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AHAJII3 NOIKOAKYBAHOCTI OBOJIOHOK TBEJIIB,
1O BPAXOBY€ HEOJJHOPITHICTbD PO3IIOA1JTY EHEPTOBUIAIJIEHHS
B TEILJIOBUALJIAIOYHNX 3BIPKAX

Po3pobiieHO MeToT MPOTHO3yBaHHS po3repMeTu3allii 000JI0HOK TBediB peakropa Tury BBEP-1000 3a MexaHizsMoM
HaKOMMUYEHHS J1e(OpMaIiHHOI TTOIIKOHKYBAaHOCTI 000JIOHOK, 1[0 BPaXxoBYE Ul KOXHOI TertoBuaistouoi 30ipku (TB3)
ICTOpif0 HaBaHTAXKEHHSA 1 HEOOHOPITHICTDH PO3IMONUTY SHEePTrOBHIUICHHS cepell TBeliB. [Ipum goTupurpymoBiit Mozmemi
PO3MOIUTy TOMIKO/KYBAaHOCTI MAaKCHMajJbHA BEJIWYMHA ITONIKOMKYBAHOCTI, IO MJOCATAETHCA B YOTHPHPITHOMY
MATMBHOMY LHWKJI, 301TBIIYEThCA B TIOPIBHSAHHI 3 OTHOTPYIIOBOIO MOJEIUIIO IMPHOIM3HO y ABa pa3H. 3HaieHO
JITOPUTM NIEepecTaHOBOK TB3, 1 SKOro MepeBHUILyIOTHCS TPAaHNYHA BETMYMHA NTapaMeTpa MOLIKOKYBaHOCTI 1 Mexa
Oe3meuyHOi ekciuryaramii peakropa. IlokasaHo, mo0 BeTMYMHA TapameTpa IOMKOMKYBAHOCTI BIAITpa€e iCTOTHY
00MEXYI04y POJIb TIPH OLIHIIl TPAHUYHOI'0 CTaHy 000JIOHOK. BUBEIEHO yMOBY IOITyCTHMOCTI aJIrTOPUTMY II€PECTaHOBOK
TB3 i kpurepiii MiHIMaIbHOCTI WMOBIPHOCTI po3repMmeTn3allii OOOJOHOK, $KIi MOXXHAa BHKOPHCTOBYBAaTH B
ABTOMAaTH30BaHil cucTeMi 3a0e3neyeHHs] repMeTUYHOCTI 00010HOK TBeniB BBEP-1000.

Kniouosi crosa: BBEP-1000, o6osoHKa TBesa, KpUTepiii MiHIMaIbHOCTI HMOBIPHOCTI po3repMeTH3ariii 000JIOHOK.
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AHAJIM3 MOBPEXJIEHHOCTHU OBOJIOYEK TB2JIOB
C YYETOM HEOJHOPOJHOCTU PACIHPEJAEJEHUSA SHEPI'OBBIAEJIEHUA
B TEIIVIOBBIAEJIAIOINX CBOPKAX

Pa3paboTan MeTox TNPOTHO3MPOBAHHS pasrepMeTH3alu 0005I04eKk TBAMOB peakTopa Tuma BBOP-1000 mo
MEXaHH3My HAKOIUIGHHS  Je(QOpMAalMOHHOW  IOBPEXKICHHOCTH  O00JNOYeK, YYHWTHIBAIONIMA IS KaKIOW
terioBbiAenstonei coopku (TBC) uctoputo HarpykeHuss 1 HEOTHOPOAHOCTh PaCIIpeieTICHHsI SHEPTOBBIICICHUS CPEAH
TBJJIOB. HpI/I quBIpeXprHHOBOfI MOJCIIN pacupeaciacHus TTOBPCKACHHOCTH MaKCHMaJIbHas1 BCJIMYHUHA
MOBPECKIACHHOCTH, JOoCTUTAaceMasA B YCTBIPCXJICTHEM TOIUIMBHOM MHUKJIC, YBCINYUBACTCA 110 CPABHCHUIO C
OJTHOTPYTIIOBOI MOJIENIbIO IPUMEPHO B JiBa pa3a. Haiinen anropurm nepecranoBok TBC, 11t KOTOPOTo MpeBbIIaOTCS
npeziebHas BEJIMUMHA MapaMeTpa MOBPEKAECHHOCTH U Tpezen 0e30macHol dKCIuTyaTaluu peakropa. [lokasaHo, 4To
BEJIMYMHA MapamMeTpa MOBPEXIECHHOCTH HMIPAcT CYIIECTBEHHYIO OrPaHWYMBAIOIIYIO POJIb MPU OILEHKE MpPEeAEIbHOrO
COCTOSIHHSI 000JI04YeK. BrIBeieHbI yCrioBre IOMYCTUMOCTH aJIropuTMa repectaHoBok TBC 1 KpuTepuii MUHHIMaIbHOCTH
BEPOSITHOCTH Pa3repMETH3alMM  000JI0OYEK, KOTOphIE MOXKHO HCIOJIB30BaTh B aBTOMATH3MPOBAaHHOW CHCTEMeE
obecrieueHus TepMETHIHOCTH 000109eK TB10B BBOP-1000.

Kniouesvie cnosa: BBOP-1000, obomouka TB37a, KPUTEPUH MHHUMAIBHOCTH BEPOSITHOCTH pPa3TepMETH3AINN
000JI0YeK.
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AN ANALYSIS OF THE FUEL ELEMENT CLADDING FAILURE PARAMETER CONSIDERING
THE NONUNIFORMITY OF ENERGY RELEASE IN A FUEL ASSEMBLY

Considering the fuel assembly (FA) load history and the nonuniformity of energy release for the fuel elements (FEs)
contained in this FA, a method for forecasting of probability of VVVER-1000 FE cladding failure due to FE cladding
deformation damage accumulation, has been developed. In the case of four-group damage distribution model, the
maximum value of damage parameter accumulated in a four-year fuel campaign is approximately two times greater
compared with the one-group model. A FA rearrangement algorithm characterized by exceeding of the limiting value
for cladding damage parameter and the safety margin for VVVER-1000 operation, has been found. The thesis that the
value of FE cladding damage parameter plays an important role in estimating the limit state of claddings, has been
proved. The condition of FA rearrangement algorithm admissibility and the criterion of minimum cladding failure
probability which can be used in a control system insuring the hermeticity of VVVER-1000 FE claddings, have been
derived.

Keywords: VVER-1000, fuel element cladding, criterion of minimum cladding failure probability.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

REFERENCES

Popov V.V. Development and improvement of the methods for calculation of the strength and reliability of NPP fuel
rods: Thesis. Doctor of Sciences in Technology. - Obninsk, 2000. - 62 p. (Rus)

Alexeyev E.E. Development of the methods for calculation of the VVER fuel element workability using probabilistic
and deterministic approaches: Thesis abstract. Candidate of Sciences in Technology. - Obninsk, 2008. - 31 p. (Rus)
Nuclear fuel safety criteria technical review. Second edition // OECD NEA No. 7072. - Issy-les-Moulineaux:
Nuclear Energy Agency, 2012. - 83 p.

Novikov V.V., Medvedev A.V., Bogatyr S.M. Nuclear fuel operability assurance in maneuver regimes // Proc. of the
Int. Ukrainian-Russian Conf. on Experience of the New VVER Fuel Operation, Khmelnitskiy, Ukraine, 2005. -
22 p. (Rus)

Sosnin 0.V, Gorev B.V., Nikitenko A.F. Energy Variant of the Theory of Creep. - Novosibirsk: The Siberian Branch
of the USSR Academy of Sciences, 1986. - 95 p. (Rus)

Kim J.H., Lee M.H., Choi B.K. et al. Deformation behavior of Zircaloy-4 cladding under cyclic pressurization //
Journal of Nuclear Science and Technology. - 2007. - Vol. 44. - P. 1275 - 1280.

Pelykh S.N., Maksimov M.V. Cladding rupture life control methods for a power-cycling WWER-1000 nuclear unit //
Nuclear Engineering and Design. - 2011. - VVol. 241, No. 8. - P. 2956 - 2963.

Pelykh S.N., Maksimov M.V., Baskakov V.E. Grounds of VVER-1000 fuel cladding life control // Annals of Nuclear
Energy. - 2013. - Iss. 58. - P. 188 - 197.

Suzuki M. Modelling of light-water reactor fuel element behaviour in different loading regimes / Transl. from
English by S. N. Pelykh. - Odessa: Astroprint, 2010. - 248 p. (Rus)

Nuclear safety regulations for NPP reactor plants NP-082-07. - Moskva: Federal Environmental, Industrial and
Nuclear Supervision Service, 2008. - 21 p. (Rus)

Pelykh S.N. Grounds of VVER fuel element behavior control. - Saarbriicken: Palmarium Academic Publishing,
2013. - 160 p. (Rus)

Pelykh S.N., Maksimov M.V., Parks G.T. A method for VVER-1000 fuel rearrangement optimization taking into
account both fuel cladding durability and burnup // Nuclear Engineering and Design. - 2013. - Vol. 257, No. 4. -
P. 53 - 60.

Shmelev V.D., Dragunov Y.G., Denisov V.P. The VVER active cores for nuclear stations. - Moskva: Akademkniga,
2004. - 220 p. (Rus)

Pelykh S.N., Maksimov M.V., Nikolsky M.V. A method for minimization of cladding failure parameter accumulation
probability in VVVER fuel elements // Problems of Atomic Science and Technology. Ser. Physics of Radiation Effect
and Radiation Materials Science. - 2014. - Iss. 4. - P. 108 - 116.

Patent. 100070, Ukraine, MPK G 21 C 7/00 / M. V. Maksimov, S. N. Pelykh, V. E. Baskakov, T. A. Tsiselskaya. A
method for control of the VVER nuclear power plant at changing the reactor power or external loading. - 2012. -
Bul. No. 21/2012. (Ukr)

Vorobyev R.Y. Albums of neutron-physical characteristics of the reactor core, Unit 5, Zaporizhzhya NPP.
Campaigns 20 - 23. — Energodar: Zaporizhzhya NPP, 2011. - 323 p. (Rus)

Philimonov P.E., Mamichev V.V., Averyanova S.P. The “reactor simulator” code for modelling of maneuvering
WWER-1000 regimes // Atomnaya Energiya. - 1998. - VVol. 84, No. 6. - P. 560 - 563 (Rus)

Suzuki M. Light water reactor fuel analysis code FEMAXI-V (Ver.1). JAERI-Data/Code 2000-030 / M. Suzuki. -
Tokai: Japan Atomic Energy Research Institute, 2000. - 285 p.

Chao Y.A., Shatilla Y.A. Conformal mapping and hexagonal nodal methods - I1: Implementation in the ANC-H code
// Nuclear Science and Engineering. - 1995. - Vol. 121, No. 2. - P. 210 - 225.

Hapitima 03.02.2016
Received 03.02.2016


http://mandrillapp.com/track/click/30335412/octopay.me?p=eyJzIjoiUnVJUTVwRVhDRDNHUXdjUEhXYkl3bi1kWXZjIiwidiI6MSwicCI6IntcInVcIjozMDMzNTQxMixcInZcIjoxLFwidXJsXCI6XCJodHRwOlxcXC9cXFwvb2N0b3BheS5tZVxcXC9wYXlcXFwvTWpVNE5UUXdOelUwT1RnME1UazBOVFEyXCIsXCJpZFwiOlwiYzJiN2MwNDUzMGM1NDI2ZWEyZDM3ZGY2MDY0OGVhOGJcIixcInVybF9pZHNcIjpbXCJiYzE0NmU4Nzc1OTkwMzMzYTJjODkxZWQzNjgyMDBjOGZhNGIwOTcxXCJdfSJ9
http://mandrillapp.com/track/click/30335412/octopay.me?p=eyJzIjoiUnVJUTVwRVhDRDNHUXdjUEhXYkl3bi1kWXZjIiwidiI6MSwicCI6IntcInVcIjozMDMzNTQxMixcInZcIjoxLFwidXJsXCI6XCJodHRwOlxcXC9cXFwvb2N0b3BheS5tZVxcXC9wYXlcXFwvTWpVNE5UUXdOelUwT1RnME1UazBOVFEyXCIsXCJpZFwiOlwiYzJiN2MwNDUzMGM1NDI2ZWEyZDM3ZGY2MDY0OGVhOGJcIixcInVybF9pZHNcIjpbXCJiYzE0NmU4Nzc1OTkwMzMzYTJjODkxZWQzNjgyMDBjOGZhNGIwOTcxXCJdfSJ9
http://vant.kipt.kharkov.ua/CONTENTS/CONTENTS_2013_2.html
http://vant.kipt.kharkov.ua/CONTENTS/CONTENTS_2013_2.html

