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A - REACTOR PROGRAM

- I - ORIGIN OF THE PROJZCT

At the beginning of 1954, the COMMISSARIAT A LYENERGIE ATOMIQUE
(CeEsA.) only had two experimental reactors: one, ZOE, at FONTENAY-aux-
ROSES, the first reactor built in France,was very small (flux 1012 nfemZ.s
and maximum thermal power 150 kw), the other, EL.2, built at SACLAY, was
larger (flux 1013 n/cm2.s).

The thermal flux of the EL.2 was, however, too small, and its
experimental facilities too scanty to enable the C.F.A. to conduct
exnerimental research, particularly on the structurasl materials needed
to build power reactors and to increase isotope producticn. The Ce.Eai.
therefore decided, in March 954, to build a high flux laboratory
reactor equipped with numerous experimental devices. This was named
EL.2 since it would be the third Freach heavy water {"eau lourde" = EL)
reactor.

The ©C.%.As first had in mind a heterogeneous reactor to be
operated on heavy water and natural uranium, the only nuclear materials
then available in France. The proposed thermal neutron flux 1014 n/cmz.s)
called for a thermal power of 50,000 kw, the removal of which would have

(*) Of the COMMI3ZSARIAT A L'ENERGIE ATMICUE, 69 rue de Varenne,Paris 7. ,
(*##) Of the CHANTIERS DE L'ATLiNTIUE (Penhoet-Loire), 7 rue Auber , Paris 9.
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required substantial cooling tubes and a large consumption of light water.

Therefore, when in October 1954, the British A«E.C. made available
to France some slightly enriched uranium having a U.235 concentration
twice that of natural uranium, the project was modified in order to
take advantage of this new vpossibility. For the same flux of 1014 n/cmz.s
the required thermal power was only approximately 13,000 kwe

This enrichment had, moreover, the advantage of permiiliing the
addition of stabilizing elements to the uranium, in order to improve its
behavior under thermal cycling and radiation.

Lt the end of December 1954, the Ce.E.ls had drawn up a sufficiently
complete and detailed project for the technological and practical investi-
gation required for the building of reactor EL.3. We give the main outline
of the program designed for the building of EL.3.

IT - CTOR PROGRAM

1 -General specifications:

Type: Heterogeneous U.235 enriched uranium reactor (l.4% approximately)
using heavy water as a moderator and coolant.

Coret Cylindrical, 1.83 meters in diameter and l.35 meters in height,
made up of 100 elements arranged in a centered hexagonal lattice, with
a pitch of 175 millimeters (figure A:l).

Reflectors: The core is entirely surrounded, on its lateral and lower
surfaces by a heavy water reflector (first reflector) 40 centimeters
thick and a2 reflector approximately 60 centimeters thick,respectively.

Primary cooling: is effected by the circulation of 1,000 m3/h of heavy
water cooled off in tubular exchangers by light water (rate of flow:
2,000 m3/h which, in turn, is cooled by exchange with the atmosphere).
The heavy water pressure in the core must be only slightly above the
atmospharic pressure. The temperature of the heavy water, at the inlet
of the cells, is to be BQ°C, with an outside temperature of 30°C.

Secondary cooling: the cooling of the graphite reflector and shielding
is effected by the open circulation of atmcsvheric aire

2- Bxperimental facilities:

The experimental facilities are many and in order to give easy access
to the channels and to provide for a good installation of the equipment needed
for the experiments, a substantial space (lo meters), is left entirely free
for the experiments around the reactor and above the top of its block. The
basements under the room which contains the reactor permit the installation
of the additional auxiliary circuits needed for the test benches.
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In view of the number of experimental devices provided it was
necessaryfor the reactor to have an ample reactivity range. This
can be done by varying the load but, since the reactor already
goes critical on 41 cells, their number may be adjusted, say
somewhere between 60 and 100, allowing for burnup and the amount
of anti-reactivity due to the experiments, Finally, six compensating
rods are provided, in order for the reactor 'to operate with fairly
high burnup rates.

Considerable space is left open on the control board, so that
data pertaining to the various experimental devices can be posted
on it.

High coefficient of use

Since EL.3 will be the main experimental French reactor for
some years, it is important that it ogerate as often and as much
as possible,

Therefore, three heavy water loops, each comprising an exchanger,
a main pump and an auxiliary pump,have been provided for cooling
off the heavy and light water, even though only two are needed to
operate the reactor. Since these loops are installed in concrete
rooms which are well protected from one another radinlogically, it
is possible to carry out maintenance operations on any one of them
while the reactor is operating.

Many channels can be unloaded during such operation, and all
the relevant mechanisms are outside outside of the reactor block so
that repair and maintenasnce work shall cause as 1little disturbance
as possible.

Safety:

In view of the fact that the Centre d'ﬁtudes Nucléaires de .
SACIAY is at some 20 kilometers from Paris,, the reactor is housed
in a completely gas tight vessel or tank, in order to rule out
the possibility of getive gas leakage in case of an accidente
This vessel can resist a pressure of 1 meter of water and a
vacuum of 10 cm. of the same fluid. During normal operation, the
air of the secondary cooling circuits is under a slight vacuum
with respect to the atmosphere of the gas tight vessel, This is
itself under vacuum with respect to the outside, namely, 5 cm. of
water approximatelys.

The pressure margin of 1 meter of water is ample,since it makes
the tight vessel cagable of with standing the excess precsures,which
would be created by the burning of a full load of uranium(about
600 Kg) in heavy water, or by an uncontrolled eritical excursion which
may oring up the power to 100,000 kw, nearly ten times its
normal power, for a period of 30 seconds.
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The cooling circuits of the reactor and the current supply
needed for their operation are so designed that a stoppage in
reactor cooling is exceedingly unlikely.

The first building equipment orders were signed at the beginning of 1955, and
lthe project was opened in May 1955.The reactor went critical on July 4,
1957, and its power went up for the first time in December of 1957,

The industrial architects chosen were the CHANTIERS DE L!
ATLANTIQUE and the CHANTIERS REUNIS LOIRE WORMANDIE, which are units
of the FRANCE-ATOME Comparny. The CHANTIERS DE LYATLANTIQUE undertook
the bullding surveys in cooperation with FRANCE - ATOME,

This paper will give a guick description of the physical characteristics
of reactor EL.3, together with some indication of the principal tech-
nological surveys that were required.
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B - DESCRIPTION OF REACTOR EL. 3 (1)

I - GENERAL APFEARANCE OF EL.2

EL.3 is built at the Centre d'Etudes Nucldires de SACALY,
approximzately 20 kilometers south of Paris. As will be seen on
figures Bl and B2, its buildings comprise, from west to east, a
conventional building and a gas tight vessel. These consist of two
sections, an extensive basement space located under the larger unit
and, under part of the conventional-type building, an area for cartridge
sevaration.They are 183 meters long with the diumeter and height of the
main cenpartment measuring respectively, 46 meters and 25 meters. The
lowest basement floor is below the - 10 m level.

The construction work required 54,000 cubic meters of earth)
moving, as well as the pouring of 19,000 cubic meters of concrete.

The air circulation radiator, which insures the cooling
of the light water loop, and the stack, which discharges the air used
for this secondary cooling, are located north of the conventional
building of the gas tight vessel.

The conventional buillding contains mainly offices for the
personnel and the staff who operate the reactor and the following
installations: the transformers and power supply panels, the stand-by
power plants, the auxiliary panels and control conscle, the 1ift
pumps used on the light water loops, the hot filters, and the air
exhaust fans used for secondary cooling.

The air tight vessel, designed to withstand an internal
vressure rise of 100 em of water, and a vacuum of 10 cm of the same
fluid, has a total volume of 54,000 cubic meters, of which 37,000,
8,000 and 9,000 cubic meters are for the major section, the basements,
and the smaller section, respectively.

In order not to create any discontinuity in the gas tight
vessel, access to the main compartment is through special lock
chambers and through siphons which can be floocded with water and are
located on the ventilation circuits. Thus, the vessel can be
completely isolated in case of an accident.

The main compartment mostly houses the reactor block, the
control room, the facilities for recombination and space for the
experimenters. A 20 ton rolling gantry, which moves on a circular rail,
serves the reactor section.

(1) We give here a brief description of reactor EL.3 concentrating on
its most characteristic pointse. The El.3 book published by the
CeBols gives a much more complete and detailed description.
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The air and water tight basements are of concrete and have very
thick walls in order to provide the required radiological shielding. The
reactor room floor is a full 2 meters of common concrete in order to eliminate
any substantial background count (1) in view of: the activity of the heavy
water of the primery circuits, located in the basements. The air tight base-
ments are on three floors located at - 3, - 6 and - 10 meters.

The basements under the reactor room are reserved solely for the
auxiliary facilities to be used by the experimenters and house , at the -3
meter level, the four icnizalion channels which make it possible to measure
the reactor pover, and the one cubic meter cavities.

The remainder of the basements house the heavy water circuits or
loops (main circuit, storage, purification, detection of cartridge breaks
or cracks) and the main facilities for the carbon dioxide and de-ionized water
circuits which are used for the experimental devicese.

The smaller compartment or section, 22 meters in diameter and 25
meters in height, is identical in build to the larger one. It houses a
concrete cave or cell 7 meters high, 6 meters wide, 13 meters longe This
contains the deactivation tank for ihe elements found to be sound, the deact-
ivation tank for the demared elements, the observation lock chamber for the
hot cells, the transfer lock used to transfer the elements from hood N°l to
hood N°2, a hot chamber which provides for irrsdiation at the ambiént
tempersture and a cold chamber for 2{ irradiation at a mean temnerature of
- 7°C.

The building in which cartridge separation takes place contains,
in its northern part, the sevaration facilities for the cartridges used in
BL.3 and, in its southern part, those used in the EL.2 reactor, which is
located east of the building.

A bridege, the apron of which is st the +7 mcter level, connects
the cartridge separstion building with the cave or cell provided inside the
smaller compariment and with the reactor located inside the large compartment.
The dischzrge hoods can thus be moved about for transfer of these rods from
one of the three facilities to the others.

{1) As an indication, the following are the maximum values of the intensities
of the various radiations in the reactor roome
1
Z{ rays: 100 of the biological tolerance dose, namely, 3mr/per week
1
Fast neutrons: 100 of the biological tolerance dose, namely,0.3 n/cm?s

of 10 MeV
_1
Thermal neutrons: 10000 of the biological tolerance dose, namely,
0e2 nfem2.s
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DESC2I-TION OF REACTOR BLOCK

The reactor, cross sections of which are shown in figures
B4, B5 and B6, consists of the following units: The reactor
block proper,the thermal shield, the grapghite reflector, the tank
or vat, the tubular block, thc false tubular block, the elements which
forn the core, the control rods, and the experimental devicese.

The reactor block proper

The reactor block prorer is 7 .eters hivh,zad has the form
of a fourteen-sided yrism . It could be gircumscribed by a cylinder
about 10 m ir diameter. It is rade w. of 3 wetel frame ubhich carries,
internally and erternally, a sheet mstal 1linin-s scrviag as an
embeddes freming for the heavy conc.ete.

Trhis metal frare has the advantege of making the reactor
block appear very clean cut,providing for the more convenient
placerent and attachment of the rany devices it must carry, and
avoiding conterir:tion of the concrete, should active fluids be
spnilled.

vy concrete having
< iron ore from

This structure is first fillec with hea
egste i
ga 3

specific gravitys.

ea
a specific gravity of 4,2, in which the argregate
Itebira ,Brazil, cbosen for its ekceﬂtlonaTlJ high

The reactor bloc is eruiymed wilh all tne cavities needed
to place the experimental neutralizers and allow fluld passaue. It
consists of three irtrrnal cavities: a lower chamber located under
the =zero level,containing incoming and oulsoine heavy water tubes;

a middle charber, containing the core; ang an upper chazber with
vhich it is possible to reach the elsrents and t: lay all the cables
s=rving the upper part of the tubvlar block and thc concrol rodse

Thermal shielding

All the walls of the widdle cevity are covered with a
cast iron chield 190 millireters thick, which makes up the first
thermal shield. & 20 mm clearsrce betweer. t'.is chicle and the
reactor block allows for passage of part of the secondary cooling air.
The lower shield serves as a rest for the graphite .ile. Above the one
cubic meter cavities and forward of the large cavity anc diffusing
coluen, the shield is ade of “ismuth inst ad ¢ cast iron.
This lias tre adva - tsce of stopping D/ raye and of alilowling

el

the n-ulrose to o through without emitting secondary Y rays

Gravhite reflector

The rraphite reflector, located inside the shielding, has
the form of a resular octa-onal prism. Between the lsvieral faces of
tle  graphit. block and trerrmal shields, there is a free space
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of 20 millimeters which allows oassare of secordary cooling air. The
graphite block includes, alons its axis, a cylindrical hole 2.6 meters

in olametcr, which ends u; in a half ellipsoid of revolution, proviaing
rneans of installing the <tank. Between the tank and grachite an 3 mm

free s;ace —<r.its passace of part of the secowmary cooli~g air. The
crashite block is made uvn of nuclear gr:phite bricks which conteln less
than 0.3 pom of bhoron, bavine 2 cross sectlon of 200 by 200 millireters.
Due to reometrical considerations, sons bricks heve a sli-htly swaller
cross section. The suitably keyved bricks are arrsaged alone 19 horirzontal
beds or courses which are appropriately crossed with respect to one another.
In thie fashion, the grap hite cennot shift, during the 1ife of the

reactor, due to ihe action of tlher-al erxpansion and the Wi ner elfect. It

is kept in place Jaterslly by steel rods which bear heavily, through syrings,
againet ihe lsteral shielding. Above the tangentlzl channsls, a free space
has been provided between the grzphite bricks so that any strains in the
bricks will not damace the linirg of the channels.

Tank

The tenk (figure B7) is raae of ruclear quality A5 aluminum
(contains reither boron, lithium nor cadrium). Tne insice alareter is
2,56 meters and the heirht 4,075 reters. It hangs from the tube block, at the
woper part by 36.20 wm diameter bolts. A perbunan ~asket, crushed between
the ©langz of the tanx and tre tube block, provides heliun-ti-htnesse
Electrical inculntion has been set up between the tube block and the tank
by means of nerbunan cement and a dellite slseve for CHrrosion reasinse.

The heavy water flows into a water chest or box located in the lower
part of the tank and is brought in by centrally located pipes 244 willimeters
in diarecer. The upper rart of ithe watrr box 1s made up of & sul.ably
pcrforsted plate, acainst which the fucl eleacats and Jaclkets of the
compensation and regulating rods rest. At the outlet of the elements and control
rods, the heavy water is directly returned to the tank by 230 millimeters in-
ternal diameter tubes laterally located on the bottom of the tanke.

Some speclial extersions arrsazed rajially on the tenk make it
poscible to proceed with irradiation incide the heavy water reflector, hy
mears of radial horizontel channels.

he thickness of the tank shell ring is 12 millireters, and that
of its bottom 35 millimeters. It is asserbled by ar>on welding. The welding
was a very critical o,eration in view of the ,recision required, since the
racdial free space between the tank and the grorvhite is only 8 millimeters,
and that between the linin of the redial horizontzl tubes ani the thimbles
only 4 millimeters,

The tank is closed up by a tubuler block which insures biologicael
protection of tre upuer charber and keeps the fuel asserblies the con.rol
rods, and the various devieos which nenetrate into the core, in thei
respective piaces. All of the surfaces of the tubular block in contact with
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heevy water are ~ace of austznitic stainless sleele.

Fuel assemblies (cells) -

The asse~blies or elerents (figure 28) rest on a perforeted
nlote 2t the bottom of the tank and are roviced in thelr u per
parts with a rlur which restores protecction to the tubular bleck
to which it is attsched. The active part of the ccll is rade up of
foar ursnium rods held in the cell tube.

5 1 - Uranium rods

Tre uranium rod consists of & tibe LI eiriehmd uriniun (1.35% U
235 ) 22 x ? mn. in diameter, closed at the ends by 4 mm thick
pellets °f natural urenium. The overall length o the uranium, including
the pelletes is 320 mm.

\D

In ordsr to fagilitate the anchoring of ta= cartridse arnd to
heln heat evcharces, the lateral ~urfacc of the rod corri:e a souzre
thread 1 mm wide and 1 mm in deptn. The Jiewet r, al the hottor. of
tre thread, is 28,5 mm, the maximur Jlareter 29.5 mm, cnd the resn

ciameter 29 nme

The A5 alumirum cartridge, 1 mm thiclk, which is crim:cd uw dor
very hirh hydraulic pressure has male rd female end pieces welded
at sach end which male 1t _ocsible to ceo ter the rods n the
corr: s, onding tubes, with rezrect to one another.

562 - Cell tubes

This is an £5 alurinun tube (diaueters 40 and 42 ma) wilk
6 internal ribs 2.5 mn high. These make it possible to ~aiatain a
sheet of water permanently around the rods, even after they are much
distorted due to the effect of the ther-al cyclinzs and irrzdlstion.

The rods are kept in place ia the tubes by cent-rins studs
arrs ngcu in zrouprs of three, and kept in place by aluninur riugs
crimped on these tubes or linings. Exparsion oI the rods is free at
the upp~r part. In the lower rart, t‘, 11n1n§s or t1lubes carry a
special end-piece which fits into the perforated plate making up
the water chest of the tank.

Avove the last uranium rod, the asseubly tube or linince is
equirned with a diaphragm which:

- insvres sliflt pressurization of the beavy weter inside the assembly
in urder to railse the termserature of the satursted steam

- circul-tes hesvy watcr in the sanoll g tube for the 1hd1vidual
detection of brealts in the cartridge whlcn soes throusn the plue.
The rressire mcw;u”eﬂmnt“ on this hs=vr waley x9wplé give iho oupput
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inside the c¢esll.

Above the diaphragms holes in the cell tubes insure return of
heavy water to the unit.

6~ Control rods

The reactor is squipped with eleven control rods (fig A1), made
be

P
of boron carbide, located between the fuel assemblies. They are distributed
as followss

- six comrensation rods located on a circle LO4 millimeters in diameter,for
the curmmze of comensating importsnt reactivity veraiations due,

the te parature variatiors of heavy water, to burnup to the condition of

the load, and to poisonin~. Zach of these rods has an antireactivity of
aprroximately 2000 pcm+ s

- two reguloting rods, located at the edge of the lattice and to the west
of it, each one havinz an antireactivity of approximately 500 pcm, which
serves to control reactor operation,

- three trim safety rods, distributed over a somewhat larger circle than
that on which the comcensaticn rods are located, with antireactivity
of approximetely 3,000 pem, suitahle in casc of scram and, in the case
of nor-al on:ration, to establish a zufflcient ncgative resctivity
followine shutdown.

The compensation and regulating rods are identical mechanically,
and are different only in the dimensions of their absorbing units. their
speed of motion and strokes. They are actuated through a rack and pinion
device driven by servo mechanisms. When in the high position, the rods are
sunk 200 millimeters in the tube block. In the core, they are cooled off by
a current of heavy water drawn from the primary circuitse.

The s:fety rods 2re Y“ept in the high position by mezns of
electromagnets.In norral shuldowns, the safety rcds fall n two seconds.
Their dron is controlled by cutting the electromagnetic current and
aceelerated oy means of compressel corbon dlovide nressure.

7 - Experimental devices
7ol = Gencrsl

Tie ~ive a list of ex)erir. 2tal devieces with which ZL 3 is .roviced,
dividing tiem into four cab-zories, accorwing to thelr posiiion:

+ s 2
These efficiencies correspond to those measured on the cold reactor with
55 rods, they are svbstartially oifforernt frow the wvalues given for other
‘concitions of resetor ojerstion.
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a - Experirental devices which penetrate into the core:
- one central channel,

- two positions allowing placenent of two indesendent cells in
the core.

b - Experimental devices which penctrate into the heavy water reflector:

10 radial horizontal chanaels, 150 mm in dismeter,

- 2 7radial horizontal channels, 250 mm in diaseter,

- 8 wvertical isctope channels,

- 2 wverticsl coaverter channels for fast acutron irradiations
¢ - Experimental devices which penetrate into the graphite reflectors

- 22 isotope chennels,

- 1 charnel for irradiation without arny 2{ rays,

- 2 large diam~ter vercical charnels,

- 4 tanreptial channels,

- 2 secant hovivontel channcls.

d - Egpcrinental devicos locatcd in the tl.er.:al shileld in contzet with
the shield:

]
-t

diffusing column,
~ 1 larze cavity ~
- 2 cavities of one cubic meter

Numerous fluia clrcults arc ased by these ox.wriecntal cevicos.

ae shall rare,in rarticular:a carbon dioxide circuilt with which it is
tossible to scavenge the inside of the horizontal chanrels and cool
o

off the vertical channels; a derinsralized water circuit for the
reculrenents of expcricental devices whieh open up on the lateral

fgces of the.reacﬁor vlock and for the cooling of the slur; t-e ypossibi-
lity of rlacing the charnels und-r sone vacuurm by connecting then with
the secondary cooling eir circuit, ruling out radiocactive lcaks toward
the reactor roon durliss operation and to slindirsts the secavenred

£35S
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As an example, here is a channel description of the central horizontal
radial channel, 150 mm in diameter, and the one cubic meter cavities.
7e 2 -~ The ceitral chznnel
Tre central chsnrel, with an e “ective isternal dianeter of 182
millieters, is located at tee ¢ ot r of the l=ttice, golan_ throuch the
vhole heirzht of it. It is in this channel that tle tacrral neutron flux i< aci al.
Tt is in excess of 10T n/cmz.s. It cnsicte of an A5 aluminus linin- 192
x 196 xilli wters in diacetcr, contmreld on a  art [jroviced for thic pur ose
at tle Hottom of the tank. Inside this Zininc is a sceond onc,182 x 185 mnm,
the lower pairt of vhich is - erforated. The savnles placed in the chenrel ray
be cooled of F duriag o ration of the reactor by means oF a c=r on “ioxide
current ,which passes between the two znd comes up over the sam lece

The shicldin- of the tube »lock ic re~tored by a plug vhich slides
irto the inside linire. Lt half the height of Lh» tube block, an unhooXing
device makes it pocsihble to mal~tain th- efficiercy of the shiclding. The
~luc is made up, from bottor to top of en aluminun nose writh a cadnmium shield
2 rm thick, QOO m of leed, and 1,000 rmm of hecvy concrste, svecific srevity 4.2+
Sore pipes,arranged in o spirel buried in the rass of the concrete and lead,
make it possible to cool the zlur, during ojeration of the reactor, ™y necns

of a enrrcnt of carbon dioxide.

A plue loreted in the False luhe block, arrsnced in the sare foshion,
gives access to the chonn~l 2lur.

Unlecading aand loading of this chennel cen be ef”ected by means of
a suitable hood locateu above the rezctor block,

733 - Rodizl horizontsl chonnels 150 mm in disnmeter -

Lecess to 211 the redizl horizontsl channels is had in the hori-
zontal plone locotad at 1.1 meter above the ground. The chennel is m.de up
of a cylindrical csst iroa lining, the riesn inside diameter of which is 200
mm, buried ia the concrete of the reactor block, plus a cylindricsl A5 alum-
inum lining having an inside dianeter of 150 mm, which passes through the
shield and zrz-hite, and penetrates into one of the thimbles srovided in the
tvbe. The channel is closed u» by a cest iron plug filled with hesvy con-
crete, with on unhooking device at half length. The nose of the wluminum
plur“ carries two cadmiun shields., An £5 aluminum container, which is locked

ginst the nose of the plv_, penetrates inside the lining, affording ncaons
of carrying out irradiztions in the heavy wster reflector.

The plug is =scvinded with a demineralized water loop which cock
it during resctor overation. A Lort buckler insures tightress of the chennel
on the side of the reactor room.

The unloading of the radial 150 mm horizontal chennels is taken care
of by turret nounted coffins. These coffians sre nrovided with two sets of
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wheels, whereby they move either on circular rails, which go around the
reactaor block, or else on radial raisl which service each channel (see
figure 9B9). Passage from one set of wheels to the other is by means

of four screw type jacks operated by electrical motorse The turret
arrangement provides a means of inserting a new pliug each time an
irradiated one is removed, in such a way that the channel always is
closede The weight of a coffin and its carriage is 17 metric tons emptye.

7« 4 - Cavities of one cubic meter

Two cavities with an approximate volume of one cublc meter
each, located at the block proper, under the main compariment, open
into the gallery locsted at the -3 meter level. They protrude forward,
under the graohite pile, and reach the lower shield, which is made of
bismuth at this point, through two 550 x 750 millimeter stacks. They
are isolated by two horizontal aluminum sheets which restore the con-
tinuity of the floor of the intermediate cavity of the reactor blocke

These cavities gre designed to carry out irradiation in
t?ermal fluxes of some 10 n/cmz.s., or fast neutron fluxes of 10
2
n/cmk.Se

During these irradistions, radiation must be as low as
possible. 7This is why, on the one hand, the shield is mede up of bis-
muthy ahove the stacks mentioned, while the side walls of these are
covered with boron shields buried in bismuth (see D VIII below).

For irradistion by fast neutrons, there are uranium plates at
the lower nart of the stacks, which act as converters.

Access to these cavities 1s arranged to meke it possible to
rush in and take out the substances to be irradiated. Currently,-we

propose to use these cavities for biological work. They will be used
for the irradiation of small animals.

IIT - FLUID LOOPS -
1 - General

In this paragraph, we shall give a description of the heavy
water loops provided for primary cooling of the reactor, and give some
indications on the air circuits or loops used for secondary cooling,

Wwe shall not describe the light water circult,which is cooled
by means of 2 racdiator in contact with the atmosphere, and itself cools
off the heavy water.

We shall alsoc leave out many other fluid circuits provided for

in the EL.3 reactor, most of which are conventional-type facilities
and show no great originality. For instance,those which are provided for the
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distribution circuits for carbon dioxide, deionized water, city water, com-
pressed air, city gas and effluents. We have already mentioned the carbon

dioxide and demineralized water loops in paragraph B II 7.1l above. Let us

now mention:

- a compressed air circuit, from which all oil has been carefully eliminated,
(called "nuclsar air"), used for the scavenging of horizontal channels,
concurrently with carbon dioxide.

- 2 special system for the collecting of radioactive effluents, which are
gathered in special tanks, from which they are hauled by truck to the pro-
cessing plant.

2 « Hegvy-water and helium loop -

The heavy water and helium loops have been built with extreme care:
this is due, (on the one hand, to the perfect purity which must be maintained
for the heavy water and, on the other hand, to the need for avoiding any
escapees to the outside because of the danger of radioactivity and the high
cost of heavy waters

In manufacturing the components of these circuits, the following
meterlals have been used, to the exclusior of all others:

- 2luminum (A5 and AG3) of nuclear purity, containing neither cadmium, boron,
or lithium;

- austenitic stainless steel (veny low carbon content), with or without
melybdenum. Fowever, for reasons of procurement, we have accepted some
products containinz titanium stabilized austenitic stainless steel;

-~ stainless steel containin¢ l?ﬂ chromium, inconel and stellite;

- perbunan and polyethylene;

- silicone 0il (for helium tanks and liguid packed valves).

The heavy water circuils are provided with a number of flanges,
so that they can be disassemoled in order to facilitate maintenance and to
allow for possible modifications. The flanges used are of two tyves:

- metal to metal contzct flanges (See Par D III below);

- perbunan saskel type flances;

The tishtness of the loops has been insured with painstaking
care. This entailed the Following precautions:

- very careful tightness tests of all the materials prior to delivery,meaning

an extensive use of the helium mass spectrograph method of searching for
leaks as possible;

- electronarnetic wonitoring of the exchanger tubes by the Proboloz method;
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- utilization of tirht valves without any packing box (by including stain-

Tgas

less steel bellows)

- use of perfectly tisht osumps with a stbmerged rotor and no outside pack-
ing box.

In addition, a whole system of leak detection is provided in
order to call attoention to any such escapes as might appear at various
points on the circuit, particularly at the flanges, (see paragraph D II,
below).

Finally, in order to avoid any heavy water loss, in case of
substantial leaks, all the rooms in which there are heavy water loops are
equipped with leak-proof catch-pans made of stainless steel and connected
by a svecial system of ducts, to a lesak recovery tank.

2. 2 = Main heavy-water loops:

Figure B 10 gives the schematic of the faecilities involved in the
main circuits, which consist »rincipally of the following:

- the tank

]

a cooling circult divided into three parallel mounted loops, each of which
includest an exchanger cooled by light water which circulates counter-
current: a main cireulating pump with a rate of flow of 500 n3/h of the
sealed type 90 with a rate of flow of m3/h, followed by another check valve,
3 distributing valves which make it possible to isolate the whole loop,
the duct element,which has the 2 circulating pumps,or finally,the
exchanger.

- 5 tanks for the storaze of heavy water having a capacity of 5 m3 each;

- 2 1ift pumps of the sealed type, with a unit rate of flow of 5 m3/h, one
of which is a stand-by pump, providingz for lifting the heavy water and
maintaining the level in the reactor vessel.

Two loops normally are adequate to insure cooling of the reactor,
the third being a stand-by. <This arrangement,which is favorable from the
safety standpoint, makes it possible to carry out maintenance on one of the
loops during operation of the reactor. The total heavy water output is
1,000 m>/h (500 m3/h per exchanger). The total light water output is 2,000
m3/h (1,000 m?/h per exchanger).

The pumps feed back the heavy water to the exchanger. From there
it goes through the water box located at the bottom of the tank, flows
through the assemblies, the control rods, the vertical converter channels,
is returned to the vessel, and then comes out by two pipes located in its
lower part.
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The operating temperatures,which correspond to the maximum
power of the reactor, 18,000 kw (meximum flux of neutrons above 1014
n/cmz.s), and for an outside air temperature of 30°C, are shown in
Tigure B 10. ‘

Under these conditions,the flux through the hottest rod
cartridge is 233.5 W/cmz,and the highest temperature of the cartridge
is 120°C. The, velocity of the hesvy water in the assembly or element
being 5.6 m/s. bk slight pressurization of heavy water in the element,
tube, thanks to the diaphragm located in its upper part, rules out any
boiling, even local boiling,at the contact of the rods.

2. 3 - Purification of heavy water -

It is most important to.avoid any accuwmulation of impurities
in the heavy walter, due to corrosion of the matsrials which are in
contact with it. Indeed, during passage throush the reactor, these
impurities are activated,and they contribute to an increase in the radio-
activity of the orimary circuit. In addition, these impurities pro-
mote radiolytic decomposition of the water, and can have only a noxlous
effect on the thermal, hydraulic,and mechanical characteristics of the
circuit,

Therefore, we have decided to maintain'a very low total im-
purity content for the primary heavy water (2 ppm). This requires the
continuous processing of 300 liters per hour of heavy water. Should
this be inadequate, the rate of flow can he brought up to 600 1/h by
operating the two parallel loops. This heavy water flow passes through
deuterium.treated ion exchangers of the "mixed-bed" type, then over
sintered stainless steel. The water is cooled off prior to entering
the ion exchangers, which must not be subjected to a temperature higher
than L"O” C.

2. 4 = Recombination -

The formation of radiolytic gases from the decomposition of
water due to the effect of ionizing particles is limited by the inverse
reaction, promoted by raysSe.

The production of radiolytic gases is small if the purity of
the water is maintained. This is one of the reasons for a suitably
designed heavy water purification facility (See III of 2.3 above).

Desisn was computed for a mean rate of dissociation of 10
cm3/kwh and a maximum of 30 cm3/kwh. The dimensions of the recombina-
tion facilities were so chosen that the deuterium concentration above
the vessel is, at the most, 1.2%, at the maximum rate.

Degassing of the heavy water takes place mostly at the level
of the free surface of the tank., It is promoted by the expansion
created by the diaphragms located at the outlet of the assemblies. It
can also take place at the free surface of the storage tanks under cer-

tain circumstances, and this is why the atmosphere of these tanks is
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scavenged by helium.

The facility is west of the large compartment,at the second
level.of the metal frame. Figure B 11 shows a schematic.

2. 5 - Detection of cartridge breaks -

It is important to detect the breaks which may take place in
the cartridges in order to limit to a maximum the contemination of
the primary fluid, and to quickly eliminate the cells that may be faulty
by reason of the accidents which may be caused if their cooling is
inefficient due to the swelling and distortion of the rods.

The search for wroken czrtridges is carried out cell by cell,
by detecting the presence of ~ss fission products in heavy water
samplings made from esch cell. Detection also takes place on a heavy
water sample from the tank outlet manifolds,and on a helium sample in
the atmosphere of this tonlk,

Zach time a sample is taken out, a helium injection satur-
ates the heavy water and,thereafter, this helium is removed in a hydro-
cyclone by centrifugal effect. A measurement of the activity of the
gas so obtained will reveal the presence of gaseous fission products.
We have avoided making this measurement directly from the heavy water,
for the background count due to this very heavy water would not permit
sufficient sensitivity.

We provide for other experimental processes of detection
during the life of the reactor, using in particular the principal heavy
water and helium samples.

Ailr loop - secondary cooling -

An air loop with a total rate of Fflow of 22,500 m3/h insures,
in series, the ventilation and air conditioning of the main vessel or
compartment, and secondary cooling for the reactor. The power to be
absorbed is approximstely 140 kw.

The series arrangement which has been adopted makes it possi-
ble to maintain the slight vacuum of the secondary coolin~ circuit with

respect to the atmosphere of the gas tight vessel on the one hand, and
between this atmosphere and the outside air on the other hand.

Description of facility -

An air flow of 22,500 m3/h enters the vessel through a battery
of paver filters having an efficiency of 75%, by way of a gallery loca-
ted at the.6 meter level, to the north of the conventional building.
This gallery is equipped with a siphon which csn be flooded with a water
protection of more than one meter, making it possible to isolate the
water-tight vessel in case of an accident.
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4 part of this air output, 2,000 mS/h. is directed to the small
compartment or section for ventilation and air conditioning.

The secondary cooling of the reactor block is effected by an air
flow of 20,500 m3/h,which first goes through a bhattery of paper filters
having an efficiency of 97%,then through the reactor block by way of three
passages:between the tank and the graphite, between the graphite on the
shield, between the shield and the concrete. It then flows through the hot
air duct installed in the basement south of the conventional building. Thig
gallery is equipped with a quiet air room having a total volume of 1,100 m
and a flood-type siphon similar to that used in the north duct. After the
siphon, we find three batteries of hot filters, made of paper, with an
etficiency of 99,98%, two or which are operating and one is on standby. The
exhaust fans located at the street level of the conventional building push

the hot air back towards the 30 meter stack located to the north of the
reactor building (see D VIII).

The hot air which goes out of the reactor takes 210 seconds' to
reach the siphon located downstream from the guiet air chamber. This time
affords a suitable lag during which to cut off the tight vessel both in
case of an accident and in normal operation, and makes it possible to reduce
to a substantial degree, the activity of the air prior to its removal
through the stack.

IV -~ MONITORING AND CONTHOL
1 - General

The monitoring and checkup facilities of the reactor include:

- a number of measurements:thermodynamic measurements, which mostly
affect the heavy water circuits or loops; nuclear cower measurements,
which make it possible to determine the nower of the reactor and to
control ity radiztion measurenents, with which it is possible to
achieve good radiological shielding for the personnel;

- the facilities dinvolved in reactor control and safety,

The main control board and console are located in the West
building on the second floor of the main compartment. In addition, there
are two panels and an auxiliary console located at the floor level of +he

conventional building,

We give some indicstions on measurements and control below,

2 = Thermodynanmic messurements -

The point which is deserving of atiention, as regards the
thermodynanic measurements, i1s that a provision has been made for



A/CONF. 15/P/335
-19 - FRANCE

measuring the temperature and rate of flow of the heavy water at the
outlet of each cell or lattice element.

Suitable equipment gives, at 21l times, a general view of
the 99 heavy water temperatures (see maragraph D V below).

A pressure measurement 1s made on the heavy water sampling
tubes used for the detection of cartridge or Jjacket breaks in each of
the 99 cells, close to the head of the cell, with which the rate of
flow of the heavy water which passes through the cell can be evaluated
The Bourdon tube type manometers, equippned with potentiometric
transmitters, as used for this end,raise difficult problems in design,
for thsy are made entirely of stainless steel, have a small range of
measurements, and wmust be compacte.

On the otlher hand, the reasurement of the heuvy water level
in the tank raised a difficult problem for which two solutions were used:

- a float level giving an indication which 1 telemetered by means of
imredsnce variation coils accurate within * 5 mm on a height of +
250 mm about the normal heavy water level.

- a bubble level which gives a measurement within ¥ 5 mm on nearly the
whole of the height of the tank (see D IV below).

3 - Power measurements -

The reactor 1s equipped with four weasuring systems which
indicate its neutron power level from O to 20,000 kW. Each system
includes a ¥ compensated ionization chamber located close to
the multiplying medium, forward of the pluz inserted into an oblique
channel ending up in a recess provided in a lead Dblock which
venetrates in to the lateral shield at the level of the bottom of
the reactor vessel. This lead shield improves the compensation of the
chamber for Y  rays. In addition, each channel is provided with a
perboral lining equipped with a moving shutter made of the same
substance. At the high powers,this makes it possible to reduce the
flux of thermal neutrons,which reach the cha.ber by a factor of
aporoximately 1,000s The coeration of this shutter is controlled
easily by a 300 mm shift of the plug, which may occupy two positionss

- forward position, for measuring low powers up to 20 kw.

- back position, in which the plug falls back,thus protecting the chamber
(used from 20 to 20,000 kw).

Of the four measuring chains, three are linear and one
logarithmice The linsar preamplifier has two sensitivities which,
allowing for two possible positions in the chamber, give four ranges
of measurements.

On the linser machines, the power measuring system works
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by comparing the power voltage to & standard calibrated voltage, which

is automatically varied in steps (20 contacts) and by vernier measurement
of the difference between the two voltagese The reactivity is determined
by the automatic¢ potentiometer method.

L. Control

The control rods have been defined in B II-6 above.

The two regulsting rods, only one of which is operated at a time,
are controlled through servo-mechanisms,which determine their position or rate
of motion by means of a two-phase, 100 watt, 400 cps motor. The control
winding of this motor is energized through a magnetic amplifier.

The operation of the reguleting rods, which are kept in their zone
of maximum activity in the vicinily of the median plane of the core, is
completed by that of the trim or compensation rods which are actuvated in
succession as each regulating rod reaches the end of its effective stroke.
As soon as 1t returns to the middle of this eflective stroke, the trim or
compensation rods stop moving. As soon as one of them reaches the end of its
stroke, another one continues to function, according to a pre-set orders

Control may be manual or automatic. Automatic contrel used only
above 20 kw uses the error signsl:

w=A (P -Py) - BR

in which:

- Po is the power desired,
- P is the actval power delivered by the power chains,
<A & B are injection coefficients,

- R 1is a dampening term which contains the reactivity.

V - ZLECTRICAL 2OWER SUPPLY

1 - General

The electrical facilities used on the EL.3 reactor, of which figure
B 12 gives a schematic, must meet the following requirements:

- guarantee, without interruption, current supply to the control fa -
cilities and their lighting,
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- insure, without a break,the cooling of the reactor,

- avoid serious disturhances in the operation of the reactor due to
electrical Dbreakdown,

&
The installed cower of 4,000 KVA, as supplied by the Electricité
de France, makes it possible to meet the following requirements:

- ancillary reactor facilitlesS csccseeesse 2,500 kw
- regetor monitoring and controlecssescssse 70 kw
- lightingccceooooooocooocoooaoco.too-.nog 250 kw
- eXperimentersSeeesccosscccocovcoscsoscnse 500 kw

Power distribution under 200-127 V provides illumination and the means
of operating a certain number of moveble devices which can be plugged in.
We draw attention, in particular, to the following facilitles:

- four canals linings, over the whole length of which plugs can be
connected. These are attached to the uprights of the metal structure, '
around the reactor room. Two of them distribute standard 200-127 v
current; the other two deliver 220-127 v current which is voltage
adjusted within + 1% by static regulators (rod sets Ll and L2).

The 380 volt current supply which feeds all the important
auxiliary services of the reactor consists of two. sets of priority bars
Bl and BZ2. To each of them, we comnects

- an Ac generator of the emergency power plant. The third generator way
be connected, indifferently, to one or the other of the sets of bars.

- a mair heavy water pump. The third meavy water pump may be connected,
indifferently, to one or the other sets,

- a sub-panel (P1l, P2) which supplies electricity to various priority
services through a certzin number of loecal panels, for instance: the
console showing the cartridge breaks and the console for the CO, valves

A set of inteimairate bars, between Pl and P2, which supplies
current to the wmain heavy waler valve, 1s connected to Pl or P2, If the
set of bars to which it 1s connected is not energized,it is manuwally
connected to the other.

Under nermal oper:stion, the Bl and Bl3 sets of bars, on the
one hand, and the B2 and B24 on the other, are mutually coupled.B5 is
incependent. The facility is so designed that two transformers can
operate in parsllel. In case of trouble affecting one of the sets of
bars AL cr A2,or the Tl and T3, or 12 and TW transfor-ers, all the sets
of bars can be mutvally coupled through BSe

2 - BEmergency current supply

In order to be able to suply the essential auxiliaries
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(priority bars Bl and B2) and their control facilities without any
interruption, three diesel-generator sets have been provided to

insure current supply in case there is a breakdown. Power supply group No.l
is connected to the bars Bl, and power glant No.2 to bars B2, the third
may be connected to one or the other of these sets of bars.

Each set has a 450 hp diesel in continuous operation a magnetic
clutch, a flywheel which is keyed to the common shaft of a synchronous
electrical machine (400 KVA), a 36 KVA generator, and field machincs for
both,

Under normel conditions (supgly from the 2ity mains), two of
these three facilities are operating, and the synchronous machines run
as motors, energized by the city supply which drives the flywheel of the
36 KVA AC generators which in turn provide an AC electrical supnly for the panel.

Should there be a breakdown in the cower supply, directional
power relays locatad on the sets of bars Bl snd B2 autometically start
the two diesels and open the current breakers between the sets of bars
Bl and B13, B2 and B24, They also cut out all the squipment connected
on Bl and B2 excepting the heavy water pumps. After three seconds, the
clutches enzace and the diesels drive the synchronous machines, which then
operate as renersltors and energizes the eculipment which has not been

i

disconnected,

The flywheel nas such inertia that it can st:rt the oower plant,
in case the automatic starter does not work,in such a way that the freduency
drop is less than 4%.

In addition to the Jirectional cower relays, an undervoliage
relay and a frequency drop relay of the temporizins type car also start
the auxiliary groups.

The feed to the control panel is furnished in halves, by the two
26KVA generstors, so that there can be no total interruption. If one of
the AC generators has a breakdown the half panel which is being used
for control purposes is served by the other through automatic switching.

IRRADIATED FUEL - STORAGE - IERADIATION ~ OBSBRVATION -~ MATNTENANCE
1 - General

14FUel Burn-up is approxirately 25 Mid/ton per day of operation
at 10+* n/em®.s, It must be changed ssveral times a ear, at least during

1

the early part of the reactor's life. Therefore, it was important to equip
EL.2 with suitzble storase and handlings devices for not cells or
assemblies, The duration of storage of the cells or assenblies prior to
fuel processing is of at least three months. The fuel cartridges may

very well becorme distorted under tle e’fects of irrcdistion and therial
cycling., It seemed incispensable to zrovide for a device with which one
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could guickly check the nl]s as they come out of the reactor, this
check up 1is perforrned with X-rayse

In adaition, cthe irredisteon fu2l ic utilized for ex crirmentsl
ourposes:two chambers, ore of which ie¢ kepl at the awbicat tewlerature,
end the other kept at.7°C, provide means Tor the ircsciation of
foodstuffe under 2{ rs 1alione

T.e faciliti-~s Tor the irradiated el irclude fixed ecipment
crou=d in g sutstiniisl ecave and woveble eculnmentidisch r: e hoods
nunbers 1 and 2,

Cave

Th= cave vhich 1: locrted at the Ffloor lovel of the small
coneritrent is a suvbstaential corncrete structhre in the form of a
Darallellplped 14 1 long, 3 m wide. and 7 m high oriented in an east-
west directione. ‘

The wull of th~ nasonry is orcinery reirforced concrete and
hervym concrete oo that th- irradiated fuel is always svurrounded by 2
thickness of corc-ete cnuivalent to 1 meter of heavy concrete of L2
specifin oravity. It contl~ing the followlirg facilities, from East to

West:

- the epparatus for hot ro. checkup (sze D V1 below),

- the traast 1 lock cha ber by weens of which 3t is possible to transfor
thz hot asserhliss from hood nwirer 1 to hooc nirber 2,

- a vat or tank for the storege of irrsdicted assowmblics in food

condition.

- 2 tank Tor the styra:e of irrvenlated asse bli-s with brolen cartridres,

-

- the hot and cold roor = for ?{ irradiation

In addition, to the Fast and the West of the hot 2ad cold roors,

comF conerets corvered slceves afford resns of storins the linings and
active plu;s of thr verticsl channels and the irradiatol ccaotrol rods.

The verious ancillary facilities for the cooline of the
assz . blies in the dovices and pisces of equipment minlioned above are
locitezo in the baswrenl of the small eco.artnent.

In

ts unper vart, the crwe Ls serviced by the track running
at the + 7~ ~

lavpl, vhich connects the rcactor block to the sara“ﬂtion

m e



LJCONF. 15/2/335
FRANCE -2 o

roors

3- Unlonding of Tucl

Ths modercior end pricear~ fluid of EL.3 zve made ur of heovy
water. In order nol Lo reduce the reectivity of th: c~ezct.or, we zust
avold the introduction of light water or im urities inlo this heavy
water. It seemed indisjensable, therefore, 10 .rotect tihs Tree surface
of the heavy water of the reactor from any cortact with buwid aire This
led us to use two hoods for unloadirg the fuel, ons of which works in ~
Lhe heavy water atxosphere above the resctor, the other 1in the livht
water atmosvhere above the czve. The hot asserblies grs passed from the
one to thz other by means of & sulteble btr-nsfrr lochk chs ber located -
in the cave.

The hoods are complet. 1y tignht.to svoi” a7 risk of
spilline  dangerows gases such as Tritiwt vepor. Eood Jo. 1 hes a heliun
cooling ecircuit and hood No. 2 has an zir coollng circuit, which mele it
possible to cool the irradisted sssemblies - rreticsily without laterruption.
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C PHYSICAL PART

I - INTRODUCTION

Design parameters, choice of fuel element, lattice,
defirition of h and he reactors

IT - COMPUTATION I{ZTHODS

Lattice specifications,leakage comgutation, comparison of
the computed number of critical bars with the experimental findingse.

ITI- DISTRIBUTION OF THERMAL NEUTRON FLUX

Distribution on cold h reactor; c:libration of lonization
chambers, measurements of high power fluxes.

IV - COKNTROLS
Definition of strokes, automatic drive, rate of displacement,

computation of control rod efficiency, experimental values, decrease
in flux due to compensation rods, mean life of neutrons.

V - LOADING OF EXPERIMENTAL CHANNELS

Compensation, similitude ratio, experisental resultse

VI - RESULTS OBTAINED DURING THE FIRST POWER PLATZEAUS
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I - INTRODUCTION

The basic elements used for the project are enriched uranium
with an isotope content of 1.35%, and heavy water. The number and arrange-
ment of the experimental channels are determined by the users. The
purvose is to achieve a thermal neutron flux of about 10 n cmz/sa in

the central channel.

It is necessary first to define the shape of the fuel element.
This choice does not have much to do with nuclear considerations. In
order of importance, the considerations which come into this choice are
the followings:thermal, technologicel, mechanical production,nuclear
features. The data set by the project require a high specific power,

Therral considerations lead to a fuel element in which the
surtace to volume ratio is high; namely, tubes, "bunches" or plates.

The tube, which is cooled con the outside only, is similar to
a solid rod, the technology of which 1s well known. As a result, since
the experience of the technologists has prosressed, thanks to tests
conducted in the reactor itself, the tubes may be cooled on both sides,
This lends itself to an increase of the flux. For this reason, this
form of element was chosen,at least for the first seis.

The mechanical behavior of the tube recuires a :inirum thickness,
by the technologists, at 2 or 4 rm., The construction of the tube block is
easler 1f the numbcr of elements is small. At this stare, nuclear
considerations rule out the use of elerents of too largce a diameter.

Thus a rod having dismeters of 22/29 rm was choscne

Thereafter, the pitch of the latlice is cornuted, seeking the
lowest power. The number of critical rods is derivea from this allowing
for the necuvliar arran-ement of the ex erimental channels required by
the users,

The project is pursued by an investigation of the control devices,
of the neutron flux distributions, and of the radiocactivity and protection
problems,.

Throuzhout the projeet, trere is one constont difficulty: a3
definition of the recactor. The cold reactor, with new elsrents, ie eritical

set

with 40 elements. The lattice way coateln up to 99 of them, which corrsssonds

to a hot rsactor, szturcted with xenon znd samarium, with elesents which
are producing 2,400 MA4/T, the exrerimental channels of which are partly
loaded. The volwaes of the two reactors are in a ratio of 2.5 to one,

and it is difficult to consider that one drrives Zrom the other by way of

a disturbance. Indeed, there is a series of reactors in the lattice which
must all pe considered as different. They have their control and power
measuring devices in common, as well as their exo-rl ental channels.
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‘t Tea el 't rse
b. = 280 TL0TrS e

- the cold one, made up of 40 elements,
- the hot and used reactor, 99 elements,
- and an intermediate reoctor corr-cpondin~ to a new load, but

saturated with Xenon and samariume

The best control deviers and flux distributions have been
investigated for these three reactors, and an attempt has been ~ade at
choosing an sveraze devics, close to optimael for the third, yet still
accentabl= for the others.

In some cases,it has been necesssry to think in terms of
interrediate regctors devived from those d=fined sbove, but containing
a fictitious load in the central channel, as re resented Uy an iron tuhe,

This diflieculty, encounterec during the desicon staves, shows
up azain in the exveri-ental study. Since this is carcicc out with a
new load at a low power, how 1s it possible, prcetically, to achieve
reactors having a volune ratlo close To 2e5:1 7 This difficulty was
solved by rodifying the lattice »itch. This modification is easily
carried out with a risid tubular block, by consistently elimingting
or: rod out of three.

The normal lattice is a centered hexa~onal lattice (he
lattice). By eliminatinc one rod out of three, we achieved ar hexa-onal

lattice( h_ lattice), so that the pitch of the cell is increased by a
factor V3/2.

JAVAVAN _
A/

he lattice h lattice

The volurie of the cold h reactcr corres;onds, as shown by
computation, to the volume of the hot he reactor, saturszted with xenon and
samarium, the elements of which are supplying 1,200 MWd/ tone
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The meassurenents carried out on the cold h reactor are velio for
the he hot reactor, provided the similitude ratios defin=d in paragraph V
are usede

In the following paragraph, reference will often be wade +to
figure c¢l,which represents a schematic plan of the lattlice,

<2

Symbols Ay to Ly reprecent the position of the fuel cleme=nte.
The figure shows an h lattice,

Symbols DSy to DSg represent the positior »f the aluminum plungers,
used for flux measurements, which are called specisl devicesa

The symbols BC 1 to 6 are the compens:tion rods
BS 1 to 3 are the safety rods

BR 1 to 2 are the trim rous

The radial channels,where numbered in the firure, will be referred
to as CH 1 to 12 in the text.

IT- COMFUTATION METFOD

The compul~ti-n method has the jurpose of deterwmiriry the nuclear
parameters of the rcector, and it is identical to that u.ed for nstural
uranium and heavy water (1). Thic viewpoint was justified by the ewneri.entsl
results obtained during the startup seriod(2). These recults enabled us to
adjuct the compnutation method to the spec.fic ceowetry of the reactor (3) and
thus obtain a set of formules apnlicable, with orecision, to tue next sets
of rods: these will be diferent from one anotier, for thsy must underso a
series of nrodifications whereby thelr behavior under redistion can he
improvede

This set of formulas includes the corputation of the lettice

soecifications (material buckling and charscteristic lergth) and the
evaluation of the critical dimensions (-eor._tric buckling)e

1.) Lattice so=cifications

The customary factors are comrutec se arately 5 ' ),7* . 5 i # =2,
with characteristic length L% , L 52 and fron these we dednced the
value of the waterial buckling by the critical reletion for two ~roups

L. (142082) (127 B2)

(1) EL3 project - V. RAIEVSKI
(2) CEA rarortNoe794
(3) SPM report No., 369 - B. LEROUGE
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a) factor r

A formula is used in which there is no Wigner-Weinberg correction.
It can be writtens

= ¢ %=
ﬂ,// u'*“%ﬂ~f2%<modevﬂo
SE Vi

with the following constantss

. e AE _ S o
- uranium *{%7 = =5 (1L+7 & ) barns
- molybdenum -/[ AE = 13 barns
- heavy water 2? E = 0,178 cm-L

b) factor ﬁ/

The thermel utilization factor consists of two terms due to
absorption:of alwinum for the first of the moderator for the second.

4 ry -
1, 4. EneVae T Ae , Em Ve T
5 Zu Vo~ F 2 Ve Tw
('Y
fom
the ratio of the mean fluxes in the moderator and wrsnium F7_

is computed from the extrapolation length at the surface of the fusl
clement. This lenzth is obtained as a function of that of a black
body heving the same outer radius (4).

On the other hand, the currvent theories give +too small a value fo
the ratio of the mean fluxes in uranium and aluminum respectlively

¥
In approximation 1 3 5 we obtained 1.09 for +this ratio. Since

the experimental value is 1.19 + 0.01, we shall taike the ex_erimental
valuss of this retio.

(4) CEA report 10e571 - Ae Amouyal and P.Benoist
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Factor ;f is comprted with the follouing ~onstants:

v 5 590bA. perture from the V/p law

= = 0,977
T =698 = 0,974
o:q = 2.75b
Ao
ﬂzDzo= 2:.47 cm
L_9‘°~ 105 em
With n tural vreniue ve take the value /) = 1,291 (5:5).

d characteristic lengths

These ars comruted oy the customary forrulas, we take, for the
slowing down lencth in heavy weler, fission rentrons and neutrons scattered
inelastically under the action of wranium, the following law

L.S 2 = (125 - 24,5 P)

2) Leaka~e computation.

The two-group theory ic usced. The influnnce of the wedpes is
coleulzated by the one-grou, theors (7)eTn central channel ic treated
as an additional medium, ths extrz_olation langthe for the fast and
thermal groups being ziven by Davison's thecry (8). Some cor—ections
have to be applied to this theory in »rder to adart it to the rceometry
of the reactor,

a) Heteroreneity.

Davison's theory is established for th- case of a homojen=ous
medium. The leaks, then, are proportional to the flux surface of ths
chanel. In the case of a hoterozensous medium, we must 2llow for the

(5) SPM report No.231 - R.Delayre

(6) SPM report No.368 - R.Naudet

(7) Journal de Physique et le Radium, 1951 - J.Yvon.
(8) CRT 319 - B, Davison
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he
he

surface of the channel to the mean flux in ths c=11.

b)

d)

fe

Curvaturs of radial flux.

Before the channel is set in place, the undisturbed flux has
a curvcture, due to the finite dirensions of the reactor, wherss
Davison!s theory considers an infinite nediume. It 1s therefore
necegsary to subtract, from the reciprocal of Davison's extrapolation
length, its non-disturbed value (7, -1 4 dfe = _A "’/(o)
O "¢ A ~ —7

in which A is the value of the radial lapl=zcian and Ro the
radius of the channele.

The extrapolation length is expressed finally:

:
i

Davison

A

[

'3

tie ratio is aboult 0.8:this correction, therefore, is not

neglizible,

Modification of the volurme of the rmoderator in the central area.

The moderating power is mocdiflied in the central area. Assuaing
that this rodification affects only the six neripheral rods,
accorcding to whether the central channel eliri-ztes a heavy-water
volume greater or lesser than the wolume of the central cells, the
fixed peripheral cells will be undsr-moderated, or hyper-moderated,
with respect to the rest of the latticz. In other words, if 4 is
the radius of the element, rodius 4 ' of the clements or cells
wnich are equivalent to the six peripheral rods can be written:

66T _ A (b2ogr,Y)

Comoutation of the rceoretric buckling

The flux is consideret to be a product of the radial and axial
functions. They are computcd separately, (as are the joint functions,)
using a »rorram with a two-group/multi-region theory established for
the IBM 650 computer (9)

(9) Program LAGO
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In radial computation, the following region is considered:
central channel
lattice b
lattice b
heavy water moderators
aluminum wall
graphite.
On the geomstric buckling so obtained, we make a wedge correction

caleulated in the single group theory, and a second corrsction which allows
for the effect of the radial channels (10),

results.
In order to have sufficlently numerous points of comparison, the
number of critical rods was wmeasured on four reactors, using the EL3 lattice
The hc and h reactors, with and without a central channrel,.

In computing the h lattice, allowance is made for the form-factor
of the cell or slement (11) (12).

The measured number of critical rods is brought down te standard
conditions:tempersture of the heavy-water, 20°C, no experimental devices
in the reactor.

The following table gives the number of critical rods as computed
and measured:

Reactor Computed ¥e Measured Nc
he without cc. 31.7 22.6 + O bt
he with c.c, 23,2 39.2 + 0.8
h without c.c. 1 B,1 F 0.9
L with c.c. 46.5 50,0t F 1.2

(10) CEA Report No.688 -B, Lerouge and V. Raisvski
(11) Geneva, 1955. Report P/669, S.M. Feinberge
(12) SPM Report No. 249 - B. Bailly du Bois.
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Agreement is satisfactory. The largest deviations are observed
in the h reactors., Since the h lattice 1s very large, these
reactors are bulky. The result is an assymmetry in the flux, because
the lettice is off-center with respect to the tank. (This 9 cem offset
makes it possible to fit the largest possible number of rods in the
tank.

IIT - DISTRIBUTION OF "THERMAL NEUTRON FLUX

The distribution of the flux depends on the volume of the
reactor, which is to say, on the conditions under which it operates.
The distribution, as measured on the cold h reactor, is substantially
the same zs for the hot poisoned he reactor having the same volume.
The difference is due to the characteristic lengths, which depend on
the shape of the lattice, and to the existence of a reflector.
Computation shows that this difference is negligible.

1) Distribution on the cold h reactor

Distribution is obtained by measurinz the activity of
continuous copper strips placed on a generatrix of the fuel
elements, at approximately 7 mm from the cartridge or jacket.
Some of the strips also are located in the experimental channels.

4xial and radial distributions

Figures C.2 and C.3 represent these distributions for
reactor h.

The activity of the strip is recorded with the help of
an automatic device called a "strip unwinder® (13). The recordings
indicated a tracing of the flux between the cartridges. Since the
diaphragm chosen is too wide, it is impossible, on these recordings,
to know exactly the flux read in the uranium pellets located at
the ends of the cartridges. For this reason, an accurate mezsurement
was made by 0. Tretiakoff on two speclal cartridges, with a continuous
zold wire on the axis of the cartridges. The activity of the wire
is measured with 2 "wire unwinder® (13).

The latter is ecuipped with a rotary diaphragm which modulates
the radiationfreceived by the photomultiplier of the umwinder. Thus
the definition reaches 0.25 mm. The recording or tracing obtained,
(Fig. C V 4) confirms that originally made, but the latter takes
place exactly between the pellsts. The flux in the pellets is somewhat
less than in the rest of the uranium. This measure also indicates
that there is no thermal overload at the end of the cartridges.
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The radial distributions reveal the dissymmetry of the flux
due to the eccentricity of the lattice.

An important result of the flux measurements is the ratio of
the activities of identical detectors made of copper placed 2t the end
of a thimble at the »oint of the maximal flux in the central channel.

On Reactor h, we find the following values:

d) CHy, = 0435
dc

0 cn
.

0.22

i

<§) CHg = 0.27
%

The ratios are grezter if the reactor functions with the
cormpensation bars partially lowered so that they depress the flux in
the vieinity of the central channel. We thus measured, for the case of
two lowered rods and an 80-rod he reactor.

§ oy =o0.32

S

It should be noted that the fluxes in the thimble are very
anisotropic. In order to measure this anisotropy, we carried out the
following experiments:

a) a container of heavy water was pnlaced behind the detector.

b) copper detectors having a diameter ¢ = L mm separated
by a cadmlum sheet having & diameter Q = 5 mm were irradiated.
We obtained the followlng results:

(13) Le Journal de Physique et le Radium. Tome 14,1953.
poL,'éB! V. Raievski. M. Pelle
(14) CEA No. note 216. 0. Tretiakoff.
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activity of the reactor with a reflector = 1.20
" ] 1 ] withou t 8

activity of the detector when turned inward = 1.30
i it i i ] it Outward

For the experimenter who uses a bundle of rays on the outside,

the flux depression caused by the channel is less than for the experimenter
who carries oult irradistions in this channel without ar auxiliary reflector.

2)

Calibration of ionization chambers; Measurement of a high power flux.

The relationship between the current in the chamber and the
power depends, to 2 great extent, on the condition of the reactor.

Thus, the indication of the chamber must be considered only as
a guide point. The fluxes in the central channel, for a curvent of
1 m A in the chamber, are respectively, 5.7 1014 ,ng 7.7 1024
for h and he reactors. On the other hand, it is very important to know,
while working, the specific power of the most loaded fuel elements which
are located close to the central channel. To this end, we use an apparatus
consisting of an aluminum band (4 5) drawn by a motor at speeds of
5 and 25 centimeters per second. The strip passes uvnder an ionization
chamber which measures its activity.

In order to take a nmeasurerent, the motor is started, and the
strir or band makes one revolution at a constant speed. Its activity
gives an average on ths axial flux. Currently, use is made of several
devices of this type located in the central chamnel, with special
devices and thimbles. These measurements make it possibvle to know the
flux distributions at the high powers. Thereafter, only one band, DSI,
is kept going at a normal pace.

IV CONTROIL DEVICES

The devices used for reactivity control consist of ¢ylindrical,
aluminum rods filled with boron carbide. They move vertically at the
center of the triangles made up by the fuel elements.

This arrangement has the advantage of saving the positions of 11
elements. As a precaution, should a compartment break , the boron
carbide is divided into compariments about 10 centimeters in height.
In this way, the possibility that the reactivity released be greater
than the prompt neutron fraction is avoided.

Since the heat released in the compensation and trim rods is about
5 W/em?, they are cooled by the normal hesvy water circulation.
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This cooling is useless for the sa2fet; rods, the charccteristics
of which are as follows:

liature ¢ cm Height  HNurmber Distance, starting
from the axis of the
centrzl channel

B.C, cormensation Ly 140 6 Lo
B.R, Adjustment v 18 2 70
3.5, Safety L 90 3 L5

Definition of Strokes

We define, for the rods, the total, effective and useful strokes.
The total stroke is the maximum distance covered by the rod, which would be
of interest only to the mechanics.

The effective stroke is the part of its motion over which the rod
acts on reactivity. This extends from the low position, where the center
of the bar is in the maximal flux plane and the position in which the lower
end of the rod reaches the level of the free plane of the heavy water.

Under normal operation, the stroke of the rod must be less than
its effective stroke. Indeed, control depends essentially on the differential
effect of the bar, namely, on the variation of rezctivity in units of time
or, (which comes to the same thing, in the case of a constant speed of
displacement,)on the variation of the reactivity as expressed in units of
length.

The differential effect ig zero at the exitremities of the effective
stroke. If the rod is operating at cone of these ends, it will act only once
it reaches the zreas in which the differentizl effect is perceptible. This
entails an unacceptable delay. Thus limited, the path of the stroke gives
the useful stroke. For this stroke we took the region vwhere the differential
effect is greater than half its maximum.

Automatic control

The adjustment rods are controlled by the ionizing chambers. Vhen
an adjustment rod reaches one of the ends of its useful stroke, a compensating
rod is sutomatically started, stopping as soon as the regulating rod reaches
the other end of its useful stroke.

Rate of rod motion

If the compensation rod is in its position of maximum differential
effect, the adjustment or regulating rod must move faster than the compensation
rod at the end of its useful stroke.
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As a result, the maximum differential effect of the adjustment

rod is.more than double that of the compensation rod:

(oLt) Max >3 ( )-——-

The compensation rod must be in a position to compensate (at the

end of its useful stroke) for xenon poisoning following the accidental dropping
of the safety rods.

Af
(i"f)%‘g—% 72 \qe/*e

The comparison of these two inequalities leads to a third:

(D > ()

LT _ 5
dt ) Xe Dbeing of the order of 10 ° sec , the above inequality reculires

a speed of more than 4,107 sec~! for the regulating rods.

)

5)

Computation of control rod efficiency.

This efficiency depends a great deal on the volume of the reactor;
here, once again, we find the difficulties encountered in flwx measurements.
These difficulties are further enhanced by the fact that the efficiency varies
as the square of the flux.

The efficiency of the whole set of compenszticn rods (15) is so
computed that the cold reactor, with 99 rods, could not become criticzi.

The efficiency of the adjustment (or regulating) and safety
rods 1s achieved by computing the effect of one rod zt the center and
weighing it by the square of the thermal flux.

Experimental values.

The efficiency of the control devices has been measured on the
h and hc reactors. To deduce thelr efficiency on an hc reactor of identical
volume while hot and poisoned, one must multiply the result by the ratio of
similitude of the reactivities:

(15) - A.E.R.E. 1952 R/R 8/8 - J. Codd, C.A. Rennie
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This efficiency was measured by the modulation technique for the
compensation and adjustment rods (16) and by an impulsion method for the
safety rodse.

a) Compensation rodss

Oscillation of the rod, of some + 1.02 cm about a mean
position, with a frequency of 0.542c s 1s established from the
neasvurement of the rate of modulation of the density, the differential
effect ic computed in absolute magnitude. We plotted the curves showing this
effect for the h and hec reactors on Figure C.5, as well as the total
effect obtained by integrating this curve., These curves call for the
following comments:

The maximum differential effect on the he reactor is:

(-’i = 34,1070 cnt
33 flag -5 -1

On the h reactor, this effect is 21.8.10 “em "« By using
the eimilitude ratio, we deduce that, on an hc reactor (while hot
and poisoned, having the same volume as reactor h,) the effect will be
only 20.10-2 cm~l, which is a loss of effectiveness of as compared
to a new he reactor while cold.

The sensitivity of the method mekes it possible to destect
the effect variation due to the removal of one peripheral uranium bare
Thus on an h reactor (65 rods) the removal of D 10 causes, the maximum
differentisl affect to rise from 31.8.10~ em-t  to 32.2.10'5 em-Lle

In this experiment the modulation is affected aboul a variable
level z. When this level is changed, the reactor must stay critical.
The simplest method consists of changing the position of the compensating
rod BC 3, which is diametrically opposed to BC 6, We have measured
the resultant shadow effect due to the lowering of BC 1 close to
BC 6. In the h reactor, the depression so produced causes a decrease of
18% in the maximal differential effect.

The disturbance caused by the remote rod, BC 3, obviously is
much less than 18%, It would be possible to compute this effect by
measuring the depression produced by intermediate rog BC 2 and by
extrapolating these results according to a law in r™e kr’ for example,

(16) note CEA n° 73-V. Raievskie
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Adjustment or regulating rod.

The method used is the same as for the compensation rods.

The. amplitude of the fundamental of the mechanical motion
is _'t 1.10 Clily

The oscillation frequency is 06078 cps.

The results obtained on h reactors of 65 rods and on he
reactors of 55 rods are shown by the curves on Figure C.%. They
differ from those obtained for the compensation rods on the
following pointss

flerential effect ir cancelled out above the medizn
tice, whereas it was cancelled out in this very
ompensation barse

The di
plane of the lat
plane for the o

This is due to the distortion of the flux brought about
by the lateral channels. This distortion has been observed in flwx
mezsuremsnts, (Flg. C.2b)

Adjustment rod BR2, in the 55-rod hne reactor, is located

in the reflector. Experiments were first made with the G2 and HZ2 uranium

rods in place; a rod was then inserted in Hl. The insertion of this
rod causes an increase of 6% in the maximum differential affect.

In this case, two phenomena work in opposite directions:
According to the disturbance théory, the antiereactivity due to an
absorbent is proportional to the product of the neutron flux
absorpved by the importance of these neutronse Therefore, while the
inzertion of an additional uranium rod Hl in the viecinity of
BR2 tends to depress the thermal flux on the other hand it incresases
the importance factor of the neutrons. The latter effect is
particularly merked at the edge of the core, vhers the probability
of a leak varies rapidly with the radius.

Safety rod

Above all we must note the power decrease brought about by

the drop of the rods. Their anti-reactivity is no wore than a device which

makes it possible to compute this decrsase. We therefore measured the
density of the thermal nevtrons direct %before, during and after the
drop. The curves computed on an arnalog computer make it possible, by
comparison with the experimental curves, to deduce the reactivity
variations during the dron of the rodse

The experimental device consists of three proportional BF3
counters set uwp in parallel. Its impulses are recorded on a magnetic
tape which unwinds at 2 rate of 2m/s. These impulses are then
re-read at a speed of 4 cm/s. The phenomenon is then either

b
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directly inscribed on a MECI SPIDUMAX recorder (through an integrator)
or is expanded once again on the time-scale for a more intensive study,
by rccording th: pulses on a carerz film moving at high speed before
the screen of an oscillographe
The initlal counting rete during stabilization is 20,000 dePess
The V curves repr=sent thase recordings in a 55-rod he reactors
The dron of BR2 is recorded with and without having the neighboring compen-
sation rod (BCl) in the low position, in order to determine the shadow
effect. The pressures used in the pneumstic system were 3 Kg and 5 Kge

Svrve VI re-resents tho compaitation of the reactivity bearing on
a recording made with the BCl rod at a pressure of 5Kg. We note an increase
in the reactivity which must be ascribed to a rebound of the rode This
rebound disappears at the lower pressure of 2 XKge

The rod anti-resctivity deduced frow these recordings, leads to
a value of asnrorimately 3% 2er rod for a 55-rod he reactor.

Flux Depression due to the Compainsation Rodse

The Drezerce of a compensstion rod mocdifies the flux distrivution in
the uranium rods and the temperatures. It was important to make sure that
there was no thermal overload. To this end. we used and placed a uranivm rod
with an accessible center. At the center, of the rod, a miniature fission
chamber is moved at a constant speed with the help of an automatic
device, the pulses of which are recorded on an MECI, giving the
axisl distribution of the flux inside the rode. This distribution was
scasured for various nositions of the neighboring compensation rod BC3. The
curves shown on Figure Ce8 are normalized in ordar to “een constant the
regding of an lonizaztion chamber located in radial channel CHS5.

It will be noted that there is no thermal overlosd but that the
deprassion is substential (35%) and nay bring on a thermal cycling of the
ureaniun rods. Fortunately, this eyeling is very slow.

o

Measursment of the mean life of the neutronse

Knowledge of the mean life of the neutrons is important in order to
evaluate the behavior of the reactor in case of the accidental release of a
large reactivity.

Tae mean life was computed by the oscillztion method, (17). The
following values were obtained:

il

-3
1.79 10 “sadry, for hc reactor

i

2400 10"34ecdr‘y, for h reactor.

(17) C.Re Académie des Sciences --237, 1513 -~ 1515, 1953. V.Raievski
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In case of 2 break in thz lining of the csentral chaanel, the
addition of heavy water causes an incresse in resctivity of about 2%
hssuming that, from the heginning, thé uranium rods are thermally
insulated by a Jacket of steam, we deduce, irom the value of the
mean 1i”e, msasured in the he reactor, that the temperature of the
s by 200°C after 0.27se This time corresponds to the
ﬂu-aii on of the drop of the zafety rods. Under these conditions, uranium

will not reach a transformation point. On the other hand.the behav1or of
the Jscket is harder to forecast,

LOADING OF EXPERIMENTAT CIANNELS.

Tre purpose of these measurements is to detsrmine the number of
urgnium rods neseded to make the hob and p01u‘r &d reactor critical with
a given load in the ersperimental channels.

The tynical load is sisulated by Zron*tubes in  the charnel
eculpped with plurgers, and by stsinless stecl tubss ln the cavities
where the steel tubes are in direct contact with the heavy water. An
inpvestigstion was 2lso made of the following eff=sctsiansulron transportation
in the horizoatal charnels (these are closed with containsrs filled
with hsavy water), and the insertion of fissionable elements in the central
channel. These measurements are caerried out by compensation om the h and
he rezctors. The «ffect on the hol snd Toisoned he pile is deduced by

means of similituce rati

Coup=nsation

Since direct comg L the uraniu rods is difficult,
we first callibrats com)€nselioa rod BC@ with respsct to the numbsr of
uraniun rods which maks the resctor critical. Calibration of RCY in the
h rsactor 1s carrisd out with uranium rods 15, J4% and J5, so placed as
to rastore Lhe local Flux conditions of the he reactor. We then
reasure the variztion in ths cr;tlcal level of BCH caused by any disturbance.
Th@ Cé]’”f?ul@ﬂ curve wakes it rossivle to derive an eculvalent of this

1

P
Q
1
=,
e
i
jay

. P - Y o Py
Tre reactivity gain, > the addition of a uranlum rod, is
Jependent on the numper of rods orasent in the rsscior. The viiiation of

this gain depends on the total number of rods. In the results, the effect

5

mzasured in the h reactor wis reduced to that of 2 rod in the 5%9-rod h
f@au uOf,

Similitude ratio.

The variations in the Wbac*ﬂv“ﬂy procuced by the szre absorbent
n reactors h and he are different. This ulfierenca is due to ths fact
that the two lattices do not have the same characteristic lengths.

‘.h
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The effect of a local sbsorbent is difficult to compute on
these reactors because of the distributions of flux, the exact shape cof
which 1s unknown. It is easy to deduce this effect for the hot and poisonsd
he pile by measuring on an h reactor having the same volume. These effects
_ars proportional: the coefficient of proportionality, or similitude ratio,
is obtained by 2 disturbance computation (2).

For the reactivity variation ratio, or the number of uranimm
rods compensating thes same effect on these two reactors, we obtain the
following values:

fhe = 0.96 2
fb 3
5 Npe = 1.5

§ Np

3) Some cxperimental results:

The loadings were carried out as follows:

a) cell or element with stainless § 32/75 mn h = 1356 mm
steel tube
b) stainless steel tube @ d 35/42 mm h = 2200 mm

¢) iron tubs

225/228 mm h= 520 mm in the
wide diamster channels.,

ks S

d) iron tube 126/129 mm h = 620 mn in th
chao

small diameter nnels,

e) fissionable elament : normal rod of the lattice.

The following table gives the equivalent in peripheral uranium
rods measured on a 59-rod h reactor.
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load position equivalente in
uranium bars

cell or element with

stainless steel tube F7 - b.15
" ® # E9 - 2.9
" " " D10 -1
" " " ce = 3625
Stainless Steel Tube Cls | - 0623
" " " Ds3 - 2,05
Iron tube CHl, 5, 7, 9 - 0.7
" " cHl, 5, 7, 8, 9,11 - 1.1
Fisslionabls eslement cC + 2.

RESULTS OSTAINED DURING THE FIRST POWER PLATEAU (13

First a few plateaux under medium power were used to adjust
the outputs and to verify the heavy water temperatures in the cells.
Then the reactor was operated, on the 6th, 7th and 8th March, at a
power of 10 Mw with a full heavy water flow but with reduced light
water flow. Throughout this plateau, the thermal neutron flux measured
in the central channel ranged between 7 and 8.1013.

The uacertainty will be reduced during the newt plateaux,
as soon as it becowes possibls to use the tape dsvice in the central
channel. The indicated flux is obtained from a measurement madc with
a ribbon type device in channel H8 and by using the ratio of the flux
measured at low power:

Qcc = 0,32
¢ e

(18) Physical study of reactor EL3 - lattice made up of 80 rods - The
SeGePeSe "Groups Physique et Experimesntation®. CEA report in
preparsiion
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This operation as conducted with an oversbundance of urernium
rods (80). The =xenon effect was cvelucted %t 2057 under saturation. The
tenpersture eff~et of the =ocerator (27 10~ /°C) and that of uvraniunm
(Le25 10‘5/°C) being 0e5%5. The samarium sffect was still neglisibles

Under these conditions, the o erations toox plsce with BCH in
the low position and BCZ at the half efficisncy positions The reactivity
available for the 80-rod reactor,when satrrated with Zenon and at its
functional te lerature, was thus estimated at 3%. When the reactor
stopped we measurad the variation of the xenon effect by ccompensation
(with a comnensation rod)e It was observed that ~aximum anti-reactivity
was reached 9.5 hours after the stoppace. Loss of reactivity,at that
point due to the increase in the ccnecentration of the xenon, was evaluzted
at 3¢55% This vzluc concords with a thermal flux ranzing from 7 to

8e10" iy the c-ntral channel,
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De TECENOLOGICAL ASPICTS OF THi BUILDIKG

OF REACTOR EL.3

I - GHiLRAL.-

Building the EL.3 Reactor reguired a number of important
studies of a general nature since in 1955, the technological knowledge
bearing on heavy water circuits or loops was relatively undeveloped
in France. The only reactors in France at that time were: EL.1,
which is of wvery low power, and EL.2, which is cooled by carbon -
dioxides One large reactor was under construction, (G.1l), but it was
operated with gradhite and natural uranium, EL.2 was the subject of
fairly important studies, perhaps beyond those strictly necessary,
with a view to providing documents that would be useful in the
building of other reactorss

Thus, heat-transmission (tzsts which are discussed 1in
another paper) were carried out in order to determine the cooling
conditions of the rods of reactor ELes2e They enabled us to verify
that the comulations made from existinz formulas gave satisfactory
results and that the adortion of corrusations on the rods made it
possible to reduce the temperature gradient by a factor two or there-
abouts as between the heavy water and the outside surface of the
jacket. They also had the advantaze of creating a test bench and of
developing experimental rethods,which later made it possible to
bagin more rapid studies of the cooling of pressurized cellss

Another paper, prepared by Ms Grenon, describes the tests
which made it possible to develop the hreak-detection process on the
jackets, by looking for fission gases in heavy water, which -is
used on Reactor Ele3 and which we mentioned in Para I11-2.5 above.

We shall also draw attention to the conditions undeéer
which the manufacturers of Theavy water Pumps and gates (of the
leak-proof type) were chosen. The manufacture of a number of
prototypes of pumps and gates was started at the berinning of
1955 by different industrialists and, after a trial of these proto-
types, the manufacturers of the final purps and gates wers chosena.
Beesrinz in mind that the reactor was constructed in less than three
years, one realiges the great efforts made by French industry.

In addition, a through study of heavy c¢oncretes was madce
The object was to perfect, for EL.,3, a concrete with a specific
gravity of over 4, in order to diminish the thickness of the
concrete shielding of the reactor block, to reduce its overall
dinensions and to shorten the channel plugs so as te make them
easier to work with. We shall not linger over this study which bore



A/covwF, 15/P/335
FRAKCE - 46 -

on a whole series of concretes, from the voint of view of method of use,
and mechanical properties,and also from that of nuclear characteristics -
for it is the subject of another paper,

Information is given here on a few other technological studies:
detection of heavy water leakage; metal on metal flanges; measurement of
the level of-heavy water in the reactor tank; rapid weasurement of the
cell temperatures: hot observation; hot-air stack; boron shields and
machining of graphite.

IT- DETECTION OF HEAVY WATER LEAKAGE,

7 = Aim and principle of the facility,

The facility for the detection of heavy water leakage in
Reactor EL.3, which is described below in its iwportant aspects,
signals, by warning system (acoustic and luminous), any leaks
occurring at certain polnts in the circuits, particulsrly at the
flanges (See Para B, III-21 above),

A heavy water leak will make conductive a braid placed between
two electrodes, thus closing the alarm circuite.

The facility comprises principally a certain nurber of leak-
detectors; a certain number of sigznal cabinets , with 75 detectors
each,installed in the vicinity of the workrooms;y and a synoptic table,
installed at the control board, which indicates, by means of lights
and buzzers the cabinet corresponding to the leak detector.

2- Description of facility:

2+1 -~ Detectors:

A detector, as shown on Figure D.l, consists essentially of a
cylindrical stainless steel body adaptable to the capzcity on
which the detection is to be wade. Inside this body, which is
groundad and is one of the electrodes, there is a second axial
electrode centered with the help of insulating sleeves. This
central electrode is covered with a cotton jacket impregnated
with a hygroscopic salt. A co-axial contact makes it possible to
connect a single-wired electric czble (with a protective
covering) to ths detector.

2.2 - Signaling circuit (Figure D¢2)

There is a detection circuit consisting of a group of 3 detectors
in the control room. A 4-position switch makes it possible
to connect the three. in parallel (normal position)., or singlv
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(to determine the suspected detector), with a 40-volt signaling
circuit. This voltage is reduced when the detectors are dry
{R=100,000 to 500,000 ohms) by load-rssistor Bi to a value of
24 volts., The coil of the 24-volt relav has an impedance of

750 ohms,

When a detector is wet, its resistance drops to a value
of about 75 ohms. The equivalent resistance of the detectors
and relay drops, the current in the resistor rises (2s well as
the ohmic drop)s The voltazoe at the terminals of the 24-volt
relay being then to weak, the velay drops, and the following
takes plsce,

- contact 1, & very low value resistor RB.,2 maintains
the voltace-drop in Rl, and thus makes it possible for the

relay to stay downe

- contact 2 lights a lamp which indicates that there is a leak
on the J«detector groupe

- contact 3 energizes , the totalizing relay which, in turn,
performs the following functions:

a - eontact C.l,on the local cabinet,turns off the "normal
signaling light and lights up the "leak" light, as well as,
that of the control-board indicating the area in which there is
a difficulty.

b = contact C.2 starts, on the one hand, the "howler" of the
control board, and on the other hand, the realy which inserts a
contact into the pre-alarm chain. A controlled push-button relay
makes it possible to stop the "howler" (siren). This last realy
returns to normal as soon as the defect has been remedied.

METAL ON METAL TFLANGUS

The purpose was to obtain flanges where metal bears against
metal, so that the inside surface of the pipe is practically restored
above the flan~se, in order to avoid any interstitial area in which
radio-active deposits might form and maxke disassembly of the pipes
difficult by reason of radiological riskse

On the other hand, it is of interest to avoid the use of
plastic gaskets where they may come into contact with heavy water
since they always have a tendency to exchange hydrogen and deuterium
jions and their Dbehavior under radiation is indifferent,

These fears are only partly justified. In the case of heavy
water heterogeneous cold reactor, the use of flanges in which
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metal bears against metal is something of a luxury,but the Cel.h. is
willing to use them for testing purposes, since they may weil be valuable
for highly radiocactive circuits.

Two types of flanzes, shown on Figure D.3, have been lnvestig-
ated. We designate them as flanges of the A and B types. On the outside,
where metal bears on metal, two perbunzn geskets provide two additional
leak-proof barriers, which make it possible to install a leak detector
(see Par. D.II above),

In the type A flanges, there is no internediate gaslket, and the
joint formed is stainless steel on stainless steel. Some tests carried
out on 60 and 250 mm, diameter flanres showed that the joint is leak-proof
if the crushing pressure is, again, some 5 to 10 kg/mm, once the flance 1is
under pressure, provided that the macbining of the surfaces has been very
thorough and they have not deteriorated in any way. A leak-proof condition
can also be obtained, in spite of small surface defects, provided the
tightening is between 20 and 30 kg/rm, instead of from 5 to 10 kg/mm. This
type of flange has not been kept however,-as it is ill suited to successive
disasserbling and re-assembling - in the event one point of such contact were
ruined, it would be necessary to replace the corresconding flange,

This is what led us to investizate flanges of the B type. They
have an intermediate gasket, mace of stainless steel, crushea between the
bearings of the stellite-ireated flanges. The bearing areas of the saskel
are in the form of a knife and when they are pressed, they suffer a certain
plastic distortion, whereas the flanges do not, hecause they have a bearing
surface which carries stellite, In re-assembling a new gasket is set up and
tightness can be achieved under excellent conditions.

The graph on Figure D.3 has to do with distortions of the casket,
in the case of a [lange having an inside diameter of 40 mm, as a function
of the linear tightening pressure. Curve 2 represents variation & h  of
h. We note that the permanent distortion begins at 30 kg/mm and increases
regularly with the tightening. Curve 1 shows the shape of edre a « These
tests have shown that tightness can be achieved in spite of a scratch
1/10 of a millimeter deep, provided the initial pressure is 90 kg/mm.

IV~ MEASUREMENT OF THE HEAVY WATER LZVEL IN THE REACTOR TANK,

Operation of the reactor recuires that the hesvy-water level be known
with a precision which has been set at + 5 mm. It has not been possible to
find, in commercial practice, any device for measuring this level which has
all the qualities required, namely: maintenance of perfect tightness of
the heavy water and helium vessel: absence of contamination of the heavy
water corrosion risksjy absence of deterioration undsr radiation; 1lack of
spark production,which might brine sbout a risk of explosion, should the
deuterium and oxygen content of the helium atmosthere be too highe

It was therefore necessary to start the investigation of a level
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which would satisfy all these requirements. The following principle
was adhered to (See FigeDoe#)e In a tube vertically dipping in heavy
water, heliun circulation under pressure is effected at a rate of
flow which is kent constant, regardless of the height of the water
above the low point of the tvbe in which the gas bubbles escape to
the surface. Since the rate of flow is constant, wvariations in the
height of the level correspond to proportional variations in the gas
pressure which, therefore, it will be enough to measures

RAPTD MEASUREMENTS OF CELL TEMPERATURE,

The rapid scanning facility (figure D.5) permanently shows
on the large diameter screen of the oscillosecope, the temperatures of
the heavy water used for cooling each of the 99 cells, as measured by
thermocouples. These temperatures are recorded every 400 seconds.

4 rotary selector, driven by a synchronous motor, 'scans 100
Tem) ratures in two seconds. It is mechanically coupled to a potentiometer
system of the sine-cosine type which provides circular sweeping for
the oscilloscopes

The rotery selector supilies rectangular wave signals made
up of a succession of low DC voltazes representing the tenmperstures.
A transistoriged converter transforms these D.Ce voltages into 4,000 cps
L,Ce voltaces, with amplitudes proportional to their values, and a.
gain of 400, These L.C. voltages are superimposed on the regulated
continuous voltare used to energize the scanning potentiometer.

The voltarses so supplied-by the potentiormeter are applied,
following amplification, to the deflection coils of the oscilloscove,
thus giving an image of the.various temperatures in the form of radial
lines of varisble amplitude from a luninous circunferance on the perinhery
of the screen.

The references for the cells are on the support base of the
oscilloscope. In front of each reference, there is a neon indicator,
which lights up when the fempcrature of the relevant cell exceeds the
maxirmm value set.

C35RV.LTION OF FOT CaILLS OR FLIIENTS,.

It is incdis ensable to be in a position to observe the cells
or fuel assewmblies as soon as they cone out of the reactor, in order to
secure information on the behavior of the fuels, or detect if need be
the couses and effects of ar incident such as a break in a cartridge.
For this reason a sultshle device for the examination of the rods by
X-rayrs has been provided.
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An observetion ditch for the fuel elements, in the shape of a
T, is provided west of the cell. It consistsiof a vertical steel tube
with two magnesium windows fabing each othere The cell which descends
by means of hood No., 2 passes in a rotating chuck. All the parts of this
cell,or element, can thus be broughﬁ up before the magnesium windows,
Q1nce it ean be rotated and displaced vertically. During observation, the
vertical tube which receives the cell is included in the air circuit of the
hood which thus continues to insure the cooling of the cell,

A 150 kv X ray renerator is directed toward one of the magnesium
windows and the imace irtensifier is placed azainst the other window. This
imnce can be examined either with 2 canera, on a television recelver, or
else with a neriscope which nay .ve equivpad with a camera obscura for teking
photographs. Some emulsions which have just been presented make it possible
to teke a scod radiograph directe

This facility rskes it rossible to reves) fauvlts of one to two milli-
meters with 80 keV - X-rayse. This ewn rgy was chosen to cause the least
possible ims~e disturbance by the a” emission which is intrinsic in the
cellse

VIT.ZOT ATR STUC¥S. -

The hot air from se cordary cooling which is achieved in an open
circuit. (Cfe B IIT 3), is aquite radicactive at the exit of the reactor.
This is cue, on the one hand, to the dust, and, on the other, to the
activation which it undergoes in the reactor, due mainly to ﬁrron L1 with
alhalf 1life of 1.8 hours »roduced by the nuclear reaction 4 )
A%, This not air cannot be ejected into the atmosphere without precautinna.

Radiozctive 4:st is easml@ clininated by means of very efficient
paper filters (efficien = 99, 98p), for dust grains of less than a micron,
nlaced downstrear from *he reactor.

However, due to the chemical incrtia of ar.on, the only weans of
eliminating the radicactivity 1t creates is to dilute the air of the cell
sufficiently for its argon concentrrtion to becore less than the pernicsible
dose., Thus, have mede a painstaking investication of the hot air stack
to insure this,

The total zctivity of the air at tle outlet of the stack,
allowing for the volume it occupies in the rezctor, of the neutron fluxes
to which it is subjected according to the areas involved and of the rate
of diffusion in the graphite, has oeeg evalusted at 1 millicurie per
second. The air output being 22,500 m’/ nr, its activity is 1.6 10-4 C/m

namely about 3,000 glmes the tolerance dose for the neighboring population,
which is 5.10-% G/m-,



LfcoNF. 15/P/235
- 51 - FRANCE

This 3,000 factor would lead to pro ibitive facilityes if we
were trying to dilute the air prior to ejecting it, this is why we
investigated a blower stack from the aerodynamic and positional stand-
points in order to achieve satisfactory dilution of the smoke in the
atmosphere.

Two sets of tests were carried out with ithe blower, the
first was with the isolated stack, and the other with the stack in
locatione

The first category of tests showed  the following law of
similitude for the smokes. ‘

Al o) WX
""5""“%(0, D)

Figure De6, on the basis of which the perometers are definzd,
revresents a network of curves giving A b a5 a function of W for
different values of X . Beyond a certain value of X (about U 80),
the axis of the smokénis practically horizontal and h is ziven,
for 3¢ Eé <%0 , by the relationship:

h ok
—%—-:2,2 e

Even though it has not been possible to make a thorough in-
vestigation of this point, it would seem that a deflector placed at the
top of the stack would have a favorable effect for the small values of
W/u, and a generally unfavorable one for the large values of W/u.

i The sccond set of tests hzs to de with a 30 meter stack,
which is the maximum allowed by air treffic regulations. It showed,
on the one hard, that it wes of interest to nlace the stack to the
north of the building, allowing for the grrevailing winds, on the
other hand, thet in the position chosen, there was no reason Lo feay
any interaction between it and the atwospheric cooling device,or
the cool air intake, leading to recyclinz of active air.

In all cases, the smoke practically reaches the height given
by the above formula, but is thereafter dispersed in the atwosphere
in a highly variable manner, according to reteorological conditions.
The two conditions of smoke production which are most irportant are,
on the one hand, the diffusion system,in which it hrs the sghape of a
horizontal axis cone and disperses rapidly in the atmosrhere and, on
the other hand the temperature gradient inversion system with which
the smoke remains horizontal without being dispersed in any
perceptible waye.

Unde the first system, the ground activity was computed by
means of Sutton's formula, allowing for the radiocactive decay of argon.
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In the second case, it is computed by assuming the smoke to be a horizontal
linear source and allowing for the absortion of rays by the layers of air
through which it travels.

We found that the activity was maximum at the ground in the dif-
fusion systenm, and we computed the stack size allowing, for the results of
the blower tests, in such a way that this activity would remain under the
population dose at all times.

In order to obtain this efficient superelev-tion of the smokg
plume, we brought the raste of air flow out of the stack up to 34,000 m /hr
by blowing 11,500 m3/hr of cool air at the base of it. This solution was
more economical, from the power consumption standpoint, than the one where-
hy the velocity of output of the air from the chimmey is inereascd.

We thus obtain a stack dismeter of 0.65 m. and an ovtside velocity
of 28.5 m/s. Indeed the additional fan would be placed in service only if
the activity measurements made on location shoued that it was necessary.

VIITI-3Z0RON SHIELDS

1. Object and crinciple.-

It often haopsns thst it is necessery to achicve, in the ex eri-
mental devices of a laboratory reactor, some shields which give good pro-
tection zgainst thermal neutrons while activ.ting themselves as little as
pogsible in order to facilitate subsequent manipulations and avoid nroduce-
ing secondary 1raysSe

It is necessary that the screen be eruinped with a cooling systen
in order to remove the heat produced by neutron sbsor-tion.

Je achieved such shields, which are race as rollows: They are
cast in aluminum boxes and, starting at the face exrosed to the neutrons,
consists of the following: a thin piece of aluminun sheets e thin laror
o ~isrmuth, a plete of sinter=d boron ap roxim-tely 10 millimeters thick;
bismuth, in which is embedded a stainless steel coild 10 x 12 millimeters
diameter is provided to insure cooling by means of de-ionized water.

N - K3 - *
In the case where there is no fecr of second-ry enigsion, it
is vossible advantageously to replace the hismuth by lead, for it is ruch
easier to use.

- 1m3 cavity shields

™

" As indicated in peragrapvh B IT 7.4 zhove, the two stacks for the
1m” cevity heving a cross section of 550 x 750 millireters and & helcht of
705 millimeters, have their side walls cover-d with horon and hisruth shields.
Ficure D.7 giv-s a perspective view of one of these shields. 7e vill nole
that the A.5 aluminum jacket, of a corpezrotiv-1y comslic ted form, las a
thickness of 5 millimeters.

It is difficalt to make such a shield, nartic.lart-r if it is
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necessary to achieve good contact betwesn sintered boron and bismuth in
order to have a good hsat remover. On the other hand the pouring of the
bismuth causes chonges in the shape of the aluminum mold, which must be
orovided for and kept within permissible limits.

IX-MACHINING OF GRAPHITE

Ve gave, in paragraph B IT 3 above, a description of the graphite
yile. We must remember tlat in addition to tho hole provided for the
tank and that of the tangientisl and secani ¢hannels, the graphlte 1s also
nierced for passing the linings of the radial horizontal channels, larger
dismeter vertical channels, isotope channels, pneumstle channels, and the
channel for irradiation in a ¥ free atmospherc.

-

The graphite block is difficult to machine. As the holes necessary
for the keying of the beds between blocks have to be considered. It has
been made as follows:

In the first place, the Hricks have beea machined on thelr four
sides, 1o match the flats on the lateral face of the graphitie blocks, to
a precision of about 2.05 im.

Thereafter, the graphite was piled up 3 to 4 beds at a time on
the plate of a machine of the reamer-surfacer type, specially designed for
the purpose, in order to machine the tank hole and all verticazl holes.

This surfacing reamer has a horizontal plate 4,2 m. in dizmeter,
rotating at a speed of 0.5 rpm. Two fixed uprights carry a beam attached
at about l.Z meters above the plateau, on which the mlllln#—carviags MOVES e
This carries a slide which can be inclined to 45°, for cont ur machininge.
Cne of the uprights is equipped with a resming carriage whickl can be moved

vertically by means of g handwheel,

The semi-elliptical bottom of the tank has heen machined by zop/-
ing on o template, and the cylindrical pert of the tank hole bas be:n gillad,
The plate rotated during these two operations. The rﬂrLﬂﬂQW h las were

o)
drilled by means of 2 drilling _template. : :
channels were drilled by means of thz lateral-reamd

Trhis machine, which weighs 25 tons in 2ll (apnroz.) has a total
height of 4.3 meters. Its width, betwesn uvprights, is 5.2 weters, and can
be brought up to 7 wmeters.

Appendices - List of figures
Table of contents
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EL.3 Reactor

4.1 Reactor Block (Lattice layout).

B, Reactor, ELR. Ensemble.

B.2 Reactor EL3. Bulldings, altogether.

B.3 Open-cut, Reactor.

Bo 4 Reactor Block, horizontal cut, through axis of the radial
channels.,

B.5 Reactor Block. Vertical, (east-west) view.

2.6 Reactor Block. Vertical view, (north-south

B.7 Installing the vat.

B.3 Elements of a cell.

B.9 General view of the Reactor Seat.

B.10 Heavy-water circuits. Schematic of main circuit.

E.11 Hegvy-water circulls. Re-combination schematic.,

B.12 Diagram of electrical distribution.

C.1 Horizontal, median cut of the Reactor.

GC.2 Reactor h - Axial distribution of the flwx along the rod-
sleeves,

Ce2Zb Reactor h - Axial distribution of the flux in the special
receptacles.

C.3 Reactor h - Radial distribution of the flux.

Ce3b feactor h - Radial distribution of the flux - measuring
points .2long the rod sleeves.

Colt

C.5 Calibration of compensation bar BC 6

C.6 Calibration of contrel bar BR 2

C.7 Fall of the safety bars.

C.7h Reactivity development during the fall of ES 1 Rod.

C.,8 EL.3 -~ EL.3 -~ Depression of thermal flux in a hollow HY bar, 3s a

function of the position of compensation bar BC-3.

Leak Detector

Leak.detection diagram

Flanges, metal-to-metal.

Measurement of the level of heavy water.
Quick measurement of 100 cell temperatures.
Smoke-drift from the flue. Elevation.
Cavities 1m” Screen of ground boron.
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Qutside diameter of vat 2584

© O O O&O © o O O
®

O O
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O 97 Active rods © 6 Compensation rods
g 3 Safety rods @ 2 Converting channels
2 Control rods % g Isotope channels

€ 2 Experimental rods Special devices

Figure: A.1 REACTOR-BLOCK
DIAGRAM OF THE LATTICE
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SECTION OF THE REACTOR-BLOCK

Figure B. 3
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Figure B.7  INSTALLING THE TANK
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ELEMENTS OF THE CELL OR FUEL ASSEMBLY

Figure B.8
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.9 GENERAL VIE¥ = THE REACTOR ROOM

Figure B
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Figure C.1

Median horizontal cut of the reactor. The location of the uranium rods has been indicated

by labels AL to L 4

- Special irradiation devices : DS 1 0o 8

- Compensation rods : BC 1o 6
- Safety rods : BS Tt 3
- Control or trim rods : BR Tand 2

as well as the channels, shown as shaded.
We have presented the units of an h lattice, used for experiments ot low powers. The he
lattice is obtained by placing a rod in the center of each hexagon.



7

si1930| pos sy 0A0 peaoid sdig

WNUDIN BYJ Of HoDq 3ybnosq sdiss swog
3

Bawr

sd'e

sjoxpl pos ays mcc_u wS: Awr_._ wo uolnqguiisip [pixy
Y Jojopay
gD e4nbig

. . uALSes £8 Ay

Aoz vosr 4 apmse 2

—1 {3

£%'s45

ZEL 7 "dius seddos jo yibusy

i8jusd 104308y

e e i

[2 2 78 J £%" o .ﬂ
vLUE w
g- L ] “
@
LR
3 -
. 3
83 s
81
43
€3
&4
L

+

-GL-

HONVEL

GEC/d/ST *aNOO/Y



$8D1ASD [DID8dS BY U) XN} SYI JO UOHNGLYSIP [RIXY

J0i0084 Y

g gD eanbr

]
-
Cams Bp Woaw bres e §e 08
b S——
LY
, ~
N
| N
3
% D
®
z o
b e d
2 3
w. -
.‘ kol
a
@
e

m ats YT

8

seniaep [pIdeds Uy pajpdo] spunyg

% o

3
o G2
g5
=
bt
¥
~.
W
W
[6)]
g
A
N
§



A/CONE, 15/P/330

FRANCE

oot

w [y isapy - yinog

¢

as

${oUUDY> |DIPDs PUD 221ASp |DIdads
oyt up sjutod Bunnspay Xyl jo uolNqLISIP [DIPDY

€ "D sunbiyg

[P iSDY = YHioN

ot

U™

sjujod pesniiisey’

SO



jso3 yinog
wy

sjoxon! pos sy} Jsupbp sjuiod wnipe]
Xnj} oY} JO UONGLISIP |DIPDY

4030084 Y

gg'D snbiy

(
(sd

¢

3£0) 4303 - yuoy
383) 1sep - yuon

+
’

H
I
|
;

8INID] oYy jo doy
8013iD] BY} O wiolog

1

—e g v

8ID] 8YY JO sBjUBD

[

.13 (SN N
_ﬂQEOP_U
jpajus D)

S20 —

b/ & SRBUBS SHHOGW SOUDH

B

3

Snajoalea

1

J,

_ D8U0Q S8 XNP3UINGY S5 IS _SPI8)

»

&
23
= A
—IL
o1
=
~2
W
(]
(4]
S0
§
L
o
§
i



%
avd

A./CU,\\[F. 1 5/9/335
tAlIC

T
K

- 7T -

7 O 2anbr

y J»W.MI' |
s ] g P —
\\\\w\x\\\\\ e /\“ — . Rk a7
0 // /M
N N
_ / -
7[ r h | !
N > h H -
Lo e e e s I S ./r/U M w !
S 2
i
< R DS

wniuein 10—._0 _.:.._m




poi - uoppsuaduiod § M g Jo uoHDIgID)

§ D 8inby

@2144p] 8Y3 3o e314ip| oy z
[sA®] upipow §o oae| soddp) 1°A®] 0% ., wxdoont 055 €908
1
0002 Coost | ooot 005
V.
\\
\\\
§ \\
w S ot
- ,/
H /
/
/
7/
& \\ 046 83iAs0S
| epag 0S¥l ealoeje
19 44 piog
{Www ut) seyoug
+ 0002 ) 0¢ -
\. 104op8s Y~ — -
m u\ 1040002 D Y
By
S
0
=
= .
Rl 000¢ os
spos £6
2
wad J . wnf Euq\%\!
7 °o35 . { °13§




RANCE

A/CONF. 15/P/335

- 7O

pos Buypinbes 7 3 g jo uoniqiipy)

90 sanby g
@DIHD] JO |9A9] UDIpOW @2134p] jo |aAe| soddp) |eA®) ONQ
l‘.-‘-_.’llll-'lniN
P e G OS5 & Teg
o0se 0002 . o0st oo s ,
) s ¥
" VTh g \\\\
\ Y/
\ d Vi .
/
\
\ / Y/
ke 00y / \\
// \\\ / e
\ / \
\ / /
I / i
\\ u\ 089 : e2iaseg ¢
B “\\ / €69 : SAMOSlT
P 59 J 086t ¢ [oioL
\\ wut ug §INOULS .
/ /
| @jpag \\ ;
\ / # ;
e 508 v, . c
N\
~ \\ 4043088 (f -ewnem- comeomunn
\\ ~ e
\ e J05IDR D Y mmmerm—— 9~
\n\ spod ¢
-
ooy \\\\ *
g ejeag
ﬂ”Ob mm n.l
whwd =3
wod g a
e 1 ®{pag




A/CONF, 15/P/335

FRANCE

- 80 -

spos Ajajps aui jo dolp oy |

10y 9anbBi4
£ 27 i 124 I/ 0 50 L] €0 4/ o v
T 1 e T T T T T T
spueses uj swy]

0082
00es
0084
00w0L

sinsseid ensseid 000t

53¢ B¢

008st

pueses Jed ses|ng

002 &~




’ 2'o i
‘v £ HI(ITOOLNOW P NOSNYO sawrumimmy siwaing @

8% S R4

A/CONF. 15/P/335

FRANCE

- 8} =

ﬂ..._ i ] 1 j ; 1
i ; | ! H ! : : i ; i i
RS Sty Rt S 19 + H . P~ NS S bt TTTTTUTTTTTT : v ? [ PR A P B PO B¢ B T N N ‘LT..;..
! o B : : Lo 1 v g (TS EETER PUDY) FEU FE00 EON IEUSY BTN ERRE EENEl FE I B o i
SPUOISS Ul ey RIEEEE 1T . : L [ SR IR TR A0S SRS BRIt EERN IO & I 1N B VR O B : w
T e : 1 R R R . 2 O I o ey ) Cope : j
: —t
; i
e . S, R G ”, .‘oh.l
..... M
—~t 1
....... NS B
: ddd i o e L
: FE SRRON SRS
+ - o) -
i i . . -t 9"‘
i ! . N R
e * — S i
LS F :
i N o .
i O
: A i
ot — = 1 ooep*
i 1. N - .
i ; !
' ) ; (61 SN EAU ERSY FOOSS AP0 :
T s T T
!
1
m R
-
T reesp —
—

- (spos GG 24 ._2035.9_ ¢ @ smsseiy

el <20
. L S8 do¥ 40 4080 3IHL vz_m:n JAUND ALIAILOVIY .m;
g LD einBy g Hﬁ
ol ,”” oE.O.ﬂP—_
TE ALIAILIVIY
.......... u T“%mmm _




% WNINYaN fu
AVIXYOD ] o
_ Mug e ——— 4
e | = T | o a5 o0 58 O A
] \ ~
m. // B6CE ! NQILISOd RO i g
i COF ¥
[e]-7 7]
009/ U ! 50
oo%! L "
ontvay fustzs OQ F/ / /7/ ﬁ//a _
W _
£ 1L MAN
LN PITARAN : -\ .
/ |7 /// 3 \\ /
INNNNNEENEPAPI
IRWANAR B ZESx AN
! / —
/N
NN NEEE/A
//\ ﬂ/ ﬂ/ : Q/ (\\ \ / bk
- NOILISO4 3HL 20 NOILONMA ¥ sv \ “
zo.wm%%wm%.w:a_w._..__wﬂmmh. ‘¢-13 /_/ /
- Wi
g -Dembyy _ N~ 7
S -
N T .
#
| ¢

L4

-8 -

FORvUH

S€6/d/ST “anod/y



t3

- 83 -

A/CONF, 15/P/335
FRANCE

Coaxial plug

r-l

™

.

A e
AL

X

-

A \\

\\\ ; ‘:\
oy

N

at
\
\\

e

Stainless steel body _m;d:w
3y

bodem
N %
9
2 —
3k 3 BN
it et W ] \\“
.
h", N et N
' *’
V&' » ’ 3
ar I
s’ s 4
s ','
;)'1/ e
» 4

N
X
s

Toroidal gasket N oo N
\t\‘ ; \\
\\N\:s 1‘\; N

N N 33
N L3 :*‘ A
L + ™,
, s
N NN
N N
L ~ N
[
b $

Measuring electrode

LEAK DETECTOR
Figure D.1

Coaxial collar

Thrust nut

Insulating sleeve

Re- cast insulating sleeve

£

Cotton cover




NOILD3L13a dv3l o%a 40

M

[LELIN sdpe~] | vdoudg
hw]‘.,
H
D

JILVWIHOS
°q ®nbiy
sApjas dnosb
39440 paDMO |
.
£ = = =

oA gy ——
o
o~
-

S¥0LD3L3d

[A]
> I =
Apjes

Bujzijpio ]

)
ualig 8

—

s}joa oF Ajddns aypindeg

-

EONVEL

See/d/ST *ANOD/Y



A/CONF, 15/P/335

TESTS OF STAINLESS STEEL KNIVES ON STELLITE RESTS
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Figure D. 4
MEASURING THE LEVEL OF THE HEAVY-WATER IN THE TANK
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THE SAINT-CYR TESTS
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ELEVATION OF THE SMOKE-GUIDE ABOVE THE FLUE
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Figure D, 7




