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* Application to other projects
Decommissioning of LMRs in France
Decommissioning of RAPSODIE
reactor

History of the reactor

* Located at Cadarache centre

« Start of construction in 1962

* Loop type with two cooling circuits

. First criticality the 28" of January
1967

«  Power : 24 MWih, then Fortissimo :
40 MWth

« 1978 and 1982 : detection of two
small leaks in the primary system

« 13" October 1982 : Final shutdown

. April 1983 : First operation in
decommissioning

« Dec 93 — March 94 : Treatment of
the primary sodium

BbiBoa 13 akcnnyaTtauum LMRS (Kugkui
MeTann oxnageHble peakTopbl) BoO PpaHumun
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MnaH

* BbiBog, 13 akcnnyatauum RAPSODIE

* MpumeHeHne kK SUPERPHENIX

* [puMeHeHne K ApyrMMm npoekTam

BbiBog 13 akcnnyatauun LMRS Bo ®paHuun
BbiBOA ©3  3KkcnnyaTauum
peakTopa

XpoHororusi peaktopa

» PaameweHHbin npu Cadarache ueHTpe

* Hayano koHcTpyKuun B 1962

e TUN € neTnamu (C AByMS oxnaxgaroLwumm
uensamm)

* [MepBas KpUTUYHOCTL 28-0ro sHBaps 1967
e MowHocTtb: 24 MWTH, 3atem Fortissimo:
40 MWTH

« 1978 un 1982: peTekTMpoBaHue [ABYX
ManbIX yTe4ek B OCHOBHOM cucTeMe

* 13-oro oktab6psa 1982: [locnegHee
3aKpbITVE CUCTEMBI

« anpenb 1983: [NepBas onepauns B BbiBOAE
13 akcnnyaTauum

* pgekabpb 93 - wmapT 94: OO6paboTka
OCHOBHOTO HaTpus

RAPSODIE



Description of the sequential phases
Phase 1 : Defueling

Phase 2 :

Removal of

(reflectors)

Sodium draining and decontamination

* Cleaning of the big components

Cleaning & decontamination of the

primary circuit pipes and tanks

* Dismantling of the primary circuit

« Containment of the reactor vessel

* Treatment of the primary sodium

. Decommissioning of the secondary

loops

irradiated equipment

Phase 3 : General sanitizing

Defueling

* April to November 1983 : Defueling
of all the sub-assemblies

S/A are cleaned in a specific cleaning
pit,

then stored in a water pool.

Preparation of Phase 2

* The primary sodium of the reactor was
maintained in temperature first with the
residual power of the fuel elements, then
with the preheating nitrogen circuit and the
safety cooling circuit.

* In 1987, all the reflectors (468) were
removed (2 years work)

OnucaHve nocnegosaTerbHbIX a3

» ®asa 1: Bbirpy3na Tonnuea

da3za 2:

YpaneHue ocBeLLeHHOro pedriekTopsbl
CnuB Hatpus n gekoHTaMmmHauus

* OumcTtka 6oNbLUNX KOMMNOHEHTOB
Ounctka M [OekoHTaMUHAUWUSA OCHOBHbIX
Tpy6, uenun n 6akos

* [leMOHTax NnepBoro KOHTypa

* YoepxuBaHve 6aka peaktopa

» ObpaboTka NepBoOro HaTpus

* BbiBOg wu3 akcnnyatauuMm BTOPUYHBIX
neternb

®da3za 3: Obuasa o4ncTka

Bbirpyska TBEJloB

 anpenb K Hosi0ps 1983: Bbirpy3ka Bcex
TBEJloB

TBEJIbI ouunlleHbl B
yrnyoneHnm o4ncTku,
3aTtem coxpaHeHHbI B BOOHOM Mpyae.

cneyndguryeckom

MNopgroTtoBka Pasbl 2

. OCHOBHOW HaTpUn peakTopa
nogaepkuearncsa B TemnepaType cHadana
C ocTatoyHon MowlHocTbio TBOJlos,
3aTeM CO LUenb as3oTa nogorpesa wu
©e30nacHOCTbLI0, OXnaxkaatoLlen Lenb.

« B 1987, Bce pednekTopbl (468) 6binu
yoaneHsbl (paboTa 2 roga)



Cleaning of components

« All the components were removed
then cleaned in a pit

* Process : water mist in N2 — CO;
gas

« NB : Primary cold traps, caesium
traps and secondary sodium have not
yet been treated : a special “ATENA”
facility is designed for that purpose

Cleaning and decontamination of the
primary circuit components (pipes &
tanks)
» the primary circuit components were
separated and isolated from the primary
vessel

(dose burden : 117 mSv = 50%
of the total from 1987 to 1994)
* Cleaning in 1988 (in situ circulation
of 4200 L of ethylcarbitol)
* Decontamination using 3 baths :
alkaline washing (Cs removal)
Sulpho-nitric acid decontamination with
CelV (Co removal)
phosphatation rinsing
Contamination decreased from

5500 Bg/cm? to < 10 Bg/cm?

Dismantling of the primary circuit
. Pipes and tanks were cut with
plasma torch
«  Exceptional or difficult cuttings were
done with chain saw
« The cutting of the primary pipes
produced

512 elements < 1 m long
= 13 472 kg of active stainless steel

OuncTtka KOMNOHEHTOB

« Bce KOMMOHEHTbI 6biNM yaaneHsbl
3aTeM OYMLLEHHbIN B iMe (yrnybneHun)

* Mpouecc: nonusatoT TymaH B N2 - CO2
ras

* NB: OcHoBHble xonogHble  FIOBYLLUKM,
Le3neBble MOBYLLKM U BTOPUYHBLIN HaTpun ele
He oOpaboTtanuck: cneunanbHoe "ATENA"
00BbeKT pa3paboTaHo Anis TON uenu

Ounctka n geKoHTaMMHaUUSA OCHOBHbIX
CXEMHbIX 351eMEeHTOB (TpyObl 1 BakK)

*  OCHOBHblE
OTOAEnAnMCb U
OCHOBHoOW Bakun

(Josun 6pemsa: 117 mSv = 50 %
cymmapHbix ¢ 1987 go 1994)
e Ounwarowmnn B 1988 (Ha mecte paboTt
umnpkynsums 4200 L ethylcarbitol)
',D,eKOHTaMVIHaLI,I/IFI,I/ICI'IOJ'Ib3y}OLLI,aFI 3 BaHHbI:
LLlenoyHoe mbiTbe (Cs yaaneHue)
Sulpho-nitric kKncnoTtHas gekoHTamMuHa-
una c CelV (yoaneHue KobanT)
Phosphatation npombiBaHue
3arpsisHeHne ymMeHbLUanoch 3

5500 Bg/cm2 k < 10 Bg/cm2

CXEeMHble AJIEMEHThI
M3051MpoBaHbI n3

[leMOHTa)xx OCHOBHOW Lienwn

* TpyOGbl M Gakn GbiNM COKpaleHbl C

nrasMeHHOM ropenkomn

*  WcknwountenbHas wnu  TpyaHas

CTPYXKa Oblfin BbIMNOMIHEHbI C LIEMHOM

nunon

. COKpalleHue

npounsBeaeHHbIX Tpyo
512 anemeHToB < 1 M ANIMHHbIN

=13 472 Kr aKTMBHOW HepXXaBeloLLen cTanum

OCHOBHbIX



Primary sodium treatment

«  CEA “NOAH?” process (1985 --1989)
. direct Na-water attack in a tank (40
kg/s)

. Applied on the DESORA facility
(Framatome design)

* Treatment of the 37 tons in 3 months
(Dec’93 -- March’94)

NB : The RAPSODIE accident
occurred when cleaning the residual
sodium in the vessel with ethyl carbitol
(31°% of March 1994)

Present situation and future
The removed activity is estimated to
around 4800 TBq.
600 TBq (mainly °°Co) in 1990
still contained in 1" vessel
The dose burden from 1987 to
1994 was 224 mSv.

RAPSODIE will reach IAEA level
2 of decomm? in 2005
stage 3 is planned in 2020
a cost-benefit study is being performed
to
reduce the duration of the surveillance
phase.

OcHoBHasi obpaboTka HaTpus

* CEA "NOAH" npouecc (1985 - 1989):
npamvoe Na-Bogy pewleHune B bHake (40
kg/s)

* MpuknagHon Ha DESORA cpeactee
(Framatome koHCTpyKUUS)

» ObpaboTka 37 TOHH 4yepe3 3 mecsaua
(oekabpb ' 93 - mapT ' 94)

NB: RAPSODIE aBapus
npomsoLna npu OYUCTKE OCTaTOYHOro
HaTpua B Kamepe ¢ aTunom carbitol (31-
oro mapta 1994)

MpencraBbTe cUTyaumo n dyayllee
YpoaneHHoe [OencTtBue OLeHEeHO K
Bokpyr 4800 TBQ.
600 TBQ (rmaBHbIM 06pasom 60Co) B 1990
BCe elle cogepxalimmncs B 1ry kamepa
bpemsa posbl ¢ 1987 po 1994
Obino 224 mSv.

RAPSODIE pocturHer MATAT3
ypoBeHb 2 gemoHTaxa B 2005
CtyneHb 3 3annaHupoBaHa B 2020
WccnenosaHne uHaHCOBLIM NpUOLINb
aenaertcs K
YMeHbLUNTE NPOSOIMKNTENBHOCTD
dasbl HabnaeHus.



Application of the experience of
Rapsodie to Super Phénix

SPX Defuelling

* Fuel elements (+ breeder elements
‘g &‘h’: 125 BE)

cleaned using standard process : Water
mist in CO, flowrate

. Control rods (nb=50, containing
residual Na) cleaned with a special
process (nho immersion)

*  One family of the breeder elements
(" : 104 BE) were cleaned with a new
CEA process : Slow water immersion

Use of the CEA expertise for other

projects

» SILOE reactor :

oxidised active NaK
— 6 processes were developed by

CEA and applied on site in 4 years = all

the NaK has been processed

large amount of

For foreign projects, CEA experts
support the engineering performed by
the AREVA/SGN company :

. Dounreay Fast Reactor Fuel
Removal project

#100 fuel elements blocked in the
main vessel under inert gas

+ residual amount of NaK coolant

MOL : Na (500 kg) and NaK waste
treatment (managed by Belgatom)

[MpumeHeHne onbiTa Rapsodie k Cronep
deHuke

SPX BbIBO3 TONNMBA

« TBOJlbI (+ anemeHTbl pednekTopa ‘g’
n‘h’: 125)

OyuLLEeHHbIN npowecc cTaHgapTa
nucnonb3oBaHusa: BogHbin TymaH B
Okewng yrnepoga (CO2) notoke

* CTepXHM Ynpaeneuus (dmcno = 50,
cogepxxa ocTtatok Na) OuWLLeHHbIn co
cneumanbHoW  TexHonoruei (HvKakoe
norpy>xexHue)

* OgHa cembd anemeHToB Opuaepa (i
yncrio =104) 6GbINN OYULLEHBI C HOBbLIM
npoueccom CEA: MeaneHHoe BoaHoe
norpy>xeHme

Mcnonb3osaHne CEA akcnepTusbl Ansi
OPYrx NPOEKTOB
* SILOE peakTop: 6onbllIOe KONMMYECTBO
okncneHoro aktnsHoro NaK

- 6 npoueccoB 6binn paspaboTaHel CEA 1
NPUMEHSINNCb Ha MecTe 4epe3 4 roda wu,
Becb NaK obpabaTbiBaembIin

Ona  wuHocTpaHHbix npoektoB, CEA
aKCnepTbl  MOAOEPXMBAKOT  TEXHUKY,
caenarHyto AREVA/SGN komnaHuen:

* Dounreay npoekt YganeHuna Tonnusa
PeakTopa Ha BbICTPbIX HEMTPOHAX

* 100 TBO3JloB, 6nokMpoBaHHblE B
OCHOBHOW Bake nof MHEPTHbLIM ra3om

+ ocTtaTo4Hoe konuyecTBo oxnagutensa NaK

MOJ1b: Na (500 kra) n nepepaboTka
otxogoB NaK (ynpaensiembin Belgatom)



