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Llenun BbiCTynneHus
Obijects of report

 pepcrtaBUTL:

1. pe3ynbrathl, NogTBEPXKAAOLWME 3HAYMMOCTb paguaLnoHHO-
CTUMYIMPOBAHHOIO CTapeHns matepumanoB Kopnycos BBOP B CHMXeHun
paguaumMoHHOro pecypca;

2. xapaktepuctumkn cteHga KOPITYC, obecneunBatome nposegeHne
npeacTaBUTENbHbIX 3KCNEPUMEHTOB No TeMe CoBeLLaHus;

3. cXembl ISKCrNnepnmMmeHToB Mo BITIMAHUIO NJTOTHOCTU NOTOKA PEaKTOPHbIX
N3sTy4eHnn Ha COCToAHne Metarsa.

 To present:
1. results confirming the importance radiation-induced of Ageing of materials of
ring VVER in decrease of a radiating resource;

2. characteristics of the KORPUS facility ensuring realization of representative
experiments on a subject of Workshop;

3. schemes of experiments on influence of density of a flow peakTopHbIx of
radiations on condition of metal.



BnuaHne xapakTepuUCTUK peakTOPHbIX U3Ny4YeHUn
Influence of reactor irradiation characteristics

Pa3nnyHble KOMMNOHEHTbI PEaKTOPHOro U3ry4eHUss CTUMYJIIMPYIOT:
e pacnag (ctTapeHue) TBEpObIX paCTBOPOB;
e CO30aHMe M OTXKUI pagmaLMOHHbIX OedEKTOB.

HTEHCUBHOCTb M COCTaB NOTOKAa U3MyYeHUN UBMEHAETCS Ha TOMLWKUHE Koprnyca
peakTopa = Ha TosunHe 6noka obpasuos.

OTOT 3PP eKT ncnonb3lyeTcss B MoAeENbHbIX adddheKkTax.

Different components of reactor irradiation stimulate:
« decomposition (ageing) of solid solutions;
« generation and annealing of radiation defects.

The intensity and composition of the emission flux over the reactor vessel
thickness = over the block of specimens thickness.

This effect is used in the model experiments.



Pacnag TBeEpabIX paCTBOPOB
Decomposition of solid solutions

O 1-P1,F2
2 2-P2,F2 docdop B TBEPIOM pacTBOPE
3-P3, F2 . . .
A 4-PLFI Phosphorus in solid solution
A 5.2, Fl dP/dt = -aPf; P = Po*exp(-aft)
A 6-P3,F1
;-g, E; docdop Ha gUCIOKAUAX U B
——3.3. 12 KOMILJIEKCaX
""" ‘51-5; E Phosphorus on dislocations
- - 6.P3.FI and in complexes

7-P=0. F=0 P,—P =P (1- exp(-aft))
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Test temperature, e

E = A(P, F, Tooa, Cu) + B(...)'th{[T —T (P, F, Toéa, Cu)] / C(...)},
rne A, B, T, C — napamerpsl, 3aBucsiue ot copepkanus pocdopa P, roerca
HelTpoHoB F = ft, Temneparypsl 00yuenus To6n u conepxanus meau Cu; T — Tremnepa-
Typa ucnsitTanus (parameters dependent on the content of phosphorus P, fluence of
neutrons F, temperature of irradiation Tir, content of cuprum Cu, T - temperature of test).

OcHOBHOM (P eKT onuchIBaeTCs (JIMHUU) MPU YUETE 3aBUCUMOCTH nTapaMeTpoB (the main

effect 1s described accounting the dependence of parameters (lines)):

A=A, Tk P {1 —exp[-Fvexp(-Q/kT)]} n T,=T, + kP {1 — exp[-F-v-exp(-Q/kT)]}.
C50pHUK mesucoe doknadoe MHTK-2005. ©I'Yri OKB «I' quonpecc» Modonbdk, 2005, C.175-176.



CocraBnsilowme pecypca OCHOBHOIro Mmetarnna
ana kopnyca BBOP-1000 no cpaBHEHUIO C MPOEKTOM

Components of the base metal lifetime for the VVER-1000 vessel in
comparison to the project
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Cos3gaHune n oTXUr pagnaymoHHbIX 4edeKTOB
Generation and annealing of radiation defects

a. PaquanMoHHOE MOBPEIKICHUE U OTKUT 6. Pacmax tBEpIOTO pacTBOpa
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@moeHe HEUTPOHOB, IOIQCMQ, E>0,5 M»B QIIIOCHC HEUTPOHOB, 10190M'2, E>0,5 MsB

3MeHeHne OTHOCUTENbHOW MHTEHCUBHOCTM MOTOKA YacTul, co3aalolmX U OTXKUTaKoLLIUX

pagnaunoHHble aedekTbl, 1 drakca HenTpoHos, E>0,5 MaB, nposasnsaetcs B
N3MeHeHnn Bnaa pyHKLMOoHaNbHOM 3aBUCUMOCTN pagnalnoHHOIo OXpynymBaHmns B
pesynesrate: a. HakonneHnsa gedekTos; 6. pacnaga TBepaoro pacreopa.

The change of relative intensity of a flux of particles generation and annealing of
radiation defects, and flux of neutrons, E> 0,5 MeVB, is shown in change of
functional dependence of radiating of metal embrittelement in result:

a. accumulation of defects; b. disintegration of a solid solution.



CocTaBnsowme pecypca MeTarnsna CBapHOro LiBa
Components of the welded joint metal lifetime
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[ns KoHKpeTHoro kopnyca BB3P
1 - CocTosiHME MeTanna.
2 - Bng 3aBucmmocTu ot
yCrnoBun obrnydeHus.
3 - Bnuanne Hukens Ha
pagnaumMoHHOe oxpynymBaHue.
4 - T, . B BepLUMHE pacYETHOM
TPELUNHBI.

For certain VVER vessel

1 - Condition of metal.

2 - Kind of dependence to the
irradiation condition.

3 - Influence of nickel on the
radiation embrittelement.

4 - T, - at the peak of calculated
crack/

VIameHeHre KpuTMyeckomn TemrnepaTtypbl XpynkocTu T, - LUTATHOTO MeTanna cBapHoOro LBa
kopnyca peaktopa BBOP-1000 (Ni 1,5-1,7%) npn obny4eHun obpasuos B cteHae KOPIYC u
obpasuoB — cBuaeTenen ageksatHo.
Change of critical temperature T, _ of base metal brittleness of a welded joint of the VVER-1000
vessel (Ni 1,5-1,7 %) under the same irradiation of specimens in the KORPUS facility and

surveillance specimens.
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CpaBHeHne HopMaTuBHbIX TpeboBaHMn RCC-M n TOCT
Comparison of the RCC-M and GOST requirements

PagnaumoHHoe oxpynynBaHMe LITATHOrO 5 100
OCHOBHOIo0 MeTansna n meTtarnna CBapHOro = g4 B
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O - OcCHosHou memarnn no RCC-M, base metal by RCC-M

A - Memarnn ceapHoeo wea rno RCC-M, welded joint metal by RCC-M

e - OocHosHou memarn no FOCT 9454-78, base metal by GOST

A - Memarnn ceapHoeo wea rno FOCT 6996-66, base metal by GOST 6996-66

A

- Memairnin 30Hbl mepmudeckozo enusHus no N'OCT 6996-66. HAZ metal by GOST 6996-66
— - 2apaHmMupoBaHHbIe 3Had4eHUs Ol Memarina ceapHo20 wea, guaranteed values for welded joint metal
= - 2apaHmMupoBaHHbIe 3Ha4eHus 0511 OCHO8HO20 memarnna. Guaranteed values for base metal
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KomnoHoBku cteHaa KOPITYC
The KORPUS facility arrangement

AKTWBHaA 30Ha AKTVIBHas 30Ha
[ | [ |
Amnyra || Amnyna 1-0,87 2-78
Amnyna || Amnyna || 1-0,047 || 2-35,0 Awmnyna || AMnyrna Amnyna || Amnyra 3-45 Awmnyna || Amnyna
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3-0,016

Cxema pacnosnoxeHus amnyn TpaguunoHHon (a) n Hosow (6) koHcTpykumn B cteHae KOPTTYC
AmMnyna - obpasubl ctanun BBAOP no lNporpamme peakTopHOro matepuanoBeneHust.
CZR-1 n CZR-2 - obpasubl ctaneun NRI, Pxex, Pecnybnuka Yexmna. AmutaTtop - ctasnb.
1 - pagnaumoHHoe aHeprosblaenenue, BT/T;
2 1 3 - NNOTHOCTb NOTOKa HENTPOHOB € aHepruen E > 0,5 MaB u E > 1,0 MaB, 10"%cm2c”
Ha puc.a onga cpegHero cnosi obpasuos, Ha puc.6 ans nepsoro u 19-ro cnosi 06pasuos.

Arrangement of capsules of standard (a) and new (6) design in the KORPUS facility
Capsule - specimens of VVER steel under the material science Program.
CZR-1 and CZR-2 - steel specimens of NRI, Rzez, Czech Republic. Simulator - steel.
1 — radiation energy release , W/g;
2 and 3 — neutron flux density with energy E> 0,5 MeV and E> 1,0 MeV, 10"?cm? s™
fig.a - average layer of specimens, fig.6 - first and 19" layer of specimens.Q



MopgenupoBaHue aKkpaHMpoBaHUA 0bpa3LaMu-CBUOETENAMMU
Modeling of screening by surveillance specimens
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N3mMeHeHne NnoTHOCTM noToka HenTpoHoBs (norapudm (F - 107'%cm?c) ¢ aHeprueit E > 0,1; 0,5; 1,0;
3,0 MaB u pagmnaumoHHoro aHeprosblaeneHmsa q (norapudm q-r/Bt) B amnynax 1-ro, 2-ro n 3-ro psiga
B cteHae KOPTTYC. Toyku — pesynbraTbl pacH€THbIX uccnegosanun [11, 21, 22];

[MyHKTUPHbIE NUHUN — MOAENUPOBAHNE IKPAHUPOBAHNA Kopryca obpasuamMmm—CcBuaeTensimu.

Change of density of the neutron flux (logarithm F-10-'? sm?2s)) with energy E > 0,1; 0,5; 1,0; 3,0
MeV and radiating allocation of energy q (logarithm q-g/Wt) in ampoules 1, 2 and 3 number(line) in the
KORPUS facility . Points - results of settlement researches [11, 21, 22];

Dotted lines - modelling of shielding of the case by the specimens-surveillance.
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OnepexeHue No ckopocTn Habopa cnroeHca 6:1
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3aknodyeHune
Conclusion

1. CTapeHue TBEPObLIX pacTBOPOB HA OCHOBE MeTarsna kopnycos BBOP
CTUMYINPYETCSA NOTOKOM PEAKTOPHbLIX U3NTyYeHUn. AP eKT cpaBHUM C
9(PPEKTOM OT HAKOMNNEHNSA paanauUnNOHHbIX edEKTOB.

2. CocTaB NOTOKa peaKTOPHbIX U3MNYyYeHUIn BNUSET HA COOTHOLLEHME BKMNaa0B
CTapeHust MeTanmna u HakonneHns paanaumoHHbIX edeKToB.

3. Ha cteHge KOPITYC co3gaH wupokum ananasoH ycrnosum obnyvyeHust ans
MoaennpoBaHua 3adeKToOB pagnaunoOHHOIro NOBpPEXAEHNA MeTanna
koprnycoB BBOP n pasgenenna agopekToB CKOPOCTN NOBPEXOEHNS,
9HEPreTn4ecKoro CrnekTpa u COOTHOLLEHMA COCTaBMALLMX MNOToKa
PeaKTOPHbLIX N3Ny4YeHUN.

1. Ageing of solid solutions based on the VVER vessel metals is stimulated by
the reactor emission flux. The effect can be compared to that of the
radiation defect accumulation;

2. Composition of the reactor emission flux influences greatly on the correlation
of metal ageing and accumulation of radiation defects.

3. KORPUS facility provides for the wide range of irradiation conditions to
simulate effects of radiation damage of the VVER vessel metal as well as
damage rate effects, power spectrum and correlation of the flux
components. 0



3.1.

CxeM_a cteHoa KOPIYC
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« CteHpg KOPIYC

1 - akTMBHaA 30Ha, 2 - BbIFOPOAKA,

3 - 3KpaH, 4 - obpasubl, 5 — onopHas nnuTa
ONs1 YCTaHOBKM amnyn psaa,

6 - HanpaensaLWKe, NO KOTOPbIM NepemMeLla-
IOTCS1 OMOPHbIE NIUTLI C aMynamu,

7 - amnynbl 1-ro TMNa ¢ obpasyamu,

8 — KOMMYHMKaALMNOHHbIE BbIBOALI OT amnyisl
1-ro Tvna, 9 - amnynbl 2-ro TMna ¢ obpasuamu,
10 — KOMMYHUKALMOHHbIE BbIBOAbLI OT aMmMyI
2-ro Tuna, 11 — 6eToHHas neperopoaka ¢
UMNUHOPUYECKON HULWEN, 12 - Bnok nmntauum
3aKOpMyCHOro NpoCTPaHCTBa,

13 — nepegsmxkHaga nnatgopma.

«  KORPUS facility

1 - core, 2 - partition,

3 - shield, 4 - specimens, 5 - support plate to locate
a row of capsules,

6 — guides to move the support plates with
capsules, 7 — 15t type capsules with
specimens, 8 — communications

From the 15t type capsules,

9 — 2"d type capsule with specimens,

10 - communications from 2" type capsules

, 11 - concrete partition with a

cylindrical niche, 12 - block to model the out of
vessel space

, 13 - mobile platform.
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AMnyna HOBOMN KOHCTPYKLUU

Capsule of a new design

* B amnyne paameluaetcsa 6rnok obpasuoB
Wapnun TonwmHon B 180 mm

« Ha ogHom ypoBHe amnyrbl pa3mellaeTca
160 obpasuos
*  KcnbiTaHns NpoLwnm ycnewHo

* A block of Charpy specimens 180 mm
thick is located in the capsule

*160 specimens are located at one capsule
level

* The tests were successfully performed
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26 PacnonoxeHune obpasuoB B amnysie HOBOM KOHCTPYKLUU

HarpeBatenn Heaters

Tepmonapbl Thermocouples
N3meputenbHbIn KaHan
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Bo3mMoXxXHasi cxema 3arpys3ku cteHaa
3.8. Possible loading of the facility

Tpwn cOOTHOLLEHNA MeXay paanaunoHHO U TEPMUYECKN aKTUBUPOBAHHBLIMU
npoueccamu B MeTanne.
OcnabneHne paanaunoHHOIo NOBPEXAEHUS MO ToMLwnHe 6rioka obpasuos,
cooTBeTcTBYyoLEee ocnabnenunto Ha TonwuHe kopnyca BBOP-1500.

Three relations between radiation and thermal activated processes in metal.

Attenuation of radiation damage over the thickness of the block of samples corresponding to
attenuation over the thickness of the WWER-1500 vessel.
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NepeyeHb nepBoOYEepeaHbIX padboT
Top-priority activities

1. cnbiTaHna oBpasyoB MeTansia CBapHOro Lsa no pagnaumMoHHOMY NOBPEXOEHMIO,
cooTBeTcTBYytowEeMY 8 - 16 rogam akcnnyartauum kopnyca BBOP-1000.

2. MogenupoBaHue adhekTa aKkpaHMpoBaHUA Koprnyca obpasuamu-cemaeTensamum.

3. Obny4yeHmne (1 ron) metanna onbITHOroO Kopnyca peaktopa BB3P-1500 npu nnotHocTH
notoka HentpoHos (0,8 - 0,3):10"2 cm?c™? (F =1,5-10" cm?, 30-12 : 1).

4. Obny4yeHue (4 roga) meTanna onbITHOrO Kopnyca peaktopa BB3OP-1500 npu
MMOTHOCTM NOTOKa HeWTPoHoB (2,7 - 1,1)-10" cm?c™ (F =2,2:10" cm?, 1 :1).

5. Obny4eHune (4 roga) meTanna onbITHOro Kopnyca peaktopa BB3OP-1500 npu
MAOTHOCTU noToka HentpoHos (0,2 - 0,1):10"2 cm?c? (F=1,510"cm?2,8-4:1)c

N3MEHEHHbLIM COOTHOLLEHMEM MOTOKA HeVITpOHOB U ramMmma - KBaHTOB.

- 1. Test of welded joint metal samples based on the radiation damage
corresponding to to 8 - 16 years the VVER-1000 operation.

« 2. Modelling of the vessel shielding effect by surveillance specimens.

- 3. Irradiation (1 year) of metal of the pilot VVER-1500 vessel at a neutron flux
density of (0.8 - 0.3)-10? cm2 s (F=1.5 10" cm?, 30-12: 1).

4. Irradiation (4 years) of metal of the pilot VVER-1500 vessel at a neutron flux
density of (2.7 -1.1) 10" cm?s' (F=2.2 10" cm?2,1: 1).

- 5. Irradiation (4 years) of metal of the pilot VVER-1500 vessel at a neutron flux
density of (0.2 -0.1)-10? cm2s' (F=1.5 10" cm?, 8 - 4 : 1) with the
changed ratio of the neutron flux and gamma-quanta.
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3aknyeHune
Conclusion

C ucnonb3oBaHnem cteHga KOPITYC B 1999 — 2004 rr. nokasaHo:

1. LUTaTHBbIN OCHOBHOM MEeTans 1 WTaTHbIM MeTans ceapHoro wwea kopnycos BBOP-1000 npwu
YCKOPEHHOM 00fTy4eHUM MMEET pecypc MO pagnaLmMoHHOMY OXPYNYUBAHUIO, NPEBbILALLMA HAa3HaYeHHbIN
B npoekTe peaktopa BBAP-1000.

2. Ha cTteHae moxeT ObITb OpraHnM3oBaHoO onepexatoulee (6:1, 4:1, 2:1) conpoBoXaeHWe akcnnyarauum
ronosHoro peaktopa BB3OP-1500 1 nonyyeHa npeacrasutenbHaa MHgopmaumnsa ans obocHoBaHUA
NpoaOIMKEHNA JKCNyaTaumm kopnycoB peaktopos BBOP-1000.

3. CncteMHble uccnegoBaHna MeTanna, ucnonb3yemble B Koprnycax peaktopos BBOP-1000,
BB3P-1500 n BBOP-640, n mogndukaumm aToro metansia no3BonaT onpeaenuTb npeaenbHbI pecypc no
pagunaumMoHHOMY oxpynymBaHuio ctanu tuna 15X2HMOA, yTouHnTb (husnyeckne n matepmanosegyeckme
MOZenu npouecca pagmaunoHHOro OXpynynBaHus.

[ns opraHn3aunmn nccnenosaHnin HeobxoaMmMo NOAroToBUTL U BbINOMHUTL MNporpammy «lMpegenbHbin
pagmauMOHHbBIN pecypc OCHOBHOIO MeTansa n Metansa csapHoro wea ctanu tuna 15X2HMOA,
npumeHaemon B npoektax BBOP-640, BBOP-1000, BBOP-1500»

1. Under the accelerated irradiation the standard base metal and standard welded joint metal of the
VVER-1000 vessels have radiation embrittlement resource exceeding the design one

2. The KORPUS facility can be used for the advanced operation of the VVER-1500 reactor as well as
for obtaining of the representative data to justify the prolongation of the VVER-1000 vessel
operation

3. Periodical examinations of metal used in the VVER-1000, VVER-1500 and VVER-640 vessels allow
the determination of the limiting radiation embrittlement resource as well as specification of the physical
and material science models of the radiation embrittlement process.

To perform the examination the Program “Limiting radiation resource of base metal and welded joint
metal 15X2HM®A should be implemented in the VVER-640, VVER-1000 and VVER-1500 projects ”.
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