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Material degradation and its management of reactor internals in PWR
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ABSTRACT

The number of nuclear power plants operating in Korea was 24 as of year 2015. Nine units out of 24 units
have been operated for a period over 20 years. Kori unit 1 has been in operation for 40 years, and an extended
operation for Wolsong unit 1 was decided in 2015. There has been reported some crackings in reactor internals
in PWR have been reported in Europe, USA, Japan and Korea, and some of them were replaced with new one.
Repair and replacement technologies for the reactor internals have been developing in order to meet the regulatory
requirements for long term operation in Korea. The technologies will also be used for the exported nuclear units.
It is required to review degradation history of the reactor internals worldwide as a part of the degradation management
program development. Schematics of reactor internals designed and supplied by Westinghouse, Framatome and
Combustion Engineering are described herein. Materials degradation history of reactor internals of PWR plants in
USA, Japan and Europe is surveyed and summarized. Some events from Korean plants are also described. Aging
management strategy for the internals is suggested.
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Fig. 1 Neutron fluence effects on irradiation-assisted
stress corrosion cracking susceptibility of Type
3048S in LWR environments®
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Fig. 2 Schematic of internals of Westinghouse reactor”
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VT-3E AARIETE 1709 BE(C113)olA 234
Aot AEHAE VT3 A A3 27)e] EEE=
Hex head point7} & =o] A3 1702] BFEBS} 171
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& frAEE 210 E WCAP-17096 Rev. 201 whe} 3
7} At o] Surry 1440 Y REF2E A} Al
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3 Type 347 baffle boltingS 100% AAREF R WA
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Ao 2 =t 108870] BFBw= UT9F VI-3
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o1zkth. MRP-227 Rev. 09 7]Z3}] Ginna RV
Internals Program®] 2009 2@l NRCel A&=
o} 2011 A71HAL Foll ofeh o] 5ol TRk Al
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*Guide Card Wear - 100% VT-3 Inspection; no

appreciable wear seen

* CRGT Flange Welds - 100% EVT-1 Inspection; no

relevant indications identified

* Core Barrel Upper Flange Weld - 100% EVT-1

Inspection; no relevant indications identified

* Thermal Shield Flexures - 100% VT-3; no relevant

conditions

* Core Barrel Baffle Edge Bolts & Seams - 100%

VT-3 (all 16 high fluence seams for full length);

no relevant conditions

2 A0A- QA%

* Baffle Former Assembly - 100% VT-3; no relevant
conditions
* Baffle Former Bolts - Replace or UT of plant
specific minimum bolt pattern or alternate bolts as
selected by analysis; 1 bolt (or 1%) identified with
a relevant UT indication
2011 71734 713E Fell= 19990l a4 56
Mol 2E 2o 182705 F7F= g7gn] 2ol A
WA B AES Ao 28718 BERE AAY
AATH
20109 10€ 64 7] 2= 21.33 EFPY®l| ©]2 DC
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Agt EEE 4Tl A] 78 Alo]9] formerol] Qo 2
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HEL} lock bar7b oA Ukt A7bA theFsitt. 9
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U] 7 1978 Mihama Unit®] Al 23 7H5-%
ZAALl A guide tube support pins (support pin< guide
tubes 3HF-oll 9l PWR 12k 704 1129
3 A =& E 2Ll e Fdo] Ay
o FlFglor] s Be o] Aol ol F71%
2§7] S5 channel head #| ol 4] REAE| ST}, o] F

Table 2. Degradation history of reactor internals in USA PWRs

- . Generating .
.. .. | Inspection | Operating Number | Number | Material Defect
Plant Criticality Year Year(EFPY) (m) of Loops | of BFB | of BFB Number of Defects Position
Farley-12 | 1997 2 874,883 3 1024 No ;
1981
. 55 Detected, 176
stgﬁt.z 1972 1998 27 640 2 728 347SS Removed, 175 lfolrﬁﬁr
Replaced(CW 316).
. 59 Detected, 56
Ginna 1970 1999 23.6 610 2 728 3478S Replace3d(CW 316) -
Surry 1 1972 2010 28 838 3 1088 347SS 1 C113
Surry 2 1973 2011 - 838 3 1088 347SS 2 Al25, G63
Ginna | 1970 | 2011 - 610 2 728 I Detected, 25 -
Replaced
#4~7
DC Cook 2 1978 2010 21.33 1077 4 18
Former
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Fig. 7 Cracking history in reactor internals in French
PWRs"®
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Table 3 Degradation History of Reactor Internals in European PWRs

Nation Plant Criticality Insg:;trlon YS:&?;E% PS:;;:% ) OI\quII‘I; l::;rs I;I; r;l;eé I(\)/Ifat;g;l Number of Defects P](J):fzz;
Bugey-2 1988 20 955 3 960 316SS 87 #2,3 Former
France Bugey-3 20 955 3 960 316SS 18
(CPO Bugey-4 - 937 3 960 3
Units) | Fessenheim-1 - 950 960 28
Fessenheim-2 - 950 960 347SS 47
91 Replaced in 1995
Belgium | Tihange-1(CPO) | 1975 | 1991 962 960 316W)SS(C f(;tsb‘:znf:;z:blz
in 2003)
Doel-1 2005 8 cracked and replaced
Doel-2 2006 5 cracked and replaced
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