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1. Introduction 

 
According to regulatory guidelines related to nuclear 

power plant design, safety-related devices of the nuclear 

power plant, including nuclear fuel assemblies, are 

required to evaluate seismic fragility based on a 

probabilistic evaluation methodology [1]. The seismic 

vulnerability of a nuclear fuel assembly and its 

variability directly affect the results of probabilistic 

seismic safety assessment. Since the reactivity control 

by inserting the control rods of the nuclear fuel 

assembly is essential for the safe shutdown of the power 

plant, the probability of failure in fuel assembly should 

be extremely low. In this study, seismic fragility 

assessment of fuel assembly is performed by applying 

the separation of the variable method suggested by 

EPRI [2]. 

 

2. Methods and Results 

 

The separation of variable (SOV) method suggested 

by EPRI [2] is a representative method for performing 

fragility assessment on the SSCs of nuclear power plants. 

The seismic fragility of the nuclear fuel assembly is 

derived based on the experimental and analysis data by 

joint research with KHNP CRI, KEPCO SD, and KNF. 

 

2.1 Failure Modes of Fuel Assembly 

 

The failure mode of the nuclear fuel assembly can be 

divided into categories related to CRDM, fuel assembly, 

pressure vessel, and control rod. In this study, the 

capacity factors are derived based on the results of fuel 

assembly analysis by KEPCO SD [3] and the spacer 

grid impact test by KNF [4]. 

  

Table I: Primary failure modes of the fuel assembly 

Category Failure mode 

CRDM 

Bending of CRD housing 

Failure of housing support 

Deformation/failure of guide tube 

Fuel assembly 
Buckling of spacer grid 

Failure of fuel components 

RPV internals 

Damage at core support 

Damage at shroud support 

Damage at lower support 

Control rod 

insertion time 

delay 

Insertion time limit excess 

 

2.2 Structure Response Factor 

 

In seismic fragility assessments, the structure 

response factor consists of coefficients and variability 

related to spectral shape, maximum horizontal response, 

vertical component response, structure damping, 

structure modeling, mode combination, soil-structure 

interaction, etc. 

In particular, in order to evaluate the conservatism of 

the design ground response spectrum in the process of 

calculating the structure response factor, a site-specific 

response spectrum that can occur at the site is required. 

In most of the fragility assessments conducted in Korea 

in the past, the ground response spectrum provided in 

NUREG/CR-0098 [5] was assumed to be the site-

specific ground response spectrum of the Korean 

Peninsula. However, for actual seismic fragility 

assessment, the site-specific spectrum obtained through 

seismic probabilistic hazard analysis for the site or the 

uniform hazard spectrum should be used. 

The ground response spectrum used in the fragility 

assessment directly affects the spectral shape factor. 

Here, fragility assessment is performed using the CR-

0098 spectrum and the uniform hazard spectrum (UHS) 

prepared for the Uljin site [6]. Through this, it is 

possible to quantitatively derive the conservatism of the 

previously used ground response spectrum and confirm 

the potential seismic performance of the nuclear fuel 

assembly. 

 

 
 

Fig. 1. Ground response spectrum in NUREG/CR-0098 and 

uniform hazard spectrum for Uljin site. 

 

2.3 Equipment Response Factor 
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The equipment response factor consists of 

coefficients and variability related to qualification 

method, equipment damping, equipment modeling, 

mode combination, seismic component combination, etc. 

Equipment response factor and variability are calculated 

according to the procedure presented in EPRI [2] and 

used for fragility assessment. 

 

2.4 Fragility Assessment of Fuel Assembly 

 

 
 

Fig. 2. Fragility curves for the through-grid impact of spacer 

grid in nuclear assembly using CR-0098 and UHS response 

spectrum. 

 

 
 

Fig. 3. Fragility curves for fuel rod in nuclear assembly using 

CR-0098 and UHS response spectrum. 

 

 
 

Fig. 4. Fragility curves for guide tube in nuclear assembly 

using CR-0098 and UHS response spectrum. 

 

Fragility assessment of the nuclear fuel assembly is 

performed according to the procedure described above. 

The seismic fragility is derived considering the failure 

modes for the spacer grid impact and the fuel 

component of the nuclear fuel assembly. 

Figs 2-4 show the fragility curves using CR-0098 and 

UHS response spectrum for the failure modes of spacer 

grid impact, fuel rod, and guide tube, respectively. The 

dominant failure mode is the through-grid impact, and 

the HCLPF is calculated as 0.467 g from the CR-0098 

spectrum and 0.905 g from UHS. It is confirmed that the 

seismic performance could be significantly improved as 

a result of using the uniform hazard spectrum compared 

with the results from the CR-0098 spectrum. The reason 

is that due to the lower spectral acceleration in the low-

frequency range of UHS, the change in the spectral 

shape factor has a major effect on the fragility 

assessment results. 

 

3. Conclusions 

 

In this study, the seismic fragility of nuclear fuel 

assemblies is evaluated. Fragility assessment results are 

derived by considering the spacer grid impact and the 

fuel components. In particular, a higher HCLPF value is 

confirmed in the results using the UHS spectrum. If the 

characteristics of domestic earthquakes, where high-

frequency components are dominant, are considered, it 

is expected that additional seismic margins can be 

derived due to the characteristics of fuel assemblies with 

low natural frequencies. 
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