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RTypr Calculation from FAVOR 06.1 for Axial Welds of Palisades Applying
10CFR 50.61a (RG 1.99 Rev. 3) Correlation by Terry Dickson

EEPY RTnoT RTnoT RTnoT ID Copper | Nickel Phos Mn RTnoT )
@ ID @t4 | @3t/4 | fluence (%) (%) (%) (%) (°F)
32 226.36 | 208.4 168.9 1.9699 0.213 1.010 0.019 1.315 -56
60 25224 | 232.8 196.5 3.2129 0.213 1.010 0.019 1.315 -56
200 32622 | 296.3 249.4 9.4604 0.213 1.010 0.019 1.315 -56




500
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-56

RTypt Calculation from RTNDT.m for Axial Welds of Palisades Applying

10CFR 50.61a (RG 1.99 Rev. 3) Correlation by Hsiung-Wei Chou

EFPY RTnoT RTnoT RTnoT ID Copper | Nickel Phos Mn RTnoT
@ ID @t/4 | @3t/4 | fluence (%) (%) (%) (%) (°F)
32 226.31 | 208.39 | 168.90 | 1.9699 0.213 1.010 0.019 1.315 -56
60 252.19 | 232.75 | 196.53 | 3.2129 0.213 1.010 0.019 1.315 -56
200 32645 | 296.33 | 249.35 | 9.4604 0.213 1.010 0.019 1.315 -56
500 421.13 | 374.64 | 304.53 | 22.8479 | 0.213 1.010 0.019 1.315 -56

RTypr Calculation for Axial Welds of Palisades Applying RG 1.99 Rev. 2

Correlation by Hsiung-Wei Chou

(01=21 °F, 6,=17 °F, Margin=>54 °F)

EFPY RTnoT RTnoT RTnoT ID Copper | Nickel Phos Mn RTnor )
@ ID @t4 | @3t/4 | fluence (%) (%) (%) (%) (°F)
32 282.99 | 250.11 182.84 | 1.9699 0.213 1.010 0.019 1.315 -56
60 311.08 | 280.81 | 213.88 | 3.2129 0.213 1.010 0.019 1.315 -56
200 357.18 | 338.08 | 282.63 | 9.4604 0.213 1.010 0.019 1.315 -56
500 371.74 | 365.88 | 330.55 | 22.8479 | 0.213 1.010 0.019 1.315 -56
F = RPVEFIG (*F [ & 0k (Beaver Valley #5#1) -

RTnor Calculation from FAVOR 06.1 for Plates of Beaver Valley 10CFR 50.61a

(RG 1.99 Rev. 3) Correlation by Terry Dickson

EFPY RTnoT RTnpT RTnoT ID Copper | Nickel Phos Mn RTnor )
@ ID @t4 | @3t/4 | fluence (%) (%) (%) (%) (°F)
32 223.6 210.9 189.8 4.2678 0.14 0.62 0.015 1.400 73
60 252.4 2353 208.5 8.1339 0.14 0.62 0.015 1.400 73
100 282.9 261.0 227.0 | 13.6569 0.14 0.62 0.015 1.400 73
200 338.7 307.7 260.1 | 27.4643 0.14 0.62 0.015 1.400 73

RTypt Calculation from RTNDT.m for Axial Welds of Beaver Valley Applying

10CFR 50.61a (RG 1.99 Rev. 3) Correlation by Hsiung-Wei Chou

EFPY RTnoT RTnoT RTnoT ID Copper | Nickel Phos Mn RTnot
@ ID @t/4 | @3t/4 | fluence (%) (%) (%) (%) (°F)
32 223.65 | 210.87 | 189.76 | 4.2678 0.14 0.62 0.015 1.400 73
60 25242 | 23534 | 208.46 | 8.1339 0.14 0.62 0.015 1.400 73
100 282.95 | 261.03 | 227.03 | 13.6569 0.14 0.62 0.015 1.400 73
200 338.69 | 307.75 | 260.09 | 27.4643 0.14 0.62 0.015 1.400 73

RTypt Calculation for Axial Welds of Beaver Valley Applying RG 1.99 Rev. 2
Correlation by Hsiung-Wei Chou
(01=17 °F, 6,=28 °F, Margin=65.5 °F)

10




EEPY RTnoT RTnoT RTnoT ID Copper | Nickel Phos Mn RTnoT )
@ ID @t4 | @3t/4 | fluence (%) (%) (%) (%) (°F)
32 264.69 | 253.56 | 227.63 | 4.2678 0.14 0.62 0.015 1.400 73
60 276.34 | 268.02 | 24536 | 8.1339 0.14 0.62 0.015 1.400 73
100 282.30 | 276.86 | 258.36 | 13.6569 0.14 0.62 0.015 1.400 73
200 284.77 | 283.77 | 272.69 | 27.4643 0.14 0.62 0.015 1.400 73
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Palisades, 32 EFPY-Axial flaw
Cool-down rate =100 °F/Hr

Cool-down rate =75 °F/Hr

Cool-down rate =50 °F/Hr
————— Cool-down rate =100 °F/Hr (Risk-informed)
----- Cool-down rate =75 °F/Hr (Risk-informed)
————— Cool-down rate =50 °F/Hr (Risk-informed)
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Chinshan Unit 1, 32 EFPY -Axial flaw
Heat-up rate =100 °F/Hr (ASME App. G)
Heat-up rate =75 °F/Hr (ASME App. G)
Heat-up rate =50 °F/Hr (ASME App. G)
————— Heat-up rate =100 °F/Hr (Risk-informed)
————— Heat-up rate =75 °F/Hr (Risk-informed)
————— Heat-up rate =50 °F/Hr (Risk-informed)
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Allowable Pressure (Ksi)
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Chinshan Unit 1, 32 EFPY-Axial flaw
Cool-down rate =100 °F/Hr (ASME App.G)
————— Cool-down rate =100 °F/Hr (Risk-informed)
Cool-down rate =75 °F/Hr (ASME App.G)
————— Cool-down rate =75 °F/Hr (Risk-informed)
Cool-down rate =50 °F/Hr (ASME App.G)
————— Cool-down rate =50 °F/Hr (Risk-informed)
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— Cool-down rate =75 °F/Hr (ASME App.G) — Cool-down rate =75 °F/Hr (ASME App.G)
————— Cool-down rate =75 °F/Hr (Risk-informed) — — — —— Cool-down rate =75 °F/Hr (Risk-informed)
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Allowable Pressure (Ksi)

Chinshan Unit 2, 32 EFPY -Axial flaw
Heat-up rate =100 °F/Hr (ASME App. G)
Heat-up rate =75 °F/Hr (ASME App. G)
Heat-up rate =50 °F/Hr (ASME App. G)
Heat-up rate =100 °F/Hr (Risk-informed)
Heat-up rate =75 °F/Hr (Risk-informed)
Heat-up rate =50 °F/Hr (Risk-informed)
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Allowable Pressure (Ksi)
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Chinshan Unit 2, 200 EFPY-Axial flaw
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Heat-up rate =100 °F/Hr (Risk-informed)
Heat-up rate =75 °F/Hr (Risk-informed)
Heat-up rate =50 °F/Hr (Risk-informed)
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Chinshan Unit 2, 32 EFPY-Axial flaw
Cool-down rate =100 °F/Hr (ASME App.G)
————— Cool-down rate =100 °F/Hr (Risk-informed)
Cool-down rate =75 °F/Hr (ASME App.G)
————— Cool-down rate =75 °F/Hr (Risk-informed)
Cool-down rate =50 °F/Hr (ASME App.G)
————— Cool-down rate =50 °F/Hr (Risk-informed)
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SRSk & & 7 SCATTER ﬁf[’[ﬁi” Gl FA' Fﬁl & % CPI(Conditional Crack Initiation)
VORISR  BIRES | A% BRLL B PR FERT < Applied K, 1) % $fEy CPI
i % 3N LDQA At =R A&V Ki(t)> £]I')] FAVOR 09.1 I/ Theory
Manual (1.1 2 s i Ree B> 1) E R 5T ATV FTRY o (8 PR (R BriEl B o
Bk Ear ot T = I e R e Y e AR T e
i i FH[EJ%E__T;V B ﬁ » Al Mr. Terry Dickson *F‘j ?E‘ﬁ;]‘ ﬁ?u » ff0 3 %) FAVOR [V Deterministic
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#= I') FAVOR 09.1 LDQA 5} Fr§ifff — H 1 84S RPV i & CPI 1 ZURE7L 4114 U2 5 3 (e 55 57 A7 -
(5 2= f SR 1.375 in > <7 SSE I 1.25 in)
Location of K CPI Ki CPI
NO.' Of ﬂgw Flaw type |inner crack tip Crack depth Aspect ratio RENDT by PFM analysis | by PFM by LDQA by Eq.(11) of
of initiation (in) (in) (°F) (Ksi \/i_n) analysis (Ksi \/E) FAVOR 09.1
theory manual
1 0.330 0.615 3.273 113.09 25.95 0.1177E-05 25.97 0.1229E-05
2 0.242 0.716 1.457 127.72 23.71 0.1149E-06 23.69 0.1039E-06
3 0.281 0.512 3.772 112.77 24.30 0.9242E-10 24.30 1.0350E-10
4 0.132 1.127 1.416 77.52 31.43 0.2239E-06 31.45 0.2351E-06
5 0.350 0.973 1.302 120.28 25.75 0.3660E-05 25.76 0.3704E-05
6 1.322 1.433 3.767 72.42 31.48 0.2722E-09 31.47 0.2180E-09
7 0.305 0.563 2.330 139.14 23.47 0.8654E-06 23.47 0.8566E-06
8 0.236 0.461 5.465 129.01 24.03 0.5032E-06 24.04 0.5110E-06
9 0.336 1.075 1.445 105.41 28.32 0.1010E-04 28.32 0.1012E-04
10 Inner 0.205 1.639 1.265 126.79 35.64 0.3580E-02 35.66 0.3600E-02
11 0.162 0.666 2.534 104.97 27.26 0.1985E-05 27.28 0.2041E-05
12 |embedded, 336 1229 1.050 | 110.29 26.51 0.1841E-05 |  26.52 0.1865E-05
13 axial flaw 0.226 0.819 2.122 97.00 28.68 0.2720E-05 28.67 0.2664E-05
14 0.455 0.512 3.803 134.53 23.14 0.9099E-07 23.14 0.9038E-07
15 0.420 0.973 2.475 79.68 30.33 0.3214E-07 30.33 0.3204E-07
16 0.535 1.024 2.530 108.32 29.72 0.5891E-04 29.72 0.5878E-04
17 0.204 0.614 2.558 125.05 25.75 0.7718E-05 25.74 0.7572E-05
18 0.258 1.741 1.069 80.94 33.61 0.1824E-04 33.61 0.1825E-04
19 0.492 1.075 1.959 143.07 29.22 0.5880E-03 29.21 0.5864E-03
20 0.183 1.383 1.138 87.94 31.09 0.7117E-05 31.11 0.7259E-05
21 0.358 0.665 2.201 120.91 25.00 0.9259E-06 24.99 0.9063E-06
22 0.236 0.512 3.657 134.99 24.48 0.3997E-05 24.47 0.3945E-05
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#[4 ] FAVOR 09.1 LDQA J5 FRL68H) — Hr 1 B4 RPV % % CPI L 3 5kt 0 14 07 8% o B 53 7

(= S5 E 1.8 in > T SR 2 in)

Location of K CPI K CPI
NO.' Of ﬂjch Flaw type inner crack tip Crack depth Aspect ratio RTnpr by PFM analysis| by PFM by LDQA by Eq.(11) of
of initiation (in) (in) (°F) (Ksi \/E) analysis (Ksi \/E) FAVOR 09.1
theory manual

1 Inner 0.396 0.819 2.455 135.49 28.10 0.1947E-03 28.10 0.1945E-03
2 embedded, 0.200 0.972 1.111 106.02 25.35 0.3441E-08 25.34 0.3014E-08
3 axial flaw 0.590 1.331 1.126 112.35 26.09 0.1308E-05 26.08 0.1287E-05
4 Inner 0.683 0.871 1.828 119.91 24.20 0.4468E-07 24.21 0.4658E-07
5 0.543 1.229 2.162 74.67 31.64 0.4463E-07 31.65 0.4571E-07
6 embedded, 0.389 1.024 1565 | 9827 27.96 0.1094E-05 | 27.96 0.1092E-05
7 axial flaw 0.230 1.382 1.194 91.41 31.14 0.1604E-04 31.13 0.1583E-04
8 0.285 1.076 1.464 87.64 28.92 0.9965E-07 28.94 1.0538E-07
9 0.217 0.922 1.585 106.07 28.16 0.9391E-05 28.17 0.9480E-05
10 0.442 1.024 1.844 98.58 28.67 0.3974E-05 28.67 0.3973E-05
11 0.951 0.973 1.938 116.28 24.32 0.1047E-07 24.32 0.1057E-07
12 0.171 0.615 2.668 126.33 26.26 0.1753E-04 26.28 0.1794E-04
13 0.321 0.922 1.243 89.83 28.09 0.1694E-07 28.10 0.1788E-07
14 0.727 1.178 1.009 135.37 22.26 0.4837E-12 22.26 0.6308E-12
15 0.665 1.536 1.017 102.25 26.67 0.1997E-06 26.68 0.2055E-06
16 0.273 0.563 3.970 152.75 25.74 0.9154E-04 25.73 0.9115E-04
17 1.134 1.433 1.256 108.43 25.30 0.2029E-07 25.30 0.1988E-07
18 0.152 0.768 2.647 102.60 29.91 0.3283E-04 29.90 0.3266E-04
19 0.551 1.076 2.947 87.80 31.21 0.7873E-05 31.23 0.8062E-05
20 0.163 1.024 1.909 80.86 32.30 0.4478E-05 32.30 0.4477E-05
21 0.234 1.69 1.582 82.69 39.00 0.5194E-03 39.01 0.5217E-03
22 0.495 0.563 2.967 145.15 23.09 0.8678E-06 23.09 0.8590E-06
23 1.159 1.332 1.750 95.81 26.99 0.1142E-07 27.00 0.1230E-07
24 0.424 1.485 1.249 94.79 30.98 0.2540E-04 30.98 0.2537E-04
26 0.260 0.563 2.444 117.79 23.97 0.1860E-08 23.97 0.1844E-08
27 0.134 0.768 2.172 87.05 28.94 0.6918E-07 28.94 0.6975E-07
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28

29

30

31

32

33

34

35

36

37

0.258 0.717 1.987 105.29 25.98 0.7713E-07 25.99 0.7949E-07
0.203 1.587 1.279 67.58 35.17 0.1506E-05 35.17 0.1503E-05
0.321 1.127 1.388 99.47 28.69 0.5051E-05 28.71 0.5160E-05
0.178 1.024 1.657 145.38 30.74 0.1374E-02 30.74 0.1372E-02
0.442 1.689 1.498 70.64 35.82 0.1023E-04 35.81 0.1016E-04
0.442 0.87 1.879 103.26 26.59 0.2414E-06 26.58 0.2352E-06
0.170 1.127 1.469 85.15 31.16 0.3631E-05 31.17 0.3690E-05
1.273 1.075 1.970 122.18 23.79 0.1364E-07 23.79 0.1379E-07
1.141 1.331 1.586 99.71 26.29 0.5771E-08 26.28 0.5543E-08
1.103 1.638 1.660 84.48 30.82 0.1761E-05 30.81 0.1732E-05
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3 Flate . Flate 1 Flate 7
§C-03-53 SC-03-51 §C-03-52 Total CPI =1.211x10°
8) (10) 9)
Total CPF = 1.198x10°’
_ Occurrence of LTOP event
(7Y Cir "Weld W1102-3 |S 1x10_3/yr
Azipl reld Azfal|weld Azl fweld
W1pgs-12 wiloos-11 W1pgs-10
Plate 6 Plate S Plate 4
SC-04-23 SC-04-21 SC-03-22
12) (11) (13)
. % of % of
Po Fulﬁal’iclion F\':/éajig:] RTMaX('OF) total CPI total CPF
P g NDT CPI CPF
1 -7.0 0.18 [2.180x107'°| 0.18 [2.156x107'°
o) 12.0 31.52 3.817)(10_8 30.85 3.696X10_8
3 1.7 65.27 7.904)(10_8 65.92 7.897X10_8
Axial weld 11 11
4 _6.7 0.08 9688)(10 0'08 9.584)(10
5 -17.0 2.10 2.543%x107° 2.12 2.540x107°
6 0.1 0.85 |1.029x107| (g5 |[1.018x107
Circumferential
7 4.0 0 0 0 0
weld
8 54.8 0 0 0 0
9 78.2 0 0 0 0
10 75.3 0 0 0 0
Plate
11 93.4 0 0 0 0
12 87.1 0 0 0 0
13 69.2 0 0 0 0
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Twcf.m

clear

R=459.69; % Absolute temperature in F

limiting=input("Set allowable total TWCF95: "); % Allowable total TWCF95
TWCF_maxcw=input("Set TWCF95 cw (Usually use 1e-8): "); % The maximum TWCF
of circumferential weld is usually assumed as le-8/yr

% alpha(RT) is determined by calalp.m

% definie the coefficient of axial weld

m _aw=5.5198; b_aw=-40.542; RT_thaw=616;

% definie the coefficient of plate

m _pl=23.737; b_pl=-162.36; RT_thpl=300;

% Step-l:determine the maximum value of RT_maxaw in absolute temperature
(assume maximum RT_maxaw>625(165.3F))
RT _aw_try=RT_thaw:.1:875;
check _awl=limiting-TWCF_maxcw-calalp(RT_aw_try).*exp(m_aw.*1og(RT_aw_tr
y-RT_thaw)+b_aw);
for nl=1:length(check awl)
sl(nl)=check _awl(nl);
if si(nl)-min(abs(check_awl))<=le-15
break
end
end
max_RT_maxaw=RT_aw_try(nl);
Limit_RT_maxaw=max_RT_maxaw-R

% Step-2 determine the maximum vaule of RT_maxpl in absolute temperature
(assume maximum RT_maxpl>625(165.3F))
RT_pl_try=RT_thpl:.1:875;
check_pl=limiting-TWCF_maxcw-calalp(RT_pl_try).*exp(m_pl.*log(RT_pl_try
-RT_thpD)+b_ph);
for n2=1:length(check _pl)
s2(n2)=check_pl(n2);
it s2(n2)-min(abs(check_pl))<=1le-15
break
end
end
max_RT_maxpI=RT_pl_try(n2);
Limit_RT_maxpl=max_RT_maxpl-R

% Step-3 Find the 1st and 2nd points of the locus
RT_maxaw(1)=R;

RT_maxaw(2)=RT_thaw;

RT_maxpl(1)=max_RT_maxpl;
RT_maxpl(2)=max_RT_maxpl;

% Step-4 Assume the TWCF_aw to calculate RT_maxaw
d=input(*Number of points to plot the locus of screen criterion: "); % the
point to plot the locus, more points will spent more tome!
for n3=1:d-1
TWCF_aw(n3)=Climiting-TWCF_maxcw)/d*n3;

check _aw2=TWCF_aw(n3)-calalp(RT_aw_try).*exp(m_aw.*log(RT_aw_try-RT_tha

w)+b_aw);
for n4=1:length(check aw2)
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s4(n4)=check_aw2(n4);
it s4(nd4)-min(abs(check_aw2))<=1e-15
break
end
end
RT_maxaw(n3+2)=RT_aw_try(n4);
end
RT_maxaw(d+2)=max_RT_maxaw;

% Step-5 Use the assumed TWCF_aw to calculate RT_maxpl
for n6=1:d-1
TWCF_pl(n6)=1imiting-TWCF_maxcw-TWCF_aw(n6) ;

check_pl2=TWCF_plI(n6)-calalp(RT_pl_try).*exp(m_pl.*log(RT_pl_try-RT_thp
D+b_pl);
for n7=1:1ength(check pl2)
s7(n7)=check_pl2(n7);
ifT s7(n7)-min(abs(check _pl2))<=le-15
break
end
end
RT_maxpl(n6+2)=RT_pl_try(n7);
end
RT_maxpl(d+2)=R;
plot(RT_maxaw-R,RT_maxpl-R)
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calaph.m

function [alpha]l=calalp(RT)
if RT<=625
alpha=2.5;
elseif RT>=875
alpha=1;
else
alpha=2.5-1.5/250*(RT-625);
end
end
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RTNDT .m

clear

% Input the EFPY

EFPY=input(" Input the EFPY of the plant (year): %);
t=60*60*24*365.25*EFPY;

% Input the cold-leg temperature

Tc=input(" Input the cold-leg temperature (F):
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Calculate the shift RTNDT of axial welds (DRTNDT)
% Input the parameters of axial welds
RTNDTu_aw=input(" Input the unirradiated RTNDT of axial welds (F): *);
flux_aw=input(" Input the fast neutron flux on axial welds [n/cm2/sec]: 7);
Cu_aw=input(" Input the Copper content of axial welds (%): s
Ni_aw=input(" Input the Nickel content of axial welds (%): s
P_aw=input(" Input the Phosphorus content of axial welds (%): s
Mn_aw=input(" Input the Manganese content of axial welds (%): *);
it flux_aw>=4.3925e10
fluence_e_aw=Flux_aw.*t;
else
fluence_e_aw=Flux_aw.*t.*(4.3925el10./Fflux_aw) .~.2595;
end
% Calculate MD of axial welds
A aw=1.417e-7;
MD_aw=A_ aw*(1-.001718*Tc)*(1+6.13*P_aw.*Mn_aw.”2.471) .*sqrt(fluence_e_a
w);
B_aw=155;
% Calculate effective Cu content of axial welds
for nl=1:length(Ni_aw)
if Ni_aw(nl)<0.5
Max_Cue_aw(nl1)=0.370;
elseif Ni_aw(n1)>0.75
Max_Cue_aw(nl1)=0.301;
else
Max_Cue_aw(nl1l)=0.2435;
end
if Cu_aw(nl)<=.072
Cue_aw(n1)=0;
else
Cue_aw(nl)=min(Cu_aw(nl) ,Max_Cue_aw(nl));
end
% Calculate function f of axial welds
if Cu_aw(nl)<=.072
f_aw(nl)=0;
elseif Cu_aw(nl)>.072 & P_aw(nl)<=.008
f_aw(nl)=(Cue_aw(nl)-.072)".6679;
else
f_aw(nl)=(Cue_aw(nl)-.072+1.359*(P_aw(nl)-.008))".6679;
end
% Calculate function g of axial welds

g_aw(n1)=0.5+0.5*tanh((logl0(fluence_e_aw(nl))+1.139*Cue_aw(nl)-.4483*N
i_aw(nl)-18.12025)/0.6287);
CRP_aw(n1)=B_aw*(1+3.769*Ni_aw(n1)"1.191)*f aw(nl)*g_aw(nl);
DRTNDT_aw(nl1)=MD_aw(n1)+CRP_aw(nl);
end
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%69%%%6%6%%%%6%6%% % %6%6%% % %6%%% %6 %6%% % %6%6%% % %6%6%% % %6%6%% % %6%%% %6 %6%% % Y6%6%% % %%6%% % %6%6%% % %% %% %
% Calculate the shift RTNDT of circumferential welds (DRTNDT)
% Input the parameters of circumferential welds
RTNDTu_cw=input(" Input the unirradiated RTNDT of circumferential welds (F):
)
Flux_cw=input(" Input the fast neutron flux on circumferential welds
[n/cm2/sec]™);
Cu_cw=input(" Input the Copper content of circumferential welds (%):
Ni_cw=input(" Input the Nickel content of circumferential welds (%):
P_cw=input(" Input the Phosphorus content of circumferential welds (%):
Mn_cw=input(" Input the Manganese content of circumferential welds (%):
ifT flux_cw>=4.3925e10
fluence_e_cw=Flux_cw.*t;
else
fluence_e_cw=Flux_cw.*t.*(4.3925el10./Flux_cw) ."~.2595;
end
% Calculate MD of circumferential welds
A _cw=1.417e-7;
MD_cw=A_cw*(1-.001718*Tc)*(1+6.13*P_cw.*Mn_cw.”2.471) .*sqrt(fluence_e _c
w);
B_cw=155;
% Calculate effective Cu content of circumferential welds
for n2=1:length(Ni_cw)
if Ni_cw(n2)<0.5
Max_Cue_cw(n2)=0.370;
elseif Ni_cw(n2)>0.75
Max_Cue_cw(n2)=0.301;
else
Max_Cue_cw(n2)=0.2435;
end
if Cu_cw(n2)<=.072
Cue_cw(n2)=0;
else
Cue_cw(n2)=min(Cu_cw(n2) ,Max_Cue_cw(n2));
end
% Calculate function f of axial welds
if Cu_cw(n2)<=.072
f_cw(n2)=0;
elseif Cu_cw(n2)>.072 & P_cw(n2)<=.008
f_cw(n2)=(Cue_cw(n2)-.072)".6679;
else
f_cw(n2)=(Cue_cw(n2)-.072+1.359*(P_cw(n2)-.008))".6679;
end
% Calculate function g of axial welds

g_cw(n2)=0.5+0.5*tanh((logl0(fluence_e_cw(n2))+1.139*Cue_cw(n2)-.4483*N

i_cw(n2)-18.12025)/0.6287);
CRP_cw(n2)=B_cw*(1+3.769*Ni_cw(n2)"1.191)*f_cw(n2)*g_cw(n2);
DRTNDT_cw(n2)=MD_cw(n2)+CRP_cw(n2);

end

96%6%%%%%%%%6%6%6%6%6%%%%% %% %% %6%6%6%6%% %% %% %% %%6%6%6%%%% %% %% %% %%6%6%6%6%% %% % % % %% %6%6%6%%% %%

% Calculate the shift RTNDT of plates (DRTNDT)

% Input the parameters of plates

RTNDTu_pl=input(" Input the unirradiated RTNDT of plates (F): *);
flux_pl=input("Input the fast neutron flux on plates [n/cm2/sec]”);
Cu_pl=input("Input the Copper content of plates (%): ");
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Ni_pl=input(" Input the Nickel content of plates (%): );
P_pl=input(" Input the Phosphorus content of plates (%): );
Mn_plI=input(" Input the Manganese content of plates (%): ");
check _pl=input(° Input the manufacturer, for "1" is non-CE, and 2" is CE
vessel: ");
it flux pl>=4.3925e10
fluence_e pl=Flux_pl.*t;
else
fluence_e pl=Flux_pl.*t.*(4.3925el10./Flux_pl) .".2595;
end
% Calculate MD of plates
A pl=1.561le-7;
MD_plI=A pl*(1-.001718*Tc)*(1+6.13*P_pl.*Mn_pl.72.471) .*sqrt(fluence_e p
D;
if check pl-1<=0.5
B pl=102.5;
else
B pl=135.2;
end
% Calculate effective Cu content of plates
for n3=1:length(Ni_pl)
it Ni_pl(n3)<0.5
Max_Cue_pl(n3)=0.370;
elseif Ni_pl(n3)>0.75
Max_Cue_pl(n3)=0.301;
else
Max_Cue_pl(n3)=0.2435;
end
if Cu_pl(n3)<=.072
Cue_pl(n3)=0;
else
Cue_pl(n3)=min(Cu_pl(n3),Max_Cue_pl(n3));
end
% Calculate function T of plates
if Cu_pl(n3)<=.072
f pl(n3)=0;
elseif Cu pl(n3)>.072 & P_pl(n3)<=.008
f pl(n3)=(Cue_pl(n3)-.072)".6679;
else
f _pl(n3)=(Cue_pl(n3)-.072+1.359*(P_pl(n3)-.008))".6679;
end
% Calculate function g of axial welds

g_pl(n3)=0.5+0.5*tanh((log10(fluence_e_pl(n3))+1.139*Cue_pl(n3)-.4483*N
i_pl(n3)-18.12025)/0.6287);
CRP_plI(n3)=B_pI*(1+3.769*Ni_pl(n3)"1.191)*Ff pl(n3)*g_pl(n3);
DRTNDT_p1(n3)=MD_pI1(n3)+CRP_pl1(n3);
end
%69%%%6%6%%%%6%6%%%%6%%% % %%%% % %6%% % %%6%% % %6%6%% % %%6%% % %%% % % %% %% %6%6%% % %%6%% % %%6% %% %% %% %

% Calculate the shift RTNDT of forgings (DRTNDT)

% Input the parameters of forgings

RTNDTu_fo=input(" Input the unirradiated RTNDT of forgings (F): ");
Flux_fo=input(" Input the fast neutron flux on forgings [n/cm2/sec]”);
Cu_fo=input(" Input the Copper content of forgings (%): ;s
Ni_fo=input(" Input the Nickel content of forgings (%): ;
P_fo=input(" Input the Phosphorus content of forgings (%): s
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Mn_fo=input(" Input the Manganese content of forgings (%): ");
ifT flux _fo>=4.3925e10
fluence_e_fo=Flux_fo.*t;
else
fluence_e_ fo=Flux_fo.*t.*(4.3925el10./Flux_fo).".2595;
end
% Calculate MD of forgings
A fo=1.14-7;
MD_fo=A fo*(1-.001718*Tc)*(1+6.13*P_fo.*Mn_Ffo.72.471) .*sqrt(Fluence_e_ F
0);
B_f0=102.3;
% Calculate effective Cu content of forgings
for n4=1:length(Ni_fo)
if Ni_fo(n4)<0.5
Max_Cue_fo(n4)=0.370;
elseif Ni_fo(n4)>0.75
Max_Cue_fo(n4)=0.301;
else
Max_Cue_To(n4)=0.2435;
end
if Cu_fo(n4)<=.072
Cue_fo(n4)=0;
else
Cue_fo(n4)=min(Cu_fo(n4) ,Max_Cue_fo(n4));
end
% Calculate function T of forgings
if Cu_fo(nd4)<=.072
f fo(n4)=0;
elseif Cu_fo(n4)>.072 & P_fo(n4)<=.008
f_fo(n4)=(Cue_fo(n4)-.072)".6679;
else
f _fo(n4)=(Cue_fo(n4)-.072+1.359*(P_fo(n4)-.008))".6679;
end
% Calculate function g of forgings

g_Tfo(n4)=0.5+0.5*tanh((log10(fluence_e_fo(n4))+1.139*Cue_fo(n4)-.4483*N
i_fo(n4)-18.12025)/0.6287);
CRP_fo(n4)=B_fo*(1+3.769*Ni_To(n4)"1.191)*Ff fo(n4)*g_fo(n4);
DRTNDT_fo(n4)=MD_fo(n4)+CRP_fo(n4);
end
96%6%%%%%%%%6%6%6%6%6%%% %% %% %% %6%6%6%6%6%% %% % %% % %6%6%6%%6%% %% %% %% %6%6%6%6%%% %% % % % %% %6%6%6%%% %%

RT_max_aw=max([max(RTNDTu_aw+DRTNDT_aw) ,max(RTNDTu_pl+DRTNDT_pl1)1)
RT_max_cw=max([max(RTNDTu_cw+DRTNDT_cw) ,max(RTNDTu_pl+DRTNDT_pl) ,max(RT
NDTu_fo+DRTNDT_fo)])

RT_max_pl=max(RTNDTu_pI+DRTNDT_pl)

RT_max_fo=max(RTNDTu_fo+DRTNDT_fo)
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* ALL RECORDS WITH AN ASTERISK(*) IN COLUMN 1 ARE COMMENT ONLY *
st sieosteste stttk sioskoioskoskoskolostokosiokoiokolkokolostoloioloskololotoloiolokoloiotolotolokoloioloiolosiololokoloioloioloiotolokoloetolosiololotoloioloetoloiololotolokolosioloioloekololokokoeioloeioloiotokokokoeiokoiokookok
* FAVPEM file -BWR - Chinshan Unit 1 - 32 EFPY
* *
* *
* Control Record CNTI *
* *
L o L o e - *
* NSIM = NUMBER OF RPV SIMULATIONS *
L o e o o o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e 2 *
IPFLAW = FLAW POPULATION MODEL
TPFLAW = 1 Identical to previous version of FAVOR - primarily for cooldown transients.

All Surface flaws (in surface flaw characterizatiuon file) will be inner surface
breaking flaws. Only those embedded flaws (in weld and plate flaw characterization
files) in the inner 3/8 of the RPV wall thickness would be included in the model.

TPFLAW =2 Similar to previous version of FAVOR-HT - primarily for heat-up transients.
All surface breaking flaws (in surface flaw characterization file) would be
external surface breaking flaws. Only those embedded flaws in the outer 3/8 of the
RPV wall thickness would be included in the model.

[PFLAW

I
[O8)

The number of postulated surface breaking flaws (in surface flaw characterization
file) would be double that of options 1 and 2; evenly divided between internal
and external surface breaking flaws. All of the embedded flaws uniformly
distributed through the RPV wall thickness would be included in the model.

See Theory Manual for further discussion.

TR O K KK K K KK K K XK K KKK KK KX X
RO K K XX K K XK KK XX KK KX K K XXX

B L o o e o o o e e e e e e e e e e e e e e e e e e e e e e - *
* WPS_OPTION = O DO NOT INCLUDE WARM-PRESTRESSING IN ANALYSIS *
*  WPS_OPTION = INCLUDE TRADITIONAL FAVOR BASELINE WARM-PRESTRESSING Model IN ANALYSIS *
*  WPS_OPTION = 2 INCLUDE Conservative Principal WARM-PRESTRESSING MODEL IN ANALYSIS *
* WPS_OPTION =3 INCLUDE Best-Estimate WARM-PRESTRESSING MODEL IN ANALYSIS *
* *
* See Theory Manual for details regarding WARM_PRESTRESS Models *
* Note: Previous Versions of FAVOR prior to the 09.1 included only options O and 1. *
B L o o o o o e o e e e e e e e e e e e e e e e e e e e e e e - *

CHILD_OPTION = 0 DO NOT INCLUDE CHILD SUBREGION REPORTS [-] *

CHILD_OPTION =1 INCLUDE CHILD SUBREGION REPORTS [-]*
* *

RESTART_OPTION = O THIS IS NOT A RESTART CASE [-]
RESTART_OPTION = 1 THIS IS A RESTART CASE (-]

Notes for Control Record CNT1

IN A TYPICAL PEM ANALYSIS, A SUBSTANTIAL FRACTION OF THE TOTAL FLAWS ARE CATEGORY 3 FLAWS IN
PLATE REGIONS. BASED ON EXPERIENCE AND SOME DETERMINISTIC FRACTURE ANALYSES, THESE FLAWS VERY
RARELY CONTRIBUTE TO THE CPI OR CPF WITH THE PLATE FLAW SIZE DISTRIBUTIONS TYPICALLY USED.
THEREFORE, INVOKING IP30PT = 0 CAN RESULT IN A SIGNIFICANT REDUCTION IN EXECUTION TIME WITHOUT
AFFECTING THE SOLUTION, UNLESS THERE ARE UNUSUAL CIRCUMSTANCES SUCH AS A NEW FLAW-SIZE
DISTRIBUTION FOR PLATE FLAWS. IN EITHER CASE, CATEGORY 3 PLATE FLAWS ARE INCLUDED IN ALL REPORTS.

IF IPFLAW = 3; THEN PC3_OPTION AUTOMATICALLY OVER-RIDES AND SETS PC3_OPTION = 1

Notes on Restart Option:

The restart option flag can also be used to control the frequency with which restart files are
created. If RESTART_OPTION is given a value other than O or 1, then the absolute value of this flag
sets the checkpoint interval at which the restart file will be created during the run. For example,

1 .RESTART_OPTION
2.RESTART_OPTION
3.RESTART_OPTION
4 RESTART_OPTION
5.RESTART_OPTION

-200 ==> This is not a restart case; restart files will be created every 200 trials
0 => Same as example No. 1.
200 ==> This is a restart case; restart files will be created every 200 trials.
1 ==> Same as example No. 3
-50 ==? This is not a restart case; restart files will be created every 50 trials.
*

F R K K K XK K K XK K KKK KK KKK KKK KK KKK R
¥R K K K XK K K XK K KR KK K KKK K XK K KR

s sk ek st stesfesfestestesiesi sk sk skl ke ke sk sk stesteste st sk skosi sk sk skt stestestestestestesiskosk sk s skoskosk skttt stoskosiosk skosioskosteostestestesteskostoskoskosk kol skostkokokoskotetotokoskokoioiokosiolokokokokokokokololokoikoiokoskookokok

CNT1 NSIM=300000 IPFLAW=3 IGATR=100  WPS_OPTION=1 PC3_OPTION=0 CHILD_OPTION=1  RESTART_OPTION=500

s sie s skeske sk siesfeskeskeosiosieosk st stk skt steskoskosiosieskstoskok itttk ioioskoskokototoskoskoskokokoskotoskokoskoioieoskoskokokoiokostokokoioiokokokolotokokokolokosiotokolokokoiokokololokokokolokokosiolokolokokokskolkolokoskoRokokok

* *
* Control Record CNT2 *
* *
L o o e o L e o e o e i 2 *
* EMBRITTLEMENT CORRELATION FOR ESTIMATING RADIATION-INDUCED SHIFT IN RTNDT *
* TRTNDT =992 => USE RG 1.99, REV *
* TRTNDT = 2000 ==> USE E2000 *
* TRTNDT = 2006 ==> USE modified E2006 *
* JRINDT = 20071 ==> USE EricksonKirk 2007 *
* TRTNDT = 20072 ==> USE RADAMO *
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* IRTNDT = 20073 ==> USE cOMBINED EricksonKirk 2007 + RADAMO *

B L e o e - *
* TC INITIAL RPV COOLANT TEMPERATURE (applicable only when IRTNDT=2000 or 2006) [F] *
L o e o o o o e e e e e e e e e e e e e e e e e e 2 *
* EFPY = EFFECTIVE FULL-POWER YEARS OF OPERATION [YEARS] *
L o o L o o e - *
* IDT_OPTION = 0 DO NOT INCLUDE DUCTILE TEARING AS A POTENTIAL FRACTURE MODE [-] *
* IDT_OPTION = 1 INCLUDE DUCTILE TEARING AS A POTENTIAL FRACTURE MODE [-]*
L o o e o e e o e e i 2 *
* IDT_INI =0 DO NOT CREATE A LOG OF POTENTIAL DUCTILE TEARING INITIATIONS [-]*
* IDT_INI =1 CREATE A LOG OF POTENTIAL DUCTILE TEARING INITIATIONS [-] *
L o o o e e e e e e e e e e e e e e e e 2 *
* JLONG_OUT = 0 DO NOT CREATE Major-Region ITRAN Files [-] *
* JLONG_OUT =1 CREATE Major-Region ITRAN Files [-1*
* *
* The capability to generate this specific report was requested by Steve Long of NRR *
sk sk s sk sk kst sk skoskoskoskoskosk sk skokosk sk kol sk sk kol sk skolkok sk skotosk sk sioloskoskosiotoskoskosiotosk skl sk koot sk skotkokoskokokoskoskokokoskoskokoskoskokok sk skokoskoskoskokoskoskokokoskoskolkokosk skolokoskoiolokoskokokok skokokoskokoekokskok

CNT2 IRTNDT=2006 TC=556 EFPY=32 IDT OPTION=1 IDT_INI=0 ILONG_OUT=0

s sk sk sk st sfesfestestesiosi sk sk skl ke ke skeskestestesteste sk skosiosk sk skt stestestestestestesiskosk sk sk st skoskoskskestestestestostoskosiosi sk siokostestestestestskostokoskoskosiolkoskoskotokoskotetoetokokoioioiokosiolokokokokolokolologoksiookoskookokok

* *
* Control Record CNT3 *
* *
L o o o o o e o o e e e e e e e e e e e e e e e e e e e e e e e e - *
* FLWSTR = UNIRRADIATED FLOW STRESS USED IN PREDICTING FAILURE BY REMAINING LIGAMENT INSTABILITY  [ksi] *
L o o o o L e o e o e i 2 *
* USKIA = MAXIMUM VALUE ALLOWED FOR KIc or Kla [ksi-in”1/2] *

________________________________________________________________________________________________________ *
* KIa_Model = 1 Use high-constraint KIa model based on CCA specimens [-] *
* KIa_Model = 2 Use KIa model based on CCA + large specimen data [-] *
e o e - *
* LAYER_OPTION = 0 DONOT RESAMPLE PF WHEN ADVANCING INTO NEW WELD LAYER [-1*
* LAYER_OPTION = 1 RESAMPLE PF WHEN ADVANCING INTO NEW WELD LAYER [-]*
L o e o e o e e 2 *
* FAILCR = FRACTION OF WALL THICKNESS FOR VESSEL FAILURE BY THROUGH-WALL CRACK PROPAGATION [-1*
B L o o o o o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e - *
* *
* Notes for Control Record CNT3 *
* *
* If ductile tearing model is included, then the values for USKIA and KIa_Model are ignored. *
* They are automatically set internally to KIa_Model=2 and there is no upper limit on USKIa. *
* If ductile tearing is not included in the analysis (IDT_OPTION = O on CNT1), both the KIa_Model *
* and USKIA are user-specified on CNT3. *
* *
st sieskeseoskesteostoste siosteoioskosiostoteostoloiokoiotolotolostolotoleokololokolotoleokoloiokolokolokolokoloioloiololokoloetoloeioloiotolokoloeioloiololokotokoloekoloiololokolokolokoloioloeiololokokoeioloeloloiolololokoekoloksloiokok

CNT3 FLWSTR=80. USKIA=800. KIa_Model=2 LAYER OPTION=0 FAILCR=0.9

SRR SRR R R SRRRRR SRSR RS R SORSRS R SRSRRRSOR SOR SRS R SRR R R KRR RS R R R s R s R R s R s s R R sk s R sk R s R s Rk Rk ok

* *
* Record GENR *
* *
L o e o e - *
*  SIGFGL = A MULTIPLIER ON THE BEST ESTIMATE OF FLUENCE FOR A GIVEN SUBREGION [-]*
* PRODUCES THE STANDARD DEVIATION FOR THE NORMAL DISTRIBUTION USED TO SAMPLE THE MEAN .
* OF THE LOCAL FLUENCE DISTRIBUTION.

L o e e - *
*  SIGFLC = A MULTIPLIER ON THE SAMPLED MEAN OF THE LOCAL FLUENCE FOR A GIVEN SUBREGION [-] *
* PRODUCES THE STANDARD DEVIATION FOR THE NORMAL DISTRIBUTION USED TO SAMPLE THE LOCAL FLUENCE*
L o o e o L e o e o e e e i 2

* *
* Notes for Record GENR *
* *
* Let "flue" be the best estimate for the subregion neutron fluence at inside surface of the RPV wall. *
*  flue_STDEV_global = SIGFGL*flue *
*  flue_MEAN_local << Normal(flue,flue_STDEV_global) *
*  flue_STDEV_local = SIGFLC*flue MEAN_local *
* flue_local << Normal(flue_MEAN_local,flue_STDEV_local) *
* *
sfeoste kst stttk sioskoioskososkoloskokosiokosiokokokolostolotoloskololotoloiolokoloiololotolokolostoloiokosiololokoloioloioloiotolokoloetoloiololotoloioloetoloiokolotolokolosiolosioloekololokokosioloeioloiotokokokoeiokoeiokookok

GENR SIGFGL=0.118 SIGFLC=0.056
ok K Rk sk ks sk s R ks sk ks sk ok R R
*

Record SIGW

STANDARD DEVIATIONS (STDEV) OF NORMAL DISTRIBUTIONS FOR WELD CHEMISTRY SAMPLING:

WSIGCU = STANDARD DEVIATION FOR COPPER CHEMISTRY SAMPLING IN WELDS [wt%]
WSIGNI = STANDARD DEVIATION FOR NICKEL CHEMISTRY SAMPLING IN WELDS [wt%]
WSIGP = STANDARD DEVIATION FOR PHOSPHOROUS CHEMISTRY SAMPLING IN WELDS [wt%]

Notes for Record SIGW

FOR NICKEL IN WELDS THERE ARE TWO POSSIBILITIES.
(1) FOR HEATS 34B009 AND W5214 (Ni - addition welds)
WSIGNI = 0.162 wt% using a normal distribution.
(2) For other heats, the standard deviation (WSIGNI) shall be sampled from a normal distribution
* with mean equal to 0.029 wt% and standard deviation = 0.0165 wt%
SRRk kR kR R R Rk kR kR R Rk sk kR kR Rk sk sk ks kR sk sk sk sk kR kR sk kR kR Rk skl kRl kR skl kR kR R sk sk k sk sk ok ok

SIGW ~ WSIGCU=0.167  WSIGNI=0.162 WSIGP=0.0013

*
* *
* *
* *
* *
* *
* *
* *
* *
* *
* *
* *
* *
* *
* *
%
*
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st sie s skeske sk siesteskeskeosiostieosk st stk skt steskoskosieosieskskoskok ik stokokosiosiostoskokokotoskoskoskokokoskotoskokoskoioieoskoskokokoiokostolokotoiokokokokotokokokolokoskoiokolokokoeiokokololokokokololokosiolokolokoiokskololokskokoskokok

* *
* Record SIGP *
* *
*  STANDARD DEVIATIONS (STDEV) OF NORMAL DISTRIBUTIONS FOR PLATE CHEMISTRY SAMPLING: *
*  PSIGCU = STANDARD DEVIATION FOR COPPER CHEMISTRY SAMPLING IN PLATES [wt%h] *
*  PSIGNI = STANDARD DEVIATION FOR NICKEL CHEMISTRY SAMPLING IN PLATES [wt%] *
* PSIGP = STANDARD DEVIATION FOR PHOSPHOROUS CHEMISTRY SAMPLING IN PLATES [wth] *
o o o e o L o o e 2 *
* *
* Notes for Record SIGP *
* *
*  RECOMMENDED VALUES ARE: 0.0073, 0.0244, 0.0013 for Cu, Ni, and P, respectively. *

SIGP  PSIGCU=0.0073 ~ PSIGNI=0.0244  PSIGP=0.0013

sk st stestestestestestesiesiesiosioteosteostoskokokoskosiotostokoioiokokololokokokokokokoioioioioiokotolotololokolololoioioioioioiolololololololoioioloeioeiokokolololololololoeloeioioieioioiolololokolololoiololoisioioiolookokok

* *
* Notes for RecordS SIGW and SIGP *
* s
* THE ABOVE DISTRIBUTIONS ARE FOR THE 1ST FLAW POSITIONED IN A PARTICULAR SUBREGION. *
* JF THE CURRENT FLAW IS THE 2ND OR MORE FLAW FOR THIS SUBREGION, THEN FAVPEM WILL USE *
* THE LOCAL VARIABILITY SAMPLING PROTOCOLS PRESENTED IN THE THEORY MANUAL. *
st st st sk st s sk st sk s sk sk st st sk st sk sk st s sk st sie st sk st ke sk sttt st stesteoske sk sieste sk st sieste sk stesieste st st ook st st seoske st sieste st sk sieoste st st st sk st st sk stk sk sieostoske skt sk sttt sk sttt skosiotoskostolotokostololokoskokokoskok
* s
* Record TRAC *
* *
*  ]TRAN = TRANSIENT NUMBER [-] *
*  RPV = RPV SIMULATION [-] *
*  KFLAW = FLAW NUMBER [-]*
*  FLAW_LOG_OPTION = 0 DO NOT CREATE FLAW LOG TABLES [-] *
*  FLAW_LOG_OPTION = 1 DO CREATE FLAW LOG TABLES [-] *
L o o o o e e e o e e e e e e e e e e e e e e e e ES
* *
* Notes for Record TRAC *
* ¢
* THE ABOVE FLAGS IDENTIFY A SPECIFIC TRANSIENT, RPV SIMULATION, AND FLAW NUMBER WHOSE COMPLETE *
* HISTORY WILL BE GIVEN IN THE FILES: "TRACE.OUT" AND "ARREST.OUT" *
* SEE THE USER'S GUIDE FOR DETAILS ON THE CONTENTS OF THESE FILES *
* s
st s st sk sk skeoste sk sk seoske sk skesteoske skt sk sttt stk skt sk sttt sk sttt skttt stttk stosteosteosk sttt sk skostoskeoskostoteoskoskototoskoskotokoskototokoskolokoskokolokoskololokosiololokosiololokoiolokoskololokoslolokokokoiokoskok

TRAC ITRAN=1 IRPV=1 KFLAW=1 FLAW_LOG_OPTION=0

SRR RS R SRR RS R RS R SRR RS R SRR RS R SR SRR RSO SRR RS R R SR R RS R R R R SR R R SR s R RS R sk s Rk R s R s Rk Rk ok

* *
* Record LDQA - This record is only applicable if IQA =1 *
«
* *
* THE LDQA RECORD PROVIDES THE OPPORTUNITY TO CHECK LOAD-RELATED SOLUTIONS *
* SUCH AS TEMPERATURE, STRESSES, AND KI. *
* *
* JQA = 0 == THIS EXECUTION IS NOT FOR LOAD QA [-1*
* JQA =1 ==> THIS EXECUTION IS FOR LOAD QA [-1*
L o e o o o e e e e e e e e e e e e e e e e e e e e e 2 *
* JOPT = 1 ==> GENERATE TIME HISTORY AT SPECIFIC THROUGH WALL LOCATION [-]*
* JOPT = 2 ==> GENERATE THROUGH WALL DISTRIBUTION AT SPECIFIC TIME [-1*
B L o o o o o e o o e e e e e e e e e e e e e e e e e e e e e e e - *
*  JFLOR = 1 ==> FLAW ORIENTATION IS AXIAL [-] *
*  JFLOR = 2 ==> FLAW ORIENTATION IS CIRCUMFERENTIAL [-]*
L e o L o o e - *
*  IWELD = 0 ==> DOES NOT INCLUDE THRU-WALL WELD RESIDUAL STRESS [-]*
* IWELD = 1 ==> DOES INCLUDE THRU-WALL WELD RESIDUAL STRESS [-] *
o o o o o L e o e o e i 2 *
* JKIND = 1 ==> INNER-SURFACE BREAKING FLAW [-1 *
* JKIND = 2 ==> EMBEDDED FLAW [-1*
L o e o o o o o e e e e e e e e e e e e e e e e e e e e e e e e e 2 *
*  XIN IS ONLY USED IF IKIND=2 (EMBEDDED FLAWS) *
* XIN = IF IOPT=1; LOCATION OF INNER CRACK TIP FROM INNER SURF. [IN] *
* XIN = IF IOPT=2; FLAW DEPTH [IN] *
L o e o o o o e e e e e e e e e e e e e e e e e e e e e 2 *
*  XVAR: IF I0PT=1; XVAR=FLAW DEPTH [IN] *
* IF I0PT=2; XVAR=TIME [MIN] *
B L o o e o o e o e e e e e e e e e e e e e e e e e e e e e e e e e - *
*  ASPECT = ASPECT RATIO; FOR SURFACE BREAKING FLAWS: 2,6,10,999 (infin) [-] *
* FOR EMBEDDED FLAWS: ANY VALUE > 0 *
L o L o o e - *
* *
* Notes for Record LDQA *
* *

* 1QA = 0 NO VALIDATION REPORTS WILL BE GENERATED, PEM ANALYSIS WILL BE PERFORMED *
* TOA = 1 LOAD PARAMETERS WILL BE GENERATED FOR VERIFICATION PURPOSES, PEM ANALYSIS WILL NOT BE PERFORMED*

ook ostioo Rk koo R

LDOA I0A=0 IOPT=2 IFLOR=1 IWELD=1 IKIND=1 XIN=2.0 XVAR=50 ASPECT=999

SRRSO SRRSO SRR SR SRR RSO SOR SRR RS R SRRSO SRS RS RS R SRS RS R RS R s R R R s R s R R s R s s R R s s R sk R s ks Rk Rk ok

* *
* Record DTRF *
* s
L e o L o o e - *
*  NT = number of ISQ records that follow [-] *
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* NI = 0 no ISQ records follow *

B L e o e - *
*  FOLLOWING THE DTRF RECORD, THERE SHOULD BE "NT" SUBRECORDS *
L o e o o o o e e e e e e e e e e e e e e e e e e e e e e e 2 *
* ISQ ITRAN= ISEQ= TSTART= TEND= *
L o o L o o e - *
* JTRAN = sequential number in FAVLoad transient stack [-] *
* JSEQ = Thermal Hydraulic trasient sequence number [-1 *
*  TSTART = starting time for FAVPEM analysis [MIN] *
* TEND = ending time for FAVPFM analysis [MIN] *
st sieoskestostesteosteoskosioskoioskosiostolostokosiokosiokokokolostolotoloskokolotoloiolokoloiotolotolokolotoloiokesiololokoloiolotoloiotolotoloeioloiololotoloioloetoloiololotolokolostoloeioloekololokokoeioloeioloiotokookoeiokoiokookok
DIRF NT=0
sk sk sk sk skt sk skskoskoskoskosk sk skokosk sk skt sk skoskok sk skolkok sk skotosk sk kot sk siotosk skoiotosk skl sk skokosk sk koot sk skokoskoskokokoskoskokoskoskokokoskoskokoskoskoskolkosk skokokoskoskolkok sk skolokoskoiolkokoskokokok skokokoskoskokokoskok
* *
* Record WELD *
* *
* NWSUB = NUMBER OF WELD SUBREGIONS [-1*
* NWMAJ = NUMBER OF WELD MAJOR REGIONS [-]*
%

s sk sk st st sfesfestestesisi sk sk skl ke ke sk stk steste st sk siosiosi sk sk sk ke stestestestestestesiskosk sk skt skeoskoskskestestestestesteoskesiosk sk sioslostestestestesteste stk skoskosioskoskoskostokoskotestetotostoekoioskok siolkokokokokokokolololoiorookokoskokok

WELD NWSUB=7  NWMAJ=7

st sie s skeske sk st st skeskeosiosieo sk sk stk skt stttk stokok itttk ioiostoskokototoskoskokokokoskotoskokoskoioieoskoskotokoiokostokokotkoiokokokolotokokokolokoskoiokolokokoeiokokololokokokolokokosiolokolokokokoskokolkokskokokokok

* *
* Record PLAT *
* *
* NPSUB = NUMBER OF PLATE SUBREGIONS [-]*
* NPMAJ = NUMBER OF PLATE MAJOR REGIONS [-] *

%

s sk ek st st st st st stesiesi sk sk skl ke ke sk skt steste st sk skosiosi sk skt stestestestestestesiskosk sk st skoskoskoskestestesteststeskosiosk skosioslostestestestestestostoskoskokosiolkoskoskostokoskotetoetotokoekoioskokosiolkoskokokokokokololokoiorsiokoskokokok

PLAT NPSUB=6 NPMAJ=6

st si s skeske sk siesteskeskeoskoste sk st stk skeste skttt stostokosioskosioskokokosiostoskokototostoskostokokosiotoskokokoioioskoskokolotkoskokokolokoiotokokolokosiotostolokosioiokokokolokokokokokokoskolokolokosioiokokolokosioksiolokoksiokoskokokok

* PLATE/WELD EMBRITTLEMENT / FLAW DISTRIBUTION MAP RECORDS *
sk siostestoskesteostoskeosioskotoskostoskolostokosiokoiotolokolostoloiolokotolokoloiolokoloiotolokoloetoloioloiokotoiolotoloioloiolokotolostoloioloskololotoloeioloekoloiotolokoloeioloeiololokokosiolokokosiolkosiolokoskokosiokosiokoeroioksiokeiok
* Field DESCRIPTION [UNITS] *
B L o o e o o o o o e e e e e e e e e e e e e e e e e 2 *
* (1) RPV subregion number -  parent [-]*
L o o o o e e e e 2 *
* (2) adjacent RPV subregion - 1st child [-] *
B L o o e o o o o o e e e e e e e e e e e e e e e e e 2 *
* (3) adjacent RPV subregion - 2nd child [-]*
L o o o o o e o e o e e e 2 *
* (4) RPV major region number [-]*
L o o e o o o o o e e e e e e e e e e e e e e e e e e 2 *
* (5) best estimate neutron fluence at RPV inside surface [10719 neutrons/cm™2] *
L L o o o o o e o e e et *
* (6) best estimate copper (Cu) content [wt% Cu] *
L o o e o o o o o e e e e e e e e e e e e e e e e e e 2 *
* (7) best estimate nickel (Ni) content [wt% Ni] *
K L o o o o e e o o e e o e e e e e o E3
* (8) best estimate phosphorus (P) content [wt% P] *
L o o e o o o o e e e e e e e e e e e e e e e e e e e e e e 2 *
* (9) best estimate manganese (Mn) content [wt% Mn] *
L o o e o o o e e *
* (10) product form flags for DT30 shift correlation *
* %
* Welds : set distribution for sampling standard *
* deviation for Ni content in welds *
* =1 use normal distribution [-] *
* = 2 use Weibull distribution [-] *
* Plates: *
* CE = 1 (if IRTNDT=2000 then set B = 206) [-] *
* Not CE = 2 (if IRTNDT=2000 then set B = 156) [-] *
* where CE is a Combustion Engineering vessel *
L o o e o o o o e e e e e e e e e e e e e e e 2 *
* (11) copper saturation flag = 0 for plates and forgings [-] *
* =1 for Linde 80 and Linde 0091 weld fluxes *
* =2 for all weld fluxes other than L80, L0091, and L1092 *
* = 3 for Linde 1092 weld flux *
* N.B.: *
* for IRTNDT = 2000 *
* maximum value of copper content (copper saturation) *
* = 0.25 for Linde 80 and = 0.305 for all others *
* for IRINDT = 2006 *
* maximum value of copper content (copper saturation) *
* = 0.37 for Ni < 0.5 wt% *
* = 0.2435 for 0.5 <= Ni <= 0.75 wt% *
* = 0.301 for Ni > 0.75 wt% (all welds with Linde 1092 weld flux) *
* *
L o o e o o o o o e e e e e e e e e e e e e e e e e e 2 *
* (12) unirradiated best estimate (mean) for RTINDTO [F] *
L o o o o o e e et *
* (13) unirradiated standard deviation for RTNDTO [F] *
L o o e o o o o o e e e e e e e e e e e e e e e e e e 2 *
* (14) PF flag Product Form CF Override *
K e e i i e a2 *
* =11 weld no (-1*
* =12 weld yes [-] *
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* =21 plate no [-]*
* =22 plate yes [-]*
* =31 forging NA [-]*
L o o e o o o o o e e e e e e e e e e e e e 2 *
* (15) angle of subregion element [degrees] *
__________________________________________________________________________________________________________ *
* (16) axial height of subregion element: [inches] *
__________________________________________________________________________________________________________ *
* (17) weld fusion area: [inches”2] *
__________________________________________________________________________________________________________ *
* (18) weld orientation: 1 ===> axial; 2===> circumferential [-] *
L o o e o o o o o e e e e e e e e e e e e e e e 2 *
* (19) chemistry factor override [-] *
L o e e *
f (20) unirradiated upper shelf CVN engergy [ft-1bf] *
* Notes: *
* *
* 1. Fields 1-4 : contain RPV beltline discretization and connectivity data for weld fusion line *
* 2. Fields 5-20 : contain RPV beltline embrittlement-related data *
* 3. Field 13 : PF means Product Form *
* 4. Field 13 : CF means chemistry factor override *
* 5. Field 18 : only applies to weld subregions. For plates set to 0. *
* 6. Field 20 : applicable only if IRTNDT=2000 on CNT2 and Field 13 = 12 or 22 *
* *
st siosteste skt stk sioskotoskostosioleostokosiokosiotolkokolostoloiolosiotolokoloioloiolosiotolotoloeiolokolokotoloiolokoloiololotoloekoloioloiokoskoiolokoloeioloiolokoioloioloeioloekotolokoloioloekoloiotokokokoeloloeiokoiokokeiokooksiokok
* ] 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1819 20
sk s sk sk sk skoske sk skoskoskoskoskosk sk skokosk sk kol sk sk kol sk skolkok sk siolosk sk sioloskoskosiotosk skoiotosk skl sk koot sk koot skokoskoskoskokoskoskoskokoskoskolkosk sk skolkoskoskokok sk kool sk siolokoskoiolokoskokolok skokolkokoskokokoskokokokoskokoskeskok
* Axial welds above the circ weld *

sk siostestoskesteostoskeosioskotoskostoskolostokosiokoiotolokolostoloiolokotolokoloiolokoloiotolokoloetoloioloiokotoiolotoloioloiolokotolostoloioloskololotoloeioloekoloiotolokoloeioloeiololokokosiolokokosiolkosiolokoskokosiokosiokoeroioksiokeiok
00001 00009 00010 1 0.0372 0.180 0.340 0.011 1.200 2 1 -50.0 17.0 11 0.7791 105.475 526.848 1 0 0
00002 00008 00010 2 0.0760 0.180 0.340 0.011 1.200 2 1 -50.0 17.0 11 0.7791 105.475 526.848 1 0 0
00003 00008 00009 3 0.0502 0.180 0.340 0.011 1.200 2 1 -50.0 17.0 11 0.7791 105.475 526.848 1 0 0
st siosteste skt stk siostoioskostosioleostokosiokoiotolkokolostoloioloiotolotolosiolosioloiotolotoloeiolokolootoloiolokoloiokolotolokoloioloiokoioiolokolosioloiolokoiolosioloeioloekoiolokolosioloekoloiotokokokoeioloiokoiokokoiokokokoeiokok
* Axial welds below the circ weld

s sfe s st s st st stk sieskesie sk siesteste stk sieske st sk stk stesteosiesk skestoteosteostosteosteostoskeosiostotostostostoteoskokoiokoskostolostokosiokokokokotolostototokoskotolostolostoloskoloiotoloskolokolokolokokoskokolotolkosioloskokokokokostolkosiokoskokokoskokskokoekok
00004 00012 00013 4 0.0360 0.180 0.390 0.010 1.150 2 1 -50.0 17.0 11 0.7791 42.875 214.161'1 0 0
00005 00011 00013 5 0.0254 0.180 0.390 0.010 1.150 2 1 -50.0 17.0 11 0.7791 42.875 214.161'1 0 0
00006 00011 00012 6 0.0447 0.180 0.390 0.010 1.150 2 1 -50.0 17.0 11 0.7791 42.875 214.161'1 0 0
sfesfe s st s st st stk sieskesie sk siesteste stk sieske st stk steot stttk skesteoteosteost stk stoskeosiestotostotostokeoskokotoskoiostolostokosiokolokosiotoloskokoiokoskotolotolosiolokokoiotolostolokolokokolokokosioloekolkoiotokokokoskolokokoiokoskekokoeskokskokoek
* 1 1
**giii*zg*g**************************************************************************************************
00007 00010 00013 7 0.0507 0.180 0.390 0.010 1.150 2 1 -50.0 17.0 11 360.00 1.2500 3252.141 2 0 0
sfesfe s st s st st stk sieskesie sk siesteste stk sieske st sk stk stttk sieostoteosteostosteosteostosteoiestotostosteostokoskokotoskosieostotostokosiototokoskotolostoloiokoskotolostolostolokokoiotolostolokolokokolokokosiolokoloiolokokokoskolokokosiokoskokokoekoksiokoek
* Lower Intermediate Shell Plates (above Circ weld)

st siostestoskesteosteosk siostotoskoskosiolostokosiokoiotolkokolostoloiokoiotolokolosiolokoloiotolotoloeiolokolootoloiolokoloiololotoloekoloioloiolosioiolokolosioloiolokotolostoloeioloekoiolokolosioloekoloiolokoiokoeioloiokoiokokoiokokokoeiokok
00008 00008 00008 8 0.0760 0.130 0.540 0.010 1.430 1 0 8.0 17.0 21 119.221 105.475 0.0000 0 0 0
00009 00009 00009 9 0.0760 0.180 0.560 0.009 1.430 1 0 10.0 17.0 21 119.221 105.475 0.0000 0 0 0
00010 00010 00010 10 0.0760 0.180 0.610 0.016 1.480 1 O 0.00 17.0 21 119.221 105.475 0.0000 0 0 0O
st siosteste skt stk sioskotoskostosiolostokosiokoiototokolostoloioleskotolotolotolokoloiotolotoloeiolokoloiokoloiolokoloioloiotokokolotoloioloskololotoloeioloekoloiotolokoloekoloeiolokokolkoiolokolkosiolkoiolokoskokosiokoeiokoekoloksioksiokoekok
* Lower Shell Plates (below Circ weld)

sfesfe s st s st st st st sieskesie sk siesteste stk sieske st skt stk stttk sieostoteosteost stk stoskeosiestotostostestoteoskokotoskosiostotostokosiokotokosiotolostokoiokoskotolostolosioloskokoiotolostolotolokokolokolkostolokoloiotokokokostolokokoiokoskekokokokskokoek
00011 00011 00011 11 0.0760 0.160 0.590 0.013 1.380 1 0O 30.0 17.0 21 119.221 42.875 0.00000 0 O
00012 00012 00012 12 0.0760 0.220 0.560 0.013 1.380 1 0O 0.00 17.0 21 119.221 42.875 0.00000 0 O
00013 00013 00013 13 0.0760 0.180 0.530 0.013 1.450 1 0 0.0 17.0 21 119.221 42.875 0.000000 0 O

koot ok koot END OF EMBRTTTLEMENT. MAD 3% 3% s sttt sl st s el sttt s ool st s it
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Tablel Deterministic minimization of Chinshan Unit 1 for cool-down transients

EFPY Criteria Rate (°F/hr) Aspect ratio | WPS_option=0 | WPS_option=1 | WPS_option=2
Cool-down 32 2 No value No value No value
Transient 50 6 202.62 202.65 202.65
10 183.11 183.39 183.39
999 195.98 196.13 196.13
2 No value No value No value
ASME B&PV . 6 189.58 189.98 189.98
Appendix G 10 173.48 174.10 174.10
999 184.32 184.83 184.83
2 No value No value No value
100 6 179.00 179.82 179.82
10 162.71 166.18 166.18
999 174.63 175.55 175.55
Risk-informed 2 No value No value No value
50 6 271.80 272.36 272.36
10 155.56 245.89 155.56
999 192.85 263.93 192.85
2 No value No value No value
. 6 190.36 255.30 190.36
10 140.80 235.29 140.80
999 164.58 249.36 164.58
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No value No value No value
163.81 244.24 163.81
100 10 130.14 227.87 130.14
999 148.01 239.63 148.01
60 2 No value No value No value
6 231.84 231.84 231.84
>0 10 210.07 210.07 210.07
999 224.67 224.67 224.67
2 No value No value No value
ASME B&PV 25 6 216.67 216.55 216.55
Appendix G 10 199.22 199.22 199.22
999 211.13 211.13 211.13
2 No value No value No value
100 6 205.68 205.68 205.68
10 191.07 191.07 191.07
999 201.29 201.29 201.29
Risk-informed 2 No value No value No value
50 6 306.32 306.32 306.32
10 274.28 274.28 159.94
999 296.25 296.25 203.10
75 2 No value No value No value
6 284.44 284.44 220.27
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10 261.69 261.69 144.00
999 277.92 277.92 169.87
2 No value No value No value
100 6 271.30 271.30 169.15
10 253.41 253.41 132.72
999 266.49 266.49 151.70
Table2 Deterministic minimization of Chinshan Unit 1 for heat-up transients
WPS_option=0 WPS_option=1 WPS_option=2
EFPY | Criteria Rate Asp_ect . external ) external i external
(°F/hr)| ratio | internal - - internal - - internal - -
Cir. Axial Cir. Axial Cir. Axial
Heat-up 32 ASME No value|No value|No value No value |No value|No value|No value|No value No value
Transient B&PV 5 No value|No value|No value No value |No value|No value|No value|No value No value
Appendix 10 272.8 |No value[No value| 272.8 |No value|No value| 272.8 |No value|No value
G 999 |No value|No value| 168.26 |No value|No value| 168.26 |No value|No value| 168.26
2 No value|No value|No value No value|No value|No value|No value|No value No value
25 6 No value|No value|No value No value No value|No value|No value|No value No value
10 |No value|No value|No value|No value|No value No value|No value|No value|No value
999 |No value|No value| 161.75 |No value|No value| 161.75 |No value|No value| 161.75
100 2 No value|No value|No value No value |No value|No value|No value|No value No value
6 No value|No value|No value No value |No value|No value|No value|No value No value
10 |No value|No value|No value|No value |No value No value|No value|No value|No value
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999 |No value|No value| 155.49 |No value|No value| 155.49 |No value|No value| 155.49
2 No value|No value|No value No value|No value|No value|No value|No value No value
50 6 No value|No value|No value No value No value|No value|No value|No value No value
10 191.57 |No value|No value| 191.57 |No value|No value|No value No value|No value
999 |No value|No value| 210.39 |No value|No value| 210.39 |No value|No value| 210.39
2 No value|No value|No value No value No value|No value|No value|No value No value
Risk-infor 25 6 No value|No value|No value No value |No value|No value|No value|No value No value
med 10 191.57 |No value|No value| 191.57 |No value|No value|No value No value|No value
999 |No value|No value| 203.68 |No value|No value| 203.68 |No value|No value| 203.68
2 No value|No value|No value No value |No value|No value|No value|No value No value
100 6 No value|No value|No value No value |No value|No value|No value|No value No value
10 191.57 |No value|No value| 191.57 |No value|No value|No value No value|No value
999 |No value|No value| 197.37 |No value|No value| 197.37 |No value|No value| 197.37
60 ASME 2 No value|No value|No value No value|No value|No value|No value|No value No value
B&PV - 6 No value|No value|No value No value|No value|No value|No value|No value No value
Appendix 10 368.93 |No value|No value| 368.93 |No value|No value| 368.93 |No value|No value
G 999 |No value|No value| 189.67 |No value|No value| 189.67 |No value|No value| 189.67
2 No value|No value|No value No value |No value|No value|No value|No value No value
25 6 No value|No value|No value No value No value|No value|No value|No value No value
10 |No value|No value|No value|No value|No value No value|No value|No value|No value
999 |No value|No value| 182.54 |No value|No value| 182.54 |No value|No value| 182.54
100 2 No value|No value|No value No value |No value|No value|No value|No value No value
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6 No value|No value|No value No value |No value|No value|No value|No value No value
10 |No value|No value|No value|No value No value No value|No value|No value|No value
999 |No value|No value| 176.40 |No value|[No value| 176.40 |No value|No value| 176.40
2 No value|No value|No value No value No value|No value|No value|No value No value
50 6 No value|No value|No value No value |No value|No value|No value|No value No value
10 201.43 [No value|No value| 201.43 |No value|No value|No value|No value|No value
999 |No value|No value| 231.66 |No value|No value| 231.66 |No value|No value| 231.66
2 No value|No value|No value No value |No value|No value|No value|No value No value
Risk-infor 6 No value|No value|No value No value |No value|No value|No value|No value No value
med & 10 201.43 |No value Nz;/al 201.43 [No value No value|No value|No value|No value
999 |No value|No value| 224.98 |No value|No value| 224.98 |No value|No value| 224.98
2 No value|No value|No value No value |No value|No value|No value|No value No value
100 6 No value|No value|No value No value |No value|No value|No value|No value No value
10 201.43 [No value|No value| 201.43 |No value|No value|No value|No value|No value
999 |No value|No value| 218.60 |No value|[No value| 218.60 |No value|No value| 218.60
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Fig.1 Applied K, and ak,c of 75 °F/hr cool-down transient for 32 EFPY Chinshan Unit 1 per code and risk-informed, respectively

(aspect ratio = 6)
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Fig.2 Applied K, and ak,c of 75 °F/hr cool-down transient for 60 EFPY Chinshan Unit 1 per code and risk-informed, respectively
(aspect ratio = 6)
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Fig.3 Applied K, and ak,c of 100 °F/hr heat-up transient for 32 and 60 EFPY Chinshan Unit 1 per code and risk-informed, respectively
(aspect ratio = inf.)
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REVIEW OF THE DERIVATION OF THE NEW PRESSURIZED THERMAL SHOCK
SCREENING CRITERIAYW

Terry Dickson tyd@ornl.gov and Shengjun Yin (sy5@ornl.gov)
Computational Science and Engineering Division
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Office of Nuclear Regulatory Research, United States Nuclear Regulatory Commission, Rockville, MD, USA

Hsuing-Wei Chou (hwchou@iner.gov.tw)
Institute of Nuclear Energy Research (INER)
Taiwan , R.O.C.

As a result of a multi-year, multi-disciplinary effort on the part of the United States Nuclear
Regulatory Commission (USNRC), its contractors, and the nuclear industry, a technical basis was
established to support a relaxation to the pressurized thermal shock (PTS) regulations, previously
derived in the 1980s. The new relaxed rule provides alternative screening criteria as specified in 10
CFR 50.61(a).

Such a relaxation is having and will continue to have profound favorable implications for current and
future nuclear plant license extension considerations. The relaxed regulations will not prevent any of
the 67 domestic commercial pressurized water reactor (PWRs) from being relicensed for an additional
20 years (from 40 to 60 years). Subsequently, regulators are now considering researching the
feasibility of future license extensions from 60 to 80 years.

Many papers and reports have been published regarding the many and various analyses and results;
however, little has been published regarding how the results of these analyses were applied in the
derivation of the more relaxed alternative PTS screening criteria.

The objective of this paper is to review a non-trivial sequence of mathematical operations performed
on the results of these analysis results to derive the new relaxed alternative PTS screening criteria.
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PFM Analysis Results for Taiwanese BWR
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32 96.17 | 88.07 | 72.32 11 |Plate-11| 0.076 0.160 0.590 0.013 1.380 30
60 116.83 | 109.77 | 94.26 11 |Plate-11| 0.076 0.160 0.590 0.013 1.380 30
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Table P1 - Integrated Results for CPl ean

Table P2 — Integrated Results for CPFean

Table PC3 - Surface Breaking Flaws subjected to cool-down transients

Table PC4 — Embedded Flaws subjected to cool-down transients

Table PC5 — Allocation of risk for surface breaking flaws subjected to cool-down transients
Table PC6 — Allocation of risk for embedded flaws subjected to cool-down transients
Table PH7 - Surface Breaking Flaws subjected to heat-up transients

Table PH8 - Embedded flaws subjected to heat-up transients

Table PH9 — Allocation of risk for surface breaking flaws subjected to heat-up transients

(10) Table PH10 — Allocation of risk for embedded flaws subjected to heat-up transients
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Table P1 - Integrated Results for CPl ., for Taiwanese BWR

Plant | EFPY | rate Prt_assu_re 0oL don Total riee Total Total Total Total %
derivation SB Embedded Cooldown SB Embedded Heatup embedded SB CPlyean | SB
TW 32 50 Code 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0
TW 32 50 industry 0.00e0 0.00e0 0.00e0 0.00e0 3.31e-13 3.31e-13 3.31e-13 0.00e0 | 3.31e-13 0
TW 32 75 Code 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0
TW 32 75 industry 0.00e0 0.00e0 0.00e0 0.00e0 3.31e-13 3.31e-13 3.31e-13 0.00e0 | 3.31e-13 0
TW 32 100 Code 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0
TW 32 100 industry 0.00e0 0.00e0 0.00e0 0.00e0 3.31e-13 3.31e-13 3.31e-13 0.00e0 | 3.31e-13 0
TW 60 50 Code 0.00e0 0.00e0 0.00e0 2.23e-13 9.27e-10 9.27e-10 0.27e-10 | 2.23e-13 | 9.27e-10 | 0.024
T™W 60 50 industry 9.58e-14 0.00e0 9.58e-14 0.00e0 2.28e-9 2.28e-9 2.28e-9 9.58e-14 2.28e-9 0.004
TW 60 75 Code 0.00e0 0.00e0 0.00e0 3.29e-12 1.28e-9 1.28e-9 1.28e-9 3.29-12 | 1.28¢e-9 | 0.256
TW 60 75 industry 3.12e-12 0.00e0 3.12e-12 0.00e0 2.48e-9 2.48e-9 2.48e-9 3.12e-12 2.48e-9 0.126
T™W 60 100 Code 0.00e0 0.00e0 0.00e0 1.47e-11 2.51e-9 2.52e-9 2.51e-9 1.47e-11 2.52e-9 0.582
W 60 100 industry 2.44e-11 0.00e0 2.44e-11 0.00e0 2.56e-9 2.56e-9 2.56e-9 2.44e-11 2.58e-9 0.937
Table P2 — Integrated Results for CPF,,.., for Taiwanese BWR
plant | EEPY | rate Pressure Cool-down Heat-up Total Total Total %
derivation Totl Totl embedded SB CPFean SB
SB Embedded SB Embedded
Cooldown Heat-up
TW 32 50 Code 0.00e0 0.00e0 0.00e0 | 0.00e0 | 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0
TW 32 50 industry | 0.00e0 0.00e0 0.00e0 | 0.00e0 | 3.31e-13 | 3.31e-13 | 3.31e-13 | 0.00e0 | 3.31e-13 0
TW 32 75 Code 0.00e0 0.00e0 0.00e0 | 0.00e0 | 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0
TW 32 75 industry | 0.00e0 0.00e0 0.00e0 | 0.00e0 | 3.31e-13 | 3.31e-13 | 3.31e-13 | 0.00e0 | 3.31e-13 0
TW 32 100 Code 0.00e0 0.00e0 0.00e0 | 0.00e0 | 0.00e0 0.00e0 0.00e0 0.00e0 0.00e0 0
TW 32 100 | industry | 0.00e0 0.00e0 0.00e0 | 0.00e0 | 3.31e-13 | 3.31e-13 | 3.31e-13 | 0.00e0 | 3.31e-13 0
TW 60 50 Code 0.00e0 0.00e0 0.00e0 | 0.00e0 | 4.76e-10 | 4.76e-10 | 4.76e-10 | 0.00e0 | 4.76e-10 0
TW | 60 |50 | industry | %0° | 0.00e0 | 340e-14 |[0.00e0 | 182e-9 | 1.82e-9 | 1829 |3.40e-14 | 182e9 | 0.002
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TW | 60 | 75 | Code | 0.00e0 | 0.00e0 | 000e0 | 0.0060 | 1.34e-10 | 1.34e-10 | 1.34e-10 | 0.00e0 | 1.34e-10 | O
TW | 60 |75 | industry | “05% | 0.00e0 | 108e-12 [0.00e0 | 182e-9 | 182e-9 | 1829 | 1.08e-12 | 182e9 | 0.059
TW | 60 | 100 | Code | 0.00e0 | 0.00e0 | 0.00e0 | 0.000 | 2.22e-11 | 2.22e-11 | 2.22e-11 | 0.00e0 | 2.226-11 | 0O
TW | 60 | 100 | industry | ®95% | 000e0 | 8.46e-12 | 000e0 | 18209 | 1829 | 18209 |B8d6e-12 | 1839 | 0.46

Table PC3- Taiwanese BWR: Surface Breaking Flaws subjected to cool-down transients

I]Lan%':gt Plant | EFPY | Type | rate dF;rr(ie\i:gifn Pmin | APMIin | Atinitiar | A(Atiniia)) | CPImean | CPFmean | time
7 TW 32 CD | 50 Code 0.545 485 0.00e0 0.00e0
10 TW 32 CD | 50 | industry |0.749 | 0.204 | 425 60 0.00e0 0.00e0
8 TW 32 CD | 75 Code 0.541 325 0.00e0 0.00e0
11 TW 32 CD | 75 | industry |0.722 | 0.185 | 284 41 0.00e0 0.00e0
9 TW 32 CD | 100 Code 0.537 245 0.00e0 0.00e0
12 TW 32 CD | 100 | industry |0.696 | 0.159 | 213 32 0.00e0 0.00e0
7 TW 60 CD | 50 Code 0.478 459 0.00e0 0.00e0
10 TW 60 CD | 50 | industry |0.733 | 0.255 | 399 60 9.58e-14 | 3.40e-14
8 TW 60 CD | 75 Code 0.470 308 0.00e0 0.00e0
11 TW 60 CD | 75 | industry |0.706 | 0.236 | 266 42 3.12e-12 | 1.08e-12
9 TW 60 CD | 100 Code 0.463 232 0.00e0 0.00e0
12 TW 60 CD | 100 | industry |0.679 | 0.216 | 200 32 2.44e-11 | 8.46e-12
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Table PC4 —-Taiwanese BWR Embedded Flaws subjected to cool-down transients

I]Largzlsgt Plant | EFPY Type rate dl:;:?\slz_tllfn Pmin | APmIn | Atinitial A(Atinitial) CPlmean | CPFmean time
7 TW 32 CD 50 Code 0.545 485 0.00e0 | 0.00e0
10 T™W 32 CD 50 industry | 0.749 | 0.204 425 60 0.00e0 | 0.00e0
8 TW 32 CD 75 Code 0.541 325 0.00e0 | 0.00e0
11 TW 32 CD 75 industry | 0.722 | 0.185 284 41 0.00e0 | 0.00e0
9 TW 32 CD | 100 Code 0.537 245 0.00e0 | 0.00e0
12 T™W 32 CD | 100 industry | 0.696 | 0.159 213 32 0.00e0 | 0.00e0
7 TW 60 CD 50 Code 0.478 459 0.00e0 | 0.00e0
10 TW 60 CD 50 industry | 0.733 | 0.255 399 60 0.00e0 | 0.00e0
8 TW 60 CD 75 Code 0.470 308 0.00e0 | 0.00e0
11 TW 60 CD 75 industry | 0.706 | 0.236 266 42 0.00e0 | 0.00e0
9 TW 60 CD | 100 Code 0.463 232 0.00e0 | 0.00e0
12 T™W 60 CD | 100 industry | 0.679 | 0.216 200 32 0.00e0 | 0.00e0

Table PC5 — Allocation of risk for surface breaking flaws subjected to cool-down transients

CPImean allocation CPFmean allocation
i 0
Transient | it | EFPY | rate | Pressure | %CPl | %cPl | 2 CPU 1 oocpr | wcPF | % CPF | %CPF | % CPF
numbers derivati @ @ | weld .
erivation | Internal*” | external plate internal | external | weld plate
7 ™ 32 50 Code - - - - - - - -
10 TW 32 50 industry - - - - - - - -
8 TW 32 75 Code - - - - - - - -
11 W 32 75 industry - - - - - - - -
9 T™W 32 100 Code - - - - - - - -
12 TW 32 100 | industry - - - - - - - -
7 W 60 50 Code - - - - - - - -
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10 TW 60 50 industry 100 0 100 0 100 0 100 0
8 TW 60 75 Code - - - - - - - -
11 TW 60 75 industry 100 0 100 0 100 0 100 0
9 TW 60 100 Code - - - - - - - -
12 T™W 60 100 industry 100 0 100 0 100 0 100 0
(1) Internal surface breaking flaws
(2) External surface breaking flaws
Table PC6 — Allocation of risk for embedded flaws subjected to cool-down transients
CPImean allocation CPFmean allocation
i 0,
Transient | oyt | EFPY | rate | Pressure | %cPl | wcpl | PSPl oscpi | wepE | wcPE | % CPF | %cCPF
numbers derivati : ) @ | weld .
erivation | internal*” | external plate internal | external | weld plate
7 TW 32 50 Code - - - - - - - -
10 TW 32 50 industry - - - - - - - -
8 TW 32 75 Code - - - - - - - -
11 W 32 75 industry - - - - - - - -
9 T™W 32 100 Code - - - - - - - -
12 TW 32 100 | industry - - - - - - - -
7 TW 60 50 Code - - - - - - - -
10 T™W 60 50 industry - - - - - - - -
8 T™W 60 75 Code - - - - - - - -
11 TW 60 75 industry - - - - - - - -
9 TW 60 100 Code - - - - - - - -
12 TW 60 100 | industry - - - - - - - -

(3) embedded flaws within that half of the vessel thickness nearest the RPV wetted inner surface

(2) embedded flaws within that half of the vessel thickness nearest the RPV outer surface
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Table PH7 —Taiwanese BWR Surface Breaking Flaws subjected to heat-up transients

I]Largi::rnst Plant | EFPY | Type | rate dZﬁithjifn Pstart | APStart | Atsteady | (Alsteady) |  CPImean CPFmean time

7 TW 32 Heat | 50 Code 0.576 102 0.00e0 0.00e0

10 TW 32 Heat | 50 industry | 0.842 | 0.266 154 52 0.00e0 0.00e0

8 TW 32 Heat | 75 Code 0.576 70 0.00e0 0.00e0

11 TW 32 Heat | 75 industry | 0.842 | 0.266 105 35 0.00e0 0.00e0

9 TW 32 Heat | 100 Code 0.576 54 0.00e0 0.00e0

12 TW 32 Heat | 100 | industry | 0.842 | 0.266 80 26 0.00e0 0.00e0

7 TW 60 Heat | 50 Code 0.515 128 0.00e0 0.00e0

10 TW 60 Heat | 50 industry | 0.828 | 0.313 180 52 9.58e-14 | 3.40e-14

8 TW 60 Heat | 75 Code 0.515 88 0.00e0 0.00e0

11 TW 60 Heat | 75 industry | 0.828 | 0.313 122 34 3.12e-12 | 1.08e-12

9 TW 60 Heat | 100 Code 0.515 67 0.00e0 0.00e0

12 TW 60 Heat | 100 industry | 0.828 | 0.313 94 27 2.44e-11 | 8.46e-12

Table PH8 —Taiwanese BWR Embedded flaws subjected to heat-up transients
T]La;&geepst Plant | EFPY | Type | rate dZ:?\izl:iroen Psart | APStart | Atseady | (Atsteasy) | CPImean | CPFmean | time

7 TW 32 Heat | 50 Code 0.576 102 0.00e0 0.00e0

10 TW 32 Heat | 50 industry | 0.842 | 0.266 154 52 3.31e-13 | 3.31e-13

8 TW 32 Heat | 75 Code 0.576 70 0.00e0 0.00e0

11 TW 32 Heat | 75 | industry | 0.842 | 0.266 105 35 3.31e-13 | 3.31e-13

9 TW 32 Heat | 100 Code 0.576 54 0.00e0 0.00e0

12 TW 32 Heat | 100 | industry | 0.842 | 0.266 80 26 3.31e-13 | 3.31e-13
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7 TW 60 Heat | 50 Code 0.515 128 9.27e-10 | 4.76e-10
10 T™W 60 Heat | 50 industry | 0.828 | 0.313 180 52 2.28e-9 1.82e-9
8 T™W 60 Heat | 75 Code 0.515 88 1.28e-9 | 1.34e-10
11 T™W 60 Heat | 75 industry | 0.828 | 0.313 122 34 2.48e-9 1.82e-9
9 T™W 60 Heat | 100 Code 0.515 67 2.51e-9 | 2.22e-11
12 T™W 60 Heat | 100 | industry | 0.828 | 0.313 94 27 2.56e-9 1.82e-9

Table PH9 — Allocation of risk for surface breaking flaws subjected to heat-up transients

Pressure Allocation of CPImean Allocation of CPFmean
Plant | EFPY | rate derivation % % % % % % % %
internal® | external® | weld | plate | internal | external | weld | plate
TW 32 50 Code - - - - - - - -
TW 32 50 industry - - - - - - - -
T™W 32 75 Code - - - - - - - -
TW 32 75 industry - - - - - - - -
TW 32 100 Code - - - - - - - -
TW 32 100 | industry - - - - - - - -
TW 60 50 Code 0 100 100 0 - - - -
TW 60 50 industry - - - - - - - -
T™W 60 75 Code 0 100 100 0 - - - -
TW 60 75 industry - - - - - - - -
T™W 60 100 Code 0 100 100 0 - - - -
TW 60 100 | industry - - - - - - - -

(1) Internal surface breaking flaws
(2) External surface breaking flaws
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Table PH10 — Allocation of risk for embedded flaws subjected to heat-up transients

CPImean allocation

CPFmean allocation(3

i 0,
Transient | pjant | EFPY | rate | Pressure | %cPl | wcpl | 2P| gocpi | % CPE | % CPE | % CPF | 9% CPF
numbers derivati : ) @ | weld .
erivation | internal*” | external plate internal | external | weld plate

7 T™W 32 50 Code - - - - - -
10 T™W 32 50 industry 100 0 100 0 100 0
8 T™W 32 75 Code - - - - - -
11 ™ 32 75 industry 100 0 100 0 100 0
9 ™ 32 100 Code - - - - - -
12 W 32 100 | industry 100 0 100 0 100 0
7 T™W 60 50 Code 56.78 43.22 100 0 100 0
10 ™ 60 50 industry 80.1 19.9 100 0 100 0
8 W 60 75 Code 11.37 88.63 100 0 100 0
11 ™ 60 75 industry 73.56 26.44 100 0 100 0
9 ™ 60 100 Code 0.92 99.08 100 0 100 0
12 ™ 60 100 | industry 73.13 28.87 100 0 100 0

(1) embedded flaws within that half of the vessel thickness nearest the RPV wetted inner surface
(2) embedded flaws within that half of the vessel thickness nearest the RPV outer surface
(3) currently not able to propagate flaw from outer surface to inner surface
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