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1. INTRODUCTION

The Radiometallurgy Laboratory at Fontenay-anx-Roses was sel up in
order to carry out tesis on fast reactor fuels, and more par‘tiou};arly
plutonium~base fuels (Refs, 1~-3),

The draft design was begun in 1962; the ground was broken in 1964,
and the lahoratory went into operé,tion in February 19€7 (Fig. 1),

1.1 Tegt Programme

The radiometallurgy work programme is very extensive, al’thoﬁgh it is
centred on only one subject: the study of fuels for fast reactors, This

very complex subject includes:

1.'A;oplied research experiments, i,e., irradiations in experimental
thermal reactors, such as El-3, Osiris, Siloé and others such 'zia.s the
EBR~2 at Mol and the DFR at Dounresy, These various irradiaﬁ%ons
were carrifg_zd out in instrumented capsules in which the parame'!s%r.s
oould be varied (fuel compesition and character, Mup,. specii‘ic

power, eto,),

2, Definition and observation of the Rapsodie reactor fuel, Ini‘bially,,

~ this reactor was to have operated with a 20 MW power ra‘tiné and a
burnup of 30,000 B’Md[t. In fact, the operating power was pushed up
o 24 MW and the burmup of the mest heavily loaded assemblies is-
60,000 MWd/t, During the first half of 1970, the original core
wag replaced by a "Rapsodie Fortiseimo® performance core with which
a power rating of 40 MW can be reached and fhe flux multiplied by a
factor of 1.6, 7

3s The study of fast neu‘bi‘on, experimental irradiations a2t assembly level,
These irrédi&tions, which are insér‘&ed in the core of the Répsdﬁie
reactory are of a “mantitative" nature, This third type of irradistion
iz partly intended to obitain a betier Viﬂlowledge of the fuel to be used
in the next French fast reactor, named Phénix, which is being btuilt at
Marcoule, As the Phénix oriticality is planned for the first half of
1973, we shall of course have to situdy its fuel as from that year,

We might also mention the-margina.l teats in the form of experiments
carried out on the fuel element clad or those performed for oubside French

or foreign clients,
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1,2 Sofety

From the very beginning, during consiruction of the laboratory, we

i; lenew that the precantions taken when handling the alpha~emitter plutonium

"*igﬁ‘should be the most stringent fype, which is why we used three types of

© " pell for carrying out operations where there is o risk-of contomination
(Fig. 2).

- a)

The non-cegtructive tests, which are not contaminaeting, are carried

: . .out in beta/gamma cells which are exactly the msame as those in a

v % ghandard beﬁa/ga&ma laboratory, Iievertheless, with a view to safety

and hombgeneiﬁy, the leaktightness of the locks and the ceiling shields

weare of very good quality. This leakbtightness is provided by two

. rubber seals laid on a perfectly machined foying surface.

Hore particular or specific tests are carried out in large cells

(3 x 3 m) of the alpha/beta/gamme type, A skin formed by a sheet

., of mild sieel 3 mm thick laid onto the concrete ensures leskbightness,

 These tests are carried out on prepared semples (impregnation,

;-;polishiﬂg, etc,) and produce little contemination.

5 ci

The machining and preparation of the samples, on the other hand,

were carried out in a leaktight caisson in a beta/gamma cell, This

Ltype of cell, calied "alpha in beﬁa/gaﬁma, hag a ugeful hot surface

- earea of 4 mz for a beta/gamma cell area of 9 mz.

:A During the first two years of operalion, we realissd that working
;‘iin‘oaissons wag 2 solution which met all the reguirements as regards the

f~ safety of both the personnel and the surrounding population.*

On the other hand, however, this attention to safety hampered us

. considerably in two very important respects:

Pirst, with regard $o the number of square metres of hot surface

2 farea, and therefore the number of tests we could carry oul, this

Ea Flimitation was qualitative because of the small amount of equipment which
., # -could be installed in the ocaissons,

ek e

T F* The surrounding population is included because the Radiometallurgy

Laboratory is situated in the middle of the wrban population of the

southern region of Paris,
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Secdm‘i, 28 regards the working rate possible with the magnetic
transmission telemenipwlator, and diffioult utilization due to the
mainbensnce of the Malpha in beta/gamma" oells, partioularly in the |
decontamination and re;eq'z\zipping of the caissons, This greatly reduced
“the number of tests which could be carried out, ‘

On the other hand, the Radiomelallurgy Leboratory is the only French
laboratory which conducts complete studies on plutonium-base fuels in
the metallurgy field, After 1965 it was therefore necessary, having
used the equipment at our disposal, to modify the laboratory in order o
vossess a greater quantity and variety of equipment which would shable us

to inorease the mumber and rate of tesbs,

2, MODIFICATION OF A CELL

_ In order 'l;o convert an alpha in be'ba/gamma. cell into & hlgh capacity
alpha/beta/gamna cell, two tests were cerried out, The first cons:x_sted

in testing 'l:he leaktighiness of the concrete walls which acted a.s the ‘
biologicel shn.eld The second was to debtermine the efficaocy of a ds.rect

ma.m.pula.tor mth a pro-tectlve sleeve,

4s previously mentioned, we had $wo types of leakbtightness: the
first was ensured by an alpha caigson in a be’ba/ga:mna biological shield,
vwhile the second, which concerned the old alpha/beta/gamma ceils,
congigted of a skin of black-—pa:.nted steel covering the concz-ete. As
laying a 1eald:1gh‘f; steel skin requires delicate workmanship, we trled. to
find a type of cell in which alpha work may be ocarried out and wh:.oh may

be re-lined in the shortest possible time,

To do this, we carried out & large number of tests on cell No. 6.
He will only sey here thad, as a result of these tests; we oblained |
lealcblghtneSS which wag highly satisfactory in most cases, and in one
specific case better than that with the "ocaisson® solutlon.  The
leokrate in the new type of cell is approximately 21/h/m m.-th an undé'r—
pressure of 20 mm WG, whereas a caisson shows a value of 3 1/h/n for
the same underpressure (Ref, 7).
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The new cell is one of the old type, and includes 1eaktight seals
on a milled faying surface on the lock and top shield openings., The
very low leskrates (of the order of 13 cmB/h/lingar metre with an
wnderpressure of 20 mm WG needed no improvement. The locks and top

shields are therefore the original ones {Fig. 3).

Inside the cell, the locks, top shields and the concreie itself
received several coats of an "epicote® paint, The concrete was very
- carefully prepared: the cracks were plugged with an epoxy filler and
all the microcracks with polyvinyl acetate. Thig lagt product of very
Tine grain size (Ban) was injected into the microoracks after
atomization of a fog suspended in the air in the cell and pressurization
of the cell (60~80 mm WG),

This method of injecting fine particles of polyvinyl acetate into.
the microcracks produced the best results; it being seen that cell

integrity was greatly improved.

Thus,; by using the standard methods, l,e., painting after filling
in cracks vieible to the nzoked eye, the leakrate did not go below 500 1/h

3 With an underpressure of lesg than 20 mm WG,

for a volume of 36 m
After the first polyvinyl acetate spraying as a result of which
the microcracks were plugged, the leakrate went down by a2 factor of 10
to give a value of only 50 1/h in the same oconditions, e believe
that during the life of the cell, the inﬁegritj of the microcracks may
be reduced by irradistion of the polyvinyl acetate, but this can alwgyé
be corrected by rgspraying a new mioroparticle fog into the cell and
pressurizing the cell while it is in operation. Safety precautions
must, of oourse, be taken when pressurizing a contaminated cell,
Nonetheless, such an operation is perfectly feasible, and will be

conducted outside normal working hours,

Cell ¥o, 6 wag the Tirst to undergo #this treatment, This cell has
been in operation for 18 months, and so far no reduction in leaktightneés'
has heen cohserved, This is very important, as cell No, 6 is the storage
cell and containe the largest mumber of fuel elements, subjecting the

equipment and the biological shield to the highest integrated dose,
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In 18 monthg of operation, the average integrated dose on the

concrete inside the cell is 109 rad,

_ Generally spesking, cracks or "alr pockets" afe consistently found
in the lower part of the metal tubes (windows, plugs, manipulators,
periscopes, eta, ), These defects oocurred while the concrete was
setting, On the other hand, the microcracks are situated around the
penchration ftubes and the interior reinforcements. In both cases,
sinoe there is relative underpressure on both sides of the concrete walls,
the crack and microcrack lips are veniilated, thus drying the concrete.
The concrete loses its humidity at these points and the surface crumbles,
which is bound to widen the cracks and thus raise the leakrate, This
highlights the importance of ensuring meximum integrity for the conorete
walls used for biological gamma shielding and alpha leaktightness.

The results obtained from the completely finighed celle are asg

follﬁwa:
Desoription | Leakrate { Volume ! Underpressure mm WG | in l/h/m3_
. per cell

Apha caisson] 15 1/h: 5 m> - 20 mm 3 1/h/m3
Cell 6 70 1/n | 36 ~ 20 mm 2 1/n/w’
Cell 4 125 1/h 36 ~ 20 mm 3.5 1/n/m>
Cell 1 200 1/n | 36w - 40 mm 5.5 1/h/m>
Cell 13 12000 1/ | 36w ~20mm | 55 1/n/m> ’

; | — i

*NB, Cells 64 4, 1 and 13 had sotisfactory lezkrates with regard to the
operations carried out in each of them, but we experienced smome
difficulties with respect to cell 13, which has a stainless steel
leektight skin., Here we noted major leaks between the stesl and the
concrete, These leaks carmot be sealed with polyvinyl acetate and are
very Aifficult Yo locate as they are never opposite each other on the

two sides of the wall {cell interior — oell exberior,
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2.2 Hendling

The second tegt consisted inrreplaoing the leaktight manipulator
(CRL Mod,A} in cell 3 with a normel memipulator (CRL Mod &), the

leakiightness of which was ensured by a PVG protective sleeve (Ref, 9).

Over a one-year period, we measured the defects in leaktighiness
in relation to the deterioration of the protective sleeve, and in
particular, we noted the\cdniamination and variations in underpressure
of the cell compared with the working area. Taking an overall viewy
tests showed that in %he worgh éase there was no rise in contamination
towards the front area and therefore no specific risk due to the

protective sleeve (Ref, 10)

On the other hand, the time required for changing a defective
manipulator has been definitely lowered compared with the time normally
taken, In order to change the magnetic transmission telemzmipulator
on & caiseon it was essential to traomsfer the caisson inio a decombamin-
ation chambery completely dismantle it, and then change the tele-
menipulator, This method clearly wae not viable, for in order to
ensure maximum speed and efficiency it wounld have been necessarj to
posséss all the equipment and cesissons in duplicete so that the-caissons
could be changed immediately if a breakdown ocourred. This solution
is obviously not feasible, as it is very expensive and moreover requires
a great amount of flexibility and speed in operation as regards the
decontamination chamber, in order that this facility be available each

time a breakdown ocours on any one of the caissons (Roefs, 4 and 5).

Alnha/beta/gumma cells are fitted with a guillotine trep-door in
the top-shield which enables the “slave" portion of the telemanipulator
to be withdrawn from in31&e the cell, When a defect oocurs in the -
inside portion of the telemanipulator, it is therefore necessary 10 open
this trap-door and to work over the shield and thus be exposed to direct
gemme, radiation, whioch results in a rise in the irradiation dose
received by the maiﬁtenance personnel, On average, a cell which hes &
lOOO‘rad/h doge rate a2t the working level has s value of 50-100 rad/h
at the top shield, whereas in the axis of the telemanipulator tube there
is only 100-500 mrad/n at the front wall, Moreover, the standard
telemanipulator costs only half the price of the Mleaktight® model,

We therefore unhesitatingly chose a standard telemanipulator with a
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protective PVC sleeve for leaktightness, Standard manipulation
procedures were thus resorted to, as utiliéed in laboratories such as
Los Alemos (Pu metallurgy), Karlsrithe {Pu metallurgy and iraneplutonium
olements), Oak Ridge (transplutonium clements),

243 Decontamination

 As regards access, experience was acquired with the alpha/bota gamma
cells with a leaktight steel skin, nemély, Nos., 2, 3, 10, 11 and O
{henceforth 12 and 13) (Ref, 6),

Hork in the cells covered 13 months of actual experience on

decorrbamination and repalrs in an active enviromment,

The choice of the pessibilities for the erection of the partitioned
ereas at the back was very good, buring the various deqontamipations, we
did not note any spreading of contamination beyond the back areas, The
method used for decomtbamination and work in the alpha/beta/gamma cells
is cﬁﬁpletely conventional, Cell access is via a back door after
actustion of the additional air-extréctor, which sets wp a 1 m/s air
current at passage level, The inside wall of the door is obvionsly
contamineted, and as soon as it is opened it must therefore be

' decontaminated.,

The inttial contamination rates are very high (&04 - 10 MPC). The
cell canmot be entered during this period. The firs%'operaﬁion is
therefore to ventilate the cell vigorously while reducing the beta/gamma
activity by remote pressurization of the "hot spots® (50-100 rad/h on
comtact),  Cenerally speaking, after rembval of the mobile equipment,
the dose rate ratios measured on the surfaces or by wipe~tests are as

follows, in relation to the working avea (Ref, 10),

-~ Working area $ 100%

- Walls at working area
level and prefilter

extraction louvres : 60%
— Ground ab elevation O on

the grid : 40%
~ Window : : 35%
- Walls sbove the working

area : 25%
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=~ Back door above the working area s 20%
- Walls at ceiling level and oceiling @ 5%

After pfe—decomﬁamination§ entry into the cell is allowed, The
contamination rates then range between 102 and 103 PG, It would be
rash to think that, because of the back zones, the additional air
‘extraction and the comtamination rate in the 100-1000 MPC range,
decontamination is an easy operation which may be carried out by anyoné;
In fact, at this stage, the real work has yet %o start,‘and the smooth
running of decontamination operations depends solely on the expericnce

and competence of the decontamination team as a wholse,

244 Fauipment

We used an identical working area to that of the other cells for
the basio equipment of the high~capacity alpha cells.s The main problem
wag to engure that the entire working area could be dismantled and
evaouated by remote comtrol, It is therefore made of a metal structure
with demountable IPN steel seotions on which a number of stainless steel
plates (500 x 500 and 3 mm) with & resistance of 300 ke/n” re laid.

The electrical and pneumatic (fiuld) circuits converge in cabinets

along the sides of the cell (Ref. 17).

Special equipment is usually kept down to the minimum volume and
cogst, The wagte from equlpment which can no longer be used is
evacuated via the top gshield and paokuged in the funnel running ahove
the cells,

Transfers, or more generall&jfh comneotions which eneble the

various materials to be 1nserted 1n$o.or%w1thdrawn from the cells, are
carried out with the help of 1eak1:1ghﬂsfdx;v1cesg i.e.; double-lid door,

glove~box, plugs and caronsels,
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cOmmunioatién between the cells remains the same, i.e., by means
of a magnetlc transmission carrier for cells 124 13, 1, 24 3, 4, 5 6
and Ta, or using inter—cell carousels betwoen 78, 8-9 and 10—11 “or
by a pneumatic circuit between cells 1~2 we 11, 3 =210, and TG-Rthe hot
laboratory.

3, qo1ms?101q OF LABORATORY

3.0’1 Cells '

The laboratory is made up of ¥wo rows of perpendicular cells.
The main row comprised cells 0-7 (now cells 12, 13, 1~fa), A tumnel
runs above.these cells, Previously, this tumel was used for
trans‘erriﬁg caissons to the decontamination cell. In the sméll
To-11 row the roof of the cells comes directly out at the baok. Those
aells maznly include oells 7, 8 and 9 for non-destructive beta{gamma
tests, and the alpha/bete/gemma cells 10 and 11, which are used for
specific tésﬁs and metallography. ‘The small row did not inclﬁde-a
caisson, and therefore wnderwent no major modifications, Thelonly

changes were for improvements to equipment or for re—cguipment purposes,

The main row included caissons in cells 1, 4, 5, 6 and Ta, Cells
with an alpha in beta/gannu calsson were modified, together w1th the
decontamination cell, ex-cell Q,

Ye retained the same (concrete) structures, and the same ganeral
circuits (fluids, ventilation in air and olosed circuit ventilation) to
modify the following oells (Pig. 4) {Ref, 8):

- Cell Wo, 6 = starage (Ref 15)

~ Cell No, 2 - machining (Ref, 11)

~ Cell No, 4 - specific tests and micro-machining (Refs., 11 and 12)
— Cell No. I -~ metallography (Ref, 13)

~ Cell No., 13 = machining, density (Refs. 11, 14 and 15) -

-~ Cell No, 7 ~ packaging, transfer (Ref. 16)

Cells where alterations are not yet complete are: i

= Cell o, 12 - non~destructive tests (Refs. 12, 18 and 19)
~ Cell No, 5 = not yet deocided,
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These modifications have enabled 46 m2 of hot surface area o
be recovered, made up of 21-m2 decontemination cell and 5 m2 left by

each caisson, i.e,, 25 m2,_making a total of: 21 + 25 me = 46 mo,

In 1971, the reconstruction programme is almost finished, and,
ag Fig, 5 shows, cell wnavailability for the first five yeers was only
just over 10% (12,86%), Roughly, this represents 513 months' work
and 67.5 months! outage for ropairs, deconiemination, equipping, ef¢.
Tt can thus be seen that conversion of the laboratory was cerried out
in almost the normal operating time, since for a laboratory with an
equivalent number of c¢ells it is standard practice t¢ have one celi
pexmanently shut down for repairs, Neverthelesgs, it should be noted
that the greatest ioad was carried out during 1970 with 34 months of
oell re-eguipping {Ref, 17).

3.2 Equipment
The modification of all the cells stems from the desire fo
increase the amount of equipment in owder 1o .be able to carry out a

wider rangs and a greabter number of tests.

For a betier assessment of the value of these modificationsy theé
various items of equipment in each hot laborstory are compared in the

following tabless
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1967.Version

1971 Version

Gell 0 (B T)

-« Decontamination of Caissons

Cell 12 (B

- Transfer: dia 270 mm -~ Length:
5 m Weighi: 1 tonue

~ Gamma gpectrometry: 2 m capacity
GeLi-NalTl

~ 400 kV radiography: 2 m ocapacity
- Kr85 extraction {can)

-~ sampling of released fission gases
2 m capaocity

— Sodium loop (1972)
-~ Metrology
~ Slow oreep (600 bars)

Cell 13 (= P7)

-~ 3 furnaces: Na compatibility +
clad + fuel .

Fast sectioning machine

Ultrasonic machining equipment
~ Balance

- Storage in vacuum

1

Impregnation

—

i

ce1l 1(x —-B7) -

Microscope: Brachet S%. Gobain
Polishing machines

Coating machine

Polighing mechine

Cell 1 (=B ™) (Fig. 1)

' = Microscopy: Leitz MM 5 RT (Fig. 6)

~ 4 Tourret polishing machines

i

1 Stella polishing machine
- 2 iconic bpombardments
- Authogyr dentist's drill

Periscope: Kollmorgen

L]

Coating machine

i

~ Impregnation
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1967 Vergion

1971 Version

- Hoops for tensile ftest specimens

-~ Pneumatic tube conveyor via IT

VCell 2 (= E7r)

- Storage:SPu:_175O kg
Pu + U7 ¢ 10 kg

Cell 2 (@ £f7) (Fig. 8)
-~ 1 lathe

~ 1 dismantling wnit

- 2 fast sectioning machines

- Ultrascnic machining egquipment

- Device for recovering Na and NakK
- Periecope

- Authogyr dentists' drill

- Coating machine

- Impregnation

- Pneumatic tube conveyor wvia € II

Cell 3 (= A2)

- Digsolver

~ Pneumatic tube conveyor via C 10

0ell 3 (< A%) (Fig. 9)
~ Ultrasonic machining equipment
-~ Lathe
« Fagt gectioning machine

—~ Pneumatic fube conveyor via C 10

Cell 4 (®-» B7)

-~ Fast sectioning machine

-~ MIVE mechaniéal_microsampling

Cell 4 (e A7)

- MINE mechanical microsampling

- MUSE ultrasonic microsampling

- VECGA device for recovering cocluded
fission gases

~ Balance (10"5 g)
- Farnace (1200°¢)

~ Periscope
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1967 Vergion

1971 Version

0ell 5 (w B9)

Slow gectioning machine-

H

Na - NaX destruction

Cell 5 {£8%)

i

= To be defined

Coll 6 (@ B1)

-ty

Dismantling unit

Cell 6 (B T)

Pu storage: 25 kg
Pu + U5: 80 kg
Storage in vacuum

Cell 7a (@ => By
Transfer iock

——

- Ultrasonic tank

Cell 7a (c¢B7)
Transfer lock
Ultrasoniec tank

Sectioning machine for pin
channel

_2 ton press
Can~sealing deviee { 5 1 container)

Cell Tb (F7)
~ 200 ton press

- Pnewmatic tube conveyor via hot
laboratory

Cell 7o (&7}
- 200 ton press

- Pneumatic tube conveyor via
hot laboratory

Cell 8 ( ST‘)
=~ 300 kxV radiography
- Sampling of_fission gases

_ Cell 8 (B ™)
- 300 kV radiography

= Sampling of fission gases

Cell 9 (8B7) .

- Y NalITl spectrometry (600 mm
capacity)

- Metrology

=~ Periscope

Cell 9 (A7)

- P Geli -~ capaoitys
800 mm NaITl

- Eddy currents

- Metrology
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1967 version

" 1971 version

Slow oreep {150 bars)

t

Periscope

}

Figsion radiography

Cell 10 (= P Y)
~ X~ray diffraction.

~ Density

—~ Pneumatic tube conveyor via C3

Cell 10 (=5 )
XL-ray diffraction

i

Density

- Pneumatlic tube conveyor via C3

Cell 11 (=X B¥)
Reichert microscope
1 polishing lathe

- 2 ionic bombardments

i

Cell 11 (= P ¥)

Reichert miocrcscope

i

-~ 1 polisghing lathe
-~ 2 ionic bombardmente
-~ ot gutoradiographic device

e-fgauioradiographic device

Hot laboratory

01 = Transfer box via CT7
02 -~ o autoradiograph developing hox

03 = A box for processing microprobe
replicas

04 - Nothing
05 = Cobalt moni tor
06 ~ Nothing
07 = Sorbonne
08 -~ Sorbonne
09 - Nothing

10 - Nothing

06 -

Hot laboratory (Fig. 10)

Transfer box via C7

0L -
02 -
03 =

K autoradiograph developing box

o hox for processing replicas

04 - Evaporator

05 - Gobalt monitor

ngbéx - X~ray diffraction
O? - Sorbonne '
08 -
09 -

Sorhbonne
Tensile and compressive testing
device

10 ~ Testing of vapour tension of

figsion producis.
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4. CONCLUSIONS ;
It should be noted that future modificétions had been allowed for when.
the radiometallurgy laﬁoratory was being coﬁsﬁructed, The changes made
were planned, or rather, had not been totally discarded. As from 1964,
during the consitruction of the front wall of the cells, the wall was
equipped with ducts eﬁabling direct telemanipulators and various egquipment

(perigeope, glove-box, etc.) o be inserted.

These various modifications were carried out during the normal
opefating pericds necessgary fof‘re-equipment after ¢ell decontamination.
No supplementary fimds were allocated for this work. Had it not been
carried out, the budget neocessary for operating cells with magnetic
transmisaioﬁ telemanipulators would have been doubled as regards vhe items
relating to Celle 1, 44 5, 6 and Ta. Morecover, the work rates for thesge
cells could only be increased By installing sophisgticated "robot™ type
equipment, which was completely at variance with the norﬁal approach and

wag bound to result in a new risge in the egquipment budget.

Now, with its 117 m2 of hot surface ares; the Radiometallurgy
Laboratory is able to maintain a steady working rate and carry out a wider

range of various tests.

In line with %the several lines of the specific tests {sodium, NaK,
fission products; etc. )}y céll equipment specially adapted for this work is
to be installed. Cells 5 and 8 will be the first cells to be equipped.
However, we can already study fuel elements 2 m long and, if we have enough
‘personnel, we shall be able to maintain an average working rate making it

possible to temt one pin a day.
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-~ Fig.e 1 Rediometallurgy ~ Overall view of the front zone
| 2 Cell layout — transfers

3 QCell door _ ' '

4 General circuifs - (losed circuit ventilation (airy nitrogen )
5 Radiometallurgy operating gschedule '

6 Gell 1 - Microscope and metallography

7 Cell 1 - Metallography

8 Cell 2 -~ Machining - Extraction of Qccludéd fissién gages

9 Cell 4 - Microsampling '

10

Hot laboratory





