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Abstract

Operating experience of the various components in the nuclear power plants has shown that a variety
of degradation mechanisms can occur during operation. Therefore, the accurate lifetime evaluation and
systematic management are very important for the safe as well as the economical operation of the
nuclear power plants. In this paper, the characteristics of a total of 17 degradation mechanisms were
reviewed and the plausible degradation mechanisms such as stress corrosion cracking, fatigue, irradiation
embrittlement, and so on, were identified. Also, the lifetime evaluation technologies which have been
developed for the application to the domestic nuclear power plants are described. In addition, a total of
48 aging management programs which have been established for the safe operation of the various
components are explained.
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2. M dHle] =T 24

Al ¥xg wddv]i= ASME  Boiler and
Pressure Vessel Code, Section III L7 u}EbA
AA 2 AFEH O o] W HE T o7]A] B3
s A7l fs FEe b of fr(safety
margin)E L gtth ol gk 7)7)/mi# 5 Ade

s 2 AXA A
veFetar, Adold e 9 o™, x5 %
A A4 A8 ekl et o Vet 4
st g A E 3} (aging)ol o3 £Abo] wAE
T Aok Egk A S F2A < (primary water

stress corrosion cracking, PWSCC), &4 % (thermal
stratification)®l] 2] I 2 T AA L A ZEhA
A a#EA] XA A2 E3h7] T (degradation
mechanism)E°| AL T}

ASME = Sec. III, App. WVl A= 94 A
Hlof| Al AE o= &= A2 (potential) & 3}7]7+
£ Table 1] YFERH nle} o] F-2(corrosion),
% SH(embrittlement), 7]E} 5 37] W= Fskal
ol Tl SHFATE 5 17ME At
ATh S App. WAl = WARA # SH(radiation
embrittlement), & I] = (thermal fatigue), &% 3}%
(dynamic loading)S A2+ 147] E3}7]o o3l
Aurabal, AA 2 A5t #EE AL dld 4

71e] o EE e S1F Wk 2 AN
s gk

T QIS 4719 17 ds 7
ooz MA Amsh AR, £H, 24, A
2 Agelg e RS, A A o S

up QIoh© oleld WAAM e A

i

Eis

Ql FHE T oyt AY, A 2 M T
9] 3 Aola AAAS 5L B Z iy
3 glo] A Aule] A 2 Jae mAH|
2v Ao YEiEth gy Ao HAdS
g< F4A77] 95k Oeﬂ‘ﬂ*ff%ﬂ, e, &
A2 2/ 3, EFH 3, fFerkEE T2 B
7o Ayt 9 A s 2Q F Ao & e

nl = A2 5f A 9] Y 3] (United States nuclear
regulatory commission, USNRC)o| Al &= o] A
Hed FA A FURr 89 FHRES A
glato] AAl A HAE A2HeE vp ok o] A
AMelA ke agdte FEES dARtEE
7] (reactor pressure vessel, RPV)S] T} FAMH
3}, 2 FouA UA 7= iLLHQ @5}71?‘
EA Ao FAabsth 2 Aol A=
rALE O 2 i FE AL Q)

Table 1 Degradation mechanisms in App. W, Sec. IIl of ASME Code

Category

Degradation Mechanism

Stress Corrosion Cracking

General Corrosion and Wastage

Pitting Corrosion

Crevice Corrosion and Denting

Corrosion

Intergranular Corrosion Attack

Microbiologically-Induced Corrosion and Fouling

Corrosion Fatigue and Crack Growth

Flow Accelerated Corrosion

Erosion and Erosion-Corrosion

Irradiation-Assisted Stress Corrosion Cracking

Thermal Aging Embrittlement

Embrittlement — ;
Radiation Embrittlement

Hydrogen Damage Embrittlement and Delayed Cracking

Fretting and Wear

Thermal Fatigue

Others

Dynamic Loading-Vibration, Water Hammer and Unstable Fluid Flow

Creep
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Table 2 EDY and PWSCC sensitivity evaluation
results for the RPV heads

EDY No. of Plants Sensitivity
> 12 6 High

8 < and < 12 0 Medium
<8 10 Low

Fig. 1 Representative FE model for residual stress

analysis of the nozzle after welding
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Table 3 Representative fatigue evaluation results of
piping considering thermal stratification

Piping ID Sts, ksi Sp, ksi CUF
1 31.30 32.50 0.03
2 23.00 44.14 0.13
3 24.80 50.70 0.06
4 7.85 47.41 0.04
5 26.80 48.76 0.07
6 19.80 127.89 0.75
7 7.01 81.51 0.13
8 14.10 106.55 0.47
9 31.40 24.87 0.07
10 30.01 74.84 0.35

cross-section

Fig. 3 Temperature distribution in the branch piping

due to thermal stratification

Fig. 4 Von Mises stress distribution in the branch

piping due to thermal stratification
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Fig. 5 Environmental fatigue evaluation result for

charging nozzle
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Table 4 Thinning rate evaluation results for piping

systems due to FAC

System Component Thirtﬂ?}% /;ate,

Tee 18.353
Nozzle 15.572

Condensate Sys.
Valve 15.572
Elbow 11.523
Valve 94.143
g’;@m Feedwater Elbow 66.985
Straight Pipe 57.933
Nozzle 42.125
Main Steam Sys. | Straight Pipe 30.319
Elbow 25.991
Extraction Steam Tee 71.696
Sys. Nozzle 59.510
Tee 348.225
MSR & FW Valve 339.631

rain Sys.

Nozzle 322.158
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=3 =3 =)
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Fig. 11 Comparison of predicted and measured
wear rates for three piping systems
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Table 5 Constants for calculation of thermally- Table 6 Crack growth analysis result for the CASS
aged J-R curve piping considering thermal embrittlement
a b c d Axial Crack Circ. Crack
102 0.28 0.21 0.09 ID "predicted | Allowable | Predicted | Allowable
alt alt alt alt
1o v S e 10] e % 1 0.144 0.75 0.422 0.75
o Soll &5ty WHa H&st= Ao 7kedh A
2 0.147 0.75 0.127 0.75
o7 FEH AT
3 0.148 0.75 0.140 0.75
3.5 L33t
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102 1= ) A N
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Table 7 Aging management programs for domestic NPPs

ASME Sec. XI, Subsection IWB, IWC and IWD

ASME Sec. XI, Subsection IWF

One Time Inspection

Reactor Vessel Surveillance (PWR only)

Reactor Assembly (PHWR only)

Loose Part Monitoring (PWR only)

Fuel Channel (PHWR only)

Neutron Noise Monitoring (PWR only)

Fuel Machine (PHWR only)

Water Chemistry

Boric Acid Corrosion (PWR only)

Feeder (PHWR only)

Thermal Aging Embrittlement of CASS (PWR only)

Failed Fuel Location System (PHWR only)

Thermal Aging and Neutron Irradiation Embrittlement
of CASS (PWR only)

Flow-Accelerated Corrosion

Selective Leaching of Materials

Annulus Gas System (PHWR only)

Reactor Head Closure Studs (PWR only)

Nickels-Alloy Nozzles and Penetrations

PWR Vessel Internals (PWR only)

Bolting Integrity

Steam Generator Tube Integrity

Inspection of Overhead Heavy Load and Light Load
Related to Refueling Handling System

Buried Piping and Tanks Inspection

Above Ground Steel Tanks

Heavy Water Management System (PHWR only)

Fuel Oil Chemistry

Open-Cycle Cooling Water System

Closed-Cycle Cooling Water System

Compressed Air Monitoring

Fire Protection

Fire Water System

Containment Liner Plate, Metal Containment

Containment

Integrated Leakage Rate Testing

Masonry Wall Program

Structure Monitoring Program

Inspection of Water Control Structures

Protective Coating Monitoring and Maintenance Program

Electrical Cables and Connections

Inaccessible Medium Voltage Cables

Metal-Enclosed Bus

Fuse Holders

One-time Inspection of ASME Code Class 1 Small Bore-Piping

External Surface Monitoring

Inspection of Internal Surfaces in Miscellaneous

Piping and Ducting Components

Lubricating Oil Analysis
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