FREFATAELR gL HF LV E S 54842

BANFRERR {22 LRI RGEFREREFAY
Fr st (ER)

Rl S S R L |

% % %t NSC 96-NU-7-002-001-

S m R 96007 01p96E 120 315
fFE o Mg ERL

Cl SENE LA S

E B = B

FESE AR AT A -HE eI TR T L VAR HRE
Fomi R



RAEZ & 5T A G

S kPaFELr AR E L e RS T SV RSB - A
(% 32 % 1 18)

EBREZIE N RFEL P F I g egk v

=2 =1 > Y 21 2 20 e a9 PRy
¥ 48R Fi,@ﬁ@f’ ’1‘%7\—‘5 MOV ER RN Rt S-S X
T A% AEOBE T .



BN FERERS B2 ECEEEIRAGFREREAE (12
Aging Assessment and Risk Management of Reactor Pressure Vesselsin
PWR Plants (1/2)

(2> 4 %% : NSC 96-NU-7-002-001)

2ot e’ sl mwzal sar? f#%%;:?’ mEad 4Emt

BB RE k PLlRT ARk o dameEyer Y er

:‘e%g

FRERERARGZPARIREAIER AP BREZELE PRSI FR 22 AT R
EHEEL P RERI e REAECFE A RFTRZL 2 EY 0 85
Bl 58 BERAMEIL 2 B DR TR RGF RPN R AL
ROg Srdlimenife > 1 RGh S na 452 i 0 B R ER S 2 5P 1 R AT
THEFECNEFG O mFL AEEDPF 2L 2 AFETRANRGE TH 2
PR E - EFBRERI MBI TR B BRSO P s
m AL B AR T Al AR R R K \f*se a,fa~F /T%ngi" R

JxE‘-ﬁt“IEAH‘rbk”T-r B o S A TR AL T iEK
ToFNTETERE FR VS Wi‘é* 1‘%”-“%’{%% @Xﬂﬂfﬁ% 4 3.42x107 7]
15 55 1t 3 %{4' LT 2 T eEp o T EE R =R 0 BT 1x107
ARNZFRRTZ T ML FIZRFAZRLE DRANBRETI N T H L TR
& STIE BRI TR SR T A FREUR S S o 2t b iy e

Abstract

The reactor pressure vessel (RPV) is an extremely important component in the
steam supply system of a nuclear power plant. However, after a long period of
operation, it will face various aging problems that would affect the safety of the plant.
Among them, radiation embrittlement is considered the major aging mechanism of the
reactor pressure vessels. To evaluate the degree of radiation embrittlement and ensure
the safety of vessels, the domestic nuclear power plants adopt the standard set by the
United States Nuclear Regulatory Commission (USNRC) and carry out aging
assessment programs periodically. Based on the deterministic assessment procedure as
required by USNRC, the present study proposes a probabilistic aging assessment
model to estimate the probability of outrunning the required values set by USNRC in
consideration of radiation embrittlement of reactor pressure vessels. Taking the
domestic pressurized water nuclear power plant as an example, the present study



shows that, under a reasonable assumption and based on the consideration of adjusted
reference temperature (ART), the reactor pressure vessel might outrunning the
code-required value with a probability of 3.42x107" at the end of its design life. If
the calculation is based on the consideration of upper shelf energy (USE), the
probability would become 1x10*. Since the required values set by USNRC are
based on the rather conservative deterministic consideration, the real failure
probability of the studied vessel owing to radiation embrittlement must be lower than
the above mentioned values.
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21 F BERS W AKEFB2EFPY) S 2. ART 348 &%

Parameter Base metal Weld metal

Copper content, Cu (wt%) 0.060 0.054

Nickel content, Ni (wt%) 0.580 0.130

Chemistry Factor, CF (°F) 37.00 42.15

Fluence, f (10*°n/cm?) 3.403 3.403
Fleuence Factor, FF 1.32 1.32
Initial RT,y; (F) 10 -30

ART\pr =CF xFF 48.85 55.65
Margin (°F) 34 56

ART (°F) 92.85 81.65

22 F EERS N AR E A (BEFPY) S Ml USEZH % %

Parameter Base metal Weld metal
Copper content, Cu (wt%) 0.060 0.054
Fluence, f (10°n/cm?) 3.403 3.403
USE, (ft-Ib) 78 83
Decrease in Shelf Energy, d (%) 21.15 25.88
USE (ft-1b) 61.51 61.52
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% 3 $HnTiaE iy

Parameter Mean Standard deviation Distribution
Base metal Weldmeta Basemeta Wed metd
Initial RT,,; (F) 10 -30 29 29 Normal
Cu (Wt%) 0.060 0.054 0.0060 0.0054@ Normal
Ni (wt%) 0.580 0.130 0.058@ 0.013@ Normal
f (10" n/cm?) 3.403 3.403 0.476® 0.476® Normal
USE, (ft-lb) 78 83 3.90© 4.150° Normal
(@ c.ov.=0.10
(b) c.ov.=0.14
(c) cov.=0.05

% 4 it 100 ‘e #8444 (base metal) 2. ART' (15 &g 77 3% (> #icdy)

Initial RT,,; (F)  Cu (wt%) Ni (wt%) f (10°n/em®  ART' (°F)
28423  0.0574 0.5111 2.9761 74.102
-7.441  0.0500 0.4523 3.4674 33.623
25984  0.0608 0.6372 3.3368 75.356
-21.895  0.0617 0.5499 2.8487 26.946
12.494  0.0531 0.5990 3.9669 57.017
-48.132  0.0672 0.5936 3.3956 7.297
4300  0.0671 0.5813 3.6585 51.829
23400  0.0598 0.5218 3.0617 71.159
0691  0.0620 0.5251 3.0907 50.493
45860  0.0610 0.5583 3.5528 96.045
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%5 ART' (K)& 3 % & o2 ik

Material Normal Lognormal Weibull
Base metal u=287.04 X g = D.658 B =22.19
o =16.00 s =0.056 0 =294.04
Weld metal u=27155 Xpeg = D.602 B =18.35
o =18.36 s=0.068 0 =279.47

%6 USE £ 32 R Snlicz 48k

Material Normal Lognormal Weibull
Base metal u=6134 Xpeq =4.115 B =24.79
o =3.06 s=0.050 0 =62.68
Weld metal u=61.46 Xpeg =4.117 B =2222
o =341 s=0.055 0 =62.96

%7 ART' (K)BUSEz + = 2.8 %

Parameter Material Normal Lognormal Welbull
ART' Base meta 0.3687 © 0.7506 5.4231
Weld metal 0.1277 © 0.2188 2.7287

USE Base meta 1.2921 1.1063© 24.3870
Weld metal 0.8076 0.42600 17.1750

# 8 BE3+E & (B2EFPY)# & 11 ART' £ USE #7272 & »afl

Parameter Materid P,
Base metal 3.42x10”
ART’
Weld metal 1.16x10”
Base metal 2.64x107°
USE y
Weld metal 1.00x10°
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29 ERACERE S - AT HEmL

Parameter Material Probability of failure
Stress-Strength interference Simulation 10 times
Counts Probability
Base metal 3.42x107 3 3.00x10”
ART'
Weld metal 1.16x107 0 0.00x10
Base metal 2.64x10° 374 3.74x10°
USE
Weld metal 1.00x10™ 821 8.21x10°

% 10 USEIL%AQ:]@L_A}—}% »e M 3"5’@2?‘

Parameter Material C.0.v. Probability of failure

Base metal 0.10 1.18x10%

0.09 1.00x10

0.08 4.52x10

0.07 3.38x10°

0.06 2.94x10

0.05 2.64x10°

- 0.04 3.56><10'j
Weld metal 0.10 4.02x10°

0.09 2.72x10%

0.08 1.37x107

0.07 3.24.x10°

0.06 7.37x10"

0.05 1.00x10™*

0.04 1.81x10°
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Probability (%)

Probability (%)

PNFE nf ART
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Allowed ART valiie

ART (°F)

Bl 3 12 ART' # 2| #72 % »cds % A 45 503
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Probability of failure, Pf
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BN FERERAH2EMERSEAGERREAE (U2
Aging Assessment and Risk Management of Reactor Pressure Vesselsin PWR Plants
(172)

(3+ & %%l 1 NSC 96-NU-7-002-001)

oA pin
A 2T R % $e(Nuclear Steam Supplying System, NSSS) ¢ » &
BERALIBERE DRI ER 22> v FPFs RiEpo(core)z 2 @
PR A e T B TR CE R R R A L
R oFF RN REE MRS X F R A f R
-~ BT A AL RRKSFE RERA NS R ATT GG TR
24 B I T s I[L] iﬁfﬂP\ LR E R g 4% R € (United
States Nuclear Regulatory Commission, USNRC)H.§=34 {7 &% A & 2 A4
B A R R R RERA R E LT LT R B a4
L5 @RS LT SR - JIY B T RAR NS
RAHT 3R I A o PanE s { FROE LIRS ARG

T e 3 P SRR R R TR P e

R EEER
RPAGTE RERY M 2 X mR S 18 L AP
i F 414 R € /22455 Regulatory Guide 1.99, Revision 2 -5 = 3¢
(2] 3 2 45 % FpaeT
-~ I g iE F pe £ Regulatory Guide 1.99, Revision 2 # 2 3f iz
SR HEF BEERA I SRS 55 R R ART



(°F) (Adjusted Reference Temperature) » %3 7 = ;840 T [2] :
ART = Initial RT,5; + ART,,; + Margin (1)

# ¥ Initial RTyo; OF) 5 & G E-¢ 3 BRET70 484 do 2. & 2f P 5
BRE VI HPEEPREEF S ART (PR 5 S7 F R H

PEuPgPERaegE  7d THINE
ART,. = (CF)f (0.28-0.1l0g f) @)
f = fsurf (e—0.24X) (3)

£ ¢ 0 CF(°F) 5 #itz i 8 th#ic(Chemistry Factor) » £2 443 ¢ 4% -
4 7 £ (Wt%)3 B - ¥ 4 NRC Regulatory Guide 1.99, Revision 2
Teblel &= Table2 [2] * & fEp 46 18 > @ 4L % 4F ~ 41 7 £ (Wit%0)

Tl MR R e o, (10°nen?, E>1 MeV) i F Ok BR 4
BN RESTE P2 B¢ 3 R £ 5 f (10°n/em?, E>1 MeV) i F Ik
BRSO AP BEE R G X(nch)#7 £ Flaip-? + BEHE
f (26019 ) < e 4id £ % #c(Fluence Factor, FF) > ¥ ¢ NRC
Regulatory Guide 1.99, Revision 2 s Figure1[2] 4 17 o 58 (1) ® ek
# Margin & = & Initial RTp; & ART(p 2 2R 7 R (& p iR

)4 r BT F AT REF 2 ART { AR > H2b 5 3 U4eT

Margin=2\c,* + 5, (4)

;¢ > o, 5 Initial RT oy, 2 %% 4 5 o, Bl 5 ART;p 2 1R 8 X o

1 %78 T4 pe £ Regulatory Guide 1.99, Revision 2 =7 Figure
2 ¥ R[2) FAEF BRI S RS 2 UEFE
¥ USE (Upper Shelf Energy) (ft-1b) = :



USE =USE (1-d) (5)

#e > USE 2 AGEY TR Hfli b+ UFFL E > 7 d
HHEBEPRLET, da P UFEFREZTHE AF 0 ¥R
ALY 4y en g & (Wt%) &= B¢ + R+l § 4] * Regulatory Guide 1.99,
Revision 2 (1 Figure 2 R 4 p #8 £18 o
124x NRC Regulatory Guide 1.99, Revision2 > * & B/R 4 # p B2+ % 14
HEPp 20 VAR BEER AERDF I RFZ 8D 2 P VFF L E
FAaF A0 ft-lbt  AEEDPRF IR FZ LD 2T ER ART » &
JE 3200 °F > AR F BB A W FIIE L L A B A A2 T A o
FHEMERPRGEF BERA LTRS84 T R
7

AEEN S RREZRLIFF SN EREAIT- TR/ IR 0 AR

4 3

AP 2INE L T AT TR E BBRA e LR
PO RERERROERLLE T PF T RARENMES 22 -
EFRBRA AL LI AN > i R 2 A oni ko H
A3 AR i B e T2 snl g | K2R R RIR A R F)E s L5
FETH 2 BE @ m@,ﬁ+~§ RS LR B T AR

FEZF R TR 23 I A AR L BT K

s
IR

USE <50 (ft-Ib) (6)

ART >200 (°F) (7)

AP BN BRI R- RR e BERA LS LR
AT F BATEF (1015 EFPY) : R b0 BT E N2 R VIR

TR R T RGERE TR A B e 48] R R BT R

2 Sl A1 N (1)-(3)&(B) R B 40 &3 A & (32 EFPY) & 8 &
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21. International Atomic Energy Agency, Assessment and Management of Ageing of
Major Nuclear Power Plant Components Import to Safety: PWR Pressure \Vessels,
IAEA-TECDOC-1120, 1999.

22. U.S. Nuclear Regulatory Commission, Radiation Embrittlement of Reactor Vessel
Materials, Regulatory Guide 1.99, Revision 2, 1988.
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26. Dutta, B.K., Kushwaha, H.S. and Venkat, R.V., “Probabilistic Assessment of Reactor
Pressure Vessel Integrity under Pressured Thermal Shock,” International Journal of
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21 F RERS AR EFGEFPY) % 42 ART 3-8 % %
Parameter Basemetal Weld meta
Copper content, Cu (wt%o) 0.060 0.054
Nickel content, Ni (wt%o) 0.580 0.130
Chemistry Factor, CF (°F) 37.00 42.15
Fluence, f (10'°n/cm?) 3.403 3.403
Fleuence Factor, FF 1.32 1.32
Initial RT,5; (°F) 10.00 -30.00
ART\pr =CF xFF 48.85 55.65
Margin (°F) 34.00 56.00
ART (°F) 92.85 81.65




22 F BRI AR 2 6 C2EFPY) S P HE 2 USE 5 2 %

N
Parameter Base metal Weld metal

Copper content, Cu (wt%) 0.060 0.054

Fluence, f (10"°n/cm?) 3.403 3.403

USE, (ft-1b) 78.00 83

Decrease in Shelf Energy, d (%) 21.15 25.88

USE (ft-1b) 61.51 61.52
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