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CraTbs mocTynuia B pegakyuio 13 mas 2019 1.

B cmamee paccMompeHsl 8onpocel naaHupogarus xapakmepucmuk PAO knacca 1 om nepepabomku OST BB3P-1000
0115 3a0a4 ux nocnedyrowezo 3axopoHeHus. llepepabomka makoeo muna OAT bydem ocyu,ecmensimscs 8 0NnbimMHo-
demoHcmpayuoHHoM yeHmpe (O4L) Ha OIYIT «[XK», a paduoakmusHsie omxo0sl npu 3mom bydym npedcmasnsme
coboli budoHsbl ¢ bopocunukamusiM cmekaoM. C yyemom moeo, 4mo 6a3zosoli mexHonozuell npedycMompeHo mensio-
sbideneHue ynakosok PAO nopsoka 26 kBm/M?, umo 3HaYUMeENbHO 8bille 02paHUYeHuUl No 3axopoHeHuro (2 kBm/m?),
asmopamu paccMompeHsi paznuyHele cuyeHapuu pasgumus OLL u MM3PO u npednoxeH nodxod K ¢opmMuposaHuto
napmuti Ha nepepabomky OSIT, npu komopom PAO k MoMeHmMYy 3axopoHeHUs 6ydym coomseemcmeosams mpebosaHusm.

KntoueBsle cinoBa: ompabomasuwee sidepHoe monaugo (OAT), paduoakmuegHsie omxo0si (PAO), bopocunukamHoe cmekno, 3a-
xoporerue PAO, nyHkm anyburHozo 3axopoHeHus PAO (T13P0), mennogeideneHue.

BBenenne

B HacTosiee BpeMs AOBOJBHO aKTMBHO 0OCYK-
JlaeTcsl BOIPOC O HEOOXOAMMOCTU TIPOBEIEeHUS
(dbpakuMoHupoBaHUsI  BBICOKOAKTMBHBIX  Paauo-
aKkTUBHBIX OTX0HoB (BAO), o6pasyooimuxcst mpu
nepepaboTke OTpaGOTABIIETO SIAEPHOrO TOIUIMBA
(OSIT), ¢ BoIgeneHneM U3 HUX Tepe[, BKIIUEeHNEM
B OOPOCMIMKATHYIO CTEKJIOMOMOOHYI0 MAaTpUILy
(BCC) dpakumit 1e3ust ¥ CTPOHIIUS, C LeIbI0 CHU-
SKeHUSI OCTATOYHOTO TEIJIOBBIAENIEHUST U UCKIIIoUe-
HUS CTaIUY IIUTEIbHOTO XPaHeHUs] OCTEeKJIOBaH-
Hbix PAO nepen 3axopoHenueM [1]. Tpe6oBaHMS K
XapaKTepUCTUKAM IPOAYKTOB Iepepaborku OMIAT
TECHO CBSI3aHbl C YUIOBMSIMU MX MOCIELYIOLIEro
3aXOPOHEHMSI.

[IpennoxkeHuss o TpeaBapuUTenbHOM Gdpak-
LVOHMPOBAHUM OCHOBBIBAJNUCh HA MPOEKTHBIX
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xapakrepuctukax BCC, OLleHeHHBIX [JIS YCI0BUI
nepepabotku OTBC ¢ xapaKTepUCTUKAMM BBITO-
panust 50 MBT cyt/kr U u BbIIEpKKOIt He MeHee
7 net. OgHako B Tekyiem npoekre OIIl, mpume-
HeHMe GPaKIMOHMPOBAHMSI He IIPeAIoNaraaoch,
a TpeIyCcMOTpPEHa TOJMbKO OTPabOTKAa TEXHOJOTMIA
(paKkIMOHMPOBAHMUST B MCCAEIOBATEIbCKUX Kame-
pax OJLl (mepBslii MTyCKOBOW KOMILIEKC). Borpoc
obpasoBanust BAO B mpoiiecce nepepabotku OSIT
U UX XapaKTepUCTUK TECHO CBSI3aH C 3afavyaMu Io-
C1eAyIoIero 3aX0POHeHMS 3TUX OTXO0B.
HopmatuBHast 6a3a B o6iacTy 6e30IMacHOCTY
3axopoHeHust PAO B Poccum OymeT pas3sBMBAThCS
[2], HO OogHMM M3 NPUHUUIMAIBHBIX KPUTEPUEB,
MpeabsiBIAsSIEMbIX K OCTeK/JIOBaHHbIM BAO, Hampas-
JITEMBIX Ha 3aXOPOHEHMe, OyIeT orpaHuYeHue 110
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TEIUIOBbIIE/IEHNIO. JTO OTpaHMYEeHMe CBSI3aHO C
IBYyMs (GyHIaMEHTaJIbHBIMM (aKTOpaMU — TeM-
TepaTypHbIM ¥ CBSI3AHHBIM C HUM HaIpsIKEeHHO-
nedopMUPOBaHHBIM COCTOSIHMEM TOPHOTO Mac-
cuBa U pexkumaMu (QyHKIMOHMPOBaHUSI 6apbePOB
6e3omacHocTu. IlepBoe orpaHuyeHue, ITOMUMO
TpebGOBaHMII IO TEIJIOBBIAEIEHNI0, YJACTUIHO pPa3-
perraeTcst 6oyee pas3speskeHHbIM pa3MelleHeM
YIIAaKOBOK B TOPHOM MacCuBe, a BTOpPOe, [IOMUMO
TeX ke KOMITOHOBOYHBIX pellleHMuii, — ellle U orpa-
HUYEHUSIMU TI0 TEPMOCTOMKOCTY, HAK/IaAbIBa€MbI-
MM Ha MaTepuasbl, IpYMeHsIeMble TpU CO3TaHUN
MHKeHePHbIX 6apbepoB. VI B TOM 1 B APYTOM CJTyuae
CTOMMOCTb 3aXOPOHEHMS IIPY POCTE TEIUIOBbIfeIIe-
HMS Bo3pacraet (puc. 1).
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Puc. 1. 3asucumocms cmoumocmu 3axopoHeHust PAO
om mensnoseideneHus

denepasbHBIMM HOPMaMy U TpaBuIaMu B oba-
CTU UCIIOIb30BaHMSI ATOMHOV SHepruu [3] yCTaHOB-
JIeHO TpebGoBaHMe IO TeIUIOBBIAEIEHNIO YITaKOBKA
PAO, KoTOpOe He JOJIKHO MpeBhIIaTh 2 KBT/M3, uTO
B ITOJTHOJ Mepe COIIacyeTcs C YCTaHOBJIEHHbIMM B
Mupe kpurtepusamu (tabm. 1). IOas amomodocdart-
Horo cTekna (ADC), HakorieHHOTro Ha DI'VII «I10
«Masik», cylecTBylee ITPOEKTHOE pellleHue Tpu
3aXOPOHEHUM IIPeNroiaraeT COOTHOIIeHMe 00b-
emoB PAO n ynmakoBkm Kak 1:7—1:8.

Ta6nuua 1. Kpumepuu npuemnemocmu ona
3axoponeHus OSIT u BAO no yposHio menJiogbioeneHus

no TennoBbiAeNeHUI0

LBeuns 1700 Bt/koHTeiHep
Dunnanoms, onnmso BWR 1700 Bt/koHTeliHep
DuHnaHamus, Tonnmneo BBIP 1370 B1/koHTeHep
®OuHnanoms, Tonamso PWR 1830 B/koHTeliHep
®paHups 500 Bt/ynakoska
CLUA (WIPP) 300 Br/ynakoBka
LlIseruapus 1500 Bt/ynakoBky
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PaccmaTpuBasi BOIPOChI TEIJIOBBIJIEIEHUST OCTe-
K10BaHHBIX BAO, Heo6X0OMMO OTMETUTh, UTO, C
yY4eTOM BO3MOXKHOCTM COaJaHCMPOBAHHOI ITepe-
pa6otku OAT (myrem cmeimnenusi OTBC pasHbIX
CPOKOB BBIZEP>KKM, BbIrOpaHus U T.nA.) Ha OLL,
TEIUIOBBIEIEHME 00PA3YIOUIMXCS TIPU 3TOM OTXO-
OB (B TeYeHMe, 110 KpaiiHeil Mepe, nepBbix 20 j1eT),
[103BOJISIET OOONTUCH 6e3 IOIOJIHUTEIHLHOIO BbI-
JleJieHsT TeIyIoTeHepupyloumx Qpakiuii 3a cueT
6ojiee KOPPEKTHOTro y4eTa (MCII0Nb30BaHUSI) TpeX
06CTOSITENIBCTB:

« KOPPEKTHOI MHTepIpeTaluy TpeGoBaHMUIl II0
3aXOPOHEHUIO;

- 1eseBoro or6opa OTBC njis mepepaboTKu;

+ 3 PEKTMBHOIO MCIOAb30BaHUSI MMeEIOILecs u
co3gaBaeMoit MHGPacTpyKTypsl xpaHeHust OST u
BAO.

Bompocs! dpaxkunonupoBanus BAO u TpaHcmy-
Tal¥M MUHOPHBIX aKTMHUAOB [IJIsSI CHUKeHUS pa-
IVMOTOKCUMYHOCTU 3axopaHuBaembix BAO B HacTo-
sIeil cTaTbe He pacCMaTpPMBAIOTCS, B TOM YMCIIe
10 IPUYMHE PACXOXKIEHMS B3IVISIIOB aBTOPOB B UX
HeobxomuMocTu. Hapmeemcsi, BOIpocaM CUCTEM-
HOTO PACCMOTPEHUSI TEXHOJIOTMII (PpaKIMOHUPO-
BaHus BAO, c yueTOM MOJIHOTO I[MKJIa 0OpalieHNsI
¢ BTOpuMuHbIMM PAO OymeTr IOCBsIIEHA CIELy-
ajbHasl MyoamMKauys B JKypHasie «PagyoakTuBHbIE
OTXO[IBI».

dddeKTHBHOE UCIIOIb30BaHMe UHPPACTPYKTYPHI
XpaHeHus, TepepaboTKu U 3axoponenus PAO

B Hacrosimee Bpemsi B Poccuiickoin @epepauyn
HauaTbl paboThl IO COOPYKEHMIO IMOA3E€MHON MC-
CJIeoBaTeNbCKOM  J1abopaTopum, — OIpejesieHa
Crpaterus cosganus III'3PO [4] u paspaboraHa
COOTBETCTBYIOLIAsl MporpamMma MccaefoBaHmii [5].
OTO co3[aeT OCHOBY Ijisi Pa3pabOTKM KOHKpeT-
HBIX LI1aroB I10 IUIaHMPOBaHUIO 3axopoHeHus1 BCC
B 3TOM OOBEKTe, KaK IOTEHIMATbHOM MeCTe WX
pasMenieHus.

Llenpro HACTOSIIIEN CTaThbU SIBJISIETCSI OLIEHKA BO3-
MoskHOCTM (opmupoBauus nmoroka BCC ¢ Tpebye-
MBIMM [Ji1 3aXOPOHEHMSI XapaKTepUCTUKaMMU IO
TeIIOBBIIE/IEHMI0 Ha KOHKPETHBIV CPOK 3aXOpOHe-
Hust 1J1st epBbixX naptuit O T, mepepabaThiBaeMbIX
Ha O] T'’XK.

OTNBITHO-IEMOHCTPALIMOHHBIN I[eHTp MpeaHa-
3HAYeH /I OTPabOTKU TEePCIEeKTUBHBIX TEXHOJIO-
TMii, IPOTOTUIIOB OOGOPYIOBaHUS U TepepaboTKu
OMT. TIpoekTHas mnpousBogurtenbHocTh OJLL co-
crapiser 250 Toun/ron OST, maHupyeMblii CPOK
BBOZA B sKkcmutyartauuioo — 2021 rog. [IpoekTom Ha
coopykenne OJILl ycTaHaBIMBAETCS, UTO MPU Tiepe-
paborke OSAT BBOP-1000 GymyT 06pa30oBBIBATHCS
ocTekoBaHHbIe BAO ¢ MakCUMMaabHO JOMTYCTUMbBIM

PaduoakmueHbie omxo0dsi Ne 2 (7), 2019



O 803MOMHOCMSX YNPaBAeHUS Xapakmepucmukamu

6opocunukamHozo cmekna npu nepepabomke OSIT BB3P-1000 Ha OAL «[XK»

TeIUIoBbImeneHeM He 6omee 26 KBt/M®* PAO ¢
yaenbHbIM oOpa3oBaHueM mopsiaka 0,12 M® ¢ TOH-
Hb1 O4T.

s BpemeHHoro xpaHenust bCC B TexHonornye-
ckoM kopmyce OIIIl mpenycmMaTpuBaeTCss COOpysKe-
HHMe IBYX XpaHWJINI, paCCUMTAaHHbIX Ha IIpUemM OT-
xon0B B TeueHue 10 geT Mpy HOMMHAJbHONM MOIIL-
HocTu 1eHTpa. Kpome toro, Ha ®I'YIT «[XK» (I'XK)
CO3[laH M 3KCIUTYaTUPYEeTCsT KOMIUIEKC «MOKPOTO»
n «cyxoro» xpaneHus: OST BB3P-1000. HakomieH-
HBIIi 3a11ac «OCTBIBIIEr0» TOIUIMBA ITPEICTABISIETCS
LIEHHBIM PECYpPCOM, IOCKOJIbKY €ro COBMeCTHasl Ie-
pepaboTka ¢ 60s1ee «CBEKVM» TOTUIVIBOM IT03BOJISIET
BBITY Ha IieJieBble YPOBHMU T10 TeIUIOBbIE/eHII0
JIJIST 3aXOPOHEH S,

Pa6oTsl mo cosmanuio III'3PO peanusyroTcs B
COOTBETCTBUM C YTBepxneHHO! Crparteruein [4],
KOTOPOJ NpenyCMOTPEeHO, YTO KaK MUHUMYM [0
2030 roma OymeT (QYHKIMOHMPOBATH IIOA3€MHAast
MCCIeAoBaTeNbCKas 1a60paToOPus, IOCe Yero Jom-
SKeH ObITh OKOHYATeNIbHO PacCMOTPEH BOIPOC O
MIPUHSITUM pellleHUsI M0 COOPY>KeHUIO MyHKTa 3a-
xopoHeHus PAO knacca 1 u 2. B mepBy1o ouepefb B
IMI'3PO muraHupyeTcst 3arpyska amomodochaTHbIX
cTeKkos, HakoreHHbIX Ha OIVII «I10 «Mask». B
3TOJ CBSI3M HAyao pasMelleHNs] Ha 3aXOpOHeHMe
BCC, napaboranubix Ha OJIIl, MOXeT IIPOMU30IATHI
He paHee ueM B 2050 ropy.

CnoxxmuBLIasicss CUTyalus MO3BOJSET HaiTU OIl-
TUMaJIbHble COOTHOIIEeHMs napTtuit OST mo BeIro-
pPaHMIO ¥ BpeMEHM BbIAEPKKM, YTOObI HA MOMEHT
noctyruieHus BCC B IyHKTe ITTyOMHHOTO 3aXOpO-
Henust PAQO (TII'3PO) BbIMOMHSUINCH OOIME U YacT-
Hble KPUTEePUU NPUEeMJIEMOCTH, B TOM UMCJIe U IO
TeIJIOBBILEIEHUIO.

Hioke maH nipuMep moaxona 1o mogoopy mapTuii
OST pJist BBIOJMIHEHMSI OOIIEro TpeboBaHusI o He-
MpeBbIIEHUI0 KpUTepueB 3axopoHeHuss BAO 1o
TeIIOBbIIeIEHUIO.

IleneBoit or6op OTBC a1 mepepaboOTKU

B mepsbie pecatwietusi skcruryatauuu XOT-1
Ha xpaHeHue pasmemianocb OAT ¢ HoBopoHexk-
ckoii, banakosckoit u KanmamuHckoin A3C (puc. 2).
ITo Mmepe ocBOeHMSI peakKTOPHBIX YCTAHOBOK ITOKa-
3aTeNy BBITOPAHMSI TOIUIMBA IMOBBILAINCh. B Ham-
OosbIIeil Mepe 3Ta TeHIEHIIVS ITPOC/IEKMBAETCS Ha
npumepe HBASC (puc. 3), o KOTOPOI BhITOpaHUe
B 40 IBt-cyT/T U M 60sIee GBLIO TOCTUTHYTO IOCTIE
JlecsITUIETHEr0 CPOKa IKCIUTyaTalUn.

B kauecTBe MCXOMHBIX NaHHBIX [IJISI 11€JIeBOTO OT-
60pa UCHOIb30BaAINCH MAcIOPTHLIE HaHHble OTBC:
JlaTa BBITPY3KM M3 aKTUMBHON 30HBI, JaTa MOCTaB-
ku Ha I'XK, BbIrOpaHue, TelIOBbIJe/eHue OTpa-
GoraBieii TerutoBbiAensiomeii c6opku  (OTBC),

PaduoakmueHbie omxo0osi Ne 2 (7), 2019
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[ata octaHoBa peakTopa Ans Bbirpy3kn OTBC
HBASC EKA3C M BA3C

Puc. 2. PacnpedeneHue konudecmea nocmasneHHsix Ha XK
TBC no 2o0am 0ns Hososoporexckoli (HBA3C), KanuHuHckol
(KA3C) u banakosckoli (bA3C) amomHbix cmaHyuli
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Hata octaHoBa peakTopa Ans Bbirpysku OTBC
O BASC ¢KASC A HBA3C

Puc. 3. PacnpedeneHue OTBC no ypo8HIM 8bI20paHus 8
3asucumocmu om 0amsl MPAHCNOPMUPOBAHUS

OlLleHEHHOEe Ha MOMEHT 3arpy3Ku JIJisi TPaHCIIOPTU-
pOBaHUs, U AaTa 3TOM OL[eHKU.

[Tpu pemreHuu 3anau nepepaborku OST mOMKHbBI
YUMTBIBATHCSI TaJIbHENIIe CTaguy obOpameHus C
obpasyronmcs PAO, 1mosToOMy JIOTMYHBIM IIpe-
CTaBJISIETCS PACCMOTPeHMe B3aMMOCBSI3aHHBIX CIie-
HapueB pasButus OL u ITT'3PO.

IIporuo3s HakomieHuss OTBC PY BBOP BbinonHeH
B COOTBETCTBUM C JOPOXKHOIM KapTOil OCTaHOBOB
6;o0koB AJC. [Tpu aTOM 3aMelleHNe BbIOBIBAIOIINX
mougHocTtelt PBMK-1000 koMIieHCHpPYyeTCs BBOAOM
6710KOB ¢ peakTopaMyu BBOP-1200 (rmo aHamorum
¢ Jleuunrpanckoii un Kypckoit A3C). Taxke npu co-
CTaBJI€HUM MPOTHO3a MNPUHSTO, YTO TOTUIMBHBIN
LMK COCTaBJjsieT 3 Trofla, eXerofHasi BbIrpy3ka
O4T — 20 1/ron. Ha puc. 4 nipencraBjieH MPOrHO3
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Puc. 4. [poero3 HakonneHus OTBC 8 nyHKMAx XpaHeHus

HakoruieHus OTBC Ha oCHOBe yMepeHHOro ClieHa-
pus pa3BuUTHs pabor o nepepaborke OLT.

Hcueprianne coBOKymHON BMecTuMocTu XOT-1
(B cmyvae ero IMTeNbHOM sKcruryaTauum) u XOT-2
npousoimer Ha pybeske 2060 roma B JI060M pac-
CMOTpeHHOM BapuaHTe. [IJis BbIOOpa TaKTUKU Tie-
pepaboTKM BasKHO, UTO 0OBbEM OKMIAIOIIETO Iepe-
pa6botku OMT 6ymeT pacTu, a CpeqHMe CPOKU BbI-
IepP>KKM OGbICTPO CHIKATHCS He OYIyT.

Takxmuxka nepepabomku OTBC

[lpenBapuTeNbHO OLIEHMM MAaKCUMaJbHOE Te-
ioBbiaeneHe ynakoBku BCC Ha MOMEHT 3axo-
poHeHus mpu nepepabotke aByx OTBC (~ 1 T OAT),
YUUTBIBASI, UTO B COOTBETCTBMUM C ITPOEKTHOI J0-
KyMeHTalueii, o6bemM nomyueHHoro 6CC cocTaBut
0,12 m®. TlockombKy AeTajqbHas MHboOpMaIus 10
KOHCTPYKIMM YIIaKOBKM, B KOTOPOJi OYyOyT 3aX0-
panuBatbcss BCC, OTCYTCTByeT, TO KOHCEPBATUB-
HO, TaK KakK y A®C 3TOT moKasaTe/b 3HAUUTE/IbHO
BbIlIe, IPMMEM MOIPaBOUYHbIN KO3GdULIMEHT paB-
HbIM 2,5. [Ipy Takux OOMYIIEHUSIX MaKCMMaabHOe
TeIIoBbIe/IeHe yrmakoBkKM PAO Ha MOMEHT 3a-
rpy3ku B [1I'3PO He go/mkHO npesbiiaTh 600 BT.

Hanb6osee npsiMONMHEMHBIN MOAX0H, K GOpMIpo-
BaHMI0 Tpaduka mepepabotku OMIT 3aKkiouaeTcs
B TOC/Ie[IOBaTeIbHOM M3BJIeUeHMM HAKOILIEHHBIX
OTBC B xpoHOnOrMYeCckoM nopsiike. [IOHSITHO, UTO
Takasl rmociaemoBaTesnbHas mepepaborka OTBC 6y-
IeT MIPUBOAUTD K HEKeMaTeabHbIM 3¢ derTam:

Ha MMOBEPXHOCTU MPUAETCS XPAHUTH OTHOCUTEb-
HO XOJIOLHOEe CTEeKJIO M CTEeK/IO, KOTOpoe HelIoCTa-
TOYHO BBIIEPKAHO [J151 3aXOPOHEHMS;

3a MepBble ABa JecsITKa JeT OyayT mepepaboTaHbl
Bce OTBC, HakonuBIIMecsi K MOMEHTY 3aITyckKa
OJI11, (2021 1.), a TertoBsimenenue BCC yke Ha MO-
MEHT €ro TMOJyYeHUs! Jis1 GONbUIMHCTBA CIyYaeB
OymeT B mpeesnax TOMyCTUMbBIX 3HAUEHMIA;

B pe3yibTaTe nepepaboTku 6osee «cBeskux» OTBC
o6ymyT o6pa3oBbiBaThcsi BCC ¢ BBICOKMM TeILIO-
BbIZIEJIEHVEM U ITOTPEOYeTCs MX TOTIOTHUTETbHAST
ITATeNIbHAS BbIIEPsKKa.
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BB3P-1000, UO; (4,35%)
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Puc. 5. M3meHeHue 3HepeosbideneHus OST paznudHo2o
8bI20PAHUS NPU 00/1208peMeHHU 8bl0epiKe

[nsa nporHo3upoBaHus TenyoBbigenenns OST/
BCC nHa pmonrocpounsiii nepuopg (40—70 neT) mpo-
BeZleHbl COOTBETCTBYIOLIME OLEHKU (TIPU YCIOBUM
TOJTHOTO TIOTJIOLIEHUST SHEPTUUM BCEX U3TyUyaeMbIX
4acTul, BK/IKOYAsi TaMMa-U3JIydeHue) C MCIONb-
30BaHMeM nporpaMMHoro komriekca TRACT [6]
(puc. 5). B 1meiomMm pe3ynbTaThl pacyeToB KOppesu-
PYIOT C OAHHBIMM, ITPEACTAaBI€HHbBIMU B CIIPAaBOY-
HMKe ¥ PYKOBOACTBE 1o 6e30macHocTH [7, 8].

AHanmn3 pacueTHbBIX JAHHBIX TOKA3bIBAET, UTO JIJISI
repepaboTkM COOPOK C MaKCUMaTbHBIM BbITOpa-
HMEeM HaKOIUIEHHOTO Ha HacTosimuii moMmeHT OAT
(44 MBT-cyT1/KkT U), HE06XOAMMO UX TIpeBapUTesb-
HO BbIepXaThb ~ 60 jieT. ITO MOATBEPKAAET TE3UC:
nepepabotka OTBC B XpOHOJIOrMYeCKOM ITOpSIIKe
TIpMBENET K TOMY, UTO OyIeT HaKaIlIMBaThCS «TO-
psiuee» CTeKIIO.

Iyt TOro 4To6b! M36ekaTh MOZOGHBIX CUTYAIINIA,
HeOoOXOAMMO BBICTPOUTH COANTAHCHMPOBAHHYIO CU-
cremy (opmupoBanust maptuit OTBC Ha mepepa-
60TKy ¢ yuetom 3amau OJL] mo eXerogHbIM 06b-
emam mnepepabotku OMT. TIpy 3TOM KIIOUEBbIM
IoKasarejieM [O/DKHO CTaTh 3HauYeHMe SHEeproBbl-
nenenyst bCC Ha momeHT 3arpysku B [II'3PO.

Ina dbopMupoBaHus cb6aJaHCUPOBAHHBIX T10 Te-
TUIOBbIAENeHNI0 yI1akoBOK BCC Ha MOMEHT 3arpys-
ku B [1I'3PO omnpenennm rpaHMUHbBIE YCIOBUS:

MMH — r— Makc ?

S I i
n 1

rae: "A, — aKTMBHOCTD i-TO PaJMOHYKINIA Ha MO-
meHT nepepabotku n-i OTBC; P, — koahpuuyenT
M3MeHEeHMe aKTMBHOCTHU i-TO PaAMOHYKINUIA B IIPO-
mecce nepepaboTku OMT (M3BJIeUeHME, TEXHOIOTU-
Yyeckye MoTepu U T. A.); A, — NMOCTOSTHHAsS pacrana
i-ro paguoHyknuga [1/rop]; t. =~ — rop, 3arpysku

3arp

yrakoBku BCC B I[II'3PO; toep — TOL rnepepaboTKu
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naptuy OTBC; w, — TerutoBbIe/IeHyie Ha OJVH pac-
naj i-ro pagMonykmuaa [Br/pacm.]; W - — MuHK-
MajbHOE TeIUIOBBbIAeJIeHMe Ha MOMEHT 3arpy3Ku
yrakoBku BCC B III'3PO, ompenensemoe yCIOBUSI-
MM pasmenenus [KBr]; W — makcumaibHOe Te-
IUIOBBIAeNIeHV e Ha MOMeHT 3arpysku PAO B I1I'3PO,
ompesensieMoe HOPMAaTUBHBIMM TpPeGOBaHMSIMU
[kBT].
n

Whake = Wnp. VPAO' k- E ’

rie: W, — MakcuMajbHOe TeIUIOBbIfieieHne Ha

equHuiy oobema [KBt/m°]; V,, . — o6bem PAO [m];

k — xoadduumeHT, yuMTHIBAOUIMIT M3MEHEHVE

o6bema PAO 3a cueT yIakoBKU; N — KOJIUYECTBO

nepepabatbiBaeMbix OTBC.

Iy neMOHCTpalui peain3yeMOCTH TaKOTO TMOojI-
XOfa paccMOTpUM Hamubosee OMTUMMUCTUUHBIN
CLIeHapuii:

- Hauayo nepepaborku OTBC — 2021 r., 3arpysku
BCC B III'3PO — 2050 T.;

- eXXeroJHblii 00beM mepepaborku OIT Ha OJLI mo-
CJle BBIXOJa Ha CTAllMOHAPHBIN PesKUM paboThl —
400 T;

« exxeromHbie 00beMbl 3arpy3Ku BCCBIII'3PO — 100 T;

- maptust OTBC Ha nepepaboTky Gopmupyercs: U3
2 T, (ucxonst u3 Toro, uto u3 1 T O4T obpasyercs
0,12 m® BCC, T. e. oJiHa yIIakoBKa).

Yro6bl OTIIPaBIATh Ha 3axopoHeHue B III'3PO
exeronHo 100 T BCC ¢ TpeGyeMbIM TeILIOBbBIEIE-
HIeM, Heo6X0IMMO repepaboTaTh 618 crienyanbHO
oTobpanHbix OTBC.

Ins ymobcTBa pazobbem HapaboTky OTBC Ha
IecsTuaeTust, mpu 3Tom mepepabotrky OTBC BbI-
CTPOUIM TaKMM 06pa3oM, UTOOBI B TEUEHME AECSITU
net pa6otsl OIIl mepepabaThIBaaMCh He TOJIBKO
HaKoIlJIeHHbIe 3a mepBblie 10 yieT, HO U Gosiee CcBe-
skue. B Takom ciyuae obimee BpeMs BbIIEPIKKMU
OST/BCC 6ymert neskath B auanasoHe 40—70 ser,
B 3aBUCUMOCTM OT mepuomga Hapaborku OTBC
(tabmn. 2). IIpu peanusaiuu Takoro cueHapus BCC,
obpasoBaHHble B 2021 I., OTIIPABSITCSA HA 3aXOPO-
Henwus B 2050 rogy.

Ta6nuya 2. BpemeHa evidepyku OTBC/bCC

O61wee Bpems
lop Havana) Boipepxka |lon Havana Bbiaepkv OSIT
Hapabotku | nepepa- |OfIT Ao nepeq3arpysku B (CC) Ao 3ax0-
paboTn, et POHeHus, net
1981-1990 40 70
1991-2000 30 60

2021 r. 2050 .
001-2010 20 50

2011-2020 10 0
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Puc. 6. PacnpedeneHue HakonneHHbix OTBC 3a nepgbie 10 niem
3kcnayamayuu A3C BB3P-1000 no ebizopaHuto

ITo macropTHHIM JTaHHBIM 3a epBbie 10 jeT pa-
60TbI 3Hepro6gokoB BBIP-1000 (1981—1990 rr.)
nepenano Ha I'XK 1270 OTBC. [Ins ux paBHOMeED-
HOJ TepepaboTKy cPOpPMUPYEM €XKEromHbie Iap-
TUM TI0 BeJIMUMHE TITyOMHBI BbITOpaHuio. Kcxomst
13 00Ieil KapTUHBbI pacIipefesieHus] KOIMuecTBa
OTBC no BeITOpaHuIo (pUC. 6), eXXerogHast mapTusi
Ha nepepaboTKy mpezcTaBieHa B Tab. 3. Kaxkmast
n3 nmaptuit OTBC npyrux nepuomos HapaboTku O6y-
IeT COCTaBASITb 164 1IT.

Ta6nuya 3. PacnpedeneHue exe200H0
nepepabamvisaembix OTBC nepeozo nepuoda
Hapabomku (1981—1990 zz.)

Exerogxoe konnyecteo OTBC

[uana3oH Bbiropanue OAT,

MBr cyt/krU Ha nepepaboTky, WT.
0-20 #
20-30 40
| 30-40 34 |
| 40-50 12 |

Ha npumepe nepsoit naptun OTBC Ha nepepa-
60TKY TTOKaxkeM TPUHIIUIIMAIBHYIO BO3MOKHOCTh
peanusaluyu TaKoro IeaeBoro mnoaxona. KoHcep-
BaTMBHO TMPEATIONIOKUM, UTO HaMMeHee BbIIep-
>xaHHag naptus OTBC (2011 r.) B pasmepe 164 .
TOJTHOCTBIO COCTOUT U3 COOPOK C MAaKCUMAaTbHBIM
Bbiropanuem 44 MBT-cyt/kr U. 17151 TOrO 4TOGBI UX
rnepepaboraTh, HeoOX0muUMO copMMpoOBaThH IMap-
Ty OTBC co cpoKamu BbIIEPKKY, TPUBEIEeHHBIMU
B (Tabm. 4). Jlaxke ¢ y4eTOM CIeJaHHBIX KOHCepBa-
TUBHBIX TPEeNIONIOKeHUIT BUIHO, 4TO chopMu-
poBaTh HEOOXOOMMYK0 TApTHUI0O Ha MepepaboTKy
peanbpHO, T. €. CYIIeCcTBYeT NMPUHIUIINAIbHAS BO3-
MOSKHOCTD €KerogHoro GopMupoBaHus MOJ00HbIX
naptuit OTBC.

[MpenJsiokeHHbIN ITOAXO JOKEH ObITh arpoOu-
pOBaH Ha pealbHBIX JAHHBIX 10 HAKOIUIEHHBIM
OTBC 3a apyrue nepuoabl paboTbl S3HEPTOOIOKOB
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Ta6nuya 4. Cpok evidepxku OTBC ¢ pasnuyHeiM
8bl2opaHueM 019 popmuposaHus napmuu Ha

nepepabomky
Bbiropanue, MuHuManbHbIi cpok Bbiaepku OTBC,
MBr-cy1/kr U ner
8 Metee 7
12 MeHee 7
16 40
20 50
24 60
28 65
32 75
36 80
40 85
44 90

(1991—2018 rr.) M [OOMOJTHUTENIbHBIM BO3MOXXHO-
ctam ocpegHeHus JKPO mnepen, OCTEK/IOBbIBAHMEM.
[Tocne axkTyanusauuy OAaHHBIA TOAXO[H, 1€JIECO0-
O6pasHO TPUMEHUTH [JI MHOTOBAapMAHTHOTO aHa-
J3a C HeompeaeaeHHbIMU UCXOTHBIMY YCTOBUSMMU,
BKJIIOUAsl pasauuHble cileHapuu 3arpysku PAO B
II'3PO (Hauasno, 06beMbI 3aTPY3KU U T. 11.), 00bEMbI
nepepabotku OST u T. O., OyIst TOro, YTo6h M36€e-
SKaTh peanusanyy HeOJaronpusITHbIX CIieHApMEeB
ob6pasoBanust PAO ¢ HENMpOeKTHbIMU pPaAMaliOH-
HBIMM XapaKTE€PUCTUKAMMU.

[Ipy 3TOM MOHSATHO, UTO MOTYT IOSIBUTHCSI I0-
TIOJIHUTE/IbHbIE  OOCTOSITEJIbCTBA, KOTOpbIE I10-
TpeOyIOT BHEOUEpEeIHON IepepaboTKM KaKoM-u-
60 COOpKM, B TOM UMCJIe C OTHOCUTEITHHO MaJIbIM
TIepUOAOM BBIIEPKKM ¥ OGOJBIIMM BBITOPAHMEM.
IMosToMy Heo6XooMMO paspabaThiBaTh COOTBET-
CTBYIOIIMIA KOMIIOHEHT aBTOMAaTU3UPOBAHHON CU-
CTeMbl yIIpaB/ieHus TEXHOJOTUYeCKMUM TIPOIeCcCoM
(ACVTTII), KOTOpbIii GBI perraj MOJOOHYI0 3a7auy
ontumMmusanuyu napameTpoB BCC B KOHKPETHBIX yC-
JIOBUSIX TIPOM3BO/ICTBA.

OTnenbHyI0 TeMy TIpe[CTaB/IsieT HAZEeKHOCThb UC-
XOOHBIX TaHHBIX IO BbIropaHuio. llemecoobpasHa
opraHmu3alus 1o KpaiiHeii Mmepe BbIGOPOUYHOTrO MH-
CTPYMEHTAJILHOTO KOHTPOJIS. [IpyMephl TOI06HBIX
YCTaHOBOK M3BecTHbI [9, 10].

Xpanerue BCC 0o nepedauu Ha 3axopoHeHUe

I[Tporrecchl cO3maHMsI TaKUX CIOKHBIX OOBEKTOB,
Kak OJIIl u IIT'3PO, menaioT 3amauy paboThl C KO-
Jec (oO6pa3oBaHMe/3aXOpOHEHNE) 3aBEIOMO Hepe-
naemoii. bosee Toro, o6GIIENPUHSITON MPAKTUKOA
aBasieTcsl U BbiAepskka PAO ¢ 1iebl0 CHMKEHMUS
3HeproBbifie/ieHNsl. Yoke B HacTosllee BpeMs YC-
JIOBMSI IJIsST Takoii Bbigepskku Ha I'XK chopmupo-
BaHbl. [Is1s BbiBo3a PAO B mpoekrte OJIIl mpuHsiTa
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TEXHOJIOTMYEeCKasi CXema, KOTopasi MpeaycMaTpu-
BaeT, YTO Mocjae XxpaHeHUs yrmakoBok ¢ BCC mpoBo-
JUTCSI MX BBIBO3 U3 XpaHWINIL,. [leperpy3ounas ma-
muHa (IIM) 1o 3ajaHHBIM KOOpAMHATaM OCYILeCT-
BJISIET BBIEMKY YIAKOBKM U3 STUEIKM XpaHEHUS U
repeMelaeT ee Ha MOCT PEBU3UM [JISI TPOXOXKIE-
HMS BBIXOLHOTO KOHTPOJIS,, TO €CTh BHEIIHEero 0cC-
MOTpa, KOHTPOJS UAEHTUDUKAIMOHHOTO HOMepa,
odbopMIIeHNS COTTPOBOAUTENbHO JOKYMEHTALIUY C
nomo1bsio CI'YuK PB 1 PAO. IJanee ynnakoska ¢ BCC
¢ niomowpio [IM ycTraHaBaMBaeTCss Ha TPaAHCIIOPT-
HYIO TeJIeXXKY U TMepeMellaeTcs MO CyIeCTBYoIIe-
MY TPaHCIIOPTHOMY KOPUAOPY B Kamepy KOMILJIeK-
tauyu rneHasnos (KKII) oToeneHyst OCTeKIOBbIBAHUS
BAO (otnenenue 19). [Tocne BbIXOZHOTO KOHTPOJIS
ynakoBka uepes mubep kamepsl KKII mepemeria-
€TCs BO BHYTPMOOBEKTOBBIN 3aIMTHBIV KOHTEITHED
tuna «Ckadauap» 1 Ha wiaTGopMy pasrpy30uHO-
3arpy3ouHoii mamuabl (P3M). P3M ¢ ymakoBKoit
BCC Tpancroptupyetcsi B NMpPUEMHOE OTHOeNeHue
O[III (otmenenme 05), oc/ie Yero repenaeTcs B OT-
cex 6acceifHa BBIIEPKKM «MOKPOTO» XpaHMUIMIIA
BBOP-1000 3manusg N21. [Janee ymakoBka ¢ BCC
o cxeme meperpysku OST BBOP-1000 u3 «MOKpo-
ro» XpaHWINIIA B «CyX0e» MOXKET ObITh IepenaHa
Ha TEeXHOJIOTMUYeCKOe XpaHeHue (O CHUKeHUS
TeIIOBBIZENIEHUST IO TPeOyeMbIX HOPM) B «CyX0€e»
xpanmauine OST BBIP-1000, mubo mo cxeme 3a-
IPY3KU «MOKPOTO» XPaHWIUIIA MOXKET ObITh 3aTrpy-
>)KeHa, HanpuMmep, B TYK-13 ajs manbHeNMIero Bbl-
B03a >KeJIe3HOLOPOKHBIM TPAHCIIOPTOM.

OHH'ZLIMUSCIL;L[H U CHUJXeHue KoHcepsamusHocmu

B paboTre He paccMOTpeH psii 06CTOSITENbCTB,
KOTOpble MOTYT OKa3aTb BJMSIHME Ha KOHEUYHbIe
MPOEKTHbIe ¥ TexHoJorndyeckue pemnieHus. Ilo-
MbITAEMCSI MX KauecTBEHHO U KOJMYECTBEHHO
0XapaKTepu30BaTh.

K, — xosdpduumeHT, 3aBucAMiA OT CPeSHEro
BritoueHnst okeuaoB BAO B BCC. B cuiny MHOrmx
TEXHOJIOTMYECKUX TIPUUMH BO3MOXKHO yMeHbIle-
HMe mpolleHTa BkiaoyeHus BAO B CTeK/O, 4YTO TIpU-
BelleT K CHVDKeHMIO aKTUBHOCTHM CTeK/a U, B KOHeu-
HOM CUeTe, K YBeIMYEHUIO er0 00beMa M CHYDKEHUIO
TerutoBbiaeieHus (Ha 10—50%).

K, — k03GduLMenT, yYUThIBAIOIIMI COOTHOLIE-
Hue o6bema BCC B yriakoBKe 1 ee 0611ero o6bemMa.
3mech IPUHSAT paBHBIM 1:2,5 (B OT/IMuMe OT yIIaKko-
BOK ¢ ADC, rie 3TOT K03dPUIIMEHT BTPOe BhIIIe).

K, — K03(GULMEHT IUIOTHOCTU 3arpy3Ku OCTe-
kiIoBaHHbIX BAO. B mpuHIMie MoxeT ObITh Opra-
HM30BaHa HECIUIONIHAS CXeMa 3arpy3Ki, B KOTOPOit
cocelHMEe KaMepbl 3aXOpPOHEHMsS 3aIlOHSIIOTCS C
BpeMeHHbIM MHTepBajoM B 15—20 yieT. ITOT K03(-

uument mosket cocraButh 0,8—0,9.
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K, — x03)duiLmeHT KOHCePBATUBHOCTY PaCYeTOB
BBITOPaHMUSI U TEIJIOBbIe/eHNsl. Bce OLleHKM BbI-
ropaHusi U OCHOBAHHOTO Ha HEM TeIUIOBbIAeeHUS
BBITIOJTHSJIMCh PacueTHbIM ITyTeM. OMBIT 3KCIUTya-
TaLMU «MOKPBIX» M «CyXux» xpanmmi, OAT cBu-
JleTebCTBYeT TOJIbKO O TOM, YTO 5TU 3HAUEHUS] He
peBbIanych. OpraHn3anysi MHCTPYMEHTAJIbHOTO
KOHTPOJISI 3TUX MMapamMeTpoB, BO3MOXXHO, JACT 3HA-
yeHue KoHcepBatuBHocTM B 0,9—0,95. CooTBeTt-
CTBYIOIIIYE€ MephI 10 OpraHu3al i UHCTPYMEHTAab-
HOT'O KOHTPOJIST SIIePHO-(DU3NUECKUX U TEIJIOBbIX
napametpoB OTBC Ha I'XK npenycMmaTpuBarTC.

3aK/IoueHyue

B yactu BAO oT mepepaboTKM HaKOIUIEHHBIX 00be-
moB O4T, yke HaxoasAIMXcst Ha XpaHeHur Ha OI'YTI
«['XK», 3agaun nomydyeHust ynakoBok bBCC, mpurog-
HBIX K 3aXOPOHEHMIO T10 ITapaMeTpaM TeIIOBbIiesie-
Hus B III'3PO ¢ Havaiom 3arpysku B 2050 u 2060 rr.,
BO3MOSKHO PeLINTb IIPU YCIOBUYM CMeIIeHHs ITapTuii
OSIT ¢ pasnMUHbIMM BpeMeHaMM BbIIEP>KKM U BbITO-
panueM. [Ij1s1 9TOro AOJIKHbI ObITh ITOCIEN0BATEIBHO
co3gaHbl KomrmoHeHTbl ACYTII.

Il HavalbHBIX 3TaroB paborbr OJIII 1meneco-
00pa3sHO OrpaHMUMUTHCST HApabOTKOI CTeKsia, KO-
TOpoe 6ymeT MpUromHo s 3axopoHeHust ¢ 2060 r.
Takoit peskuM IO3BOJIUT B I€pPCIIEKTUBe Ipubepe-
ratb OTBC ¢ MaJIbIMy BbITOPAHUSIMM ¥ OOTbIIMU
CpoKaMM XpaHeHMs IJIsi IPOM3BOACTBA MPU Heob-
XOIMMOCTY M B OTPAHMYEHHBIX KOJIMYECTBAxX 6osee
XOJOAHOTO CTeK/a.

OcHOBHbBIE CIIeHapHbIe YCUIOBUS LiejiecoobpasHo
peryasipHO MepecMaTpuBaTh, B TOM YMC/Ie MO UTO-
ram rnepBbIx JieT akcmutyatauuu O/, pe3yabTaTam
nposeneHus uccienopanuii B IINJI U ONpUHSATUIO
peieHnit ro cosmanuto [I'3PO.

binarogapHoCTb

BrIpaskaeM 61aroIapHOCTD 3a COAENCTBIME B TIOATO-
TOBKE MaTepuaJoB ¥ HaMMCaHUM CTAaTbU COTPYIHMU-
kam MBPAD PAH CagenbeBoii E. A., Bupoxkosy 1. B. u
PyKOBMYHMKOBOJA A. A.
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OPPORTUNITIES FOR CONTROLLING BOROSILICATE GLASS PARAMETERS
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The paper considers planning the parameters of 1 class RW generated in VVER-1000 SNF reprocessing for the
purposes of disposal. This type of SNF will be reprocessed at the pilot demonstration centre at FSUE “MCC’, and the
generated waste will be packed in canisters with borosilicate glass. Taking into account that the basic technology
envisages production of RW packages with heat generation capacity of about 26 kW/m?, which is substantially in
excess of the disposal criteria (2 kW/m?>), the authors considered various scenarios for evolution of PDC and DRWDF
and suggested an approach to forming SNF batches for reprocessing which would produce RW complying with the
requirements.

Keywords: spent nuclear fuel (SNF), radioactive waste (RW), borosilicate glass, RW disposal, deep radioactive waste disposal
facility (DRWDF), heat generation
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