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ESSOR REACTOR PLANT

Information for the benefit of prospective users of
- core positions and available in-pile sections ;
- caves and available cooling loops ;

~ hot cell facilities.

Part 1 = Generalities

Part 2 = Technical Specifications
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Generalities

Sectien A = General descrintion of the ESSOR pnlant.
Section B = Proceedings ol the meeting held at Ispra on the
. .rd th - .
3 and L o sentember 1260 on the operation

of ESSOR in the frame of the heavy-water power

reactors development programs.

Section C

Irradiation in rigs and loons in the frame of

explorative studies.

Section D =  Subsidiary applications. Aids to nuclear plant

owners and utilities.
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GEIAZRAL SILCRIPTICH OF THE ZSS0R PLANT

The E380R »nlant is esgsentially a couiponent testing reactor with

two adjoining lzboratory wings for hot coupcnents.

The reactor itself is designed for irradiation of fuel eleuments
end channels of the heavy water reactor line in power reactor

environment,#w;th regards to neutron.spectrun, cooling and fuel

agssemblies.,

The functions of the two hot laboratories are : dismantling,
insnection an¢ metrology of fucl eleuents (4DECO), and similar
treatruent of structurzl cowmponents, cieinels, control rods,

etc, (LTFI).

The plant fecilities are completed by the 'presence con the

grounds of the Ispra Research Center of a ot metallurgy labora-
. AY ~ - . ~

tory {L.M.A.,, and of trancport ané storage equipuent for

active wastec.

BEUR/C-15/127/69 e
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Te The reaetor

The EGSOR reactor core is arranged around an experimental zone

filled with heavy wvater and providing space for 1 to 12 experimental

channels with a waximum diameter of 17C iame.
The channels plunge vertically through the noderator.

1450 m of their length is submitted to a flat flux of thermal
no “ 44? n?‘ 2]
neutron ;; 201% n/em /s,

hz fuel elewents introduced in the channels ean generate from

1 to 2 MW zccording to design, enrichient eind cooling: conditions.

The maximus power of the exrgeriirental mone then amounts to

about 20 M7,

The experimental zone is

]

1

nigh enriciuent proven fue

25 1.

urrounded by a "driver zone'" with
1

eleents, generating on the whole

The total power of the E33CR ecore, wiil: the experimental zone

filled uz reaches thus apsroxicately
The operating cycle is

weelr reactor shut-down fer fuel Landling.

The control system of the resctiosr core is located in the heavy
water reflector, outside the driver zone to mininize the flux
perturbation in the experimental zone. This arrangement

involves on th2 other hand soue lizitations in the matter of reac-

tivity control

O
O
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It is possible to connect several channels and fuel elements
of the experimental zone in parallel to a single cooling loop.
The following cooling mediums might be used : water, steam, gas

or organic fluid.

Eaeh loop is housed in a separate shielded cave, is provided with
2z control room in the reactor hall ( connectcd to the main control
room) and supplied with all auxiliary services ( water, nitrogen,

compressed air, vacuum, active and non active waste, power supply,etc...)

Five eaves are available to the customers of the ESSOR plant.

Three of them are now occupied by the following cexperimental loops

- Bl 1 : CART loop with fog cooling,belonging to the CIRENE program
of CISE (Italy)

-~ 2 2 : Organic loop for the study of the chemical properties of this
coolant. Up to now the loop is not connccted to any experimen-
tal channel. It might be of interest to the promoters of the

ROVI program (Italy)

- Il 5 ¢ Organic loop which should be connected to 4 to 5 experimental
channels in parallel. The 7inal adjustment work 18 in progress
and the loop should be ready for the connection with channels
and experimental fuel elements during summer 1969. Conceived
within the ORGEL program, the loop may also be used in connection
with fuel elements and channels of other heavy-water reactor

lines, and in particular for the CANDU and SIEMENS concepts.

- 2 caves, EK 3 and EK & are available to other customers.

ZUR/C-15/127/69 e.
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2, Hot laboratory for fuecl elements (ADZCO)

After dirradiation the fuel elements are discharged from the
reaetor core with onc of the two siiielded casks and deposited
in the decay pocl (when necessary zfter introduetion in a storage

container).

“hen the residual activity has decayed undcer 100.00C Ci X (1 Mev)
the fuel elements are conveyed under water to the main hot ecell whieh

is at the sane time 2 dispatching stat’on for the transport to

the neutrogranhy cell or te the wmetrology and conditioning cellse.
The main hot eell is fully ecuirped with machine tools for any
renote disassembling, eutting, izilling, clad rewmoving and

sectionning worke

The neutrography cell for neutron radiography of fuel rods and

s}

he accelerator,

ct

elusters is not yet provided with

The other eells one designed for the following operations : me-
trology, lealr test, ga.ia-secanning, puncture test, fouling test,

etCoes

The fucl rods are then sent tc the liezn hActivity Laboratory (L.ilsh,)
of the ispra Center,for nmctzallurgical exaninetion of cladding
(hardness, therual andé electriczl ccoiductivity, uetallography,

fission gas diffusion, ectcCess)s

2UR/C-158/127/69 e
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34  Hot laboratory for -structural components fATFI)

The cells are shieclded for 7.50C to iC.0LC CL Y 1 leV, but they
have not the tightness. recquested Dy the handling of irradiated
fissionable nstoerials. They are tihus devoted to structure compo=-

nents such as chaniels, contrcl rods, structural elements etc...

-y

The possibilities offercd by these cells are coutstanding with
regard to tine rmaximum lengtir of the components hanled (un to

0 meters).

The first cell is eculpred Tor the Inazer and outer inspection of
the ehancels, for ctrology and for cutting pressure and calandria

tubegs,

The second cell, of swmaller size, serves for burst testing of
tube sections and for waclining oI sziwles to be sent to the

Lalio ko

it iz obviously nossible to “natrocduce i the hot lzboratories

irradiated conponents whiech are not coming directly from the

For instance, a transport container wmay be unloaded into the
decay pool with the 40 tons itravellisng crane : in this way it

is planned to introduce i the LDLCC Laboratory some fuel elenents

of the PR reacicor of Triunc-~Vercellese.

ZUR/CIS/127/569 e
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Several nobile ecintainers with lead chielding and the necessary
trusits and treilers, liceiced for ozen road transport, are
available at the Igspra Center, With this equipment we can
take charge in any eountyy of the Comrunity of eomponents of

a wide range of activity and size delivered by custowmers and

(=3

to be exawined in the L3301 pleant.

__-.::::zooooooo.—_::---
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SECTION B

PROCZEDINGS OF THZ MIEETING HELD
AND Lth

96¢&

AT ISPRA ON THZ 3rd
1

SEZPTEMIIER

Seope of the meeting : Irradiation programs in ESSOR

survey ol possibilities vs requirements

o

and wishes or interests of reactor

proroterg.

Attended the meeting :

CEA H Mr. BAILLY
CISE Messrgs. MCOCRANDI
SCARCNI
CNEN : Messrs. &4IIBROSINI
MANCINI
GAAA Mr. BOIROH
INTERATOM Mr. MARKTORT
MONTEDISON Messrs. BIONDI
SCHIAVZILLO
SIEMENS Mr. STEULE
TSSOR : Messrs. BCHIJAURE
LICOoQ
LMA Mr. YLERSY

DZO Progran Mr. CEARRAULT

EUR/C-1S/127/69 e
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The meeting began with a review of the main characteristics
of the ESSOR complzx and oif the carrying out of experimental pro-
gramse. A prelimineary report, resuning the main itens of infor-

mation was distributed.

As requested by the particinants, Mr. Bonnaure outlined the
reactor operation schedule and the remaining possibilities for

irradiation, not yet schecduled {Appendix 1).

Precisions were given on the necessary steps requested by the
realisation of a new lcop, from the first concept to the execution

of the tests (Appendix 2).

As it was clear that, in the frame of the meeting no hypothe-
sis should be made on the Zinancing o new programs, nor on the
maximunr of the corresponding budgzsis, the participants expressed

their wishes concerning the operation of the reactor and hot la-

boratories (Appendixz 3).

ties of the recactor and of the

P

On the basis of the possibil
requirenents of the participants, four typical attenmpts of a fu-
ture utilisation programn for the whole experimental loopsof the

reactor have been outlined (Apnendix 4&).

EUR/C-1S/127/69 ¢
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Approxinative

APPINDIX 2

(LI -

TYPICAL TIIE ZCHEDULE FOR THE
INSTALLATIOH OF A NEW LOOP IN

ESS80R

tine evaluation

6 nonths

3 months

18 months

3 to 5 months

k., -

EUR/C-18/127/69 e

Discussion step (necessary to get a gencral
agreenent with the Comnission)
c

ca¢ and general desgcription of loon» and

Tomntative design
Tenntative cost evaluation

Temdtative time schedule

Prelininary design

Samie points as above but nore detailed

the safety report study

Mznufacturing components

Assenbling in the caves

[o
i

0]

v

» and lower chamber works

At the sane tine :

oading

1
(]
(o]
e
[0}

- intgerlock nodifications
including channel and

o,

nandling and remote control <row the main

~ final operation tests,
el
control room
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2 nonths : 5e = Start-up
Interloek and proecdures operational eoentrol
final safety agroement
Low power tests

+

High power

Full power operation

Totel time = from 27 to 3k months, denending on nanagenment,
interferenees with running rceaetor prograwg, inherent complexity

and safety,

- Tasks 1-2e3 may be performed curing normal, full power, reactor

eperation.

Task 4 implies a reaetor shutdown and partial unloading of the

LOI'Ca

Tasks 2-3-4 nay somehow overlap udon eaeh other.

;
) ‘.ﬁ

Step 1 leads to basie agreement, cost sharing and contract.

Step 2 provides neeessary doecunents for a preliminary agreement

o2 the ESSOR Safety Committec.
Steps 3 and 4, cover effcetive construction and commissioning testse

Step 5 belongs to operational tests and final safety inspection for

operation license.

EUR/C-1S8/127/69 e



A IRRADIATION

APPENDIX 3

I, Present facilitics

ESSOR eustoniers are

CISE

EURATOM

Status

e Wl

CISE

ORGEL

MISCEL~-
LANEQUS

CART loop (CIRENE programj. Fog cooled, light water.

Channel 1.

MK 5 and 3 2 loons (ORGEL progran). Organic coolant.
Channels ne 5, 7, O, 9 and 10 for MK 5, channel 2 for

EK 2.

CART loep ready. Jill »narticipate in ESSOR start-up
to power.

Its irradiation program, in 1969, will be handicapped
by the extended stop nade necessary by loading ORGEL
chainnels in the core and by the new start-up tests

of ISSCOR with organic loops.

Full power irradiztion in 1969 is considered of first
inportance for the CIRENE fuel developnient prograit.
Irradiations ares eudsoted to extend on 1970 and 1971,
possibly later.

MK 5 and EX 2 loops are complete, but they need fit-
ting and adjustment work.

Loading of ORGEL channels in the reactor core is
scheduled in summer 1969 and final tests, including
start-up to power will take place during the second
half o7 1969.

Existing facilitizs allow for samples irradiation
both in organic loocns, rabbit facilities and blind

channels of lovwv internal diameter.

EUR/C-158/127/69 ¢
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1)

Cise

SIZMENS

CNEN

MONTEDISAT ¢

197C will be a full power irradiation ycar for both
nrogramns,
In the courge of 1970 or at the beginning of 1971,

CRGAIL irradiations will recaeh a branching point

Zither the construction of an ORGEL prototype will

be decided and, then, the "Groupeimient Prototype" will
talte fulluwse of MX 5 with 4 channels *(n. 5, 6, 7 and 8)
and EX 2 with 1 channel (n. 2). In that case, all these
sitegs will be occupied until 1972-1973.

Or the Comnission will limit hersel? to comnlete the
reseerch and developiient tasks for ORGEL without any
furtiaer attempts towards an industrial step.

In that ease, the irradiations will go on until 1971

in ehannels 5, 6, 7, 8, 9, 1C of MK 5, and nossibly

in enannel 2 of EK 2, though it eould bz conceivable to
switch EIl 2 on other jubs.

Foresees a prosecution of irradiations in CART over
1970 and 1971, cven later.

Could possibly irradiate UOz/ThO2 fuel samples, and Zr
alloy eladding tubes in capsules eocolad, by organic.

EX 2 loop could be fairly casily adanted to this kingd
of oaxperinent.

Irradiation conditions and device, still to be defined.
Is interested in irradiation of high density fuel na-
terials such as U-Si alloys.

Would be interested in completing and starting EK 3, in
the Zrame of an irradiation program, in channel 3, of
UC/SAP fuel in HBAO at about 200°C for the ROVI project.
Lowever, fitting and adjustment delays of EX 3, together
with fuel developuent schedule let suppose that no such

irrediation ecould take place in ESSOR belore late 1970.

[ U U S RO S S

¥  Sec ann

~p
ex 5

EUR/C-15/127/39 e
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Operations invelving nex

(@
F‘ﬂ

ll
P(‘k
o
4]

Prospective cugtomerg would bhe

-
s )
ok
©
Lo
o
&)
(‘.
9]
o
) -+

INTERATOM n irradiations of UOZ/Zr, high

burn-un fuels in . preaspurized water loops.

CISE/CNEN : Hope to operate, besides CART, a fuel irra-
diation Tacility consisting of a fog loop
connected to 3 chant.elg, and a superheated

steai loop, eonnected to 1 channel.
GAAA ¢ HNo prepesal, no comment
CEA/SIEMENS : No proposal, but (should a water loop be built

and operated by EURATOM) would presunably per-

form gone irradiations in this facility.

EUR/C-15/127/69 e
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HOT LABORATORIES

P

1.

stailed Gescription of the ESSOR hot facilities and LMA

N

(Mecium Activiiy Laboratory of the Metallurgy Division) can

be

1.2

L

found in papers 5 and 6 of the docunment distributed durin
- .

9
sons present had the opportunity to visit

equizuents during the 2nd day of the meetin

©Q
-

ciecs offered to the customers are briefly renine-

£oDo2.Co0. {Fucl examination hot cells cf ESSOR)

. S
.n cperation)

ot
=
[s1)
)]
)
l de
3
s}
el
(6]
}.J
‘J
oe}
—
} de

Bundle dismentling machine (in cperation)

Cutiing raching (in operation)

in operation)

Tightnogs-test (planned for end 1969)

Metrolocy Had for bundles and rods (plannsd for end of 1969)
Heulirograniy coll (nlanned for ond of 1970)

Gartia scanning bed (plannzd for znd of 1969

L.T.7.I. (Prossure tubes exanination hot cells of ESSOR)

Bed Tor intocrnal and external TV examination {(in operation)
Internal diameter neasurcnent apparatus (planned for 1970)
Bowing measurement apparatus (planned for 197C;

Transversal eutting machine {in operation)

Cold elium leak-test (in operation)

Ccld burst-tzst (in opsration)

. Y

Iiot burst-test (planned for end of 1969)

liilling nachine for preparation of samples (planned for 1970)

Metrology bed For short piecess of preasure tubes {(planned

for end of 1959).

EUR/C-IS/127/69 <
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C1SZ/CNEN/ENEL

APECO
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L.M.A.

[N

{LiecZv Activity Laboratory of Metallurgy Division)

in operation as a whole

Puncturc-test Tor fuel rods
Milling ncehine for scanning

Milling machines for ceranic fuels

-

Gamma-scanning

Stercosconic~Poriscope

Sneecialine cad-cells :

- i
L e A R S

Metrology o7 Zuzl and sheath specinens

and scheath specinens

Meacurenent of therimal and electric conductivity on cy-

S

lindricel Suzl gpecimnens

-

Resin-coating and polishing of fissile and non Zissile
shecinens

Microsecone

Macrc and nicre hardness

Tensils fests {up to 60C °C)

Notel teets (5 kg x m from - 150°C till 600 °C)

FHeat treatnment Jurnaces till 2000°C

from fuel speecimens and gas analysis

Figgion geas releasce

Prospective custoriers wishes

e

An intercst has been manifested in the following itens :

{CIRZNE progran)

- Bundles and rods dismantling
-~

- Tightness test
- liztrclogy of bundles and rods
- K scanning of rods

- Neutrcoraphy of bundles and rods

EUR/C-158/127/69 =
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(Only for the second pressure tube ;

- B/11 -

B

Metallography on fuel and sheath specinens

Tensile tests on shecath specimens
Measurement of hydrogen pick-up on sheath

specinens

end of 1969)
Internal inspection

Internal and external dianmcters

Bowing

Defect deppness neasuretients

of grids on the channelj.
the C.E.A. concerning the utilization of ADECO
on a possible execution of an irradiation pro-

from CZA do not exclude to use ATFI.
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APPENDIX 4

R - = -

Pesoinle Combinations

.

fer nev io0opPs in the ESSOR caves

boiling water
1. 1 cave Zor 1 locown miultinurpose pressurized water
1 cave Tor 27 3 @ recedy for usc
1 cave for CART : CIRENE »nrogran
2 caves Tor ML 5 and & 2 : ORGEL zrogran

1 boiling water loodn

vogsible extension to

heeatad stcen)
ur

1 prespurized water loco:
3 ¢ ready for use

B
or CART : CIRENZ progra:r (and pesgible extension to

2 caveg for ILI 5 and i 2 ORGEL w»nrogran
3. 1 cave Zor i 2ressurized water loop

d
1 cave for 1 boiling water loop (and possible cxtengicn

cave for CART : CIRENZ progran
2 caves Zor il 5 and ZX s CRGEL »nrogran
4, 1 cave For 1 »nregsurized water loop

1 cave for 2 loops

1 cave for CART : CIRENE progran

2 caveg FTor X 5 end ZK 2 : ORGEL narogran

As regards the potenitial use of new loops, prospectiive custoniers
would be
boiling water looD . 3 channzls for CISE/CHEN/ENEL
(CIRENZ prograi)
t2d steoan loop : 1 channel for CISZ/CHNEN/ZNZL
(CIRENE program)

pressurized water lood : 1 channcl for INTERATOM and/or

1
SIEMENG

1 or 2 channels for CEA.
EUR/C-18/127/69 =
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APPENDIL 5

from GAAA on geptenber 30th the following speci-
fication : ghould the ORGEL nreototype choice turn on a natural ura-

1, GALA would like to have the M 5 multinle loopd eguipped

Ui,y U L L
with a number of channcls higher then 4.

o]

O

BUR/C-15/127/69 e
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dismantling and inspection of 2

PWR power plant. This work wil
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- B/1k -~

1059 an agreement with ENEL-FIAT for
Tuel bundles of the TRINO-VERCELLEISE

begin during summer 1969.
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SECTION C

IRRADIATION IN RIGS AND LOOPS IN THE FRAME OF
EXPLORATIVE STUDIES

1. Introduction

As we have seen in the secotion A, ESSOR is in the first
place an irradiation Tacility Zor Fuel eleuents and channels of
heavy water moderated reactors, and secondly a testing facility

Tor comnlete loops.

Unfortunately, the realization of these loons, channels and
fuel elewments reqguires a certzin amount of time,whilst the
manufacturer is usually interested in preliminary tests, or
prefers to test subassemblies already at the project and
development stage, by means of irradiatien rigs, or in existing

loons originally designed with a diTferent nurpose.

2. Posgsibilities of water reactor components testing in MK loop
) g ¢

According to similar experinentz, and in narticular to the
canadian reactor WR 1, it is possible to irradiate components

o7 water cooled reactors (Hzo or DRO) i one or several channels
of the X 5 loop. In this case the analogy existing between the
thermal exchange of water and organic 7luvid allows this kind of
test., Furthermnore the X 5 loon rizskes it possibie to study
the hydridation and embrittlement »nrocess of zirconium and its
alloys,on account of their sinilarity of behaviour in presence

o

oY water or organic fluid.

See for example the following irradiations:

~ cluster, or assenbly of 1 to 2 “uel rods (triplet) for the
heavy wvater/heavy water or heavy water/light water reactor
lines, as: UOg - Zr Nb 2,5, uo, - ZYy L, U0y - OZEHNITE,

U0y - Zr - Cu - Fe, U3Si - Z¥x.

EUR/C-15/127/6G e cee / oenn
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- channels, ealandria and pressure tubes with solid or gas
insulation, made of stainless steel, zmircaloy, SAP or new
alloys,

~ samnles of cladding or structural material, diffusion

barriers, hydrogen traps, etc.

rradiation conditions in the MK 5 loon are very clase to
actual conditions in a water reactor with regard to power
density, thermal exchange, hydrogen »ick-up, etc. But the
operating pressure in the experinental section will remain
cocnsiderably lower than in a water reactor, so that cladding
and channels cannot be subinitted to pressures exeeeding

20 kg/cmz, although this limitation is not 2 serious handicap.

3. Utilization of irradiation rigs

fall within this term devices such as ovens, irradiation

cans, snall indipendent ioons, rabbit holes, etc., which can

be introduced in the reactor core tinrough a '"glove-finger"

tube plunging in the noderator or in the organic ehannels,

holding small samaples For irradiation (“rom: samples of non

fissionable material to comnlete fuel elenent rods).

To this nurpose the ESS0OR »nlant nanagenent has foreseen the

adaptation of existing devices, designed and manufactured

Tor other reactors like:

- CHOUCA: irradiation rig, usually for non fissionable material,
in isothernal conditions u» to 1000°C - Available in different
sizes for sawnple diameters of 2L to 54 nm.

-~
2

issionable material; tenmperature
)

- CYRANO: irradiation rig for
of the fuel surface up to 1000 C, linear nower 1700 W/cn max.
Possibility ol calorimetric weasurements - Available in two

zes Cor sanple diameters of 26 to L6 mn.

72}
[

1
o
=

75¢ irradiation ovens for chemiical! and physical studies at
very high tenmperature (up to 2000°C). Max. sanple diameter

2L .

RUR/C~13/127/69 e
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Sone meascurements are made nossible in these irradiation rigs,

O

S: creen, swelling,thermal conductivity, resistivity, pressure,

t

o
0

All these rigs are reliable and already manulactured under
standard conditions, which makes it vossible to obtain them at
short delay, also with active lenghts of 1,50 m ensuring a Full

utilization of the ESSOR flux:.

At present the E3SOR reactor cannot admit many CHOUCA or HF5
devices, owing to the small reactivity reserve of the fuel
charge, but the difficulty can easily be overcome, changing

the specifications of the driver zone fuel elements, or

With regard to the CYRANO device the zituation is better

o

because the Tissionable wmaterial of the rig compensBates the
absorption of the structural components,which has been reduced

by an accurate choice of the nmaterial.

L double rabbit hole is also available in the ESSOR reactor
core, with a diameter of 13 mm for camnles of 14 x 40 mn, for

short irradiation and activation analysils.

Irradiation of zammles in the inner shell of modified driver
zone elements is being considered. This couléd Iead to studies
on hard flux material behaviour in small sized samnles at low

temperature,

EUR/C-15/127/69 e
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SECTION D

PP P

SUBSIDIARY APPLICATIONS

AIDS TO NUCLZAR PLANT OWNERS AND UTILITIES

Index

1. Introduection
2. Other possible experiments

3. Training c¢f reactor plant operator staff for other rceactors

and utilities

4, Utilization of ESSCR staff and technicians for intervention

and repairs in nuclear reaetors or nuclear power stationag.
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SECTICHNK D

SUBSIDIARY APPLICATIONS .
AIDS TO NUCLEAR PLANT .OWNERS
AND UTILITIES

Introduction

Conceived for a specific tasi, namely the irradiation of core components
in real size, as we have seen in the preceding sections, ESSOR offers the

possibility to perfom also other experiments. Inthe following lines an

17

attempt is made to-'shape  some of these possibilities.
On the other hand, the ESSCR reactor plant with its handling stations,
decay pools, hot laboratcries, decontamination hall, is the most suitable

environment for the devzlosnment of in-core inspection and intervention

equipment, for- testing @ underwater handling, and in general for the training

of interwvention teams availesble to the nuclear plant operators of the

Community.

Other possible experiments

The main experimental channels have a considerable inner diameter; it is
thus conceivable to introduce into the reactor core, both directly in the
moderator or in the '"glove finger" tubes, nrototypes of control devices

such as ionisation chambers with diameters reaching 150 mm, control and

safety rods, etc...

The possibility of introducing control devices ag well £frow: the upper as
from the lower plate of the reactor tank, allows to test, besides gas
absorption and so;id-fods, also liquid absorption rods which must be

introduced from the core bottom; this is a facility that is not offered

by many other reactors,

EUR/C/1S/127/69 e.



D/3

- ESSOR may be useful for practical studies of '"spectral shift" on a
limited isotopic range of heavy water. Two Sulzer reconcentration
columns are available for the extraction of light water passed acci-

dentally or purposedly in the moderator or driver zone heavy water.

- In the driver zone heavy water loop, separated from the moderator, it
is possible to experiment the chemical reactivity comtrol by injection
or extraction of soluble poison without excessive consequences on the

reactivity.

Training of reactor plant operator staff for other rcactors and utilities

As an experinental faeility ,available to all member countries of the
Conmunity, ESSOR can receive apprentices- of any mother language or natio-
nality, such as : reactor operators, loop operators, hot laboratory tech-

nicians and¢ health physics technicians.

Joint to the Ispra school for nuclear plant operator staff, a practice
in the ES30R »lant might be adapted to the requirements of nuclear plant
manufacturers and nuclear plant managers , as well as to the requirements
of nuclcar power stations, planned or already in construction in the

Community.

EUR/C/1S/127/69 e.
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Utilization of ESSOR staff and technicians for intervention and

repairs in nuclear reactors or nuclear power stations

=

The operation of the reactor plant has made it necessary to collect the

following technical facilities and corresponding know-how :

~ inspection of reactor core :

micro TV canmera
endoscope, boroscope

macrophotography, remote inspection

- measurenent of surface irregularities and deposit @

optical

nechanical

- special intervention tools :

tightening tocls
screwing and unscrewing, cutting and disconnecting tools

2nd cutting tools with remote control

sSaww

[ @]

welding machine with remote control

- intervention and protection suits and equipment @

- .S D it W S Tm N e e G R S W A e e A W W Ae G MR A we N WY D M G AR VR G e S R S o S e e

protection suits for decontamination and fire-fighting

breathing set in open or closed circuit.

EUR/C/IS/127/69 e.
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The rescecareh center is provided with additional decontamination and

health physics equipment, that is :

- two intervention trucks nceceting the prescriptions for transvort

by rail :

( . one equipned with health physics intervention sct,
decontamination showers, surface decontamination

set, heavy-duty vacuum cleaners, dismantling tools,

. One with a 12, 5 KVA generator and power supnly
system, 100 m3/h compressor, pressure 7 atm,

compresgor for 225 ata, repair tools

- two lorries for hot ccirponents transport, with transport

containers c¢f differcent scizes, waste disposal tanks, ctces.

This aetivity might be reinforeccd. The intervention team and the equipment

&

~ »

eould be available to nuclear plant owners in case of serious {ailure,
asking for ingpection and dism~ntling equipment to be employed in active
or decontamination arcas, underwater dismantling and machining, decconta-

mination, etc...

mwmm===0000000=2=n~=

EUR/C~18/127/69 e.



PART 2

=mERE=

Technical Snecifications

Section 1 = Reactor nhysics and irradiation
Section 2 = General lay-ocut and equipument
Jection 3 = Exverimental loop caves and control rooms
Section L = Handling of rcactor comnonents
Section 5 = Hot laboratories
Section 6 = Medium activity laboratory (LMA)
Section 7 = Data logging and processing (TIS)
Section 8 = Safety procedures
Section © = An irradiation device: M¥X 5
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o]

EUR/C-18/127/69 e



SECTION 1

S P - P -

KEACTOR P.UGICS AL IRRADIATION

1. Geometry and omerating concditions

1.1, Geometry

Sela Operating conditions

2e Ir iation possibilitiags.

MR My e

2ele Thermal neutron flux
22 Fast neutron flux

2.3, Gamma dosis

3 Reactivity

L, Cperating cycles

Se Calculation methods

Literature

EUR/C-I8/127/69 e



- 1/2 -

SECTION 1

REACTOR PHYSICS AL IRGADIATION

1. GEOMETRY AND CPERATING CONDITICHS

1. 1.

Geometry

The horizontal section through the reactor core is shown in
fig. 1. The stainless steel reactor tank (inner diameter

2:3860 mm) filled with heavy water, contains i

- 8 peripheral channels disposed along a circle, dianeter

1.750 mm, equiped with level meters for the heavy water
(17 and 19), neutron detectors for the start-up of the
reactor (23 and 24) and for the reactimeter (18 and 20),

a gamma flux detector (21 ,gamma calorimeter)

on a second circle, diameter 1450 mm, 16 control rods,

hamely 3

- 4 safety rods
- 8 + 2 compensation and shin rods

- 2 fine control rods

along a circle, dicueter 1180 wi:, called the "driver zone',
16 ESSOR fuel elements, DRe2 type, cooled by heavy water

in re-eittrant channelse.

The normal charge of Up3s of these 16 elements is about 630C gr.

EUR/C-15/127/69 e
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The zone inside of this circle of fuel eclements is reserved to

the experimental channelas. The axial shielding blocks now
installed allow the passage of 12 channels in a rectangular grid
of 256 mm pitch (see fige 1). The diameters of the passage holes
in the upper and lower shielding block are 170 mm and 134 ma
respectively (see fige. 2). As the wmoderator inlet tubes must
surround the channels in order to provide for their cooling, a
free diameter of 150 mm (with a reduction to 114 mw in the lower

shielding) is available for the experimental channels.

Between the channels there are 13 small tubes which are used to
measure the distribution o7 the neutron flux in the irradiation

zone by means of small mobile ionisation chambers.

The driver fuel elements have an active length of 1540 mu. The
height of the heavy water of the moderator is 2370 mm. Above
the heavy water there is an atmosphere of helium of 170 mm

thickness.

is3+ Operating conditions

-

In the first core only the position i contains a channel, the
other holes in the shieldings are closed by plugs. It is
foreseen to install Orgel channels in a second core in the posi-
tions 5, 6, 7, &, i2. The positions 2, 3, 4, 9, 10, 11 are for

the moment available.

The total power of the reactor is 25 thermal MW in the 16 elements

of the driver zone.
In normal operating conditions, the iiean temperature of the heavy

water moderator is about 48 °C, the mean temperature of the

cooling heavy watcr ig about 52 °C,

ZUR/C-18/127/69 e
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2 TRADIATICH PCSSIBILITIES

2els Thermal flux

L N R e ke

The thermzl neutron flux in the central plane of the irradiation
zone is at nominal power of the reactor, that is at 25 MW,

about 3 x 101% n./cm2 secc (in Westoott units ) , if there

are no channels installed in this irradiation zone. The thermal
flux varies by about = 15% dernending on the location in the
irradiation zone : for instance ot the axis of the reactor

there is a flux of .4 x 1014 wvhereas nearby the fuel elements
there is only a flux of 2.0 x 101k,

Theoretically therefore small samples of fuel which do not
cause any flux depression or self absorption could reach in
the heavy water a specific powver of 1.3. x 104 W/g Us3s,

corresponding to about 100 I/g of natural uranium.

The installation of irradiation channels, the organic coolants
and also fuel elements ,depress the thermal neutron flux and

hence also the possible specific power. A typical element of
natural uranium with 19 rods in a double channcl consisting

of a pressure tube and a calandra tube of about 10 cm inner
diameter depresses the flux in the moderator by about a factor

of 2, In the channel itself and in the element the flux is

once more depressed by a factor of 2, so that for natural

uranium elements a mean specific power of about 25 Y/g of natur=al
uranium is possible. In smeall irradiation samples in an

organic cooled channel one can expect about 50 W/gr.

EUR/C-IS/127/69 e
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The possible specific power of cnriched fuel eclements increases

a little bit less than the cnrichment,as the flux depression

in the moderator and the self absorption in the element increases
vith enrichient. For a 1.7% enriched fuel element for instance

one obtains 45 /g of uraniuii.

The interference of the fuel elewments in the irradiation channels
under each other and with ZIrradiation channels filled with
coolant with respect to the flux and reactivity of the reactor
must be studied for each configuration. In general the changes
of the flux will not be too big (of the order of I 20% with

or without neighbouring eclements).

Radial flux distribution

Fige 3 shows as an example the experimental results of the
relaotive distributions of the thermzl neutron flux in the
reactor mid plane for a configuration containing 8 elements

of the Orgel type.

Axipl flux distribution

Fig. 4 shows the axial distribution of the thermal neutron

flux along the driver Tuel elements. At the end of the charge
of uranium, a small flux peak towards the moderator can be
observed. The axial asymetry of the flux distribution is due

to the control rods which reizain in the upper part of the reactor.
This flux dcpression reaches its maximum when the control rods

are about hzlf way withdrawn. However this influence is

mainly limited to the circle of tihie driver eleuents. Along

the fuel elements in the irradistion zone the axial defor-

mation of the flux is rather small.

ZUR/C=-1I8/127/69 e



- 1/6 -

For cxample, fig. 5 ghowe an -~.lai agynmietry which is of the order
)

+ . . .
of - 23 % ( furthermor~ cnz sees 1n tiis Figure a rather important

2lux peak in tihe centor oi the recactor whieih is due to the grid of a

o~ o~ A

“ue? eclement of the Orgel type composced of two sections).

I7 the elements to be placad in tne irradiation zone are shorter than
thozse in the driver =zone, the axial distribution in the active part
beesme flattoer. liswever at the ends one has a rather big flux peak which

can be partially eliminated by a follower.

I no clements arce loaded in the irradiation zoney tne thermal neutron

~-

five is about sinusoidal with an extrapolated core hceight of 200 cm.

-

A typical example of the variation of the thermal flux around a fuel
element is given in fig. 7 ; in this particular case, the charge of the
irradiation zone was not symmetric around the position 5, nevertheless the

. . . . . A
azinuthal variation remained within - 7 %.

Tire flux of the fast neutrons for cnergios‘> 1 MeV is of the order of
13 2 . . v s L
10 n/cm” /sec in the driver zone. I7 “hoere are no clements loaded in the
irradiation zone, the fast flux is about 1000 times smaller on the axis
of the rcacter. The axial distribution is given in fig. 8 for fast ncutrons

of several velocity groups.

ZUR/C-1S8/127/69 c.
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243+ Gamma doses

In the driver zonce, ot the reactor midplane, the gamiza dose

S

is of the order of 109 r/h (corresponding to about 3 7/g).
Thic dose decreases by a factor of 16 on a distance of
LG cm in the heavy water. On the axis of the reactor
and on the inncr surface of the vessel a gamna dose of

108 r/n is expected.

3.  REACTIVITY

There are { control rods foreseecn for the compensation of
the chengements of reactivity of the core during operation,
As the position of these rods o the circle outside of the
driver zone has been chosen so as minimize the flux variations
in the irradistion zone, their reactivity value is rather
liited. Furthermorce, this reactivity varies with the
loading of the reactor. In ~» core with 16 driver fuel
elements and .ith the irradiction zone full of heavy water,
the § compensation and shim rods have a rcactivity of

about 16%., Jith 6 elements of the Orgel type,{(which repre-~
sent a total of 18CC gr. of Upjy) the reactivity of the

& rods is only 1C%.

The & rods must first give & shut-down margin of 1% when the
reactor is cold and unpoisoned; then they have to couipensate
the Zenon and Samarium poisoning as well as the cold-hot
reactivity, which awount to about 5%. The reactivity

effect of the burn-up of fucl eclements is estimated to 3 %.

IUR/C-I8/127/69 e
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dence,  there remains only about 1% to compensate the reactivity
change due to variztions of the oore charge ( i« e. loading

cr unloading of fuel elements in the irradintion zone). As

one sees, the available reactivity of the control rods is not
quite sufficient to compensatc the effects of different charges
of the irradiztion zone. Hence one will have to compensate

the reactivity by other means. Tith the existing driver zone
fuel elements of EG30OR, the reactor will in general have an
excess reactivity when test fuel elements are loaded and this can
be compensated by adding an absorber to the moderator j;e.g. 1%

of light water in the heavy water :ocerator diminishes the
reactivity by about 10%. If one¢ should have to mount provisio-
nally empty channels in the irradiation zone, it would be neces-~
sary to increase the charge of uranium of the driver zone, which
necessitates to order elements with higher uranium contents (with

delivery terms of about 1§ months).

If more thant 2000 gr of Upj3s should be charged in the irradiation
zone, the efficiency of the contirol rods would decrease apder 9 % and
would then no longer be sufficient to compensate the burn-up;

in this case, it would be convenient to increase the number of

the control rods.

Also the efficiency of the safeiy rods wust be checked in the

case of an important loading in tha irradiation zone. The neces-
sary efficicncey of course dencends on the recciivity which can be
liberated in a maxinum credible accident, It depends hence

on the naturc ¢f the coolant of the fuel clements to be tested.
For organic coolant, which is an absorber of neutrons, the ef-

ficiency of the safety rods wmust be rather high.

EUR/C-I5/127/69 e
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Opzrating cycles of normally 3 weeks ore foreseen. Zvery three
weeks the reactor will be shut down and & of the 16 driver elenents
wili be replaced by new fuel eleuents. This operation causes

an increase of reactivity of the order of 2.5%. Superimpo~
sed to these saw teoth shape reactivity variations y, the decreasc

due to the burn-up of the test eleuents 1s to be noted.

This operating cycle involving unloading of 1/4 of the elements

has been chosen in order to limit the flux variations and the
resctivity changes from cycle to cycle and on the other hand

to have a rather long irradiation period. In equilibrium the
reactor contains hence 4 grouns of ZUJOR fuel elements with dif-
ferent degrees of burn-up (10, 2C, 30 and 40% of the initial uranium

charqgc.,

5 CALCULATICH H2THCLS

Despite the rather complex geoumetry of the reactor, anc
the big influence of the configuration of the irradiation zone
orr the reactivity and the distribuition of flux in the reactor,

a critical mock~up of the corc ig not abgsolutely necessary.

4 new calculation method based on the heterogeneous theory has
been developed and experimentally verified on some typical
configurations., Gn the basis of this method, the TRIHET code,
which uses two group diffusion theory, and the HETROGIS code,

which is sinilar but uses 3 diffusion groups, allow the calculation
of Korge of the reactor with a precision of L 2% and of the flux

+

distribution with 2 precision of the order of 10% (see figs 9).
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In order to calculate the burn-up of the reactor, the code
ORACLE has been developed, which will be checked and adjusted

according to the first experimental results to be obtained soon.

The fine flux distribution and the heat generation inside the
test elements can be calculated with a combination of the

7

existing codes THERMOS and DiY.

Finally, the test elements are eguipned with in-core instrumentation
(thermocounles, self powered betx detcctors and Co dosimeters)
which provide a better knowledge oif the irradistion conditions

(temperatures, swmecific powers, integrated powers).

ITERATURE

7« HAGE and others : "Symposium on ficavy Water Power Reactors!

I.L.2eAs, “ien, septs. 1967
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Section 2

GENERAL LAY-OUT AND EQUIPMENT

1. Reactor containment

The metallic containment housing the reactor and its loops is a

steel orthocylinder kept under pressure.

Diameter : 45 m. Height : 45 m.

Wall thickness @

- up to the girder of the

rotary crane : 18 mm.
- above the girder : 14 mm.
- on the dome : 10 mm.

The lower part (12 m.,) of the reactor containment is filled with
normal or heavy concrete, providing several caves for the reactor,

the loops, and the auxiliary systems.

The upper part (33 m.) is the so-called hall, the floor of which

is 5 m above the external ground.

There is a 50 t. rotary crane, with a 5 cm fine adjustement of

the radius for the axial operatioms and an auxiliary 5 t. hoist.

The entrance is allowed by 3 air locks : 2 for the personnel and
1 for the material (width 1,82 m, height 2 m), and by 1 truck-door
(width 4,5 m, height 3,9 m) which can be opened only in absence of

depression.,

EUR/C~-1S/127/69 e
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The reactor containment has been designed to whistand an over-
pressure of 250 g/cm2 (test pressure 312 g/cm?2, overpressure for
the maximum credible accident 125 g/cmz) and an underpressure

of 6 g/cm2 (test underpressure 7,5 g/cmz,normal working under-
pressure 4 g/cm?). In order to limit the underpressure at

- 4 g/cmz, special low pressure valves open at = 5 g/cm2 and
close at - 4 g/cmz; the underpressure is created by the venti-
lation system. The extraction, more powerful than the inlet,
is provided with a buffer-volume allowing the ventilation in a
closed circuit in case of contamination, or the outlet towards

the stack (height 80 m) in normal opcration.

In the reactor containment the ventilation renews the air 4 times/h ,
inlet flow : 65.000 m3/h, and keeps both temperature and humidity

in their normal range (20°C and 60% normally).

The power net of the reactor containment is "explosion proof"
(VDE rules) in every room containing organic coolant and in any

space with direct communicatione

2. Cold workshop

The cold workshop has a surface of i3 x 25 = 325 m2, It is
provided with a 2 t. travelling crane. The main available tools

are 3

milling machines (a big one and a small one),
lathes (a big one and a small one),

saw

hand bending machine,

cutting machine,

roller,

electric welding machine,

argon arc welding machine,

autogeneous welding set,

grinding machines,

polishing machine,

[ I R O N - T T (S b

hydraulic test pumpe.

EUR/C-18/127/69 e
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The worchouse is loeeted in a separate bout 50 m. from the

o
o
l-l-
t-.-l
o
T
=

«
o

B . 2 . - ;
reactor oid has a surface of 500 . It consists o 3 halls, 2 cof
virielr are nrovided with 3 t. travelling cranes. The halls have a venti-

lation cnd heating system but no air-eonditioning.

. .- .- . 2
The nallets are stored on shelves with a total ceonacity of 410 m™
the shelveg ave provided with a set of

d
There are 100 7allds with a maximum lcad ¢Z 1 t. each.

Camverseone material or ecmpenents weighing ticre than 1 t. and not so

freocuantly employed, are stored in a 700 mz hangar without heating, or

.
3 oy
~ i1

2 . .
1200 11" enclosure, according to protection requirements.

o

L. Power susply
In tl:e E2850R nlant, there arce 4 power sudply systens and one lighting

instollation

- 380 Vv, AC 3 ph., power (50 H_}

- 220 V7, AC 3 ph., control and instrumentation (50 H_)

- 12¢Y 7, c.e., valves, ecntrcl and signalisation circuits

- 2L 7, d.c., measurcments and control in case of 220 V failure

The 3i0 V, »ower network, consists of thrce independent bus bars, one
of whieh is essential with right of pricrity. Jach bus bar is fed by

2 Diegel ¢=nzrator set.

The power supply of the ESSOR plant is ensured by two H.V. cables
{11.6 7V, connected to the substatiocn of the research Center. Three
transforners ( plus one in stand-by) 11.500/3GC V, 2 MVA, feed the three

30C 7 bus bars.

EUR/C-1I5/127/69 <.
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S5e Ventilation and auxiliary systems

5¢1. Besides the ventilation of the reactor containment, there are

other ventilation systems independemt from each other :

- hot laboratories (ADECO and ATFI},
- conventional buildings,
- decay pool - H.B.RQ,

- cooling, in a closed circuit, of rooms already ventilated
by the general system :

upper reactor chamber,

lower reactor chamber,

~ organic loop caves,

- data processing and control room,
- synchronous motors room,

- thermal shielde.

5¢2¢ Auxiliary systems

- e e T - e - L3 - ae am

The ESSOR plant is provided with the following auxiliary systems :

- service water : 900 mo/h,
- drinking water,
- superheated water; 60 m3/h at 13C°C,

- compressed air, 7 kg/cm? (1000 m3/h may be supplied, twice the
normal congsumption)

- nitrogen

1" 1"
-~ steam see section 3
- vent lines and vacuun
- non active used water and sewage

- active water

EUR/C-IS/127/69 e
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5:3+ Fire-fighting systen
The fire-fighting gystem is comnosed by a net of hydrants
distributed everywhere in the rcactor plant and by several
spraying systems,general and local ( 3 organic loop caves,
inner corridors of the reactor block, decay or storage pits,
washing station, container necking station, entrance to the

lower and upper rcactor chambers).

A CO2 fire-fighting systen is availeble in the upper and

lower chambers.

EUR/C-13/127/69 c.
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EXPERIMENTAL LOOP CAVES AND

ROOMS

1. Loop caves

1.1, Design parameters

1.2. Piping

2, Auxiliary control roous

2,1, Storage staticn

2.2, Vacuuw station

2.3. Nitrogen station

2,k, Exnerimental loops

3. Auxiliary systems

3.1. Hitrogen
3 sz . Steamnm

343s Vacuunm

EUR/C-1I5/127/69 e.

..-_.s-.'oOo;-.._

- 3/1 -



- 3/2 -

SECTION 3

EXPERIMENTAL LOOP CAVES AND ROOLS

1. Loog caveps

1.1, Design narameters

e e 2 Sy et et o -

Material : Reinforced concrete

Height : 14,5 m

$5£§%39 : 570 m2

Maxinui overpressure (burst-slug) : 1 kg/cmz

(1)
L oop EX 2 EK 3 MK 5 EK &4

Heignt 14,5 m 14,5 m 14,5 m 14,5 m
Surface 57 = 57 m? 71 m? 57 m*
Volume 626 w3 826 m3 1030 w3 826 m3
Static press., 1,2 kg/cmz 1,2 kg/cm2 1,2 kg/cmz 1,2 g/ cul
Dim. concrete 2.00 x 0,70 2.00 x 0,70 2,50 x 2,00 2.00 x 1,70
Hatches 1.0 x 1.00 1.0C x 1.00 3.50 x 2.10 1,00 x 1.00

The overpressure is limited by the burst~slug.,

The admissible overpressure for the concrete hatches is 1.2 kg/cma.

o A e S ke AR KK AL AL RmIK.E o ae 8 LR e % e AL Nela AL & b ke

(1) 8K 1 ig nst ccnsidered in this chapter. This cave is =2lrcady cceuld

by the CIRT lcop of the CIRINI program.

EUR/C-15/127/69 e.
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Service water

EX 2, EX 3, BK & 38 m/h
MK 5 57,5 m/h

Light water

EK 2, EX 3, EK A 17 m3/h
MK 5 &5 mB/h

. 2
Compressed air : 3 and 6 kg/cm
Ventilation
EK 2 6015 m3/h fresh air
EK 3 6015 m3/h fresh air
EK &4 6015 m3/h fresh air (maximun)
MK 5 7350 mB/h fresh air

. : 2
Maximum load for the steel bearings of the floors: 1000 kg/m .

2
Maximum load for the gratings : 500 kg/m .

[RERES 1

Ench
loop cave contains about 50 pipe ducts and is provided with crogss-

ing peimts for pipes of 40 to 20C mm .

EUR/C-1I3/127/69 e.
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ducts to the umner chamber
ducts to the lower chamber

duct to the melting station

Ui = D

ducts to the loon cave MK 5

2 ducts to the outer reactor corridor

=

ducts to the inner reactor corridor
1 duct to the reactor hall

8 ducts to the other loop caves (EK 1 - MK 5)

MK 5 : 1 duct +to the upper chamber

1 duct to the low chamber

1 duct to the melting station

1 duct to the lower chamber (Burst slug detection)

1 duct to the reactor hall

1 duct to the inner corridor

1 duct to the outer corridor

3 ducts to the outer corridor

5 ducts to the loop cave EK 3

2 ducts to the outer corridor

2 ducts to the loop cave EK 3

6 ducts to the loop caves EK 3 -~ EK 4
EK 2 : duct to the upner chamber

duct +to the lower charmber
outer corzridor

duct to the inner corridor

T O = U Y
o
<
)
e
(-}.
o
(*.
oy
®

duct to the outer corridor

2 ducts to the outer corridor (service pipes)
duot te the vacuuw: line/to outer corridor
ducts to the loop cave EK &

outer corridor

duct to the EK &

[T «s I » o BT

{ [=
o
le]
(-'.
&)
p
o
ck
Y
o

duct to the sampling
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2. auxiliary control rooms

2,1, B3torage station

B e N e

- Control panel:

length : 2130 un
height : 2200 nmm

denth 600 mim

containing

- the auxiliary panels, switches, motor-protection switches, and
measurement, control and display units. These latter are situated
in the upper part of the panel.

- The flow-sheets, with push buttons for remote control, are arrang

ed below.

~ Explosion-proof switch box

height : 1690 nm
width : 600 mm
depth : 120 ]

- 2 consoles

* Upper console :
height : 1900 mm
width : 4500 nm
depth : 1000 nm

containing the auxiliary ecuipment for measurement.and control., accesg

ible through a door on the left-wmide.

EUR/C-15/127/69 e.
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2.k,

°* Lower console:

height : 2100 um

width : 4500 i

depth : 1500
containing on the front side the flow sheet, and all controls,
regulation and display units, accessible through a door on the

left side.

Nitrogen station

- s e o o e A St e S e

- 21 Explosion-proof switch boxes

Total height : 1850 um
width 1600 mnm
denth ¢ 120 mm

containing the auxiliary equipnent

The auxiliary control rooms of the
following dimensions :

N

EK 2
EK 3 |\ breadth = 4,50 = length
BK & §

MK 5 breadth = 6,30 length

Two rows of consoles are placed in
Dimengions of the first row:

A\

B g length

2
EK 3
5

MK

5150 mn

length 6150 i

height

EUR/C-IS/127/69 e.
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for control and measurement.

experimental loops have the
= 8,70 m depth = 5.80 m
= 10,00 @ depth = 5.8C m
front of the control desk.

= 1814 nn depth = 500 mm
= 1814 nmm depth = 500 1mm
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including a flow-siheet of the organic loop composed of remov-
able and interchangeable units (25 x 25 mm), allowing quick
changes of the flow-sheet by insertion of new indicator and

control units.

The second row of consoles housing the electring and electronic
equipnment for rerniote control of valves, interlock sequences,
and logic seguences. Most of the indicators are arranged on the

flow=sheet.

The alarm lights are grouped above the flow-sheet.,

The control switches of pumps, regulating valves and main mea-
surements are gituated on the control panel.

Two cable bundles go from each auxiliary control room to the
loop caves: one for measurement and control (200 cables} and
one for power supply (200 cables). The auxiliary control roon

of BK & will not be used for the rioment,

Hitrogen

s e

s

Nitrogen is supplied from a central station.

There are two different networks, one of 34 }:g/cm2 and the other
of 3 kg/cmz.

Main flow of these networis is 20 NmS3/h.

In the central Ny-~Gtation the industrial Ny is purified; with

a max. flox of 20 Nuw3/h, the contents -of Oy and Hz0 should be

K 5 ppm.

Steam

The staticn nrovides the steam for the heating system of the
organic loop.
It is commosed of 3 Siller boilers with a capacity of 500 kg/h

eacl:, go2nerating heat at_a pressure .of 5 or 20 atum.

EUR/C-1S/127/69 e.
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Vacuum

The vacuum station consists of two different sections:

-~ Section for low activity gases,
sucked by two liguid-ring pumps, in series with two gas
ejectors.,
he first pump has a capacity of 100 Nm3/h. Should additional
capacity be required, the second pump (cap. 200 Nm3/h) cuts
in automatically.
The gases go through activated-carbon adsorbers and a filter
retaining all particles larger than 0.3 microns to the ex-
haust line.,

~ Secticen For high activity gases.

This section is situated in a shielded room.

The punp unit is identical to that of the low activity section.,
LAiter leaving the adsorbers, the gases go through a series of
ten decay colunns filled with 2400 kg of activated carbon. In
front of the absorption columns are 8 decay tanks, for storage
and evacuation of radiocactive gases at a rate exceeding that
foreseen for the system. This buffer system has a capacity of

20 rﬂB .

EUR/C~IS/127/69 e,
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Installed Power 1in Auxiliary control roous
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220 V 50 Hsz Bg 23 5 23 5 23 4 CT- PN PSR SRR DU PIRR DU (P
127 V = 4 31,5 | 2,5 19,7 | 5 39,2 |1 7,95 |3 23,5 |o0,5 3,9 2 15,6
Instalied Power ACEC-loop rooms (Pumps)
380 V 50 Hz By 171 33C 171 330 924 168C |—=== | oeoe demae Jemme e oo | eman | mmee
380 V 50 Yz B, 15,5 |39 15,5 | 39 L5 93 e A e N e e e e e
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s3eRION 4

HANDLING CF REACTOR COIMPONENTS

Index

1. Introduction

2. lUorkshop for assembly and contirol of non irradiated reactor

conponents ( A.T.Z.H.;

2.1. Functionsg
2.2, General equipment
263 Assembly

2.4, Instrumentation

3. Load-unload machines

3.1 Driver-zone machine

3.2 Experimental-zone maehine

4. Handling stations ( storage and conditioning in the reactor building,

L.1. Assembly~disasscmbly station
4.2, Intermediate storage station
L.3, Decay pits

4oh, Packing station

4.5, Storage stetion for ecxperimental channels
L,6, Washing station

L.7. Active material storage

4.8, Non-active material storage

lfega A.T.F.I. {‘.iI‘-lOCk

4,10. Decay pool eir-lock

5. Dccay pool%

, === 000 UCC0 =SS~ -
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SECTION &4

HANDLING OF REACTCII CCMPCNZMNTS

Introcduction

Each typve of irradiation cdevice Zollows a well-defined way between its
entry into the ESSCR buildings and its storage in the decay pools after

irradiation (fig. 1).

As a general rule, before its transfer into the reactor building, each
in-pile equipment is counissioned and can he stored in the workshop for
.

assembly and control of non-irradiated cemzcnents (A4,T.E.N.). This

installation clearly represents the '"main gate" of the reactor.

In the reactor building, the in-pile ecquipment will be manipulated with
special handling machineg, which will either transfer It into a pre-

paration station or will directly load it into the reactor.

The irradiated material is unloacded from the rezactor by means of the load-
unload machines, which will direct it towards one of the handling stations
located in the reacter building., Tenmporary storace and conditioning before

transfer outside oI the reactor building are perforned in these stations.

Fissile irradiated material will be transferred in the decay wnools and
then eventually towards the fuel elements hot laboratory (A.D.2.C.0.);
irradiated structural material and irradiation devices without fissile
material will be transferred directly into the structural material hot

laboratory (A.T.F.I.),

The different steps of this procedure are described in detail.

EUR/C/1S/127/69 e.



- 4/3 -

3. Yorkshop for assembly and control of non-irradiated reactor

components (A.T.12.N.)

2+1. Functions

The A.T.E.N. has thrce main Tunetions

a) final assembly of in-pile devices ( mechanical assembly

and instrumentation;,
b) final checking before irradiation,

¢) eventual storage transfer into the rcactor building.

2.2. General equipment

The A.T.E.N, is basically a large working hall connected with

the reactor building by an air-tight transfer lock. In particular,
the A.T.E.N. is equipped with three underground pits which allow
to work at all irradiation deviece lcvels, and with two assembly

benches that can be raised in a vertical position.
A 2 tons crane bridge handles piceces 9.C5 m long.

The reactor building transfer air-lock may receive pieces 9.88 m
long, with a maximum diameter of 250 mm and a maximum wecight of

500 kg.

A completely eclosed fuel element storage room is installed in the

A.T.E.N‘ hall.

T e o ey

The equipment installed in the A.T.E.N. allows to perform the final
assembly of all types of irradiation devices, including fuel ele-
ments in clean conditions. The cevice assembly is followed by a

dimensional control and eventually a helium leak-test.

2.4, Instrumentation
The A.T.E.N. can intall and control thermocouples, collectrons
and, in general, all types of instrumentation, through leak-tight
passages on irradiation devices. The instrumentation installation
can be accompanied by partial leak~tests, radiographic control and

final helium leak-test., /

BUR/C~IS/127/69 e.
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Load-unload machines

Two shielded machines perfor: the operations of loading and unloading the
core, transfer of irradiated devices between the ptorage and condition-
ing stations, and transfer of thesc devices cutside the reactor bluild-
ing. One of these machines (driver ‘-zone nachine, HZN) worlis mainly on
the arcas directly connected with the operation of the reactor (driver -

zone fuel elenents, control rocs, etc...).

The other machine (HZZ) perfcriis the operations connected with the experi-

S

mental area (fuel ecleutents, cha

imental devices, etc...).

jous
3
[0}
[
4]
[}
o]
v
[O]
b

3.1. Driver -zone machine (:ZN)

The driver -zone machine has been designed to handle rieces immersed

in heavy water.

Its main comnonents are :

East-YWest diameter of the reactor building ,

The handling flask itself ig installed on the upner carriage.

The lower carriace travels over an area which includes the reactor

itself, the handling stations (stecrage and conditioning) and the

airlocks leading towaerds the outside of the reactor building (A.T.E.N,,

decay-pool, A.T.F.I.). The main characteristics of the driver -

zone wachine arc given on table 1.
The loading and unloading overations, and the irradiated fuel ele-

ments transfer are performed in a nitrogen atwmosphere, under 1 and

4k ata respectively.

EUR/C/1S/127/69 e.
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Pressurization of the machine is normally insured by the

g

nitrogen distribution net. I case of nitrogen net failure,

the wachlne is pressurized using its own nitroger tanks.

In case of failure of the elecirical hoisting device, the
hauling operation can automaticelly proceed using a pneuwazatic
motor. Should the hauling be interrupted without any pos~
sibility to complete the operation, the heavy water circuits
will then 1ift up the heavy water level frowm the channel

into the flask, in order to flood the hot fuel.

The failure of the ritrogen cooling system hes ‘also been
foreseene. If such a failure should occur after closurec
of the valves of the machine foot, there will be an automatic
flooding of the irradiated elcment with the heavy water con-

tained in a tank inctalled on the flask itself.

3.2. Experimental-rmone machine (HZIE)

The experiuental zone machii.e was initially designed for the

handling of organic loop chanuncls and fuel elements,
The wachine has been modified o ~1low the handling of
in-pile commonents cocled by &ther cooling fluids (water or

——

gas). It is nossible to switcn Iron one cceling fluid to

another after washing, rinsing drying the machine.
The exmerinental-zone wachine is built under the same prin-
ciples a5 the feosding-wone machine @ a cowmon lower car-

riage ond an upper caririzge vhich holds the shielded flask

and its hoisting device.

TUR/C-I15/127/69 e
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the machine =nd its operational

iy

The izain characteristics o

limits in the present conditions are given on table 2.

The normal loacding anrd unloading sperations are wade in a
nitrogen atmosphere under a i ata pressure; the nitrogen
gas can be preheated before unloading .of fuel elements in

order to avoid tihersal shocke.

Should the electiric=zl hoist £2il, the hauling operction
would automatically: be carried on by the compressed air. auxiliar]
motor., In the event of z fnilure of the compressed air
motor, it is possible to lower the irradiated device by

gravity into the core.

The transwort of structural . rterials or mon-irradiated
fuel is :ade under a nressure of 1 ata. The transport of
irradiated fuei: elements is :ade with a & ata uressurization

of the flask.

The pressurization of the flasx is norwmally given by the
general nitrogen distribution net. In case of failure of

the nitrogen net, the flasli cen be pressurized using its

own nitroge:n tanks.

In casé tiz cooling or pnressurization could not be obtained,
the irradiated fuel is gutoratically flooded, using a reservoir
me

installed on the wmacaine. The cooling liquid is then cir-

culated through a pump and cooled by a special circuit.
If the irradisted fuel element siould have suffered a cladcding

rupture, ties nitrogen used for cocling would be passed on

a charcoal filter.

EUR/C-I53/127/53% e



4, Handling stations (storage and conditilonning in the reactor building)

A block diagras of the general procedures for handling in-core
experimental devices is given on figure 1. The location of the
storage and conditioning stations installed in the reactor

building is given on figure 2,

The assetibly-disassembly station is made of a shielded cave
equipned with a pit where the following general operations can

be wmanually performed :
- adjustment or change of the load-unload machine grabs

- maintenance or adjustiment oper=ztions on the tools manipulated

by the handling machines

~ change of cooling shells inside the flask of the experimental
zone machine, following the type of fuel element to be
handled

- partial disassembly of the non-active upper part of experimentel
channels

- final assembly, check ancd control of non-irradiasted experi-
mental devices, before their iniroduction in pile

-~ installation of special heads on-irradiated equipments to

be transferred to the ATFI.'”

The present limit characteristics of the irradiated devices

that could be handled in this station are given on table 3.

EUR/C-158/127/69 e
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4,2, Intermediate-storage station

- — . i —— - S S e e A e G B

The intermediate storage station has been initially designed

to receive irradiatecd¢ organic cooled fuel elements and to let
thein decay in uethylnaphtelene, until their residual power

will allow their iransfer toc tie decoay-pool and to the hot labo-

ratories iii leak-tight containers.

The station is made of 15 vertical carbon-steel pits installed

in a shielded cave.

The pits are filled with methvlnephtalene, under nitrogen cover.
The methylnephtalene can be nreleated up to 20C °C to avoid
thermal shock on the fuel elewents during their loading. The
residual power of the irradiated fuel is evacuated through

the methylnaphtalene by a secondery water circuit.

The gaseous {isgion_ products eventually vroduced by the fuel
are evacuated through tie coumicen veat circuite.
The present characteristics of the stotion are given on table 4,

together with the 1limii characteristies of the existing pitse.

L.3. Decay nits

The station is made of 5 verticzl carbon steel pits installed

in a shielded cave.
The station was initially designed to be used as a decay storage

for organic-cooled experimental chznnels containing an irradia-

ted jammed fuel element.

IUR/C-15/127/69 e
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This utilisation will be extencasd : soime decay pits will be
transformed in order to teumporarily store fuel elements whose
geometry is incompatible with the intermediate storage station

(sce parags “.2.).

In their final situation, which is foreseen to be operational

in 1969, the decay its will be used as follows :

~ three carbon steel pits, filled with methylnaphtalene
covered witi: nitrcgen, cooled by =z water jacket, will be
neinly used for organic loops : storage of channels with
jenmed fuel eleizent or storage of fuel elements incompatible

with the intermediate storage stationg

~ two stezinless stezl »its wiich could be filled with methyl-
napitalene or demineralized water, also cooled by a water
jacket, will be used for non-organic loops : storage of
channels witn jawmzed fuel elei.cat or storage of fuel elements

incompatible with the interiedinte storage station.

The gaseous figssion products eventually produced by the fuel

are evacuated through the couion :vent system.

The characteristics of the station are given on table 5, together

with the limit.characteristics of the pits.-

ZUR/C-18/127/69 e
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Lok, Packing station

e e B E .y S ——

The packing station has two main functions @

-~ cutting of the suspension rod of irradiated fuel elements
in order to reduce tie length to be transferred into the

deczy pools;

= -lowering of irradiated fuel elemients into their leak-tight
g

container which provides a betizr cooling during the transfer

o

operations outsicde of the reactor building and avoids

direct contact of thas fucl element wit!: the demineralized

y

water of the decay pools.

The station is made of a large lcak-tight tank installed in a
shielded cave. The guprort ctructure for the storage container

and the container closing device are all installed in the tank.

The control of the various opcrations is remotely performed
froi: a shielded control rooi, wit: the help of a television

closed circuit.,.

The storage containers are dasigned following the type ¢f fuel
to be handled. They can be filled either with mniethylnaphtalene

or vith dewineralized water.

The experimental-zone load-unload wmachine transports the storage
containers frowm the packing siotion into the decay-pools, where
they will be stored before unloading of the fuel in the hot

lzboratory (see parage 5).

The characteristics of this station and of the storage containers

are given on table 6.

ZUR/C-I5/127/69 e
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45, Experimentzl ehannels storage station

-——.—--:—-------—-—..------—n---—--.: . o

A shielded eave equinped with ZG sheaths is used for the deeay
storage of irradizted exnerimental channels before their

shipment to the hot laborestory LIFI,

The casings are interchangeable and are designed following

the type of device tihey will receives

The station can accept eculpments 1% m long with a 205 mm

diametere.

464 Vashing station

- o W e Gy . e D . -

Washing and deccntauinztion of structural picces which were
flooded by an orgainic fluid ~ Zncluding the inside of the
experimental-zone load-unnlcead machine « are performed in the

washing station.

The pieces are flooded or sinked in a warn methylnaphtalene
bathe. After being washed, the pileces are dried by a hot

nitrogen circulatiane
The used ethylnaphtalene is purified in = distillation column.

This column also provides pure uethylnapatalene for all the

handling stationse

EUR/C~-IS5/127/69 e
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A station made of 63 sheaths of different sizes, installed in
a shielded cave, is used fcr the teunorary storage of active

structural compenents (control rods, plugs, levelmeters, etCess)e

:40. Non—active ecquipuent storage

e I S 4 e i Y e N T T R e L WP G4 g e ay o ce U .

This station is essentially used for the storage of contauinated

1andling tools. it has 4l storage positions.

k.9, ATFI air-lock

- -y -

The ALTFY air-lock econneets the eontainnent building with the
structural materialshot laboratory ATFI. The tightness of
the contaoinment building is iaintained during the lowering of
irradiated equipment fro: the load-unload machines into the

hot lzboratory.

The liwit charactexisties of the covices that could be transfer=-
red, are :

length : Ca65 n

diameter ; 243 rn

welght : 3 t

ZUR/C-I5/127/69 e
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4,10, Egsgy pool zir-lock

e e L]

This alre~lock counects the containuent building with the
decay pools and is nainly designed for the transfer of irra-

diated fuel elements.

The tightness of the containment building is maintained when

such a transfer is performed by one of the load-unload machines.

The limit characteristics of the equipuents that could be

transferred, are

length : 5.72 m
diameter ¢ 133 m
welght : 3 t

5 Decay pools

The decay pools, located outside the containment building, esta-
blish a cornnection between the eontaiiment building itself and

the hot labaratory for irradiated fuel elements(ADICO). Their main
‘purpose is the irradiated fuel cleuents storage in deuineralized

waters.

Jt is presently foreseen to perform underwater operations, like
visual exauination, non-destructive testing, conditioning of ir-
radiated fuel eleuents, before they will be transferred into the

hot cells or loaded into a siielded containers

ZUR/C-15/127/69 e
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The feeding zone fuel elewsents, for exauple, are stored to decay
for three wmonths, before they can be loaded into the shielding
container thst will brins ther to the reprocessing plant. in
the meesnwhile, their end fittings will be cut underwater. The

experinental fuel elements can be stored underwater in leak-tight

Fh

containers. if they were stored directly in contact with the

water of the pool, they could eventually be examined or manipu-

lated underwater.

Some water is permanently rewoved fro.: the pools and circulated thrcugh
a purification plant which includes two heat-exchangers,

in order to izaintain the water temperature at a constant level.

Tihe characteristies of the decazy »ools are given oun table 7.

—====z0Cc0l0o00==nm=m
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MAIN CHARACTERIGTICS CF THE DRIVER —ZONE LOAD-UNLOAD MACHINE

Total weight of the machine

- Shielding ~ material
- thickness

~
2

- wmaX. neignt of
P

part of the fuel
- DMax. hoisting force
- Hoisting height
- DMax. dimensions of the devic

could be handled in the flask
- neight

- external diameter
- Heisting speed

- low syueed

. 5
— Do U] od
¢h speed

(0]

Jote

!
be

- DMax. residual power evacuated
flask ccoling system

- Cooling fluid
~ Service pressurc
~ Max. service temperature
- N, flow
2

- HEmergency cooling fluid

~ Humber of devices handled sinultaneously

the active

element

es that

by the

Design
characteristics

745 t

Lead + steel
320 + 30 mnm
1500 mm

1000 lg9

15 n

5.73 =
140

0 .96 m/min
2L n/min

1043 KW

gl

Operational
limits

31006 o
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TABLZ 2
MAIN CHARACTERISTICS OF THI IXPERIMENTAL-ZONE LOAD-UNLOAD MACHINE
i Design Operational i Renarks
Characteristies Limits !
: {(*)
F::::::::::::::::::::::::::::::::::::::::::::::::::::‘:::::::::::==:===::::=:::==::;t‘
Number of devices handled : | '
simultancously j 1 } 1 !
s | f
. ! j
Total weight of the machine 173 t i -
| ., |
Shielding - material Lead + steel f - :
thickness 295 + 25 nm | -
Max. hcisting foree 2 t ; - . Could be rai-
: “med to 3t
: ©in speeicl
3 : ¢ enerating
! : | eonditions
| f |
Hoisting height T 20 m i - E
i i !
k | ?
Max. dimensions of the ; 2
devices that could be i i
handled in the flask ;
i
- height é 9.35 m | - !
- external diameter 240 mm j - g
- height of the ae- ' :
tive part of the :
fuel element ' 1500 rm i 2750 mn '
- diameter of the acl j
tive part of the i ,
fuel eclenment 90.4 nnm : 110 mm |
Heisting speed §
- low speed é 0«48 m/min - é
- high speed 12w /nin : - ;
Max. residual power cvacua- ! §
ted by the flask cooling : ?
system 9.8 Kvw 5 18 KW ‘
! ;
Cooling fluid Nz ‘ - j
Service pressurc L ata L,5 ata 2
Max. service temperaturec 180°cC K -
3
N2 flow 200 m” /h - |
s S |
- Emergency cooling fluid methylnaphtalene| iden t
! to H,O !
! tc D20 ’

. - .

(%)
state ;

The operational limits given are relative to the machine
it is clcar that these characteristics eould be stretched by

in its prosent

modifying certain equipnents ( hoisting speed, cooling blowers, hcat

Y
exchangers, etCsee)

EUR/C~158/127/69 e¢.
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TABLE 3

MAIN CHARACTERISTICS CF Ti

(&

ASS

]

MBLY-DISASSEMBLY STATION

P;esont Characteristics

characterigtics chtainable
after internal

.

siicath wmodification

- Max. active lengtih to be umani-

pulated pits length) 0.57 m €.23 n

- Max. total lengtl to be maninu-

lated (pits + cave height up to

the crane bridge hoolz) 9,07 m 11.33 ™
~ Max. diameter to be manipulatecd 154 /188 300 mm
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MAIH CHARACTERISTICS OF TIE INTERVMEDIATE STCORAGE

Limit (*)
characteristics

- .
Design

characteristics

Characteristics af

sodification of in-

ternal Sheath
Max. storable neight 5847 - 6794 6794 "
Max. steorable diametsr of the 9C .4 5 Fand 9C .4 Gl 110 A
active part of a fuel
Max. storable ilameter cf the 1356 mm 156 min 156 e

suspension pliug ¢ 4 fuel

Primary ccoling fluia
Preheating max. temperature
Service pressure at loadiang tinm
Cperation service pressrre
Primary fluid service temperature

Max, removable residual »ncwer

LlethyZaannhtalene Methylnaphtalene

20C °C 200 °C
4 ata b ata
L ata 4 ata
20C °C ﬁ 200 °C
118 Kw Net yet determined

Methyinannuntalene

2CC °C
4 ata
4 ata

2CC °C

(*) The linits given are rclative to

~

could be madilied by irstaiiing

-8t/% -



TABLE 5

MAIN CHARACTERISTICS OF THZ DECAY PITS

~k/19-

, Design Limit (*)
i . .
! characteristics characteristics
i
Max, storable height 9.28 o 11.50 m (1)
Max. storable diameter upper part 210 i 240 nmn  (2)
" " " lower part 130 am 164 mm (3)
Primary cooling fluid éH ¢ or
Pits n°® 1 and 2 Methylnaphtalene M%thylnaphtalene

Pits n® 3 to 5

Methylnaphtalenc

Methyinaphitalene

Preheating / In course of study
for pits n® 1 and 2

Service pressure at loadinc¢c-time 1 ata L ata
Operating service pressure L ata Lk ata
Primary fluid service temperature 100 °C nat yet fixed
Remmovable residual zower 6.5 KW vper pit not yet fixed

(*) see table &

f1) Pit length

(2) Diameter to pe handled with the load-unload machine

(3) Pit internal diameter

EUR/C-18/127/69 e
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MAIN CHARACTERISTICS OF THE PACKING STATION

Py

—m a6 h aem

P

™

material
diameter

20 x 27 mm

Design | Limit (%)
Characteristics| Characteristicsg
1) Storage containers :
Max. height available in the
container 3781 mm 3900 mm
Max. diameter available in the
container 90.4 mm 110 mn
(new container)
Filling fluid Methylnaphta- idem
: lene or O
: following speeial
; request
Max. residual power of fuel 314 KW -
2) Station
Max. diameter to be cut Stainless steel/tube

(*) See table L&

EUR/C-15/127/69 e,
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TABLE 7

MAIN CHARACTERISTICS OF THE DECAY POOLS

Number of pools 3
Volume of the pools
n® 1 containment building transfer air-lotk) 50 n
n® 2 (storage) 250 n~.3
o 1 1 3 S -
n° 3 (storage. m%31pulat10ns, ADECO trans 256 m3

fer air~loc

Water depth 8 m

Max . témperature ol the water 30 eC
s ieos : . 5

Average resistivity of the demineralized water 10°Nen

Storage capacity

pool n°® 2 : experimental fuel eclements 5k
: feeding zone fuel elenents 39
pool n® 3 : feeding zone fuel elements 20
Handling
1 pool carriage, canacity Ge5 t
1 crane bridge, capacity Lo t

EUR/C-1S/127/69 e
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; 1LGCK DIAGRAM OF & TYPICAL HANDLING PROCEDURE FOR EXPERIMENTAL IRKADTATION DEVICES /
Assembly-disassembly M
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H = | Washing -
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T nels storape |
Hl "y
1
intermedia M packing

te storage======¢> station
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4

decay pits M 4£>
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noola

{par.
ADECO

========{> Handling procedure for experimental fuel element

——-—“—%9 H~>ndling procedure for evperimental channel or fuel irradiation device

M Transport made by the load-unload machines (par. 3)




1.. Reactor
2. Intermediate storage of orgel fuel elements
3 - Packing station

4 _ Filling station for orgel fuel-element containers
5 _ Washing station

6 — Control room for stations 2and3

7 _Water-lock to decay pool

8 _ Air-lock for nonirradiated parts

9_ Desactivation pitstor orgel channels with
jammea fuel eclements

10_ Storage pit for irradiated reactor

internals and nonirradiated parts

5

- 11_ Storage pit for pressure tubes

12_Dismantling station for orgel channels
13_ Air-lock to hot laboratory for pressure tubes
14_Hot laboratory for pressure tubes

15_Decay pool

16 _Workshop for nonirradiated parts

17_Water-lockto hot laboratory tor orgel fuel elements

18_Hot laboratory tor orgel -fuel elements
19_Garage tor charging/discharging machines

FIG. 2
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Arrangement of handling
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" HOT LABORATORIES. .u.

Index
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1. Introduction

2. A.D.E.C,0. (Atclier de Dimantélcenzent des Eléments COmbustibles)

2.,2.1. Equipment

Ce3s Meutrograpny cell
2ok, Spaore cells

2.4.1. Cell 4305
2.k.2, Cell 4306

2.4.3. Cell 4307
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4, Transport containers
L,1, Contziner for waste
k.2, Container for fuel rods
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7o Decontaisination and waste disoosal service
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i. Intrcduetion

The hot laberatories enable to treat 211 irradiated components

before they leave the rcactcr plant.
There are two separate laboratorics

- AD.ELC.O0. ( Atclier de Diuantélement des Eléments CQmbustibles)

for high activity Ffuzl clements

- A.T.F,I. ( Atelier des Tubes de Toree Irradiés) for structural

componcntsg.

The components discharged from the reactor core follow two different
handling cycles { one Tor fuel zlenents, and the other for structu-
ral components), are introducsd in storage cells, and after some tine

b

transported to the laboratory dismantling, examination and testing.

Once the treatment is coneluded they can leave the reactor premises.
The two laboratories are diamnetrically opposed with respeet to the
~

core and are lccated outside the weastor containment ( see fig. 1 cf

saction 4).

BUR/C-18/127/69 e.
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£eD E.C.O. (Atelicr ce Démantélement des Eléments COmbustibles)

The laboratory takes the whole west wing of the plant,with a row
of gix cells in the aiddle. The cell row counts :

- & moin dissmontling cell on the upper floor,overhanging the

decay pool nnd twoe cellis of the lower floor,

- 2 neutrograpny cell, under the maiu cell,

- o wagte disposal cell

- thrce spare cellg.
The shielding has been conceived for o reference experimental
fuel eleuent, aftcr 5 worths cecuy 2 the decay pool (activity
100.0UC cu, 1 lieV) in any point of the cells andg a2t a distance
of 1,50 1 i front of the opor~ter.The following reference datas
heve been assumed : Ug25 mr/h oi. tie walls and lower port oi the
main cell, 2.5 ur/h on tie udper neort of the main cell. These
rates are 1C tiues lower th~» usurl to allow introduction of fuel

elesients witiy o shorter dcecay nzrliod.

All

val

passages have been designed i order to vemain within these

ues {gec sectior of the wmaoin hall).

EUR/C-1I5/127/69 e



Ze1s Main -dismantling cell
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The maln dismantlin

uncder constant undzrpres

¢ cell
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is ~ snielded leak-proof hnll
we of 2C mia/HoG,with inner steel

plating covered with o decontainstion paint coating. The
steel tonk has bzen gct up before tlhe concrete walls 2nd is
provided with several openings, rails for the 2 tons crane
and heavy duty manipul:tor 320 2,30C. pimensions

length 1C. 40 =

.

width 3.2C m

leight 7o 10 i

3 - Ty
Zele s
-

qui:

-

o

b) r=slave

Loonipulftors

¢ ig afferded by 3 shielded
he principle of "delayed sealingh

couivalent to that of the
d glass PAnes with oil joints.

b4

CiL, extended reanch,

double articulaticn, telcascope

aind one neavy=duty

P

o5 : 2.3\’_"6.

monipulator

lifting up to

3GU kg ia any positien and resting on a trolley
trovelling along ths cell ceiling.

c) A 2 tons traveliing craie, which can be evascuated from
the wain celi, in casc of, accident, a_jib crane
viti. -~ 50U kg winch for thiz introductio:. in the

neutro _razhy caell.

BUR/C-I5/127/69 e
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LY

d) The main ccll is accessible from ¢

the decay pool, for fuel elements, with lengths

up to 5.¢C iy cClameter 70C m,

- 2 shielded door, with counling devige for the shall of
the loadd conticiner of the lishels, fuel elenents
with weax. length of 4,7C n, wmaxe. diametar of 70 ia,

- the rear door, designed to receive the shielded
interventicin chiaiber

~ a tobbogaon for piiall size components

- ail air loek for big size compongnt# (up to 6 m

length) with a 6CC mn czeningy  the operations can

be executed undor oK protection,

- two openings leading to the waste disposal cell,

diameter 355 wwm and 42C 1,

shielded plugs giving access to the front and

rear creag {(diometer i3 min),

- an upner s-ielding bdlock (% m x 1.40) with a staunch
plote znd ecircular cpening for the extraction of the
travellin: crane snd heavy-duty manipulator.
Shielded containcers iiay be introducedinto the cell

through the sawme opening,

e) Zquipment and working tools

e

- a plug extract’cn device “or the packoging containers
introduced fro:. the zir lock of the decay pool,

closing thc passccoge when not *mm operation

~ eight storage nits of stainless steel with alu-
siniuvm suspension zind biological shielding plug.
Each »it 1s co~led by the water of the decay pool,
or by alr circul-tion tharougn the suspension

(oxipun flux 3¢C w3/ each)

EUR/C-I8/127/69 e
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- a cutting deviee for diameters of 300 mmz stainless
steel, maximum blade weening 30 mm (for the upper
extension of the fuel elenments)

- a washing pit for fuel eclements with diseharge of
the liquid to the active waste system

- an observation pit, in front of a shielded window,
for direct observation, or inspection by spyglass
or periscope. It is possible to displace the
fuel element in front of the spyglass or periscope
and stop it to take a photograph

- a dismantling rig for three separate operations :
~ longitudinal milling
-~ transversal cutting
- extremity milling

- a revolving spindle on the plate of the neutrogrephy
cell, designed to turn the fuel element for the
neutrography, as it hangs on the jib crane of the
main cell

- a set of self-acting grapples for the handling
of components in the cell

- a lighting system composed of 10 security iode
lamps with double envelops, 500 Watt each

-~ a power supply network (48, 127, 220 and 380 Volts
alternating current) which can easily carry supple-
mentary tools or devices

- a communication system with the inside of the cell

- a leak tight CLAVE periscope, magnifying power
from 1,5 to 24 times and camera attachment

- a control panel placed under each window for remote

control of the working tools,

EUR/C~1S/127/69 e
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242, VWaste disposzl cell

- TR am em o - n T e e —— s

The cell is located under the maln cell and protrudes into

the renr areqe.

PP Sty

lengthh ¢ 2,0 m
width : 3.2 m

height

“
(o}
~
~
-

2:2+1s Zquipnent

a) Cbgervation
Lhpervation

Vision into the cell is afforded by two windows similar

te thaose of the wzin cell

b) L-ch window of the cell is equiped with two manipulators
MeSue=C.R.I. (gsee 1ai- eell 2.1.1. a)e A 1 ton crane

transoerts the cowinonents witliiin the cell. The con-

).

nonents are usually presentad in front of the first
window by the erane of the main cell, through an
orening in the cell floer, and then carried to the
evrcuation staticn or to tie transport container

(through the ceiling slate).

c) The c=zll i
a srielded door, siuiler to that of the uain cell,
- a ceiling plate, witi ad-ortable opening, which
cllows Lo Introduce gef v v containers from Z00 mm
to 55C ru. Gizieter
.

- & passage to thiie next cell 4305, diameter 25C umi

~ several shielding >1lugs

BUR/C-I5/127/69
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d) The cell has furthermore 3

a lighting systen witls 7 quartz-halogen lawrns of 500 Watt

- twoe racks, onc with two zlaces under the wmain cell,
and thoe other with four —wlnces under the ceiling
plate, Tor depositin rods wacte czns, ctcee.

before evacuztion

- a power sup.ly systenr {giZlar to that of the wmain ccll)

i
€

cor.unication systenls

underpressure of 2 g/em?.

[¢)
oot
o
I
vl
c
=
o
o
o
H
0
o
=
[&]
ck
il
-
-
cr

e) The ¢

2e3. Heutrogranhy cell

— N e )

The cell is located wmder the moli diswantling cell and cowm-

pupicated with it through o jassage closed by the revolving

X

spindle (sce wmain cell). The nautregraphy cell is provided
with a shielding syctenm waich offers 2 biological protection

o~

comparable to thnt of the other oiz cells.

Dimengions ¢
b eintatontytustod

width -: 2,6 mn
ength ¢ 3,2 nm
height ¢ 5,7 wm

~

On the front side of the cell ic cdoor of cast iron, thickness
500 e Lt present the cell is being arranged in order to

. R + 4
receive a necutron accelerntor wich a total flux of - 1013 fagt

neutrons (for nsntrogrephy an licotl the thcrmal flux on

the fuecl elevent should amount to
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2.4, Spare eclls

R e

After the waste dispogal cell thcre is o row of spare eells,

Jhich respond to the sane speclificetions.
2.4.1- Cell 4305
P ——

Dimensions : 3,20x4,10x3,50. The eell is provided with
one operation unit znd rassages for conventional

ecuipment (windows, manizulators, eciling plate, plugs etcas«)e

A rectangular well (1,10/2,:C m) on the floor offers space

for a machine which has to be places on a relatively low

level.
ko2, Call 4306

Diwmensions : 3,20x7,ilx53,9C n, Provided with two windows

and pagsscges as the precedlng and two reactangular openings

for coummunication with the bagement.
Zelad. Cell L3507

Dimensions : 3,20x3,157%3,60, Same equipment as the cell
4305. The three spare cclis nrz communicating with each

dlsposal eoll by means of a circular

o

other anc with the west

e
apening of 250 mm diameter.

BUR/C=I5/127/69 e
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3.  AJT.F.I., {Atclier des Tubes de Forece Irradiés)

Consist of a great shieglded cell, witlh three sections

- observation cell and air lock giving azccess to the reactor

containment

&
height : 11,5 m
length 3426
width : L,56 m
- gectionuing cell for pressure tubes
height ¢ 11,5 n
length 3 3,0 m
vidth : Ly76
This cell i3 senareted from the obscrvation cell by o concrete
. + o L. .
wall (thickness = 72 c) taking 3/% of the width and 4/5 of the
helght =nd leaving free space Tor oan access corridore
- testing cell
height A A T
length L,85 n
width : £y9 ot
This eell is sezarated frowm the sectionning cell by a conerete
wall
- tine whole of the three cells has o "L" shape apd the concrcte
valls (density 2,3 g/cmz)haveﬁa gtaondard thickness of 1,10 m.
The dosis on the outer surface of the wall for a source of
700CQ Cu, i leV is lower thaon 0,5 mr/h.
. - The walls are covered on octh sides with a decontauination
. pzint coating
. - The cell block is lesk-tlight and subuitted to a dyna-ic
- underpregsurc of 1,5 g/emz.

BUR/C-IS/127/69 e
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Ccll for the imssecticn of imncr ~ndouter surfaces of a
sressure tubes by wmeszne of TV ca.cras with remote controle.

The cell has no observ:ilon window, The operaticng are fols
lowed by iieans of twe TV crmerns : one on the trolley of the
travelling crone, woc tho other v. the travelling crane of the
heavy duty nondpulatory Gota cameroe ere used for the taree
celles and can be displaced along o rail.

3.3+1s Eguipment

Tzlevision caneras
lighting systeu and
ig connected to a

travel e a

The
The liglhting systen

The

- the air lock for
- 2 double eeiling

vation cclls

minimun inner A%

observation cell is

swinging eye, attached

otile focusing device. The camera

noewer ceble rolled on a srum,and can

lengt.: 05 O ti.

amcter eixzamined by tae camera is 60 1.
concsiste of SIodine lanps.

accessible through

irradisted pressure tubes

»lzte for both sectionning and obser-

- the carridor from tii. sectionning cell to the observa-

tion cell

The cell disposed of

pul-tor in coucon with

There are two passages fot

ZUK/C=15/127/69 e

the 2 tons crane and heavy-duty weni-

the other cells.

a CLAVE periscovpe. ’
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3s2e Sectionning cell

D ik e Lot X R R Y

#The cell has one wvoriing pesitior with one window on the
lower side identiczl to those of the ADECO laboratory and

two M.S. ~ C.R.L. manipulators extended reach
It is under constant underpressure of - 1,5 g/cmz.

3.2.1, Eggipment

The cell has :

- o cutting machine for nieces of 1 mm (aluminium) to
& . (thicknesc stainless steel) and dianeters between
65 (inner) and 2CC (outer)

- a % tons crane cox on to the three cells
(hoicting height 9,7 )

~ o passage for the "CLAVE" neriscope

- a cast iron rear door 1 x 2,10 w

- a double ceiling nlate & x 2 m

- a rear corridor teking the wvhole heigth of the cell,

3¢3. Testing cell

- - .y = . - e

The testing cell is equiped with three working points with

shielded windows and two C.R.L. mznipulators each (same iodel

.

as in A.DJE.C,G,) reaching any point of the cell.

The cell is undsr contant underpressure of - 15 mu/HgO.

EUR/C-15/127/69 e
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3+3.1, ucuLahent

- One heavy-duty LLCLTEL waninuvlator for the three cells
traveiling on 2 rail nlong the main axe, in common with
the 2 tons crane (hoisting power 15C kg witl the arms

tizin and 10C ke in any other position),

(=5

in vertical pos
an additional block ith 2 holsting power of 50U kg

and a travelling length of o .

~ A& tightness test ri Yor tie examination of connecting

9
points of irradiated pressure tubes, with a maximum
ength of TeilC w and ainx ceter of 92 to 124 wmnm

(92 to 99 min and 1il to 124 mm)

- A burst test ring for pressure tube sections (possibility
of high nrccision, 3CO kg/cmz). The sections wust be

1140 miz long, with a diameter of 92 to 9& .

- & televigion set with two cameras mounted on a revolving
post; one on the travelling crane and the other on the
crane of the m@nipulator. Both cameras are connected
to a central unit, provided with two televisions screens
(vorving position of the sectionning cell, and three

woriting positions of the testing celll.

- A setof scli-acting grap:les for “component handling

(see ADZCO)
-~ k comnunicatior systeir (see ADECC)

- Two tobbogans for siinll=-size coumpcnents (see ADECO)

- three celling nlates, one designed to be coupled
with the transoort container of the E3301L pleant
(cee &DICC)

- o~ massage leading e the basement wita a plud closed by a

o

vinyl bag

- several osenings with shiieldings plugs (sparc passages)

R/C-18/127/69

©



- 5/15 -

- A powver sgyster with consoles and control pannel, for

).

later utilisation of the arza as testing cell

- A lighting cystenm with ten lamps of 50C¢ Watts (see ADZICO).
kL, Trangport container

There are 5 transports containers oFf three differents wodels :

- two containers for waste
- two contailners for Zuel rods

- one contaliner of the L.MJ,A.

k.1. Container for waste.

The container can be charged andé discharged vertically, with
an attached hoisting system wounted on the upper 3late and
couponsed by ¢ winch, stainless stzel cable, and graprle. The

container cen be dissassembled in three sections @

~ the uppner plate with the hoisting system

- the container body

-~ the bottowm, closed by t7o

The container is not tight aziié can be used only on the premises

of the Research Center.

Specifications ¢ - Saielding : 200 mm Pb

~ Ziner diameter ¢ 370 mm stainless steel

- Inner useful
length + $90 mm

LUR/C-I8/127/59 e
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4,2, Container for fuel rods

- . oy PO . . . - — e W -

Same structure as the waste container

1+

inner diameter 220 mm stainless steel

14

- inner useful length 1€415 mn

The grapple oif the container nay be employed also fo the sto-

rage pit of the fuel element waste (fuel rods).

L,3. Container of the LeM.A.

- T . " . W e G e . o

The container can ve ciarged and digcharged norizontally by
neans of a shell wvhose unoverent is controlled from the rear
gide of the contalner.

““hen the transport container is 7laced against the door of the

c
main ADZCO cell, the ghell is Inserted in the cell with a leak
tight system; whe. the inrer zart of the shell protudes into

the iiain cell it is possihic tco malkie the substitution

(iodel : RAGUEIEAU-LA CALHEHE~FXALNCI).

The LM/A. transport container ic used to carry fuel element
rods fro:. ADECO to the MediumActiviiy Laboratory of the lietal-

lurgy department.

Snecifications ¢ - OSnielding ¢ 20C mn Pb
. + .

- Inner dismeter : = 90 ;uw: stalnless steel
- Inner useful length

of the shell : 1650 nm
- inner diameter of

. . +

e shell : =80 un

The shell is provided it a lead cylinder at both end, to
protect the onerators durinc the handling phase (L = 250 mm

and 4C mm).,

IUR/C-18/127/69 e
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Ctudies are carried ocut oin this ccatainer in order to obtain the

T .

agreziient for transportaticon outside thoe Rasgearch Center arcos

Seled,

5‘1‘20

nent uncer nlanning or under

develcpient

P PR A VP S RS NI

The glycol-test deviece detzets fuzl clements cladding
failures before and after gsecticonning. It detects gas

o

sscaped fremthe cladding of 2 fuel element in a vacuum

.

eontainer filled by a fluicd wit: low vapour tension, by

following thz bubbles.

It shall be »Dossibls to test Tual elusters 1650 mm long
with 110 mm diamcter and 11" head, ecorresponding to the

referenec experimental fuel elemants. With minor changes

[¢]
|
=
&3
]
o
z
te
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o3
H
=
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3
=3
©
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8]
¥4
[ N
3
£

it will be nossible to test any

t
dimensicns, but with a different head.

Instead of the cluster, it is possible to test a basket

with one or several fuel rois.
Thermip should bz employed withORGEL elements, but glycol

and other fluids may also be used ; in this case feeding ard

discharge operaticns are execuierd ocutside the cell.

Neutrography

The cell 4303 is provided with an zluminium channel for the
introduction of the components to be examined. It was concei-
ved for A-rays, but after a comparative study of X-rays and
neutrography, the latter has been chosen, in order to obtain

a representative image of the whole cluster or of gingle

rods before dismantling.

2UR/C-18/127/69 e.
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The equipment should sumnnly =2 Tlux of 2 x 1011 n/sec for nore
than 206C hours, with possibility o7 later improvements. The
thermal flux of 5.10b n/en /pec tc 10 n/cmz/scc is sufficient
for the examinaticn ¢7 Tuel eiements such as the reference fuel
element.

The observation of fuel rods with diamecters up to 40 mm allows

tc detect any modificnticn occured in the cladding.

5.1.3. HMetrology

1,

We intend to equip the waste disposal cell with a metrology rig
for diameter, length ancd bowing neasurement of fuel clusters

and fuel rcés.

The measurement accuracy of the rig, operating on an optical

principle, should be as follows

+

- 0.1 mm Tor the length { max length 1650 mm)
+ 0,01 m1 for the cdiameter ( O to 200 mm)

+ C,05 mm fcr the bowing

Should the budget be availablc, the eccll will be ready
during 1969,

5.4k, Spectral study of fission nroducis

The pessibility ef sotting un a ?{ snectroscope is under
congideration. It would zlleow <o cxamtine fuel rods 3 m long and
should be cauipped with a Scdiuvm Zodide detector and a 400 channels

)

analyzer. In the future, aoccording to the requirements, it would

be possible to replace it by a2 Ge-Li detector and a 200 or 4CO

channels analyzer.

BUR/C~I5/127/69 c.
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5.2.1. Hot burst rig

The rig,at present under eocnsiruetion, works on the

same principle as the eold burst rig, and permits the
examination of the bursting eonditions of a pressure tube
at 400° C under axial and radial gas pressure,of 3 nn
tickness and 7C e lengiih. The burst can be slow or fast

( after 2 short ercep of 1CC hours) and the testing pressu-
re can reach 400 kg/cmz. With slight modifications of the
elements heads, it would bz nogsible to admit also other

diameter and thicknazss values.

. 542428, Metrology of pressurc tube seetions

It is expected to set up a metrology rig for precision
measurements of inner diauecter and thickness of pressurg
tubes frem 50 em to 1 m lengtn, provided with a super-
sonic head deteeting any inercase in micro faults density
due to irracdiation in the reactor ( punctures, corrosion,

erosion, etcee..

5¢2.3+ Creep tests on sampnles

The ercep tests on sannles night be executed in the
Medium Activity Laboratory of the Rescarech Center., The
sectionning nachine is being assembled in the A.T.F.I.
Laboratory. The tube scetions coming from the machine are
then transported by means of a2 lead transport eontainer

to the testing laboratory.

6. Deeontamination and intervention hall

- =

A decontamination hall with glove-boxes,; supersonic decontamination
tanks, hoods, heating tanks, cte... is annexed to the hot laboratorics.
In the ADECO laboratory it is possible to connect to the cells an air
tight traveling lock provided with a biclogipal shielding of 100 mm

steel.

o/ e

TUR/C~13/127/69 e.
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Y« Jecontamination and waste disposal service

-~ N Y B R A PR N S

+

e}

“oa

7+1. The hot laboratoriss may be assisted by the decontamination
Service of the Research Center wiich has all necessary equipment

or intervention and decontzuaination, namely :

iy

small intervention truclio

vy interven

[
e

cn truch:

12

o)

—

2
-1

1 workshop truck

1

decontamination laboratory with :
lecontcaination tanks,

. cne deviece for ultrasonic decontamination,

« testing ancd cdecontamination services, etc...

N T e N, Pl s

o

@]
<
<
)
L1
£
[

7+2. YWaste disposal

Wastes coming from the hct laboratories are treated by this
serviee. Several methods are enployed @ tar canning for low
aetivity waste and muds cbtainecd during chemical treatment of

4 v .

effluents j eonercte canning for medium activity solid effluents ;

-,

tivity waste with every possible

[¢]

depcsit in storage pits for high a

caution against contamination transfer and irradiation.

al L - s 2
. Storage in the decay pool

A A s W A <

The decontamination=-Serviez is

oz 00locoESm mm——

2UR/C-18/127/69 e.
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SECTION 6

MEDIUM ACTIVITY LABORATORY

I NDEX

i. Introduction

2. Entrance cell or concrete cell

2.1, Ecuinment

3. Lead cells

3.1. Equipment

EUR/C/15/127/69 e.
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HEDIUM ACTIVITY LABCRATORY

Introduction

The medium activity laboratory of the Metallurgy and Ceramics Division
of the Ispra lesearch Center does not beleong to the ESSOR plant, but is
a complementary facility for the study of fuel and nuclear naterials

behaviour unde:

4

irradiation, mainly in the field of metallography.
The ADECO iaboratcry of the ESSOR plant sends to the LMA, by means of the

"transport cont

]

viner of the LMA! (see transport containers and hot labora-

tories), the components of the irradiated fuel elements dismantled in the

The LMA laboratory has an U-shaped form with cne entrance cell, or concrete

~

cell, and itwec rows of lead cells (see plan view).

The following materials 7ill ke handled in the cells : UC, UG, SAP, stain-

il +

less steel and Zircaloy. The operations and examinatiocns executed in the

cells are :

- dismantling or disassembling of a fuel rod or of a fuel asseably aftier
irradiation ;
- sample treatment for metallographical, physical and chemical ezaminations

- determination of fission gases formed during irradiaticn (puncture-tent)

and during thermal post-irradiation treatments ;

- measure of "gamma' activity of fuel elements for burn-up determination

“e

- dimensional measurements ;

- macro and micro examinations, including sample coating and treatmeat

- density determination v 4

- thermal and electrical conductivity measurements

- determination of mechanical properties such as hardness, tensile stress
and resilience

~ thermal treatments up to 2.000 °C,

EUR/C/IS/127/69 e.
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Entrance cell or concrete cell

The walls are made of baritic concrete, density 3,4 , thickness 1 n.

The biological shielding has been designed in order to reduce activity

of a puactual cource of 22,000 Ci (1 MeV) at 30 cm from the inner wall

surface, to 2,5 mr/h in the inner space of the cell.

2.1,

o

)

0N

~

o

o

=3

1Oment
Equipment

The cell is provided with

three windows, each with two manipulators MS "extended reach" M, 9

and P.,V.C. sleecves ;

1 ton travelling crane (E.R.T.N.) ;
heavy duty wmanipulator (E.R.T.N.) for 1000 kg ;

woriing bench with vertical drilling-machine, remote control ;

a verking bench with a vertical cutting-machine for cladding

removal and a cutting-machine with sanding disks ;

» milling-machine for longitudinal cutting of fuel element cladding ;
2 alpha=tight stereoscopic periscope for each P.V.C. sleeve ;

a fission gas sampling device ;

a gamma~scanning device 3

rear cast iron door with vinyl bag;

a rear thinmble with sliding doors and coupling device for the shell
of the lead container, i.e. LMA transport container of the ADECO
laboratory

three storage pits for fuel elements with cast iron plugs ;

a ceiling plate ;

cold iighting by horizontal lamps lodged in the cell ceiling ;
passages for electrical cables, air, etcecs ;

a general control panel on the front side of the cell j

a ventilation system with filters and prefilters with an under-

ressure of + 20 mm/HZO .

EUR/C/IS/127//50 e.



Lead cells

The wall thickiness of 15 cm allows to reduce activity from a punctual
source of 150 Ci {1 MeV) at 30 cm from the inner wall, to a dosis under

2,5 mr/h.

- each cell is equinped with M. 7 manipulators or remote handling tongs.
The vision in the cell is afforded by windows consisting of lead panes.

Illumination is supplied by quartz lamps above the windowd.

- The cells are equipped with an inner alpha-tight envelope, and are under
constant under-pregssure. Each cell has an absolute entrance filter and

an absolute extraction filter.

- Transnortation from cell to cell departing from the entrance cell is made
by rieans of 2o trolley running along an "alnha' gallery under the floor of
each cell., 7The trolley can be raised to the floor level thiough an open-
ing provided with an elevator ensuring a leak-tight connection with the

cell.

3.1, Eguipment o the lead cells

The position of the cells is shown in the jeint Jigure. There is :

a) a row of lead cells for metallography

~ ist c21l : treatment of samples ceming from the entrance cell
- 21d cell : cleaning of samples of fissionable materials

~ 3r¢ cell : cleaning of samples of non-fissionable materials

- Lkth cell : =lectrolitical or chemical cleaning of the samples
- 5th cell : microscope examination

b) a row of lead cells for physical tests

-~ 15t cell : thermal conductivity measurement (in project)
~ 2nd cell : electrical resistivity measurements

~ 3rd cell : density measurenments

- Lkth cell : dilatometry measurements

- 5th cell : metrology with a precision of 5 microns

EUR/C/15/127/69 e.
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- Lth

5th
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o lead cells for mechanical testing

cell : Vickers, Brinell, Knoop and Rockwell hardness
measurements

cell : tensile tests up to 5 tons

cell : resilience measurements with a 5 kg penduluw
Samples model Izod, section 5 x 10 mm, provided with
a notch. A set of Adamel ovens and a freezer unit
allow working temperatures from =150 °C to +600 °C

sell : thermal treatment in 2 ovens under vacuum up to

cell : 2000 °C

ol lead cells for the study of fission gases

cell : thermal treatment in an induction furnace under vacuum

cell : circuit for fission gases measurements,

=00 CU000==c—=~

EUR/C/I5/127/59 e.
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DATA LOGGING AND PROCESSING ( TIS)

Main characteristics and operation

1.1+ General observations

1.2. Parameters analysis and salfety actions
A - Main paraneters
B - AuxiliarY parameters
C -~ calculated narancters

1.3. Test of the working of thz TIS itself

.

1.4. Other functions of the TI

Principal structural characteristics
2.1, Input system

A - Bcanning unit

B - Analeog-~digital ceonverter

C - Magnetic drun

D ~ Pulse inputs

E - "On-off" innutg

F - Reference levels input

2.2. Central unit
2.3f Output systen

A - "On-off" cutnut

o]

TUR/C-18/127/69 c.
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| DATA LOGGING AND PRCCISSING {(TI5)

et e e e e e

Z550R is continuously nonitored by an intzgreted data processing
systenr based on two digital conputérs. Besides t

ciong, o certain amount of exmnerinent.l datos nay be fed into. the
connuters. For thst reason, the following chapter devoted to the
dotn wrocessor unit called TIS might be of interest to the experi-

- Loy
LA8CCT S

Lo Mcin eharecteristics nnd overation

e TIS is o unit which takes charge of safety of the
rcactor as far as thermwodynamical mcasurenents are concerned.

In nore detail, it has the Ffollowing tasks :

- control of paraneters and initiation, if necessary, of

safety action,

- testing the proper functioning of the TIS itself,

- detecting the order in whiex incidents occur,

-~ displaying and logging measured and calculated values on

request,
- logging general information.

The TIS can order o powar raduction, recactor shut-

1
down and special actions by means of asutomatic circuits

associated with various parts of the plant.



Zxcept os regords nou

iy
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ilecsurements, it represents the

ogic-l cireuit Ffor safety actions - control

fed

"meagsuranent -

circuit" lialk in the reaetor safety systen,

~c+1ons

e e e —

The TIS comparss the value of caoeh narameter to one or morc
reference levels. Ohould o level be exceeded, the TIS gives =
order which may initiatc an nlarm or a safety operation. For car-
tain "main" parecmeters, therc ~re several measuring chains. .
safety operation is initistol only in the svent of 2 logic-l
coabinztion of cxecss values. In order that the operator may

mow the trend preeeding on excess, the TIS nmemorizces the ten

most recent values of the corresponding parameter, which

appear on az type~writer at the nonment the reference level is
exceaedad

~

The scenning time, the number of values nemorized and the ueno-
rizcation time ere Jixed in relation to the plant intended
response~charaeteristies in the event of an incident involving
the parameter in quegtion.

The paramcters proeagscd noy be grouped as follows

.
- M2ln Daraietors,

~re neasured by three independent
chains in order that sulfflecient inforuation may be obtained

in casc of fault on one chain.

There are three refercence levels : 81, S2, 53.
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ere the Tollowing @

o

The actions in

1
)

i
E - reactor vower reduction,
- reaclor scram,

reactor scran and action on certain circuits,

P~
1

in particular cooling

Genereally speaking, i1f 51 or 52 c¢r 83 is reached by one of the
three chains, the comnutar wiich ic the central unit of the TIC
gives an alarm signal as long as the excess continues ; a further
conparison ig made witin the upper level if necegsary, and the cou-

puter memorizes the average o the three values.

I£ S1 or 52 or S3 is reached by at least two chains the conputer
orders respectively an zlszrm, & power reduction, or a scram, and

nenorizes the average of the values.

33 is reachad by two chains 2t least and if the S3 level is =zlso
reached by another logiczlly correlated parameter, a special supple-

mentary action can be initizted.

If on the other hand no reference level is reached, the conputer
menorizes the avarage of the three values at every p th measuresment
cycle, p being dependent on the zarzmeter. At the same time the
oldest memorized value is dronned.

Each time an alarn signel is given, the following indications are

printed :

- on the Ygtored values" teleprinter : time, paraneter

address, nemorined valueg

- on the "fast-sheed Taults! er "'slow-speed faults!" tele-

printer, according to the scanning speed : tine,

address, value of the excess, until the fault disappe=zrs jun-

[as

Whenever & safety esction is recuested the following indications are
printed on the "safety actionst teleprinter : time, parameter

address, action requested.

BUR/C~15/127/69 e.
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The auxiliary paveneters erc meagured by one chain only. There

iz only one reference lavel and the only action which can be

initiatad ig an

The valuc of the paramster ig neworized at every pt?d e asuremeny

cycle. In the event of en exeesos the "memorized values" tele-
printer prints the time, the cdress of the measurement, the neuo-
rized values and the refercnce level. The excess value is printed
on the "slow-gpeed Taults® telicoHrinter with the time and the par:a-
naeter addresg until the Tfault digavnears, unless the operator

re
requests the cescetion of the »rinting.

C. Calculated parameters

In addition to tho comparisons to refcrence levels and the

average cnlculations which it carries out normally, the TIS hog

<

to compare wmeagured valucz with cne another and in some instances

to make special ecalculations, wariicularly in connection with
visual notification of thermal power determination of organic
coolant flow, supervigion of neutron chains, and burst-slug detcc-

tion.

A Tew particular actiong still nead to be mentioned :

- burst slug detcction
The TIS carries out 211 the detector-control operations, the
activity meegurewnents znd the trend calculations for all the

burst-can detection agssecmblies.

- Dust and gas zctivity
The TIS executes the orders for reading sanpling point numbersgs
and measuring their instantaneous and possibly deferred activiiy
these orders come Trom the sutomatic device connected with the

display keyboard.

The operator may recuest the TI3 to repeat the readings autometi-
cally for a ceritsin number of neints ( collective sampling. or
to repeat autonatically the vTeadings for a particular point

( follow-on-method;.

oS e
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v. <he TIS has to earry out certain eorrections and

L3
[v
3
o}
f—
[

i
.
3
16
W

-

izations of the prcraneters to be printed or displayed.
1l

<
[
7]
fet
%)

Correetions referring to teuperature mecasurerents by thornio-

eouplies takes into aecount the effect of the cold welding teupera-

0,

ture, as ueasured BY = recictanee probe and seanned among thc other

]

analogicel »narameters.

o

The drift of the ampliTication-eonversion system is periodicolly
calculated by programme Zron neasurements of two stable reference
voltages asgociated with the anplifier, whose conmputer stores
theoretical vaolues.

The conparison of the naremcters to their reference levels is nade
with unproezssed values, i.c. values whieh have been neither lineca-
rized nor correectecd. The stored referenee-levels are therefore
inversely eorreeted and ndanted immediately upon introduetion, ancd

"

periodieally thercafter 17 neeessary, in order to restore then to

the unidroeessed eondition.

The reference levels are introduced and modified by mezns ol the

service teleprinter asgoeiated with the eontrol computer.

1.3+ Test of the working of the TIS :tsc1°

Perity control : Thisg contrel is cffected systematically for every
exchange of infornation between the arithmetieal bloc and the memory

of the transfer unit. The deteetion of ~ parity error results in the

N

emission of an internal interruption signal which inmediately stobs the

conputer. The autoesgontrol tests deseribed below ean therefore not be

. )

corried out and there is eonsequently 2 switch-over to the standpy computer.
Auto-control test : This test ecarried out every 500 ms on the recsipt of
an interruption signal »ruaoduced by one of the two timers. The test tskes

rst the presence of a "numerical inputs

ote

30 ns. The programme tests I
outputs error" ( by prograume an output relay is closed or opened and its
position is checked in return on cn input line). If this error signall is
present the computer stong. IF not, ths programnc tests successively ecci

ingstruction of thz eentral unit ( instructions foy storing in mepary,:

of o
BUR/C-1S/127/69 «.



for arithunctieal olerctions and logieal operations, for the dis-

-~

plececnent of menory zones,. 17 the auto-control programme is

carried out ecorrectly, it congludes with the enigsion of a si-
gnal to the autoweontrol eircuit asgociated with the computer.
This cgigneal, rsceived every 500 ng by the circuit if the commpu~
ter is not out ol order, oDrevents a switch-over. If the signal

is not reoeeived , the auto-conirol eircuit switches to the stand-

by comnputer.

Test of the working of the conversion gysten

The two refercnee voltages existing in each group of 16 main
perancters and in each group of 956 auxiliary paramecters arc
scanned like the other parameters of the group and their value
is ecompared to their previougly-nemorized theoretical value. In
addition to measurenent corrections, this arrangement nmakes it

~

caline o faulty amplifier in the analogical chains.

o}

possible to 1
The exploitation of the uecasureuent signals passing through this
armlifier is then forbidden by programme and the fault is indiea-~
ted on the "safety agtions’ teleprinter. Simultaneously the conpu-
ter congsiders the Zaulty neasurencnt to have passed the most
dangerous level. If errors arc detected on at least two rapid

\
7

(1 s 0or 2 s groubs, the eomputer orders a switch~over to the

seeond converter.,

Drum test

If the switch to the seeond comverter does not result in an
inprovenent, the Zault mnay lie in the drunm. A powsr set back of
the reactor is then triggercd-of, and the most important parao-

meters enter directly the weorliing menmory.

~

In addition & parity cheek is performed during read-out of the
information stored on thes drum ; the parity bit is provided by
the converter. Failure of ibe ehsgk has the same consequences as

in the preccding case.

EUR/C=15/127/69 e.
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"Timer" systen tesi

Funetioning is cheeked by the eomputer whieh receives the prograime
signalz (1 5, 10 5, and eompares their time of appearance witl the
referenee times obtainsd by ealculation. If there is a disecrepancy,

the eomputer orders o switch-uver to the stand-by unit.

The signal whieh oceurs cvery 500 ms is eontrolled eleetronieally.
If a fault is detected,another signal is enitted in due time and the

conputer orde a gwitgh-over tc¢ “he stand-by unit.

Stand=by unit

e e

o el

I a stand—by unit itgelf feils ot a time when the normal unit

cannot be put baelt into szrviee, o power set back ig triggered off.

Cheek on measurement ehaing
A broken wire, & short eircuit or a transmitter fault originate o
=ero signal. If a neasurenent ehain gives a signal below a mininun

reference level apwnlying to all the ehains, an zlarm is given.

For paraneters measurad by three ehains, the computer considers the

faulty measureneni te have pasgsed the seram level.

2.4, Other funetions of the TIS

D e e T T R I -

Deteetion of the order in whieh Iineidents oceur

ed AR A A h B w e me

In order to deteet the sequenee of incidents, the computer suner-

vises the positions of about i00 contaects. Changes of position are

ES

eonsidered simultancoug if the time interval separating them. is

eing the time between two suecesslve scanning

o

less than 0.1 s, this
periods. Chzanges are recorded on the "safety aetions" teleprinter in

the order in whieh they occur.

ZUR/C~15/127/69 e.
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Display and logging of values on request :

AAAAA PR Nty

eperator to request the value

o
}ed
(6]
u
=
toa
1
©

The request Zeyboard cnc
of any paraneter entering or ezlculated by the TIS. This ena  then
appears on & nunerical dis»nlay cose. A key on the keyboard enablecs
the operator to recuire this valus to be printed on the teleprinier.
This request switches o2 the display signal. It is possible to

require the gsimulta us pri

o
(ol
5
«
o
‘._
o
o
]
ol
n
£
"
©
3
0
5
&
ta

Another oy

can stop the printing of any measurement.

Logging of general inZformation

This iz donc by the Jollowing niachines :

- two punched-~tape noechines

- some anzlogical logging units. The system includes three
analogical outputs obtained by decoding 3 x 9 binary numbers,

- ten teleprinters which perforn the following tasks :

- referepce-levels ipntroduction and test-logging,

-~ nenorized valucs logging,

< Toults,

- slow logging o7 Zsults,
c

cions 1ogging,

r

- logging rzadings 2t operator's request,

- delayed calculeted information logging,
o

-nrotection faults logging,

EUR/C-18/127/69 e.



2. Principal struetural characteristies

P e ey PR

a

The TI3 is composed of three struciurasl assemblies

~ input systeu,
- central unit,

- output systen
Figure i shows the general set~up.

This consist of filters and clzeetromechanieal relays followed

o~

by electronie switches. With the "low-level" signals a diffc-
rential amplifier is inserted Dbetween the relays and the
switeh assoeizted with these signals. The signals are at pre-

sent distributed az follows

- 3 grouns of 16 paraneters seanned every second

- 5 groums oFf 16 paraneters smanned every two seconds

- & groups of 96 persneters scanned every twelve seconds
- 2 groups of 8k narareters Seanned every twelve secconds
- 1 group of 32 »narametzrs seanned avery twelve seconds

The three chzing measuring the main parameters are connccted
to different groups, sc tixat - frult in an amplifier or an

electronie switeh z77zcts only one of the three chains.

For one groun seanned every two sccond and three groups
scanned every twelve seconds, the scanner and amplifiers

~

are inside the containment o7 the reactor. For the other grouns,

they are in the roon of the central units.

For each group, two inputs are reserved for stable referencs

voltages designed ta control the entire analogical chain.

The output of the electronic switches is connected to the

analog=digital converter.

BUR/C-15/127/69 <.
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B. Analog-digital converter
The 0;10 V signals cmitted by the electronic switches
are converted into binary signals (10 bits + sign) which
are passed to the analogical traeks of the magnetic drum
at the right moment, the scanning and conversion unit being

synchronized by signals frowm the magnetic drum. For safety

reasons the converter igs dupnlicated.

This external meuory stores the following informations :

-~ numerical measurciments or measurements converted into

nunerical infornationg,

- reference levels and normal control programme,

x

- the nemorimed values every p measurement cycle,
- all the programmes which ensure the norma’ cconirol.

The logging time ig independent of the processing time. The
drum is switched automatically into the sccond computer
when the first ecomputer develons a fault, in order to ensure
the maximum ecoptinuity of control. Since the drum itself is

very reliable in operation, it has not been duplicated.

Before being fed into the computer the pulse trains are taken
over by the timer, an organ which is duplicated for reasong

of safetyPiloted by a quartz time-base, it makes all the
necessary signals for commanding the DRG feeding zone devices
(counters and revolving drum) and for measuring various activi-
ties by pulse counting™., It also makes all the programme signals

(0.1 5, 0.5 5, 1 5, 2 5},

ZUR/C-1S/127/69 re.
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o e o e e > —
ey 1

The programmes are normally fed in by a fast punched-taps

reader (300 Char/sec.)

oo Do oo RRES RS I ZEEsER =S

Done by the first teleprinter montioned above ( in 1.h4.)

which is thus a two-way link ithCthe- central -unit.

2.2 Central unit

Since this unit is duplicated for safety rcason, the information
is processed by two CAE 510 couputers. Each computer has a
ferrite o@oro working meriory &7 24,000 words of 18 bits. The

access time to a storod word is siz nmicroseconds (reading-writing)

The method of using the computers can be summarized as follows :

- computer 1 is in charge cZ control and safety,

- computer 2 as a staend-by device,

- if computer 1 fails, computer 2 is connected to thc magnetic
drum in order to take over the control and safety prograrmme. The
numerical input and output units and the teleprinter control cir-

cuit: units are alsoc switched over (fig. 1)

While computer 1 is on line computer 2 stores the following

informations in its nemory
- the conmputer test prograrmme,

- a monitor progremme whose purposc is to call tho control progranmnes

from the drun when coaputer 1 ig switched over to computer 2.

EUR/C-15/127/69 e.
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2.3. Output syster

These fead solid state logic blocks for control or indication.
In order to aveoid all in erence a decoupling has been inser-
ted between the feed to tiese systems and the TIS. Scram and

special-action lines are duplicated.

B. Teleprinters

These are ordinary machines with short (28 cm.) or long (72 cri..

carriages.

ng gheets have the following characte-

[N

The indicationg on the logg

rigtics :

- the time is composed of six nuwierical characters,
- the addresses have four alpha-numerical characters,
~ the parameter value; are printed to three significant

figures.,

Teleprinters which have to log several types of parameter, do print
simultancously the address and the unit in which the parameter isgs

being measured.

These consist of a puncher {100 char/sec) and three analogical
outputs. A second puncher is associated with the stand-by compu-

ter and a third is in reservec.

"--===OOOOOOO===‘-"'~



Analogical
inputs

LEGEND

- 'CC - Command unit

CAN- Analog digital converter

CC1

CAN1

Synchronisation signals

T.1.S.

Fig. 1
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Zﬁ}j‘ig. 2 / Exemples of T.i.S., inputs leading to a safety action (main parameters) - 7/1h -
. . No, ofi{lio. of | Bcanning . Action
Circuit Parameter Address L. L f . = : -
¢ aramete ¢ param. (chains | cyc.takes aw of interven Alarm| PR |SC Special actions
tultiple | Temperature | Channels 8 24 23 1/3 T> S, x
(T) outlet 2/3 T> Sa x
2/3 T> S3 x
Secondary 1 3 2s 1/3 T> S4 x
outlet 2/3 T > Sg x
main 2/3 T> 83 x
exchanger
Pressure Secondary 1 3 is 1/3 P> SN x
(r) expansion 1/3 P< S1 x
vessel 2/3 P> Sa x
Flow (F) Reactor 1 3 1s Calculation of
outlet P/k Fiot = &
1/30 > S x
2/3¢> S2 x
2/35> S3 %
Fen Channel & 8 1s Comparison
inlet inlet-outlet
Fen Channel 8 8 is Fen - Fsn = &£ n
outlet en
£n >s Accelerated memorization
Calculation of of the most important measu-
P/k Fen = fen rements for 20 sec.
“Pen 7 Si b 4
and '
P/x Fgn = Psn
¥Ysn > Sn x
Yen > Sy
and X
¥sn > Su

EUR/C-1S/127/69




/[ Second pari fig. 2 /

- 7/15 -

Circuit Parameter Address No., of N?'_Of ~canning Law of interven. pe- Actions
param. [chalns [ cyc.takes Alarm |PR|SC Special Actions
Feeding | Temperature Outlet 2 x 162 = 16 1s 1/16T > ST1}
zmone (1) supply ou 1/16F < sF4 x
heavy channel 2/16T > STo
Flow
water (F) ou 2/16F < SFy .
ou Tn> ST2 -
and Fn( SFZ
2/16T > sTj3
ou 2/16F < SF3
Tn> ST3 *
ou
and F,< SFj
Pressure Expansion 1 3 is 1/3 P < Sy Automatic circuits D0
P vessel 3 i i -
(P) 1/3 P > Sq % (depressurization shut-down)
2/3 P ¢ So x
Level Expansion i 1 1is L » Sy Automatic circuits DoO
vessel (supply shut-down)
L <« 84 x Automatic circuits DgO
(emergency supply)
L € 85 hutomatic circuits D20
L € S2 and 1/16 %X | Lutomatic circuits D20
F < sF (shut-down of principal
3 oumps)

Start-up of auxiliary pumps)
and expanslion vessel depres-
surisation

BUR/C~-I5/127/69
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SYMBOLS USED (fig.2)

PR = Power reduction

5C = Scram

S = Reference level (84 = first level, Sp = second level «..)

SF = Flow reference rate depending on the number of pumps in
operation. It is automatically modified by the computer

which receives an "all or nothing" signal for each pump.
P = Average value of neutron power

k = coefficient taking into account loop characteristics

The index n (eeg. Tp) indicates the number of the element on

which the measurement is wmade.

The fractions appearing in the intervention law indicate the

proportion of measurement taken into account.

EUR/C-1S/127/69 e
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[ERS

o Foroword

The Z5201 plant is subject to the italian law and in particular

to the ~rovisions of the nuclear act{D.P.R. n° 185) of the Italian Re-
public, The nuclear act delegotes in uany subjects tho respon=-
sability to the nuclear plant wmanasger, assisted by the safety

comittee (Collegio dei Delegati) worliing in close contact with

subnitted to its technical

the nuclear authority (CHIN)
inspection. The safety probdleuz involved by the experiments
conducted in the II3G1 plant ore dizcussed only between the
custoner and tihe pnlant manager. e latter justifies and sup-
ports the.experiments to the itzlian autnority (CHEN e Commis=
sione teocnica ROMA) when their i:cidonce or the plant safety goes

beyond the limits establisned in the "Technical prescriptions!.

In short, the sclety probvlews of the BESOR reactor and related
experiients are under strict control, and every test requires

a detailed descriptiorn, but the procedure does not involve any
zd.inistrative burden for tle custoner, which has only to

contact the plant wanager anda sup:ly every useful technical infor-

;;;ation .

2 @cneralities

The safety problems wesulting from the experiments carried out

in the ES3S50R plant are usually handled ii three subsequent stens :

i« The safety secretariat of the nlant examines the problens
involved by the carring out of the oiyperiuient, in close
contact with the arplicant of the experiment and with the
departaent of the reseasrch center (ealth physics, medical
service, protection service, eic...), hcaring on soiie par-
ticular aspccts of the nroblew, thas opinion of the italian

authorities(Cilill, LNCC, EHPI, ctcee.).

BUR/C-15/127/69 e
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2.The problem is the cxamined in tho Scfety Committee of the

plant { Collcgic dci Delegati., an crgan imposcd by the italian

nuclear law, in which are sitting cngincers and technicians of tho

nain techniczl departnents of tine plant.

3.The experiment is finally submitied to the italian authority

{CHNEN) which, a? “niczl committee, grants the

[N
c+
&
by
o)
¢}
™
f
3
[
s}
@
&)
o
(@)
[¢]

cperating authorizeticn and igsucs the itechnical prescriptions,

i.e. the limitations concerning thce zauipment and the carring out

of the experiment.

ngle neart of the plant, and the whole

rbe

At the same tine, cvery s
undergo the legal ingspection anrd test nrocedurcs, under the contrcl

of technical supervisors { from CHIN, ANCC, ENPI, etc...)

The safety documents recuested for the authorization are in particular

detailad description of the plant, thz safety considerations, the

o

-

analysis of normal cperation nasards, tihe maximum credible accident,
the operation manual for normnal operation and accident conditions.

k.Procedures for new ingstallations

Tc settle the performances and main technical datas of a new installo-
tion, the applicant of the experiment must work in close contact wiil
the safety secretariat. Their cocoperaztion goes through the follewing
steps ¢

1. Examination of ths »relininary preject, made by the applicant,

2., Joint examinaticn o the »relininary project by the applicant

and safety gecretariat.

BUR/C-15/127/69 o.
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3. Beginning of thc safety study (dynaumics, stability problens,

conventional safety of circuits, shielding calculation etce..)

and of experiments in order to confirm the theoretical assun=~

ptions.
o Detailed project study by the ap:slicant.

5. Joint exawination of the final nroject by the apnlicant and

safety secretariat.
6., Verificetion of safety calculantionse
7. Construction, under the responsecbility of the apvlicant.

inspection during tihe construction, including single and

[e]
.

general tests,sone - of which attended by public inswpectors.

9. Irradiation in core under the responsability of the plant
s
managenient in the matter of nlant operstion, and by eare of
the applicant for the experimental parameters (subject

to the limitations of the Pecaniczl Prescriptions).

Se Safety rules

The conventional safety provisions for . the Ispra desearch Center,
and ESSCR plant are aprlieable to zany single experiment as well
during construction as during operation. The iesezrch Center

and tlie E3S0R plant bring the necessery technical support (medical
exanination, laboratory tests, fila badges, fire fighting squad,

decontauination tgam.)

ZUR/C-158/127/69 e
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AW IRRADIATION DEAVICE ¢ MI 5 !

2 VN P S

MK 5 : Generalities

Thermohydraulic loop dates

e L - S R O i A

Some propertics of organic Zlulids

~ composition U %

- physical eharaeteristies

- purity euverimentally obtainmed in loop

- heat transfer

Loop coolant concitioning features

BUR/C~158/127/69/ e
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A IRRADIATICH DEVICE :

MK 5

1. MK 5 : Generalities
MK 5,
cooling system consisting cf

OMD or OM 2 ¢

heat

through an heat-eizchanger.

ct
[
[4a]

The secondary cireui
Thermin and tranzslarring
tor ( specificatiocns of

This »nlant has a

channel. The primary circuit,
maximum opereting temperature, may be connected, through an o

installed set of headers and

8).

Neutronic, thermodynamie and gafety considerations make it d2

to retain the & or 5 channel

"multinle loo»" lcecetcd

specifications

e

in eave n® 5, is a closed-loud

primary circuit filled with eliler

27 these fluids below) conveying Zhe

producticn c¢i geveral in-nile sections to a seeondary circult

z closed-loop system filled witlhl:

calories to an external air-cocled radiz-
hernip below).

power exireetion capability of about 1.8 MY »ar

designed for 360° C nominal, 420° C

Zeeders, to a number of channels { up

. -

With the 5 channals hypcthesis , it should be possible to fcrce in each

channel a flow of 10C m3/h max. of organic coolant with an inlat prassurc

2
of 15 kg/cw” and a terp

[0]
3

case,

EUR/C-158/127/69 e.

rature range between 300 and 360°
1

the power extraction can:
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This makes it possible to irradiate in each channel an experimen-

tal fuel bundle of natural to slightly enriched uranium with high
power ratings ( in the range of 10 KW/cm), or to cool such irradia-
tion devices as rigs or capsules located in one or two organic
channels, the remaining channels containing fuel elements ( experimen-

tal or boosters) for reactivity balance.
In any case : each channel mugt contain either a fuel element, or aon

irradiation rig or a replacement container. No channel can be left void

due to safety considerationse

Termohydraulic loop datas

- primary cooclantecesceessssssescuitectic OMD liquid at room temperature
- maXe flOWeososoesosasscssasased20 mj/h
- In~-pile section pressure
1OSSesscecsssssoesesssssosscsey to 8 kg/cmz
- temperature rangcCecsosseseasess+150° C to 350° C
- power extraction capability...10 to 15 MW depending on temperature

2
- naxe. pressure..-o.....-..a....40 kg/cm pumps outlet

/In-pile sections/

- channels with SAP or Zr-Nb 2,5 pressurc tubes, @ int. 92 mm
- MaXe. PreSSUrCessssssasssesssssl’ to 20 kg/cm2 depending on temperature
~ MaXe flOWeocecoveosssecnsoesnselO0 m3/h

- temperature range............‘150° C to 3500 C.

EUR/C-158/127/69 e.



9/k

3. Organic coolants : generalities

The fluids consisting of nmixtures of polyphenyls are not just

exotic and related to a single reactor concept, as it has been

seldom claimed.

These fluids have already found a large application in the field

of industrial and domestic hcat transport.

Their thermal performances are under some aspects comparable to
water, with less power extraction capatibility, but with the great
advantage of a low vapour pressure, a very low corrosion rate of the
usual systems materials and a fairly low rate of chemical reactions

with uranium, sodium, ctc...

2
Sheath to coolant heat flux can reach 180 W/cm in the mean loop tempe-
rature and pressure conditions without nucleate boiling. Burn ocut heat

. 2 . cL .
flux is at least 260 W/cm® in the same conditions.

On the negative side, the peclyphenyls mixtures do have, when not
properly purified, a known tendancy to foul the heat transfer arcas.
The existing loop coolant conditioning features are described in p.5

page 9/9.

Fire and explosion hazards do exist, but they are minimized when opera-
ting below 360° C, and may be easily kept under control by means of

appropriate devices and precautiong, as is the case of MK 5 plant.
The main primary fluids are considered

- OM 2 which is especially interesting for heavy in-pile applications,
but which is solid at room temperature ( with inherent complexity

of start-up procedure and plant preheating)

- OMD which is an eutectic compound, remaining in a liquid state at
room temperature ; the "in-pile" performances of OMD are lower
than those of OM 2 but similar to those of the well-knocwn HB 40

used by the Canadian AECL in their WR-~1 reactor.

EUR/C-1S8/127/69 e.
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The secondary fluid, Thermip or ESSO 200 fluid ( chemically quite

close to methylnaphtalene) are also good heat transfer mediums,
liquid at room temperature, very similar to light-oil and a solvent
of OM 2 and OMD. For that rcason, Thermip and ESSO 200 arc used

as a general purpose fluid in several subsystems of ESSOR.

/ Conclusion /

By means of apprepriate analogies and a proper adjustment of the
operating conditions of the loop, it is possible to use these organic
coolants in substitution to water for irradiation experiments of cap-

sules , rigs and fuel clements.

EUR/C-1S/127/69 e.
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k., Some properties of - organie fluids
o e e e e e o e A i e i AR B 1 B 8 e e A %

| | |
oM 2 . CMD Theraip P2y ESSC 200 |

- Biphonyl < 1 25-27 - 5 -
- C-Tershenyl 15-25 53-55 -
- m=-Torshenyl 70-30 17~19 - | -
~ p=Ternhenyl ! <5 <1 - -

- 1 and 2 methyl-

napatalene - - 95 38
]

- nanhtalcne - - 4 ! 7
!
i

- alkylnanhtalenec - - <: 1 | 29

<1 | (¢ 10-16) 13
[(>c 16 ) 13

Lonmoca o mcie & s xoana

ZUR/C-13/127/69 c.
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'

OM 2 OMD Thermip P2 ESS0 200

XA F A I I - 1 ittt T e ettt

Physical characteristics

- initial melting |
point ¢ C ! 60-65 - 15 - 30

- liquidus point

°C < 90 < 20 -5 - 18
- boiling point ° C 355 295 230~-255 230-280
~ flash point ° C > 150 > 130 | > 100 > 100
- autoignition temp.® C ;} 500 > 500 | 485 >> 485
|
- density (gr/cm3) 120°C 1,02 | 25°C 1.07| 25°C 0.99] 25°C 0,99

300°Q‘ 0.88’ 300°C 0.85,200°C 0.84{200°C 0.37

- dynamic viscosity
(centipoises) 120°C 2.1 ! 25°C 50 25°Cn 3 25°Cv &4

300°C O.Lk1 | 300°C 0.311200°C 0.3 [200°C1 0.4k

- specific heat }
(cal/g ° C) 120°C  0.45] 25°C 0.39] 25°C10.39, 25°C 0.4

300°C 0.5 300°C 0.70{200°C 10,52 [200°C1 0.6

~ thermal conductivity ]
(10% cal/cm sec °C) 120°C  31.5! 25°C 33.9] 25°Cw 32 25°Cq 33

|
300°C 27.0 300°C 26.8;200°C 25 200°C, 26

- vapor pressure (bar) 420°C »n 3 420°C~ 8 350°C(n 7 350°C 7

BUR/C-1S/127/69 e.
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Loon coolant conditicning Tcatureg
In order to naintain correct conditiocns of the eoolant, the MK § loon

is connccted to a purificatisna section which consists in @

- one heat-recuperatsr and one lectrlca neater tc keep eonstant teuncra-

ture in this secticn with any inlet temperature of the main circult,

max flow 3 mB/h, mex temp. 35C° C

- a_Zfilter battery, max flow 3 mB/h, 5 nicrons { compressed silica wesl

beds)
- a cnlorlne adsorber, maxz flow 1 2”/r { zalladium deposited on alunina

pellets bed)

- two _adsorbers loaaed with Attapulgus clay and silica-wool back-filierse.

L correct flow of coolant passes tvhrough these columns in order to
adsorb the oxygenated high molesular weight organic polymers which are
n

riainly responsible ol the fouli

~ h_degaser, max flow 3 : /n under nartial vacuum (400 torr). Eliminztes

dissolved gases (Nz, H?O) and coolant deconposition light produits

(Hz, CHQ, C6H6 and other crganic coupounds with a boiling point lower

than 200° C)

- a di stlllatlnn colunn, uax flow 250 1/h under partial vacuunm (200 torz,

Separates the High Boiler Residues(Muw.higher than 250) formed by

~ -

radiolysis and pyrolysis of the coclant, which would cause changes of
A
7

physical properties ( visecosity) and inercase of fouling potential.

- a water 1nJectlon syst in order to eccmpensate the losses of water during

fact, the sirconium alloy hydruration rate is
.. . . Y +
minimum for a water concentretion in the coolant of 100 - 25 ppm

- twu pressurization pumps feeding the clean coolant to the main ciroul:

Lt

through the heat recurerator. The flow ¢f these two pumps is regulac

)

in order to keep a constant level in the main circuit expansion tanlz.

mmm=m==0000000ETmm—~—
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/ ENCLOSURE OF SECTION 9 /

PEY5ICAL PROPERTIES CF ORANIC COOLAITS : COMPATIBILITY

b A R A h L h e EeEie R A S SR S i A ALk s e w & AR A

lizterial Organic fiuid , Scurce éA-d____,_,__; Behaviour L o Remerks
i { Testing temp.  testing tiiz ' resulis
o oS m DI m o =E S :::::::::::::::’::::::::::==:::A::::========:=::::::::::::::::::::::::::::::::: il el el e el it el il it lieresd
SR
5Ch Santowax fa2; (37 36C up to 2000 hours| seiisTficicry |Normally stainless steel
behave well in ocrganic
: with little chlorine
J i —_—
Santowax + | |
50C ppna Ci 2> {3 36C after 2000 hcuryd strong 50 ppm chlorine produce
; . ccrrosica deep and fast inter-
f o crystalline corrosion,
zcnel ! Santowax } (s’ 4oQ 3C days —le=6:g/d: especially in the transi-
; ‘ ticn zone of weldings. It
i is recommended to avecid
' stagnation of part of the
b n - . . a2 ——an . A i h -_...4,.. - - - b b PR - ‘—._J_fluj'd
SITSLCTCAY :
VITALS
Nb Ol {7, ; LOO 432 hours . Nb idritates very casily.
{ Mc and W are the most
{ suitable for utilization
with crganic fluids.
Ta OM2 (7. Loo 432 hours . +1ﬁ2=27é429/
\ am
‘ ( +D:=0,50g/
i L S
. . ~ .2
Mo OI"iz (7. 400 432 hours . +A';=;:‘“g/cm
( +Ai=k,7.1572
j ! mo/dn
| - i
W ! ot {7, 400 i 432 hours !
5 f ' ) A

3U2/C+18/127/69 e.
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-2~
ligterial Organic fluig Scurce Behaviour
Testing temp. | Testing tine Rzsults Remnarks
T T T T S S o N L S SN T T S S S S T T N T T S N R N T N T S I I S I I S S T SN T T S T S S T S T T T N N T N I T T S S T S e s s e s el R f ol oot Fe e o BB G ol R i X RS X X ]
ZISCCHIUM
ALLCTS
~ \ I Mete: A .~ v~ !~ ‘.2 . . .
A OM2 (9} . CC 100G hours +£ E=1,Cug/dn Zirconiun: alloys are easily
;2 subject to idridation, but thg
H_0=10 popu 00C hours A u=3,500 /227 . ?
(‘z 10 ppu) > 39528/ nuisance can be largely
avoided by prelininary
\ N cxidation
Sr-112 2,5 Santowax (z; (& LCC 360 days b*ékp=C,29 ng a
an-2 day”i
Jc:éa?‘-«v—)i-g/
cim 4 a-t
Cohennits | Santowax (27 {&; Los 310 days + Dozt =g
cixmé layTt
Te=2,7 22273
| g emma hTE
Zr-Cu~=Fe Santowax (2. &, L2C 220 days +[k§=9,2 g
Slelrg lay~*
Jesblk ,2377
mg em—t TS

IU,/C-18/127/69 e.
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Material Organic fluid Source Behaviour
Testing temnp. Testing tize Results Remarks
===========:=:===:========:===E:::::::::::z:::::=========:===::=====::::====:=L.-:==::=====::======================::::::::— ————
LLIMINIUM
FALY;
ALIOYS
' \ 4
AP5 OMZ (1’ Loo up to 10 hcurs axcallent
0M2+3OO oo (1 430 slcss cf 1040 Aluminium and its alloys
. N2 a1 - e .
Fe +10Cppm Cl1 {v:&f:“n:..,s behave w?ll 1n.presence
2 ¢eter 5C of organic fluid
+ 500 pom HZG Jizen
LL-Mg {2,9%) OMZ (13 4CoO , up to 103hcurs +A13=2;6C =g/
| !
fnticorodal 4
{L1~lig=Si) oM, {1, 400 10" hours +A‘_3=3~C ng/
. 2]
! o
AL-Si (0,8 oM (1. LOO 112.000 hours | +0 345 =g/
: %) 2 c’;::z
AL-5i (9 %) 01'42 {1 400 12.000 hours +Ap<5 g/
:-*.‘--;»2
ti-cu (&,9%) oM, (1’ 400 | 8.500 hours + D=3l mg/
C’::z
- g i A = P /A-—-z
Li-HNb 01‘42 : {1, 400 12.000 hours + Lp=k wg/dn
Ll-y OM,, {1, 400 up to 6.00C excellent
' hours ;
L1-Sb CM, ' (1. ! 400 " " exeellent
] .
L1-Ce oM, (13 i 400 " n axzeellient
i
! ; ./o -




e
o e e -
Material Organic fluid Scurce Behaviocur
Tegting temp.| Testing time Results Remarks
—:::::::::::::::::::::::::::::;:::::::::::====::-::‘:::==::==================::==:====:::::::=:4::====,-_—_=:_-::-_::-_——====_—_:====:======::::
LL-Cez OMZ {1, LoC up to 600C
hours exca2llant
Y s N 4
SEP 1C % omz (1. 400 up to 10 '
hours exczlilent
Oli, + 30Cppure oy ¥ .
00 ateh C
+ T10CppuClg + (1) 115 hours ::~ 350 M
24,0 -2
500pp=i,
517 7%-1C% Santowax (2. 3. 400 excellant
TRAITTM Sant oW ax (5 400 30 days -8 3=v150 g/ Black surface
: am=
PHIGPECR ) o
33C1ZE Santowax (57 4oc 30 days - A ==32 mg/en
blaclz saots
- Y A E 9 - ,:‘.‘?‘
33I2ILLIUM Santowax (5) Loo 30 days - (A p=3 ag/dx
. blue
e sellet Santowax (5} LOG 30 days + Do=1197 =g/
Crlasynita DowWar
. I\ oecre ) .
JC_. »elliet Santowax (5, 400 30 days + n=C7C =g/<iax seemingly no etch, but pro-
% bably terphenyl absorption
STOIUNM Hydrocarbon (5, (&, <:cracking tempe. - excellant 3 nc reactions
SN

2UR/C~-1S/127/69 e.
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