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1. Introduction 

 
Safety Analysis is as important as nuclear power 

plants in nuclear fuel cycle facilities that handling 

various chemicals and nuclear materials. However, it 

is not easy to conduct a consistent safety analysis for 

the nuclear fuel cycle facilities with different 

structures, functions and specifications compared to 

standardized nuclear power plants. In this regards, 

the US NRC introduced the Integrated Safety 

Analysis (ISA), a procedure for comprehensive 

safety analysis of the nuclear fuel cycle facilities by 

NUREG-1520 [1].  

In this paper, an evaluation method for the 

frequency of the expected accidents can be occurred 

in the nuclear fuel cycle facilities, which is one of the 

ISA procedures, is introduced and an example is 

shown using reference literature.  

 

2. Frequency Analysis in ISA 

 
Frequency analysis is conducted to verify safety 

by evaluating impacts and frequency of occurrence, 

in accordance with the degree of hazard, based on the 

past accident data and experiences of the relevant or 

similar facilities. 

The frequency category can be determined on the 

basis of various methods including; accident records, 

items relied on for safety (IROFS) functional failure 

records, accident records on similar or applicable 

systems, objectively qualitative criteria controlling 

system failure rates and availability, or other methods 

which are objectively verifiable. It is also required to 

consider duration of accident and common cause 

failure, as needed. The procedure is shown in the 

flowchart below. 

 

 
 

Fig. 1. Flow chart of assigning the frequency category by 
frequency analysis. 

 

3. Calculation of the Failure Rates 

 
3.1 Failure Rates of SSCs 

 
The frequency of failure and the failure rate of the 

equipment shall be used if they can be proved 

according to the past experiment or experience data. 

Failure rates of structures, systems, components (SSCs) 

can be obtained by the following procedure. (1) the 

SSCs failure rate data should be collected according to 

the failure mode. (2) If there is no failure rate data, the 

index is assigned by referring to the operation 

experience or failure experience of the similar SSCs. 

(3) If data cannot be obtained by the method of (2), an 

index is assigned according to the management level 

of the SSCs. (4) If data cannot be obtained also by the 

method of (3), the index is given according to the 

redundancy, passive and active of SSCs. 
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3.2 Failure Rates of Human Errors 

 
The accidents caused by human error are evaluated 

using the data compared with the past literature[2] or 

the following procedure when there is no data. (1) 

Depending on the frequency of the tasks (2) The 

correction according to the skill of the worker and 

work environment (3) using the factors from (1) to 

(3), calculate the human error index. 

 

4. Results of the Failure rates 

 
Table 1. Failure rates of SSCs [3] 

Name Failure 
mode 

Failure 
rate 

Frequency 
index 

Frequency 
Category (ISA) 

HEPA 
filter 

Blockage 3.00E-
06/h -2 Not Unlikely 

Leak 3.00E-
06/h -2 Not Unlikely 

Rupture 5.00E-07/h -3 Not Unlikely 

Rupture 
disk 

Open 
Failure 

1.00E-
04/d -2 Not Unlikely 

Out 
Leakage 

5.00E-
07/h -3 Not Unlikely 

In Leakage 1.00E-
06/h -3 Not Unlikely 

Out 
Rupture 

3.00E-
08/h -4 Unlikely 

In Rupture 5.00E-
08/h -4 Unlikely 

 
Table 2. Failure rates of human errors [2] 

Name Outline Failure 
rate Reason Frequency 

index 

Frequency 
Category 

(ISA) 

Label 
mounting 

errors 

Labeled with 
the wrong 

information 

5.0E-03 
/d 

Judge by the 
scope of the 

operation that 
is usually 
performed 

-2 Not 
Unlikely 

Tank 
overflow 

Fill the tank 
beyond the 
physical or 

management 
level. 

5.0E-06 
 

Some margin 
for the 
transfer 

operation 
(Assumed 

per year) 

-1 Not 
Unlikely 

5. Conclusion 

 
In this paper, the frequency of accidents that could 

be applied in the safety analysis for the nuclear fuel 

cycle facilities was evaluated using some references. 

Based on these results, it is expected that ISA for the 

nuclear fuel cycle facilities with high accuracy can be 

performed. 
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