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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Crparerist NOJOBXEHHS peCypcCy KOpnyciB peakropiB BBEP. [locinkeHHs, aHali3, METOLO0JIOT A

Ha3sBa po6oTH aHIJIilICbKOIO:

Strategy of life time extension for WWER Reactor Vessel. Research, analysis, methodology

Pedepar yKpaiHCBKOIO:

B po60Ti npoBeieHO OLiHKY OKPUXYyBaHHSI METaly KOPIIYCy P€aKTOpa B yMOBAaX JOBIOTPUBAJIOTO OIIPOMIHEHHS, A
TaKOX [TOPiBHSIHHS €KCIIEPUMEHTAIbHUX JAHUX W00 3CyBy nepexigHux temmneparyp TK i TO, ke nokasano, mo
papianiiinuii 3cyB ATK B cepeiHbOMY y3rofpKyeTbcsl 3 3cyBoM pedepeHcHoi Temnepatypu ATO. Ananis
HOPMAaTUBHOTO MiAgxony i MeTomoJiorii Maiictep KpUBOIi 100 OLiHKY B'I3KOCTI pyVHYBaHHS METAJLy KOPIyCy
peaKTopa, IPOBEAEHOr0 LJIIXOM IOPIBHSHHS KPUBUX B'SI3KOCTI PyIHYyBaHHSI, 1I0Ka3aB, 0 5 % A0Bipya rpaHuLs
Maiictep KpuBOi HalKpalle y3ro>KyeTbCs 3 y3arajbHeHOI0 3anexxHicTio [THAE I'-7-002-86, s5ka BUKOPUCTOBYETHCS
1y ctanti Mmapku 15X2HM®A-A Ta ii 3BapHux 3'egHans. lllono iHmux HopMmaTuBHUX 3anexHocTel KIC, To BoHU
IIOMITHO BiIpi3HSIIOTbCS i € MEHIII KOHCEPBATUBHUMU Y NMOPIBHSIHHI 3 5 % IoBip4olo rpanuieo Maiictep kpusoi. [Tpu
NEePEeOLiHIi KPUTUYHOI TeMIIepaTyPU KPUXKOCTI MeTary KOpIyCy peakTopa 3 BUKOPUMCTaHHSIM pedepeHCHOI
temneparypu TO BusHadyeHo temneparypy RTO nig iHpexcanii HopmatuBHOI KpuBOi TpimuHocTiiKocTi COY HAEK
177:2019 sx ¢pyHKUIiOHaNBHUN €KBiBaJI€eHT KPUTUYHOI TemnepaTypu kpuxkocti TKO gy matepianis KP y BuxigHOMY
craHi. Y pasi BukopuctanHsa RTO0 3amicts TKO KOHCepBaTU3M PO3PaxyHKIB Ha OIip KPUXKOMY PYMHYBaHHS MOXe
noMiTHo 3meHmuTucs. Kpim Toro, piBeHb KOHCEpPBATU3MY OyIie OJHAKOBUH [1JIs BCIX MaTepiasiB. 3 BUKOPUCTaHHSIM
MeTody Maricrep KpUBOi OLIIHEHO pecypc KOPIyCy peakropa. * Po3paxyHnku temneparypu TK BignosigHo go COY
HAEK 087:2023 nokasany, 1o pajialliiHui pecypc KOpIycy peakropa eHeprooaoky XAEC-1 6yzne BuyepnaHo mno
3aBepLIEHHIO 54 NajMBHOI KammnaHii (To6To, 54 epeKTuBHI poku ekciulyaratii eHepro6yioka AEC). BukoprcraHHs
RTO n71s1 BUXigHOTrO CTaHy Ja€ MO>KJIMBICTb OOI'PYHTYBAaTU CYTTEBO OiNbIINI TEPMiH Oe3I1eYHOI eKCIyaTalii
KOPITyCy peakTopa i eHepro6soka B LiloMy * 3allpOIIOHOBaHAa METOJIMKA MOXKe OYTH MiAIPYHTSIM [1J1s1 BHECEHHSI 3MiH

Yy HOpMAaTHMBHI JOKYMEHTH 1000 OLiHKY LiJIICHOCTI i pecypcy KopnycisB peakTtopis BBEP

Pedepar aHIJIiHCBKOIO:

The study includes an assessment of reactor pressure vessel (RPV) metal embrittlement under long-term
irradiation, as well as a comparison of experimental data on the shifts of transition temperatures TK and TO. The
comparison showed that the radiation-induced shift ATK generally agrees with the shift of the reference
temperature ATO. An analysis of the regulatory approach and the Master Curve methodology for evaluating the
fracture toughness of RPV metal, performed by comparing fracture toughness curves, showed that the 5% lower-
bound confidence limit of the Master Curve aligns best with the generalized PNAE G-7-002-86 dependence used
for 1I5Kh2NMFA-A steel and its welds. Other regulatory KIC dependencies differ significantly and are less
conservative compared with the 5% lower-bound Master Curve. When reassessing the critical brittleness
temperature of the RPV metal using the reference temperature TO, the temperature RTO was determined to index
the regulatory fracture-toughness curve of SOU NAEK 177:2019 as a functional equivalent of the critical brittleness
temperature TKO for RPV materials in their initial condition. Using RTO instead of TKO may significantly reduce the
conservatism of brittle-fracture resistance calculations and the level of conservatism becomes uniform for all
materials. Using the Master Curve method, the service life of the reactor pressure vessel was evaluated. *
Calculations of TK temperature in accordance with SOU NAEK 087:2023 showed that the radiation-limited service
life of the KhNPP-1reactor pressure vessel will be exhausted upon completion of the 54th fuel campaign (i.e., 54
effective years of NPP unit operation). Using RTO for the initial state makes it possible to justify a significantly
longer safe operating period for the reactor pressure vessel. * The proposed methodology may serve as a basis for
amending regulatory documents concerning the integrity assessment and lifetime evaluation of WWER reactor



pressure vessels.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Hazga HTII ykpaiHCBKOIO: Bukopucrantus MaiicTep KpyBOi 17151 OLiHKU PECYPCY KOPITyCy peakTopa BBEP-
1000

Ha3zpa HTII aHrsiiicbKoO0: Use of the Master Curve for Assessing the Service Life of a VWER-1000 Reactor

Pressure Vessel.

HTII, sixy nepen6a4asiocss CTBOPHTH: CTBOPEHO
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpHMaHi P€3yJbTaTH: MeToau, Teopii, rinoresu
I‘a.nysb 3aCTOCYBAHHSI: ATOMHA €HEPIKTHKa
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: B po6oti npoBeneHo OLiHKY OKPUXYYBaHHS METAY KOPITYCY PEAKTOPA B YMOBAaX JI0BIOTPUBAJIOTO
OIIPOMiHEHHS], @ TAaKOXK MOPIBHSIHHS €KCIIEPUMEHTAIbHUX JAHUX 100 3CyBY nepexignux remneparyp TK i TO, sike
IoKasaso, mo pagiauiinHuii 3cyB ATK B cepelHbOMY y3TOKY€EThCS 3 3CyBOM pedepeHcHoi Temmeparypu ATO.
AHaJti3 HOpMaTUBHOTO MiAXony i MeTomoJI0rii MaicTep KpUBOi 00 OLHKY B'I3KOCTiI pyWHYBaHHS METAy KOPIyCy
peakTopa, IPOBEIEHOr0 IJISIXOM MOPIBHSIHHS KPUBUX B'SI3KOCTI PyIHYBaHHSI, 1I0Ka3aB, 0 5 % /0Bipya rpaHulis
Maricrep KpuBOI HaVKpalle y3roJpKy€eTbCs 3 y3araabHeHo 3anexHicTio [THAE I'-7-002-86, sika BUKOPUCTOBYETHCS
nyis crati Mmapku 15X2HM®A-A Ta ii 3BapHux 3'egHans. [llono iHmux HopmaTuBHUX 3anexxHocTel KIC, To BoHU
IIOMITHO BiIpi3HSIIOTbCSA | € MEHIII KOHCEPBAaTUBHUMMU Yy NOPIiBHSIHHI 3 5 % [0Bipyolo rpaHulielo Maiicrep kpusoi. [Ipu
[epeoLiHli KPUTUYHOI TeMIIEPATYPH KPUXKOCTI METAJly KOPIIyCY peakTopa 3 BUKOPUCTAHHIM pedpepPEeHCHOI
temneparypu TO BusHauyeHo Temneparypy RTO s ingekcanii HopMaTtuBHOI KpuBoi TpimuHocTiKocTi COY HAEK
177:2019 sx ¢pyHKIiOHaNBHU €KBiBajleHT KPUTUYHOI TemnepaTypu Kpuxkocti TKO nys matepianis KP y BuxinHOMy
craHi. Y pasi BukopucrtanHsg RTO0 3amicts TKO KOHCEpBaTH3M PO3PaxyHKIB Ha OIip KpPUXKOMY PYMHYBaHHS MOXKeE
IOMITHO 3MeHmHUTUCS. KpiM TOro, piBeHb KOHCEPBATU3MY OyIe OJHAKOBUH [1JIs BCiX MaTrepiasiB. 3 BUKOPUCTaHHSIM
MeToAy MaricTtep KprBOi OLIIHEHO pecypc KOpIycy peakropa. Po3paxyHku temneparypu TK Bignosinno no COY
HAEK 087:2023 nokasanu, 1110 pafialiliHuil pecypc KOpIycy peakropa eHepro6sioky XAEC-1 6yne BuyeprnaHo 1o
3aBeplLIeHHIO 54 najnBHOI KammnaHii (To6To, 54 epekTuBHI poku ekciulyaratii eHepro6yioka AEC). BukoprucraHHs
RTO nist BUXiZIHOTO CTaHY J1a€ MOKJIMBICTb OOIPYHTYBATH CYTT€EBO OibIINI TEPMiH 6€3ME€YHOi eKCIlTyaTalii
KOpIIyCy peakTopa i eHepro6soka B LiiloMy. 3alIpOIIOHOBaHA METOMKA MOXKe OYTH MiAIPYHTSIM [1J1s1 BHECEHHS 3MiH

y HOpMaTHMBHI JOKYMEHTH LION0 OLiHKY LiJIiCHOCTI i pecypcy Kopnycis peakropis BBEP

ConjiannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: 36inbmenns o6csaris Bupo6HuITBa, EKOHOMIS
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