T EH0| Bt AR S| FEAMA
BylZ2 9ol T

Development of Structural Integrity Evaluation Program
for Reactor Vessel under Pressurized Thermal Shock
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Abstract

In this paper, theory of fracture mechanics for the pressurized thermal shock is investigated and nu-
merical procedure for the evaluation of the pressure vessel under pressurized thermal shock is devel-
oped. For the given material properties, transient history such as temperature and pressure, and
postulated flaw, the stress distribution is obtained to calculate stress intensities for a wide range of
assumed crack sizes. The stress intensities are compared with the material fracture toughness values
corresponding to the chemical compositions and the distribution of the nil ductility transition tempera-
ture, to determine the crack growth during the transient, Plant-specific calculations have been
performed for several transients and the evaluation results are discussed.

Keywords : pressurized thermal shock, reactor pressure vessel, structural integrity, critical crack
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Fig.1 Evaluation procedure for pressurized thermal shock
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Table 1" Properties of critical crack depth diagram
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Fig.3 Typical critical crack depth diagram
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Table 2 Significant pressurized thermal shock events

Plant / Vendor

Initiating Event

H. B. Robinson /Westinghouse

4/8/70

steam line break

H. B, Robinson /Westinghouse

1/5/70

stuck open steam generator relief
valve

H. B. Robinson /Westinghouse

5/1/%

reactor coolant pump seal leak

Rancho  Seco/Bobcock &
Wilcox

3/20/78

excessive feedwater transient

TMI 2 /Bobcock & Wilcox

3/8/18

stuck open relief valve on
pressurizer

Prairie Island / Westinghouse

10/2/79

steam generator tube rupture

Crystal River 3/Bobcock &
Wilcox

2/26/80

inadvent opening of a power
operated relief valve

R. E. Ginna / Westinghouse

1/2%/8

steam generator tube rupture

Table 3 Vessel properties of Kori nuclear power plant unit 1

Property Value
Vessel thickness 6.5 inches
Material SA 508 Class 2
Cu content 0.22 weight %
Ni content 0.69 weight %
Initial RTNDT 70 °F

Fluence at EOL

5.6E19 n /cm®
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Table 4 Summary of analysis results for PTS evalvuations

Transient WPS First crack | initiation |Critical crack depth
a/w sec a/w
Rancho Seco w/o| 0.090 1485 0.030
w/ 0.090 1485 0.050
Steam Line Break {w/o| 0.010 15 0.007
w/ 0.010 15 0.007
LOCA w/o| 0.009 15 0.005
w/ 0.009 15 0.005
R. E. Ginna w/o| 0110 2040 0.060
Clw/ | om0 | 2040 0.070
H.B.Robinson |w/o| 0130 2580 0.050
w/ 0.130 2580 0.060
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