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1. Introduction 
 

Nowadays, the best estimate method with the 
uncertainty evaluation has been broadly used worldwide 
in licensing of NPP. In Korea, the LBLOCA analysis 
using the best-estimate methods to replace the old 
conservative evaluation method (EM) was performed by 
the licensee in several plants such as Kori Unit 1, KSNP 
and Shinkori Units 3&4. The KINS (Korea Institute of 
Nuclear Safety) has also conducted the regulatory audit 
calculation by using the KINS Realistic Evaluation 
Methodology (KINS-REM) to confirm the validity of 
licensee’s calculation [1,2].  The RELAP5/MOD3.3 code 
has been used in KINS-REM.  

Currently, KINS has performed the verification and 
validation works of the MARS code which is the major 
part of the best-estimate reactor transient analysis system 
(RETAS). The backbones of MARS code are 
RELAP5/MOD3.2 and COBRA-TF [3]. The MASR was 
dialed for the best estimate calculations including the 
uncertainty evaluation and its applicability to the 
LBLOCA was justified through the BEMUSE program of 
OECD/NEA [4].  

In this study, the preliminary assessment was 
performed to confirm the applicability of MARS to 
KINS-REM. Since the dialing method of MARS is 
different from that of RELAP5/MOD3.3 in KINS-REM, 
the effect for the code change can be evaluated. The 
accident scenario is selected as the LBLOCA of Shinkori 
Units 3&4. 

 
2. Uncertainty Evaluation for LBLOCA of Shinkori 

Units 3&4 
 

Through the licensing process of Shinkori Units 3&4 
whose construction permit was issued in 2008, the audit 
calculation was performed by using the KINS-REM [2]. 
The sampling sets used in reference [2] were consistently 
used in this study while the frozen code was changed 
from RELAP5/MOD3.3 to MASR.  

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.  
 
2.1. Dialing Method of RELAP5 and MARS 
 

Table I shows the uncertainty range and distribution 
which is used in this study. Among 18 uncertainty 
parameters, 6 parameters including the Dittus-Boelter 
correlation are related to the heat transfer model and they 
are activated in the non-reflood phase. In the KINS-REM, 
the RELAP5/MOD3.3 was dialed that the sampling value 
was multiplied for these 6 separate models, respectively. 
Therefore, the Zuber model for CHF phenomena which 
was used in the reflood phase was not considered in 
dialing of KINS-REM. The uncertainty range and 
distribution for them was determined through the data 
covering studies for the related experiments. On the other 
hand, the MARS was dialed for the sampling value to be 
considered the separate regions of the boiling curve. 
Therefore, the sampling value could be applied to all 
phases including the reflood phase. 

  

Table I: Uncertainty Range and Distribution 

NNoo MMooddeellss//ppaarraammeetteerrss RRaannggee  
((DDiissttrriibbuuttiioonn**)) 

11 GGaapp  ccoonndduuccttaannccee  ((CCllaadd  rroouugghhnneessss)) 00..44~~11..55  ((UU)) 
22 FFuueell  tthheerrmmaall  ccoonndduuccttiivviittyy 00..884477~~11..115533  ((UU)) 
33 CCoorree  ppoowweerr 00..9988~~11..0022  ((NN)) 
44 DDeeccaayy  hheeaatt 00..993344~~11..006666  ((NN)) 
55 GGrrooeenneevveelldd--CCHHFF 00..1177~~11..88  ((NN)) 
66 CChheenn--nnuucclleeaattee  bbooiilliinngg  HHTT 00..5533~~11..4466  ((NN)) 
77 TTrraannssiittiioonn  BBooiilliinngg  CCrriitteerriiaa 00..5544~~11..4466  ((NN)) 
88 DDiittttuuss--BBooeelltteerr  ((lliiqquuiidd)) 00..660066~~11..3399  ((NN)) 
99 DDiittttuuss--BBooeelltteerr  ((vvaappoorr)) 00..660066~~11..3399  ((NN)) 
1100 BBrroommlleeyy  ffiillmm  bbooiilliinngg 00..442288~~11..5588  ((NN)) 
1111 BBrreeaakk  CCDD 00..772299~~11..116655  ((NN)) 
1122 PPuummpp  22--ff  hheeaadd  mmuullttiipplliieerr 00..00~~11..00  ((UU)) 
1133 PPuummpp  22--ff  ttoorrqquuee  mmuullttiipplliieerr 00..00~~11..00  ((UU)) 
1144 SSIITT  aaccttuuaattiioonn  pprreessssuurree  ((MMPPaa)) 44..0033~~44..4466  ((NN)) 
1155 SSIITT  wwaatteerr  iinnvveennttoorryy  ((mm33)) 4455..3311~~5544..5577  ((NN)) 
1166 SSIITT  tteemmpp..  ((KK)) 229944..1111~~332211..8899  ((UU))
1177 SSIITT  lloossss  ccooeeffffiicciieenntt 1100..88~~2255..22  ((NN)) 
1188 HHPPSSII  wwaatteerr  tteemmpp..  ((KK)) 228833~~332211..8899  ((UU)) 
* U : Uniform, N : Normal 
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2.2 Results and Discussion 
 
The uncertainty combinations for parameters in Table I 
were obtained by the simple random sampling (SRS) 
process. 124 input decks for steady state and transient 
were calculated with the related models dialed in MARS. 
Five high-ranking PCTs among 124 transient calculations 
are shown in Table II and the PCT95/95 is 1208.9 K at 10 
sec in a blowdown phase of No. 92 run. In this study, the 
biases such as SET (BSET), IET (BIET), scale (BSCALE) and 
specific plant (BPLANT) were not evaluated by using the 
MARS. If the effect of the biases is neglected, the total 
uncertainty for PCT (PCTfinal) is obtained as 1208.9 K. 

Table II: Five High-ranking PCTs for 124 runs 

BBlloowwddoowwnn RReefflloooodd 
 NNoo..  

CCaassee NNooddee 
TTiimmee((ss)) PPCCTT((KK)) TTiimmee((ss)) CCllaadd..  

TTeemmpp..((KK))
11 2255 1144 1100.. 11227766..22 5522.. 11220077..77 
22 1166 1144 1100.. 11222211..66 4466.. 11005533..44 
33 9922 1144 1100.. 11220088..99 4488.. 11114444..44 
44 1111 1144 1100.. 11220066..22 4488.. 11007700..99 
55 33 1144 1122.. 11118800..22 4488.. 11005566..22 
 

 
Fig. 1. Fuel Cladding Temperature (MARS) 

 
The fuel cladding temperature excluding the code runs for 
two high-ranking PCTs was shown in Fig. 1. In the 
blowdown phase, the behavior of the cladding 
temperature is similar to that for RELAP5. The PCT95/95 
from the RELAP5 calculation was 30 K higher that from 
MARS. In the reflood phase, the cladding temperature 
between two cases is quietly different, especially on the 
quenching behavior. As shown in Fig. 1, the fuel cladding 
for 11 code runs was not predicted to quench till 250 
seconds. On the other hand, the fuel cladding was 
quenched at about 200 seconds in all cases in the 
RELAP5 calculation.  This may be resulted from the 
difference of the dialing method as described above. The 
appropriate uncertainty range in the heat transfer model of 
non-reflood phase may result in an unexpected 

conservative effect on the reflood phase since the model 
in non-reflood phase is different from that in reflood 
phase. Thereby, the uncertainty range should be 
revaluated carefully for the heat transfer model on a 
reflood phase. Also, from the BEMUSE program, it was 
known that the uncertainty effect on the CHF model was 
significant to the PCT behavior in reflood phase of 
MARS analysis. We could identified from Fig. 2 that the 
code runs which have small uncertainty values for CHF 
model, show non-quenching phenomena as shown in Fig. 
1.  
 

 

Fig. 2. Distribution of 124 Sampling values for Groeneveld-
CHF  

 
4. Conclusion 

 
In this study, the applicability of MARS to the KINS-
REM has been evaluated for the LBLOCA analysis of 
Shinkori Units 3&4. The PCT difference between two 
codes may result from the dialing method of the 
uncertainty model. The more detailed analysis for the 
separate heat transfer model would be needed to consider 
the uncertainty range appropriately.  
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