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1 • INTRODUCTION

Silice tini beginning of its activity in Cirene Program, the CNT̂ N

has developed reseai-ches and works in the field of fuel clement

manufacturing j'or (he 40 AlWe Circnc. Prototype.

This v/ork was started and carried o;;i in the CNKN lriml Vabri~

cation. íiv.á Control Laboratory of the Soluggia Center.

The work v/as aimed at developing and settling the jiinmifacturinf,

and control procedures of the various steps of the fabrication process,

at designing , installing and commissioning of the pilot plant and,

finally, at fabricating the first charge for the Prototype Reactor.

Now the program lias very much proceeded and, in fact on the

basic of the fuel technology specifically developed a pilot plant has

been set up having the capability of 25 ion/year of UO„ in assembled

bundles.

A fir s i production run for a period of hundred daj'S will be done in

the next months ie order to settle down the complete fabrication, and

control procedure; moreover elements produced, in this first run,

will be selected at random for irradiation tests.

From these experiments it is expected the final confirmation of the

suitability of the* proposed fuel design and manufacture m~ocediire: it

is also expected the confirmation of the data obtained ironi the pr^\..ou£

irradiíüioi) lesí performed in the 1wo Cirene opcrntinf, conditions Icops

of the Essor - Ispra - Kuralom Reactor and Avogadro - So.R.I.N. -

Saluggi? lícíicior as well as in the two lieavy water reactors - Hr.]rk»u

7J}Í\VJ! (Nf'j-v/íi.y) ad Arestu 8 M\V (S
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The Cirene fuel consists of l8 Zircniojr~2 rods assembled into a

hiindlc bv mean:; of tv/o cnâ grids C '- Z'O}. The blind lo is character i'.•.ed
*". i i -

by on outer ring of twelve i~ods, ÍÍTK! inner ring of six rod;;; on the

rods arc attached 72 spacers: on liiose^of lhe outer rinp, nrc r-\?o

attached 3'S bearing ])£ids, in order to* čjclíipl the bundle to the pressure-

tube.

The single rods, whose total lenght is ZÇ'/ mni arc filled v/iih difibrci

ral IJO^ pellets whose individual din-ensioiis a r e :

nji.ci'ci- : 18,80 i 0,01 mm

24- mm

0.01

- lenghl :

- dish :

- shouldei* :

TJI the figure 1 a Typical bundle is showed.

dept } ,2 mm

widih 0.45 v 0,50 mm

The Circnc Progr-am fuel developmeuL and fjibrication. stiirted in

Sflluggia in the second half of 1966.

This ncíivit3' was scheduled in five items: .survey oi the fabrication

techniques to be knev/r.; seleciion of tliat techniques to be ch'i'ecily

developed o?* to be acquired tlirouf;)) ojie or more foreifji knov/'-hov/ ;

dc-velopment of the various techniques in order lo settle dovn the

procedure for each s rop of the f;,bi%j cation process (a"! chiding the

fabrication of test sections for oat and in pile experiment"":); design

arul installing of the pilo! plašit; opeI\Ttic-n of the planí.

In effect rill ihe ne.ees«rary techniques were developed in Saluggia,

except for the spacer.": atlachmciii, who.'.e equipments and know-how

wero stijiplied by Cana..ij;.n Genej1;:! Hlcctrie Ihrougiioul AliCL.

In the CC-JV.I:!!.!.' fi'-ea i!ie hiain ef'lort vas de^/oied to develop u RÍÍHJII.-,

»'coiiwinic ;i.:.d roproduciii!o proccc'.'-r«.', suii.-tl;!.- for the labricatioa oi



ciifs v/c re in particular performed in order to avoid some

structure anomalies (hie lo the umi.su'il size of Lhc pellet;; and defect.';

in the soundness of the pellets due to the dimensions and close lo!cr-T>~

ces of the dir.hing shoulder.

The developed procedure is characterized hy a severe acceptance-

critério of í!u. DO powcu-r and by a pellets fabrication process in

wieh the main ntlcntion is devoted to tlie uniformity of the distribution

of the forces during the compacting operation ,

Tlic developed procedure foresee;; the following steps: precoL.poci;">-,

appropriate. i;riHHilatin>j, drj'-inix v/ith lubricant, pressinp.

Tlie car.ri i -<n. procedure was developed taking into account particu-

larly the urn;fJisal ratio between the outside diameter and the wall

thickness of lhe tubes (20 : 0,53 ir,m) and the design criteria of the

elements 1h;;t cil'lov/p o.ily n very little residual content of moisture in

llie pellets.

In Ihe asi..^:iblinr, avea iwo jimrtleu tcchnit|ues between cndplugK

and rjrids were developed: TIG v/oKM.ng and projection welding.

The second o;ic was adopted.

As far as the autoclaving operciiion is concerned, two different

procedures were selected: the first one con sis is of the rods passiv.iiioa

followed by í):;so;nblin>i these rod? with the two pickled grids; by

the second one can be performed the passivation of the whole asst:;,J \c.á

bundle.
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On the basis of the dcvelopping work ÍIS suramarix-rd above, va s

established ihc following flow-sheet of iho pilot plant:

Ceramic section

- Incoming of UO powder and characterization.

~ Precoiiipacting in the range of 0,8 v 1 íonn / square centimeter.

- Granulation in the range of ISO * 80p microns.

•• Mixing v/ith di'3' luliricanl (zinc stearale O,ofó).

~ Cojup.-rcling at pressure of A torm/sqxiare centimeter.

- Sintering in hidrogen. at 1700°C.

- Grinding.

•- lUirH.'.onic cleaning.

- Pro-drying (residual inoislure content ranging between 15 and

25 ppin).

- Coniri'-i of den sily and dimensions, S]>c[ chek for structux-e and

for some, chemical characteristics.

C a n!', i 11 •; .' ection

- Incoijijag Zy-2 lubes, visttal inspection, dimensional measurements,

ulírá';;onjc åotccl control, spot check on mechanical properties

and chemical composition.

- Incoming Zy-2 ro.-ls, inspection and control as above and finally

machining of end plugs,

- Cul to lenght of the tubes.

- Aii;:c]ijng of ihc «ipiicera and pads by bcrj'lium brazing.

- WeJ'iirtg of the first endplug, X Ray íid eliura leal; dcteclion,

]uOu-iTk'f;rap!iii-. í.poí check,

•• Ayr i v,-,! of UO„ prllcí.s i'roin ocrainic section.



- Preparation oí pellets Mack on sp'.:ckil t rays ,

- Charging of lhe- trays in a vacuum oven conneclccl v/ilh the second

cnuplug v.'cld in o chamber.

- Drying overnight of the pellets stuck £ at 275°C under a 10

U/iPãin vacum.i. After this operation the residual moisture content

in the UO9 pellets is less than.5 ppm.

- Remote chirping of the tubes (previously ultra sonic cleaned and

dried) with UO pel lets . This step is operated also under vacuum:

- Introduction of extra pure clium in Lhe welding chamber.

A by-pass OU the eliuiu line alloí/ed the control of the residual

content in the elium gas of mo/sliire and oxigen by mean of c iec l ro-

cheiiijcal measurements.

- Forcing oi the second ond plug in the tube,

- Welding of the second end plug, X May and leak detection, metallo-

.graphic spot check, destructive control of the moisutre content

in fide the ri'».ls (one rod before and one rod after every fabrication

bocht).

- Pickling and fiutoclavj.ii;> (of 72 hours aL 400°C and 10 aimospherer,).

ýsf:)Ti_bl_in<•; see!'.on_

Incoming of the 7.y~2 --Iii'el, mecluinical and chemical control .

Fabrication of the end gr ids .

Surface, weight, lenglu ;>nd strighiiioss con I rol of the pasbivcu x-od;

Lathing o? the ilat surface of the end plugs in order to mo chine

a .sort of "tingle" for the projection, welding operation.

Assembling of the components of the bundle in one appropriate

fir ture.

Rezistence projection voiding of the grids to each end pli'g J*liit

Dimension;;I



PILOT PLANT

The pilot plan have been designed for 1ho. capability of 25

for year of UO, in assembled bundles.: one shift of eight hours every

•wori'.ing clay, unlo.ss the sintering furnace v/hose operation in

continuous.
»

This capability seems to be coherent with one of lhe main aisos

of th is program, that is the nt1airiiTio.nl of such a fabrication cot-ls

(direct and indirect) to be extrapolate«! on industrial scale*

In the ceramic section of llic plantere installed two mechanical

presses, facilities for granulating and mixing, one four zones

continuou;? sintering furnace (another three zone furnace is installed

as reserve), two ccnterlcss grinding machines working in series,

one ultrasonic cleaner, one vacuum o\vn for the predr^ing and

contirious electronic facility for the automatic control oi the pellets

dimensions and density.

In lhe carmine» ?eçtion_ are operating. 1 he facilities for the. altache-

mcTii of the spacers lo the tubes by Lcrillium bracing (metallizing

eqv.:p;no:it, punching press, fixtures and posizioner tack \velders,

induction furna c o for brazing), two TIG welder for the first and

tho fcrond ciinplug, facilities for pickling and aisioclaving and

ecjuiprneat for X-llays and leak detection control.

Tin'; assembiino .section j ; : constituted by two special lathes

eqiiipnicnt (nieclifinical, optical, electronic) for dimensional in

of the rods, several fixtures for assembling the components of the

bundle, one rcsistence projection wolder and one equipment for the

final control of lhe bundle«

.../,.
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The control section is equipped with llic appropriate facilities for

the acceptance contro] of VOO powder. Zy-2 tubes, rods and

schools un<3 for ai lhe spot check (mainly metal lographic and

) (»at are specified to be done during the fabrication.
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