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1. Introduction 
 

The best estimate method with the uncertainty 
evaluation has been broadly used worldwide in licensing 
NPP. The KINS (Korea Institute of Nuclear Safety) has 
also conducted the regulatory audit calculation by using 
the KINS Realistic Evaluation Methodology (KINS-
REM) [1]. The RELAP5/MOD3.3 code has been used in 
KINS-REM.  

Currently, KINS has evaluated the applicability of the 
MARS code [2] for KINS-REM, which is the major part 
of the development and application of reactor transient 
analysis system for regulatory audit (RETAS). Since the 
dialing method of MARS was different from that of 
RELAP5/MOD3.3 in considering the uncertainty 
parameters, the effect for the code change should be 
evaluated. The accident scenario is selected as the 
LBLOCA of APR1400. 

The objective of this study is to compare the results for 
MARS and RELAP5 that were obtained from the 
regulatory audit calculation. Also, the causes of the 
difference between results of two codes are identified. 

 

2. Comparison on the Results of Two Codes 
 

In KINS-REM, the final peak cladding temperature 
(PCTfinal) is obtained as below; 

PLANTSETIETSCALEfinal BBBBPCTPCT  95/95  (1) 

where PCT95/95 are the PCT with 95% confidence and 
95% probability level. BSCALE, BIET, BSET and BPLANT are 
the bias due to the scale, the accuracy of code/model for 
the integral/separate effect tests and the system 
parameters which is not considered in determination of 
PCT95/95, respectively. 

In audit calculation for the LBLOCA of APR1400, the 
sampling sets used in reference [1] were consistently used 
in this study. The input data for RELAP5 were modified 
to be suited for MARS in considering the uncertainty 
parameters.  
   From 124 code runs, the fuel cladding temperature for 
two codes was obtained as shown in Fig. 1 and three 
high-ranking PCTs were also shown in Table I. In Fig. 1, 
the third high-ranking PCT (3th PCT) means the PCT95/95. 
according to 3th order Wilks’ formula [1].  
 

 
    (a) MARS                           (b) RELAP5 

Fig. 1. Fuel cladding temperature 
 

Table I: Three High-ranking PCTs for 124 runs 

BBlloowwddoowwnn RReefflloooodd   RRaannkk
NNoo..  

CCaassee
NNooddee

TTiimmee  ((ss)) PPCCTT  ((KK)) TTiimmee  ((ss)) CCllaadddd..TTeemmpp  ((KK))

11 2255 1144 1100.. 11227766..2288 5522.. 11220077..7777 

22 1166 1144 1100.. 11222211..6644 4466.. 11005533..4488 

MM
AA

RR
SS

  

33 9922 1144 1100.. 11220088..9977 4488.. 11114444..4444 

11 2255 1144 1100.. 11227711..44 5522.. 11119966..11 

22 9922 1144 1100.. 11225511..77 5500.. 11226644..88 

RR
EE

LL
AA

PP 5
5   

33  1111  1144  1100..  11223388..55  4488..  11004411..22  
 

2.1. Difference of Blowdown PCT 
 

As shown in Table I, the blowdown PCT of MARS 
was higher than that of RELAP5 despite the calculation 
with same condition. In the case 92, the difference of the 
blowdown PCT was as much as 43 K. Generally, the 
initial stored energy in the steady state and the critical 
flow model could affect the blowdown PCT. There was 
no significant difference between the steady state results 
of two codes. Also, MARS used the same heat transfer 
models as RELAP5 including the critical heat transfer 
model. Therefore, the difference of the blowdown PCT 
was an unexpected result. From the detail assessment, we 
could identify that this difference resulted from the simple 
coding error in applying the CHF multiplier in the code 
dialing process.  

From a previous study [3], it was found that RELAP5/ 
MOD3.3 had a coding error in considering the fuel gap 
conductance. In this study, we could identify that MARS 
had the same coding error as RELAP5. Therefore, these 
coding errors were corrected in MARS. Fig 2 shows the 
fuel cladding temperature of the blowdown phase in the 
case 92. After the code correction, the behavior of the 
fuel cladding temperature between two codes was almost 
the same.  
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Fig. 2. Fuel cladding temperature for case 92 
 

2.2 Difference of Reflood PCT 
 

As shown in Fig. 1, the behavior of the cladding 
temperature between two cases was quite different, 
especially on the quenching behavior in the reflood phase. 
In MARS calculations, the fuel cladding for 11 code runs 
was not predicted to quench till 250 seconds. 11 cases 
were recalculated till 2000 seconds as shown in Fig. 3. In 
some code runs, the first quenching was not found even 
till 1000 seconds. The reheating after the quenching was 
found in other cases.  

 

 

Fig. 3. Fuel cladding temperature for 11 code runs 
 

In order to find the cause of the reheating after the 
quenching, the detail assessment was performed for the 
case 77. Fig. 4 shows the fuel temperature and the heat 
transfer mode in the case 77. In MARS, 47 and 48 in the 
heat transfer mode means the film boiling region. 
Therefore, the fuel temperature increased intermittently 
due to the film boiling. Also, in order to find the cause of 
the film boiling, the behaviors of the reactivity and the 
power were evaluated. As shown in Fig. 5, the instability 
of the fuel cladding temperature resulted from the thermal 
power growth due to the increment of reactivity.  

 From a previous study [4], we found that the 
uncertainty value for the CHF model was significant to 
the PCT behavior in reflood phase and the code runs with 
small uncertainty values for CHF model show non-
quenching phenomena. Therefore, the abnormal behavior 
of the fuel temperature in the reflood phase resulted from 
the conservative uncertainty range for CHF model and the 
power mismatch. In RELAP5 calculations, the power may 

increase due to the reactivity change. However, since the 
uncertainty value for the CHF model was not considered 
in the reflood phase in RELAP5, the fuel cladding 
temperature didn’t increase significantly.  
 

 

Fig. 4. Fuel cladding temperature and heat transfer mode for 
case 77 
 

 
Fig. 5. Reactivity and power profile for case 77 
 

3. Conclusion 
 

In order to correct the abnormal behaviors of the fuel 
cladding temperature, MARS and KINS-REM would be 
improved to apply the uncertainty value to CHF models 
for the non-reflood and the reflood phase separately. Also, 
the further study should be needed to confirm the causes 
of the power mismatch.  
 

REFERENCES 
 

[1] KINS, Evaluation of ECCS Performance for Large 
Break Loss of Coolant Accident of Shinkori Units 3&4, 
KINS/AR-873, 2008. 
[2] KAERI, MARS Code Manual, KAERI/TR-3402, 
2005. 
[3] KNF, Sensitivity of Fuel Gap Conductance, CAMP 
Spring Meeting 2009, June 17-19, 2009, München, 
Germany. 
[4] B. G. Huh et al., Preliminary Study on Application of 
MARS Code to KINS Realistic Evaluation Methodology, 
Transactions of the Korean Nuclear Society Spring 
Meeting, May 22, 2009, Jeju, Korea. 


	분과별 논제 및 발표자

	PNO0: - 439 -
	PNO1: - 440 -


