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A - REACTOR PROGRM 

I - ORIGIN OF THE PROJECT 

At the beginning of 195^ t the C0M4ISSARIAT A L'ENERGIE /-TOMIQUE 
(G»E<.A.) only had two experimental reactors? one^ ZOE, at FONTENAY-aux-
ROSES,, the first reactor built in France, was very small (flux 10l2 n/ciâ .g 
and maxiaiuni thermal povxer I50 kw), the other, EL»2, built at SACL.4Y, was 
larger (flux iol3 n/cm2.s). 

The thermal flux of the EL»2 was, hox̂ fever, too small, and its 
experimental facilities too scanty to enable the C.E.A. to conduct 
eic-oerimental research, particularly on the structural materials needed 
to build power reactors and to increase isotope production. The C»E»A» 
therefore decided, in March 195^, to build a high flux laboratory 
reactor equipped with numerous experimental devices* This was named 
EL»3 since it would be the third French heavy water ("eau lourde" = EL) 
reactor. 

The C.E.A. 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 fliuc 10^^ n/cm^.s) 
called for a thermal power of 50,000 kw, the removal of wiiich would have 

(*) Of the COMMISSARIAT A L'ENERGIE ATOMIQUE, 69 rue de Vafenne,Pai'is ?» 
(**) Of the GHANTIERS DE L̂ ATL'̂ NTÎ UE (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.G. 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 possibility. For the same flux of lol^ n/cm^.s 
the required thermal povjer was only approximately 13,000 kw« 

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

At the end of December 1954» the C»E.A« had drawn up a sufficiently 
complete and detailed project for the technological and practical investi-
gation required for the building of reactor EL9 3» ¥e give the main outline 
of the program designed for the building of Er.3« 

II - REACTOR PROGRAM 

1 -General specifications; 

T3rpes Heterogeneous U.235 enriched uranium reactor (l»k'f approximately) 
using heavy water as a moderator and coolant. 

Gore; Cylindrical, 1.83 meters in diameter and 1»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 a 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 
atmospheric pressure. The temperature of the heavy water, at the inlet 
of the cells, is to be 40° 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 atmospheric air. 

2- Experimentgl 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 X'Jhich 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 )jy 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 boards so that 
data pertaining to the various esperimental devices can be posted 
on it» 

High coefficient of use 

Since EL«3 will be the main experimental French reactor for 
some years J it is important that it operate as often and as much 
as possible* 

Therefores three heavy water loops» each comprising an exchanger, 
a main pump and an auxiliaî '* 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 radiologically* it 
is possible to carry out maintenance operations on any one of them 
while the reactor is operating* 

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

Safety; 

In view of the fact that the Centre d'Etudes lucl^aires de . 
SACIA.Y 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 possibilitj?- of active gas leakage in case of an accidents 
This vessel can resist a pressure of 1 meter of water and a 
vacuum of 10 cm. of the same fluid. During nonnal operation, the 
air of the secondary cooling circuits is xander 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 approximatelĵ -̂  

The pressure margin of 1 meter of water is ample^since it makes 
the tight vessel capable of with standing the excess pressures,which 
would be created by the burning of a full load of uranium(about' 
600 Kg) in hea-vy xfater, or by an uncontrolled critical excursion which 
may bring up the power to 100^000 kw, nearly ten tixiies 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* 

H I - The first biiilding equipment orders were signal at the beginning of 1955* a«d 
ithe project was opened in May 1955''The reactor went critical on July 4, 
1957s and its power went up for the first time in December of 19579 

The industrial architects chosen were the CE4HTIERS DS L« 
ATIANTIQUE- and the CHAirriERS REUNIS LOIRE NORMNDIE, which are units 
of the FRAHCE-ATOME Gompa:ry. The GHANTIERS DE L«ATLANTIQUE undertook 
the building surveys in cooperation with FRAHCE - ATOMEt 

This paper will give a quick description of the physical characteristics 
of reactor EL.3s together with some indication of the principal tech-
nological surveys that were required. 



A/GONF* 15/p/335 
5 - FRANCE 

B - DESCRIPTION OF REACTOR EL* 3 (1) 

I - GENSRAX APPEi\RA.KCE OF ELQ 

EL»3 is built at the Centre d*Etudes Nuclaires de SACALT, 
approximately 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 pai-t of the conventional-type building, an area for cartridge 
sex)aration.They are 183 meters long with the diameter and height of the 
main compartment measuring resj»ctively, 46 meters and 25 meters. The 
lowest basement floor is below the - 10 m level. 

The construction work required 54,000 cubic meters of earthl 
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 building 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 console, the lift 
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 
pressure rise of 100 cm 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 sjBCial lock 
chambers and through siphons which can be flooded 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, 
seanres the reactor section* 

(1) We give here a brief description of reactor EL»3 concentrating on 
its most characteristic points. The S1.3 book published by the 
G.S.A. 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 comtion concrete in order to eliminate 
any substantial background count (1) in view of- the activity of the heavy 
water of the primary circuits, locate in the basements. The air tight base-
ments are on three floors located at - 3, - 6 and - 10 meters. 

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

The remainder of the basesments bouse 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 devices. 

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 long® This 
contains the deactivation tank for the elements found to be sound, the deact-
ivation tank for the daraafed elements, the observation lock chamber for the 
hot cells, the transfer lock used to transfer the elements from hood N"! to 
hood N° 2, a hot chamber which provides for irrgdiation at the ambient 
temperature and a cold chamber for 7C irradiation at a mean tem-oerature of 
- 7°C, ^ 

The building in which cartridge separation takes place contains, 
in its northern part, the se-oaration facilities for the cartrid£,es used in 
EL.3 and, in its southern part, those used in the EL#2 reactor, which is 
located east of the building. 

A brid̂ ê, the apron of which is at the +7 meter level, connects 
the cartridge separation building with the cave or cell provided inside the 
smaller compartment and with the reactor located inside the large comimrtment. 
The di3Charge 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 room» 

TC rays; 100 of the biological tolerance dose, namely, 3 W P ® ^ week 
i~_ P 

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, 
0«2 n/cffi2,s 
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DESCRir-TIOK OF RMCTOR BLOCK 

The reactor, cross sections of ̂ •a-hich are shown in figures 
B3» B48 B 5 and B 6 , consists of the following units: The reactor 
block proper^the thermal shield, the graphite reflector, the tank 
or vat, the tubular block, the false tubular block, the. elements which 
fori-i the core, the control rods, and the experimental devices* 

The reactor block proper 

The reactor block proper is 7 ..exers hi--h,and has the form 
of a fourteen-sided rrism . It coulc'' be circumscribed by a C3!'lind9r 
about 10 m ir diameter. It is fade u'. of a rcetsl frame ubich carries, 
internally and eyternally, a sheet rcetal liniir; scrvi.ig as an 
embedded frsning for the keav̂ '- concete. 

This metal fra^e has the adv&ntege of making the reactor 
block appear very clean cut,providing for the more convenient 
placerrent and attachment of the nan;'- devices it must carry , and 
avoiding contaTintion of the concrete, should active fluids be 
spilled. 

This structure is first filled with heavjT' concrete iiavinr 
a specific gravity of 4«?s in which the â -'gregate iv iron ore frori 
Itabira,Brazil, chosen for its exceptionally high specific gravity. 

The reactor block is e^^uipped with all tne cavities needed 
to place the experimental neutralizers and allow fluid passa>ie. It 
consists of three irt^Tnal cavities; a lower cha'̂ iber located under 
the zero level, containing incomirig; and out£oin» heavy water tubes| 
a middle char^ber, containing whe core; ana an upper cha.iber with 
which it is j'ossible to reach the elenents and to lay all xhe cables 
S''-r\'-ing the upper part of the tubular block and the concrol rods. 

Thp rmal shielding 

All the walls of the middle cavity are covered with a 
cast iron chield 190 milliireters thick, which makes up the first 
thermal shield. A 20 mn clearcipce bet'jeen t\is chielr and th'= 
reactor block allows for passage of part of the secondary cooling air. 
The lower shield serves as a rest for the graphite lAle. Above the one 
cubic meter cavities and forward of the large cavity ana diffusing 
coluion, L,h.-~ shield is ade of 'oisnuth inst ad cf cast iron» 
This he-=; t!-e adva ̂ t?.̂ e of stopping ^T ra^s and of ailouung 
the ncu-iro.'-s to jo throu^-h without emitting secondary "^ rays 

C-ra]jhite reflector 

The (3ra|*itc reflector, located inside the shielding, has 
the forrx of a re-^ular octa-onal prism. Between the lateral faces of 
tie graphit-^ block and thcrnal shields, there is a free soace 
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of 20 millimeters which allows passaf-̂ e of secordary cooling air. The 
graphite block includes, alon̂ : its axis, a cylindrical hole 2.6 raeters 
in aiaraetOi", which ends u] in a half ellipsoid of revolution, proviaing, 
means of installiag the tank. Between the tank and graphite an 8 mm 
free s.-̂ace ocr Ats passa<:>'e of î art of the secoaoary cooling air. The 
Sraphite block is made up of nuclear g-riphite bricks which contsin less 
than 0.3 porn of boron, bavir."' a cross section of 200 by 200 mi]lir-eters, 
Due to feorretrical considerations, soie bricks have a sli>;htly sinaller 
cross section. The suitably keyed bricks ar̂^̂  ai-ranred alonĉ  19 horizontal 
beds or courses which are appropriately crossed with respect to one another. 
In thi'̂- fashion, the graphit'--̂  cannot shift, during tne 2ife of tne 
reactor, due to the action of ther-al expansion and the "'Ai-.ner effect. It 
is kept in place laterally by steel rods which bear heavily, through springs, 
Hgain«t the lateral shielding. Above the tanQ-̂ ntial channels, a free space 
has been provided between the graphite bricks so that any strains in the 
bricks will not damage the linirr of the channels* 

4~ Tank 

The tank (figure B7) is raae of nuclear quality A5 altminun 
(contains reither boron, lithiun nor cadr.iUF<)» Tne insioe oiar̂ ieter is 
2.56 raeters and the heifht 4,075 reters. It hangs from the tJbe block, at the 
upper part by 36.20 mm dxameter bolts. A perbujian '•jasket, crushed between 
the flange of the tank and tne tube block, provides heliun-ti^htness* 
Electrical insulTtion has been set up between the tube block and the tank 
by means of perbunan cerient and a dellite sleeve for corrosion reasons* 

The heavy water flows into a water chest or box located in the lo&wr 
part of the tank and is brought in l^ centrally located pipes 244 millimeters 
in diarecer. The upper ̂ 'art of the watf r box is made up of a suitably 
perforated plate, a;;̂ ainst x-fhich the fuel eloiionts and jackets 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 tank. 

SoT.e special extensions arranged râ iially on the tank make it 
possible to proceed with irradiation inside the heavy water reflector, by 
mears of radial horizontal channels. 

The thickness of the tank shell ring is 12 milli--̂ eters, and .that 
of its bottom 35 millimeters. It is assembled hy ar^on welding. The welding 
was a very critical operation in view of the ĵ recision required, since the 
radial free space between the tank and the graphite is only 8 millimeters, 
and that between the linin of the r?Qial horizontal tubes and the thiiibles 
only 4 millimeterst 

The tank is closed up by a tubular block which insures biological 
protection of the upper chanber and keeps the fuel asserblies the con>.rol 
rods, and the various devices which penetrate into the core, in their 
respeetive pxaces* All of the surfaces of the tubular block ia contact with 
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heavy water are '̂ac'=- of au-t'rnitic stainless steel* 

5 - Fuel assemblies (cells) -

The asso'-'blies or elenents (figure 38) rest on a perforated 
plate at the bottoi^ of the tank and ar̂ ^ provided in their u/pcr 
parts with a plu;;- which restores protection to the tubular block 
to which it is attached. The active part of the cell is ^ade up of 
fo jr uranium rods held in th"̂  cell tube* 

5. 1 - Uranium rods 

Tne uranium rod consists of a. ttbe jf ei.rich-.'l ur^niuin (1^35^ u 
235 ) 22 X 29 mill, in diameter, closed at the ends by 4 mm thick 
pellets f̂ natural uraniiaa. The overall lsn,';tb 0 "• the uraniu:n, including 
the pellets is 320 mm. 

In ord-r to facilitate the anchoring of cn-~ cartridge and to 
help heat exchan,:res, the lateral -ur-facc of the rod carri:^ a square 
thread 1 mm wide and 1 mm in depth. The di?Tet-r, at the bottor. of 
tne thread, is 28»5 mm, the ir.aximuxr diameter 29«5 î-K, end the r.ean 
diaxi-'eter 29 n-ni* 

The A 5 alaiinum cartridge, 1 nim thick, which is crira_)?d u. d:>r 
vei-̂ ' hi7;h hj'-draulic i-resst're has male and female end pieces welded 
at each end which -nake it ^̂ -ossible to cc t?r the rods z.n the 
corresponding tubes, with rsi'pect to one another. 

5»2 - Cell tubes 

This is an A5 aliu-iinu-n tube (diaxieters 40 and 43 iffl'i) with 
6 internal ribs 2.5 mn high. These tnake it possible to laintain a 
sheet of water permanently around the rods, even after they are much 
distorted due to the effect of the ther-'al cyclings and irrac'iation. 

The rods are kept in place in the tubes by cent--ring studs 
arranged in groups of three, and kept in place by alu?:inujt ricgs 
crimped on these tubes or linings. Sxpansion jf the rods is fi-ee at 
the uppî r parte In the lower part, the lininfs or tubes cai'ry a 
special end-piece which fits into the perforated plate making up 
the water chest of the tank. 

Above the last uraniuin rod, the assembly tube or lining: is 
equipped with a diaphragm which; 

- insures slight pressurization of the heavj^ water xnside the assembly 
in ordfr to raise the tcr;pf'TO.ture cf the saturated st̂ âr. 

- circul-tes heavj^ water in the sanpli g tube for the individual 
detection of breaks in che cartridge which goes throu2.h the plug. 

The pressure mea-ure'-'.ents on this \is'--^rj wa Ler spFiio give the oupput 
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inside the cell* 

Above the diaphrag* holes in the cell tubes insure return of 
heavy water to the unit* 

6- Control rods 

The reactor is equipped with eleven control rods (fig Al)» made 
of boron carbide, located between the fuel assemblies. They are distributed 
as follows! 

- six conrensation rods located on a circle 404 millimeters in diameter^or 
the curpose of compensating important reactivity va.rxations due, 
the te jperature variations of heavj^ waters to burnup to the condition of 
the load* and to poisoninr. Each of these rods has an antireactivity of 
approximately 3000 pcm"̂  , 

- two regulating rods, located at tb.e edge of the lattice and to the west 
of it, each one having an antireactivity of approximatel,3r 500 pcm, which 
sen̂ 'es to control r<=-actor operation. 

- three trim safety rods, distributed over a somewhat larger circle than 
that on which the compensation rods are located, with antireactivity 
of approximately 3»000 pcm, suitable in case of scram and, in the case 
of nor'-al op-ration, to establish a sufficient negative reactivity 
following 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 ty servo mechanisms.. I\'hen in the high position, the rods are 
stmk 200 millimeters in the tube block. In the core, they are cooled off tsj 
a current of heavy water drawn froDs the primary circuits« 

The S'fety rods are kept in the high position by means of 
electromagnets»In norral shutdowns, the safety rods fall In two seconds* 
Their drop is controlled by cutting thr. electronagnetic curi-ent and 
accelerated hy means of compressed carbon diozide prersure* 

7 _ ESxperimental devices 

7«1 - G='n-'̂ ral 

He ''~ive a list of exi erii\ _ital devices with x-jiiich EL 3 is .rovided, 
dividing tl em into four Gat-,~orJes, accor'dng to their position; 

These efficiencies correspond to those measured on the cold reactor with 
55 rods, the./ are substantially oiff-'-re-nt froiii the -if-al̂ies given for otlier 
•conci^•^on3 of reactor oj ̂ -ration. 
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a - Sxperirrental devices which penetrate into the cores 

- one central channel, 

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

b - Experimental devices which penetrate into the heaiy water reflectors 

- 10 radial horizontal channels, 150 mm in dianeter, 

- 2 radial horizontal channels, 250 mm in diameter, 

- 8 \''ertiGal isotope channels, 

- 2 vertical co.iverter channels for fast noutron irradiation* 

c - EKper-iTiiental devices which penetrate into the graphite reflector; 

- 22 isotop<= channels, 

- 1 channel for Irradiation xfithout ary Q rays, 

- 4 pnca-natic control cha-'nels, 

- 2 large dia.Tioter vertical channels_, 

- 4 tangential channels, 

- 2 secant h-^ri/ontal channols. 

d - Expcrinental rievicog located in the ther. :al shield in contact with 
the shield; 

- 1 diffusing column, 

- 1 lar^'S cavity 

- 2 cavities of one cubic meter 

Nurierous fluid circuits are ^xsed by these GX_^,ori;.ontal oevicos. 
AG shall na''e,in particular:a carbon dioxide circuit with x^hich it is 
possible to scavenge the inside of the horizontal channels and cool 
off the vertical channels i a de.'in-ralized water circuit for the 
rocnii-enents of expe-riieental devices which open up on the lateral 
faces of the reactor block and for the cooling of the slugi t'_e possibj 
lity of placing the cha.r.nels und'r some vacuu.n by connectinf: theri with 
the secondary cooling air circuit, ruling out radioactive Icalrs towai'd 
the reactor roori durinf: operation, and to elir-inate the scavonfed 
cases* 
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As an example, here is a channel description of the central horizontal 
radial channel. 150 ram in diameter, and the one cubic meter cavities* 

7» 2 - The CGitral channel 

Tne central channel, x-rith an e^'ective internal dxan^eter of 182 
milliieters, is located at t̂ ê c nt r of the l-ttice, goin_ through the 
X'hole height of it. It, is in thi^ channel that tie tncrr al neutron flux i'-. a<i al. 
It is in excess of 10-^^ n/em~,s. It cnsists of an A5 aluriinu" lininp,192 
X 196 rfiilli icters in dianetcr, ccnt-:rea on a ^art proviced for this purpose 
at tie bottom of the tank. Inside this lining is a second one,182 x 186 mm, 
the lower pait of xrhich is ^ erf0rated. The sa^'ples placed in the chani ol ray 
be cooled off during op^ ration of t'̂ c reactor "oy Moans of a c=r on -^ioxjdc 
cura'ent ,i%hich passes between the tx-jo and cor.es up over the sanplec* 

The shiclci^i^ of the tube block is restored by a plug rhich slides 
into the inside lining, kt half the height of tho tube block, an unhooking 
device makes it ^loesible to mai'^tain t V efficiency o-*̂  th^ shielding. The 
plug is made up, fron bottor to top of an alxininxin nose irith a cadnium shield 
2 rira thick, 400 mi of lead, and 1,000 rje of heavy concrete, specific gravity ̂ •'.2.r 
Sorre pipes,arranged in a. spiral buried in the rass of the concrete and lead, 
make it possible to cool the plug, during operation of the reactor, by iieans 
of a current of carbon dioxide. 

A plug lor*?ted in the ""else tube block, arranged in the sar.e fashion, 
gixî es access to the channel plug. 

Unloading and loading of this channel can be ef-^ected by neans cf 
a suitable hood locatea above the reactor block. 

7.33 - Radial hori'2ont?.l channels 150 ram in diai&eter -

Access to all the radial horizontal channels is had in the hori-
sont'tl plane loccitsd at 1.1 meter above the ground. The charjiel is m^de up 
of a cylindrical cast iron lining, the nesn inside diameter of x-xhich is 200 
mm, buried in the concrete of the reactor block, plus a cylindrical A5 alum-
inum lining having an inside dianeter of I50 mm, xfhich passes through the 
shield and gra -̂ hite, and penetrates into one of the thiables provided in the 
tube. The channel is closed u'~> by a erst iron plug filled x%Tith heaiy con-
crete, with an linhooking device at half length. The nose of the alxminum 
plug carries tx<'o cadraiuri shields* An A5 aluminxm container, which is locked 
against the nose of the plxv ,• penetrates inside the lining, affording ricans 
of carrying out irradiations in the heo''^ X'̂ ater reflector. 

The plug is equipoed x.ith a demineralized x-rater loop x-̂ hich cock 
it during reactor operation. A j.;ort buckler insures tightness of the channel 
on the side of the reactor room. 

The ijnloading of the radial I50 mm horizontal channels is taken care 
of by turret nounted coffins. These coffins are provided x-xith tx-ro sets of 
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wheels, wherety they move either on circt0.ar rails, which go around the 
reactor block* or else on radial raisl which service each channel (see 
figure 9B9)« Passage from one set of wheels to the other is ty means 
of four screw type jacks operated by electrical motors* The turret 
arrangement provides a means of inserting a new plug each time an 
irradiated one is removed, in such a way that the chaimel alw^g is 
closed. The weight of a coffin and its carriage is I7 metric tons empty» 

7. 4 - Cavities of one cubic meter 

Txio cavities x.̂ith an approximate volxjme of one cubic meter 
each, located at the block propers under the main compartment, open 
into the gallery located at the -3 meter level. They protrude fon-rard, 
under the graphite pile, and reach the lower shields which is made of 
bismuth at this poinf, through txvTO 550 x 750 millimeter stacks. They 
are isolated by two horizontal alxaminxim sheets x-irhich restore the con-
tinuity of the floor of the intermediate cavity of the reactor block« 

These cavities are designed to carry out irradiation in 
thermal fluxes of some 10°  n/cm^.s., or fast neutron fluxes of I06 
n/cm2.s. 

During these irradiations, radiation must be as low as 
possible. This is wiry, on the one hand, the shield is made up of bis-
muth| above the stacks mentioned, x-fhile the side walls of these are 
covered \AVa boron shields buried in bismuth (see D VIII below)« 

For irradiation by fast neutrons, there are uranium plates at 
the lower part of the stacks, which act as converter^. 

Access to these cavities is arranged to make it possible to 
push in and take out the substances to be irradiated. Currentlŷ -̂ re 
propose to use these cavities for biological work* They will be used 
for the irradiation of small animals* 

III - FLUID LOOPS -

1 - General 

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

I'CG shall not describe the light water circuit, which is cooled 
by means of a radiator in contact xjith the atmosphere, and itself cools 
off the heavy x\rater. 

¥e shall also leave out many other fluid circuits provided for 
In the SJ«3 reactor, most of which are conventional-type facilities 
and show no great originality« For instance,those which ai-e 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»1 above. Let us 
now mention: 

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

- a 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 - Heavy-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 x-rhich must be maintained 
for the heavy water and, on the other hand, to the need for avoiding ai^ 
escapees to the outside because of the danger of radioactivity and the high 
cost of heavy water* 

In inanufacturing the components of these circuits, the foUox-ring 
materials have been used, to the exclusion of all others: 

- aliminum (A5 and AG3) of nuclear purity, containing neither cadmium, boron, 
or lithiumI 

- austenitic stainless steel (very 1OX\T carbon content), xirith or without 
riol;'"bdenum. Eowever, for reasons of procurement, x-re have accepted some 
products containing titanium stabilized austenitic stainless steel? 

- stainless steel containinr 17;v chromium, inconel and stellitei 

- perbunan and polyeth3/-lene j 

- silicone oil (for helium tanks and liquid packed valves). 

The heavy x-rater circuits are provided with a number of flanges, 
so that they can be disassembled in order to facilitate maintenance and to 
allox-f for possible modifications* The flanges used are of two tyi;es: 

- metal to metal contact flanges (See Par D III below)| 

- perbunan gasket type flanges; 

The tightness 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| 

- electronagnetic rr.onitoring of the exchanger tubes by the Probolog inethodi 
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». utilization of tight valves without any packing box (by including stain-
less steel bellows)! 

- use of perfectly tight pumps with a submerged rotor and no outside pack-
ing box. 

In addition, a vrhole system of leak detection is provided in 
order to call attention to any such escapes as might appear at various 
points on the circuit, particularly at the flanges, (see paragraph D II, 
beloT;>j). 

Finally, in order to avoid any heavy water loss, in case of 
substantial leaks, all the rooms in which- there are heaty water loopa ar® 
equipped with leak-proof catch-pans made of stainless steel and connected 
ly a special system of ducts, to a leak recovery tank» 

2. 2 - Main heavy-water loops: 

Figure B 10 gives the schematic of the facilities involved in the 
main circuits, which consist principallj'' of the following: 

- the tank 

- a cooling circuit divided into three parallel mounted loops^ each of which 
includes? an exchanger cooled ly light water which circ-ulates coTjnter-
ciirrefitf a main circulating pump with a rate of flow of 50O m3/h of the 
sealed type 90 with a rate of flow of m3/h, followed by another check valye, 
3 distributing valves which make it possible to isolate the whole loop, 
the duct element,which has the 2 circulating pumps,or finaUygthe 
exchanger. 

- 5 tanks for the 'storage of heavy x̂ ater having a capacity of 5 m3 each.| 

- 2 lift pxanps of the sealed type, x-ri-th a unit rate of flpw of 5 m3/h, one 
of which is a stand-by pump, providing for lifting the heavy water and 
maintaining the level in the reactor vessel. 

Two loops nori-nally are adequate to insure cooling of the reactor, 
the third being a stand-by. 'i-'his 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 X'fater output is 
1,000 m3/h (500 m3/h per exchanger). The total light water output is 2,000 
m3/h (1,000 m3/h per exchanger). 

The pxjmps feed back the heavy X'\rater 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 txro pipes located in its 
lower part. 



A/GONF. 15/P/335 
FRANCE . 16 -

The operating temperatures,which correspond to the maximum 
poxTOr of the reactor, 18,000 kw (ma:cimum flux of neutrons above 10^^ 
n/cm2,s), and for an outside air temperature of 30° C, are shoxvn in 
Figure B 10. 

Under these conditions,the flux through the hottest rod 
cartridge is 233»5 W/cm , and the highest temperature of the cartridge 
is 120*̂ 0. 'The, velocity of the heavy water in the assembly or element 
being 5-^ m/s. A' slight pressurization of heavy x-rater in the element, 
tube, thanks to the diaphragm-located in its upper part, rules out ary 
boiling, even local boiling,at the contact of the rods. 

2. 3 ~ Purification of heavy water -

It is most important to-avoid any accumulation of impurities 
in the heavyj^ater, dx3,e. to corrosion of the mat--̂ rials xfhich are in 
contact with it. Indeed, during passage through the reactor, these 
impurities are activated,and they contribute to an increase in the radio-
activity of the primary circuit. In addition, these imparities pro-
mote radiolytic decomposition of the x-iater, and can have only a noxious 
effect on the thermal, hydraulic,and mechanical characteristics of the 
circuit. 

Therefore, we have decided to maintain'a veî ^ low total im-
purity content for the primary hea\y x-rater (2 ppm). This requires the 
continuous processing of 3OO liters per hour of he&vy water. Should 
this be inadequate, the rate of flow can be brought -up to 6OO l/h by 
operating the two parallel loops. This heavy x̂ -ater 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 40"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 ^ rays. 

The production of radiolytic gases is small if the purity of 
the water is maintained. This is one of the reasons for a S'ud.taHLy 
designed heavj!- water purification facility (See III of 2.3 above). 

Design was computed for a mean rate of dissociation of 10 
cm3/kwh and a maximum of 30 cffl3/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 maximura rate. 

Degassing of the heaxy 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 maximxam the contamination of 
tli® primary fluid, and t© quickly eliminate the cells that may be faulty 
% reason of the accidents wMch may be caused if their cooling, is 
inefficient due t© the swelling and distortion of the rods# 

The search for broken cartridges is carried out cell by cell, 
by detecting the presence of gas fission products in heavy water 
samplings made from each cell. Detection also takes place on a heavy 
xirater sample from the tank outlet manifolds^and on a ĥ lixam sample in 
the atmosphere of £his t^nk. 

Each time a sample is taken out, a helium injection satur-
ates the heavy water and, thereafter, this heliiom 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. 

Vie provide for other ^cperiraental processes of detection 
during the life of the reactor, using in particxilar the principal heavy 
water and helium samples. 

3 - Air loop - secondary cooling -

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

The series arrangement which has been adopted makes it possi-
ble to maintain the slight vacuxxm of the secondary cooling 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 paper 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 can be flooded x̂ rith 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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A part of this air output, 2,000 wr/ht 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 battery of paper filters 
having an efficiency of 97^/then through the reactor block ly way of three 
passagessbetx-reen 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. This 
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 
efi'leieney of 99.98%^ two 01 whicn are operating and one is on standby. The 
exhaust fans located at the street level of the coBventional building |wsh 
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 doxmistream from the quiet air chamber. This time 
affords a suitable lag during x-rhich 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 CONTROL 

1 - General 

The monitoring and checkup facilities of the reactor includeJ 

- a niamber of measurements!thermodynamic measurements, which mostly 
affect the heavy water circuits or loops| nuclear power measurements, 
which make it possible to determine the power of the reactor and to 
control itI radiation measurements, with which it is possible to 
achieve good radiological shielding for the personneli 

- the facilities involved 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 the 
conventional building* 

We give some indications on measurements and control below. 

2 - Thermodynamic measurements -

The point which is deserving of attention, as regards the 
thermod3rnaxnic r-̂ easurements, is that a provision has been made for 
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measuring the temperature and rate of flow of the heavy water at the 
outlet of each cell or lattice ele.iient. 

Suitable equipment gives, at all times, a general view of 
the 99 heavy water temperatures (see paragraph D V belox-j-)*, 

A pressure measurement is made on the heav̂-"" x-rater samjling 
txibes used for the detection of cartridge or jacket 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, equipped x-rith potentiometric 
transmitters, as used for this end,raise difficult problems in design, 
for they are made entirely of stainless steel, have a small range of 
measurements, and must be compact. 

On the otiier hand, the measurement of the heuv̂ '' water level 
in the tank raised a"difficult problem for which two solutions were useds 

- a float level giving an indication which i telemetered by means of 
impedance variation coils accurate within + 5 mm on a height of + 
250 mm about the normal heavy x»ra.ter level. 

- a bubble level which gives a measurement within i J mm on nearly the 
whole of the height of the tank t^ee D..jy below)* 

3 - Ppx-Jer measurements -

The reactor is equipped with four -o-'easuring systems which 
indicate its neutron power level from 0 to 20g000 kW. Each system 
includes a "^ compensated ionization cha.-nber located close to 
the multiplying medium, forward of the plug inserted into an oblique 
channel ending up in a recess provided in a lead block which 
penetrates 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 "^ 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.iber by a factor of 
approximately 1,000» The operation of this shutter is controlled 
easily by a 3OO mm shift of the plug, which may occupy two positions! 

- 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 kwj. 

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

On the linear machines, the power measuring system works 
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by comparing the power voltage to a standard calibrated voltare, which 
is automatically varied in steps (20 contacts) and by vernier measurement 
of the difference between the two voltages® The reactivity is determined 
by the automatic potentiometer method. 

4- Control 

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

The two regulating 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 
x\rinding of this motor is energized through a magnetic amplifier. 

The operation of the regulating rods, which are kept in their zone 
of maximxxm activity in the vicinity of the median plane of the core, is 
completed by that of the trim or compensation rods which are actuated in 
succession as each regulating rod reaches the end of its effective stroke. 
AS soon as it returns to the middle of this effective stroke, the trim or 
compensation rods stop moving. As soon as one of then reaches the end of its 
stroke, another one continues to function, according to a pre-set order* 

Control way be manual or automatic. Automatic control used only 
above 2Q kw uses the error signals 

u = A (P - PQ) - BR 

in which: 

- P is the power desired, 

- P is the actual power delivered by the power chains, 

-A & B are injection coefficients, 

- R is a dampening term which contains the reactivity. 

V - ZLEGTRICAL Pg-jER SUPPLY -

1 - General 

The electrical facilities used on the EL.3 reactor, of which figure 
B 12- gives a schematic, must Tieet 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 disturbances in the operation of the reactor due to 
electrical breakdo>m. 

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

- ancillary reactor facilities 2,500 kw 
- reactor monitoring and control .«.«« 70kw 
- lighting.... 250 kw 
- experimenters##®®. ,«.............# 500 kw 

Power distribution tinder 200-127 V provides illumination and the means 
of operating a certain nxmiber of movable devices which can be plugged in. 
¥e draw attention, in particular, to the following facilities! 

- four canals linings, over the.whole length of which plugs can be 
connected. These are attached to the uprights of the metal structure, ' 
aristmd the reactor room. Two of t h ^ distribute standard 200«.127 v 
currentI the other txTO deliver 220-127 v current which is voltage 
adjusted within + 1^ by static regulators (rod sets LI and L2). 

The 38O volt current supply which feeds all the important 
axjxiliary services of the reactor consists of two. sets of priority bars 
Bl and B2# To each of them, we connects 

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

- a main heav;,̂  wati=>r pximp. The third heavy water pxcnp may be connecteds 
indifferently, to one or the other sets, 

- a sub-panel (PI, P2) which supplies electricity to various priority 
services through a certain, number of local panels« for instance: the 
console showing the cartridge breaks and the console for the CO2 valve. 

A set of inteimfoxate bars, between PI and P2, x-rhich supplier 
current to the main heavy water valve, is connected to PI or P2« If the 
set of bars to which it is connected is not energized,it is manually'' 
connected to the other. 

Under normal operation, the Bl and BI3 sets of bars, on the 
one hand, and the B2 and B24 on tho other, are mutually coupled.B5 is 
inoependent. The facility is so designed that two transton>:ers can 
operate in parallel. In case of trouble affecting one of the sets of 
bars Al or A2,or the Tl and T3f or T2 and T4 transfor-ers, all the sets 
of bars can be mutually coupled through B5« 

2 - Smergency current supply 

In order to be able to sui ply the essential axixiliaries 
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(priority bars Bl and B2) and their control facilities x-rithout any 
interruption, three diesel-generator sets have been provided to 
insure current supply in case there is a breakdox̂ i. Power supplj'" group No.l 
is connected to the bars Bl, and power plant No.2 to bars B2, the third 
may be connected to one or the other of these sets of bars. 

Each set hs.s a 450 hp diesel in continuous operation a inagnetic 
clutch, a flywheel which is keyed to the coirjnon shaft of a synchronous 
electrical machine (400 KVA), a 36 KVA generator, and field machines for 
both. 

Under normal conditions (supply from the city mains), tx-ro of 
these three facilities are operating, and the s3'"nchronous machines run 
as motors, energiiied l^ the city supply which drives the flywheel of the 
36 KVA AC generators which in turn provide an AC electrical sapiaLy for the panel. 

Should there be a breakdox-rn in the poxrer supply, directional 
power relays located on the sets of bars Bl and B2 automatically 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 equipment connected 
on Bl and 32 excepting the heavy water pxiraps. After three seconds, the 
clutches engage and the diesels drive the synchronous machines, x>rhich then 
operate as generators and energizes the equipment which has not been 
disconnected. 

The flywheel nas such inertia that it can st-rt the pox-rer plant, 
in case the automatic starter does not work,in such a way that the frequency 
drop is less than 4^. 

In addition to the directional poorer relays, an undervoltage 
relay and a frequency drop relay of the temporizing type car. also start 
the axixiliary groups. 

The feed to the control panel is furnished in halves, by the two 
36KVA generators, so that there can be no total interruption. If one of 
the AC generators has a breakdoxm the half panel which is being used 
for control purposes is served by the other through automatic switching. 

VI- IRRADIATED FUEL - STORA.GE - IRRADIATION - OBh'ERVATION - MAINTENANCE 

1 - General 

Fuel burn-up is approxirr-atel̂ '- 25 Md/ton per day of operation 
at 10 n/cm'̂ .s. It must be changed several tiaes a year, at least during 
the early part of the reactor's life« Therefore, it was important to equip 
EL.3 with suitable storage and handling devices for hot cells or 
assemblies. The duration of storage of the cells or asse.-.blies prior to 
fuel processing is of at least three months. The fuel cartridges may 
ver̂ ^ well becorie distorted under the ePfects of irradiation and thenial 
cĵ 'cling. It seemed indispensable to provide for a device with >rhich one 
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cjuld qu ick ly check the c e l l s as they come out of th-- r e a c t o r , t h i s 
check up i s per'^orned xr-ith X- rays . 

In a d d i t i o n , che ix ' rad ia tca fu^ l ±v l a t i l i zed fo r expcr i r ien ts l 
purposes:two chambers, one of x-rhich i s kepi a t the ambient tei-ipei'ature, 
and tnt. o t he r kept a t -7°C , provide means for the i r r d n i a t i o n of 
foods tuff? under "X' ra i a t i o n . 

T\e f ac i l i t i ' -& for the i r r a d i ' t t e d Diel inc lude f ixed ecpiiproent 
^ronp-'i i n a s u L s t m t i a l cave and movcble equipnent;disoh'^r[ e hoods 
numbers 1 and 2» 

Gave 

Th^ cave xrhich 1= loc:tf='d a,t the f l o o r I^A'^I^I of the sxnall 
con 3£ rtirc-nt i s a s u b s t a n t i a l concre te s t ^ ' uc t i r e in the foi"-! of a 
p a r a l l e l i p i p e d s l 4 m long , 3 ffl wide , and 7 m h igh o r i e n t e d i n an. e a s t -
west d i r e c t i o n . 

The bulk of th'- nasoniy i s o rd ina ry r e i r f o r c e d concre te and 
heax.^" concre te co t h a t t h ' i r r a d i a t e d f u e l i s alwaj'^s surrounded by a 
th i ckness of core-f^tf coui-'-a''ent t o 1 meter of heavy conc re te of 4 . 2 
s p e c i f i c g r a v i t y . I t cont'^ins the follox^ring f a c i l i t i e s , fror". Eas t t o 
West? 

che appara tus for hot rod checkxip (see D VI belovj) , 

- t he trans-f^T lock cha bei* by rt^eans of x-rhich 3t i s possiblf- to transf'^^r 

th'i hot a s sonb l i e s from hood m;m'~er 1 t o hoou n i r b e r 2, 

- a va t or tank fo r th« s to rage of i r r a d i a t e d asscitiblics in good 

cond i t i on . 

- a tank for t h e s t ^ r a j e of i r r a d i a t e d a s s e ' b i t - s with broken cartrid '^-os. 

- t he hot am' cold roo" ° f o r ^ i r r a d i a t i o n 

In a d d i t i o n , t o the East and the West of tho hot pad cold roons , 

conv coiicret-" covered s l eeves afford .-"eans of s t o r i n g tho l i n i n g s and 
a c t i v e plUf s of th ' v e r t i c a l channels and the i r r a d i a t e s c o n t r o l r o d s . 

The va r ious a n c i l l a j y f a c i l i t i e s for the coolin£ of t h e 
a s s - . b l i e s in the devices am pieces of equipment mentioned above a r e 
locc teo i n th^ b a s c e n t of the s i ja l l c o ' v a r t n e n t . 

In i t s unpe-- j j a r t , the civo i s se rv iced by tho t r a c k running 
a t the f 7 " 'e ier l e v e l , xrhich connects tho r e a c t o r block to t h e se[ a r a t i o n 
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roop. 

3- Unloading of Tucl 

The moderator and prir.si"- flxxid of EL.3 are made up of 'isayj' 
water. In order not to reduce tho rea.ctivitj'- of th' '̂ '̂ --actjr, we :.iust 
avoid the introduction of light water or in urJ ties into this heaxy 
xfater. It seemed indisj-onsable, therefore, to ^-rot^ct the free surface 
of the hea-^ry x-rater of thr reactor from ary contact with hxaiid air. This 
led us to use two hoods for unloading the fuel, one of >'bich works in 
the heax;̂ '- x-rater atxosphei-e above the reactor, the other in che li'';ht 
xv'̂ ater atmosphere above the cave. The hot asserblies a-̂-e passed fron the 
one to the other"by means of a suitable tr'nsf-T lock chamber located 
in the cave. 

The hoods are complet. ly ti^ht *to axoi'" a.xf risk of 
sx-'illing dangerous gases such a,s tritiui vapor. Eood Jo» 1 has a heliuii 
cooling circxxit and hood No. 2 has an air cooli"ig circuit, x-rhich make it 
possible to cool the irradiated assei^blies ^racficslly x-rithout interruption. 
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C PHYSICAL PART 

I - INTRODUCTION 

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

'11 - COMPUTATION METHODS 

Lattice specifications,leakage computation, comparison of 
the computed nxamber of critical bars with the experimental findings. 

Ill- DISTRIBUTION OF THERMAL NEUTRON FLUI 

Distribution on cold h reactori cilibration of ionization 
chambers, measurements of high power flxixes® 

IV - CONTROLS 

Definition of strokes, automatic drive, rate of displacement, 
computation of control rod efficiency, experimental values, decrease 
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Compensation, similitude ratio, experlsiental results* 
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I - INTRODUCTION 

The basic eleinents used for the project are enriched uraniUBi 
with an isotope content of 1#35^8 and hea-vy water. The number and arrange-
ment of the experimental channels are deterrained by the users* The 
purpose is to achieve a thermal neutron flux of about 10-̂ ^ n/cm2/sK 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 following:thermal8 technologicsl, mechanical production,nuclear 
features. The data set bj'' the project require a high specific power# 

Thernal considerations lead to a fuel element in which the 
suriace to volume ratio is highi namelys tubess "bunches", or plates# 

The tubes which is cooled on the outside only, is similar to 
a solid rod8 the technologj'' of which is well known« As a results since 
the experience of the technologists has progressed^thanks to tests 
conducted in the reactor itself9 the tubes may be cooled on both sides# 
This lends itself to an increase of the flux:» For this reason^ this 
form of e]ement was chosen,at least for the first sets* 

The mechanical behavior_of the tube requires a linirum thickness, s 
by the technologists^ at 3 r̂ 4- nm» The construction of the tube block is 
easier if the nurabrr of elements is small. At this stacej nuclear 
considerations rule out the use of elenents of too lar^e a diameter* 

Thus a rod having diameters of 22/29 mm was chosen* 

Thereafter, the pitch of the lattice is coi-'puted, seeking the 
lowest power. The number of critical rods is derivea from this allowing 
for the peculiar arran-ement of the experimental channels required by 
the userse 

The project is pursued by an investigation of the control devices, 
of the neutron fItm distrf butions, and of the radioactivity and protection 
problems® 

Throughout the project t t.-orc is one constant difficulty; a 
d'='finition of the reactor. The cole reactor, with new eler,.entSj is critical 
xd-th 40 elements. The lattice may contain up to 99 of themj which corresponds 
to a hot rsactor, saturcted with xenon and sam.ariuni, xd-th eler.ients w-hich 
are producing 2^400 ̂ Wd/T, the experirjental channels of x̂ -hich are partly 
loaded. The volu:ies of the two reactors are in a ratio of 2»5 to one, 
and it is difficult to consider that on'- drrives from the other by x-iay of 
a distmrbence* Indeed* ther© is a series of reactors in the lattice which 
must all be considered as different. They have their control and power 
measuring devices in common, as x̂ rell as their exp^ri _ental channels. 
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For the purposes of our project, xfe assume that we have 
three reactors? 

the cold one, made up of 40 elementss 

the hot and used reactor, 99 elements, 

and an intermediate reactor corrt'cponding to a new load, but 

saturated with xenon and samarium® 

The best control devices and flux distributions have been 
investigated for these three reactors, and an attem.pt has been -ade at 
choosing an average devic:;, close to optimal for the third, yet still 
acceptable for the others^ 

In some cases,it has been necesssiy'to think in terms of 
interrcediate reactor? derived from those d-fined above, but containing 
3 fictitious load in th^ central channel, as represented by an iron tubes 

This diiTicu?.ty, encountioreo during the design stages, snows 
up again in the experl-ental study. Since this is carrirc out with a 
neX'T load at a low poxv'̂er, how is it possible, pr£.ctically, to achieve 
reactors having a voluii.e ratio close to 2®5J1 ? This difficulty was 
solved by modifying the lattice pitch. This modification is easily 
carried out with a rigid tubular block, by consistently eliminating 
or: rod out of three. 

The normal lattice is a cente'red hexagonal lattice (he 
lattice). Bs" elimAnating one rod out of three, we achieved an hexagonal 
lattice( h lattice)^ so that the pitch of the cell is increased by a 
factor V3'/2. 

he lattice h lattice 

The volume of the cold h reactor corres[ onds, as shown by 
computation, to the volume of the hot he reactor, saturi'ted with xenon and 
samarium, the elements of which are supplying 1,200 WMl tax* 
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The measurements carried out on the cold h reactor are valio for 
the he hot reactor^ provided the similitude ratios defined in paragraph Y 
are used* 

In the following paragraph, reference x\'-ill often be ir.sde to 
figure cl,x<rhich rej^resents a schematic plan of the lattice^ 

Symbols kj_ to L^, reprs^sent the position of the fuel elements» 
The figure shows an h lattice* 

Sŝ n.bols DS]_ to DSg represent the position )f the aZuminum plungers, 
used for flux m.easurements^ which are called speciil devices® 

The symbols BC 1 to 6 are the com.pens-tion rods 

BS 1 to 3 are the safety rods 

BR 1 to 2 are the trim rocs 

The radial channels,where nuffib'='red in the firure, XN̂ ill be referred 
to as CH 1 to 12 in the text* 

II- COI-JFUTATIGN METFOD 

The com.pat-'tion method has the i urpose of det^nnining the nuclear 
parameters of the rrector, and it is identical to that uoed for nrtural 
uranium and heavj'- >!ater (l), Thi= '̂•iex-rpo5nt was justified by the experimental 
r'̂ sults obtained during the start-up period(2). Thesp- rceults enabled us to 
adjust the coraf'Utation m.ethod to the specific geometry of the reactor (3) and 
thus obtain a set of formulas ajDplicable, x-fith precisions to t.'ie next sets 
of rods I these will be diferent frô ^ one another, for they must undergo a 
series of nodifications xirhereby their behavior under radiation ca.-' be 
improved* 

This set of fonaulas includes thp computation of the Ipttice 
specifications (material buckling and characteristic lergth) and the 
evaluation of the critical difi'ensions ([̂ eor.̂ tric buckling)* 

1.) Lattice specifications 

The customary'- factors are computeo se^ arately Q t J i^ • > "^^^f 
xvith characteristic length L.^ , L ^"^ and from these we deduced the 
value of the material buckling by the critical reletion for two -̂roups 

(1) EL3 project ~ V, RAIWSKI 
(2) CEA r-roitNo,794 
(3) SPM report No» 369 - B« LEROUC-E 
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a) factor M^ 

A formula is used in which there is no Wigner-Weinberg correction* 
It can be written; 

3 

= 5 (1 + 7 I ) ba™s 

with the following constants? 

- uranium 

molybdenum /®~^ J_p = 1 3 barns 

- heavy water ^ % ^ ~ 0«179 crn-l 
^ ^ 1 . 
# / J^. 

^e 
e 

b) factor 
/ 

The therraa] utilization factor consists of two terms due to 
absorptioniof alutiinmn for tĥ r. first of the m.oderator for the second. 

the ratio of the mean fluxes in the moderator and uranluBi .s-;̂  
is computed from the extrapolation length at the surface of the fu.el 
element. This length is obtained as a function of that of a black 
body having th»̂  same outer radius (4). 

On the othei- hand, the curi'ent theories give too small a value fon_ 
the ratio of the m.ean fluxes in uranium and aluminum respectively ^ht 

In approximation i 3 s we obtained 1.09 for* this ratio* Since 
the experimental value is 1.19 + 0#01, we shall take the ex^-ei-imental 
values of thi? ratio. 

(4) CEA report Eo»571 - A« Amoû '-al and P»3enoist 
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Factor j " i s competed with the following constants! 

590td-.parture fi-ora the Yr law = 0.977 

= 0.974 

' ; ^ -

c — 

^ At 
c ~ 

i 

590td-.pa; 

6981, 

2.75 b 

0.3 b 

2.47 cm 

L_ = 105 cm 

factor 1 
¥ i th n t u -a l craniu>" x-̂e take th^ value / I = 1.291 ^^'^'* 

d charac ter i s t ic lengths 

These are cam.puted 03̂  the cuftomarj'- formulas, XAre take, for the 
slowir.g doXfjn length in hsavj'- w?trr, f iss ion neutrons and neutrons scat tere; 
inelasticallj?' under the action of nrmium, the follox-ring laxf 

L 2 = (125 - 24,5 P) 
$ 

Leakage computation. 

The two-group theoî ^ is usod. The Influoncc of the wedges is 
calculated by the one-group theor:,' (7).The central channel is treated 
as an additional medium^ the extrâ .olation lengths for the fast and. 
thermal groups being given by Davison's theory'' (8). Some cor'-ections 
have to be applied to this theory' in ordpr to adapt it to the reo-.etr̂ '" 
of the reactor® 

a) Hetero^;eneity. 

Davison's theory'' is established for thr case of a homogeneous 
medium. The leaks, then, are proportional to the flux surface of the 
channel. In the Case of a heterogeneous m̂ ediuin, x-je must allow for the 

(5) SPM report No«331 - R.Delayre 
(6) SPM report No068 - R»Naudet 
(7) Journal de Physique et le RaditUBs 1951 - J«Tvon. 
(8) CRT 319 - 3, Davison 
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fine structure of the flux in the --'Icment or assexTiblyj multiplying the 
reciprocal of the extrapolation length by the r?tio of the flux at the 
surface of the channel to the taean flux in the c-11. 

^ c 

b) Curvature of radial flux. 

Before the channel is set in place, the undisturbed flxjx has 
a curveture, due to the finite dir-'ensions of the reactor, x̂g'heras 
Davison's theory considers an infinite medium. It is therefore 
necessazy to subtracts from, the recip̂ rocal of Davison's extrapolation 
length, its non-disturbed value (/̂  '"* \ d ^ ~ „P ^Ro ) 

® 'To A.-% ~ " — J ™ / 

in which /̂  is the value of the radial laplacian and P^ Q the 
radius of the channel. 

The extrapolation length 'is expressed finallj'-s 

Davison 

the ratio -=• is about O.Ssthis correction, therefore, is not 
negligible* ' 

c) nodification of the volume of the moderator in the central area. 

The moderating power is modified in the central area* Assuming 
that this modification affects only the six peripheral rods, 
according to whether the central channel elirci'.-ates a heavĵ '-xja ter 
volume greater or lesser than the volume of the central cells? the 
fixed peripheral cells xvill be under-moderated, or h^per-modcrated, 
with respect to the rest of the lattic3. In other words, if 6 is 
the radius of the element, radius ^ ' of the elements or cells 
which are equivalent to the six peripheral rods can be xirrittens 

67^6'^ ^ 1 ̂  ( b^-R/) 

d) Com̂ outation of the geometric buckling 

The flux is considered to be a product of the radial aod. axial 
functions. They are computed separatel5'"s (as are the joint functions,) 
using a program with a two-group/multi-region theor:,̂  established for 
the IBM 650 computer (9) 

(9) Program L4G0 
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In radial computation, the follox'ring region is considered? 

central channel 

lattice ^ 

lattice ^ 

heavy x̂ ater moderator, 

alwftinum wall 

graphite. 

On the geometric buckling so obtained, we make a x-redge correction 
Calculated in the single group theory, and a second correction which allows 
for the effect of the radial channels (10)® 

3) Comparison of the number of critical rods, as computed, xfith the experimental 

results. 

In order to have sufficiently num.erous points of comparisons the 
nimiber of critical rods was m.easur9d on four reactors, using the EL3 lattice 

The he and h reactors, with and without a central channel® 

In computing the h lattice, allox'jance is made for the form-factor 
of the cell or element (11) (12)« 

The measured number of critical rods is brought down to standard 
conditions stem.perature of the heav3'--x-raters 20°G, no experimental devices 
in the reactor. 

The following table gives the number of critical rods as computed 
and m.easured; 

Reactor 

he without ac. 
he with c.e. 
h without c.c. 
h with c.c. 

(10) CEA Report No,688 -S^ Leroage and V« Raievski 
(11) Geneva, 1955* Report P/669, S.K. P'einberg* 
(12) SPM Report No. 249 - B. Bailly du Bois. 

Computed 
31^7 
38.2 
41 
46.5 

Kc Mea; 
32.6 
39.2 
/~f4.1 
50.4 

3ured Nc 
+ 
+ 
+ 
+ 

0.4 
0.8 
0.9 
1.2 
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Agreement is satisfactory. The largest deviations are observed 
in the h reactors. Since the h lattice is very large, these 
reactors are bulky. The result is an assyrametiy in the flxix, because 
the lattice is off-center with respect to the tank. (This 9 cm offset 
makes it possible to fit the largest possible number of rods in the 
tani<. 

Ill ^ DISTRIBUTION OF-THERMAL NEUTRON FLUX 

The distribution of the flux depends on the volume of the 
reactor, x̂ hich is'to say, on the conditions under which it operates. 
The distribution, as measured on the cold h reactor, is substantially 
the same as 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 shox̂ s that this difference is negligible. 

l) Distribution on the cold h reactor 

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

iixial 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 autom.atic 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 reco;rdings, 
to knox-r exactljr the fliEC read in the uranium pellets located at 
the ends of the cartridges. For this reason, an accurate measurement 
was made by 0. Tretiakoff on tx-ro special cartridges, X'jith a continuous 
gold x-jire on the axis of the cartridges. The activity of the wire 
is m.easured with a "wire unx̂ inder" (i3). 

The latter is equipped xfith a rotary diaphragm which modulates 
the radiatior^received by the photomultiplier of the unX'Tinder. Thus 
the definition reaches 0.25 ™i- The recording or tracing obtained, 
(Fig. C Y 4) confirms that originally made, but the latter takes 
place exactlj' betxx'-een the pellets. The flux in the pellets is somewhat 
less than in the rest of the uranium. This measure also indicates 
that there is no therraal overload at the end of the cartridges. 
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The radial distributions reveal the dissyrametry of the flux 
due to the eccentricity of the lattice. 

An important result of the flux meas-urements is the ratio of 
the activities of identical detectors made of copper placed at the end 
of a thimble at the point of the maximal flux in the central channel. 

On Reactor hj we find the folloxfing valxies: 

CH-j_2 = 0.35 i 
i IT CH = 0.32 

i 

k CHg = 0.27 

The ratios are greater if the reactor functions with the 
compensation bars partially lowered so that they depress the flux in 
the vicinity of the central channel. ¥e thus measured, for the case of 
two lowered rods and an 80-rod he reactor. 

^ 0% =0.32 

I t should be noted tha t the fluxes in the thimble are very 
anisotropic. In order to measure t h i s anisotropy, we carr ied out the 
following experimentss 

a) a container of heavy x-xater xjas placed behind the detector . 

b) copper detectors having a diameter 4 = 4 UBI separated 
by a cadmium sheet hav-Lng a diameter ^ = 5 iron x-jere i r rad ia ted . 
We obtained the following r e s u l t s : 

(13TTe~JwriSriiT^iiui~eFl^ 
p.463, V. Raievski. M. Pelle 

(14) CEA No. Bote 216. 0. Tretiakoff. 
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activity of the reactor yith a reflector - 1.20 
" " " « xvithout " 

activity of the detector xg-hen turned inward = I.30 
I! II 11 II II n 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 
xfho carries out irradiations in this channel without an auxiliary reflector. 

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

The relationship between the current in the chamber and the 
poxfer depends, to a 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 channels for a current of 
1 m A in the chamber, are respective!̂ '-, 5»7 Id"^ and 7.7 10^^ 
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 x>jhich 
are located close to the central channel. To this end, we use an apparatus 
consisting of an aluminum band (A 5) drawn by a motor at speeds of 
5 and 25 centimeters per second. The strip passes under an ionization 
chamber which measures its activity. 

In order to take a measurement, the motor is started, and the 
strip or band makes one revolxition at a constant speed. Its activity 
gives an average on the axial flux. Currently, use is m.ade of several 
devices of this type located in the central channel, x-rith special 
devices and thimbles. These measurements make it possible to knox̂'' the 
flujr distributions at the high pox̂ -ers. Thereafter, only one band, DSI, 
is kept going at a normal pace. 

IV GOCTROL DEVICES 

The devices used for reactivity control consist of cylindrical, 
aluxninuH 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 compartments 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 M/cm2, they are cooled by the normal heavy water circulation. 
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This cooling is useless for the safety rods, the characteristics 
of x-xhich are as follox̂ rs: 

Nature ^ em Height Number Distance, starting 
from the axis of the 
central channel 

B.C. compensation 4 140 6 -̂0 

B.R, Adjustment 4 18 2 70 

3.S, Safety 4 90 3 ^5 

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 x«rould 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, xAere the center 
of the bar is in the maximal flxjx plane and the position in x-rhich the lower 
end of the rod reaches the level of the free plane of the heav '̂ water. 

Under normal operation, the stroke of the rod must be less than 
its effective stroke. Indeeds control depends essentially on the differential 
effect of the bar, namely, on the variation of reactivity in xinits of time 
or, (x\rhich 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 is zero at the extremities of the effective 
stroke. If the rod is operating at one of these ends, it XNTIII act onl̂ '' once 
it reaches the areas in xfhich the differential 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 where the differential 
effect is greater than half its maximum. 

Automatic control 

The adjustment rods are controlled ty the ionizing chambers. Iflhen 
an adjustment rod reaches one of the ends of its useful stroke, a compensating 
rod is automatically 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 maxirnxms differential effect of the adjustment 
rod is.m.ore than double that of the compensation rods 

iS)^ >. i.€)^ 

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. 

(--i)^ 7^ (̂ )xe 

The comparison of these two inequalities leads to a third: 

m .xr/f^ ?'^ ̂ -&'''^ 
1^1 \ -5 -1 
\ d£ / Xe being of the order of 10 sec , the above inequality requires 

a speed of more than 4«10'"'̂  sec" for the regulating rods. 
4) Computation of control rod efficiency. 

This efficiency depends a great deal on the volume of the reactors 
here, once again, x̂re find the difficulties encountered in flxDC 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 compensation rods (15) is so 
computed that the cold reactor, x<ri.th 99 rods, could not become critical. 

The effieiencj'- of the adjustment (or reg'iLating) and safety 
rods is achieved by computing the effect of one rod at the center and 
x-reighing it by the square of the thermal flux. 

5) Experimental values. 

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

(15) ~ A.E.R.E. 1952 R/R S/B - J. Codd, C.A, Rennie 
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F he = 0,96 X 2 ) 
f h 3/ 

This efficiency was measured by the modulation technique for the 
compensation and adjustment rods (I6) and by an impulsion method for the 
safety rods. 

a) Compensation rodsa 

Oscillation of the rod* of some + 1#02 cm about a mean 
position, with a frequenqy of 0#5^2Qpg is established from the 
measurement of the rate of modulation of the density, the differential 
effect is computed in absolute magnitude. ¥e plotted the curves showing this 
effect for the h and he reactors on Figure C«5» as well as the total 
effect obtained by integrating this curve* These curves call for the 
following commentsJ 

The maximum differential effect on the he reactor iss 

( : 
ii\ 

s-5_ -1 On the h reactor, this effect is 31«8.10 ''cm •*"« ^y using 
the similitude ratio9 we deduce that, on an he reactor (while hot 
and poisoned, having the same volume as reactor h,) the effect will be 
only 20gl0~5 cm"-̂ » which is a loss of effectiveness of as compared 
to a new he reactor while cold* 

The sensitivity of the method makes it possible to detect 
the effect variation due to the removal of one peripheral uranium bar* 
Thus on an h reactor (65 rods) the removal of D 10 causes the maxiiR-um 
differential affect to rise from Sl^S.lO-^cm-^ to 32,2»10"''5 cin-l# 

In this experiment the modulation is affected about a variable 
level z. ¥hen 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 69 ¥e 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 
18̂ ^ 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 
m.easuring the depression produced by intermediate rod BC 2 and by 
extrapolating these results according to a law in r~^e^ , for eacample. 

(16) note CEA n°  73-V, Raievski, 
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Adjtistment or regulating rod. 

The method used is the same as for the com|)ensation I'ods. 

The. ainplitude of the fundamental of the mechanical motion 
is + 1«10 cm. 

The oscillation frequency is 0e078 cps. 

The results obtained on h reactors of 65 rods and on be 
reactors of 55 rods are shoxra by the curves on Figure C«6«. They 
differ from those obtained for the compensation rods on the 
f ollox'jing points; 

The differential effect ic cancelled out above the median 
plane of the lattice, whereas it was cancelled out in this very 
plane for the compensation bars« 

This is due to the distortion of the flux brought about 
by the lateral cha'nnels. This distortion has been observed in flû c 
measurements, (Fig. C,2b) 

Adjustment rod BR2, in the 55-rod he reactor, is located 
in the reflector. Experiments were first made X'Xith the G2 and H2 xiranitmi 
rods in place| a rod was then inserted in Hl» The insertion of this 
rod causes an increase of 6'j'o in the m-aximum differential effect. 

In this Case, two phenomena work in opposite directions? 
According to the disturbance theory, the anti-reactivity due to an 
absorbent is proportional to the product of the neutron fl̂ jx 
absorbed by the importance of these neutrons. Therefore, x-xhile the 
insertion of an additional uranitim rod HI in the vicinity of 
BR2 tends to depress the thermal flux on the other hand it inci-eases 
the Importance factor of the neutrons* The latter effect is 
particularly marked at the edge of the core, where the probability 
of a leak varies rapidly with the radius* 

Safets?- rod 

Above all we must note the poxfer decrease brought about by 
the drop of the rods. Their anti-reactivity is no more than a device which 
makes it possible to compute this decrease. We therefore measured the 
density of the therasal neutrons direct before, during and after the 
drop. The curves computed on s-a analog computer make it possible, by 
comparison xfith the experimental curves, to deduce the reactivity 
variations during the drop of the rods« 

The experimental de-̂ îce consists of three proportional BF3 
counters set up in parallel. Its impulses are recorded on a magnetic 
tape xfhich unwinds at a rate of 2m/s* These impulses are then 
re-read at a speed of 4 cm/s. The phenomenon is then either 
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directls'- inscribed on a MECI SPIDOi'lAJi recorder (through an integrator) 
or is expanded once again on the time-scale for a more intensive study, 
by recording thr pulses on a camera film m.oving at high speed before 
the screen of an oscillograph* 

The initial counting rate during stabilisation is 20*000 d«p«s. 

The V curves represent these recordings in a 55-rod he reactor. 
The drop of BR2 is recorded tiith and without having the neighboring com.pen-
sstion rod (BCl) in the IOXNT position, in order to determine the shadow 
effect. The pressures used in the pneijimatic system were 3 Kg and 5 Kg» 

Curve VI re -resents tb-̂-' comp.itation of the reactivity bearing on 
a recording made with the BCl rod at a pressure of 5Kg* We note an increase 
in the reactivity x-xhich must be ascribed to a rebound of the rod* This 
rebound disappears at the lox>xer pressure of 3 Kg, 

The rod anti-reactivity deduced from these recordings, leads to 
a value of approximately 3/° ̂ >£r rod for a 55-^od he reactor* 

6) Flux Depression due to the Gompmsation Rods« 

The presence of a coripcnsstion rod modifies the flux distribution in 
the uranium rods and the tsa|»ratures. It was important to make sure that 
there was no thermal overload. To this end, we used and placed a uranium 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 autoiaatic 
device, the pulses of which are recorded on an MEGI, giving the 
axiol distribution of the flux inside the rod. This distribution vxas 
.measured for various positions of the neighboring compensation rod BC3. The 
curves shoxm on Figure C.8 are normalized in ordei- to keep constant the 
reading of an ionization chamber located in radial channel CH5. 

It will be noted that there is no thermal overload but that the 
depression is substantial (35)0 and nay bring on a thermal cycling of the 
uranium rods. Fortunately, this cycling is very slow* 

7) Measurement of the mean life of the neutrons. 

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* 

The mean life x-xas computed by the oscillation method, (17). The 
follox-xlng values were obtained; 

-3 = 1.79 10 ''dftdry, for he reactor 

= 2«00 10~-tĵ fdiy, for h reactor, 

(17) CR, Acadlmie des Sciences —237. 1513 - 1515» 1953. V.Raievski 
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In case of a break i.-! th~. lining of the central channel, the 
addition of heayir x,xater causes an increase in reactivity of about 2^6 
Assuming that, from the beginning, th4 uraniiom rods are thermally 
insulated by a jacket of steam, we deduce, Ironi th--; value of the 
mean life, raeasured in the he reactor, that the temperature of the 
b3r rises by 200° C after 0,27s« This time corresponds to the 
duration of the drop of the safety rods. Under these onditions, uranium 
will not reach a transformation point. On the other hand.the behavior of 
tlie jacket is harder to forecaste 

^ LOADING OF EXPERIMENTAL CILANMELS^ 

The purpose of these measuj^ements J.s to d.etermine the nujiiber of 
uraniijtra rods nsed^ed to piake the hot and poisoned i-eactor critical x̂'̂ith 
a given loa.d in the ex;TJerim6ntal channels* 

The typical load is simulated by iron'tabes in the channel 
eq-.).ipped x-xith plu'-.gers, and by stainless steel tubes in the cavities 
where the steel tubes are in direct contact with the heavy water. An 
investigation- x-xas also rcade o.f tbo follox-xing e'?feetssneutron transportation 
in the lioriZvOiital channels (these are closed with containers filled 
with heavjr va ter), and the insertion of fissionable elements in the central 
channel. These ineasurements are carried out by cotT,psnsation on the h and 
he reactors. The effect on Ihe hot and 'poisoned he pile is deduced by 
means of sirailitude ratios. 

1) Gojitpensation 

Since direct compensation x-xlth the urani'Jia rods is difficult, 
x-XG first calibrate comperjfation rod BC4 with respect to the nuraber of 
urani'Xfii rods xxhicii make the reactor critical. Calibration of EC4 in the 
h reactor is carried out x-xith uraniusj rods 158 Ĵ + and J5, so placed as 
to restore the local flxix coiiditioris of the he reactor. ¥e then 
neasxn^e the variation in the critical level of BC4 caused by anj'' disturbance. 
The calibration cwve maker it possible to derive an equivalent of this 
disturbance ez-pressed in uranium rods» 

The rsactlsrity gain,due to the addition of a uranium rod, is 
de'pend.ent on th-E n̂ jĵ aber o'f" rods pi'-ssent in the reactor. The vii-iotion of 
this pain depends on the total number of rods. In the results, the effect 
measured in the h reactor x-:as re.iuced to that of a rod in tb.e 59-rod h 
reactor, 

2) Similitude rati.o« 

The variations in the reactivity produced bj the ssce absorbent 
in reactors h and he are different. This difference is due to the fact 
that the txTO lattices do not have the same characteristic lengths. 
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The effect of a local absorbent is difficxiLt to compute on 
these reactors because of the distributions of flux» the exact shape of 
which is unknown. It is easy to deduce this effect for the hot and poisoned 
he pile by measuring on an h reactor having the same Volurrie. These effects 
.are proportionals the coefficient of proportionality, or similitude ratio» 
is obtained by a disturbance eom.putation (2)« 

For the reactivity variation ratio, or the number of uraniian 
rods compensating the same effect on these tx-ro reactors, we obtain the 
following values? 

-P he = o«96 2 
f h 3 

S Hhc = 1,15 

Some Gxperiraental r e s u l t s ; 

The loadings were ca'-'-ried out as follox^rs? 

a) c e l l or eleraent x/fith s t a in les s 0 32/35 im̂  h = 1356 mm 
s t ee l tube 

b) stainless steel tube i 0 3 5 / ^ mm h = 2200 mm 

c) iron tube s 0 225/228 ram h= 620 mm in the 
x«xide diameter channels. 

d) iron tube % 0 126/129 mm h = 620 mm in the 
small diameter channels, 

e) fissionable element : norm.al rod of the lattice. 

The following table gives, the equivalent in peripheral ui-anixmi 
rods measured on a 59-rod h reactor* 
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load position equivalente in 
uranixm bars 

cell or element with 
stainless steel tube 

Stainless Steel Tube 

Iron tube 

It ti 

Fissionable element 

F7 

E9 

DIO 

cc 
C15 

DS3 

CHI, 5> 7, 

CHI, 5 , 7, 

CC 

9 

8, 9,T1 

» 4,15 

- 2.9 

- 1 

- 3.25 

- 0,23 

- 3.05 

- 0,7 

- 1.1 

+ 2.7 

RESITI,TS OBTAINED 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 l&r 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»10l3e 

The uncertainty xfill be reduced during the next plateauxs 
as soon as it becomes x-jossible to use the tape device in the central 
channel. The indicated flux is obtained from' a measureraent made with 
a ribbon t3npe device in channel H8 and by using the ratio of the flxix 
measured at low powers 

cc ~ 0 0.32 

H<? 

(13) Physical study of reactor EL3 - lattice made up of 80 rods - The 
S.G.PeSa "Groupe Phj''sique et Experimentation"* CEA report in 
preparation 
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This operation x̂ as conducted x̂ ith an overabundance of uranium 
rods (80). The xenon effect was evaluated at 2,5/̂  under saturation. T'he 
te-ipercture ef P"et of the '^o^. erator (27 10~5/° C) and that of uranixm 
(1,25 10-5/° C) being 0#5/S. The samarium effect x-xss still negligible* 

Under these conditions, the operations took place x-xith BC4 in 
the loxv position and BC2 at the half efficiency position* The reactivity'-
available for the 80-rod reactor^when saturated x\'-ith xenon and at its 
functional to-.jerr.ture, was thus estimated at 3/̂ . ¥hen the reactor 
stoppecj xixe measured the variation of the xenon effect by compensation 
(x'Xith a compensation rod)® It was observed that •'•aximum anti-reactivity 
x-fas reached 9»5 hours after the stoppa'"e. Loss of reactivitjr, at that 
point due to the increase in the concentration of the xenon, was evaluated 
at 3«5,a. This value concords with a thernal flux ranging from 7 to 
8,10 .' iji the c-ntral channel* 
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D« TECHNOLOGICAL jiGPECTS 0 ? THE BUILDING 

OF REACTOR EL.3 

I » GENERAL,-

Building the EL»3 Reactor required a nxxmber of important 
studies of a general nature since in 1955t the technological knowledge 
bearing on heavy water circxiits or loops was relatively undeveloped 
in France, The only, reactors in France at that time were: SL.l, 
xfhich is of very low power, and EL»2, which is cooled by carbon -
dioxide® One large reactor was under construction, (G.l), but it was 
operated with graphite and natural uranium® ELe3 was the subject of 
fairlj'- important studies, perhaps beyond those strictly necessary'', 
with a view to providing documents that would be useful in the 
building of oth(=>r reactors® 

Thus, heat-transmission (t-osts which are disctissed in 
another paper) were carried out in order to determine the cooling 
conditions of the rods of reactor EL»3« They enabled us to verify 
that the com mutations made from existing formulas gave satisfactory 
results and that the adoption of corrugations 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 o.f the 
jacket. The3'- also had the advantage of creating a test bench and of 
developing experim,ental rusthods,which later made it possible to 
begin more rapid studies of the cooling of pressurized cells« 

Another paper, prepared by M, Grenon, describes the tests 
which made it possible to develop the break-deteetion process on the 
jackets, by looking for fission gases in heavy water, which -is • 
used on Reactor El#3 and which we mentioned in Para III-2«5 above* 

¥e shall also draw attention to the conditions xindfer 
which the manufacturers of heavy water j5umps and gates (of the 
leak-proof type) were chosen. The manafacture of a number of 
prototjrpes of pumps and gates was started at the beginning of 
1955 by different industrialists and, after a trial of these proto-
types, the manufacturers of the final pufcps and gates were chosen,. 
Be?ring in m.ind that the reactor was constructed in less than three 
years 8 one reallEsa th© great efforts made ty French ixsitistry. 

In addition, a through study of heavy concretes was made. 
The object was to perfect, for EL,38 a concrete with a specific 
gravity of over 48 in order to diminish the thickness of the 
concrete shielding of tho reactor blocks to reduce its overall 
dinensions and to shorten the channel plugs so as to make them 
easier to work with. We shall not linger over this study which bore 
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on a whole series of concretes, from the point 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 studiess 
detection of heavy water leakage1 metal on metal flanges1 measurement of 
the level of-heavy water in the reactor tank; rapid measurement of th® 
cell temperaturesI hot observation1 hot-air stack1 boron shields and 
Machining of graphite. 

II- DETECTION OF HEAVY WATER LEAKAGE, 

1 - Aim and principle of the faeility» 

The facility for the detection of hes.vj water leakage in 
Reactor EL«3t which is described below in its important aspects, 
signals, by warning i^stem (acoustic and luminous), any leaks 
occurring at certain points in the circuits, particularly at the 
flanges (See Para Bt III-21 above)» 

A heavy water leak xffill make conductive a braid placed between 
two electrodes, thus closing the alarm circuits 

The facility comprises principally a certain nxrrjber of leak-
detectorsi a certain number of signal cabinets , with 75 detectors 
each,installed in the vicinity of the workrooms| and a synoptic table, 
installed at the control board, which indicates, hy means of lights 
and buzzers the cabinet corresponding to the leak detector* 

2- Description of facility: 

2»1 - Detectors! 

A detectors as shown on Figure X)«ls consists essentially of a 
cylindrical stainless steel body adaptable to the capacity on 
xfhich th© detection is to be made. Inside this bodyt which is 
grounded 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 
mth a hj'groscopic salt. A co-axial contact makes it possible to 
connect a single-wired electric cable (with a protective 
covering) to the 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 ̂ .-position switch makes it possible 
to connect the three, in parallel (normal position), or singly 

i 
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(to detexTJiine the suspected detector)» ^th a 4O-V0lt signaling 
circuit. This voltage is reduced when the detectors are dry 
ClsrlOOsOOO to SOOfOOO otas) %• load-resistor Bl to a walae of 
•24 volts. The ooil of the 24-volt relav has an iffioedane® of 
750 ohas-. 

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 (as well as 
the ohmtc drop)* The voltage at the terminals of the 24-volt 
relay being then to weaks the relay drops, and the follovxing 
takes place* 

- contact It a very low value realator 1«2 maintains 
the voltage-drop in Rl, and thus makes it possible for the 
relay to stay down« 

- contact 2 lights a lamp which indicates that there is a leak 
oh the 3-'ietector group* 

- contact 3 energizes , the totalizing relay which, in turns 
performs the follovxing functions: 

a - contact G»l»Qn the local oabinet^turas ©ff the '•noraal 
signaling light and lights 1^ th« »»laak" lights as well as, 
that of the control-board indicating the area in whieh thsre Is 
a difficulty, 

b «• contact C*2 starts, on th© ©ne hands 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 nonml as so©n as the defect has been remedied. 

Ill - I'STAI OH l-IETAL FLA.IGES 

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

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 tendenqy to exchange hydrogen and deuterium 
ions and their behavior under radiation is indifferent* 

These fears a.re only partly jmstified. In the case of heaty 
water heterogeneous cold reactor, the use of flwigea ip which 
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metal bears against metal is som.ething of a iuxuiy, but the C,E,A« is 
willing to use them for testing purposes, since they may x̂ ell be valuable 
for highl;̂ '' radioactive circuits. 

Two types of flanges s shox«i on Figure D,3, have been im'estig-
ated. ¥e designate them as flanges of the A and B tyi'̂ es. On the outside, 
where metal bears on metal? two perbunan gaskets provide two additional 
leak-proof barriers, which make It possible to install a leak detector 
(see Par, D»II above). 

In the tjrpe A flanges, there is no internediate gasket, and the 
joint formed is stainless steel on stainless steel. Some tests carried 
out on 60 and'*230 mm* diameter flanges shot-red that the joint is leak-proof 
if the crushing pressure iSs again, some 5 to 10 kg/mm^ once the flange is 
xinder pressure, provided that the machining of the surfaces has been very 
thorough and they have not deteriorated in any way. A leak-proof condition 
can also be obta-ined, in spite of small surface defects, provided the 
tightening is between 20 and 30 kg/mm, instead of from 5 to 10 kg/mm. This 
type of flange has not been kept however,-as it is ill suited to successive 
disassembling and re-assembling - in the event one point of such contact were 
ruined, it would be necessaî '' to replace the corresponding flange. 

This is what led us to investigate flanges of the B type* They 
have an intermediate gaskets m.ade of stainless steels crushed between the 
bearings of the stellite-treated flanges» The bearing areas of the gasket 
are in the form of a knife and when they are pressed, they suffer a certain 
plastic distortion, whereas the flanges do not, because they have a bearing 
surface which carries stellite. In re-assembling a new gasket is set up and 
tightness Cnu be achieved under excellent conditions. 

The graph on Figu.re D,3 has to do with distortions of the gasket, 
in the case of a flange having an inside diameter of 40 mm, as a function 
of the linear tightening pressxire. Curve 2 reioresents variation A. h» of 
h. ¥e note that the permanent distortion begins at 30 kg/mm. and increases 
regularly with the tightening. Curve 1 shows the shape of edge a . Those 
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- MSASUl-HDMENT OF lEE HEAVY WATER LÊ /EL IN THE REACTOR TANK, 

Operation of the reactor requires that the heavy-water level be known 
T(d.th a precision which has been set at + 5 ™i« It has not been possible to 
find, in commercial practice, any device for measuring this level which has 
all the qualities required, namelys maintenance of perfect tightness of 
the heavy water and helium vesseli absence of contaraination of the heavy 
water corrosion risks} absence of deterioration under radiationi lack of 
spark production,which might bring about a rf.sk of essplosion, should the 
deuterium and oxygen content of the helitiro atm.osphere be too high. 

It was therefore necessary to stai't the investigation of a level 
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which would satisfy all these requirements. The following principle 
was adhered to (See Fig«D«4)« In a tube vertically dipping in heavy 
water, helium circulation under pressure is effected at a rate of 
flow which is kept constant, regardless of the height of the water 
above the lox̂  point of the tube in which the gas bubbles escape to 
the surface. Since the rate of flow is constants variations in the 
height of the level correspond to proportional variations in the gas 
pressure which, therefore, it will be enough to measure* 

V- a&PID MEASUREMENTS OF CELL TEMPERATURE^ 

The rapid scanning facility (figure D«5) perm.anently shows 
on the large diameter screen of the oscilloscope, the temperatures of 
the heavy water used for cooling each of the 99 cells, as Heasured 'bj 
thermocouples. These temperatures are recorded every 400 secondss 

A rotarĵ  selector, driven by a synchronous m.otors 'scans 100 
T:emp ratures in txTO seconds. It is mechanical!̂ '- coupled to a potentiometer 
system of the sine-cosine type^which provides circular sweeping for 
the oscilloscope. 

The rotary selector sup̂ -lies rectangulp.r wave signals made 
up of a succession of low DC voltages representing the tenperetures. 
A transistorized converter transforms these D.G® voltages into 4,000 cps 
A»G» voltages, with amplitudes proportional to their values, and a, 
gain of 400, These A,C. voltages are superimposed on the regulated 
continuous voltage used to energize the scanning potentiometers 

The voltages so supplied-by the potentiometer are applied, 
folloxfing anpllficationt to the deflection coils of the oscilloscope, 
thus giving an image of the-various temperatures in'the form, of" radial 
lines of variable amplitude from a luminous circunferance on the periphery 
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 temperature of the relevant cell exceeds the 
maxinuii value set. 

VI - 03S~HV;.TI0N OF FOT CELLS OH T'LEÎ ENTS, 

It is incis: <̂ nsable to be in a position to observe the cells 
or fuel assetftblies as soon as they co.ie 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 r'̂ ason a suitable device for the examination of the rods'̂ by 
X-rays has been provided. 
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An observation ditch for the fuel elements» in the shape of a 
T, is provided west of the cell. It consists-of a vertical steel tube 
x̂ ith tvio magnesixxtn windox'fs facing each other* 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 brought up before the magnesium mndowsg 
since it can be rotated and displaced vertically, Dxrring obser^ration, the 
vertical tube xfhieh 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 1 ray generator is dj rected tox-rard one of the magnesium 
windox-rs and the ima^e intensifier is placed against the bth'-r windot̂ .̂ This 
image can be examined either yrlth a camera, on a television receiver, or 
else X'Tith a periscope which naj''.be equipped with a camera obscura for taking 
photographs. Some emulsions which have just been presented make it possible 
to take a good radiograph direct# 

This facility makes it possible to reveal faults of one to two milli-
meters with 80 keV - X-rays, This er/rgy was chosen to cause the least 
possible image disturbance by the ^ emission xfhich is intrinsic in the 
cells* 

VII-EOT AIR STACKS.-

The hot air from secondary cooling which is achieved in an open 
circuit, (Of, B III 3)» is quite radioactive at the exit of the reactor. 
This is due, on the or.€ hand, to the dust, and, on the other,' to the 
activation -yrhich it undergoes in the reactor* due mainlj'- to argon 41 Xid.th 
a half life of 1«8 hours produced by the nuclear reaction Â *̂  (n 'Tf ) 
A+1. This not air cannot be ejected into the at^sphere without precauticma* 

Radioactive dust is easily,'- eliminated by means of very efficient 
paper filters (efficiency= 99»98/3)» for dust grains of less than a micron, 
placed doxmstrea'': from- the reactor, 

Hox-rever, due to the chemical inertia of arjon, the only means of 
eliminating the radioactivity it creates is to dilute the air of the cell 
sufficiently for its argon concentri'tion to beeor.e less than the peinicsible 
dose. Thus, have m̂ ade a painstaking investigation of the hot air stack 
to insure this. 

The total activity of the air at ti.e outlet of the stacks 
alloxd-ng for the volume it occupies in the reactor, of the neutron fluxes 
to xfhich it is subjected according to the areas involved and of the rate 
of diffusion in the graphite, has been evaluated at 1 millicurie per 
second. The air output being 22*500 xiPf hr, its activity is 1.6 lO-̂'"- c/m̂ i 
namely about 3tOOO ;̂ imes the tolerance dose for the neighboring population, 
which is 5.10-0 c/m-'. 
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This 38000 factor woixld lead to pro ibitive facilityes if we 
x̂ ere trying to dilute the air prior to ejecting it, this is wljy i>re 
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 the blowers the 
first was with the isolated stack^and the other with the stack in 
location* 

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

Figure D«6, on the basis of which the partmeters are defined, 
represents a network of curves giving ^-^ ^^ ^ function of ¥ for 
different values of X « Beyond a certain value of X (about "u 80)« 
the axis of the snoke%s practically horizontal and ^ h is given g 
^0^ 3 < M <^0 ^ by the relationships 

Even though it has not been possible to nake a thorough In-
vestigation ©f this pointt it would seem that a deflector placed at th® 
top of the stack would have a favorable effect for the small values of 
¥/tt, and a geHerally unfavorable on® for the large values of ¥/u« 

The second set of tests has to do with a 30 iiieter stack, 
which is the inaxiriium allowed by air treffic regulations. It showeds 
on the one hands that it was of interest to place the stack to the 
north of the building, allowing for the prevaili'-ig winds, on the 
other handt that in the position chosen, there was no reason to fea:-
anj'" interaction between it and the atmospheric coolinj; devict^or 
the cool air intake, leading to recycling of active air« 

In all cases, the smoke praotical3̂ r- reaches the height given 
by the above foiinula, but is thereafter dispersed in the at'jiosphere 
in a highly variable manners according to meteorological conditions* 
The two conditions of smoke production which are most ircportant are? 
on the one hand, the diffusion system,in which it ̂ rs the shape of a 
horizontal axis cone and disperses rapidly* in the atmosphere and, on 
the other hand the temperature gradient inversion system with which 
the smoke remains horizontal without being dispersed in ar^ 
perceptible way* 

Und® the first systems the ground activity was computed \sf 
mtmm of Sutton's formilat allowing for the radioactive decay ©f argon* 
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In the second case, it is coB5)uted ter assuming the smoke to be a horizontal 
linear source and aUowing for the absortion of rays by the l^ers of air 
through which it travels. 

We found that- the activity was maximum at the ground in the dif-
fusion system, 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 superelevation of the smoke 
plume* we brought the rate of air flot\T out of the stack up to 3^»000 mP/hr 
by blomng 11,500 m3/hr of cool air at the base of it# This solution was 
more economical, from the po%%̂ ei' consumption standpoint, than the one where-
by the velocity of output of the air from the chimney is incrpasod* 

¥e thus obtain a stack diameter of 0«65 m., and an outside velocity 
of 28»5 Bi/s. Indeed the additional fan would be placed in service onTy if 
the activity measurements made on location showed that it was necessaiy« 

VIII-30R0N SHIEIDS 

1. Object and principle.-

It often happens that it is necessaiy to achieve, in the experi-
mental devices of a laboratory reactor, some shields which give good pro-
tection against thermal neutrons while actiVcvting themselves as little as 
possible in order to facilitate subsequent manipulations and avoid produc-
ing secondary rays* 

It is necessar;,̂  that the scr̂ -en be equipped vxith a cooling system 
in order to repiove the heat produced by neutron c.bsorption. 

,ie achieved such shields, which are rade as follosrs: They are 
cast in aluminum boxes and, starting at the face exposed to the neutrons, 
consists of the following J a thin piece of alxininun. sheet? e thin laj'-or 
c^ '"isnuth, a plete of sintered boron approxim-̂ tel;/- 10 millimeters thick; 
bisisnth, in which is embedded a stainless steel coild 10 x 12 miU imeters 
diameter is provided to insure cooling t§r means of de-ionised water. 

In the case x̂ ihere there is no ferr of second-ly emission, it 
is possible advantageously to replace the bismuth by lead, for it is >.uch 
easier to use. 

3 2 - Jm-^ cavity shields 

As indie'-dted in psragraph B II 7,^ above, the txvo stacks for the 
Im-' cavity having a cross section of 550 x 750 millir etcrs and a height of 
705 millimeters, have their side walls cover-d •̂ dth boron and bisr̂ uth shields. 
Figure D.7 givs a perspective view of one of tliê o shields. '>> vill note 
that the A.5 aluminum jacket, of a cor pcrDtiv-~ly complic ted form, las a 
thickness of 5 millimeters. 

It is difficult to maVe such a shield, particalir^'̂  if it is 
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necessary to achieve good contact between sintered boron and bismuth in 
order to have a good heat remover. On the other hand the pouring of the 
bismuth causes changes in the shape of the al̂ uninum mold, which must be 
provided for and kept -vrithin permissible limits. 

XK-MGHINIKG OF GRAPHITE 

V/e gave, in paragraph B II 3 3-bove, a. description of the graphite 
pile. We raust remember tiiat, in addition to tho hole provided for the 
tank and that of the tangiential and secant channels, the graphite is also 
pierced for passing the linings of the radial horizorJ"al channels, larger 
diameter vertical channels, isotope channels, pne-jmatic cliannels, and the 
channel for irradiation in a "̂  free atmospheî e. 

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 mad® as follows? 

In the first place, the bricks have been machined on their four 
sides, to match the flats on the lateral face of the graphite blocks, to 
a precision of about 0.05 ra'^« 

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 vertical holes. 

This surfacing reamer has a horizontal plate ̂ ,2 m. in diameter, 
rotating at a speed of 0.5 rgwi. Two fixed uprights carry a beam attached 
at about 1.3 meters above the lalateau, on which the m.illing-carriage moves. 
This carries a slide wh2.ch can be inclined to ̂ 5°» for contour machining. 
One of the uprigh.ts is equipped with a resjiiing carriage which can be moYsd 
vertically by means of a handwheel. 

The semi-elliptical bottom of the tank has been machined by copy-
ing on a template, and the cylindrical part of the tank hole P.as been milled. 
The plate rotated during these two op-rations. The vertical holes were 
drilled by means of a drilling_tercplate. The holes of ths radial horiv,ontal 
channels were drilled by means of th.s l?i cei-al-reaiaing ca-Ml'-ige. 

This machine, which weighs 35 tons in all (approve.) has a total 
height of if-.3 meters. Its width, bet-̂ veen uprights, is 5«2 meters, and can 
be brought up to 7 meters. 

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

A.l Reactor Block (Lattice layout). 

B.l Reactor, EL3. Ensemble, 
B.2 Reactor EL3. Buildings, altogether. 
B.3 Open-cut, Reactor. 
B,4- Reactor Block, horizontal cut, through axis of the radial 

channels. 
B.5 Reactor Block. Vertical, (east-west) view. 
B.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.IO Hea-'.'y-water circuits. Schematic of main circuit. 
E.ll Heavy-vrater circuits. Re-combination schematic. 
B.12 Diagram of electrical distribution. 

C.l Horizontal, median cut of the Reactor. 
C.2 Reactor h - Axial distribiation of the flux along the rod-

sleeves. 
G.2b Reactor h - Axial distribution of tho flux in the special 

receptacles, 
C.3 Reactor h » Radial distribution of the flux, 
C.3b Reactor h - Radial distribution of the fliix - measuring 

points .along the rod sleeves. 

C.5 Calibration of compensation bar BC 6 
C,6 Calibration of control bar BR 2 
C.7 Fall of the safety bars. 
C.7b Reactivity development during the fall of BS 1 Rod. 
C,8 EL.3 - EL.3 - Depression of thermal flux in a hollow H7 bar, as a 

function of the position of compensation bar BC~3. 

D.l Leal? Detector 
D.2 Leak-detection diagram 
D.3 Flanges, metal~to-metal. 
D»^ Measurement of the level of heavy water. 
D.5 Quick measurement of 100 cell teisperatures. 
D.6 Sm.oke-drift Jrom the flue. Elevation* 
D.7 Cavities Ln-̂  Screen of ground boron. 



A/coNF»i5/p/335 
- 55 « FRANCE 

T A B L E 

A - REACTOR PROGxtAM Page 

I » ORIGIN OF THF PROJECT 1 

II - REACTOR PROGRAM 2 

1 - General specifications 2 

2 - Experimental Facilities 2 

3 - High coefficient of use 3 

If - Safety 3 

III - BUILDITiG k 

B - DESCRIPTIOH OR REACTOR EL.3 

I - GENEML APPSiSJtANCE OF EL. 3 5 

II » DESCRIPTION OF REilCTOR BLOCK 7 

1 - The reactor block proper 7 

2 «• Thermal shielding 7 

3 ~ Graphite reflector 7 

^ ~ Tank 3 

5 - Fuel assemblies (cells)« 9 

5.1 Uraniiun Rods 9 

5«2 Cell Tubes 9 

6 - Control rods 10 

7 - Experim.ental Devices 10 

7.1 General 10 



A/GONF, 15/P/335 
EEfflCE - 5 6 - " 

Page 

7«2 The central channel 12 

7«3 Radial horizontal channels 
150 mm in diameter 12 

7^i4- 1 m3 cavities 13 

III - FLUID LOOPS 13 

1 - General 13 

2 - Heavy»water and helium loop 1̂1-

2«1 General 1^ 

2,2 Main hea-v3'--water loops 15 

2«,3 Purification of heavj'- water I6 

2«^ Recoribination I6 

2»5 Detection of cartridge breaks 17 

3 - Air loop - secondary cooling I7 

Description of facility I7 

IV - MOHITORIHG AIID COKTROL 18 

1 - General 18 

2 - Thermodynainic -easurements 18 

3 - Power measure-.ents 19 

k ~ Control 20 

V ~ ELECTRICAL paER SUPPLY 20 

1 » General 20 

2 - Emergency current supply 21 



A/GOLF, \5lilrj5 

Page 

IltRilDIATION, 22 

22 

23 

2̂ 4-

- 57 ̂  

VI - IRRADIAIEP Fl"EL - SIORAGE -
OBoZRV̂ .TIÔ  , UPKEEP 
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Outside diometar of vot 2584 
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O 97 Active rods 
® 3 Safety rods 
W 2 Control rods 
© 2 Experimental rods 

O 6 Compensation rods 
W 2 Converting channels 
2 8 isotope channels 
W 9 Special devices 

Figure: A. l REACTOR-BLOCK 
DiAGRAM OF THE LATTICE 
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Figiire B»3 SECTION OF THE REACTOR-BLC«K 
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Cart-Iron thiaU 
Bismuth 

® Isotep* chonnels In heavy wot«r 
® liotop® shonneis in grophite 
1 Lottie® (*9m llanre) 
2 Csntrol chonBal 

3 Converter chonnel* 
4 Wigner-effect cli0nn®ls 
5 Pneymatlc channels 
6 Gamnia-les chonn«| 
7 Movsblo sholters of th« diffusinB col 
8 Lateral shisld o l the diffusing column 

9 Vo 
10 Secondary air intok® 
11 Secondary coeiing 
12 Vent of the pipe system 
13 Ante-chs 
14 Plyg 

F igure B.4 REACTOR BLOCK 

HORIZONTAL CROSS SECTION THROUGH THE AXIS OF THE RADIAL CHANNELS 
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Figyre B.5 - REACTOR BLOCK 

VERTICAL CROSS SECTION (EAST-WEST) 
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Figyre B.6 

REACTOR BLOCK. VERTICAL CUT (NORTH-SOUTH) 
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Figure B.7 INSTALLING THE TANK 
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i- Tubular block 

Helium 

Heavy water 

Tank 

§ 

-iXh 

t 
I 

Auxiliary pump 

i ! 2 r ^ Water Intake Water outlet 

" T 
Re-take of heavy water for detection 
of breaks in the system. 

Main heavy-water sampling foi 
detection of leakage in the sheathing. 

Exchanger 

Cave 3 

Toward 
purifzing Water intake Water outlet 

O,̂  li 
Cave 2 

-•<>^CH-

Water intake Water outlet 

lb. 

Lc4-4S 
Cave 1 

_£JEZ^^ 

r 
Feed pumps 

Figure B.IO HEAVY-WATER CIRCUITS 

MAIN CIRCUIT DIAGRAM 



A/CONF, 15/P/335 
FRANCE - 70 -

Gasometers 
Toword flue 

Helium samf^llng for-, 
detection of jacket 

reoks I 

^ - / T " 3 - " 

Feed- line for 
detection of leaks 

in jackets 

Storage tonk for 
heavy water 

F i g u r e B . 1 1 H E A V Y W A T E R C I R C U I T S 
R E - C O M B I N A T I O N S C H E M A T I C 
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Median horizontai cut of the reactor. The location of the uranium rods has been indicated 
by labels A L to L 4 

- Special irradiation devices : DS 1 to 8 
- Compensation rods : B C 1 to 6 
- Safety rods : B S 1 t© 3 
- Control or trim rods : B R 1 and 2 

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

Stainless steel body 

Toroidal gasket 

Measuring electrode 

^^mmmm 

Coaxial collar 

Thrust nut 

Insulating sleeve 

Re-cast insulating sleeve 

Cotton cover 

LEAK DETECTOR 
Figure D.l 
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" A - TYPE " B " T Y P E 

TESTS OF STAINLESS STEEL KNIVES ON S T E L L I T E RESTS 

1 0 0 0 

so 

@ 

® 

J ^ -

Legend 
1. Width of the edge 
2. Crushing of the knife 

Stel i i t ^ f : ^ 

METAL TO METAL FLANGES 
Figure : D. 3 



A/omW, 15/P/335 
EHMGE - 86 -

Ho 1 Helium output regulator 

Upper . 

w^ . . . . . : : a 

JMs ia 

•^ Heavy-water level 

Tmk 

Differential pressure-gauge 

, Automatic bridge 

Drive motor of 
the capacitive probe 

Hehum 
stream 

Helium No 2 output regulator 

( ^ 

H B 
O 
o 
o 

PRINOPLE 

Figur® D. 4 

MEASURING THE L E V E L OF THE HEAVY-WATER IN THE TANK 
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THE SAINT-CYR TESTS 

AH^F fw .x . ) 
D \ U D / 

Ah 

80 

70 

60. 

Smoke plume 

/ -^=80 

u 
20 

Figure D.6 
ELEVATION OF THE SMOKE-GUIDE ABOVE THE FLUE 
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ALUMINUM, THICKNESS 

BISMUTH 

SINTERED BORON 

COOLIHO TUBES 

CAVITIES ilm^) SINTERED BORON SHIELD 

Fliur® D. 7 


