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Fuzzy uncertainty modeling applied to AP1000 NPP LOCA 
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This report presents an uncertainty modeling study 

using a fuzzy approach applied to the Westinghouse 

advanced nuclear reactor. The AP1000 

Westinghouse Nuclear Power Plant (NPP) is 

provided of passive safety systems based on thermo 

physics phenomenon that requires no operator 

actions soon after an incident has been detected. 

The use of advanced passive safety systems in NPP 

has a limited operational experience. As it occurs in 

any reliability study, a statistically non-significant 

events report introduces a significant uncertainty 

level about the failure rates and basic events 

probabilities used on the fault tree analysis (FTA). 

In order to modeling this uncertainty, a fuzzy 

approach was applied in a reliability analysis of the 

AP1000 large break Loss of Coolant Accident 

(LOCA). Based on Silva (2005) [1] and Schultz 

(2006) [2], we performed an AP1000 LOCA 

reliability study. 

In the Figure 1, it is showed the general view of the 

operation site of AP1000 plant. In Figure 2, it is 

showed the Safety Injection Passive System and 

Reactor Cooling System. 

 

 

Figure 1.  General view of nuclear site area of 

AP1000 reactor. 

 
In each system also allows us to evaluate the upper 

and lower bound of the fuzzy sets corresponding to 

AI top event, LPI top event,  

 
Figure 2.  Safety Injection Passive System and 

Reactor Cooling System 
 

Table 1. The Systems Fuzzy Sets plus Fuzzy 

LTC top event and the AP100 reactor LOCA fuzzy 

core melt frequency. 

 

The uncertainty evaluation presented here allows us 

to propose the use of this methodology as an 

alternative approach to be applied in probabilistic 

safety assessments, particularly in cases where 

relevant operational data records are not available. 
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System / probability Lower 

bound 

Upper 

bound 

AI top event 

probability 

7.59 E-7 7.59 E-5 

LPI top event 

probability 

9.69 E-13 9.71 E-7 

LTC top event 

probability 

2.21 E-14 5.81 E-9 

Fuzzy core melt 

frequency (CMF) 

by year 

4.69 E-13 9.71 E-7 


