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HEKOHDMLIMOHHOI'O OFIT PEMK

C NIEHWHIPAACKOWU A3C
HA MNMEPEPABOTRY HA ®ryn «nNo «MAAK»

TRANSPORT OF NON-CONFORMING
SPENT RBMK FUEL FROM LENINGRAD NPP
TO MAYAK FOR TREATMENT
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(OO0 HM® «CocHbI»),

A.B. XANEPCKAA,

E.[. KYZPABLIEB, K.X.H.

(fockopnopauusa «Pocatomy),

H.H. KAJTA3WH,

N.H. TOXHWKOB (/leHuHrpaackaa A3C)

14 ansapsa 2011 roga no uHMumatuse fockopnopauum «Po-
catom» pykosoactBo OAO «KoHuepH PocaHeproatom»
NPUHANO pelleHMe O peanns3aummu «NUJOTHOro» MNpPOoOeKTa
no BbiBO3y HEKOHAULMOHHbIX OTBC co BTOpOro sHepro6ao-
Ka JleHuHrpaackoii A9C Ha ®ryn «MNO «Mask». OcHoBHas
Le/ib NPOEeKTa — peweHne Bonpoca o uenecoobpasHocTym ne-
pepabotku OAT PEMK 1 noatseprKaeHue NpUHLUNUaNbHON
BO3MOXHOCTU €ro NnepeBo3KU U nepepaboTku.

B TeyeHue A/ INTENBHOIO BPEMEHW CPEAMN CNeLnanncToB oOT-
paciv 6bITOBaNoO yCToMYMBOE MHeHWe, YTo nepepaboTka OAT
peakTtopos PEMK HeuenecoobpasHa. IToT Te3nc 060CHOBbIBAN-
cA Tem, 4YTo ucxoaHoe oboraueHue Tonamesa PEMK no #°U 6bin10o
HebobWUM (MaKcMMyM 2%), a LeHbl Ha YpaH — HEBbICOKMMMU,
npy 3TOM TeKyliue NoTpebHOCTU B ypaHe MOKPbIBaAM Apyrue
UCTOYHUKKM. CeroHa cuTyauus M3MeHunacb: oboraleHue To-
navea no #°U gocturaet 2,8%, a UeHbl Ha ypaH BO3POC/AMN B He-
CKOIbKO pas.

Kpome Toro, cyuiectsoBana ele ofHa Cepbe3Has npuyu-
Ha 414 peanusauuu LaHHOro NpoeKTa. B oTanume oT KoHAu-
unoHHoro OAT PBEMK, KoTOpoe B COOTBETCTBMM C KOHLENLUMeN
lockopnopaumn «Pocatom» foMKHO BbITb NEPEBELEHO B PEXKMM
OJIUTENIbHOTO «CYXOro» XpaHeHus, cyabba HEKOHAMLMOHHOro
OAT po cux nop He onpegeneHa. Ml ona npuHATUA peLleHns o ero
nepeBo3Ke 1 nepepaboTKe Ha peryasapHoi ocHoBe TpeboBannch
BECKME OCHOBAHMA.

[na peanvsaumm «nNUIOTHOrO» NpoekTa Heobxoammo 6bino
PeLnTb HECKOIbKO TEXHUYECKUX 33434, TAKUX KaK:

— Bblbop OTBC g5 onbITHOM NapTuu;

— BblOOpP KOHTelMHepa M pa3paboTka KOMMNOHEHTOB YNaKOBKU
O1A NepeBO3KN OMbITHOW NapTUM HEKOHAMLMOHHbIX (B Nepsyto
ouepeab, HerepmeTuyHbix) OTBC;

— pa3paboTka TexHosorMM UM obopyLoBaHMA ANA  pas-
nenkn OTBC u 3arpysku nydkos TBasnoB (MT) B KOHTelHep Ha
JNeHuHrpagckon A3C;
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As initiated by Rosatom, on 14 January 2011 the manage-
ment of Rosenergoatom (Russia’s operating utility) made
the decision to commence the implementation of a "pilot"
project to move sub-standard spent fuel assemblies from
Leningrad Unit 2 to Mayak. The primary objective of the
project was to determine whether it is economically reason-
able to reprocess spent RBMK fuel and to confirm that it can
in principle be transported and reprocessed.

For a long time, the prevailing view in the industry was
that reprocessing of spent fuel generated by RBMK reactors
is not viable. This preposition was based upon the following
facts: the initial enrichment of RBMK fuel is small (2% of #°U
at most), the current uranium prices are low and the current
uranium demand is provided by other sources. Today, how-
ever, the situation is different: initial enrichment of the fuel
may be as high as 2.8% of 2**U, with uranium prices having
gone up multi-fold.

In addition, there was another important reason for launch-
ing of the project. Unlike "good" spent RBMK fuel, which accord-
ing to the Rosatom’s SNF strategy is to be placed in long-term
"dry" storage, the future of sub-standard spent fuel remains
open. Futhermore, solid justification was required for its regular
transportation and reprocessing.

In order to implement the "pilot" project, a number of techni-
cal problems needed resolution, such as:

— selection of SFAs for the pilot batch;

— choice of transport cask and development of package com-
ponents for transport of the pilot batch of sub-standard (primar-
ily leaky) SFAs;

— development of technological process and equipment
for SFAs cutting and loading of fuel bundles into the cask on
Leningrad NPP site;

— development of technological process and equipment for
fuel bundles handling at Mayak.
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— paspaboTka TexHosorMn w
obopynoBaHua ana obpalieHus ¢
MNT Ha ®TYMN «NO «Mask».

Kpome TOro, Heobxoanmo 6bino
pelwnTb Hay4yHble 334ayu, CBA3AH-
Hble ¢ 060CcHOBaHWem 6e30nacHoCTH
06paleHnss ¢ HEeKOHOUUMOHHbLIM
OAT, 1 nony4mTb COOTBETCTBYIOLLME
paspelumnTesibHble AOKYMEHTbI. B Te-
yeHue 2011 roga 3T1 3a4a4n 6bIIU
YCMEeLWHOo peLleHbl, 1 B Hosbpe 2011
roga 6blin ocyLLecTBAEHbI NEPEBO3-
Ka 1 nepepaboTka ONbITHOW NapTUK
HeKoHAMUMOHHbIX OTBC PEMK.

BblBOP OTBC

ONbITHOM NAPTUMN

K HekoHguumoHHomy OAT pe-
akTopoB PBMK otHocatca OTBC,
HenpurogHole An8  AJAUTENbHOTO
«CYXOro» XpaHeHus. B ocHoBHOM
3TO [OCPOYHO BbIFPYXKEHHbIE U He
AOCTUTLINE MPOEKTHOTO BbIFOPAHUA  pyc 1 Amnyna ans nepe-
OTBC, copep:alume [OCTATOMHO Bbl- go3KM HErepMETUUHbIX
CoKuiA npoueHT 2*U. K atomy e Tuny OTBC peaktopa PEMK
oTHocaTca OTBC, nonyumslme no- Fig. 1. Ampoule for trans-
BPEXAEHNA B npoLecce TpaHcnopTHo- POrt of leaky RBMK fuel
TEXHO/IOTMYECKUX Onepauuin nocne
M3B/IEYEHUA U3 aKTUBHOM 30Hbl. O4HAKO ANA KMUIOTHOrO» Mpo-
eKTa 6bln BblbpaH TMn OTBC, Hanbonee CNOXKHbIM B 0bpalleHun:
Bce OTBC onbITHOM NapTuKM Gblan BbITPYKEHbI U3 aKTUBHOM 30Hbl
BCNEACTBME HerepmeTnyHocTu. Kpome Toro, no pesynsratam Ha-
CTOMHbIX TECTOB aKTMBHOCTb **’Cs B BoAe neHana npesbiwana 10*
Kn/n, 4To CBMAETENbCTBOBA/IO O KOHTAKTE TOM/IMBHbIX TaBNETOK C
BOZOM U, COOTBETCTBEHHO, O HA/IMYMK BOAbI NOZL 060104KOM XOTA
6bl ogHoro TBana. PaHee HerepmeTnyHble OTBC PEMK TosbKo B
eAMHUYHbIX C/Iy4anx NepeBO3nINCh Ha NOC/epeaKTopHble nccne-
[OBaHuA.

K nepeBoske 6b1n oTobpaHbl Bocemb OTBC. 3TO KOAMYECTBO
onpeaenanocb He0bXxoAMMOCTbIO obecrneyeHna OgHOKPATHOM 3a-
rPy3KM annaparta-pacTBopuTeNs Ha nepepabaTbiBatollem 3aBoae
Dryn «Mo «Mask». KoHcTpykuma OTBC — lwiTaTHas, € 3aKpenaeHu-
€M TB3/10B B KOHLIEBbIX pPeLLeTKax Ha KoHLax cbopku. OboralieHme
Tonnuea no **U coctasuno 2,4% (Hambonee TMNMYHOE 3HAYEHME
ana 6onbwmHctea TBC PEMK-1000). BbiropaHue Tomn/ivMea Haxo-
aunoch B npegenax 7,8-20,5 MBT*cyT/KrU, To ecTb MeHbLLe, Yem
npoekTtHoe (21,8 MBT1*cyTt/krU) ans BbiBpaHHOro UCXoaHOro 060-
raweHua. Bpems sblaepkn —13,8-16,5 net — onpegenanocsb, mc-
X048 U3 cO0bparkeHNii pagmaunoHHoN besonacHoCTy.

[na obocHOBaHWA 6e30MacHOCTU NepeBO3KM M aHanu3a Le-
necoobpasHOCTU JanbHEMLIEero MCMNo/b30BaHWA pereHepupo-
BaHHOro ypaHa us OAT PEMK-1000 6bi1v BbINOAHEHbI pacye-
Tbl HYKIMAHOTO COCTaBa M aKTUBHOCTM UCTOYHWMKOB a-, -, y- U
HEWTPOHHOTO WM3/lyYEHMUA, BKIOYAs BKAaZ HEWTPOHOB 3a CYeT
(o,n)- u (y,n)-peakunin. Ocoboe BHUMaHWE yAENANOCh pacyeTy
coepKaHuAa YeTHbIX M30TonoBs 22U mn 2°°U, KoTopble OKa3blBaloT
B/IMAHME Ha KauecTBO pereHeparTa.

BblI6OP KOHTEMHEPA U PA3PABOTKA

KOMMOHEHTOB YNAKOBKU

[na «nunoTHoro» mpoekta 6bin BbIGpaH BapuaHT, npeay-
CMaTpMBalOLWMIA UCMONb30BaHWE XOPOLIO 3apeKoMeHA0BaBLIe-
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In addition, certain scientific issues had to be addressed asso-
ciated with the development of safety justifications for manage-
ment of sub-standard spent fuel, and the necessary permits had
to be obtained. During 2011, these objectives were successfully
achieved, and in November 2011, a pilot batch of sub-standard
spent RBMK fuel assemblies were successfully transported and
processed.

SELECTION OF A PILOT FUEL BATCH

The category of sub-standard spent RBMK fuel includes those
SFAs that are not suitable for long-term dry storage. These were
mainly discharged from the core prematurely, i.e. before they
could reach their design levels of burn-up, and thus they contain a
relatively high percentage of 2**U. This category also covers those
SFAs that became damaged during transfer and handling opera-
tions performed after the discharge from the core. However, the
SFAs chosen for the "pilot" project were the ones most difficult
to handle: all SFAs in the pilot batch were discharged from the
core because they had developed a leak. In addition, sipping
tests performed on the SFAs demonstrated *’Cs activity levels
in thimble water in excess of 10*Ci/litre, evidencing that contact
between water and the fuel pellets had occurred, which accord-
ingly meant that there was water present inside at least one of
the fuel rods. Previously, there had only been a few isolated cases
of non-leaktight spent RBMK fuel assemblies being transported
for post-core research purposes.

In total, eight SFAs were chosen for transportation. This num-
ber was determined based on a single loading of the dissolver
at the Mayak reprocessing facility. The SFAs were of the stan-
dard design, with fuel rods attached to end grids on the SFAs.
Enrichment of the assemblies was 2.4% of *°U (the most typical
value for the majority of RBMK-1000 assemblies). Fuel burn-up
was within 7.8-20.5 MW=day/kgU, i.e. less than the design level
(21,8 MW=day/kgU) for the selected initial enrichment. The du-
ration of post-core cooling — 13.8-16.5 years — was chosen based
on radiation safety considerations.

In order to justify the safety of transport and analyse the vi-
ability of subsequent recycling of uranium recovered from spent
RBMK-1000 fuel, nuclide composition and source term calcula-
tions were performed to determine the properties of a-, B-, y-
and neutron radiation, including the contributions of (a,n)- and
(y,n)-reactions towards neutron emissions. Particular attention
was paid to calculations made to determine the content of even-
numbered 22U and %°U isotopes, which influence the quality of
the recycled material.

CASK SELECTION AND DEVELOPMENT

OF PACKAGE COMPONENTS

The option chosen for the "pilot" project was based on the
well-proven TUK-11 cask with basket “12”. Another argument
in favour of using this overpack was its availability (seven TUK-
11s and 14 baskets “12” are available) and acceptability for
Mayak.

It should, however, be noted that regardless of the type of
cask, the main problem for transport of sub-standard SFAs that
contain water-logged fuel rods after long-term wet cooling is as-
surance of explosion and fire safety of the package. And although
drying of leak-tight fuel is currently feasible, dehydration of leaky
fuel rods is still a technically difficult task.

Accordingly, the decision was made to transport the sub-
standard SFAs containing defective fuel bundles inside sealed
thin-walled ampoules (fig. 1), whose design would allow for
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FMABHAA TEMA: TEXHO/TOTMW BbIBOJA U3 SKCNNYATALUN

HIGHLIGHT: CLOSED NUCLEAR FUEL CYCLE

ro cebsa TYK-11 c yexnom 12. [JoNOAHUTENbHbIM apryMeHTOM B
NoNb3y JAHHOIO YMAaKOBOYHOIO KOMMAEKTa CTano A0CTAaTOYHOe
Konundectso (cemb TYK-11 1 14 yexnos 12) n oTnarkeHHasa TeXHO-
norva obpateHuns ¢ HUMKU Ha OIYM «MO «Masak».

OpHako cnepyeT NOAYEPKHYTb, YTO BHE 3aBMCMMOCTU OT
TUMa KOHTelHepa OCHOBHOM Npobnemon npu TPaHCMOPTUPO-
BaHMWU HeKoHAMUMOHHbIX OTBC, copgeprkalmx HerepmeTuyHoe
HeocCylWweHHoe TONIMBO, ANNTENIbHOE BPEMA HaxoauBLUeecA B
BOAE, ABNAETCA obecneyeHune B3pbIBO- M NOXKapobe3onacHoCTH
ynakoBKu. Ecnn npobnema ocylleHna repMmeTMYHOro Tonamnea
B HacCToAlLee BpemA pelleHa, TO yaaneHune BoAbl U3 Herepme-
TUYHbIX TB3/1I0B NO-MNPEXKHEMY ABASAETCA CAOKHON TEXHUYECKOMN
3aja4yen.

B cBA3M C 3TMM 6bII0 NPUHATO pelleHre O NepeBo3Ke Myy-
KOB TB3/10B HEKOHANLMOHHbIX OTBC B repmeTUYHbIX TOHKOCTEH-
HbIX amnynax (puc. 1), KOHCTPYKLMSA KOTOPbIX MO3BOAsANa Obl
TaK)Ke OCYLLEeCTB/ATbL BPEMEHHOE TEXHONOMMYECKoe XpaHeHne B
6acceitHe-xpaHunmiLe ®ryn «NO «Mask» n nepepabatbiBaTb UX
Ha pagmoxmmmyeckom 3asoae smecte ¢ INT. K HUm Takke npeab-
ABNSAAUCL TPeboBaHMA NO NPOYHOCTU B HOPMAJIbHbIX U aBapuii-
HbIX YCIOBUAX MPWU TPAHCMOPTUPOBaHUN U obpalueHnn Ha AIC
n ®ryn «MNo «Mask». KoHcTpyKkuma amnyn paspaboTtaHa B co-
OTBETCTBUW C TPEOOBAHUAMM POCCUINCKMX NpaBun obecneyeHusa
6€30MacHOCTU Ha NPeanNPUATUAX aTOMHOMN SHEPTETUKN.

[epmeTnyHble amnynbl 3aNOAHANNCL BO34YXOM MpPM aTMOC-
depHoOM aaBneHmm 6e3 NPoAyBKM MHEPTHLIMK razamu. PacyeTsbl
n nposegeHHble B OAO «HL, HUWNAP» akcnepvmeHTbl NOKasa-
/M, 4TO NPW 3TOM B UX 06 bEMe B3PbIBO- M NMOMKAPOOMACHAN KOH-
LeHTpauua Bofopoaa He obpasyetca B TeYEHUE KAaK MUHUMYM
OEeBATU MecALEeB, eC/I B aMny/ie pa3meLleH OauH HerepmeTuy-
HbI TB3/1, 3aMNOJIHEHHbIN BOAOMW, U NATb MecALEB — ecn ABa. B
obbeme TYK-11 B3pblBO- M NOXKAPOONAcHasA KOHLEHTPaLus Knuc-
nlopoga u BoAopoda He obpasyeTca npu NtobomM BpeMeHU Ha-
xoxaeHua OAT.

MogzepHU3NPOBaHHbIM Yexon 12, B KOTOPOM TPaAHCMOPTUPO-
Banucb amnynbl ¢ MT, coaeprkan cneymanbHble BKAAAbILLN, KOTO-
pble obecneunBanm JONOAHUTENbHYIO MPOYHOCTb KOHCTPYKLMMU
YNAKOBKKU U CHUXKa/IM BEPOATHOCTb MOBPEXAEHMA aMmnya B NPo-
uecce nepeBo3ku. [na obecneyeHusa pagnaumoHHol 6esonac-
HOCTM NPU YCTAaHOBKE KPbILWKM HA KOHTEWHep Ha TeppuTtopmmn A3C
M cHATUA ee Ha PIYM «MO «Masik» MCnonb30Banacb BHYTPEHHAA
neperpysoyHasn NanTa, KOTopas ABAANACh YaCTbiO YNaKoBKK. Mpu
pa3paboTKe ynakoBKM Hanboblume Npobaembl cO34aBasio orpa-
HMYEHHOE MPOCTPAHCTBO BHYTPWU KOHTEMHepa. MNoatomy rpubokK
BHYTPEHHEN Neperpy304YHOMN NANUTbI NPU YCTAHOBKE KPbILLIKWN KOH-
TEeMHepa yTanaMBanca B KOPMyC NAUTbl, @ NPU CHATUWU KPbILWKK
— Bblaguranca. KoHcTpykuma ynakoskn TYK-11P-2 npeacrasneHa
Ha pPUCYHKe 2.

PesynbTaThl pacyeToB Mo onpeaeneHunio HanpaKeHHo gedop-
MMPOBAHHOIO COCTOAHWMA M OLLEHKEe MPOYHOCTM TPAHCMOPTHOrO
ynakosoyHoro komnnekta TYK-11P-2, 3arpykeHHoro 16 amny-
namu ¢ MT HekoHAMUMOHHbLIX OTBC PBEMK-1000, npu BO3aew-
CTBMM MEXaHMYECKMX HArpy3oK, MOAENMNPYIOLWMX HOPMAbHbIE U
aBapuiiHble yCN0BUS NepeBO3KM, NMOKa3aiu, UTO ynaKoBKa yao-
B/I€TBOPAET BCEM TPeOOBaHUAM POCCUIACKUX (M, cnegoBaTeNbHO,
MEXAYHapPOoAHbIX) NpaBun 6e3onacHbIX NePeBO30K.

PA3AENKA OTBC U 3ATPY3KA AMNYN

B TYK-11P-2 HA A3C

Paspenka OTBC Ha ny4ku TB3/10B NPOM3BOAMAACH C MOMO-
Wbto ppe3epHOro cTaHKa B 3alLMTHOM Kamepe BTOPOro 3Hepro-
610Ka JleHnHrpagckon ASC. Tam »Ke OCyLecTBAANACh 3arpy3Ka
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their temporary stor-
age in a cooling pool at
Mayak and reprocess-
ing at the radiochemi-
cal facility together
with the fuel bundles.
They are also expect-
ed to be structurally
strong in normal and
accidental conditions
during transport and
handling both at the
NPP site and at Mayak.
The ampoules were de-
signed in accordance
with the requirements
of Russian safety regu-
lations applicable to
the nuclear industry.
The sealed am-
poules were filled with
air at  atmospheric
pressure without in-
ert gas blow down.
Calculations and experi-
ments conducted by the
Dmitrovgrad’s Research
Institute of Nuclear
Reactors (NIIAR) had
demonstrated that hy-
drogen concentrations
inside the ampoule Puc. 2. Ynakoska TYK-11P-2 ana nepe-
cavity would remain be- Bo3ku HerepmeTnuHbix OTBC peakTtopa

low explosion and fire PBMK

hazard thresholds during Fig. 2. TUK-11R-2 package used for
. .. transport of leaky RBMK SFAs

at least nine months if

the ampoule accommo-

dates one water-logged leaky fuel rod, and five months with two
water-logged fuel rods. Inside the TUK-11 cavity, no explosive or
flammable concentration of oxygen and hydrogen would ever be
reached.

The upgraded basket “12”, which was used for transport of
ampoules containing the fuel bundles, featured special inserts
to provide additional strength to the structure of the package
and reduce the probability of damage to the ampoules during
transport. In order to ensure radiation safety during the instal-
lation of the cask lid on the NPP site and its removal at Mayak,
an internal transfer plate was used, which was designed as an
integral part of the package. During the package design effort,
the most difficult problems were associated with the limited
space inside the cask. Hence, the grapple of the internal trans-
fer plate would be submerged into the plate during the cask lid
installation and extend out during lid removal. The design of the
TUK-11R-2 package is shown in figure 2.

The results of calculations to determine the stress and strain
state, assess the structural strength of the TUK-11R-2 transport
overpack loaded with 16 ampoules containing sub-standard
spent RBMK-1000 fuel bundles when subjected to mechani-
cal loads corresponding to normal and accidental conditions of
transport, have demonstrated that the package meets all re-
quirements of the Russian (and consequently, international) safe
transport codes.
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MT B amnynbl U UX repmeTM3aLMA CneunanbHON KpbiWwKoi. Ana
obecneyeHns paaMaLMOHHON 6e30MacHOCTM B MpoLiecce nepe-
MeLLLeHNA 1 3arpy3kn amnybl ¢ MT B KOHTEMHEP Ha ee KPbILLKY
YCTaHaBAUBANNCh 3aLLUMTHAA NPOBKa M rpuboK, BepxHAA YacTb
KOTOPOro COBMECTMMA C 3aXBaTHbIMU MeXaHW3Mamu, UCMNOJb-
3yembIMW B PEAKTOPHOM 3asie 3Heprob/ioka.

M3 Bcex BO3MOXKHbIX crnocobos 3arpysku OAT B TYK-11
6blna BblbpaHa TEXHONOIUA C UCMOAb30BAHMEM Neperpysou-
HOro KOHTeWHepa. B aTom KauecTBe MCNO/b30BaNOCh TPaHC-
nopTHoe ycTpoiicteo (TpY), KOTopoe MpUMeHseTca A/ nepe-
MelteHna OTBC B npegenax peakTopHOro 3ana sHeprobaoka.
B npouecce noarotoBKM K 3arpyske amnyn ¢ MNT 8 TYK-11 6b1aun
pa3paboTaHbl:

— nepeLenoYHbIl y3en oA CTbIKoBKM TpY ¢ NpobKoit 3aLmT-
HOW Kamepbl 1 BbIFPy3KM amnynbl ¢ MT 13 3aWMUTHON Kamepbl B
TpY;

— NepexoAHbIV y3e/ U Hapy»KHaa neperpysoyHas nauta ans
cTbikoBKKM TpY ¢ TYK-11P-2 u neperpy3ku amnynbi ¢ MNT n3 TpY B
KOHTelHep.

[aHHble KOMMOHEHTbl YNaKoBKWM M BcrnomoraTesibHoe o060-
pyLoBaHWe yA0BNETBOPAAM TPebOBaHWAM POCCUMCKUX MPaBuUn
obecneyeHnsa 6e30nacHOCTM Ha NpeanpUATUAX aTOMHOM 3Hep-
reTUKMN.

OBPALWLEHUE C AMNYIAMU C NT

HA oTyn «N0 «MAAK»

MpuemKa KoHTeiHepa TYK-11P-2 Ha ®IYN «MNO «Masak»
oCyLWw,ecTBAsfach NO WTaTHOM cxeme. BaroH-KoHTelHep TK-11
MO KeNesHOAOPOXKHbIM NMyTAM AOCTaBAANCA B 34aHWe Mpu-
emkn OAT, rae NOAKAYANCA K CUCTEMAM SHEPTOCHABKeHUS.
lMocne packpbITMA CTBOPOK Kpbiwn TK-11 1 CHATMA KPbIWKK
KoHTeliHepa TYK-11P-2 u3BneKanacb BHYTPEHHSA neperpy-
304HaA NUTA U YEeXO C aMnynamu nepemeltancsa B 6acceinH-
XpaHunuLLe.

MocKkonbKy amnynbl 6blAM repPMeTUYHbIMM, YyTeyka npo-
[OYKTOB [eIeHNA U3 HerepmeTUYHbIX TB310B B BoAy bacceiHa-
XPaHUAULLA UCKAtOYanacb. AMnynbl MOrn BbITb U HerepmeTny-
HbIMM, TaK KaK CyMMapHble TEMMbl BbIXOAa AaHHbIX NPOAYKTOB 13
Bcex AedeKTHbIX TB3/1I0B B HaMXyALlem ciayyae notpebosanm 6bl
3a4elicTBoBaTh He 6onee 25% NPOU3BOAUTENIBHOCTA CUCTEMBI
OUUCTKM BoAbl HacceliHa-xpaHWaMWa. Ho NMOCKOAbKY npasBuaa
NnepeBoO3KM A5 HOPMAJIbHbIX YC/IOBUM U aBAapUIMAHbIX CUTYyaLLUiA
0AHO3HAYHO TPebyOT HaIMYMA B NpOLEecce TPaHCNOPTUPOBAHUA
OBYX 6bapbepoB 6e30MacHOCTK, BbIOPaAM amnyibl repMeTUYHOM
KOHCTPYKLMU.

[na nepenaym yexna c amnynamm B 3aLLUTHYIO Kamepy U nU3-
B/leYeHUA amnyn m3 yexna bbiin paspaboTaHbl cneumanbHble
WHCTPYMEHTbI (NEPEXOLHMKM, 3aXBaTbl U T.4.), aAaNTUPOBaHHbIE
K LWTaTHOMy 060pynOBaHMIO 3alMUTHON Kamepbl. [ocne BbI-
NONHEHWA YKa3aHHbIX onepaumii amnyna c MT nomelanacb Ha
JNIOXEMEeHT arperata pesku, KOTOpbI pasfaenbiBan aMny/bl Ha
dparmeHTbl, NpUrogHble Ana AanbHelwel nepepabotkn OAT no
TEXHONOTUU, aHaNOTMYHOMN TexHoNorMK nepepaboTtkn OAT peak-
Topos BB3P.

k ok k

Peanusaumna «nMnoTHOro» nNpoekTa Nnokasasna TeXHUYECKyto
OCYLLEeCTBMMOCTb pa3genkn HerepmetnyHbix OTBC PEMK B 3a-
LWMTHBIX COOPYKeHuAxX JleHuHrpagckoi A3C, BbiBO3a UX B MO-
AepHnsnpoBaHHbIx TYK-11P-2 1 nepepaboTkM No cyliecTsyto-
wen TexHonornyeckon cxeme Pryn «Mo «Mask» ¢ nonyvyeHnem
KOHEYHOTr0o TOBapHOTO NPoAyKTa TpebyeMoro KayecTsa.

BE3OMACHOCTb AZEPHbIX TEXHONOTUI U OKPYXKAIOLLLEEN CPEAbI
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SFA CUTTING AND AMPOULE LOADING

INTO THE TUK-11R-2 ON NPP SITE

The SFAs were cut into the individual bundles of fuel rods
using a milling machine inside a shielded hot cell on Unit 2 at
the Leningrad site. The same location was used to load the fuel
bundles into the ampoules and seal the ampoules using a special
lid. In order to ensure radiation safety during the process of mov-
ing and loading the ampoules containing the fuel bundles into
the cask, the ampoule lid was fitted with a shielding plug and
grapple, the top of which is compatible with the grippers used in
the reactor room on Unit 2.

Of all the potential methods for loading the spent fuel into
the TUK-11, the chosen process was featured a transfer cask.
The cask used was the transfer device (TD) utilised to move SFAs
around the reactor room. As part of preparations for ampoules
containing the fuel bundles loading into the TUK-11, the follow-
ing ancillaries were designed:

— a docking unit to connect the TD to the hot cell plug and
transfer the ampoules containing the fuel bundles from the cell
to the TD;

— a transfer unit and external transfer plate to dock the TD
to the TUK-11R-2 and transfer the ampoules containing the fuel
bundles from the TD to the cask.

These package components and auxiliaries meet the require-
ments of Russian safety regulations applicable to nuclear energy
sites.

AMPOULE HANDLING AT MAYAK

The TUK-11R-2 cask was received at Mayak using the stan-
dard process. The TK-11 container-car was delivered by rail
to the spent fuel receiving building where it connected to
power supply systems. After opening of the TK-11 top leafs
and removal of the cask lid, the internal transfer plate was
retrieved, and the basket with ampoules was moved to the
storage pool.

With the ampoules being sealed, any potential leakage of fis-
sion products from the non-tight fuel rods into the pool water
was precluded. Ampoules could have even been non-leaktight,
as coping with the total rate of fission products leakage from
all failed fuel rods under the worst of circumstances would only
involve not more than 25% of the production capacity of the
pool water treatment plant. But as the transport regulations un-
equivocally demand that two containment barriers be provided
in both normal and accidental conditions, sealed ampoules were
designed for this process.

In order to transfer the basket with ampoules to the hot
cell and retrieve the ampoules from the basket, special tooling
(adapters, grippers, etc.) was also designed compatible with
the main hot cell equipment. After the completion of these
operations, the ampoules containing the fuel bundles were
placed upon the cradle of the cutting machine, which would
then separate the ampoules into fragments suitable for fur-
ther reprocessing using a process similar to that used for VVER
spent fuel.

* 3k k

The implementation of the "pilot" project has demon-
strated that it is technically feasible for leaking spent RBMK
fuel assemblies to be cut into bundles at the Leningrad NPP
hot cells, transported inside the upgraded TUK-11R-2 cask and
reprocessed using the existing Mayak technology to resulting
end product of desired quality level.
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