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Evaluation of Reactor Internals Integrity due to 5.5m Concentric
Free Fall of KSNP+ Reactor Vessel Closure Head

Ihn Namgung, Seung Ha Jeong, Dae Hee Lee and Taek Sang Choi

Key Words :

Elastic—plastic analysis (§r427d 3l A7), Impact analysis (-4 31 4), KSNP+ (7] %3

=

¥ =), Non-linear stress analysis (H] 413 -5-2 &[] 4]), RV Head drop analysis (! A

=us) area),

Abstract

Due to the application of Integrated Head Assembly (IHA) in KSNP+ reactor design, an investigation of
reactor internals integrity is carried out to assure that the adoption of IHA does not affect the safety of reactor
operation. One of the postulated accident events is the R.V. closure head fall from 5.5m high directly above
the reactor vessel that may occur during the refueling operation. The analysis model consists of lumped mass
elements of the entire reactor vessel and internals. Because of extreme load, separate elastic-plastic analyses
are done for the members that undergo plastic deformation. The analysis verified that the stresses of the
reactor internals and the fuel assemblies are within the bound of allowable stress limits and the integrity of the

fuel assemblies is maintained.
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Table 1. Summary of maximum tensile load and

primary membrane stresses
' Max. Primary | Level D
. .| Time . membrane | stress
Comp. |Material tensile load S s
(sec) (ke) stress limit"™,
& (kg/mm?) | (kg/mm?)
Fuel rod | Zircaloy | 0.8834 | 8.764E+6 11.60 67.75
Guide |/ caloy|0.8154| 4.494E+6 |  66.63 67.75
tubes
CSB | 304 SS [0.0191| 1.574E+7 21.08 36.78
UGS | 304 SS |0.0153| 1.719E+7 21.10 36.78
CS | 304SS |0.0254| 9.666E+6 | 21.05 36.78
Table 2. Summary of maximum compressive load and
primary membrane stresses
' Max. Primary | Level D
. .| Time membrane | stress
Comp. |Material comp. load S s
(sec) (ke) stress limit"™,
& (kg/mm?) | (kg/mm?)
Fuel rod | Zircaloy | 0.0326 | -3.289E+7 | -43.53 67.75
Guide |/ aloy0.0224 | -4398E+6 | -65.21 67.75
tubes
CSB | 304 SS [0.0300| -1.806E+7 | -21.06 36.78
UGS | 304SS |0.0786|-1.527E+7 | -18.74 36.78
CS | 304SS |0.0376|-9.668E+6 | -21.06 36.78
0235

(1) USNRC NUREG-0612, "Control of Heavy Loads at
Nuclear Power Plants", August, 1980.
(2) USNRC Regulatory Guide 1.61, "Damping Values
for Seismic Design of Nuclear Power Plants", October

1973.

(3) ANSYS/7.0 finite element analysis software, SAS
Inc., 2002.
(4) YK. Cheung and A.Y.T. Leung, "Finite Element
Methods in Dynamics", Kluwer Academic Publishers,

1991

(5) ASME Boiler and Pressure Vessel Code, Section III,
Divisionl, Appendix F, Rule F-1341.2, 1998
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