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Environmental Fatigue Evaluation in PLM Activities of PWR plant
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Numbers of nuclear power plants have been operating for more than 30 years and some of them exceeding 40
years in Japan. In these ageing plants, fatigue evaluation has a significant measure in assuring the plant
reliability. The environmental fatigue in light water reactors, which was first recognized in the 1980’s in
Japan, has been drawing attention worldwide because it may cause remarkable effects on the life of important
components. The Japanese nuclear industries developed the world’s first practical methodology to evaluate
environmental fatigue and it has been utilized in plant life management (PLM) technical evaluation. The
Japan Society of Mechanical Engineers (JSME) issued the codes regarding environmental fatigue, JSME S
NF1-2006, and has redrafted them incorporating the latest knowledge in 2009. This paper introduces a few
examples of environmental fatigue evaluation, which was performed using the JSME codes as a part of PLM
evaluation for Japanese PWR plant.

Keywords: Environmental Fatigue, Environmental Fatigue Life Correction Factor, Fen, JSME Codes,
Modified Rate Approach Method, Plant Life Management
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Fig.1 Environmental fatigue life correction factor(Fen)

BRETHRE B LT B U1 Fe 2T
RQDED KT ZLNTE D,

Uen=Ux Fen =iU1'XFen,i @
7=l
Ui: A3 Cnl®2I50 A 7 D55 i FE O
TP A 7 WZEBT HEREEEN R 2 B[S LRV R
Feanit Bt CTnlEH 205094 270D 55 i FHDIG
A 7 MZET DR R EARE

Fel I60EE O3 7B, IREE, BAERIREE S TKAF
THEECTHY ., ZNHD/T A= RRIE SR
HDHZERTED, 7217, Fa OIIXOT ARG
BTN, Fio, IO B RIE CIIBRE R 35
LR, Foy ITITOT BARIRICRT LT FRRO L&V
AT TV D,

P57 BRI OR O FIZHONWTIL, §3E TR,

2.4 BERFTUEAED 3 DDA T ay
BRESIZ ST A Ml & S EHAAT 5 7212, RHIIX Sy OkE
TAERORHIEE LT, IF O 3FHAE L7,

1) PREHE PR SRy 2 e e, BT
GRUE, AR 72 ENT I 0 ARSI ETHf 2
Tk

2) G FHITE  IEET TOT R N L CHIIN %
#HiJH 2 O L DOFHEIX Sy & LTI 2 5k

3) REMIRHITE IS TOT R Ny L CHIIN %
#PH Tl < By 2 53] L TR % 5k,
(Fig2 EEL—Rr77u—FiE ZH)



R4 Vol 9, No.2 (2010)

258BEL— 7 TO—Fik

BIEL— 7 7 e—F T Fig2 (o T X912, 0T
RMREDOIFZIEL L2/l < X815 Z & T, AEITHES
S N R BRI AR Fe 23R L. 2 A

THEGY L TRR L L TOREZIREZRODTIETHY

BB Z e b BEICAHI C & DU TETH D,

712U, FHMTESEC RN DD T8, SR
TRIZOWTIREDETH D,
Ag,
en Jdet A — Z enk gmaXA gmm,A (3)

Fengeta: IIEAIZDOWTEIEL— M7 7 'r—FETRD

T BREE AR AR
Fee Bt Tmfilld 25HlX 53D 5 H k Z& H OFHMlX 5y
(ZF1T 2 BRI AR
A sy +’Cmﬂﬁl&)5u$ﬂﬁl: TD 95k FHOFHMmX
B DOT RO
E—2IG IR hHEE L AR m
S| fmaa
\
Ag,
T A
| Emind Ny
t

Fig.2 Modified rate approach method
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Fig.3 Flow of environmental fatigue evaluation in PLM
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Table 1 Selection of components in fatigue evaluation

et RRE - PLM
e meR| P M e

o

e
RTFESE
ERE
EMBRRBEN
1R E
B2 (RCS)

g | BE(RHRS)
B2 (SIS)
B2 & (CVeS)
EE (FWS)
ki

1RBEM R T
REMBRERLT

RARER

BEI—F
REBREI—S
FREEY

BES—EY
D EEE—EY
BEYR—

[e]

E]

I|1{O]lO|O|O|O|O|O|Q]|O|O|O|O|O|!I |0

SREERE (LU R

Q|00
I\\OIIOIIOl%%XOOOOO

o|o|Oo|o|o|o|o|o|O|O|O|O|O|O|O|O|O|O

XIS A 1BREDH

WIZ, RIS SN 2 RET D, 3XAT - EBakhlE
TlE, IRHIEEROH 5 2 TORBIHIIONT, K&
EEMFEMER LW G A bR . 973 M A1T 5 25,
PLM (28U DI S7a MR, s R ol
BREORENE 2 DALHENI e & hBRE LT jﬁﬂﬂﬁ
FEELWEEZ DNAEL AT L, IR ETT O,

@ BEFHDRE

PEITRHTIE, JETRHE (257, 5RED) £AT D 72Is
B2 5L U CRHESRMZE EETZD PR, B
At BERRBUKI I SO TR R & 72 5 & COMERAR
THEESNDES, BEOZE (EAV, M)z



BEtian X [PWR 7°7 2 | DEFEESFIZH 1T S5

W7 A

TRRIET Do

Table 2 (ZaxGEHRE & PLM S OFHISA O ik & 7R
¥, PLM RHEFRFORMIEAIHE, 585 R & Hole LT, i
(B & U CIREiRIEE) & RO 7= G ER e S A L
TWDH, R & UTREGHE R CIRSTROZR & Al
HLTWS,

Table 2 Comparison of evaluation conditions between

design and PLM
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Fig.4 Method to determine numbers of transients in PLM
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Fig.5 Calculation of histories in temperature and generated

stress(strain) in each transient
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Fig.6 Calculation of peak stress intensity

for the combination of transients
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Table 3 Comparison of Fenequation between TENPES

guidelines and JSME codes in austenitic stainless steel
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Fig.8 Comparison of Fen between TENPES guidelines

and JSME codes in cast stainless steel
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in fatigue evaluation
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Fig.10 Uen calculation results in pressurizer surge line

nozzle (Example of vessel evaluation)
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Fig.11 Example of Fen calculation

with modified rate approach method
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Fig.12 Example of calculation results of cumulative

usage factor in pressurizer
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Table 4 Example of determination method in strain rate and

temperature for pressurizer surge line piping
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Table 5 Example of calculation results in Fen and Uen for

pressurizer surge line piping
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C C BER 264.2 1 72800 0.00001 11.932 0.00016
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Fig.14 Portion selected in the fatigue evaluation of RCP
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Table 6 Example of Ue, calculation in RCP outlet nozzle

fon | OF AN | B UIHEE | BE

o E[H] %) (sec) (%/sec.) o) Fo

B 1 0.03854 3600 1.07E-05 201.7 24.579
B 2 0.03397 3600 9.44E-06 236.2 13.366
B 3 0.02966 3600 8.24E-06 1806 7.260
B 4 0.01931 3600 5.37E-06 125.1 3.948
B 5 0.00884 2340 3.78E-06 69.5 2.144
A 4 -0.00044 3600 -1.24E-07 2432 14.433
A 5 0.00400 2340 1.71E-06 279.3 21.451
A 6 0.00112 792 1.42E-06 2916 24.552
A 7 0.00460 168 2.73E-05 291.6 24552
A 8 0.00867 300 2.89E-05 2918 24.552
A 9 0.02666 1080 247E-05 2916 24.552
A 10 0.14824 16920 8.76E-06 291.7 24579
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Fig.15 Example of Fe, calculation in RCP outlet nozzle

3.6 PWR 75 M2 BFERS HEH

Table 7 |ZfFEA72 PWR 7°7 > D PLM #2581 5
BRI TR i R DB 2=,

ZIORT 01T, AREBEER O BRI J5 A RS AR T
TNOTFMEL N LT\ D, Flo, ZoaHiild, 2T
FEMRHIETE A A LTV D28, FHlRE R e L < 7euy
AT L VSR FEEZENT5 2 Lick v, 2R
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Table 7 Example of environmental fatigue evaluation results

in typical PWR plant

BRYAIN 2138 (Mpa) lt?!“l!nﬂ E?? i !F!ll: w5 lﬂa!ﬁ !fll@nlﬁ
5 [¥ E =y ELE s Efm *
AR Axz Bxil il e S M » u o u,
B A 3768 “2370 8 547.7 "3 2810 003663 19.936 077414
] '] 66 ~190.7 15 4054 1 5390 000011 10,970 000117
D D 300.1 ~190.7 14 3544 72 17900 0.00402 1.797 003138
AER
[:B. 03
€:100%H 5ORFFR v T (FERDNDESTE F5M )
D: 1 RFRRMALVEES
- =
ARz EHRERE
EHEE | BRI
1A AT 0.043 0.807
It/ XL

s GENOCREOEEHE
ane Pl REG AP OHEF REEAR BRBRESALS
(F1) S RRER
RFres ARHHOEE 0.000 0.000
NES AILAS{ARE 0.015 0.548(%2)
Y—CRARE 0.001 0.001
1RRHHE HORF— LY 0.001 0.001
MESY—TS/ARE 0.033 0.147
RCSE® NESY—-CER 0.002 0.013(3¥2)
NESATILAEE 0.080 0.410(3£2)
RMREALT #8 0.002 0.058
FIADH (HDH)
BEAN 1 EHHF (EBH) il 0.018 0.225
1R T B/ XL 0.043 0.807
REREARLT =i hiti— 0.003 0.012
POXHMER EBFOERE 0.010 0.111
RS BAADES 0.002 0.354(3%2)
TERY 0.080 0.180
RBBEI—3 i 0.126 0.443
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