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ABSTRACT

A probabilistic structural integrity assessment is performed for a reactor pressure vessel under
PTS(Pressurized Thermal Shock). A semi-elliptical finite axial crack is assumed to be in the beltline
region(either base metal or weld meta)l of the reactor vessel inside surface. The selected random
variables are initial crack depth, neutron fluence on the vessel inside surface, copper, nickel, and
phosphorus content of the vessel material, and RT);,». The probabilities of crack initiation or vessel
failure where the crack is propagated through vessel wall are calculated. The probabilities obtained
with random crack size are compared to those obtained with deterministic one. Since the failure
function cannot be explicitly expressed by selected random variables, Monte Carlo Simulation is
applied to perform probabilistic analysis. The influence of the amount of neutron fluence is also
examined to assess the structural reliability for vessel life time.
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Table 1. Influence functions for semi-elliptic and infinitely Jong
longitudinal inner surface crack in a cylinder{6]

a/c a/t io i1 i2 13

1 0 0.657 0.465 0.385 0.338
1 0.1 0.657 0.465 0.385 0.338
0.5 0 0.883 0.569 0.451 0.386
05 0.1 0.883 0.569 0.451 0.386
0 0 1.122 0.683 (.526 (.441
0 0.1 1.176 0.702 0.535 0.446
0 0.2 1.338 0.767 0.572 0.471
0 04 1.959 1.004 0.704 0.558
0 0.6 3.222 1.467 0.955 0.719
0 0.8 5.535 2.297 1.397 0.999
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Figure 1 SBLOCA Transient[6]
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Figure 2 PTS Transient[6]
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Table 2 Mean and Standard Deviation of Random Variables[6]

W01 RTar | o | %5000 | 280 0e
Base o .
metal -20°C 9°C 0.086 0.02
Welds -30°C 16°C 0.120 0.02
2 o - 28D
% phosphorus (P) uneel:li)nﬁn % nickel (Ni) uncertainties
Base
metal 0.0137 0.002 0.72 0.1
Welds 0.0180 0.002 0.17 0.1

Table 3 ART,, Formula and Standard Deviation[6]

Base |mean | ARTygy = [17.3+1537*(P-0.008)+238*(Cu-0.08)+191 *NPCuJ*¢>*

metal {45p  |10°C

mean | ARTyor = [18+823*(P-0.008)+148*(Cu-0.08)+157*Ni*Cu}'¢"*

18D 6°C

ART oy normal distribution truncated between +3SD and -3SD

¢ fluence in vm? divided by 10%; P, Cu, Ni % of phosphorus, copper and nickel

Table 4 Crack Size Distribution(PNNL Distribution)

Flaw
PNNL Dist. | Flaw Depth(mm){ PNNL Dist.
Depth{mm)

2.1336 0.6446 25.7302 1.13E-05
4.2926 0.3037 27.8638 8.41E-06

6.4262 0.0413 30.0228 5.52E-06
8.5852 5.71E-03 32.1564 4 13E-06
10.7188 2.39E~-03 34.29 2.96E-06
12.8524 1.13e-03 36.449 2.2E-06
15.0114 5.40E-04 38.5826 1.46E-06

17.145 2.72E-04 40.7416 1.19E-06

19.304 1.40E-04 42.8752 1E-06
21.4376 7.35E-05 45.0088 7.65E-07
23.5712 3.91E-05 47.1678 4.06E-07
25.7302 1.13E-05 49.3014 2.63E-07
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Figure 6 Ki, Kic, and Crack Tip Temperature for SBLOCA
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Figure 9 Probability of Crack Initiation and Vessel Failure for PTS
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