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1. BBegeHue.

B CeBepo-3anagHom permoHe Poccum cocpegoTo4eHo 3Ha-
YnTenbHOE KONMYECTBO NOTEHLMANbHBIX NCTOYHNKOB Paano-
aKTMBHbIX OTXO0B, 06LEKTOB, MoANeXaLMX SKONOrn4ecKom
peabunuTaummn. Takummn obbekTaMu ABRAIOTCA NYHKTbI Ha-
3MpOBaHNA aTOMHOro noTa, CyAoPEMOHTHbIE Npeanpua-
TWUA NPOMbIWEHHOCTN U BoeHHO-Mopckoro ®nota, MOX PO
«Canpa», a TakXxe MyHKTbl BpeMeHHOro xpaHeHusa OAT wn
PAO B ry6e AHopeeBa v n. pemunxa, nepenaHHble B Befe-
Hue Pocatoma oT MuHuctepctea 060pOHbI ANA UX 3KOSOMU-
Yyeckom peabunmTaumm.

B pernoHe HaxopAtca Konbckaa ASC n cneuvanusmpo-
BaHHOe npeanpuaTne «PagoH», Ha KOTOPbIX TakXe ocyLye-
cTBNAeTCcA obpalleHre C paaMoaKTMBHbIMU OTXOAaMu, HO
3T paboTbl NPOBOAATCA B pamMKax OpPYyrnx denepanbHbIX
nporpamm, 1 B HacTosALlee BPpeMs He YYUTbIBAIOTCA Npu pe-
anusaunm mMeponpuATAA nporpamMmmbl FMnobansHoro napT-
HepcTBa.

2. XapaKkTepucTuka npobnemsbi

OnAa Toro 4To6bl HAMETUTbL MNYTW pPeLeHUA Npobnemsbl
obpauweHns ¢ PAO B CeBepo-3anagHOM pernoHe, npexne
BCEro Heob6xoaMMo OrnpenenuTb Tekyllee COCTOAHUE Mpo-
6nemMbl M KOHEYHbIe Lenu paboT.

Obwee konuyecteo PAO onpepenseTcA oTxomamu,
HaKOMMEeHHbIMM Ha HaCTOAWMNIA MOMEHT, N obpasyowmn-
MUCA Npu npoBedeHun paboT No yTunmM3aumm aToMHbIX
noasoAHbIx nonok (AMJ) v HapBoOHbIX Kopabnew c Anep-
HbIMW 3HepreTu4ecknmm yctaHoekamu (HK ¢ A9Y), a Bnoc-
NeacTBUN N X PeakTOPHbIX OTCEKOB, CYyIOB aTOMHOTO Tex-
Honorunveckoro ob6cnyxmeaHua (cynos ATO), a TakxXe 3Ko-
norvyeckon peabunutauum AnepHbIX U paonaunoOHHO-
ornacHbIX 06bLEKTOB.

MporHo3Has oueHka 06beMoB ob6pazoBaHusa PAO c yye-
TOM Y€ HaKOMJIeHHbIX Ha obbekTax, T.e. 06bemoB PAO, ¢
KOTOpbIM Mpenctout paboTtatb, NposeneHa PocaToMoM ¢
npuBneYeHeM NOABENOMCTBEHHbIX OPraHmM3aLmii, a Takxe
npu paspaboTke BToporo 3tana CTpaTernyeckoro macrep-
nnaHa (CMM-2). C y4eToM MnaHUpyeMoro KOMMNakTnpoBa-
HMA OTXOAOB, NepeBoda M3 KaTeropum B KaTeropuio, BO3-
BpaTa 4YacTu MeTanna B XO3ANCTBEHHbI 060pOT 3TOT 06beM
cocTaBnaeT okono 100 000 m3.

B pamkax paHee npoBeneHHbIX paboT, B TOM Ymciie v rnpu
paspabotke CMI1-2, onpeneneHo OpUEHTUPOBOYHOE KOMNK-
YeCTBO PadMOAKTUBHbIX OTXOOOB MO KaTeropusaM, HakoreH-
HbIX Ha KaXAOM 13 yKa3aHHbIX 06beKTOB. YTOUHEHME U aKTy-
anm3auuA Nony4yeHHbIX AaHHbIX MPOBOANTCA Ha MOCTOAHHOWN
OCHOBEe B paMKax TeKyllen geatenbHocTn Pocatoma. Opu-

PeaxTopHeie 6noku AN
U HK c A3Y, 6nokn
xpaHwnuw, cyaos ATO
Reactor blocks from
submarines and surface

ships

44%

HapeopaHbie Kopabnm c
A3Y u nepokonsl
Nuclear-powered surface .
ships and icebreakers () 0/p

Cyaa aToMHoro 2%
TexHonorvyeckoro
o6cnyMBaHHA

Nuclear service vessels

= 3aBoAibl M NPeAnNpPUATHS
NPoOMBILWAEHHOCTH W
BM®
Industrial and naval
sites

NBX OAT u PAO
SNF&RW storage sites

Puc. 1. Coomnouwenue HaKonaeHHuix paouoaKmugHslxX 0mxo008 no UCMOYHUKAM 00paA308aHUSA

Fig. 1. Distribution of accumulated radioactive waste by sources
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GENERAL CONCEPT FOR
MANAGEMENT OF THE NUCLEAR
LEGACY WASTE IN THE NORTH-WEST
REGION OF RUSSIA

A.O. Pimenov, NIKIET, Russia

1. Introduction

The North-West of Russia is known to have many
potential sources of radioactive waste as well as sites in
need of environmental remediation. There are naval bases,
shipyards, Saida RW storage site, and the temporary SNF
and RW storage sites at Andreeva Bay and Gremikha, which
were handed over by the Ministry of Defence to Rosatom
for remediation.

Kola NPP and the Rodon Company, located in this region,
carry out operations with radioactive waste but under other
Federal programmes and are currently left out of
consideration in implementing the G8 Global Partnership
Programme.

2. Problem description

In order to decide the ways of resolving the RW
management problem, it is first necessary to understand
what we have to deal with, the whole problem as it stands
today, and the final objectives of the work.

The total RW volume to be handled in the region is
determined by the waste accumulated to date being
generated by dismantling nuclear-powered submarines and
surface ships, dismantling of their reactor compartments in
future and the nuclear service ships, as well as the
remediation of sites of nuclear and radiation hazards.

The volume of future waste was estimated by Rosatom
and its subordinated organizations as well as in the SMP-2
development; added to the volumes already accumulated
on the sites, it makes the total volume of about 100 000 m3
to be dealt with, taking into account the planned waste
compaction, changes of waste categories, and partial reuse
of metal.

Previous efforts, including SMP-2 development, brought
tentative site-specific quantification of the accumulated RW
by categories. The results obtained are being updated on a
regular basis as part of the routine activities of Rosatom.
Figures 2 and 3 present the percentages of solid radioactive
waste (SRW) accumulated by this day and expected to be
generated by different sources.

It is tentatively estimated that the total SRW volume
comprises about 83 % of low-level waste (below 10° kBg/kg),

15.5 % of intermediate-level waste (from 10°to 107 kBg/kg)
and 1.5 % of high-level waste (over 107 kBg/kg). In terms of
composition SRW kept at the on-shore service bases and
shipyards includes about 65 % of metal, about 35 % of
compactible SRW, 30 % is accounted for by combustible
waste. The relative RW volumes accumulated in the region
are presented in Figures 4 and 5 according to the activity
categories.

The maximum specific activity does not exceed the level
of 10°Bg/kg. The waste contains mostly radionuclides with a
half-life up to 30 years, with the greatest activity coming
from Cs-137 and Sr-90. The volume of long-lived radionuclides
present in the waste is such that their contribution to activity
is limited to 10*10° Bg/kg, which means that there is no
need for any additional criteria in RW categorization in
accordance with the current Russian regulations.

The final goals of RW management in the North-West of
Russia may be defined as follows:

1. To establish an efficient system of RW management in
the region;

2. To phase out the environmentally hazardous
temporary RW storage facilities in the region and to restore
the contaminated sites to their normal condition;

3. To set up a regional centre for long-term RW storage.

The Russian regulatory framework as it stands today is
adequate to the purpose of ensuring radiation safety during
operations and is consistent with the international standards.

The current regulatory documents defining the
procedures for setting up storage facilities and sites for
disposal of various RW, point out that all the engineering
solutions should be developed and justified with regard to
the RW characteristics and natural conditions on the site
under consideration.

The Russian and foreign approaches to RW management
and disposal are rather similar, including the recommended
characteristics of radionuclides in the waste proposed for
disposal in subsurface storage facilities.

The Russian regulatory framework for RW management
is undergoing improvements aimed, among other things, at
further convergence with the international approaches.
Consideration is being given to the possibility of step-by-
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€HTNPOBOYHOE MPOLIEHTHOE COOTHOLLEHNE HAKOMNIEHHbIX B
HacTosAlee BpeMsA U NnaHMpyeMbix K o6pa3oBaHuio TBep-
ObIX PaaMoOaKTUBHBIX OTXOAOB MO NCTOYHUKaM 06pa3oBaHUA
rnokasaHo Ha puc. 1un 2.

B obuwem obbeme TPO cnenyeT npuHMMaTh okosno 83%
HW3KoakTUBHbIX TPO (MeHee 10° kbk/kr), 15,5% cpenHeak-
TneHbIX (0T 10300 107 KBk/kr) n 1,5 % BbICOKOAKTUBHbIX (60-
nee 107 kbk/kr). B coctaBe xpaHawwmxca Ha beperoBbix 6azax
v 3aBopax TPO okono 65% meTannunyeckux TPO, okono 35%
npeccyembiX, roptoymnx n Heropioumx TPO, 13 KOTOPbIX OKOO
30% roptounx. Konnyectso HakonsneHHbIX B pernoHe PAO
Nno KaTeropusaM NnokasaHo Ha puc. 3 n 4.

MakcnmanbHbIN ypoBeHb yaenbHoM akTuBHocTn PAO He
npe.blwaeT 10° bk/kr. B oTxogax B OCHOBHOM cofepxaTtcs
panvoHyKMAbl C Nepnoaom nonypacrnapa fo 30 neT, us KoTo-
PbIX OCHOBHYIO AOJMIO MO aKTMBHOCTW COCTaBAAIOT PaANOHYK-
nnabl ¥7Cs n °°Sr. lonroxmeyme pagnoHyKNnabl MPUCyTCTBY-
I0T B KOnun4yecTBax, He npesbiwatowmx 10°-10° Bk/Kr, 4TO He
TpebyeT BBEAEHWA OOMOSHUTENbHbIX KPUTEPUEB MpPU KaTe-
ropypoBaHun PAO B COOTBETCTBUMN C AENCTBYIOWMMU B Poc-
cnnckon Mepepaunyt HOPMaTUBHBIMN aKTaMU.

KoHeuHble uenn obpalleHna ¢ PAO Ha CeBepo-3anane
Poccnn moryT 6bITb chopMynMpoBaHbI crneaylowmnm obpa-
30M:

1) co3paHue B permoHe 3doheKTUBHON cncTeMbl obpalle-
HWA C PaANOaKTUBHbBIMMW OTXOAAMU;

2) cokpalleHmne KonyecTBa 1 MIMKBMAALNA SKONOrNYecku
OMacHbIX BpeMeHHbIX XpaHunuuw PAO Ha npeanpuATvAX u
obbekTax permoHa, peabunmtaumnsa pagnaUnoHHO-3arpAsHeH-
HbIX TEPPUTOPUIA;

3) opraHu3aums LieHTPan“30BaHHOIO AONTOBPEMEHHOIO
xpaHeHunA PAO B permoHanbHOM LIeHTpe.

CoBpeMeHHOe COCTOAHME HOpMaTUBHOW 6a3bl Poccuiic-
ko ®epepaumn obecrneymBaeT paanaumnoHHyto 6esonac-
HOCTb NpY NpoBefeHUN PaboT U He NPOTMBOPEYUUT MeEXAY-
HapoAHbIM HOPMaM.

B cywwecTBytoWMX HOPMATMBHbIX AOKYMEHTaX, perfnameH-
THPYIOWNX NpoLeaypbl CO3AaHNA NMYHKTOB XPaHEHWA U 3aX0-
poHeHMA pa3nnyHbix BMAoB PAO, ykasaHo, 4TO BCe TEXHU-
yeckue peLeHNA NOMKHbI ornpenenATbcA 1 060CHOBbIBATLCA
cyyeTom xapaktepuctuk PAO 1 npnpoaHbIX yCIOBUIA Ha yya-
CTKe pa3MelleHnsa obbekTa.

Poccuiickme v 3apybexHble noaxoabl K obpalleHuio 1 3a-
xopoHeHunio PAO He npoTnBopeyaT Apyr Apyry, B TOM yucie
Nno pekoMeHayeMbIM XapakTepucTukam pagrMoHyKIMOoB ana
3axopoHeHunA PAO B NpMNOBEPXHOCTHLIX YCIIOBUSAX.

B HacTosAwee BpemAa B Poccun npoBoamMTCA COBEpLUEH-
CTBOBaHMe HoOpMaTUBHO 6a3bl No obpaweHuto ¢ PAO, B ToM
yncne B HamMpaBlNeHUN JanbHenwero conuxeHna ¢ Mmexay-
HapoAHbIMMX noaxogamMu. PaccmaTprBaeTca BO3MOXHOCTb
M peanusyloTca npeaBapuTesibHble MeponpuATUA AnA no-
3TanHOro BBEAEeHUA KaTeropmm «04eHb HU3KOAKTUBHbIE OT-
Xofdbl» — aHanora kateropumn VLLW (very low-level waste) —
pannoakTUBHbIE OTXOfbl C O4€Hb HWU3KOW YAENbHOW aKTUB-
HOCTbIO.
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3. MyTn N OCHOBHbIE 3Tanbl KOHUenuuy obpaleHns c
PAO

C pDaHHbIX No3uumMi LenecoobpasHo onpenennTb NyTH U
OCHOBHbI€e TeXHOMornyeckme 3tarnsl obpalieHna ¢ pagnoak-
TUBHbLIMW OTXOAaMW B LIeNOM. TakKMMM yKPYMHEHHbIMU 3Ta-
namu ABRAIOTCA: CHGOP—COPTUPOBKa—KOMMaKTUPOBaHMe (ans
TBEPAbIX PaAnoakTMBHbIX O0TX0AoB), cbop—-nepepaboTka—
OMOHoONMYMBaHWe (AnNA XUAKUX PagMoakTUBHbBIX OTXOAOB),
ynakoBKa-XpaHeHVe—-3axopoHeHwue. MNocnenoBaTenbHOCTb U
B3alMOCBA3b TEXHONOMMYECKMX 3TarnoB NnokasaHbl Ha puc. 5.

B xone BbINONHeHNA AaHHbIX paboT, 6e3ycnoBHO, NoTpeby-
€TCA TPaHCMOPTUPOBaHKE OTXOAOB M obpaLleHne C KpyrnHO-
rabapuTHbIM HepazbopHbIM obopynoBaHuem. Mpu Npose-
AeHVM Ae3aKT1BaLUMN YacTb MaTepuanoB BO3BPaTUTCA B XO-
3ANCTBEHHbIN 060POT, YaCTb U3IMEHUT MPUHAANEXHOCTb K TON
VAN NHOW KaTeropmwu, T.e. B LIefIoM Npu Ae3aKTMBaUnn, KoMm-
nakTMpoBaHuu 1 nepepaboTtke byneT HabnoaaTbCA COKpa-
LieHre UcxogHbix o6bemos PAO.

CnenyiowWwnm 3Tanom onpeneneHnsa NCXOAHbIX NapamMeT-
pOB ABMNAETCA YTOYHEHNE TEXHONOMMYeCKUX onepaunn ana
OCHOBHbIX kKaTeropuii PAO ¢ yyeToM cnoco6oB 1 MeToaoB
obpalleHnsa C HAMMW.

OnA TPO TakuMu KaTeropusmu 6yayT ABNATLCA:

- BbICOKOAKTUBHbIe TPO;

- cpenHe- N HU3KoakTuBHble TPO;

- O4eHb HM3KoaKTMBHble TPO (nocne BBEOEHUA OaHHOMN
kaTteropuu PAO).

Ona XPO Takmmun kateropuamMn 6ynyT ABNATLCA:

- BbICOKOAKTUBHbIe XXPO;

- cpedHe- N HN3KoakTuBHblie XPO;

- XXPO cno>xHOro xmmMmmnyeckoro coctaBa.

Cy4yeToM ornpeneneHHOCTM cnocoboB obpalueHns ¢ KPO
MOXHO COKPaTUTb AAHHbIN NepeYvyeHb 1 NpeacTaBUTb OCHOB-
Hble ncxoaHble kaTeropmn PAO no cnocobam obpalueHus,
Tpebylowmnm yyeTta B oblen koHuenumm obpalueHma ¢ PAO B
pernoHe. TakKMuMun KaTeropmaMmn ABMNAIOTCA:

- BbICOKOAaKTUBHbIe TPO;

- CpenHe- N HU3KoakTuBHble TPO;

- oYeHb HU3KoakTMBHble TPO (Nocne BBegeHNA OaHHOM
kaTeropun PAO);

- Xunakme PAO.

Ba>HbIM 3Tanom 1 KOHeYHOM TOYKOWM NpoLecca obpalue-
HuA ¢ PAO aABRAloTCcA UX nokanmsauma n 3axopoHeHne 6e3
HaMepeHW NnocnenyoLero N3BneYeHns B CreuranbHO Mnof-
rOTOBMNEHHbIX MOTUMTbHUKAX M Mpexae BCero B reosiornyec-
Knx doopmaumax. MNpu 3TomM QOSMKHA UCMONb30BaTbCA MHO-
robapbepHas cucteMa noasemHom nsonauum PAO, BkItoya-
loLlas ecTecTBeHHbIe (reonornyeckmne) N NCKyCcCTBeHHbIe (UH-
XeHepHble) 6apbepbl. B naHHOM HanpaBneHUn BeoywMMU
Hay4YHbIMW OpraHM3aunaMM NpoBeneH 60MbLOKN KOMMNEKC
paboT, ocoboe MecTo cpedn KOTOpbIX 3aHUMAIOT PaboTbl
BHUMWnpomTexHonormn, Konbckoro Hay4yHoro LeHTpa u
FopHOro nHcTuTyTAa.

B 3Tux paboTax chopmMynunpoBaHbl OCHOBOMoNaratmlme
NPUHUMNbLI o6ecneveHnA HapeXXHO 1 6e30MacHON N3onAUMK

O PeakTopHble 6noku AN
u HK c A3Y, 6nokun
XpaHunuuwy cypos ATO

Reactor blocks from
submarines and surface
ships

65%

OnBX OAT n PAO
SNF&RW storage sites

OHaasoaHble Kopabnu ¢
A3Y v nepoxonbl |
Nuclear-powered 1 0; ‘
surface ships and 0o
icebreakers 6% 1%

@ 3aBofbl U NpeanpUaTUS
OCyaa aToMHoro NPOMBILLIJIEHHOCTH U
TEXHONIOTMYECKOro BM®
obcnyxmBaHns Industrial and naval
Nuclear service vessels sites

Puc. 2. Coomnowerue naanupyemuix K oopazosarnuro PAO no ucmounuxam o6pazoéarus
Fig. 2. Distribution of Future Radioactive Waste by Sources
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Puc. 3. Coomnowenue naxkonaenuwvix meepovix PAO no kameeopusam
Fig. 3. Distribution of Accumulated SRW by Categories
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Hu3koaKTuBHbIE
Low-level waste

81%

BbiCOKOAKTHBHbIE i;
High-level waste 1oy,

BaxxHoe mecTo B jaHHOM npoLiecce 3aHu-
MatoT pa3paboTka M BHeApeHUe KpuTepues
NPUemMnemMoCcT PaanNoakTUBHbIX OTXOOOB, T.
e. Kputepunes kayectBa PAO, KOTOpPbIM OHU
OONMXHbI oTBeYaTb nocne cbopa, nepepabort-
KW, XpaHEHWA N KOHONUNOHWUPOBAHWA ANA OoN-
roBpeMeHHOr0 XpaHeHWsA 1 3aXOPOHeHUA. Pas-
paboTka ykazaHHbIX KpUTEPMEB NpenycMoTpe-
Ha HOPMaTMBHbIMY 0OKYMeHTamMun Poccuinckon
®depepaunn, 1 B HacTosLlee BpeMA BeOeTcA
ana obbekToB obpauweHns ¢ PAO B Cesepo-
3anagHOM pervoHe.

m CpenHeaKTHBHbIE B nepwvion TpaHCNOpPTMPOBaHWA N XPaHEHNA
Intermediate-level PAO ponxHa 6bITb obecrneyeHa CTpyKTypHas
waste ctabunbHocTb dpopmbl PAO, onpepnensemas

Puc. 4. Coomnouwenue naxonnennvix ucudkux PAO no kameeopusm
Fig. 4. Distribution of accumulated LRW by categories

COBOKYMHOCTbIO OCHOBHbIX (PU3NYECKUX U XU-
MUrYeckmx xapaktepuctuk. ®opma PAO ponx-

PAO B reonornyeckmx doopmMaumax: OTBETCTBEHHOCTb Nepen
6yayluMMN NOKONEHNAMN N paaraLnoHHaa 6e30MacHOCTb.
[aHHble NPHUMMbI COOTBETCTBYIOT NPUHLIMNaM 6e3onacHo-
CTU Y TEXHNYECKUM KPUTEPUAM, pa3paboTaHHbiM MATATS.
B HacToAwee BpeMs oblenpr3HaHHO, YTO Hanbornee Hagex-
HbIM 1 6e30nacHbIM ABNAeTcA yaaneHue PAO B reonorumyec-
Kne popmaumu, rnybrnHHoOe 3axopoHeHue. MNopoaHbIi Mac-
CMB NMpeacTaBnAeTcA B QAHHOM cllyvae BaXHenwmnm 6apbe-
pom 6e30nacHOCTL.

BmecTe ¢ Tem ob6paszoBaHue PAO, noonexalumx 3axopo-
HeHuIo, Heob6xoaMMO yaepXnBaTb Ha MUHUMAaNbHOM Mpak-
TMYECKN OCTUXMMOM YPOBHE, MPUYEM MX XapaKTePUCTUKN
OOJKHbI COOTBETCTBOBATb HOPMaM W npasunam B obnactu
NCronb30oBaHWA aTOMHOW 3Heprm 1 obpateHns c PAO, nen-
cTBytowmm B Poccninckon depnepaumn.

Ha obnapaTb 0OCTAaTOYHbLIMMW MPOYHOCTHBIMMU
XapakTepucTnkamu, 4Tobbl BblAepXMBaTb Ha-
rpy3Ky, BO3HUKAIOLWME Ha Pa3fNyHbIX 3Tanax obpalieHns ¢
PAO, n coxpaHAaTb reomeTpuyeckme pasmepbl. Dopma PAO
nonxHa 6bITb YCTONYMBOM K N06bIM XMMYeckMm, bronoru-
YeckuM, pagnauMoHHbIM U TEMOBbIM BO3AENCTBMAM, Ha-
nnyne KOTOPbIX PasyMHO NPEAnonoXuTb.

Mpwn ycTaHOBNEHMN KPUTEPMEB NPUEMIIEMOCTM KOHAN-
LUMOHMpOBaHHbIX PAO anAa nx xpaHeHWA 1 3aXOPOHEHMA cre-
AyeT y4nTbiBaTb OCHOBHbIE XxapakTepuctmukm PAO:

- CyMMapHYyIo akTUBHOCTb ynakoskun PAO, yaenbHyto ak-
TBHOCTL PAO 1 paanoHyKnnaHbIn coctas PAO;

- MOLWHOCTb 3KBMBaNEeHTHOW A03bl;

- MOBEPXHOCTHOE 3arpA3HeEHNE;

- CTPYKTYpPHYIO cTabunbHOCTb hopMbl PAO;

- paOnaLMOHHYI0 CTONKOCTb,

a TakXe WHble CBOMCTBA,
ornpenenaemble AeNCTBYOWM-

‘ Céop }—. MM HOPMAaTMBHLIMU OOKY-

l KHPO | MeHTaMM.
YnakoBku PAO, conepxa-
‘ CopTupoBKa | ‘ MNMepepaboTKa ‘ ‘ [lesakTBaunn Wwme B3pbiBOOMACHbIe U (1nu)
camMoBo3ropatowmecs setle-
l KoMnaktuposaHue | l OMoHonu4yneaHue ‘ CTBA, He MOTYT GbITb MPUHATI
Ha XpaHeHMe 1 3aXOPOHeHNe.
1 Comep>xaHne A0OBUTLIX Be-

YnakoBka ‘
‘ ‘ TpaHcnopTUpoBaHMe LWECTB, XMMMNYECKN TOKCUYHbIX
Bozepar metanna B BELECTB, MaTOreHHbIX U WH-
XO3AUCTEEHHBIU eKLMOHHbIX MaTepuanos B
X |
aHeHue
o6opor P ' ynakoBke PAO 0ofmKHO 6bITb
L M3BECTHO C OCTAaTO4YHOW CTe-
S
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W3MeHeHUe KaTeropumn
PAO

paHuyeHuna. Ynakosku PAO,
copep>alume XmmMmmnyeckme Be-
LlecTBa C TOKCMMETPUYECKUMU
XapakTepucTukamm, cooTeeT-
cTBytoWMMM | knaccy (Ype3sBbl-
YyaHo onacHble) u Il knaccy

Puc. 5. Ocnosnbie mexnonoeuueckue smanwt oopaujenus ¢ PAO
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step introduction of the VLLW (very low-level waste)
category, with some spadework already in progress.

3. The ways and key stages of implementing the RW
management concept

In this context it is necessary to identify the ways and the
basic process stages in general management of RW, such as
collection-sorting-compacting (for SRW), collection-
treatment-cementation (for LRW), and packing-storage-
disposal. The sequence and interrelation of process stages is
presented in Figure 6.

These operations will undoubtedly involve waste
transport and handling of large non-separable pieces of
equipment. Upon decontamination, some materials will be
reused, others will be classified under a different category —
that is, generally speaking, decontamination, compacting
and processing will result in reduction of the initial RW
volumes.

The next stage of determining the initial parameters is
in specifying operations for the main RW categories in
accordance with the handling methods adopted for them.
SRW categories are:

- High-level waste;

- Intermediate- and low-level waste;

- Very low-level waste (when this category is introduced).
LRW categories include:

- High-level waste;

- Intermediate- and low-level waste;

- LRW of complicated chemistry.

With the methods of LRW management determined, the
above list may be reduced to the main initial RW categories,
which should be considered in the general concept of RW
management in the region. Such categories are:

- High-level SRW;
- Intermediate- and low-
level SRW; ‘ Collection }—-
- Very low-level SRW (upon Large-size
components

tions, with a contribution of special importance made by the
Design and Survey Institute of Industrial Technology, the
Kola Research Centre and the Kola Mining Institute .

In those activities, the basic principles of secure RW
isolation in geological formations were identified as the
answerability to the future generations and the radiation
safety, which are consistent with the safety principles and
technical criteria developed by the IAEA. To this day, waste
burial in geological formations is universally recognized as
the safest and most reliable disposal method. The rock mass
in this case appears to be the key safety barrier.

At the same time, generation of RW to be disposed of
should be kept as low as reasonably achievable, with its
characteristics adjusted to conform to the current Russian
regulations and rules related to nuclear energy uses and RW
management.

Much importance is attached in this process to
development of the RW acceptance criteria and their
application, i.e., the quality criteria to be met after waste
collection, treatment, storage, and conditioning for long-
term storage and disposal. Development of the above
criteria is provided for in the Russian regulatory documents
and is currently in progress as applied to RW management
in the North-West Region.

During transportation and storage, it is essential to
ensure the structural stability of the RW form, which is
determined by a combination of its main physical and
chemical characteristics. The waste form should be strong
enough to withstand the loads arising at various stages of
RW management, and should retain its geometry. It should
be resistant to any reasonably conceivable chemical,
biological, radiation and thermal impacts.

introduction of this category); —
- Liquid RW. | Sorting |

An important step and

Y

‘ Processing ‘ ‘

Decontamination

final pointin the process of RW ‘ Compaction

Cementation ‘

management is the waste
confinement and burial in
specially built repositories,
primarily in geological ‘
formations, with no intent of
its subsequent retrieval. Such
disposal necessitates a
multibarrier system of
underground RW isolation
including natural (geological)
and man-made (engineered)
barriers. To this end, extensive
work has been done by the
leading scientific organiza-

Metal reuse ‘

‘ RW volume reduction ‘

Change of RW
category

+ r

‘ Packing ‘ ‘

Transportation

Storage ‘

. FpSn———

1 Disposal 1

Fig. 5. Key Technological Phases of RW Management
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(BbICOKOOMACHbIE), HE MoanexaT NPMeMy Ha XpaHeHue U 3a-
XOPOHEHME.

PaccmoTpum ob6lwme ctpaTermyeckue noaxonbl no obpa-
weHwuto ¢ TPO n XXPO B CeBepo-3anagHoOM permoHe.

OCHOBHbIMW MOJIOXEHNAMN 1aHHOrO Noaxofa ABMAAIOT-
CA UeHTpanusauma obpalleHns ¢ Teepabimu PAO B pervo-
HaNnbHOM LeHTpe KOHANLIMIOHNPOBAHMWA N AONTOBPEMEHHO-
ro XpaHeHVA pagnoaKkTMBHbIX OTXOAOB C MPOBEAEeHNEM Ha
MecTax paboT TofbKO Mo NePBUYHOM COPTUPOBKE 1 YNaKOB-
ke TPO; nepepaboTka XMOKNX PanonoOaKTMBHbIX OTXOOOB B
MecTax ux o6pasoBaHNA MOAYNbHbIMW YCTaHOBKaMM.

OnHMM U3 OCHOBHbIX Ha4anbHbIX 3TarnoB NOArotToBku PAO
K XpaHEHMIO N 3aXOPOHEHMIO ABMAETCA UX KOHAMLUMOHUPO-
BaHue. KoHauunoHupoBaHne PAO npegycmaTpuBaeT He-
CKOMNbKO orepauui, B TOM Yucne:

- pa3mMelleHne HernepepaboTaHHbix TPO (KPO) B ooun-
HapHOM UNV OBONHOM KOHTeNHepe;

- pa3melleHne nepepaboTaHHbix TPO (OKPO) B KOHTEN-
Hepe;

- pa3medlleHne oteepxaeHHbIX XXPO B kKOHTenHepe;

- pa3melleHne n omoHonuymneaHme TPO B KOHTeHepe;

- pa3melleHuve yrnakoskun PAO B 0ONOMHUTENIbHOM KOH-
TelnHepe.

Mpw BbIGOpE MeToaa KOHAMLUMOHMpoBaHuA PAO Leneco-
obpa3zHo:

- OLleHMBaTb pasnnyHble MeTOAbl KOHANLVNOHNPOBAHWA
PAO c yyeTom TpeboBaHuin K obecneyeHnto 6eonacHOCTH
npu XxpaHeHun 1 3axopoHeHun PAO, a Takxe C y4eToM Tex-
HUYECKNX M SKOHOMMYECKUX DaKTOPOB;

- aHanu3upoBaTb oxvaaemble nocne cbopa n nepepa-
60Tku PAO xapakTtepuctnku PAO, nmeiowmeca TeXHONornm
nepepabotkn PAO 1 Bo3HMKatowme npu nepepadbotke PAO
npo6nembl obecneveHns 6e3onacHoOCTY;

- NPOBOANTbL COMoCTaBneHne xapaktepmctnk PAO 1 cooT-
BETCTBYOWMNX KpUTepuneB npuemnemoctn PAO, KoTopbiM
PAO ponxHbl 0TBEYaTb, YTOObI ObITb MPUHATEIMU Ha XpaHe-
HUVE N 3aXOPOHEeHMe.

C yyeToM crioxxHocTn ob6¢ctaHoBku B MBX OAT n PAO B
ry6e AHOpeeBa, a Takxe Toro dpakTa, YUTo UMeHHO Tam by-
neT obpa3oBbiBaTbCA BeCbMa 3HayMTenbHasA OONA perno-
HanbHbIx PAO, B pe3ynbTaTe KOHCyNbTaUui 1 Mo cornacosa-
HUWIO C NHOCTPaHHbIMW JOHOPaMKW NMPUHATO peLleHne O Co-
30aHMM Ha obbekTe COHCTBEHHOM MHPACTPYKTYPbI ANA 06-
paLeHns ¢ TBepabIMU N XUAKUMU OTXOAAMMU.

O6pauieHune c PAO B cny4vasx, He NpeayCcMOTPEHHbIX 06-
e TPaHCMOPTHO-TEXHONOMNYECKON CXxeMOM, nnu Tpebyto-
LUMX MPUMEHEHUA CNeUnanm3npoBaHHbIX TEXHOMOMMIA, NPo-
N3BOAMNTCA MO OTAENbHbLIM MPOEKTaM.

Ona obpalueHuns co cpeaHe- U HU3KOaKTUBHbIMU TPO, co-
CTaBNALWMMM OCHOBHYI0 Maccy TPO B pernoHe, Lenecoob-
pa3HO NPUMEHUTbL cxemy obpalleHuns, n3obpaxeHHy Ha
puc. 6. B mectax xpaHeHus un obpasoBaHua PAO npouseo-
nATcA cbop, COPTMPOBKA, NEPBUYHAA Oe3aKTMBaUMA U yna-
KOBKa [nA TPaHCMOPTMPOBAHMUSA.

Mocne BbIMOMHEHMA OaHHbIX ornepauuni YacTb OTXOOOB
neperaeT B KaTEropuio o4eHb HU3KOAKTUBHbIX 1 ByneT ne-

o

penaHa B COOTBETCTBYIOLIYIO cxeMy obpalueHns. YacTb oT-
XxonoB 6yaeT BO3BpalleHa B XO3ANCTBEHHbIN 060POT, OCTaB-
WanAcA YacTb QOMKHA OblTb yNakoBaHa B KOHTEWHepbI Ans
TPaHCNOPTUPOBAHUSA B perMoHasnbHbI LEHTP KOHANLUMOHN-
pOBaHMA 1 NONTOBPEMEHHOIO XpaHeHNA N pa3sMelleHa Ha
6ydhepHbIX nnowankax 06bLEKTOB, C KOTOPbIX 6yneT BbIBO-
3UTbCA NO Mepe HaKOoMMeHUA.

KpynHorabaputHoe Hepa3bopHoe paanalMoHHo-onac-
Hoe o6opynoBaHMe Nocne Ae3akTMBaUMmn MOXET He ynako-
BbIBaTbCA B KOHTEMNHEPHI, @ AOCTABAATLCA B PEMMOHaNbHbIN
LeHTp uennkoM. [loctaBka KOHTEHEPOB AOMXHa OCyLLeCcTB-
NATLCA NPENMYLLECTBEHHO C UCMOSIb30BaHNEM CyAHa-KOHTER-
HepoBO3a, CTPOUTENILCTBO KOTOPOrO MiaHMpPYyeTCA Mo KOH-
TpakTy ¢ Ntannen.

BaXHbIM NpeacTaBnAaeTcA BOMNPOC yHUAUKALMM KOHTEN-
HepHoro napka ons ynakosku TPO Ha obbekTax. B uensx
cokpalleHnsA o6bemMoB onepaLmnini Ha MecTax obpa3oBaHUsA
TPO ynakoBbiBaTb TPO Ha MecTax LenecoobpasHo B 0b6o-
POTHbIE TPAHCMOPTHbIE KOHTEMHepPbl eanHoro obpasua, Ko-
Topble 6yOyT NOCTaBAATLCA HA MecTa U3 permoHanbHoOro
LeHTpa nocne ocBob6oXAEHUA OT OTXOAOB MpenblayLmX
napTuUn.

Mocne poctaBkm TPO B pernoHanbHbIA LIEHTP OTXonbl
nopanexart pacrnakoBke M Nnepefaye Ha ero MOLWHOCTU AnA
OKOHYaTeNlbHOW MOAroTOBKW K AOSIFOBPEMEHHOMY XpaHe-
HWI0, BKIIOYaA CTaAuUM OKOHYaTENbHOM COPTUPOBKM U rny60-
KOro KOMMakTUpoBaHuA. MNocne NPoXoXOeHUsA TEXHOOMU-
YeCcKoW LIenoYKmn perMoHanbHOro LIeHTpa oTxodbl moasnexaT
yrnakoBKe B CepTUMLMpPOBaHHbIe ANA OONrOBPEeMeHHOro
XpaHeHWA KOHTeHepbI, TUM KOTOPbIX AOMXeH 6bITb onpene-
NeH, a KOHTeHepbl MU3roToBMEHbI U MOCTaBMEHbl B perno-
HanbHbIN LEHTP.

WckniovyeHnem 13 naHHoro npasuna MoxeT ctatb MNBX
OAT n PAO B rybe AHaopeeBa, KOTOPbIN, Kak OTMeYanocb
Bbllle, ABMAETCA OCHOBHbIM UCTOYHUKOM PAO B pervioHe n
roe nnaHMpyeTca cosgaHune COOCTBEHHbIX MOLWHOCTEN ansA
obpaueHunsa c PAO. Ha o6bekTe 6yoyT NpoBOaANTLCA BCE He-
obxoouMble TEXHOMOrM4Yyeckme ornepaunm ¢ oTxogamm o
YMakoBKM KOMMAKTUPOBaHHbIX TPO B KOHTEHepPbI, NpenHas-
HayeHHble ANA XpPaHeHWA B pPernMoHasbHOM LieHTpe, C y4e-
TOM KpuTepueB npuemnemoct PAO onA nx nonroBpemMeH-
HOro XpaHeHWA B perMoHasnbHOM UeHTpe. [laHHble KOHTeR-
Hepbl 6ynyT QOCTaBNATLCA B PErmoHanbHbIA LEHTP 1 6e3
OOMONMHUTENbHbIX TEXHONOMMYECKMX Onepaunii HanpPaBAATbCA
Ha XpaHeHwue.

MNocne BBEOEHUA KaTeropmm o4eHb HU3KOAKTUBHbIX OT-
XO[O0B NMOABUTCA BO3MOXHOCTb 3HAYNTENbHO COKPaTUTL 06be-
Mbl KOHTEIHEPHOIO XPaHEHWA OTXOAOB, M COOTBETCTBEHHO
obbeMbl CTpOUTENbCTBA B PerMoHanbHOM ueHTpe. OCHOB-
HbIMW COCTaBRAOWMMM OAHHOrO TMna oTxodoB 6yayT AB-
NATbCA FPYHT, FoploYme 0TXodbl, BTOPUYHbIE OTX0Abl peabu-
NUTaUMOHHbIX PaboT (CTpouTENbHbIE KOHCTPYKUNN), OTOESb-
Hble 31IeMeHTbI BCOMoraTenbHoro o6opynosaHus (puc. 7).

OcHoOBHble NyT 06pa3oBaHMA O4eHb HU3KOAKTUBHbIX OT-
XO[oB — c60p, O4MCTKA FPYHTA MOBWTLHOW MOAYSbHON yCTa-
HOBKOW, NepeBOf 13 KaTeEropum cpeaHe- N HN3KOAKTUBHbIX

The acceptance criteria for storage and disposal of
conditioned RW should be adopted with regard to the
following waste characteristics:

- total activity of the RW package, specific activity of the
waste, and its radionuclide composition;

- equivalent dose rate;

- surface contamination;

- structural stability of the waste form;

- radiation resistance;

as well as to other properties specified in the current
regulations.

RW packages containing explosive and (or) spontaneously
igniting substances are not acceptable for storage and disposal.
The content of poisonous, chemically toxic, pathogenic and
infectious materials in a package should be known with a
sufficient degree of accuracy and has to be limited. RW packages
containing chemicals with toxic characteristics corresponding
to Class | (extremely dangerous) and Class Il (highly dangerous)
will not be accepted for storage and disposal.

We shall now consider the general strategic approaches
to SRW and LRW management in the North-West Region.

Such approaches were to some extent presented to our
foreign partners at previous meetings and workshops, as
well as in the SMP-2 documents.

The key points of this approach are: centralized handling
of SRW at the regional centre for waste conditioning and
long-term storage, with only initial waste sorting and
packing done locally, and treatment of LRW on the sites of
its generation with the use of modular facilities.

One of the main stages of waste preparation for storage
and disposal is conditioning, which may involve a number of
methods, such as:

- placement and cementation of SRW in a cask;

- placement of treated SRW (LRW) in a cask;

- placement of solidified LRW in a cask;

- placement and cementing of SRW in a cask;

- placement of RW package in an additional cask.

By choosing the waste conditioning method it is
appropriate:

- to assess different conditioning methods with regard
to the requirements for safety in RW storage and disposal
as well as to the technical and economic factors;

- to analyze the expected RW characteristics after its
collection and treatment, the existing RW treatment
technologies, and the safety problems associated with waste
processing;

- to check the RW characteristics against the acceptance
criteria for storage and disposal.

Considering the complicated situation on the SNF and
RW storage site at Andreeva Bay as well as the fact that a
large part of the regional RW will come from this site, an
optimized decision was taken in consultation with the foreign
donors to build an infrastructure on the site to the extent
required for SRW and LRW handling.

In the cases unprovided for in the general management
and transport scheme, or necessitating special-purpose

technologies, the RW will be handled under separate
projects.

The management scheme presented in Fig. 6 is
recommended for handling intermediate- and low-level SRW,
which constitutes the bulk of the SRW in the region. Waste
collection, sorting, primary treatment and packing for
transportation will be arranged in situ.

On completion of these operations, some materials will
be reclassified as very low-level waste and will be transferred
to the appropriate management system. Part of the waste
will be diverted for reuse, and the rest will be packed in
casks and placed on the site buffer pads to be subsequently
shipped as required to the regional centre for conditioning
and long-term storage.

After decontamination, large-size non-separable
components should not be necessarily packed in casks but
may be prepared with the use of special technologies and
thus delivered in one piece to the regional centre. Casks
should be shipped primarily by a special carrier ship, which is
to be built under a contract with Italy.

A point of importance to this scheme is unification of the
casks for SRW packing on the sites. In order to reduce the
operations in places of SRW generation, it is expedient to
have this waste packaged in situ using returnable shipping
casks of the same model, which will be delivered from the
regional centre when cleared of the previous waste.

On delivery to the regional centre, the waste will be
unpacked and transferred to the appropriate facilities to be
finally prepared for long-term storage including final sorting
and high compaction. Having undergone the whole process
at the centre, waste is to be packed in casks qualified for
long-term storage; the casks, which type is yet to be
determined, will be manufactured and supplied to the
regional centre.

A possible exception to this rule is the SNF and RW storage
site at Andreeva Bay, which, as mentioned earlier, is the
main source of RW in the region, and where it is planned to
provide special facilities for RW management. On this site,
waste will undergo all the essential operations including
placement of compacted waste in the casks to be stored at
the regional centre, provided they meet the acceptance
criteria for long-term storage at the centre. These casks will
be delivered to the centre and placed in storage without
any additional treatment.

Once the category of very low-level waste (VLLW) is
introduced, it will be possible to reduce considerably the
volumes of containerized waste storage and, consequently,
the structural volumes of the regional centre. Such waste
will consist mostly of soil, combustible waste, secondary waste
from remediation work (building units), and individual
components of auxiliary equipment (Fig. 7).

VLLW will result primarily from soil collection and
treatment by a mobile modular facility, as well as from
decontamination of intermediate- and low-level waste. The
options under consideration for such waste are to store it in
special subsurface facilities at Andreeva Bay and Gremikha
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C6op, COpTUPOBKA, Ae3aKTUBaLKA,

CTep>XHU, pasmelleHme Ko-
TOPbIX B KOPMycax peakTopoB

HEBO3MOXHO, noanexat pas-

MeLIeHMIO B creunanbHbIX KOH-
TelHepax 1 yCTaHOBKe B Cneu-
XpaHunuue B permoHanbHOM
ueHTpe. Yncno crepxHen CY3,

ynakoBKa AnAa
TPaHCNOPTUPOBAHUA KHPO
O4yeHb
HU3KOAKTUBHbIe '
oTxoasl ‘ BydepHoe xpaHeHue ‘ | Mnowagka TPO

pa3melweHHbix B NBX OAT un

PAO, a Takxe Ha cynax ATO, B

CyAHO-KOHTEHEPOBO3 ‘

HocTaBka B
perMoHanbHbIM LEHTP

HacToslee BPEMSA OLEHNBAET-
cA paBHbIM 1800 eguHuu, on-
HaKo, Ha Haw B3rNAg, 3Ta Undp-

!

mybokoe KOHAMLUMOHMPOBaHUe (COPTUPOBKA,
cynepKoM-nakTUpoBaHue), Ae3akTUBaLuA,
nepepaboTKa, YynakoBKa, pasMelleHue Ha
XpaHeHue

pa noaniexumT YTOYHEHWNIO, YTO
M NpeacTounT caenatb No Mepe
BbliNONIHEHUA obcnenoBaHUmn
XPaHWUNMLL 1 NpoBeaeHns paboT

B ry6e AHapeeBa u n. Mpemuxa.

PasmeweHne crepxHen CY3

Puc. 6. Obpawenue co cpedne- u HU3KOAKMUBHBIMU MEEPObIMU OMX00aAMU

0TX0A0B nocne aesakTrneaunmn. O4eHb HN3KOAKTMBHbIE OTXO-
Abl NpeanosaraeTca pasMellaTs B CneunanbHOM npunosep-
XHOCTHOM XpaHunuue B NMBX OAT n PAO B ry6e AHOpeeBa U
n. F[peMunxa, a Takxxe QOCTaBMATb B PerMOHanbHbIN LIEHTP,
ONA CynepkoMMNakKTUPOBAHUA 1 pa3MeLleHNA Ha XpaHeHMe.

Ona Xuaknx pagnoakTVBHbLIX OTXOAOB NpeanonaraeTca
cnepylowmnn nopsanok obpauwenma. XXPO noanexat nepepa-
60TKe Ha MecTax MofyfbHbIMUW YCTaHOBKaMu ¢ nocnenyto-
WKM OTBEPXAEHNEM OTXOAOB NepepaboTKM N yNaKoBKM UX
B CTaHOAPTHble 60YKN ANA TPAHCMNOPTUPOBAHUA K MECTy Xpa-
HEHWA B pervioHanbHOM LIeHTpe.

Bbi6op TexHonornm nepepaboTkm BbICOKOAKTUBHbIX XXPO
1 J)KPO CNOXHOro XMMMYeCcKoro coctaBa ornpenenaeTca B Kax-
OOM KOHKPETHOM Cflyyae B 3aBUCMMOCTY OT UX PU3NKO-XU-
MMWYECKUX CBOWCTB, YCIIOBUIM N MECT HaXOXAeHMWsA AaHHbIX OT-
X0[doB.

4. O6paweHVe C BbICOKOAKTUBHbIMU PAO

Ocobyto CNoXHOCTb NpeacTaBnAeT NopAnok obpalleHunn
C TBEPALIMW BbICOKOAKTUBHbIMM OTXOAamMu. Vix pona B 06-
wem obbeme PAO He npesblwaeT 1,5%. OCHOBHbIMW BUaa-
MM AaHHbIX OTXOOOB ABAAIOTCA CTEPXHM CUCTEM yrpasne-
HUA 1 3aLlWMTbl, @ TakXe JNIOBYLWKM ¢ copbeHTamMun omnbTpoB
aKTMBHOCTW, pa3MelleHHble B OCHOBHOM Ha TeppuTtopun MNMBX
OAT 1 PAO, a Takxe Ha CylopeMOHTHbIX 3aBofax (puc. 8).

NoBywkn ¢ copbeHTamMu pUNbLTPOB aKTUBHOCTU Moase-
XaT ynakoBKe B CrneuunanbHble KOHTeNHepbl, Nocie Yero
TPaHCMOPTUPYIOTCA B PErMOHanbHbI LIEHTP, FAe pa3mella-
I0TCA Ha AONTOBPEMEHHOE XpaHeHue.

Ob6palieHne co ctepxHAMU CY3 3aBUCUT OT COCTOAHMUA
crepxHen. CTepXXHU, Haxoaawwmneca B KOHANLIMOHHOM COCTO-
AHWW, HE MeloLUMe BHELIHNX MOBPEeXAeHWN N NCKPUBIEHNN
no AnviHe, LenecoobpasHo pasmMellaTb B KOPrycax peakTo-
poB ytunmsmpyemsbix AMJ1 B nepuon doopMmpoBaHmnsa ogHO-
oTCeyHbIx 6rokoB Ha «LIC CP3 «Hepna».

2

B KOprycax peakTopoB yTuiu-
3npyembix AlJl asnaetca Tex-
HUYeCKWN CNOXHOW 3ajayein, Tpebylolleln co3naHna cneuma-
NN3MPOBAHHOrO y4acTKa, MNPeAnonoXUTeNbHO Ha cTanesb-
Hou nnnTe «L|C CP3 «Hepnay», 4To6bl MakcMManbHO Npnbnu-
3UTb €ro K MecTy pOpPMMPOBAHUA ONHOOTCEUYHbIX 6NTOKOB U
obecneunTb 0OCTYN K KOprycam peakTopoB. VI3BneyeHune crep-
xHen CY3 13 mMecT XxpaHeHus, 0OCTaBKa K MecTy rnposefe-
HUA paboT, pa3melleHne B KOprycax peakTopos, obecreye-
Hue 6e30nacHOCTV NpoBeaeHWA PaboT — BCe 3TW 3Tanbl BKIIO-
YyaeT TPAHCMOPTHO-TEXHOMNOMMYecKasa cxema obpaLleHUs C Bbl-
COKOAKTMBHbIMW OTXOOaMM, B HacTosALee BpeMs paspaba-
TeiBaemasa B HUKUIT.

MpenmywecTBoM npepnaraeMon cxembl obpalleHuns ¢
BbICOKOAKTUBHbIMU cTepXHAMY CY3 ABNAETCA TOT dpakT, YTo
nocsie pasMelleHna NX B Koprycax peakTopos yTunmsupye-
MbIx AlMJT Bonpoc pewaeTca eANHOBPEMEHHO 1 OKOHYaTeb-
HO, TaK KaK BNOCNEACTBUN NPU YTUIN3aLNN OQHOOTCEYHbIX
6nokoB PO pa3bopka KOprycoB peakTOPOB He MilaHNpYyeTcs,
1 OHW OTMPAaBAAIOTCA Ha 3aXOPOHeHMe 6e3 BCkpbITUA. Ha Haww
B3rnAf, NyYwWnin KOHTENHEP ANA BbICOKOAKTUBHbBIX OTXOOOB
NpeanoXuTb CIOXHO.

CrepxxHu CY3, pa3melleHHble faxe B CaMblX COBPEMEH-
HbIX KOHTEMHepax, MoTPebyIoT 3aTpaT Ha NONroOBpPeMeHHoe
XpaHeHue B permoHanbHOM LIeHTpe, a Takxke 3aTpaT Ha Noc-
nepyioLlee 3aXopoHeHMe C BO3MOXHOW Nepeknankon B HO-
Bble KOHTEMNHepbI.

M3noxeHHble MeToabl 06paLleHUs C Pa3NNYHbIMU TUMNa-
MW PaANoaKTUBHbLIX OTXOOOB POPMUPYIOT OCHOBHbIE Tpe-
60BaHuA K cncTteMe obpalleHmna ¢ PAO B pernoHe, TexHmyec-
KMM XapakTepuctmkam 1 doyHKUMAM PErMoHanbHOro LeHT-
pa.

MponsBoanTenbHOCTb PErMOHanbLHOro LIeHTPa KOHANLN-
OHMPOBAaHWA 1 AONTOBPEMEHHOro XpaHeHNA PaanoakTuB-
HbIX OTXOOOB MO MpueMy 1 nepepaboTke OOMKHa COCTaB-
naTte 5-7,5 Tbic. M3/ron, OPUEHTUPOBOYHbLIN 06BLEM NMPUHMK-
Maembix PAO 100 000 m3. OTxombl COCTOAT NPUMEPHO U3

ILW ~ 15.5 %

shipment

Collection, sorting,
decontamination, Packing for

LLW ~ 83 %

Large-Size

l Very low-level waste ‘

components

‘ Buffer storage ‘ [ SRW pad

|

‘ Carrier vessel

‘ Delivery to the

regional centre

|

Final conditioning (sorting, supercompaction),
decontamination, processing, Packing,
disposition for storage

Fig. 6. Intermediate- and Low- Level Solid Waste Management

or to ship it to the regional centre where it will be super
compacted and put in storage as required for waste of this
category.

The current plan for handling liquid radioactive waste
management looks as follows (Fig. 10). LRW is to be treated
in situ by modular facilities, with the resulting waste solidified
and packed in standard drums for transportation to their
storage facilities at the regional centre.

Technologies for processing LRW of high activity or
complicated chemistry should be chosen on a case-by-case
basis depending on the physical and chemical properties,
the conditions and location of the waste in question.

4. High-level solid waste management

High-level solid waste, which accounts for no more than
1.5 % in the total RW volume, is particularly difficult for
management. The main types of such waste are rods of
control and protection systems and activity traps with
sorption filters, found mostly on the temporary SNF and RW
storage sites and at the area of shipyards (Fig. 8).

The activity traps are to be packed in special casks and
transported to the regional centre for long-term storage.

The CPS rods will be treated depending on their condition.
Rods showing no external damage or bending may be
accommodated inside the reactor vessels of decommissioned
submarines during formation of one- compartment unit at
Nerpa Shipyard.

If such disposition in reactor vessels proves impossible,
the rods will be loaded in special casks and put in a special
storage facility of the regional centre. The total number of
CPS rods found in the temporary SNF and RW storage facilities
and on nuclear service ships is currently estimated to be as
many as 1800, but this figure has to be updated, which will
be done during examination of storage facilities and
operations on Andreeva Bay and Gremikha sites.

Disposition of CPS rods in reactor vessels is a technically
complicated task, which necessitates arrangement of a
special working area, presumably on building ways at Nerpa,
making it as close as possible to the site of formation of one-
compartment units and providing access to the reactor
vessels; it involves retrieval of CPS rods from their storage
places, their delivery to the working area and
accommodation in reactor vessels, with the safety of all
operations properly assured. The HLW management and
transport scheme is being elaborated by NIKIET.

An advantage of the proposed way of handling the highly
active CPS rods lies in the fact that, once they are placed in
the reactor vessels of decommissioned submarines, the
question will be settled in a conclusive way as there is no
intention to dismantle such vessels later — they will be
disposed of in one piece. In our opinion, it is hard to find a
better container for high-level waste.

Even if CPS rods are loaded in the best casks available,
their long-term storage at the regional centre will entail
expenses, and so will their subsequent disposal with possible
repacking in new casks.

The described methods of handling various types of RW
dictate basic requirements for the system of RW
management in the region, for the technical characteristics
and functions of the regional centre.

The regional centre for conditioning and long-term
storage of RW should be designed to take in and process
waste at a rate of 5-7.5 thousand m?3/year, with the RW
volume to be accommodated tentatively estimated at
100 000 m3. The waste includes roughly 65 % of metal, 25 %
of compactible non-combustible materials, and 10 % of
combustible waste. Capabilities should be provided for
dismantling, decontamination, conditioning, temporary
storage and radiation monitoring of radioactive materials
and waste.
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Fig. 7. Management of Very Low-Level Solid Waste (after introduction of this category)

No provisions are made for handling spent nuclear fuel
at the regional centre. The centre should be capable of taking
in and processing the special facilities to be kept in the
regional storage facility of the second construction stage
(compartments of nuclear service ships, reactor
compartments of icebreakers and other surface ships), whose
dimensions are larger than those of submarine reactor
compartments. Reactor compartments are to be taken apart
in the dismantling shop, which will be additionally equipped
if required. Capabilities should be provided for handling the
LRW management from the internal processes taking place
at the centre.

5. Conclusions

This approach allows optimal use of the infrastructure
available already or yet to be built.

Local operation of transportable modular facilities alone
will minimize the number of facilities

The casks to be used in the handling and transport process
should be clearly identified and unified, with the number of
their types reduced to a minimum.

Such work is already in progress and is planned to be
completed next year.

All the basic engineering solutions for the RW
management system should be adopted in consultation with
NIKIET as the scientific leader of the programme and the
organization in charge of nuclear and radiation safety in
decommissioning of nuclear powered submarines and
environmental remediation of nuclear sites. Such decisions
should also be approved by Rosatom in order to prevent
uncoordinated actions and to have a common radioactive
waste management policy pursued in the North-West
Region.
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