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Abstract

In a nuclear power plant, reactor pressure vessel (RPV) is the primary pressure boundary component
that must be protected against failure. The neutron irradiation on RPV in the beltline region, however,
tends to cause localized damage accumulation, leading to crack initiation and propagation which raises
RPV integrity issues. The objective of this paper is to estimate the integrity of RPV under hot leg

leaking accident by applying the finite element analysis.

In this paper, a parametric study was

performed for various crack configurations based on 3-dimensional finite element medels. The crack
configuration, the crack orientation, the crack aspect ratio and the clad thickness were considered in the
parametric study. The effect of these parameters on the maximum allowable nil-ductility transition
reference temperature (R7vpr) was investigated on the basis of finite element analyses.
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Fig. 1 Geometry of the reactor pressure vessel

Table 1 Material properties of base, weld and austenitic cladding

base and weld metal cladding metal
Temf’%rj“‘“re 20 | 100 | 200 | 300 | 350 | 20 | 100 | 200 | 300 | 350
Young’s modulus £ 206 | 199 | 190 | 181 | 172 | 200 | 194 | 186 | 179 | 172
[GPa]

Poisson's ratio » 0.3 0.3 0.3 0.3 0.3 0.3 03 0.3 0.3 03
Thermal conductivity

W /mmK] 444 | 444 | 432 | 418 | 394 | 160 | 16.0 | 16.0 | 17.0 | 18.0

SpeCiﬁ°[h‘;a}q°apac“y 045 | 049 | 052 | 056 | 061 | 05 | 05 | 05 | 054 059

Mean thermal expansxon coeff.
K% 100 103 1110 | 121 | 129 | 135 | 150 | 16.0 | 16.0 | 19.0 | 21.0
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Fig. 3 Pressure in the primary circuit
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Fig. 4 Fluid temperature in the RPV downcomer
near the inside RPV wall
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Fig. 5 Heat transfer coefficient inside the cooling
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Fig. 7 Cooling width in the RPV downcomer

Fig. 8 A typical finite element mesh for 360°
circumferential surface crack
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Fig. 9 A typical finite element mesh for
circumferential surface crack
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Fig. 11 Comparison of SIF for various clad
thicknesses (crack 1)
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Fig. 13 Comparison of SIF for various clad
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Table 2 Summary of the PTS analysis results

@ analysis number
@ crack number Maximum allowable RTvpr ( O)
® crack aspect ratio Ky ma{ MPay m)time(min.)
Qé))clad gckness 3 @ Maximum criteria Tangent criteria
1 1 infinite 6 100.1/21.3 77.95 25.1
2 2 1/3 6 83.70/21.4 121.2 41.42
3 3 173 6 80.90/21.2 123.5 49.24
4 4 173 6 46.47/21.4 167.7 128.6
5 5 1/3 6 34.76/21.1 unlimited unlimited
6 2 1/2 6 75.00/21.2 127.4 51.67
7 2 1 6 54.00/21.2 148.9 93.33
8 3 12 6 72.20/21.1 129.4 58.61
9 3 1 6 51.20/21.2 153.9 106.5
10 1 infinite 4 90.00/20.8 83.82 35.94
11 1 infinite 9 108.5/21.6 75.62 18.00
12 2 1/3 4 78.52/20.9 122.2 51.67
13 2 1/3 9 90.80/21.5 121.9 39.17
14 3 173 4 74.70/20.9 124.6 57.60
15 3 1/3 9 88.30121.5 1233 42.30
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