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[ocynapCcTBEHHbIV HAY4YHO-TEXHNYECKUM LIEHTP M0 S4EePHOM
v paavaunoHHo 6e3onacHocTu, r. Kues, YkpavHa

CpaBHUTENbHbIVN aHaNN3
N30TOMHOro cocTaBsa
oTpaboTaBLIero Tonamea
KOMnaHun «<BecTtunHrays»
n «1BAJ1»

PaccmoTpeHo BinsiHUe Ha M30TOrMHbI cocTaB oTpaboTaBLuero Tor-
nmBa peaktopos BBOP-1000 pasnnyHbiX 3SKCrayaTaumoHHbIX YC0BUi
(Hannyus v OTCyTCTBUS B Harnpasasiowmx kaHanax TBC rornoLjaroumx
CTepPXHEeN, N3MEHEeHWV B TeYeHNe KaMnaHum KOHLEHTpaumnm pacTBOPEHHOM
B 3ameanuntesne — Boae — OOPHOU KUCIOTbI, TEMNepaTypbl TOMNIMBa U/
3amMennnTens), a Takxe BJINSHNE TeXHOI0rM4eCKnX AOMyCKOB Npu N3roTos-
JIEHWUM KacceT Ha Maccy v oboralieHve Tonaea. Pacyetsi npoBeneHs! ¢ Uc-
10J1b30BaHNEM MOLEIV PeakTOPHOW SHeVikv TOr/IMBHbIX kacceT BBOP-1000,
cocTrosimx n3 HoBbix TBC rnpon3BoacTBa KOMnaHuy «BectuHrays» v wrar-
Hbix TBC poccurickovi komnaHum «TBOJ1»,

KnwoyeBble cnoBa: saepHas 6e30Mn1acHOCTb, KO3pOULUMEHT pas-
MHOXEHUSI HEHTPOHOB, 060raLleHne TonanBa, N30TOMHbLIV COCTaB, yCI0BUS
aKkcnayatauymm.

10. M. KoB6acenko

MopiBHANbHUIA aHaNi3 i30TONHOro ckJjlagy BianpauboBa-
HOro nanuea KomnaHiv «BecTtiHraya» i «<TBEJ1»

Po3rnsgHyTO BB Ha I30TOMHWV CKAad  BianpauboBaHOro na-
nvBa  peaktopiB BBEP-1000 pi3Hux ymoB ekcriiyatauii (npucyTHICTb
abo BiACYTHICTb y Hanpasnsw4mx kaHanax TB3 nornvHar4mx CTPUXHIB,
3MiHa BrpoOAOBX KaMnaHii KOHUEHTpauii B yroBi/IbHIOBa4Yi — BO4I —
PO34YMHEHOi GOPHOI KNCOTK, TeMepaTypu naavea Ta/abo yrnoBibHBa4a),
a TakoX BIJIMB TEXHOJIOMYHUX AOMYCKIB y npoLueci BUrotosneHHs TB3 Ha
macy i 36ara4eHHs nanviea. Po3paxyHku rpoBeAeHO 3 BUKOPUCTAHHSIM
mMozesi peakTOpHOI YapyHku naavBHux 36ipok BBEP-1000, wo cknapga-
t0TbCs 3 HoBUX TB3 BUpOGHULTBA KOMMaHii «BecTtiHray3» ta wratHux TB3
pocivicbkoi komnaHii «TBEJ1».

Knwo4yoBi cnoBa: sgepHa b6e3neka, Koe@ilieHT PO3MHOXEHHS
HeWUTPOHIB, 36aradyeHHs naavea, i30TOMHWI CKaaL, yMOBM eKkcrisiyatadii.
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aXHble JUIsI 0e30MacHOCTH XapaKTePUCTUKU OT-

paboraBmiero simepHoro tormmBa (OAT) oGycimoB-

JINBAIOTCSI B TIEPBYIO O4Yepelb WM30TOIMHBIM COCTa-

BOM, C(OPMUPOBABIIMMCS B TIPOLIECCE BBITOPAHUS

aToro tormBa. OmpeneneHrue U30TOIMTHOTO COCTaBa
OAT HeoOxomuMo IjIg ydyeTa U KOHTPOJISI KOJMYECTBA SIEPHO
OMACHBIX MaTEePUaJIOB; OMpPENeICHUST UCTOYHUKOB JUISI aHaJIu-
3a TEIUIOBOM M paauallMOHHOM 0e30TacHOCTH; MCIOJIb30Ba-
HUST BBITOpAHUST B KaueCcTBe TapaMeTpa siiepHoil 6e301acHOCTH
Mpyu 000CHOBAaHWMU SIIEPHOI OE30MaCHOCTH CUCTEM OOpallleHUsT
¢ OAT (“burnup credit” principle).

WM3oronnusiii coctaB OAT 3aBUCUT HE TOJIBKO OT ITyOMHBI
€ro BBITOpaHWS, HO U TeX YCJIOBUI (TOUHee — CIIeKTpa Heli-
TPOHOB), B KOTOPOM IIPOMCXOAMJIO Beiropanue [1]. B ciyuae
6oJiee KECTKOTO CIeKTpa HEHTPOHOB MPY OTHOM M TOI Xe TIIy-
OuHe BBITOpaHUS B TPOIECCe BBITOPAHUST yUacTBYeT OOJIbIIE
anep U-238 (mmaBHBIM 00pa3om, 3a CYeT oOpa3oBaHUS SIep
Pu-239) u menbiie — sipep U-235. Llenb craTb — paccMOTPETh
BJIMSTHUE U3MEHEHUI YCIIOBUI OKCILIyaTalluy Ha y>KeCTOUeHUE
CIIeKTpa HEUTPOHOB B aKTUBHOI 30He peakTopa. (ITyonukarus
MOATOTOBJIEHA TIO0 MarepuajaM JOKJaaa, IpelcTaBIeHHOTO
Ha KoHpepeHunu MATATD “Management of Spent Fuel from
Nuclear Reactors: An Integrated Approach to the Back End
of the Fuel Cycle”, 15—19 utons 2015 r.)

PacueTHble Koapl U MCXOaHbIe naHHblEe. PaccMoTpum Biusi-
HHE Ha M30TONHBIN coctaB orpaboranHoii TBC peaxkrtopa
BBBOP-1000 pa3nuyHBIX YCIOBUII €€ 3KCILIyaTauuu (B 4acT-
HOCTHM HaJWUYMs WJIM OTCYTCTBUS B HAIpaBJISTIONIMX KaHaaax
TBC nornomarommux crep:xxHeir — kiactepoB CY3; konedbaHuit
B TeUeHME KaMITaHWM KOHIICHTpallMu OGOpHON KMCIOTBI, pac-
TBOPEHHOM B BOISIHOM 3aMeIJIMTENIe — TEIJIOHOCUTENIE; U3Me-
HEeHUl B TeUeHWEe KaMITaHUU Y B 3aBUCMMOCTHU OT TTOJIOXECHU S
B aKTUBHOM 30HE TJIOTHOCTW BOJBI, TeMIIEpaTypbl TOTLIMBA
W/WJIN 3aMeJTUTENS), a TAaKKe BIUSIHUE Ha U30TOITHBINM COCTaB
orpaboranHoii TBC TtexHOMOrMYecKMX OOMYCKOB IIO0 Macce
TOIJIMBA M €ro o0OoralieHuIo, JACWCTBYIOIIUX MPH €€ U3TOTOB-
sneHuu (Tabia. 1).

Tabauya 1. JIviania3oH U3MEHEHUM 9KCILJIyaTallMOHHBIX
IMapaMeTpPOB, KOTOPBIi YUMTHIBAJICS IIPU IIPOBEICHUN
pacyeToB U30TOITHOTO COCTaBa

XapakTepucTHKa 3HayeHus1 mapamMeTpa
cpeanee MaKCHUMaJIbHOE MHHHUMAJIbHOE
(@av) (max) (min)

ObGorarieHue, Cwm.
% macc. Tab. 2 0,5 —0.5
Macca ToriuBa, CwM. ) . ) N
kr/TBC a6, 2 +4,5; +5,0 4,5; —5,0
Hannuue B Hampas-
JISIIOLIMX KaHaslax — + —
crepxHeit CY3
KonueHTpaiust 6op-
HOI KUCJIOTBI, I/KT 3 6 0
[1noTHOCTH BOMIBI,
r/em3 0,72 0,70 0,74
Temmneparypa Bozbl, K 578 600 500
Temmneparypa Ton-
mea, K 1005 1100 900

*TlepBoe 3HaueHut oTHocutcs K TBCA, Bropoe — k FA-WR.
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Puc. 1. Cxema peletrku
peakTopHoii ssueiiku TBC:
a — wrtatHast TBCA; 6 — FA-WR

LX)
rosooo O

Amnanus npoBoauicsa ajs peaktopHoi siueiiku TBC peak-
topoB BBOP-1000, paboratomux B 4-JIeTHEM TOILUIMBHOM IIH-
KJIe TIpy TyouHe BbiTopaHus B mpenenax 50 MBr-cyt/kr U.
DTa sgYelika YKOMIUJIEKTOBBIBAJaCh THMIMYHBIMU IITAaTHBI-
mu TBCA mnpousBoacTBa poccuiickoir kommaHuu <«TBBJI»
(puc. 1, a) u HOBBIMM TOIUIMBHBIMU KacceTamu FA-WR

pou3BoJcTBa KoMmnaHuu «Bectunrays» (puc. 1, 6). OCHOBHbIE
pas3nIuyusi B TEOMETPUUECKUX M MaTepuajibHBIX TapameTpax
TBCA un FA-WR, KoTopbie yuuTbhIBAJIUCh B pacueTax, MpuBe-
JIeHBI B TaOJI. 2.

Bce mnpencraBieHHbIE pacyeTHbIE Pe3yIbTaThl TOJIYUYEHBI
¢ ToMoIIbl0 amepukaHckoro nakera nporpamm SCALE [1].

Tabauya 2. OCHOBHbBIE pa3AMyuMsl B TeOMETpUUecKuX MapameTpax u matepuanax TBCA u FA-WR

ITapamerp TBCA (TBD.JI) FA-WR (BecTunray3)
JInvHa croyiba TorimBa 3530 mm 3530 MM
JInvHa 1IeHTpaJbHOM 30HbI TOIIMBA (HOM.) 3530 mm 3225,2 Mm
BricoTta 30HBI O1aHKeTa (HOM.) - 2 30HHI x 152,4 MM
Macca rommsa (UO,), KT 494,5+4.5 550,6 £5,0

Tonausnsie cmepucnu (312 wmyk)

O6oraieHue, % Macc. (B ckobKax — KOJIMUYECTBO CTEPKHEM) 346’4%%(?]29’;“) g’g Z 84](3)1).’[%’3 ;%{ 4(%2);(331’26 g‘; a(1—6£<;eT)
BJ/HA"™ TabaeTku, Mm 1,4/7,57 - /784
B /H/ o6omouku, MM 7,73/9,1 8,0/9,14

Matepuai 0600YKHU / MIOTHOCTD, I/cM3

Cmuas 9110 / 6,45

Cnnas ZIRLOTM / 6,55

Ilenmpanvuas mpyoa

BA/H/, mm

11,0/13,0

11,0/12,6

Marepuan / MIOTHOCTb, I/cMm3

Cria D635 / 6,45

Crutag ZIRLOTM / 6,55

Hanpasasrowuii kanaa (18 wmyk)

BI/HI, mm 10,9/12,6 11,0/12,6

Marepuan CriaB 9635 CnnaB ZIRLOTM
Jucmanyuonupyrowue pewemru (13 wmyk 6 30ne monausea)

Macca, r 550 830

Matepuai / MIOTHOCTb, I/cM3

Cmas 2110 / 6,45

Cnuas 718 / 8,18

Yeoaku

Iupuna / TonmmnHa, MM

520,65

Marepuan

Cruras 9635

"BI1 — BbIropaloluii OIOTUTEND
“BI/HJI — BHYTPEHHMUI1 / HAPYXHbI1 AUAMETD
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Puc. 2. 3aBUCMMOCTD pa3MHOXAIOLINX
coiicTB TBC oT ri1yOMHBI BRITOpaHUSs
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Puc. 4. Konuenrpauusi U-235 B TBC B 3aBUCHMMOCTH
OT BpEMEHHM JKCILIyaTalluy U OXJIAXICHUS

¥ 50x10° P ikttt it i
S
~ 3 ’
o 4.0x10
N S S DU
> 3
o 3.0x10
3 -—- FA-WR
2.0x10 — FAWR EZ’V"’}X)
—— FA-WR (min)
3 — TBCA (max)
1.0x10° 1§ — TBCA (av)
—- TBCA (min)
0 7 7
0 2 4 6 8 10
Bpems, rogpbl

Puc. 6. Konuenrtpanust Pu-239 8 TBC B 3aBUCMMOCTH
OT BPEMEHHU IKCIUTyaTalluu U OXJIaXICHUs
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Puc. 3. MOIIHOCTb OCTATOYHBIX SHEPTOBBIACICHUI
B 3aBUCUMOCTHU OT BpeMmeHu oxjaxaeHuss TBC
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Puc. 5. Konuenrpauusg U-236 B TBC B 3aBucuMocTH
OT BPpEMCHMU SKCILIyaTallu U OXJIAXKACHU A
U 4 P Biniiainide SR E T Sy
@ ).8x10 i
S
S S ———
& )6x10° Fiy/ g - —
/I/ ///_/— _______ et ]
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0 H H
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Puc. 7. Konuentpauus Pu B TBC B 3aBucumocTu
OT BPEMEHHU IKCITyaTalluu U OXJIaXIEHMUSI
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Puc. 10. KonuenTpauus Cs134 8 TBC B 3aBucuMoctu
OT BPEMEHU IKCIUTyaTalluu U OXJIaXJICHUsI

Monenu peaktopHbIx stueek Ha ocHoBe TBCA m FA-WR,
BU3yaJIM3UPOBAHHBIE C TOMOIIbIO TpadUUeCKUX BO3MOXKHO-
creit maketa SCALE, moka3ansl Ha puc. 1.

Pesyabrarbl yuciaennoro moxaeaupoBanusi. PaszmHoxaroiiue
CBOICTBA KAacCeT B 3aBUCMMOCTHU OT BBITOpPAHUS IJISI CPEIHUX
9KCIUIYaTallMOHHBIX MapaMeTpoB (Tabia. 1, cTomberr «av») IO-
Ka3aHbI Ha pucC. 2.

HecMorpst Ha Oosbliee konuuecTBo TorauBa (550,6 Kr
no cpaBHeHuto ¢ 494,5 kr), FA-WR obGnangaior Gosee HuU3-
KMMU pa3MHOXAaIOIIMMU CBoMcTBaMU OTHocuTesbHO TBCA.
OueBUIHO, 3TO CBSI3aHO C OoJiee HU3KUM CPEIHMM oboraiie-
HueM Tonanea FA-WR.

JInst Tocyenyoniero aHaju3a OTOOpaHbI TMapaMeTphbl, WT-
paloliie BaXXHYIO pPOJb B OLEHKE SIACpHOM M paavalilMoH-
HO#l Oe3omacHocTH mpu obOpameHuu u xpaneHun OMAT: ak-
TUBHOCTb, OCTaTOYHOE OHEPrOBBIIEICHUE, KOHICHTpalluu
n3oronoB U, Pu, Cs and Eu. [Ing xaxkmoro M3 oToOpaHHBIX
rapaMeTpoB 10 pe3yJIbTaTaM IMPeABapUTEIbHOIO aHaIu3a 4yB-
CTBUTEILHOCTU C(HOPMUPOBAHBI HAOOPHI MCXOMHBIX NAHHBIX,
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Puc. 9. Konuenrpauusi Eu-154 8 TBC B 3aBucuMocTu
OT BPEMCHMU IKCILJIyaTalluM U OXJIAXKACHU S
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Puc. 11. Konuenrpauusa Cs 8 TBC B 3aBucumoctu
OT IJTyOMHBI BBITOPaHMST TOILIMBA

BKJIIOYAOIIME B ce0s XapaKTepUCTUKU TOIUIMBHBIX KaccCeT
(oGoraleHne 1 Macca TOIJIMBA) M 9KCILTyaTallMOHHbIe JTaHHbIE
(TeMmiepaTypa TOIJIMBA, HaJWYWEe WM OTCYTCTBUE B HallpaB-
JIsmIomuMX KaHajax crepxkHeir CY3, kKoHueHTpamus OOpHOIT
KMCJIOTHI, TUIOTHOCTh BOJBI M €€ TeMmIleparypa), KOTOpbIe TM03-
BOJIIOT TOJYYWUTh MaKCHMMajJIbHOe (Tabj. 1, cromberr «max»)
¥ MUHHMaJIbHOE (Tabi. lcTtonben «min») OTHOCUTEIBLHO Cpel-
Hero (Tabi. 1, cronber «av») 3HaUGHHME paccMaTpUBAEeMOro Ia-
pamMeTrpa. 3aTeM JUIST KaXJIoTo M3 HaOOpOB MCXOMHBIX JaHHBIX
(av, max, min) MpoBeICHBI pacyeThl OCTATOYHOTO SHEPTOBBIJIC-
JeHus (puc. 3), KOHLEHTPAIIUM OCHOBHBIX TOTIJIMBHBIX M30TO-
moB — U-235, U-236, Pu-239, a takxke cymMMapHOIl KOHIICH-
Tpaluu U30TOMOB Pu, KOTOpbIe BaXXHBI TIPU OLIEHKE SIACPHOI
6e3omacHocTu Ipu obpameHun u xpaneHun OAT (puc. 4—7).
Jns aHaiu3a pajguallMOHHON 6€301TacHOCTM OTOOpaHBl TaKUe
mapaMeTpbl, Kak akTWBHOCTh OST M KOHIEHTpaluu H30TO-
OB, KOTOPBIE JAIOT CYIIECTBEHHBIN BKJIaa B aKTUBHOCTH OSAT
(Cs-134, Eu-154), a Takxke cymMMapHasi KOHLEHTPALUS U30TO-
noB Cs (puc. 8—11).
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Tabauya 3. BoaMoxHble u3MeHeHus napaMeTpoB TBC B 3aBUCHMMOCTHU OT YCJIOBUIA UX SKCITyaTallUK

Tlapametp TBCA FA-WR OTHoOWeHHe CPeIHNX 3HAYEHHUIT
max/ay max /min max/av max/min napamerpos TBCA (av) u FA-WR (av)
OcCTaToOYHOE SHEProBbIICICHUE 1,23 1,31 1,22 1,30 1,22 (FA-WR/ TBCA)
Konuenrpanus U-235 1,32 1,46 1,34 1,48 1,12 (TBCA /FA-WR)
Konuentpanus U-236 1,05 1,08 1,05 1,07 1,02 (TBCA /FA-WR)
Konnenrtpanus Pu-239 1,45 1,59 1,44 1,57 1,25 (FA-WR/ TBCA)
Konuentpauus Pu 1,31 1,39 1,30 1,38 1,24 (FA-WR/ TBCA)
AKTHUBHOCTb 1,10 1,13 1,10 1,13 1,14 (FA-WR/ TBCA)
Konnenrtpanus Eu-154 1,26 1,35 1,24 1,33 1,38 (FA-WR/ TBCA)
Konnenrtpanus Cs-134 1,18 1,24 1,17 1,22 1,33 (FA-WR/ TBCA)
Konuenrpauus Cs 1,06 1,08 1,06 1,08 1,11 (FA-WR/ TBCA)

BbiBOAbI

BoinmosiHeHHBIE pacueThl MOKa3bIBAIOT, YTO TMapamMeTphbl
oTpaboTaBmIMX TOIMJIMBHBIX cObopok BBOP-1000 TBCA
(«TBDJI») 1 FA-WR («Bectunray3») mpu riiyOmHe BBITOpa-
Hus 50 MBt-cyt/kr U MoryT KosiebaThCsi OTHOCUTEIBHO UX
3HAUEHUU OIS CPEAHUX U MUHUMAJbHBIX IKCILIyaTallMOH-
HBIX YCJIOBMI (max/av M max/min) B TpeaesiaX, YKa3aHHBIX
B Tab. 3.

Tonbko mjist Tpex XapaKTepPUCTUK: aKTUBHOCTb, KOHIIEHT-
pamus U-236 u koHneHTpamust Cs — MoJlydeHHBIE 110 pe3yib-
TaTaM pacuyeTOB M3MEHEHMS BEJIMUYMH B 3aBUCUMOCTHU OT yC-
JIOBUM 3KCIUTyaTallUM M TEXHOJOTMYECKUX JIOMYCKOB MOXHO
CYMTaTh TIpeHebpexknMo MainbiMu (MeHee 10 %). JInsa ocranb-
HBIX XapaKTepUCTUK TaKue W3MEHEHUS JieXaT B Mpejenax
ot 20 1o 50 %. OcobeHHO GOoJbIINE OTKIOHEHUS OT CPEIHUX
3HaYeHUI — B Tipeaesiax 50 % — HaOmomaroTes Il KOHIEH-
Tpauuu Pu-239. JI1s1 ocTasbHbIX pACCMOTPEHHBIX XapaKTepu-
CTUK OHU cyllecTBeHHO Huxe (15—20 %) u He mpeBbllIaeT
40 %. OcHOBHBIC pa3nu4us HaOJIIOZAIOTCS TIOCTE 3aBepliie-
HUSI 9KCIJyaTalluu TOIUIMBA B PeakToOpe, B TEPBbI€ T'OJbI
XpaHEHUS TOIJIMBHBIX KacCeT B TNPUPEAKTOPHOM OacceiiHe
BBIIEPKKU.

JInst BceX pacCMOTPEHHBIX XapaKTEPUCTUK TOJyYEHHbIE
3HAUEHUSsI, OMpeesieMble s CpeAHUuX (av) BKCmayaranu-
OHHBIX MapaMeTPOB, HE SIBJISIOTCS CPEIHUMU IO BEJIUUYUHE
st xapaktepuctuk OAT u Gosee 61M3KM K MUHUMAJIbHO BO3-
MOXHBIM 3HAYEHUSIM. DTO OOYCJIOBJICHO BIMSITHUEM Ha CIIEKTP
HEUTPOHOB OTCYTCTBUS WJIU HaJIWYUS PETYJIUPYIOLUINX CTEPXK-
Hell B Hampasiswoumx kaHaidax TBC, oT KoTopblXx 3aMeTHO
3aBUCUT M30TONHbIN coctaB OAT. Hanuuume crepxxHeiln BbI-
roparolux TMOMJIOTUTENE He paccMaTpuBaJioCh, MOCKOJIbKY
MpY paBHOM BPEMEHU HAXOXJICHUS CTepXKHEl B HaIlpaBJIsIO-
mux kaHanax TBC ux BaussHue Ha U3OTOMHBIN CcOCTaB OyneT
ciabee 10 CpaBHEHUIO C BiausiHueM ctepxHeir CY 3.

[MonyuyeHHble pe3yabTaThl TO3BOJISIIOT CeNaTh BbIBOII,
YTO € TOYKM 3peHUsT Oe30MacHOCTU XpaHeHUsT M obpalle-
Husa c¢ OST Buempenme Ha peaktopax BBDP-1000 mHOBOro
JIbTePHATUBHOTO TOIUIMBA KommaHuu «BectuHrays» He mo-
TpeOyeT M3MEHEHUS CYILIECTBYIOUIMX YCJIOBUW W MPOLELYP.
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