFR, a further calculation has been carried out to determine the additional neutron shielding needed 
to reduce the dose-rates to meet the latest design targets. The flask with a steel carrier block holding 
nine sub-assemblies gave external dose-rates of 24 mrem/h at its surface and 2-7 mrem/h at 2 m. 
While these levels meet the present international regulations of 200 mrem/h and 10 m r e m /h ,  respec
tively, they are higher than the targets of 20 mrem/h and 1 mrem/h set for the CDFR flask. Calculations 
show that the addition of neutron shield material consisting of either 2-4 cm of polythene, or 2-9 cm of 
water-expanded polyester or 4 0 cm of densified wood would reduce the dose-rates to the target 
values.

10.5 Fuel management and neutronic calculations for CDFR

Calculations are being carried out on a modified version of a conventional homogeneous core to 
determine the effect on the iron-damage dose rate of increasing the mean burn-up of a sub-assembly 
by adopting stepped axial enrichments. The increase in integrated iron-damage dose rate at the top 
of the fuelled region was calculated on changing from a uniform enrichment to a pattern with steps at 
either 30-5, 32-5 or 35-5 cm at each side of the core centre plane. The MARC code was used in one 
dimension with typical mid-cycle data for the inner core region of CDFR. The enrichments were 
adjusted to equalise the peak powers in the central and end regions while keeping the same reactivity 
as for a uniform enrichment. A form factor of 1-1 was obtained for each of the stepped enrichment 
patterns compared with 1 -2 for a uniform enrichment. The integrated iron-damage dose experienced 
by a sub-assembly during its life in the core is 18% greater for enrichment steps at ± 32-5 cm, com
pared with a uniform enrichment. Results are not yet available for the other 2 stepped patterns.

A study was made of the effect of using a small number of control rods to compensate for burn- 
up depletion. The advantage of using a few rods is that the reactivity increase is less for a hypothetical 
failure of the core support system. Use of only a few control rods does give distortions in the radial 
power distribution, particularly for fuel schemes of low batch number. For a 2-batch scheme with 7 
control rods, the peak form factor is raised by about 0-1 (on 1.3) compared with conventional operation.

An investigation was carried out into the reduction of the effects of thermal striping by shuffling 
the fuel in the radial blanket region. Each radial blanket sub-assembly Is partially irradiated in each of 
the 3 rows of the region, starting in the inner row. The scheme significantly reduces the power varia
tion. The greatest power variation occurs in the inner blanket row. where the peak variation Is about 
V7. The target set by NPC for this variation is in the range of 1-4-1-6, which relates to a coolant 
temperature variation in the range, 50-60°C. A slightly more complex shuffling scheme was shown to 
achieve the target. The shuffling schemes involve significant fuel cost increases of 10-15%.

With the current methods of fuel management for CFRs, the sub-assemblies discharged in the 
first few shut downs of reactor life do not achieve the target irradiation (of 10% burn-up). An investiga
tion was carried out of the effect of reloading these sub-assemblies so as to make use of their full 
potential. The investigation showed that there was little advantage in replacing fuel solely in the region 
from which it came; that is, inner core sub-assemblies reloaded to the inner core, and so on. Overall 
improvements can be achieved, however, by arranging that some sub-assemblies which receive their 
initial irradiation in the outer core zone are reloaded into the inner core zone. By careful selection of the 
reload positions, it is possible to achieve very similar cycle lengths to those of the conventional method 
of reactor start-up, and the variation of radial form factor is rather more favourable. Overall, the 
reload scheme uses 160 fewer sub-assemblies than the conventional scheme. On the debit side, the 
former requires extra storage positions, and additional refuelling operations. Approximate cost 
calculations have been performed, and re-use of sub-assemblies gives a saving of about C15-20M, 
not including the cost of the additional storage positions.



10.6 Economics and design of the fuel cycle

Electricity programme predictions take into account the views of UK organisations outside the 
nuclear industry, and currently 2 programmes are used. The smaller or 'A' nuclear programme reaches 
about 40 GWe in the year 2000 and 200 GWe in the year 2050. The rate of fast reactor penetration 
and hence the size of the thermal reactor component and its total uranium requirement depend on 
several factors, important among which are the initial plutonium stockpile, the fast reactor initial core 
plutonium inventory, the plutonium out-of-reactor time and the quantity held in waste residues, the 
breeding gain and the rate of growth in the nuclear sector. If UK uranium requirements are not greatly 
to exceed 250 kt the plutonium out-of-reactor time must bo reduced to a value between 9 and 12 
months around the end of the first decade of the next century. A more detailed examination has been 
made using the A' programme of the demand for reprocessing plant arising from the fast reactors need 
for plutonium. It has been shown that a plant capable of returning discharged plutonium to the reactors 
must be in full operation by about the year 2005, and that the turnround time must be reduced from 
an initially tolerable 33 months to around 9 months by 2015, or earlier if the thermal reactor sector 
consist's of AGRs rather than PWRs.

In planning the overall fuel cycle so as to achieve an average out-of-reactor time for plutonium 
of 9 months, the advantages of operational measurements of decay power to allow the lower-rated 
spent sub-assemblies to be selected first for handling have been identified. The decay power that has 
to be safely removed from fuel in the transport flask can be reduced by about 30% if this is practicable. 
When the lower-rated sub-assemblies are processed first, there is a need to consider the possible 
release of 131l. A comparison of 2-batch and 6-batch refuelling shows that a much greater rate of 
handling spent fuel in the caves is required for the 2-batch case.

10 .7  T herm ohydrau lics o f p rim ary  c irc u it transients

The overall objective of the project at BNL is to examine the uncertainties in the prediction of 
thermal transients in the primary circuit of the reactor on the basis of simulant fluid tests.

Tests have been conducted in an idealised, axisymmetric model of the hot pool of the reactor. 
A rapid change of the flow from pure water to brine is used to model the increase in the sodium 
density emerging from the core following a reactor trip. The first phase of the measurements has 
shown that buoyancy effects are important and a second phase of experiments has been performed to 
examine the influence of geometry and Reynolds number.

It is necessary to demonstrate that thermal similarity exists between a water model and the 
reactor before the model can be used with confidence to predict steady-state and transient reactor 
behaviour. Because of the very low Prandtl number of sodium, it is not certain how high a Reynolds 
number is necessary to ensure thermal similarity for recirculating flows. Two geometrically similar 
(Jet-in-Pool) experiments have been designed to provide the necessary information on the turbulent 
diffusion of heat, one operating in water and the other in sodium. Measurements of the mean velocity 
and mean temperature have been completed for the water experiment. The analogous sodium experi
ment has operated successfully for some months and a large volume of temperature distribution data 
has been generated. These data are being analysed at present to give the values for the diffusivities.

The current aim of the work in fluid mechanics is to develop finite-element codes for predicting 
incompressible, turbulent flow and heat transfer in general two-dimensional or axisymmetric geom
etries. The initial analysis of the results of the Jet-in-Pool experiments has been conducted with the 
FEAT-1 code which uses a prescribed effective viscosity distribution to represent the effects of turbu
lence on the mean flow. These calculations will shortly be superseded by results from the FEAT-2 code 
which re’ ains the concept of effective viscosity but which calculates its distribution by means of a 
(k, e)-turbulence model. In parallel with the development of the FEAT-2 code, a finite difference code, 
TUFC-1 has been used to provide comparative data and to give initial experience with the (k, e) model.
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Measurements of the turbulence parameters in the water experiment will be used to check the 
adequacy of this turbulence model.

10 .8  CFR c o n tro l and dynam ics

The control and dynamics performance of CFR is predicted using mathematical models to 
extrapolate from PFR experience. Two classes of model are required, namely whole-plant survey 
models for rapid design studies and more detailed models for reference purposes. The AEA col
laborates closely with the CEGB and NPC on the design and testing of these models, which are then 
used for both component design purposes and complete-system performance analysis. Dynamic model 
development has now reached the stage where all the major components have been rigorously 
analysed and most are coded for computer solution.

CFR has to meet specified load-changing and load-following requirements and PFR experience 
shows that the conventional steam-raising and. turbo-alternator part of the plant frequently lim it the 
performance and availability of a nuclear power station. Consequently, effort has recently been devoted 
to analysing the required protection and performance of components such as boilers, turbines and 
feedheating equipment, and this has led to the design of an automatic power-unloading system for PFR. 
Experience with this system will directly influence the design and modularity of the CFR steam plant 
system.

The boiler steam rlrum and feedwater deaerator are critical components and their dynamic 
performance is important. Steam-drum modelling, instituted at Winfrith, is in collaboration with the 
CEGB Research Laboratory at Leatherhead and that for the deaerator is in collaboration with their 
Marchwood Engineering Laboratory where several scale-model (including PFR) deaerator test rigs are 
available. In order to improve the collection and processing of PFR operations and test data, required 
to corroborate the mathematical models, an Improved high-speed data-logging system has been 
installed at Dounreay. An associated computer-based data-retrieval system is being assembled at 
Winfrith and this w ill permit efficient comparison and tuning of models against PFR plant data.

10 .9  N eutron f lu x  ins tru m e n ta tio n

The pursuit of high neutron sensitivity coupled with low resolving time in the pulse-counting 
mode (necessary to achieve adequate gamma rejection) has continued. It has been confirmed that 
rare-gas mixtures can yield a worthwhile reduction in electron collection time. In combination with a 
smaller inter-electrode gap and optimised pulse-shaping circuit characteristics, adequate gamma 
discrimination now seems possible, though the neutron sensitivity which can simultaneously be 
achieved still needs to be quantified.

Quality control of mineral-insulated high-temperature cables is now greatly improved and good 
insulation resistance has been achieved. Small-pulse breakdown effects are also significant for pulse- 
Campbell channels and initial experience of new cables suggests that, at CFR temperatures, pulse 
breakdown may still be a serious problem. Possible alternative designs of ‘trilaminax’ high-screening- 
performance mineral-insulated cables are being considered (as a less stiff alternative to quadraxial 
cable).
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This document was prepared by the Office of the Deputy Assistant Secretary for 
Nuclear Reactor Programs, U.S. Department of Energy. Additional information 
on USDÜE breeder programs will appear in the forthcoming USDOE publication 
“Fission Energy Program of the U.S. Department of Energy" - FY 1981. Further 
information on the U.S. Nuclear Regulatory Commission (USNRC) LMFBR safety 
programs can De found in the 1979 USNRC Annual Report.

INTRODUCTION

In April 1977, the United States announced a change in the Nation's 
nuclear energy policy, whereby plutonium recycle and the commercialization of 
the fast D r e e d e r  were deferred indefinitely. This action had a two-fold basis. 
The first of these was a perceived lessened sense of urgency for the breeder 
in the light of a decline in light water reactor orders and an anticipated 
reduction in the growth in demand for electrical energy in the next decades.
The current view of the United States is that there would be no need to deploy 
the Dreeder prior to 2U2U.

Tne second basis for deferral was an increased sensitivity to the pro
liferation issue. In this regard the U.S. Nonproliferation Alternative 
Systems Assessment Program (NASAP) and the International Nuclear Fuel Cycle 
Evaluation (INFCE) were initiated to assess the nonproliferation advantages 
and other characteristics of advanced reactor concepts and fuel cycles, and 
to obtain an international consensus on the proliferation issue. Both the 
nASAP and the INFCE studies have now been completed, and the results are being 
assessed for policy guidance. These studies have addressed Doth technical 
and institutional concerns, and will provide information to be used by the 
United States in future decisions concerning the breeder program.

The current principal objective of the breeder reactor systems program is 
to conduct Droad Dased research and development aimed at advances in critical 
technical areas, e.g., heat transport systems, fuels, safety, and proliferation 
resistant breeder reprocessing technology such that technical and engineering 
oata will De available to permit selection of a breeder system for deployment 
in the post-üuüü timeframe if policy decisions to do so are made. These 
policy decisions will depend primarily upon anticipated national electric 
energy requirements and U.S. nonproliferation objectives.
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Tne timing of the need for tne breeder is governed principally Dy the 
growtn in demand for additional electric capacity, and the relative attractive
ness of alternative options. The strategy of the breeder reactor systems 
program is to develop a Dase of data that could be used to demonstrate the 
Dreeder concept if and when a need for such demonstration arises. This 
strategy applies to three types of breeder reactors: the Liquid Metal Fast
Breeder Reactor (LMFBR), the Water Cooled Breeder (WCB), and the Gas Cooled 
Fast Reactor (UCFR), as well as their fuel cycles.

The following table shows the funding levels by program for the FY 1979 
through FY 1981 period.

BREEDER REACTOR SYSTEMS APPROPRIATION 
(DOLLARS IN THOUSANDS)

PROGRAM FY 1979* FY 1980
REQUEST 
FY 1981

LIQUID METAL FAST BREEDER REACTOR 

FUEL CYCLE RESEARCH & DEVELOPMENT 

GAS COOLED BREEDER REACTOR

$562,695 

71,500 

26,000

$614,921

49,50U

26,000

$299,819

12,0uu

0

TOTAL $660,195 $690,421 $311,819

* U.S. Fiscal Year (FY) is a one-year period, starting in October of the 
preceeding calendar year.

LIQUID METAL FAST BREEDER REACTOR PROGRAM

Tne LMFBR program plan in effect in January 1977:

о Prescribed a decision on LMFBR deployment in 1986, and

о Pending an affirmative decision in 1986, was scoped technically and
logistically to support deployment oeginning in tne early 199Us with
a build-up to about 30 GUe by the year 2000.

Although a commitment to commercial deployment was not a part of tne 
previous Administration's policy, planning included the contingency for such a 
decision in 1986. For planning the scope and pace of the research development 
and demonstration program, the following reference assumptions were made in 1976:



о The total potential uranium resource base is 3.7-million short tons U^Og.

о The numDer of LWRs in the U.S. would grow such as to reach a total 
nuclear capacity of 625 GWe in the year 2iwu.

If the fission option were to have a role as an essentially inexhaustible 
energy resource in the Nation's energy economy, these two assumptions established 
the requirement to commence on-line deployment of breeder reactors in the early 
199U S.

Since 1976, two factors have been influential in slowing the LMFBR 
program:

о A reassessment of tne timing of the need for the breeder, and

о Increased concern for the proliferation issue.

The timing reassessment has been based on substantial reductions in 
projected demand for nuclear generating capacity: the current projection for
the year 2UU0 is 235-3U0 GWe. In 1971, when it was decided to Duild the 
Clinch River Breeder Reactor Plant (CRBRP), the year-20üü nuclear capacity was 
projected to be 9UÛ-120U GWe. In addition, the estimated uranium resource 
base has Deen revised upward. Thus it has been concluded that deployment of 
the breeder will not be required until 2020 at the earliest.

With more time available, the U.S. can reduce its efforts on LMF8R 
research and development to a more deliberate pace. Efforts are being paced 
to retain a base of data for use in making a future decision on whether to 
proceed with further demonstration of the technology. Based on the assumption 
that the LMFBR will not be needed before the year 2020, the Administration has 
proposed that the LMFBR program be consolidated around the operation of the 
Fast Flux Test Facility (FFTF) reactor and associated support programs.

The LMFBR program is composed of three elements: 

о Plant Projects; 

о Breeder Technology; and 

о Test Facilities.

Current plant projects include the FFTF, the Clinch River Breeder Reactor 
Plant (CRBRP) and a developmental plant conceptual design stucfy (CDS). R&D 
efforts in safety, components, ptysics, fuels and core materials, and breeder 
fuel reprocessing constitute the breeder technology element. The third 
element, test facilities, covers the operation and maintenance of facilities 
required by the projects and breeder technology efforts.
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Plant Projects

Although FFTF, as a testing reactor, was not designed to breed or to
produce electricity, it has provided and will continue to provide valuable 
information to follow-on LMFBR projects and base technology programs. In 
fulfilling its prime role of providing a test bed for demonstrating and 
evaluating the performance of future LMFBR-plant fuel assemblies and core 
designs at reference conditions, the FFTF will be used:

о To test fuel elements up to and including failure under dynamic 
sodium-flow conditions in order to establish ultimate capability and 
failure modes--an understanding of failure modes Is essential to 
establish LMFBR core safety, reliability, performance, and lifetime;

о To develop the advanced fuels and advanced cladding and duct materials 
essential to attaining operational breeding ratios in the 1.25 to 
1.45 range with fuel doubling times of less than 15 years;

о As a prototype irradiation test bed for various fast reactor fuel
and blanket materials considered in the nonproliferation fuel cycle 
studies; and

о To obtain experience in the operation of an LMFBR having coolant 
loops and components at operating conditions typical of large LMFBR 
power plants.

For controlled and instrumented fast-flux conditions for testing fuel 
specimens, rods, subassemblies and cladding, as well as reactor structural 
materials, the design of the initial FFTF core has eight Instrumented test 
positions--two closed and six open loops. In closed test loops (CLIRA), test 
components that are inserted in the reactor core region, as well as their 
coolant, instrumentation, and heat-transfer systems, are completely separated 
from the main FFTF core, permitting the testing of fuels and materials over a 
wide range of temperatures in a controlled environment Independent of the main 
reactor coolant system. In open-1 oop test positions (OTA), test components 
are integral with the reactor core and are cooled by the reactor primary-cool ant 
system; these positions are intended for testing large quantities of candidate 
fuel pins and assemblies.

Current emphasis is on preoperational checkout, fuel loading and achievement 
of criticallty. By the end of FY 1980, it 1s expected that the following will 
have been accomplished:

о Achieve initial criticality (achieved February 9, 1980);

о Initial full power demonstration test;

о Initiation of the fuels and materials irradiation program, including 
hardware procurement, assembly of test articles, and engineering and 
safety analyses; and

о Procurement of fuel for four cores and essential spare parts.

Fast Flux Test Facility (FFTF) Project



Clinch River Breeder Reactor Plant (CRBRP) Project

The Administration has proposed that the CRBRP Project be terminated 
except for selected systems design efforts and completion of certain components 
whose testing will De of value to the overall LMFBR program. Implementation 
of the proposal is pending final resolution by the Administration and Congress.
The objectives, under current authorization are:

о Design, license, construct and test a 380-megawatt (electric) liquid 
sodium cooled breeder reactor demonstration plant.

о Operate the plant as part of a utility system.

Upon enactment of legislation authorizing the proposed revised objectives 
for CRBRP, appropriate implementing actions will be taken. Pending such 
legislation, project engineering, fabrication and support activities are con
tinuing on a reasonable and prudent basis.

If legislation authorizing the proposed revised objectives is not enacted
in FY 1980, project status at year end will be as follows:

о The engineering activities of research, development, and design are 
projected to be 85% complete.

о The costs incurred on contracts is estimated to be approximately 
$320 million.

о Approximately $963-million will have been invested in the project, 
including about $852-million of DOE funding and $lll-million of 
funding by utilities and other participants.

о The Final Environmental Statement, the Site Suitability Report, and 
Design Criteria issuance have been obtained from the Nuclear Regulatory 
Commission.

о Licensing proceedings necessary to secure the Limited Work Authorization 
were suspended on April 25, 1977.

Developmental Plant Conceptual Design Study (CDS)

The CDS, a key element in developing LMFBR options for the future, is a 
totally government funded and managed effort incorporating input and experience 
from industry and tne utilities. The study is based on evaluations and optimi
zation of overall plant safety, environmental acceptability, proliferation 
resistance, economics, and reliability, and will provide information that can 
be utilized as part of a decision process to determine if and when an LMFBR 
plant larger than FFTF should be built.
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The CDS involves five reactor manufacturing companies and three architect- 
engineer firms listed below:

Atomics International Division of Rockwell International
Babcock & Mil cox Compar\y
Bechtel Power Corporation
Burns & Roe, Incorporated
Combustion Engineering, Incorporated
General Electric Company
Westinghouse Electric Corporation Advanced Reactors Division 
Stone & Webster Engineering Corporation

In addition, the Boeing Engineering and Construction Company is serving as 
technical integration contractor.

As of December 31, 197У, all major contractors (reactor manufacturers, 
architect-engineers and technical integration contractor) had been selected 
and were proceeding with Phase I of tne stutfy on schedule. By the end of FY 
1980, Pnase I will have been completed and the plant conceptual design effort 
will have been initiated.

Breeder Technology

This portion of the LMFBR program has as its purpose the development of 
generic technology data required to support a future decision on whether to 
proceed with demonstration of the LMFBR.

Safety

The generic safety R&D program is focused on supporting the safe operation 
of the FFTF. Its objectives are:

о Provide the necessary analytical modeling, computer codes and small 
scale experiments to support the safe operation of the FFTF.

о Peform fuel pin transient testing in TREAT reactor.

The FFTF-supportive safety program includes the evaluation of existing 
analytical models and computational codes, as well as studies to determine the 
need for the generation of relevant improved and new models and codes. The 
old, and new if necessary, models and codes will be utilized to support the 
safety evaluation and analyses of experiments to be carried out in the FFTF.

R&D will be conducted to Improve knowledge of the thermophysical properties 
of fuels and materials relevant to FFTF experiment analyses. These improved 
material property data are needed as input information to the models and 
computer codes. The Safety Analyses Computerized Reactor Data (SACRD) Bank 
will be utilized to maintain and evaluate these data.



To further improve the overall safe operation of the FFTF, RSD programs 
on venting and filter improvements, failed fuel detection, computer-based 
control room displays for operator information, and reactivity anomaly detection 
instrumentation will De supported. A small number of supporting in-pile 
transient tests, whicn cannot De performed in the FFTF, will De carried out in 
the TREAT Facility. Operating data from the FFTF will be maintained and 
evaluated Dy a Centralized ReliaDility Data Bank (CREDO).

In addition to this direct FFTF-oriented R&D, several relevant analytical 
studies will oe conducted. These studies will include an evaluation of the 
use of a special loop in the FFTF to simulate reactor transients and the range 
of fuel transient testing that is feasible.

In FY 1У80 the developmental plant design activity will De supported Dy 
provision of the safety program reports on the status of reactor self-actuated 
shutdown system development, and on design options for core deDris accommodation, 
reactor containment instrumentation, and containment vent/filter systems. A 
long-range safety testing program plan for the Transient Reactor Test (TREAT) 
Facility will ue completed.

Components, Materials and Structures

The Components, Materials and Structures program encompasses the development 
of major components of LMFBR heat transport systems and auxiliary systems, as 
well as the development of the data, processes, instrumentation and control, 
and analytical methods needed to support component and system design, fabrica
tion and operation. The program oDjectives are to:

о Develop and demonstrate key LMFBR components to assure availability 
of proven designs for applications to large plants.

о Provide technology, data and experimentally verified coaes to 
support the design, fabrication, and operation of reliable and 
economic systems and components.

Through FY bO, tne component development program has been structured 
to provide the technology for reliable ana economic equipment for future large 
plants through design, fabrication, and testing of equipment models or proto
types and through providing the supporting technology needed for component and 
system design and faurication. Primary emphasis nas been on the development 
of large steam generators ana pumps. The steam generator program includes the 
design, fabrication and testing of two different once-through steam generator 
designs—a single-wall, helically coiled tuDe concept by the BaDcock and 
Wilcox Company, Barberton, Ohio, and a douDle-wall straight tube concept by 
Westinghouse Electric Corporation's Tampa Division, Tampa, Florida. For each 
concept, feature testing, small model testing and manufacturing development is 
followed by fabrication and testing of a 70-MWt model in the Sodium Components 
Test Installation (SCTI) at the Energy Technology Engineering Center (ETEC),
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Canoga Park, California. In addition, the 117-MWt "Hockey-stick" steam 
generator developed by Atomics International for the CRBRP is to be completed 
and also tested in the SCTI.

The steam generator program also includes a series of large sodium-water 
reaction tests to simulate the effects on an LMFBR steam generator of an 
unlikely complete rupture of a steam/water tube surrounded by sodium.

In addition, technology is being developed and key features tested for 
other components such as fuel handling equipment, intermediate heat exchangers, 
flexible pipe joints, reactor seals, small valves, and instrumentation and 
controls. Supporting development is being conducted in the areas of flow 
induced vibration, thermal/hydraulic effects, natural circulation, sodium 
impurity monitoring and control, and sodium and radionuclide decontamination. 
Major programs are underway for the development of design methods and criteria, 
manufacturing processes and materials property data to establish an adequate 
technology basis to support component and system design, fabrication, and 
operation.

In FY 198U, in the steam generator program the design of the single-wall 
70-MWt model steam generator will be complete; fabrication will continue.
Testing of a few-tube model of the double-wall steam generator will be complete. 
Following the initial series of sodium-water leak tests already completed in 
the LLTR, the first four tests of a second series employing a full-diameter 
(CRBRP) test vessel will have been conducted. In the pump program the sodium 
testing of a subscale 3000-gpm inducer pump will be complete as will the model 
testing of the reference 85,000-gpm primary and intermediate pumps. Fabrication 
of the reference primary pump will have been initiated and materials for the 
reference intermediate pump ordered. Testing of the CRBRP in-vessel transfer 
machine (IVTM) will be completed. In the supporting development area adaptation 
of the; COMMIX thermal/hydraulic code for intermediate heat exchanger (IHX) 
application as well as testing of distillation methods for sodium decontamina
tion will be complete. Development of eddy current techniques for in-service 
inspection of steam generator tubing will also be complete.

Physics

The physics program is directed toward developing and maintaining a 
generic physics design and analysis compatibility based on and supporting the 
operations of FFTF. Its objectives are:

о Provide physics measurements, nuclear data and computational methods 
as required to assure safe and effective operation of FFTF.

о Review and document current studies of advanced breeder core designs 
to preserve key technological data.

The physics program provides experimental measurements of core and shield 
properties, nuclear data measurements and evaluations, and development of



computational methods for predicting core performance, shield effectiveness 
and safety parameters. These activities support the available options for 
fuel forms, reactor types, and nuclear fuel cycles, as well as U.S. participa
tion in international technical exchanges. Emphasis is placed on analysis of 
the FFTF neutronic performance and changes due to core reload requirements. 
State-of-the-art experimental and analytical physics support is provided for 
determination of the radiation doses utilized in fuels and materials irradiation 
test programs.

In FY 1980 the critical experiments completed and in progress will have 
provided confirmation of the neutronic and safety related characteristics 
of both homogeneous and heterogeneous core configurations of CRBRP-sized 
plants and homogeneous configurations of larger developmental plant sizes. 
Analysis of CRBRP shielding has been completed and preliminary analyses for 
larger plant shielding will De reported. The ENDF/B files of nuclear data 
have Deen extended, updated and issued as ENDF/B Version V. Data processed 
from ENOF/B-V for reactor design applications as well as new files of fission 
product, gas production, and activation data will De made available for FFTF 
applications.

Computer codes to process ENDF/B-V data (including transport information) 
for core and shield design analyses, a DOT-IV shielding transport code upgrade, 
and the BURNER depletion code for detailed fuel management calculations in 
three dimensions will also De completed.

Fuels and Core Materials

This work identifies and develops Dreeder reactor fuel, blanket and 
absorber elements, and demonstrates their performance capabilities under steady- 
state and design-transient conditions. It includes developing fuel fabrication 
equipment and processes as well as analytical design and performance models, 
and verifying the models Dy various levels of irradiation testing. The 
program's objectives are:

о Determine and improve the lifetime of FFTF replaceable core components
such as fuel and absorDer assemblies, and provide fuel fabrication
capabilities for continuing operation of FFTF.

о Design, develop, and qualify through FFTF testing advanced fuel,
blanket and absorber assemblies.

The fuels and core materials program comprises two parallel activities:
(1) the confirmation of previous development work on reference FFTF fuel-system 
materials (i.e., U/Pu oxide fuel and Type-316 stainless steel cladding and 
ducts) to support the safe and reliaDle operation of FFTF as a test reactor, and
(2) the performance of sufficient EBR-II, TREAT, and FFTF based investigations, 
as well as fabrication development activities, on advanced fuels, blanket and 
absorber concepts to narrow tne options to the point where prime concepts can
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be selected and developed. The development work is organized into three 
elements:

о Fuels, absorbers, and clad/duct materials for FFTF; 

о Advanced fuels, blankets, absorbers and clad/duct materials; and 

о Fuel fabrication processes.

The program depends heavily on irradiation tests conducted in the EBR-II 
and to be conducted in the FFTF. Significant aspects of the irradiations 
program in EBR-II have included: (a) carrying advanced fuels tests to and
beyond goal burnups to identify ultimate performance limits, (b) continuing 
irradiations of advanced cladding and duct materials to high exposures, and 
(c) performing Run-Beyond-Clad-Breach (RBCB) tests. Key aspects of the 
irradiations to be conducted in FFTF include: (a) qualifying FFTF driver
fuels, (b) testing candidate advanced cladding and duct materials, and 
(c) testing advanced fuels and blanket pins. These experiments will lead 
to testing full-scale assemblies of prime-candidate advanced fuels and blanket 
concepts, to be followed by large-scale qualification runs with partial core 
loadings of such assemblies.

The program for measuring and improving the performance of FFTF replace
able core components will be conducted principally within the framework of a 
systematic driver fuel and absorber evaluation plan involving the periodic 
removal of reference driver fuel assemblies for thorough post-irradiation 
examination. This intensive evaluation will extend through the first five 
years of FFTF operation. Performance surveillance will continue during 
subsequent operation, but on a more routine basis.

Current FFTF component performance predictions, based on EBR-II test data 
and supported by French experience with Phenix core components, suggest that 
the limiting factor controlling achievement of current component lifetime 
goals will be dimensional changes in duct and fuel pin cladding. Accordingly, 
design and materials modifications having the potential to enhance component 
dimensional stability, thereby providing increased lifetime capabilities, are 
being evaluated for possiDle incorporation into subsequent FFTF core component 
manufacture. These modifications include changes in composition of the clad 
and duct materials. An investigation will also be conducted as to the extent 
to which manufacturing tolerances can be relaxed to afford reductions in 
component cost.

The development of advanced core components Involves the development of 
long-lived, highly reliable components that will enhance viable plant operation 
and provide a suitably short doubling time. Major emphasis is placed on 
obtaining a comprehensive base of component performance information, derived 
for a wide variety of design options and a broad range of operating conditions. 
The experimental portion of this activity consists of a series of tests of 
pin and assembly variables that will provide a broad coverage of fuel type, 
advanced cladding and duct materials, pin design and analytical capabilities.



Advanced fuels, blankets, absorbers and clad/duct materials will be 
qualified to and beyond design goals through comprehensive testing in FFTF. 
Partial core loadings of both oxide and carbide fuel assemblies will be tested 
over an extended period. The partial core loading tests will be complemented 
by detailed pin and assembly fuel, blanket and absorber parametric tests, and 
materials tests.

Fuel fabrication process development efforts focus on the Zero Risk Fuel 
Fabrication (ZRFF) program. The objectives of this program are: (1) to
minimize personnel exposure, (2) to eliminate the potential for contamination 
of personnel, diversion of special nuclear materials, and release of material 
to the environment, and (3) to maintain favorable fuel costs.

Major fabrication development emphasis is directed toward applying ZRFF 
technology to the production of FFTF Series 3 (Core 5) fuel. The program 
incorporates advanced automation and remote process technologies, as well as 
necessary safeguards, scrap and waste handling procedures, process control and 
safety systems necessary to meet its objectives. Partial demonstration of this 
ZRFF technology will be accomplished in the Fuels and Materials Examination 
Facility (FMEF). This will be achieved by limiting access to special nuclear 
materials through elimination of all contact íabrication operations and by 
remotizing maintenance operations to the extent practical.

During FY 198Û, in support of FFTF, EBR-II tests of reference materials, 
oxide fuel and absorbers will be completed and will provide the assurance for 
proceeding with currently planned operation of FFTF replaceable core components 
directly to goal lifetimes. Initial (low-burnup) driver fuel evaluation 
assemblies will be removed from the reactor and their performance characterized. 
Near-term FFTF fuel needs will be met by continuing commercial procurement 
through Core 4, and a plan will be prepared for accommodating FFTF fuel needs 
for Cores 5 and beyond.

Advanced fuels and materials work will follow three main thrusts:
(1) bringing toward completion the EBR-II pin variables testing phase;
(2) completing fabrication and initiating FFTF irradiation of a series of 
fuel, blanket and absorber pin and assembly tests; and (3) initiation of 
fabrication of the first FFTF partial core loading of oxide fuel. Pin and 
assembly variables test vehicles for irradiation in FFTF will be fabricated. 
Advanced alloy irradiation tests in EBR-II will reach completion at the end 
of FY 1980. A full complement of test specimens will be prepared for two 
materials open test assembly (MOTA)* test vehicles, to be inserted in FFTF 
Cycles 1 and 2. Fuel fabrication technology development will focus on process 
optimization, automation and partial remotization necessary to meet FFTF fuel 
supply demands. Ceramic unit operations will be automated and integrated with 
automatic handling systems. Work on advanced equipment and process develop
ment will begin. Detailed planning for use of ZRFF technology in FMEF will be 
completed.
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Breeder Fuel Reprocessing

Although Administration policy indefinitely defers the reprocessing of 
commercial LWR spent fuel, the continued development of the LMFBR as an option 
to be deployed in the future, if needed, requires complementary development of 
breeder fuel reprocessing, since breeders require a closed fuel cycle to 
recover the excess fissile material produced in fuel and blanket assemblies 
during reactor operation. However, with the deferral of a decision on LMFBR 
demonstration, fuel reprocessing activities will be continued only to the 
extent required to support FFTF operation. Therefore, the current program 
objectives are:

о Complete testing of developmental reprocessing equipment already in 
place.

о Conduct generic studies as appropriate to the support of FFTF 
operation.

о Complete the construction of the Integrated Equipment Test (IET)
facility, and place the facility in a standby condition as a resource 
for possible future equipment development activities.

Activities in reprocessing technology have concentrated on the design, 
fabrication, testing and evaluation of engineering-scale equipment components 
for the process and preparation, solvent extraction, and product conversion.
The program envisioned testing of process and equipment concepts as an integrated 
system using unirradiated mockup fuels in the Integrated Equipment Test (IET) 
facility. Ultimately, it was planned to test the complete process line using 
actual breeder-reactor spent fuel in a Hot Experimental Facility (HEF).
Consistent with deferral of LMFBR system demonstration, however, the program 
will now test only the developmental equipment on hand, and place the IET in 
standby when it is completed. The major pieces of equipment scheduled to go 
into the IET will not be completed.

The reprocessing program is being carried out by Oak Ridge National 
Laboratory (ORNL), with the assistance of industrial participants operating 
on a subcontract basis. The Union Carbide Corporation Nuclear Division 
Engineering Department and ORNL provide technical design guidance. Definitive 
design and construction of IET are managed directly by the DOE Oak Ridge 
Operations Office.

An evaluation of alternative fuel cycles for converter reactors (from the 
reprocessing standpoint) is complete. Testing of development equipment 
components for head-end processing of breeder fuels will be continuing and 
hot-cell testing of breeder fuel dissolution using fully irradiated fuel test 
samples will be underway. The initial development planning and assessment of 
proliferation-resistant engineering applications will also be underway. The 
design of the IET will be complete and construction begun. The conceptual 
design of HEF will be finalized.



Test Fácilities

Test facilities are an essential part of the LMFBR program in that they 
provide the capability to test component designs developed under the breeder 
technology program as well as prototypes of components to be incorporated in 
plant projects.

The 1975 initiation of the expanded program to reduce uncertainties in 
component performance resulted in greater demands on test facilities to 
proof-test components. Further, with the decision to defer construction of 
developmental plants, the need for test facilities is intensified as a partial 
substitute for the component experience that would have been obtained in these 
plants. In particular, despite the proposed termination of the CRBRP project, 
many CRBRP components will have been fabricated. Beneficial data can be 
obtained from these components by testing in non-nuclear test facilities.

Another factor that adds emphasis to the need for test facilities is the 
increase in size being considered for the next research and development plant. 
The size extrapolation from FFTF components of a factor of five or more will 
require adequate testing to identify and minimize risk.

The objectives of this portion of the program are to:

о Operate and maintain existing test facilities, conducting tests in 
accord with schedules established by the breeder technology and 
plant projects program elements;

о Acquire new facilities as required to support FFTF operation;

о Provide construction and operational services for nuclear material
safeguard systems and perform landlord functions at selected DOE 
sites; and

о Assure that nuclear programs are carried out using proper standards,
quality assurance techniques and safety practices.

New facility projects planned or under construction include:

Laboratory

Argonne National 
Laboratory

Hanford Engineering 
Development 
Laboratory

Facility 

TREAT Upgrade

Fuels and Materials Examination 
Facility {FMEF)

Maintenance and Storage 
Facility (MASF)

Fuel Storage Facility (FSF)

Technology Element 

Safety

Fuels & Core Materials

Fuels & Core Materials 
Fuels & Core Materials

The above projects were described in our last year's report to this group.
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During FY 1980 modifications to the Sodium Components Test Installation 
(SCTI) at ETEC to expand its capacity from 35 to 70 MWt to test large steam 
generators and heat exchangers will be complete. Construction will continue 
on the Fuels and Materials Examination Facility, Fuel Storage Facility, and 
the Maintenance and Storage Facility, all at HEDL. Safeguards and security 
projects will have been initiated at ANL, HEDL, and INEL respectively. Also 
a number of smaller site maintenance landlord type projects will have been 
completed and new projects started.

LMFBR Nuclear Regulatory Commission Program

The NRC program on LMFBRs is subdivided into analysis, safety test 
facilities, materials interaction aerosol release and transport and systems 
integrity. Progress during 1979 on these programs is discussed below.

Analysis

Argonne National Laboratory completed an analysis of critical experiments 
dealing with LMFBR safety using the VIM Monte Carlo code and the Zero Power 
Reactor-9 (ZPR-9) facility. Other ANL code work resulted in improved calcu- 
lational efficiencies (by factors up to five) using the COMMIX (Component 
Mixing) and B0DYFIT-1 (Boundary-Fitted Transformation) codes. ANL work in the 
cooperative studies with EURATOM and the United Kingdom featured calculations 
with the SAS3D/EPIC code to quantify consequences of various accident phenomena, 
as well as a study of fuel-pin behavior.

At Brookhaven National Laboratory, work on the "Super System Code" (SSC) 
continued during 1979, and a version modeling the FFTF was completed. Startup 
tests planned for the FFTF were precalculated and will be compared with 
operating data when it becomes available next year.

Los Alamos Scientific Laboratory's analysis program on hypothetical core 
disruptive accidents (HCDA) in breeder reactors has been shifted from rapid, 
energetic accidents to those that develop more slowly. A key concern in such 
hypothetical accidents is the transition phase in which the core begins to 
melt and core materials begin to move. LASL completed the first consistent 
analysis of the transition phase using the SIMMER computer code. The code was 
made available in 1979 for use in the United Kingdom, Germany, and the European 
Economic Community Research Center in Italy.

Sandia Laboratories completed a preliminary version of a computer code 
called CONTAIN, for use in analyzing the responses of advanced reactor con
tainment systems to postulated accident threats. The code will compute the 
structural and radiological interactions when core material drops from a 
primary reactor vessel onto the containment floor, and will assess the 
character of the residual mass.

Safety Test Facilities

Following the upgrading of the Annular Core Research Reactor (ACRR) at 
Sandia Laboratories, NRC's safety test facility work has consisted of Install
ing a new diagnostics system in ACRR, and of implementing the ACRR-OCABRI 
collaboration in fast-reactor safety experiments.



Materials Interactions

Experiments and analytical model development on the energetics of severe 
accidents and on the melt-through potential of post-accident core debris con
tinued at Sandia Laboratories in 1979. Analysis of previous ACRR experiments 
on fuel pellets under accident conditions showed that rapid fuel swelling 
resulted from fission gas production, and this could not be explained by 
existing analytical models. As a result, new models of this phenomenon were 
developed and an improved ACRR series of experiments on fuel disruption (FD-2) 
was begun. Experiments on the disruption of irradiated fuel and its sweep-out 
from the core by coolant in LMFBR accidents will use the ACRR's new fuel-motion 
diagnostics system.

In Prompt-Burst Energetics work at Sandia, experiments on the damage 
potential of severe power excursions (prompt bursts) were resumed in the 
upgraded ACRR. In these experiments an LMFBR fuel pin contained in a sodium- 
filled capsule is placed in the ACRR experiment cavity and exposed to an 
intense, short burst of neutrons that melts and may even partially vaporize 
the fuel. The resulting pressure and mechanical damage potential are measured 
and used in constructing analytical models for assessing the threat of such 
power excursions to the integrity of reactor vessels and piping. The experi
ments are showing considerably less damage potential than previously considered 
possible.

Aerosol Release and Transport

Tests of sodium/uranium oxide aerosols in the Nuclear Safety Pilot Plant 
at Oak Ridge were directed toward areas recommended by NRC's Advisory Committee 
on Reactor Safeguards. An extensive matrix of such aerosols was examined in a 
wide variety of conditions in the first phase of the test program. It is 
scheduled to continue through most of fiscal year 1980.

Another study at ORNL involves the transport of U0„/sodium aerosols 
through overlying sodium. This study uses the Fuel Aerosol Stimulant Test 
(FAST) facility, and trial tests using water instead of sodium to establish 
facility characteristics were under way at the end of 1979.

System Integrity

A special series of large-scale sodium concrete interaction tests was 
completed in support of the NRC's final safety evaluation of the FFTF. The 
results of the test confirmed the staff position regarding FFTF containment 
margins. Another test program was initiated to study the interaction of 
molten fuel materials with candidate materials that could be used in place of 
concrete to contain core debris from a postulated core meltdown. A large fuel 
melt test facility is under construction at Sandia. The facility will be used 
to conduct tests containing up to one half ton of molten fuel in contact with 
structural materials to confirm analytical methods for predicting containment 
system response under postulated accident conditions.
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The objective of the the GCFR program was to maintain the gas cooled 
breeder system as a viable backup option to the LMFBR breeder program. The 
GCFR has a number of characteristics that make it a suitable alternative 
breeder. It has the combined potential of a relatively high breeding ratio, 
flexibility to operate on virtually any combination of fissile and fertile 
fuels, relatively low development costs (if conducted simultaneously with 
related LMFBR and HTR technology programs), and some possibility for lower 
capital and maintenance costs. It must be recognized, however, that these 
potential advantages are based on a relatively immature technological data 
base.

Because of the current status of the U.S. and worldwide LMFBR technology, 
there is no longer a need for a back-up breeder to the LMFBR. If there were 
insurmountable technical problems with the LMFBR they would have been evident 
by now as the result of extensive actual reactor operating experience over the 
past 30 years. Consequently, Federal support of GCFR has not been included in 
the Presidential budget for FY 1981.

The GCFR program is currently composed of three elements: 

о GCFR Development 

о Core Flow Test Loop (CFTL)

о Gas Reactor In-Pile Safety Test (GRIST-2).

In the first element, the current programs underway are in fuels and 
materials, components and safety. The current efforts will be brought to 
a conclusion in FY 1981.

The objective of the CFTL was to provide a test apparatus for verifying 
the GCFR core thermal hydraulic design analysis and safety margins up to the 
design basis accident conditions. In FY 1980 all design efforts on the loop 
and first bundle tests will be completed. All procurements will be completed 
for the initial testing. Installation of the equipment for the primary and
auxiliary power systems and the principal items of the data acquisition system

will be completed.

The objective of GRIST-2 was to provide a test loop for experimental 
verification of the safety analysis used to predict fuel behavior during GCFR 
power transients. GRIST-2, designed by EG&G in Idaho Falls, Idaho, was to be 
inserted in the TREAT facility at Idaho National Engineering Laboratory. DOE 
proposes to indefinitely defer Title I design of the helium loop system and 
the in-pile tube in the second quarter of FY 1980. Conceptual design of the 
support equipment by ANL will be completed and documented. All GRIST-2 
activities will then be suspended.

GAS COOLED FAST BREEDER REACTOR (GCFR)



A REVIEW OP PAST REACTOR PROGRESS IN JAPAN

K. TOMABECHI
Power Reactor and. Nuclear Fuel Development Corporation 
Akasaka, Minato-ku, Tokyo

The fast breeder reactor development project in Japan has been in 
progress in the past twelve months and will be continued in the next 
fiscal year, from April 1980 through March 1981, at a similar scale of 
effort both in budget and personnel to those of the fiscal year of 1979. 
The 1980 year budget for R & D  work and for construction of a prototype 
fast breeder reactor, MONJU, will be approximately 14 and 19 billion Yen 
respectively, excluding wages of the personnel of the Power Reactor and 
Nuclear Fuel Development Corporation, PNC. The number of the technical 
people currently engaging in the fast breeder reactor development in the 
PNC is approximately 530, excluding those working for plutonium fuel 
fabrication.

Concerning the experimental fast reactor, JOYO, power increase from 
50 MWt to 75 MWt was made in July 1979 and an operational cycle at 75 MWt 
has been completed very recently. With respect to the prototype reactor 
MONJU, progress toward construction has been made and an environmental 
impact statement of the reactor is being reviewed by the concerned 
authorities.

Preliminary design studies of large LMFBR are being made by PNC and 
also by utilities. A design study being conducted by PNC is on a 1000 MWe 
plant of loop type by extraporating the technology to be developed by the 
time of commissioning of MONJU. A group of utilities is conducting a 
similar study, but covering somewhat wider range of parameters and 
options of design. Close contact between the group and PNC has been 
kept. In the future, those design efforts will be combined as a single 
design effort, when a major effort for developing a large demonstration 
reactor will be initiated at around the commencement of construction of 
the prototype reactor MONJU.

Highlights and topics of the fast breeder reactor development 
activities in the past twelve months are summarized below.

1. Experimental Fast Reactor JOYO

The experimental fast reactor JOYO was constructed as the first mile 
stone in the FBR development program in Japan, aiming at acquisition of 
technological experiences necessary for constructing a prototype reactor, 
and also utilization as an irradiation facility for fuels and materials 
after completion.

The reactor has a core fueled with mixed oxide fuel of uranium and 
plutonium, surrounded by blanket of depleted uranium oxide. The core 
has 6 control rods; 4 safety rods and 2 regulating rods, made of B^C.
The reactor has two identical sodium loops, each of which has heat 
removal capacity of 50 MWt and consists of the primary sodium system, an 
intermediate heat exchanger and the secondary sodium system which has air
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blast heat exchangers to dissipate finally the heat generated in the 
reactor core into the air. JOYO has an air-tight containment vessel in 

which all the primary sodium system including reactor vessel is installed.

Although JOYO s designed aiming at a target power of 100 MWt, it 
was planned to increase the reactor power stepwise through three phases,
50 MW, 75 MW and 100 MW, considering that the reactor was the first sodium 
cooled fast reactor built in the country. Construction of JOYO was started 
in the spring of 1970 at the site of the 0-arai Engineering Center and the 
initial criticality was achieved on April 24, 1977. The low power physics 
tests and high power tests at 50 MWt were carried out until the middle of 
September 1978. The 50 MW normal operation began in October 1978 and 
successfully completed in the end of February 1979.

Tests for power increase to 75 MW was started in the beginning of 
the last July and the power level was achieved on July 17, 1979. Normal 
operation at 75 MW began in January 1980, after a through inspection of 
the whole plant was made. The normal operation at this power level will 
be continued for about one year in order to accumulate technical data of 
the present core. Concerning the performance characteristics of the 
reactor, the experimental results so far obtained by various tests have 
been in general satisfactory, being in good agreement with the predicted 
values. Operational experiences with the reactor are given below.

The initial criticality test began on March 16, 1977 and the 
criticality was achieved with 64 fuel subassemblies on April 24, 1977.
After the criticality achievement, low power physics tests were carried 
out until the middle of November 1977. Various core characteristics such 
as control rod characteristics, reaction rate distributions, temperature 
coefficient of reactivity, fuel subassembly worths, sodium void worths, 
flow distribution in core and shielding characteristics were measured. 
During the test period, the reactor was operated at lower than 500 KW, 
mostly at around 10 KW, with the coolant temperature of about 250°C.
During the period of those tests, the fuel handling equipment was 
operated satisfactory and more than 100 subassemblies were handled by 
the equipment. The average loading time of a fuel subassembly into the 
core was approximately 6 hours.

Tests for increasing power to 50 MW was started on April 18, 1978 
and the power level was achieved on July 5, 1978. The power increase 
was made stepwise, starting from 7.5 MW, and then increased to 15 MW,
25 MW, 40 MW and finally 50 MW. At each power level, various characteri
stics such as power coefficient of reactivity, burn up coefficient, plant 
stability, heat transport characteristics of cooling system, radiation 
levels at various locations, were measured. In addition, thermal transient 
tests such as those due to reactor scram, primary pump trip, and loss of 
external power supply to the plant were conducted at the power levels of 
25 MW and 50 MW. Those tests were successfully completed on September 16, 
1978.

Normal operation at 50 MW was started on October 27, 1978. The 
operation was scheduled for two operational cycles until February 26, 1979. 
One cycle consisted of about 45 days of operation and 2 - 3  weeks of shut 
down. At this power level, operation of the reactor was very stable. It 
was needed to manipulate the regulating rods only twice a day, once every 
•morning and evening, in order to compensate the reactivity losses due to



fuel burn up. The measured reactivity loss in one operational cycle was 
0.31% Ak/k, in good agreement with the predicted value.

An application for power increase to 75 MW was filed to the regulatory 
body in the fall of 1977 and it was granted in September 1978. After 
completion of two operational cycles at 50 MW, tests for increasing power 
to 75 MW was started on July 3, 1979 and the power level was achieved on 
July 16, 1979. Various performance tests at this power level were carried 
out until the end of August 1979. Most of the test items conducted were 
similar to those made at the power increasing tests for 50 MW. The 
results obtained were generally satisfactory. However, an interesting 
phenomenon was observed as to the power coefficient of reactivity.
Whenever the reactor power was increased for the first time to an unex
perienced power level, a large negative power coefficient of reactivity, 
approximately twice the predicted value, was observed. However, such a 
phenomenon has never been observed in subsequent operation. The cause of 
this phenomenon is still under investigation, but it has been suggested 
that one possible cause could be rearrangement of the fuel subassemblies 
by thermal bowing.

After the tests at 75 MW, an annual inspection to the plant was made 
from September 1979 through December 1979. During the inspection, sodium 
was drained from the primary piping and radiation dose rates at the piping 
wall were measured. It was observed that the radiation level was low, at 
most a few mR/h. Radioactive corrosion products such as Co-58, Co-60 and 
Mn-54 deposited on the inner piping wall were detected. Normal operation 
at 75 MW was started in January 1980 and it will be continued for about 
one year. Modification to a 100 MW core suitable for irradiation purposes 
will then take place.

2. Prototype Fast Breeder Reactor M0NJU

MONJU is a power plant of 714 MWt, 300 MWe, fueled with mixed oxide 
of uranium and plutonium. A site located in the Tsuruga Peninsula in 
Fukui Prefecture, where several LWRs are in operation, has been proposed 
for constructing MONJU. Survey works in various aspects of the environ
ment such as geological, marine, and meteorological were conducted and 
the results of the survey works were reported to the concerned authorities. 
Since then reviewing of the document has been continued by the authorities. 
It is hoped that the review will be finished in the near future and 
licensing procedure for commencement of construction work will be started 
soon. A brief description of the present design of MONJU is given below.

The reactor core is zoned for two different Pu enrichment and composed 
of hexagonal fuel subassemblies. The reactor inlet and outlet coolant 
temperatures are 396°C and 529°C respectively. The expected average fuel 

burn up and the breeding ratio are 80,000 MWd/t and 1.2 respectively.
Heat is removed from the reactor core and blanket by the primary 

sodium coolant, transferred to the secondary sodium coolant by three 
parallel intermediate heat exchangers, and finally to water and steam 
in three once-through type steam generators composed by helical coil 
tubes. The steam generators generate superheated steam of 487°C at 
132 kg/cm2 which is fed to a turbine directly coupled to a synchronous 
generator.
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The main pumps are located in the cold legs of both the primary and 
secondary systems, and these pumps are of centrifugal type having free 
surface of sodium. The intermediate heat exchangers are of vertical shell 
and tube type. The primary coolant flows in the shell side and the 
secondary coolant flows in the tube side. Each steam generator consists 
of an evaporator and a superheater.

The primary coolant system has been designed with special attention
to its integrity against leaks. Components in the primary coolant system
are installed in guard vessels and connected by elevated piping in order 
to prevent lowering of sodium level in the system below the minimum level 
required from safety point of view. Thus, even at an event of leakage in 
the primary system, cooling of the core by emergency system can be 
accomplished.

Decay heat is removed by means of three parallel auxiliary core 
cooling system, ACCS. The main primary coolant system and the main 
intermediate heat exchangers are used as the primary system of the ACCS 
and the secondary cooling system and branched air coolars consist of the 
secondary system of the ACCS. Small pony motors mounted on the main 
circulating pumps can maintain coolant circulation using emergency power 
supply in the event of loss of external power supply to the plant.

The reactor has a simple, top-supported reactor vessel, about 7 
meters in diameter and 17.3 meters in height, which is closed at the top 
by a rotating shield plug. The reactor vessel is a cylindrical shell with 
a hemispherical bottom head where three 24 inch main coolant inlet nozzles 
are located. Three 32 inch main coolant outlet nozzles are located at a 
level of about 1 m  above the top of the core. The vessel is surrounded
by a guard vessel housed in the reactor cavity which is inside the concrete

biological shield structure.
The reactor vessel internals are supported at the lower part of the 

vessel. Each fuel subassembly in the core has 169 fuel pins being hexa- 
gonally bundled. A radial blanket fuel subassembly has 61 fuel pins.
Flow distribution in the core is controlled by fixed orifices at the 
bottom of fuel subassembly. The fuel subassemblies are hydraulically 
helddown to the support plate. Cladding material of fuel pins is SUS 
316. Length of the subassembly is 4.2 m. Refueling interval is fixed 
as about six months and the core will be refueled by scattered loading 
scheme of five batches.

The reactor is equiped with 19 control rods; 13 regulating and safety 
rods and 6 back up safety rods. B4C is used as neutron absorbing material. 
Provision is made for instrumentation of the complete core region and a 
portion of the radial blanket region. Namely, two thermocouples and a 
flow meter are provided for each core subassembly and two thermocouples 
are provided for each selected innermost radial blanket subassembly. A 
passive core clamping mechanism is provided around the core for prevent
ing bowing and vibration of the core elements during reactor operation.

Reactor fuel handling is accomplished by use of a single rotating 
plug and an in-vessel fuel handling machine which has a fixed arm panto
graph. A spent fuel is placed in a sodium filled pot and pulled up into 
an ex-vessel fuel handling machine. Then the spent fuel is transferred 
by the machine to a storage facility located outside of the containment 
vessel. Later on, the spent fuel is transferred to a cleaning facility 
of sodium. After being cleaned by steam, it will be stored in a water pool.



Some of the design parameters are given in the Table 1.

3. Reactor Physics

Japaneses Evaluated Nuclear Data Library, JENDL, has been developed 
as the standard domestic library of microscopic cross sections in Japan.
Its first version, JENDL-1, was reported in 1976. JENDL-1 aimed at 
primarily providing data for fast reactor calculations. Applicability 
of JENDL-1 was tested by various benchmark tests. The second version 
JENDL-2 has been aiming at expanding the range of applicability to those 
including calculations for thermal reactors, shielding problems, reactor 
safety analyses, neutronics of fusion reactors. For this purpose, the 
number of nuclides included was increased to about 130, energy range 
covered was extended up to 20 MeV, threshold reactions were taken into 
account, thermal and resonance cross sections were reevaluated.

According to the results of benchmark tests so far conducted, calcu
lations using JENDL-2 predict various characteristics of fast reactors 
better than those using JENDL-1 in general. However, problems have been 
noticed. For example, overestimation of U-238 fission rate ratio to 
U-235 fission and underestimation of B-10 worth suggest that the spectrum 
calculated using JENDL-2 .may be too hard. Such hard spectrum is perhaps 
due to a small inelastic cross section of U-238. On the other hand, 
underestimation of the fission rate ratio of Pu-239 to U-235 fission 
suggests that the spectrum is still too soft. This inconsistency is 
an open question at the present time and will be further investigated.

In a series of the mockup experiment for MONJU, an experiment of
B^C absorber rods introducéd in the radial blanket region have been carried 
out using FCA VII-2S assembly which has a simulated blanket region of 
MONJU within a quarter of the radial blanket region of the assembly. In 
the experiment, at the introduction of B^C rod containing about 1 kg of 
B-10, it was observed that the power density was decreased slightly at the 
peripheral region of the inner core, but rather significantly by more than 
10% in the outer core region. Calculations of the control rod worths gave 
underestimations by 10 - 20%. It has been noticed also that there exists 
a significant difference in control rod worths in the radial blanket 
region of MONJU calculated by diffusion and transport theories.

In an assembly of FCA, an experiment simulating fuel slumping phenome
non is being carried out. In the experiment, distribution of -*-®B(n,a) ̂ Li 
reaction rate in the control rod is also being measured.

The DOE-PNC joint program for large core critical experiments called
JUPITER is in progress at ZPPR. Preliminary analyses for criticality, 
central reaction rate ratios, and reaction rate distributions of ZPPR-9 
using JENDL-1 have been carried out. The agreement between the calculated 
and the measured values are satisfactory. Detailed analyses using 
JENDL-2 are underway.

An optimization study on a large heterogeneous core of 1000 MWe size, 
having a radial internal blanket, has been carried out to improve breeding 
performance, and to optimize fuel pin diameter. Recent results of the 
study were reported at the Aix-en-Provence Symposium. Another study on 
safety as well as neutronic and thermal-hydraulic characteristics of a 
heterogeneous core has been made, in comparison with the characteristics 
of a conventional homogeneous core.

124

4. Safety

Two series of experiments were conducted using a 37 heater pin 
bundle. The first of these was an LOF-type transient boiling test. The 
observed voiding region was initially limited to the center of the bundle 
near the end of the heated section, and then expanded in the axial and 
radial directions. The voiding process will be analyzed by 2-D or 3-D 
analysis codes under development. The second was a test for boiling under 
the conditions of decay heat level, which was aimed at estimating decay 
heat removal capability by sodium boiling. In the experiment, dryout was 
not observed up to a heat flux of 40 W/cm^ and a vapor quality of 0.5.

In order to investigate phenomena of local blockage of sodium flow 
within a subassembly, a series of experiments were conducted. In the 
experiments, the phenomena of temperature rises at the blocked regions, 
local boiling, and fission gas releases were simulated, by varying both 
sizes and locations of flow blockage within bundles of 37 and 61 heater 
pins. The experimental results obtained so far lead to the following 
conclusions. For reactor conditions, it is expected;
(a) Sodium boiling would not occur behind a central blockage, if the 

ratio of the blocked region to the total is less than 0.6 .
(b) A blockage at an edge of the bundle is likely to cause local boiling, 

if the ratio of the blocked region to the total is larger than 0.3.
(c) Propagation of pin failure to those outside the blocked region is 

unlikely.
(d) Local boiling behind a blockage is relatively stable and does not 

develop to bulk boiling.
A  new facility for testing fuel coolant interaction was completed 

in March 1979 at the 0-arai Engineering Center. In order to test the 
installed equipment, preliminary tests were conducted to melt fuel pins 
in the nitrogen gas atmosphere, which consisted of a cladding of stain
less steel, a stack of ten UO2 pellets of 5.5 mm in diameter and 10 mm in 
length, having a boron-nitride sleeve for electrical insulation. By the 
experiments, the capability of the electric power supply to melt UO2 
pellets was properly tested. Tests to simulate TOP condition will be 
started soon.

An investigation to measure the high temperature vapor pressure of 
UO2 in which an isotope is impregnated as one of fission products has 
been conducted. In this investigation, the surface of a fuel is heated 
by a pulse laser beam, and vapor pressure is measured by torsion 
technique. Temperature of the fuel is estimated from the energy density 
of laser beam absorbed by the fuel. In the preliminary experiments, 
vapor pressure of pure UO2 and cesium impregnated UO2 were measured.
The results so far obtained indicate that vapor pressure of cesium 
impregnated UO2 is higher than that of pure UO2 at temperature above 
3000°K. The cesium impregnated UO2 specimen used in the experiment 
was prepared by contacting cesium metal with UO2. Cesium in such a 
specimen seems to exist as oxide or uranate. Further investigation 
will be continued in order to measure vapor pressures of UO2 in which 
other isotopes of fission products such as Ba and Ag are impregnated.

An integrated code system cálled PAPAS has been developed for 
analyzing the initiating phase of a whole core accident. Thé code system 
has been frequently applied to CABRI pre- and post-test analyses in orlder 
to identify the points and directions of model improvement. The PAPAS



code is being upgraded in various areas. Namely, the module DEFORM for 
mechanical analysis of fuel pin has been upgraded for mechanical analysis 
up to fuel pin failure. A code EULFCI has been developed for analyzing 
fuel coolant interaction in a coolant channel. The code consists of 
three major one dimensional models for (1) dynamics of fission gas and 
molten fuel mixture in a fuel pin cavity, (2) dynamics of fuel particles 
ejected into a coolant channel, (3) coolant dynamics as compressible 
flow. The EULFCI code is currently being incorporated into the PAPAS 
system. Reconstruction of the PAPAS code is being made by applying LAXYM 
system for reducing the program size and facilitating access and mainte
nance .

A  code system for analyzing phenomena in post accident heat remonal 
is under development aiming at estimating in-place and in-vessel coola- 
bility of the reactor core after an HCDA. Two codes have been so far 
developed; PARCO for analyzing behavior of a disrupted core and PTAR/PANAC 
for analyzing behavior of the coolant in the primary loops. For the 
completion of the first version of an integrated analysis code system for 
post accident heat removal is in progress.

Two analytical codes, UZU and ASFRE, were developed for analyzing 
thermohydraulics in a locally blocked subassembly, based on 3D subchannel 
single phase model. UZU is a steady state code which is used for inter
preting out pile simulation tests in sodium or water loops. ASFRE is a 
transient code which can be applied to in-pile test analyses, since it 
contains a transient fuel pin bundle heat transfer module of an LMFBR 
subassembly. To check the validity of the model assumptions used in the 
codes, a series of benchmark analyses has been conducted for various out 
pile experiments.

For analyzing inter-subassembly thermal failure propagation, a code 
FUMES was developed. The thermohydraulic phenomena which FUMES covers 
are; (1) thermal behavior of molten mixture, (2) thermal behavior of fuel 
crust, (3) melt-in and melt-through behavior of duct tube wall, (4) 

thermal behavior of stagnant sodium below the lower blockage, (5) thermo
hydraulic behavior of inter-subassembly coolant flow, and (6) 3D thermo
hydraulic behavior of the adjacent subassemblies. A sample calculation 
using FUMES was conducted for subassemblies under a thermohydraulic 
conditions having a power density of about 1.5 kw/cc, where no reactor 
scram was assumed for the whole time span of the transient. It was 
predicted that melt-through of an adjacent subassembly duct wall would 
take place in about 17 seconds after formation of molten fuel and steel 
mixture in the failed subassembly.

5. Instrumentation

Development of a micro fission chamber to be used in an instrumented 
subassembly for JOYO is in progress. Six chambers have been tested using 
the Japan Material Test Reactor in JAERI and other six chambers are under 
tests of high temperature up to 550°C in sodium and thermal cycling. 
Sensitivity of the chambers is approximately 10“̂  A/nv. A B-10 lined 
proportional counter to be used for reactor instrumentation is being 
developed. Performance of the counter indicated good characteristics 
having little effect of temperature up to 200°C. Neutron sensitivity was 
stable, about 12 cps/nv up to 200 R/h of gamma ray.
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A stainless steel sheathed triaxial cable having silica insulated 
copper conductors is being developed for nuclear instrumentation of reactor, 
such as for nuclear counters or chambers. Characteristics of the cable 
has been investigated under the conditions of approximately 10^ R/h, 550°C, 
and irradiation up to 5 x 10^ R.

In order to test reliability of conventional thermocouples, thermal 
shock tests were carried out on stainless steel sheathed, MgO insulated 
Chromel Alumel thermocouples. They were experienced with about 5000 
thermal shocks between approximately 640°C and 510°C with a ramp rate of 
about 50°C per second. About 2% of the thermocouples were failed in the 
initial stage of experiment. Therefore, it seems possible to improve 
reliability of conventional thermocouples by conducting an adequate 
screening test before actual use.

An eddy current flow meter to be used for above core instrumentation 
of MONJU is being developed. The flow meter has three coils and is to be 
used for up to 5 m/sec and 650°C. Both sensitivity and stability of the 
meter is being upgraded. An endurance test under high temperature and 
irradiation will be carried out in the near future. Concerning development 
of ultrasonic flow meter, an endurance test of a 12 inch flow meter is 
being carried out. In the test, it has been observed that there is a 
slight temperature dependency of output. Further investigation will be 
made in order to examine the phenomenon. In the near future, 24 inch 
flow meter will be fabricated and tested.

6 . Components

The intermediate heat exchanger designed for MONJU is of counter 
flow, shell and tube type, having a straight tube bundle with down comer.
In order to confirm the adequacy of the present design, various tests 
are being carried out. A thermal shock test has been conducted using a 
partial model of tube sheet. Hydraulic test is being done using a model 
installed in a water loop. The bellows to be used in the heat exchanger 
has been tested using a sodium loop.

The life of a cold trap designed for the secondary sodium system 
is estimated to be relatively short, perhaps only several years, because 
of accumulation of hydrogen diffused into the system through the tube wall 
of the steam generators. A study on feasibility of regeneration of the 
cold trap has been conducted. In the experiment, trapped hydrogen was 
dissolved in sodium first by increasing temperature of the cold trap and 
then it was tried to extract hydrogen in sodium by evacuating cover gas 
over the sodium surface of the cold trap. The result was promising.
A computor code to predict behaviour of a cold trap has been developed 
and it was applied to a mesh-packed cold trap. The calculation was 
compared with experimental results of a test conducted by intentionally 
introducing sodium peroxide into a sodium loop having a cold trap. Good 
agreement was obtained between calculation and experimental data in such 
characteristics as pressure drop in the cold trap, trapping efficiency, 
and distribution of deposited oxygen in the meshpacking.

After completion of tests on 50 MW steam generator No.l, the second 
unit of steam generator, No.2, was installed in the 50 MW Steam Generator 
Test Facility in October 1975. The steam generator is also of helical 
coil tube type, but the diameter of the tube is 31.8 mm being different



from that of N o .1. After various performance tests of the steam 
generator, No.2, an endurance test has been made. The evaporator and 
superheater have already experienced operation of approximately 9500 
hours and 3300 hours respectively. The sodium loop itself of the facility 
has experienced operation of 23,400 hours.

A preliminary test of self wastage in the micro-leak range of less 
than 10”2 g/sec was conducted using both 2 1/4 Cr-1 Mo and stainless 
steels. Metallurgical examination was made in order to understand the 
mechanism of self-wastage and self-plugging. Tests for intermediate 
leak of 10 - 1000 g/sec were carried out using SWAT-1 rig in order to 
observe leak propagation by wastage. Water injection tests of the order 
of 100 kg in total were conducted using SWAT-3 facility in order to 
understand the phenomena of leak propagation in the tube bundle at a 
large leak. Examination of tubes used in the experiments are underway 
for investigating extent and degree of damage of the tube bundles.

Endurance test of in-sodium hydrogen meters is in progress and 
little trouble has been experienced so far in the past 10,000 hours.
An in-covergas hydrogen meter of N1 membrane type is being tested.
In order to test capability of leak detection system installed at the 
50 MW Steam Generator Test Facility, several experiments were made by 
injecting water into the sodium loop of the facility. The facility has 
hydrogen meters both in sodium and cover gas. The highest rate of water 
injected was approximately 10-1 g/sec. The results of the experiments 

are being analyzed.
Tests have been conducted on prototypical control rod drive mechanism 

for MONJU with emphasis for testing reliability of the drive mechanism 
during life time and scram characteristics under a simulated conditions 
which would be caused by an earthquake. Reliability of the drive 
mechanism was demonstrated by proper functioning of the drive mechanism 
by 2450 scram tests, which corresponded to about 3 times of design value.

A vibration test apparatus which can simulate vibrational characteristics 
of both the upper core structure and core elements of MONJU was const
ructed and scram test of the control rod drive mechanism was made using 
the seismic waves being used in design. The results of the experiment 
indicated that scram time observed was well within the allowable limit 
specified in design.

An in-vessel refueling machine of MONJU is of fixed arm pantograph 
type. A prototypical machine was fabricated and it was installed in a 
sodium loop in the 0-arai Engineering Center for testing functional 
characteristics. The results of the tests were generally satisfactory, 
but it was recognized that improvement is necessary on drainability of 
sodium from the gripper. The machine is currently under disassembling 
for thorough inspection.

The rotating shield plug of MONJU has a freeze metal seal and an 
inflatable tube seal as a back up seal. An integrated model having a 
freeze metal seal and an inflatable tube seal was fabricated and various 
tests were conducted in order to obtain information such as those of 
sealing characteristics, friction of inflatablè tube, and maintenability. 
An endurance test of the seals is in progress.

A prototypical sodium pump for the primary system of MONJU has 
been tested in a sodium loop at the 0-arai Engineering Center since 
March 1978. This pump was originally designed to have a capacity of

87.6 m^/roin. at a head of 90 m  of sodium. However, because of a 
limitation in flow rate of the sodium loop, a modified impeller of 
reduced capacity was fabricated and mounted on the pump for carrying 
out endurance test using the sodium loop. As reported at the previous 
annual meeting of IWGFR, a trouble on pump bearing was encountered when 
the endurance test was just initiated. This trouble was caused by 
deformation of pump casing due to non-uniform temperature profile of the 
casing which would be developed by natural convection of cover gas 
within the pump casing. To prevent the natural convection, thermal 
buffle plates were installed in the pump. Since then, the pump has been 
running very smoothly.

In the phase 1 study of structural integrity tests for primary heat 
transport system piping, a series of the low cycle fatigue strength tests 
of the piping components such as elbows, tees and nozzles was conducted. 
The test results were carefully analyzed to demonstrate high integrity 
of the cold leg piping. The phase 2 study is currently performed in 
order to understand the structural integrity of the hot leg piping. 
Attention is focused on the strength of the piping components against 
creep-induced failures such as creep-fatigue, creep buckling and 
progressive deformation. Major findings from the study include; (1) 
locations and shapes of low-cycle fatigue cracks to be developed in the 
piping components under cyclic bending moment loading, which strongly 
support a hypothes of "leak-before-break" for the behavior of the piping 
system, (2) structural creep and elastic follow-up behavior of a thin- 
walled long elbows made of type 304 stainless steel.

7. Sodium Technology

Creep-rupture tests of fuel cladding tubes of SUS-316 stainless steel 
having slight variation in quantities of constituent elements were carried 
out. The results so far obtained revealed that creep-rupture character
istics of the tubes having high content of boron appreared to be better 
than those of the tubes having low boron content. It was also learned 
that the tubes exposed to sodium of 700°C were significantly decarburized. 
Similar tests are being continued.

In order to select the most suitable material combinations for 
contacting or sliding parts of sodium components, characteristics of 
friction, wear, and self-welding are being tested on several materials.
For material of sodium pump bearing, a wear test was made for a total 
sliding distance of approximately 20 Km. Concerning materials for 
wrapper pads, characteristics of friction and self-welding were tested in 
sodium. A combination of chromium carbide and Ni-Cr indicated a very low 
break-away stress at temperature up to 700°C.

A study on basic behaviour of sodium mist in cover gas has been 
carried out. Concentration and setting behaviour due to gravitational 
force were measured over the temperature range of 290 - 520°C. Particle 
size and evaporation rate were estimated from the results, assuming 
monosized particles. An experiment to estimate heat transfer rate from 
liquid sodium surface to a rotating shield plug is being carried out.

A mass transfer experiment was conducted in sodium of low oxygen 
concentration controlled by a cold trap operated at about 120°C. Specimens 
were exposed to sodium of a temperature up to 650°C for 4000 hours and



the specimens are under metallographical examination. Weight loss rate 
observed in the experiment has been interpreted as a wall thinning rate 
of approximately 1.3 ym/year, based on an assumption of uniform corrosion. 
Using an irradiated piece of stainless steel, behaviour of corrosion 
products released into sodium is being studied, by measuring distribution 
of released nuclides throughout the entire sodium loop. Major nuclides 
released into sodium have been identified as Mn-54, Zn-65 and Co-60. Of 
those, more Mn-54 was found deposided in the cooler parts of the loop. 
Average deposition rates of Mn-54 on the surface of different metals of 
SUS-316, iron and Ni were found as 1 : 2 : 6, indicating selective 
deposition of Mn-54 on Ni surface. Zn-65 was found in the cold trap.
It suggests that this nuclide must have been released extremely selectively 
into sodium.

Since the criticallty of JOYO in 1977, approximately 50 sodium 
samples and 80 cover gas samples have been taken from the primary and 
secondary coolant systems of the reactor. Analyses of those samples 
have been carried out at the Sodium Chemistry Laboratory in the 0-arai 
Engineering Center. Experience of the *rork suggest that care must be 
taken in cooling sodium sample during sampling, since segregation of 
oxygen and hydrogen in sodium may take place during sampling. Rapid and 
uniform cooling of samples seems essential to avoid such segregation.
Gamma spectrometry of radioactivity of the primary sodium has been made.

Beside Na-24 and Na-22, Mn-54, Zn-65, Co-58, Co-60, Ag-110m and Sb-124 
have been detected. In the cover gas of the primary system, Ne-23, Ar-41 
and H-3 have been detected. There is a tendency that the activities of 
most of those nuclides increase with the time of high power operation of 
the reactor.

Using a plugging indicator, deposition rates of oxygen and hydrogen 
on the orfice surface of the plugging indicator were estimated. The 
values estimated from the results of the experiment were 0.3 - 1.0 x 10-3 
g/cm2,h,ppm for oxygen and 1.0 - 15 x 10~3 g/cm^,h,ppm for hydrogen. The 
results suggest that it is possible under certain conditions to identify 
plugging materials of oxygen and hydrogen by analyzing behaviour of 
plugging Indicator.

8 . Others

The Chemical Processing Facility CPF under construction in the Tokai 
Works of PNC is a facility for conducting basic research for reprocessing 
of high burn up fuels and also for treatment of highly radioactive waste 
from reprocessing such fuels. The facility consists of hot cells of two 
lines, one for conducting research for reprocessing and the other for 
waste treatment. In the line of hot cells for reprocessing, researches 
such as those for chopping methods, reprocessing methods, voloxidation 

for volatile elements, and methods which result in less volume of radio
active waste will be conducted. In the othèr line of the hot cells, 
researches relevant to waste treatment such as methods for solidifying 
wastes and heat removal from solidified wastes including investigation 
of long term properties of solidified wastes will be conducted. Const
ruction of the facility was started in July 1978. It is expected to be 
completed in coming summer.
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Table 1 Principal Design and Performance Data of "MONJU"

Reactor Type

Thermal Power

Electrical Power

Fuel Material

Core Fuel

Equivalent diameter
Height
Volume

Pu Enrichment (Pu fiss %)

Initial core 
Equilibrium core

Fuel Inventory

Core (U + Pu metal)
Blanket (U metal)

Average Burn up of Discharged Fuel

Cladding Material

Cladding Outside Diameter/Thickness

Permissive Cladding Temperature 
(middle of thickness)

Power Density

Blanket Thickness (axial/radial)

Breeding Ratio (initial/equilibrium)

Reactor in/out Sodium Temperature

Secondary Sodium Temperature 
(IHX outlet/lHX inlet)

Reactor Vessel (height/diameter)

Number of Loops

Pump Position (primary and 
secondary loop)

Type of Steam Generator

Steam Pressure (turbine inlet)

Steam Temperature (turbine inlet)

Refueling System

Refueling Interval

Sodium cooling loop type 

714 MW

about 300 MW 

Pu02 - U02

1,790 mm 
930 mm 
2,340 lit.

Inner core/Outer core

16/21
16/21

5.9 x 103 kg 
1.71 x 104 kg

80,000 MWD/T

SUS316

6.5/0.47 mm

675°C

300 KW/lit.

Upper: 300 mm, Lower: 350 mm/310 mm 

1.20/ 1.21 

397/529°C 

505/325°C

17,300/7,080 mm 

3

Cold leg

Helical coil, once-through, unit type 

127 kg/cm2g 

483° С

Single rotating plug with fixed 
arm FHM

6 months
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