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® 0auH 13 cnoco6oB obpatueHuna ¢ OAT peakTopoB
AMbB benosapckoin AACnpeanonaraet pasgenky 0TBC
npAMO Ha CTaHUUK, C nouieaytoLleil AOCTaBKON B
N0 «MasAk» Ha nepepaboTKy B CneuLuaNnbHbIX 0CYy-
LUEHHbIX MeHanax 1 CyLLeCTBYIOLLMX KOHTeliHepaXx.

[Iepsoie anepretmyeckne peakroper AMB benospcekoit
A9C ocranosiens! B 1981 rony (AMbB-100) u 8 1989 roxy
(AMB-200). OAT BoIrpyskeHO U3 PEaKTOPOB U B HaCTOIIee
BpeMsI XpaHUTCS B ABYX GacceiiHax BbIepKKK Benmospekoii
ADC u B «Mokpomy» xpanmsmiie 110 «Masik». Ha craniun
OAT pasmelnieHo B KacceTax U3 yriIepoAnuCTOH 1 JIETHPOBAH-
HOI1, HepsKaBeoIIel, CTai; OCHOBHBIMHU MPOGIEMaMU SIBJISI-
I0TCS CHJIbHOE TTOBPEKIEHUE TB3JIOB, KOPPO3US YEXJIOBBIX
Tpy6 KacceT W OOMUIOBKM 6AacCEHOB BBIIEP/KKHU, BBHITOJ-
HeHHbIX 13 yraepoauctoit ctanu. B ITO «Masik» Bce OTBC
peakTopoB AMD moMertieHb! B 3aIUTHBIE YeXJTbI 13 Hepska-
Belollell CTasn.

Ocnosubie BapranTst obparterist ¢ OSAT AMDB cremyrore:

— OTTIpaBKa Ha BpEMEHHOE XPaHCHHUE C TIOCIICYTIONINM pe-
IIEHIEM BOTIPOCaA O TTepepaboTKe;

— OTIIPaBKa Ha JUTUTEILHOE XPaHEHNUE C MOCTIEYIONIM 32-
XOpOHEHHeM;

— paszenka u neHasnposanne Ha ADC, oTIIpaBKa Ha mepe-
paborky B 11O «Masik»;

— nocraBka OTBC B 11O «Masik», pasze/ika 1 rmepepaboTKa.

CrienuaIrucThl TIATEIBHO TPOAHATIM3UPOBAJIN BCE BApU-
aHThL. BeisicHuocs, uto «cyxoe» xpanenue OAT, Tak ke, kak
U «<MOKPOE», UMeeT Psifl HeIOCTATKOB. K HUM OTHOCSITCS:

— HeoGOCHOBAHHOCTH GE30TACHOTO CIOCoOa TPAHCTIOPTH-
POBKH ¥ XpaHEHHUsT KacceT W3-3a MPoOJIeM sIIEPHOI U pajina-
IIOHHOMN HE30TTACHOCTH, a TaKKe HAKOTIJIEHNST BOZIOPOIA TTPH
XpaHeHN! 1 TPAaHCIIOPTHPOBKE;

— GOJIBIITIIE Pa3Mephbl U BBICOKAST CTOMMOCTH BEHTHUIIN-
PYeMOTo XpaHUJIHIIA;

— OTCYTCTBHE OTIbITA M PETTTAMEHTUPYIONIEH IOKYMCHTAITHT,

— yCJIOKHEHUE 11epepaboTKy B OY/IyIleM H3-3a TIPOJIOJI-
skarorrericst rerpazgaruu OAT npu xpanernm.

Hexops us atoro, 66110 petieHo repepaborars OAT AMB
B I1O «Masik». PaboTbl BezyTCst 10 JIByM TIapaJuieIbHbIM Ha-
NPABJIEHUSAM: BBITIOJHEHHE MEPOIPUATUI 110 Ge30macHoOMy
xpanenuio OAT na Benosipckoit AJC, kak npuopurteTHas u
HEOTJIOJKHAS 3ajlaua, a TakKe pazpaboTKa TEXHOJIOIUK U TeX-
HUYeCKX cpeacTs At nepepaborku OAT AMB na saBone
PT-1T110 «Masiks».

Jlist pelneHnst aTUX 3a1a4 pa3pabaThBAETCS TEXHOIO-
i XuMndeckoii mepepa6orku seex Tunos OAT AMB. B
I[TO «Magk» mpoekTHpyeTcs cleluaibHoe 3/1anne (0T-
nenenne pasznenku n nenamuposanusg, OPII) ana mox-
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® One of the ways of managing the spent fuel from
AMB reactors of Beloyarsk NPP provides for SFAs to
be cut directly on the site with subsequent delivery
to Mayak for reprocessing in specialised dry casks and
existing canisters.

The first AMB power-generation reactors at Beloyarsk NPP
were shut down in 1981 (AMB-100) and in 1989 (AMB-200).
The spent fuel was removed from the reactors and is currently
stored in two cooling pools at Beloyarsk NPP and in the 'wet’
storage facility at Mayak. On the plant site, the spent fuel is
placed inside cartridges made of carbon, alloyed, and stainless
steel; the main problem of storage being significant damages to
the fuel rods, corrosion of the cartridge tubes and cooling pool
lining, which is made of carbon steel. At Mayak, all AMB SFAs
are placed inside protective canisters made of stainless steel.

The following are the main options of managing the spent
AMB fuel:

— sending to temporary storage with subsequent
reprocessing;

— sending to long-term storage with subsequent disposal in
arepository;

— cutting and containerising on the NPP site, then sending
for reprocessing to Mayak;

— delivery of the SFAs to Mayak, then cutting and
reprocessing.

Specialists have carefully considered all options. It turned
out that dry storage of spent fuel, as well as wet storage, has a
number of disadvantages. These include:

— lack of justification for safety of transport and storage of
the canisters due to nuclear and radiation safety concerns, as
well as hydrogen build-up during storage and transport;

— large size and cost of a ventilated storage facility;

— lack of the appropriate experience and regulations;

— complications with future reprocessing due to continued
degradation of spent fuel during storage.

Based on that, the decision was taken to re-process the spent
AMB fuel at Mayak. The work pursues two parallel directions:
completion of measures to ensure safe storage of the spent fuel
at Beloyarsk NPP, as the top-priority and urgent task, as well as
development of a technology and hardware for reprocessing of
spent AMB fuel at the RT-1 installation on Mayak.

For these tasks to be addressed, a technology is being devel-
oped to enable chemical reprocessing of all types of spent AMB
fuel. At Mayak, a dedicated building is being designed (cutting
and containerising facility) to prepare the spent AMB fuel for
reprocessing, both that currently held at Mayak and that kept
in canisters at Beloyarsk NPP (fig. 1). The expected timeframe
for commissioning of the cutting and containerising facility is
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YyacTok o6pawjeHus ¢ neHanamu n OAT
Spent fuel canisters handling area
/

FnaBHoOe nomeujeHne
Main room

late 2015. Two technologies for spent fuel de-
livery from Beloyarsk are being elaborated. The

first provides for transport of canistered SFAs

from Beloyarsk to Mayak with subsequent cut-

33m/m

12m/m

—L

ting in the cutting and containerising facility,
the first for the canisters and SFAs to be cut di-
rectly at the plant site.

PROBLEMS WITH
CHEMICAL REPROCESSING
Specific features of the AMB SFAs are the

Puc. 1. OPIM B MO «Mask»
Fig. 1. Cutting and containerising facility at Mayak

rotoBku K nepepaborke OAT AMDB, Kak pasMerieHHoro
Ha «Maske», Tak U TOIUIMBA B KacceTaxX B cJydae uX J[0-
craBku ¢ bBenospckoit AIC (puc.1). IIpenmosaraemprii
cpok BBoga OPII B akciuryaranuio — kouern 2015 ropa.
PaspabarbiBaiorcss aBe TexHosjoruu goctaBku OAT ¢
BASC. IlepBag mpenmosiaraeT TPaHCIIOPTUPOBKY KacceT
OTBC ¢ benospckoit ADC B [1O «Masgk» ¢ mocienyio-
meit panenkoit ux B OPII, Bropas — pasnenky Kaccet u
OTBC nernocpencTBEHHO Ha CTAHIIA.

NPOBJIEMbI XMMUYECKOW NEPEPABOTKM

XapakrepubiMu ocoberroctsivu OTBC AMB sigsistiorest:

— Hasmyre okoJ10 40 THUIIOB TOILIMBHBIX KOMITO3UI[NIA;

— Goubiiye rabapuTHble pasmepbl (auuHa ognoir OTBC
— okoJio 13 m);

— cnoxkHast korduryparms OTBC.

WccnenoBanus, mMpoBe/IcHHBIE HECKOIBKO JECATUTICTUI
Hazaj crnenuascramu BHUMHM, nokazanu npuHunm-

following:

— availability of about 40 fuel compositions;

— large dimensions (the SFAs are approxi-
mately 13 m long);

— complex SFA configuration.

Research that was performed a few dec-
ades ago by VNIINM indicated that it was
essentially possible to reprocess the spent
AMB fuel using the classical PUREX proc-
ess, but without 'tying' this activity to the

RT-1 plant technology. Therefore, reprocessing of spent
AMB fuel on RT-1 is feasible, but there are a number of
problems that need to be addressed at the stage of scientific
research. One such problem is the cutting of the canisters
and SFAs into fragments and their transport to the chemi-
cal reprocessing facilities.

The compositions of the AMB fuel material and claddings
vary to a great extent. The fuel composition may contain from
1% to 20% of U and may consist of uranium oxide, metallic
uranium, magnesium, calcium and molybdenum. For each fuel
type, safe conditions of dissolution must be carefully chosen so
as to prevent formation of explosive hydrogen concentrations,
and for carbide fuel — also light hydrocarbons.

A significant portion of spent AMB fuel also contains
from 3% to 9% of metallic molybdenum, dissolution of which
may produce sedimentations of both molybdenum itself as
well as zirconium molybdate, which may entrap plutonium
and caesium.
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1vst coiepskuT ot 1% 110 20% U 1 MoskeT
COCTOATD KaK U3 OKCHJA ypaHa, TaK 1 U3
METaJIMYECKOTO yPaHa, MATHIST, KAJIbIIHsT
1 MosmbeHa. [l Kaxk/ioro TUIA TOILIH-
Ba HEOOXOAUMO MHOoAOUpaTh Oe30MacHbIe
YCJIOBUSA PACTBOPEHUS, YTOOBI HCKIIOUHMTD

BE30MACHOCTb OKPYXAIOLLEV CPE[bI
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Puc. 2. KomnoHoeka KOBP
Fig. 2. Layout of the safe cutting facility
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B3PBIBOOTIACHBIE KOHIIEHTPAIIUN BO-
ZIOPOJIa, a /Uit KapOUIHOTO TOTIINBA
— ¥ JIETKUX yTJIEBOIOPO/IOB.

3HaunresnbHas yacth OAT AMbB
COZIEPIKUT TaKsKe OT 3% 10 9% MeTa-
JIMYECKOTO MOJIMO/IEHa, TIPH PacTBO-
PEHUM KOTOPOTO BO3MO;KHO BbITIAJIE-
HHUE OCAKOB HA OCHOBE KaK CAMOTO
MosO/IeHa, Tak 1 MoJIMbAaTa UPKO-
HUSI, KOTOPBIN MOJKET «3aXBATHIBATHY
TIJTYTOHU U 11e3uTi.

Bo3MOKHBI IIPO6GIEMBL U Ha OI1e-
parusx BBITAPKU U OCTEKJIOBbIBAHIS
B mporecce nepepaboTKu  BBICOKO-
aktuBHbBIX JKPO. Texnomorus nepe-
paborku OAT AMB nomkHa GbITh
BCTPOCHA B CYIIECTBYIOIINE TEXHO-
Jlorndeckwe rernovkn 3aBozga PT-1.

Pa3paboTKy XUMHYECKON YacTh
TEXHOJIOTUU TUIAHUPYETCST  3aBep-
mmth B Teuenme 2010 roma; ecth
TOJTHAST YBEPEHHOCTh B BO3MOKHOCTH ee peasm3aruu B 110
«Masiks.

Moanym
Podium

alh
Pa6ouas nnowaaka
Work platform

NOAroTOBKA OAT K AOCTABKE B 0 «MAAIK»

[lna peanmzarii MeTO[Ia, TIPEIITOJIATaloNIero PasIesKy
kaccer 1 OTBC mnenocpezncteenno Ha benospckoit AIC,
CO3/IAIOTCS COOTBETCTBYIOLIUE TEXHOIOTHS, 000PYA0BAHIE U
MHCTPYMEHTHI. PaOOTBI TIPE/IOIaraeTest OCyIIECTBIISITH B CTie-
UAJIBHOM KOMILIEKce 000pyoBatus Ge301acHON pasneiku
(KOBP).

OcCHOBHBIE TIPUHITUIIBI TIPE/ITTATACMON TEXHOJIOTUN TS
ob6pamterns ¢ OST AMB Ha cTaHIn BKIIIOYAIOT:

— OTZIeJIeHNe TOILINBHOM cocTasJsionieir ot TPO B criern-
AJIbHOM KOMIIJIEKCE PE3KU B GacceiiHax BbIIEPKKH;

— garpyska OAT B meHasubl, ymoBIeTBOPSIONINE Tpe-
GOBaHMSIM TITATHOTO OT/EJIEHUST OATOTOBKM U pesku 110
«Mask»;

— HCTIOJIb30BAHIE, C OCYIIIEHVEM, CYIIECTBYOMNX KOHTEl-
nepoB TK-6 nis tpancnioprupoBku renHasioB ¢ bBAIC B 11O
«Masik»;

— 3arpyska TPO B eMKOCTH U peliierre Borpoca 1o o6pa-
HIEHUIO C HIMHU.

CxeMmbl pasMmeltienus obopyaoBanust Ha Berosipekoit ADC
TIPUBE/ICHBI HA PUCYHKAX 2 1 3.

Konmenmst mpoekTUpoBaHUs IIpeaycMaTpUBaeT Ce-
JIOBAHUE OJHOBPEMEHHO TPeOOBAHUSAM HOPM JIJIsI ATOMHBIX
AJIEKTPOCTAHIINN W SIZIEPHOTO TOIUIMBHOTO TMKJIa. HoBoe
[POKM3BOJICTBO JIOJIKHO ObITh aJaliTUPOBAHO K CYIIECTBYIO-
meMy 3/1aHuio epsoit ouepenu benospekoit ADC, uto npen-
CTaBJISIET OINPE/IEJIEHHYIO TIPOOJIEMY, TOCKOJIBKY MOMEIEHS
smanust nepenosHerbl PAQO, a paGoThl 10 MX OYNCTKE He 3a-
manuposansl. [Ipu obpamennn ¢ OAT AMDB nuanupyer-
cs1 0OXOUTBCST COOCTBEHHBIMU CPEICTBAMI HOBOTO MTPOMU3-
BOJICTBA JIJIT MICKJIIOUEHMS JIOTIOJIHUTEIBHON Harpy3Kd Ha
JICHCTBYIOIINE CUCTEMBI CTAHINW, 3aHATbIe MPOMUILHOI
JIeSATeTBHOCTRIO.

IToutn Bce pesysBTaThl, KOTOPbIE OYYT TIOMYUEHD TTPH
paspaborke rexnosioruu pasueikn OAT AMB wa Benosipckoit
AIC, ByyT UCIIOJNB30BAHbI IIPU Pa3pabOTKe TEXHOJIOIMU Pa3-
nenkn B [1O «Magk».
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Puc. 3. Y3en pasgenku n neHanupoBaHua OAT
Fig. 3. Spent fuel cutting and canistering facility

Problems may also occur during the evaporation and vitri-
fication operations, which are part of liquid radwaste process-
ing. The spent AMB fuel reprocessing technology must be well
built into the existing RT-1 technological production strings.

The development of the chemical part of the process is
planned to be completed during 2010; there is complete confi-
dence that it can be implemented at Mayak.

PREPARATION OF SPENT FUEL FOR DELIVERY TO MAYAK

In order to implement the method that provides for cutting
of the canisters and SFAs directly on the Beloyarsk NPP site,
a corresponding technology, equipment and tooling are being
created. The work is expected to be performed in a special safe
cutting facility.

The main principles of the proposed technology for spent
AMB fuel management on the plant site include:

— separation of the fuel region from the non-fuel solid waste
section in a specialised cutting unit while in the cooling pools;

— loading of spent fuel into canisters that meet the require-
ments of the standard Mayak preparation and cutting facilities;

— using of pre-dried existing TK-6 for transport of canisters
from Beloyarsk to Mayak;

— loading of the solid non-fuel waste into containers pend-
ing resolution for subsequent processing.

Equipment layouts on Beloyarsk NPP are shown on figures
2and 3.

The design concept provides for both the nuclear power
plant and nuclear fuel cycle codes to be applicable to the activi-
ties at the same time. The new facility must be adapted to the
existing building of Beloyarsk NPP first stage of construction,
which represents a certain problem as the rooms in the build-
ing are over-loaded with radwaste and there are currently no
plans to clear out the waste. The handling of spent AMB fuel
is expected to be performed using own dedicated equipment of
the new facility so as to prevent an additional loading on the
operating systems of the plant that are involved with the other
on-going activities.

Almost all results obtained from the development of the
spent AMB fuel cutting technology at Beloyarsk NPP will be
used for the technology of spent fuel cutting at Mayak.
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