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In the present paper, experience of Korea Institute of Nuclear Safety (KINS) on Best Estimate (BE) 
calculation and uncertainty evaluation of large break loss-of-coolant accident (LBLOCA) of Korean 
Pressurized Water Reactor (PWR) with various type of Emergency Core Cooling System (ECCS) 
design is addressed. Specifically, the current status of BE code, BE calculations and uncertainty 
parameters and related approaches are discussed. And the specific problem such as how to recover the 
difficulty in treating the uncertainty related to the phenomena specific to ECCS design (e.g., upper 
plenum injection phenomena) is discussed. Based on the results and discussion, it is found that the 
present KINS-REM has been successfully developed and applied to the regulatory auditing 
calculations. Need of further study includes the improvement of reflood model of MARS code, 
uncertainty of blowdown quenching, and reconsideration of the unconcerned model and fuel 
conductivity degradation with burnup. 

 

1. Introduction  
Best Estimate (BE) calculation with uncertainty evaluation of large break loss-of-coolant-accident 
(LBLOCA) has been increasingly applied to the licensing applications such as fuel design change, 
power uprate, steam generator replacement, and licensing renewal of nuclear power plants (NPP) since 
the KEPCO Realistic Evaluation Method (KREM) was approved for the Westinghouse 3-loop cold leg 
injection plants in Korea at 2002 [1]. Until 2010, the method has been expanded, improved and 
approved to apply to the various type of emergency core cooling system (ECCS) including Upper 
Plenum Injection (UPI), and Direct Vessel Injection (DVI) [2].  

To support the licensing review of Korea Institute of Nuclear Safety (KINS) on those matters and to 
confirm the validity of licensee’s calculation, regulatory auditing calculations have been conducted. 
For this aspect, a general and systematic BE methodology including uncertainty evaluation has 
developed, which aims to calculate the peak clad temperature (PCT) following a LBLOCA at the 95 
percentile probabilistic upper limit in 95 percentile confidence level. The method, KINS Realistic 
Evaluation Model (KINS-REM), adopted the most advanced system thermal-hydraulic codes, 
RELAP5 and MARS-KS, and the internationally available experiment data base [3]. To obtain the PCT 
that reflected all the uncertainty contributors, a certain number of the code runs are conducted, which 
of each involves models and input parameters adjusted to represent the ranges and statistical 
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distribution of the specific models of interest. The number of code runs is determined based on the 
non-parametric statistics and random sampling scheme [4].  

Although basic framework of the KINS-REM was developed in general sense, the specific parts of the 
method should be further developed and improved through the application to calculations of actual 
plants having a various type of emergency core cooling system (ECCS) design. 

The present paper is to discuss how to apply the KINS-REM to the actual problem, specifically 
regarding thermal-hydraulic phenomena, BE code, BE modeling, uncertainty parameters and related 
approaches for the various type of ECCS design. Also, the future direction to complement the current 
methodology is suggested to evaluate the important safety issue such as fuel conductivity degradation 
with burn-up. 

 

2. Description of KINS-REM 
 
The KINS-REM was illustrated in Fig. 1[4]. The method was composed of three elements subdivided 
by fifteen steps. Through the element 1, the important phenomena affecting the primary safety criteria 
(PSC) such as PCT are identified over the important components and the sub-phases of the given 
accident scenario for the selected plant based on PIRT process. Also the major models which are 
required to justify the applicability of the frozen code are identified for the highly-ranked phenomena. 
During this element, the deficiencies and/or inability of the code in simulating each specific 
phenomena are also identified, which needs additional resolutions to compensate the deficiency at 
element 3.  

In element 2, the capability of the code is determined by the calculations of the selected SET and IET 
having well-established database and documentation describing the target phenomena and data quality. 
In this element, it is determined if the noding and modeling scheme to simulate the experiment facility 
and the specific experiment is the acceptable one. This modeling scheme should be consistent with the 
plant modeling scheme. (Step 7) 

The code accuracy to predict the specific phenomena (e.g., critical flow) can be obtained from the 
comparisons of the code calculations with SET and IET during the element 2. Such a code accuracy is 
considered by bias of the model, i.e., difference between the model and the experimental data, when 
calculating the plant response. In the course of this process, the effect of scale difference between 
experiment and the actual plant is taken into account. If the comparison can be done for PCT, the bias 
may be directly added to the final PCT at element 3. (Steps 10 and 11) 

In this element, the uncertainty ranges of the models and correlations of the code important to PSC are 
determined through the comparison with the experimental data or available data. The ranges 
confirmed at the international program such as BEMUSE [5] can be reasonably used. (Step 9) 

In the element 3, the combined plant responses considering the uncertainties of models and correlation 
of the code and plant parameters are determined through the 124 code runs. Sampled combinations of 
the values randomly sampled from the distribution and range of each model and parameter of 
importance pre-determined above are implemented into 124 sets of input. The number ‘124’ was 
based on one-sided third order Wilks’s formula for 95 percentile probability and 95 percentile 
confidence level [6]. 

Regarding some phenomena whose uncertainties cannot be statistically represented by the individual 
parameters, bias may be introduced such that the difference between the code and the relevant 
experiment is reasonably addressed to the effect on the plant PSC. The final PSC considering all the 
uncertainty can be obtained by combining them. 
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Fig. 1  Illustration of KINS-REM 

 

3. Application of KINS-REM to Actual Plant LBLOCA  
 

The KINS-REM described above has been applied several times to the independent analysis to support 
the licensing review such as fuel design change, steam generator (SG) replacement and construction 
permit of new NPP. Typical examples are as follows 

 
Table 1. List of Cases Calculated by KINS-REM  

 
Plant Design ECCS * Application Type Code Ref 

Kori 1 Westinghouse 2-loop CLI/UPI Licensing renewal RELAP5/MOD3.3 [7] 
Kori 2 Westinghouse 2-loop CLI/DVI Fuel design change RELAP5/MOD3.3 [8] 
YGN 3,4 Korean OPR1000 CLI/CLI Methodology change  RELAP5/MOD3.3 [9] 
SKN 3,4 Korean APR1400 DVI/DVI Construction permit RELAP5/MOD3.3 

MARS-KS 
[4] 

*Note: A/B denotes the injected location of A for high pressure safety injection and one of B for low 
pressure safety injection. 

 

As shown in the table, the plants have various types of ECCS design including low pressure direct 
vessel injection or upper plenum injection. Also the licensing submittals were prepared for the various 
purposes. Therefore, it was required to define the objectives of the independent audit calculation on 
each case in order to conduct BE calculation and uncertainty quantification suitable to the specific 
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objectives. Key issue was how to perform the BE calculation, how to select parameters and how to 
determine the ranges of uncertainty specifically to the purpose. 

 

3.1  Phenomena 

The present methodology has a first step to define the important phenomena which is starting point of 
all the following steps. Phenomena during the blowdown phase of LBLOCA were well-known [10] and 
included fuel stored energy, break flow, depressurization and flashing, and core heat transfer, which 
are believed to be identical irrespective of ECCS design. Phenomena during refill/reflood can be 
differed by specific ECCS design and some of the blowdown phenomena such as gap conductance, 
decay heat, core heat transfer are still involved. ECC Bypass phenomenon was one of the most 
important contributors. Regarding the UPI, most of the existing reflood phenomena were involved and 
pool formation, local downward flow, and steam condensation at upper plenum were additionally 
identified based on the existing database [11]. For DVI, downcomer boiling at hot vessel wall and 
sweep-out by steam flow were identified as contributors to ECC Bypass during reflood phase [11, 4]. 

 

3.2  BE Thermal-hydraulic Codes 

RELAP5/MOD3.3 code[12]  and MARS-KS code [13] have been used in KINS. The MARS-KS code 
has been developed to keep the capability of RELAP5/MOD3 code and COBRA-TF code, to have 3-D 
hydrodynamic capability, and to have coupling capability with containment codes and 3-D neutronics 
codes. Accordingly, the same basic equations, numerical scheme and models/correlation are used in 
two codes but different code modular structure and data storage management. Especially, the reflood 
model of the MARS code was different from the one of the RELAP5/MOD3.3 (PSI model as default). 

From the assessment of the RELAP5/MOD3.3 and MARS against the typical IET including LOFT 
and Semiscale,[12, 13]  it was found that all the important blowdown phenomena were predicted well or 
a little conservatively and that the code applicability can be assured.  

The code applicability for the refill and reflood phase can be differed by plant configuration of reactor 
vessel and ECCS design, thus, the plant-specific evaluation was needed. A few experiments applicable 
to the special injection rather than cold leg injection during reflood phase were available. Among them, 
one UPTF test was calculated to confirm the applicability of the REALP5 code for DVI, which 
showed that conservative result could be obtained [14]. From the assessment, we can assure the 
applicability of the RELAP5 code and modeling scheme and additional bias for the reflood 
phenomena was not needed. Regarding MARS code capability on reflood, some experiments were 
predicted well but some discrepancies was still found [13]. Thus, the improvement of the reflood model 
of the MARS code is ongoing. 

 

3.3  BE Plant Calculation 

It is important to model the location of ECCS injection and reactor vessel configuration since the plant 
response can be strongly influenced by the amount of net flow rate to the core considering the ECC 
bypass. Especially, it was found that large amount of water is in the upper head of reactor vessel of 
APR1400 and OPR1000, which may cause the top-down quenching when the water in upper head 
flows into the core through the upper guide structure and the guide tube after pressure of reactor 
coolant system decreases to a certain level during blowdown. Thus, modeling of the flow path 
between upper head and core was very important to simulate the behavior. The result indicated that 
most of water at upper head drained to the core and contributed to quench the core and to reduce 
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significantly the PCT during the reflood period following a LOCA. However, such a behavior was not 
significant in Westinghouse 2-loop and 3-loop design. 

During the reflood phase, plant response can be varied by the performance of LPSI of DVI plants, i.e., 
ECC bypass. This phenomena involves the complex combination of the inertia of injected water, 
driving force due to differential pressure between reactor coolant system and break, interaction by the 
steam generated in core, interfacial condensation, effect of hot downcomer wall, etc., Both RELAP5 
and MARS codes have two-phase flow model to describe those phenomena and multiple channel 
modeling for the downcomer with crossflow junctions. Such a modeling scheme has been verified by 
MIDAS experiment simulation [13]. 

Regarding UPI plant, the upper plenum was modeled by two separated volumes connected with 
crossflow junctions. The hydraulic resistance at each flow path was adjusted to match the fraction of 
area and flow rate of downflow in the upper plenum which was estimated from the experimental data 
in various scales [11]. 

 

     

Fig. 2  Down flow fraction in UPI experiments               Fig. 3  Degradation of fuel conductivity 

 

3.4  Uncertainty Parameters and Specific Approaches 

Table 2 shows list of the important phenomena, phase and component of interest, parameters to be 
considered in the codes, method to treat, and ranges and distributions for the selected models and 
parameters. Some of the plant-specific parameters were determined from the plant Technical 
Specification. 

In the KINS-REM, conservative limiting value was used for some parameters such as peaking factor, 
containment pressure, safety injection water temperature and flow rates to keep the conservatism 
instead of the effect of uncertainty, while uncertainties of other parameters were treated by statistical 
method. The table shows some models/parameters such as burst temperature and strain were not 
considered in KINS-REM, which was based on the insignificance of their impacts on PCT or difficulty 
in treating such parameters. 

Regarding the uncertainty of the gap conductance model, a simple linear approximation of the 
roughness of fuel and clad as a function of linear heat generation rate was introduced and the 
uncertainty can be expressed through the coefficient of the linear equation [4]. 
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Table 2. List of Cases Calculated by KINS-REM 

 
Phenomena 
/sub-phenomena 

Phase/ 
component 

Models/parameters Uncertainty 
Treatment 

Distribution/ 
Range 

Fuel stored energy B/fuel Gap conductance 
Peaking factor 
Dittus Boelter correlation 
Fuel conductivity 
Core power 
Burst temp/strain 

Statistic 
Upper limit 
Statistic 
 Statistic 
Statistic 
Not considered 

0.4~1.5/N 
 
0.606~1.39/N 
0.847~1.153/U 
0.98~1.02/N 

Clad oxidation R/fuel Cathcart-Powell Cor. Not considered  
Decay heat R/fuel ANS decay heat model Statistic 0.934~1.066/N 
Break flow Both/break Discharge coefficient Statistic 0.729~1.165/N 
2-φ pump 
performance 

R/loop 2-φ head multiplier 
2-φ torque multiplier 

Statistic 
Statistic 

0.0~1.0/U 
0.0~1.0/U 

ECC Bypass 
Condensation 
Entrainment 
CCFL 
Hot wall effect 
Sweepout 
Multi-D flow 

R/ 
downcomer 

 
Wall condensation model 
Entrainment model 
CCFL model 
Wall-to-fluid HTC 
Interfacial drag model 
Crossflow resistance 

Evaluate 
conservatism 
based on 
experiment data 
and add bias if 
needed 

 

Core heat transfer 
 CHF 
 Rewet 
 Transition boiling 
 Film boiling 
 Nucleate boiling 
 Reflood htc 

Both /Core  
Groeneveld lookup table 
Rewet criteria 
Transition boiling HTC 
Bromley correlation 
Chen correlation 
Reflood htc package 

 
Statistic 
Not considered 
Statistic 
Statistic 
Statistic 
Statistic 

 
0.17~1.8/N 
 
0.54~1.46/N 
0.428~1.58/N 
0.53~1.46/N 
As above 

Void generation B/core Boiling model Not considered  
2-φ frictional 
pressure drop 

R/loop 2-φ friction multiplier Not considered  

Effect of non-
condensible gas 

 Gas transport Not considered  

Steam Binding U-tube, core Dittus Boelter correlation Bias if needed  
Containment 
pressure 

 Boundary condition Conservative 
input 

 

UPI phenomena 
 Pool formation 
 local downward flow 
 Condensation 

R/Upper 
plenum 

 
Momentum equation. 
flow regime map, etc. 
Interfacial condensation 

 
Modeling 
pursuant to 
experiment, 
Bias if needed 

 

ECCS performance ECCS SIT pressure 
SIT temperature 
SIT water volume 
SIT flow resistance 
HPSI flow rates 
HPSI temperature 

Statistic 
Statistic 
Statistic 
Statistic 
Lower limit 
Statistic 

Lower and 
upper values 
from the plant 
Tech. Spec  
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Fuel conductivity as a function of temperature was originally taken from the MATPRO model[12]. 
Recently, it was noticed that the conductivity may be degraded as the fuel burnup increase, thus that 
the effect of conductivity degradation should be considered [15]. It indicated the initial fuel stored 
energy, i.e., may increase, thus, the blowdown PCT by burnup. Currently, this effect was not fully 
implemented into the present methodology but considered as additional bias. Further study is needed 
to consider the burnup effect. 

Uncertainty of degradation of pump performance in two-phase state was considered for full range of 
head degradation multiplier (zero to one). 

The APR1400 design has four safety injection tanks (SIT) having a fluidic device (FD). The role of 
the FD is to extend the duration of SIT discharge following a LBLOCA by separating high flow 
discharge through the standpipe and low flow discharge through the vortexing flow path. Since each 
flow rate may have a strong impact on PCT, thus their uncertainties should be considered. In the 
KINS-REM, two valves were used and the uncertainties of high-low flow rates were represented by K-
factors at the valves. The range of K-factor was determined to cover the measured data. Fig. 4 shows a 
experimental data on flow rate and the calculated one with K-factors to cover the experimental data[4]. 

Regarding the uncertainty related to the ECC bypass, it is still difficult to represent the phenomena by 
the particular code models or parameters, thus, additional bias should be added if the code under-
predicted the bypass ratio for the applicable experimental data. From the calculation of experiments, 
UPTF and MIDAS, it was found that both codes have over-predicted the ratio.  Also the bypass ratio 
in the plant calculation was estimated by tracing the boron mass incoming from ECCS to the break, 
which indicated the over-prediction of the bypassed mass of ECCS (Fig.5) [4]. Thus, no further 
investigation of the uncertainty of ECC bypass has been made. 
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Fig.4   SIT Flow rates for VAPER experiment              Fig.5    Calculated Mass of ECC Bypassed  

 

Steam binding phenomena was similar to the ECC bypass. Based on the CCTF experiment data, the 
limiting condition due to the steam binding was the static quality to unity at the steam generator (SG) 
outlet plenum during the reflood phase[10]. It can be concluded the effect of steam binding was under-
predicted if the code predicted it less than 1. In the KINS-REM, additional heating of SG u-tube was 
introduced to keep the quality of one, which led to an increase of the reflood PCT and a delay of final 
core quenching[4].  
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 3.5  Results and Findings 

Figures 6 to 9 show the cladding temperatures calculated from 124 code runs for 200% cold leg 
LBLOCA of Kori Unit 1, 40% cold leg break of Kori Unit 2, 200% cold leg break of YGN Units 3 
and 4, 200% cold leg break of SKN Units 3 and 4, respectively. The 40% break for Kori Unit 2 was 
identified as limiting break from the break spectrum analysis. RELAP5/MOD3.3 code was used for 
those cases. For the SKN Unit 3 and 4, additional MARS-KS calculation was attempted as show in Fig. 
9. From those results, the 3rd highest one could be obtained as PCT in 95/95 percentile.  

As shown in those figures, one can find the followings: 

(1) Two or three peak points of the cladding temperature responses were found for all the cases. 
Sometimes, the distinction of PCT’s between blowdown and reflood was not clear, however, it 
can be judged by the condition that the core water level reaches core bottom. 

(2) The dependency of blowdown PCT on the fuel stored energy (peaking factor, etc.) can be clearly 
observed. It means the possibility to delete some of the insignificant contributors concerning the 
blowdown PCT. 

(3)  Reflood PCT’s of YGN Units 3, 4 and SKN Units 3, 4 are much lower than the blowdown PCT’s, 
which is clearly due to the large amount of water in upper head and flow path through the guide 
tubes, as expected. However, to confirm the validity and uncertainty on such a blowdown 
quenching, further study is needed.  
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Fig.6   Clad Temperatures for Kori Unit 1     Fig.7   Clad Temperatures for Kori Unit 2 
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Fig.8   Clad Temperatures for YGN Unit 3 and 4            

NEA/CSNI/R(2013)8/PART2

209



    
Fig.9   Clad Temperatures for SKN Unit 3, 4 (RELAP5 and MARS-KS) 

 

(4) The significant difference in cladding temperature responses during reflood phase due to the 
difference of reflood model between RELAP5 code and MARS code was observed, it should be 
improved.  

 

4. Concluding Remarks 
 
In the present paper, experience of KINS on BE calculation and uncertainty evaluation of LBLOCA 
was addressed including various type of ECCS design. Specifically, the current status of BE code, BE 
calculations and uncertainty parameters and related approaches were discussed. Difficulty in treating 
the uncertainty related to upper plenum injection phenomena can be replaced by the conservative 
modeling scheme based on the experimental evidence. Based on the results and discussion, it is found 
that the present KINS-REM has been successfully developed and applied to the regulatory auditing 
calculations. However, further studies are needed for the improvement of reflood model of MARS 
code, uncertainty of blowdown quenching, and reconsideration of the unconcerned model and fuel 
conductivity degradation with burnup. 
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1. Introduction
BEPU methodology in Korean Industries

Continuous efforts in industries and research institutes 
since late 1980’s 
KEPCO Realistic Evaluation Method (KREM) firstly 
approved at 2002 (started from 1997)
KREM has been expanded to Various types of ECCS, 
Upper Plenum Injection (UPI), Direct Vessel Injection 
(DVI), etc.

BEPU methodology in KINS
KINS-REM developed for regulatory auditing calculation 
in parallel (originally similar to CSAU method)
Improved by participating OECD BEMUSE Program
Recently, MARS-KS code implemented



1. Introduction

Difficulties
How enough best-estimate (code and modeling)
How to deal with the uncertainty for the specific phenomena

Status in Korea
New system thermal-hydraulic code (SPACE) being 
developed to be reviewed by KINS
Licensing process ongoing for continuous operation of 
Wolsong Unit 1 
Other complicated issues

Objectives
Discuss some aspects of BEPU based on KINS experience, 
listen comments, and look at the path forward



2. KINS-REM
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2. KINS-REM
Principle

All source of uncertainties considered (statistically or in 
terms of engineering bias)
Uncertainty due to modeling minimized during the SET/IET 
assessment and not considered in plant calculation

PCT and PCT Uncertainty

PCTfinal :
Final PCT accounting all uncertainties and biases

PCT95/95 :
PCT at 95% probability and 95% confidence level 
the 3rd maximum of the PCT’s calculated by the N code runs 
implementing values sampled from the range and distribution of 
all uncertainty parameters

SCALEPLANTIETSETfinal BBBBPCTPCT



2. KINS-REM
N=124 : determined from the 3rd order Wilk’s formula

BSET/IET :
Impact on PCT due to SET/IET bias (Step 10)
Steam binding bias considered currently

BSCALE :
Impact on PCT due to scaling problem (Step 11)

BPLANT :
Impact on PCT or equivalent due to the  plant parameter 
unconsidered in PCT95/95 calculation (Step 12)



3. Application to LBLOCA of Actual Plants

Cases of auditing calculation using KINS-REM

Note 1:  UPI: Upper Plenum Injection for Low Pressure Safety Injection
2:  DVI: Direct Vessel Injection (Elevation of Nozzle ~ Cold Leg) 
3:  DVI: Direct Vessel Injection (Elevation of Nozzle ~ 2 m higher than 
Cold Leg) 
4:  Injection to Inlet/Outlet Headers (High/Medium/Low Stage Injection)

Plant Design ECCS * Application Type Code
Kori 1 Westinghouse 2-loop CLI/UPI1 Licensing renewal RELAP5/MOD3.3

Kori 2 Westinghouse 2-loop CLI/DVI2 Fuel design change RELAP5/MOD3.3

YGN 3,4 Korean OPR1000 CLI/CLI Methodology change RELAP5/MOD3.3
SKN 3,4 Korean APR1400 DVI/DVI3 Construction permit RELAP5/MOD3.3

MARS-KS
UCN 1,2 Westinghouse 3-loop CLI/CLI SG Replacement MARS-KS

Wolsong 1 CANDU-6 PHWR Header4 Continuous Operation* MARS-KS



3.1 Thermal-hydraulic Phenomena
Approach

Basis for selecting the Uncertainty Variables
Phenomena identification for sub-phases in scenario 
(Blowdown, Refill & Reflood)
Some phenomena considered for all sub-phases (i.e., 
Gap conductance)
Blowdown phenomena

Fuel stored energy, Break flow, Depressurization, Flashing, 
Core heat transfer, etc
Almost identical regardless of ECCS type 

Refill phenomena
ECC bypass, Rewet, Core heat transfer, etc 
Strongly dependent on reactor vessel, ECCS type 

Reflood phenomena
Difference by ECCS design (CLI, UPI, DVI)



3.1 Thermal-hydraulic Phenomena
Reflood phenomena (UPI)

Condensation (interface, wall)
Water pool in upper plenum
Local downward flow
Core heat transfer



3.1 Thermal-hydraulic Phenomena

Reflood phenomena (DVI)
ECC bypass 

Direct bypass
Downcomer Boiling
Sweepout
Lower plenum penetration

Core heat transfer
Steam binding

Core

Upper
Plenum

Broken 
Cold leg

Direct
Bypass

Legend :

Water Flow

Steam Flow

Lower
Plenum

Penetration

Accumulated
Water

Sweep-out

Intact
Cold leg

ECC
Injection

Downcome
Boiling



3.1 Thermal-hydraulic Tests
Facility (Scale) Experiment Phase of Interest Availability

LOFT (1/60) L2-2, L2-3, L205, LP-LB-1, LP-02-6 Full Transient O

Semiscale (1/1600) S-04-5, S-06-3, S-02-8, S-07-4 Full Transient O

PKL (1/145) K9 Refill/Reflood x

LOBI (1/700) A1-4R Blowdown/Refill x

SCTF (1/21) S1-13, S2-08, S3-10 Reflood x

CCTF (1/21) C1-06, C1-16, C2-06, C2-15 Reflood x

C2-AS1, C2-16, C2-13 Reflood (UPI) O

THTF (1/500) 154R, 153 Blowdown O

FLECHT-SEASET
(1/1, Core only)

31504, Reflood O

30518 Reflood O

UPTF
(1/1, Reactor Vessel)

Test 2, Test 17, Test 10 Refill/Reflood/Steam Binding x

Test 20 Reflood (UPI) O

Test 27 Refill/Reflood x

Test 21A Refill /ECC Delivery (DVI) O

Test 21D Reflood (DVI) O



3.1 Thermal-hydraulic Phenomena

ECCS Design Features specific to Shin-Kori 3 & 4 
Fluidic Device to extend the injection time (high discharge 
phase and low discharge phase)



3.2 Uncertainty Parameters
Phenomena
/sub-phenomena

Phase
/component

Models/
parameters

Uncertainty
Treatment

Distribution/
Range

Fuel stored energy Blowdown/
Fuel

Gap conductance
Peaking factor
Dittus-Boelter correlation
Fuel conductivity
Initial core power
Burst temp/strain

Statistic
Upper limit
Statistic
Statistic
Statistic
Not considered

0.4~1.5/N

0.606~1.39/N
0.847~1.153/U
0.98~1.02/N

Clad oxidation Reflood/Fuel Cathcart-Powell Cor. Not considered
Decay heat Reflood/Fuel ANS decay heat model Statistic 0.934~1.066/N

Break flow All
/Break

Discharge coefficient Statistic 0.729~1.165/N

2- pump performance Reflood/Loop 2- head multiplier
2- torque multiplier

Statistic
Statistic

0.0~1.0/U
0.0~1.0/U

ECC Bypass
Condensation
Entrainment
CCFL
Hot wall effect
Sweepout
Multi-D flow

Reflood/
Downcomer Wall condensation model

Entrainment model
CCFL model
Wall-to-fluid HTC
Interfacial drag model
Crossflow resistance

Evaluate 
conservatism 
based on 
experiment data 
and add bias if
needed

Void generation Blowdown/
Core

Boiling model Not considered

2- frictional pressure 
drop

Reflood/Loop 2- friction multiplier Not considered



3.2 Uncertainty Parameters
Phenomena
/sub-phenomena

Phase
/component

Models/
parameters

Uncertainty
Treatment

Distribution/
Range

Core heat transfer
CHF
Rewet
Transition boiling
Film boiling
Nucleate boiling
Reflood htc

All /Core
Groeneveld lookup table
Rewet criteria
Transition boiling HTC
Bromley correlation
Chen correlation
Reflood htc package

Statistic
Not considered
Statistic
Statistic
Statistic
Statistic

0.17~1.8/N

0.54~1.46/N
0.428~1.58/N
0.53~1.46/N
As above

Effect of non-
condensible gas

Gas transport Not considered

Steam binding Reflood/
U-tube, Core

Dittus Boelter correlation Bias

Containment pressure Reflood/
Boundary

Boundary condition Conservative 
input

UPI phenomena
Pool formation
local downward flow
Condensation

Reflood
/Upper plenum Momentum equation. flow 

regime map, etc.
Interface condensation

Modeling pursuant 
to experiment,
Bias if needed

ECCS performance Reflood/
ECCS

SIT pressure
SIT temperature
SIT water volume
SIT flow resistance
HPSI flow rates
HPSI temperature

Statistic
Statistic
Statistic
Statistic
Lower limit
Statistic

Lower and 
upper values 
from
the plant Tech. 
Spec/U



3.3 Thermal-hydraulic Code

RELAP5/MOD3.3 & MARS-KS 
MARS-KS

Developed to keep the capability of RELAP5/MOD3 code and 
COBRA-TF code (same basic equations, numerical scheme 
and models/correlation) 
Code modular structure and data storage management
3-D hydrodynamic capability and Coupling capability with 
containment codes and 3-D neutronics code
Differences in reflood model

Predictability of Blowdown phenomena
Both codes predicted well or a little conservatively against the 
various SET and typical IET (LOFT, Semiscale, etc)



3.3 Thermal-hydraulic Code

Predictability of Reflood phenomena
Direct code assessment calculation 

Reflood with CLI ~ FLECHT-SEASET experiments 
Reflood with UPI ~ UPTF, CCTF experiments
Reflood with DVI ~ UPTF, ATLAS experiments

Further improvement of MARS-KS code needed (ongoing)
Modeling improvement 

To match the code prediction 
with the experimental finding



4. Results and Findings

Kori Unit 1 (UPI) Kori Unit 2 (DVI)
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4. Results and Findings

SKN Unit 3, 4 (DVI)
RELAP5/MOD3.3

SKN Unit 3, 4 (DVI)
MARS-KS



4. Results and Findings

Additional Bias (SKN Unit 3, 4 (DVI)
Calculation of UPTF test and MIDAS tests, ECCS 
bypass ratio over-predicted by both codes no bias
Finding of CCTF test, steam quality of SG outlet plenum 
during steam binding phenomena under-predicted 
bias to match the test result
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4. Results and Findings

Findings
Criteria to judge PCTBLOWDOWN or PCTREFLOOD

2 or 3 peak points of the cladding temperature responses
Unclear distinction of PCT’s at blowdown or reflood 
Criteria: core water level recovered to core bottom.

Uncertainty in Blowdown quenching
In SKN Units 3&4, PCTREFLOOD  << PCTBLOWDOWN

Due to the falling of the large water in upper head and flow 
path through the guide tubes,
To confirm the validity and uncertainty on blowdown 
quenching, further study needed. 

Improvement of reflood model of MARS-KS code



4. Results and Findings

Further Issues
Degradation of thermal conductivity of pellet with burnup

Effect of Burnup considered for other fuel parameters ?
How to consider it for uncertainty evaluation ?

Long term core cooling
Potential to Core Blockage by debris and others

Application to CANDU
Coupling with Neutronics

to consider void power pulse
Determination of

Number of Failed Rods


	XN1400326
	Pages de XN1400309-33



