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GLOSSARY AND ACRONYMS 

AEKI Hungarian Academy of Sciences KFKI Atomic Energy Research Institute 

BEMUSE Best Estimate Methods Uncertainty and Sensitivity Evaluation 

BCL Broken Cold Leg 

BHL Broken Hot Leg 

BL Broken Loop 

CCFL Counter Current Flow Limitation 

CHF Critical Heat Flux 

CIAU Code with the Capability for Internal Assessment of Uncertainty 

CIPSU Common Input Parameters associated with a Specific Uncertainty 

CEA Comissariat ¨ lôEnergie Atomique 

DWR Downcomer 

EDO Gidropress Experimental Design Office 

EPRI Electric Power Research Institute 

GRS Gesselschaft für Anlagen und Reaktorsicherheit mbH 

HPIS High Pressure Injection System 

HS Heat Structures 

HTC Heat Transfer Coefficient 

ICL Intact Cold Leg 

IL  Intact Loop 

IRSN Institut de Radioprotection et de Sûreté Nucléaire 
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LPIS Low Pressure Injection System 

LUB Lower Uncertainty Bound 

MCT Maximum Cladding Temperature 

MPCT Maximum Peak Cladding Temperature 

N Normal 

NRI Nuclear Research Institute Rez 

PCC Partial Correlation Coefficient 

PCT Peak Cladding Temperature 

pdf Probability Density Function 

PIRT Phenomena Identification and Ranking Table 

PSI Paul Scherrer Institute 

PWR Pressurized Water Reactor 

PZR Pressurizer 

QF Quench Front 

RC Reference Case 

SCC Spearman Correlation Coefficient 

SPDF Subjective Probability Density Function 
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SRRC Standardized Rank Regression Coefficient 

SRS Simple Random Sampling 

U Uniform 

UH Upper-head 

UNIPI Università di Pisa 

UP Upper Plenum 

UPB Upper Uncertainty Bound  

UPC Universitat Politècnica de Catalunya 
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EXECUTIVE SUMMARY  

Background 

Since nuclear energy was first used to produce electricity in the 1950s, the evaluation of nuclear power 

plant performance during accidental transient conditions has been the main issue in thermal-hydraulic 

safety research worldwide. 

Different computer codes such as ATHLET, CATHARE, RELAP, TRAC and TRACE have been 

developed since those days for this purpose and are currently widely used in the nuclear community. These 

codes are very sophisticated and can predict time trends of safety-related quantity of interest during 

transients of a LWR.  Data recorded in scaled facilities is used to assess the capabilities of the codes. 

Today, the amount of available experimental data obtained in very simple loops (like Basic Test Facilities 

or Separate Effect Test Facilities) or in very complex Integral Test Facilities is huge. The use of a code to 

predict a real NPP situation depends on two conditions: (1) the experimental data selected for qualifying a 

code has to be able to reproduce the phenomena expected in the plant and (2) codes have to be able to 

qualitatively and quantitatively reproduce those data on scaled facilities. The calculation of the plant 

transient using best-estimate computer codes should include an additional analysis evaluating the 

uncertainties of the obtained results. This analysis can be also completed by a sensitivity analysis, which 

provides additional information. 

The BEMUSE (Best Estimate Methods - Uncertainty and Sensitivity Evaluation, see Ref.[10]) 

programme-promoted by the working Group on Accident Management and Analysis (GAMA) and 

endorsed by the Committee on the Safety of Nuclear Installations (CSNI) - represents in this context an 

important step towards reliable application of high-quality best-estimate and uncertainty and sensitivity 

evaluation methods. The application of these methods to a Large-Break Loss of Coolant Accident 

(LB-LOCA) constitutes the main activity of the programme, structured into two main stages: 

- Step 1: Best-estimate and uncertainty and sensitivity evaluations of the LOFT L2-5 test (Phases II 

and III). LOFT is the only Integral Test Facility with a nuclear core where thermal-hydraulic safety 

experiments have been performed. 

- Step 2: Best-estimate and uncertainty and sensitivity evaluations of a nuclear power plant (Phases IV 

and V). 

A presentation of the uncertainty methodologies to be used by the participants (Phase I) is included in the 

first step. The final phase (Phase VI) consists of the synthesis conclusions and recommendations. 

Objective of the work 

The BEMUSE programme is focused on the application of uncertainty methodologies to LB-LOCA 

scenarios. The main goals of the programme are: 

- To evaluate the practicability, quality and reliability of Best Estimate methods including uncertainty 

evaluations in applications relevant to nuclear reactor safety 

- To develop a common understanding in this domain 



NEA/CSNI/R(2009)13 

10 

- To promote/facilitate the use of these methods by the regulatory bodies and the industry 

The scope of Phase V of the BEMUSE programme is the uncertainty analysis of a LB-LOCA based on a 

Phase IV reference calculation. The LB-LOCA scenario takes place in ZION plant which is a generic 4 

loop PWR reactor.  

The objectives of the activity are: 

- To obtain uncertainty bands for the maximum cladding temperature (evolution plotted against time), 

upper plenum pressure (evolution plotted against time), maximum peak cladding temperature (scalar 

value), 1st peak cladding temperature (scalar value), 2nd peak cladding temperature (scalar value), 

time of accumulator injection (scalar value), time of complete core quenching (scalar value). 

- When using a probabilistic approach methodology: to evaluate the influence of the selected 

parameters on the maximum cladding temperature (evolution plotted against time) and the upper 

plenum pressure (evolution plotted against time). 

- To compare procedures with the experience gained in previous Phase III. 

Task specification 

Phase V deals with a generic plant without any detailed information concerning the plantôs initial and 

boundary conditions, fuel properties, etc... A similar situation was also present in Phase IV, where the lack 

of data needed for both modelling the reactor and performing the uncertainty analysis led to a spread of 

results for the reference calculation. To solve this situation and diminish the spread, it was agreed to 

provide common information about geometry and modelling. Considering the experience gained in Phase 

IV, a list of common input parameters concerning uncertainties of the nuclear power plant was prepared by 

CEA, GRS and UPC teams. These parameters were strongly recommended to be included in the 

uncertainty analysis when a probabilistic approach was followed. The list contains the selected parameters, 

the uncertainty distribution type and its range. 

The rest of the activity followed the example of Phase III and only a new scalar quantity was included in 

the exercise: the maximum peak cladding temperature as a scalar parameter. 

Used methods 

Two types of methodologies have been applied in BEMUSE Phase V exercise to obtain the uncertainty 

bands: ñpropagation of input uncertaintyò type (twelve participants out of the total fourteen), and 

ñpropagation of output accuracyò type (two participants). 

The method based upon "extrapolation of output uncertainties", the so called CIAU, derives automatically 

the uncertainty of the simulated scenario using a database of qualified experimental data and qualified 

system code calculation results.  The applications based on the CIAU method have been performed with 

two different thermal-hydraulic codes, RELAP5/mod3.2 (UNIPI1) and CATHARE2V2.5_1 (UNIPI2), and 

two independent uncertainty databases have been used for uncertainty quantification. 

The ñpropagation of input uncertaintyò type, the so called probabilistic approach, is based on the selection 

of a set of input parameters for which a range of variation (uncertainty) is associated, the use of Wilksô 

formula to determine the number of code runs needed, and finally the statistical treatment of the results to 

build the uncertainty bands.  
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The common features of the methodologies were: the Simple Random Sampling (SRS) technique used, no 

dependency considered among the uncertain input parameters, and the form of the uncertainty results: two 

unilateral tolerance intervals, giving respectively an estimation of the 5% and the 95% quantiles, with a 

confidence level at least of 95% for both quantiles.  

The differences were: Wilksô order (from 2 to 9) the set of input uncertain parameters, the laws used to 

associate uncertainty and the treatment of failed calculations. 

The two types of methodology have advantages and drawbacks. The main drawback of the probabilistic 

approach is the need of engineering judgment for limiting the number of input uncertain parameters and, in 

some cases, for the process of associating the uncertainty. For the ñoutput extrapolation accuracyò 

approach, the main drawbacks are that it depends on the availability of ñrelevantò experimental data 

(therefore it is not applicable when no relevant experimental information is available) and that the process 

of combining errors is not based upon fundamental principles and requires detailed validation. This second 

approach seeks to avoid engineering judgement as much as possible. 

Main Results and conclusions 

The main results can be summarised as follows: 

¶ All participants managed to obtain the requested uncertainty bands with reasonable values. 

¶ A database, including comparative tables and plots, has been produced.  

Concerning the results for the cladding temperature-type output parameters, the uncertainty bands for both 

the 1st and the 2nd Peak Cladding Temperatures (PCTs), show nearly no overlap. However, when 

comparing results for the ñmaximum peak cladding temperatureò, the dispersion of the band width is 

significantly reduced for the probabilistic approach, and there is a region of overlap of about 15K. The 

missing overlap can be explained by quite different best-estimate calculations combined with rather narrow 

uncertainty bands. For the pressure-type output parameters the estimation of the uncertainty bands 

(accumulator injection time and time trend for primary pressure) is very different depending upon the 

approach used. The CIAU approach obtains a width larger than the width found by other methods, which is 

almost negligible.  

Although the overall results are clearly a step forward towards the consolidation of the different methods, 

the uncertainty bands for the scalar output parameters, which do not show a clear agreement among the 

probabilistic approach users, may point out that for this approach, the uncertainty analyses have been not 

so well mastered by some participants. 

Despite it was not a main goal of the exercise, it is worth mentioning that the upper limit estimations 

(95/95) for maximum values of PCT predicted by participants do not exceed the safety criterion.  

Sensitivity analysis has been successfully performed by all participants using the probabilistic method. A 

comparison has been carried out about the influence ranking of the uncertain parameters. Users of the 

CIAU methodology presented sensitivity results evaluating the effect of the nodalization which can be 

found in their own contribution document. 

The influence ranking has been estimated for two macro responses: cladding temperature and primary 

pressure. The sensitivity coefficients used by participants are Pearson and Spearman correlation 

coefficient, standardised rank regression coefficients, Pearson and Spearman partial correlation coefficients 

and SOBOL indices. 
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The sensitivity results allowed defining several parameters as influential by the 12 participants using the 

probabilistic method. These quantities are: 

¶ From the set of common parameters: ñPower after scramò (12 participants out of 12) and ñUO2 

conductivityò (11/12) for the cladding temperature, ñContainment pressureò (10/12), ñInitial ILCL 

temperatureò (9/10) and ñInitial UH temperatureò (6/8) for the primary pressure. 

¶ From the other parameters: ñFilm boilingò (6/8) and ñCritical heat fluxò (7/9) 

The present document also contains a comparison with Phase III, although final conclusions will be 

provided in the following Phase VI document. 

Phase V results are a step forward that contributes to the general goals of the BEMUSE project. 
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1. INTRODUCTION  

1.1 Framework 

The BEMUSE (Best Estimate Methods ï Uncertainty and Sensitivity Evaluation) Programme has been 

promoted by the Working Group on Accident Management and Analysis (WGAMA) and endorsed by the 

Committee on the Safety of Nuclear Installations (CSNI). 

The high-level objectives of the work are: 

¶ To evaluate the practicability, quality and reliability of Best-Estimate (BE) methods including 

uncertainty and sensitivity evaluation in applications relevant to nuclear reactor safety 

¶ To develop a common understanding in this domain 

¶ To promote and facilitate their use by the regulatory bodies and the industry 

Operational objectives include an assessment of the applicability of best-estimate and uncertainty and 

sensitivity methods to integral tests and their use in reactor applications. 

The scope of the programme is to perform Large Break Loss-Of-Coolant Accident (LB-LOCA) analyses 

making reference to experimental data and to a Nuclear Power Plant (NPP) to address the issue of ñthe 

capabilities of computational toolsò including scaling and uncertainty analysis. 

This report is focused on BEMUSE Phase V activities and results. In Phase I the methodologies were 

discussed, in Phase II the Best-Estimate calculation of a test was performed, in Phase III the uncertainties 

and sensitivities were analyzed for the previous test and finally, in Phase IV, the Best Estimate calculation 

for a NPP was developed. All these previous phases constitute the background which is intended to be used 

in the present phase in order to produce final uncertainty results. Nowadays, Best Estimate Plus 

Uncertainty Methods are broadly used worldwide, directly for licensing purposes (USA, Netherlands, 

Brazil, etc.) or linked to future use for licensing (Canada, Czech Republic, France, etc.). The results 

presented in this report conclude on the computational aspects of the comparative exercise as they are a 

necessary step for future uses of these methods for licensing purposes. 

1.2 Content of the document 

This document is organised in 3 different parts together with a brief introduction and a final summary of 

the main conclusions. In the introduction a summary overview of the starting point of this Phase of the 

BEMUSE programme is presented. After some basic comments on framework and contents a brief 

description of the whole BEMUSE programme is given along with the list of participating organisations. 

The specification of this Phase V is cited and the requirements are summarised. The Zion plant and the 

scenario are briefly introduced and the methodologies are also cited.   

Part 1 is devoted to the uncertainties of the input parameters. The different sequence of steps established in 

Phase III are slightly adapted here in Phase V as the subjects as ñGeneral sources of uncertaintyò 

ñSelection of uncertainty parametersò and ñQuantificationò are introduced. A synthesis section and some 

conclusions on input parameters are also given in Part 1.  
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Part 2 is devoted to uncertainty analysis results. It also has the structure of steps. After reviewing the main 

features of the methods used by participants, it explains the main results of the uncertainty analysis using 

figures and tables to show uncertainty bands of the selected output parameters.  

Part 3 is devoted to sensitivity analysis results and has also a step structure. The general definitions needed 

in sensitivity analysis (influence, global and local sensitivitiesé) are given in this section along with the 

ranking of phenomena. A brief comparison with Phase III is also added.  

The document ends with a summarizing ñConclusions and Recommendationsò section. 

A list of references is introduced after the conclusions and Appendix A contains the full text of the Phase 

specification. 

1.3 Description of the BEMUSE programme 

BEMUSE programme consists of 6 Phases separated into two steps. The first step aimed at analysing the 

experiment L2-5 carried out in the LOFT facility whereas the second one is focused on the study of a 

hypothetical LB-LOCA in a commercial Nuclear Power Plant (more precisely, a four loop PWR 

Westinghouse). 

The six Phases of BEMUSE are: 

- Phase I: Description of the uncertainty methodology to be used by participants. This phase was 

coordinated by IRSN (see Ref.[1]). 

- Phase II: Best-estimate calculation of the ISP-13: LOFT L2-5. It was to be the reference case for the 

following phase. Some sensitivity calculations were proposed in the specifications document and 

performed by the participants. This phase was coordinated by UNIPI (see Ref.[3]). 

- Phase III: Uncertainty and Sensitivity analysis of LOFT L2-5, first conclusions on the 

methodologies and suggestions for improvement. This phase was coordinated by CEA (see Ref.[4]). 

- Phase IV: Best-estimate calculations of a LB-LOCA in ZION nuclear power plant. Analogous to 

Phase II but without experimental data. Reference case for next phase. Some sensitivity calculations 

were proposed on Phase II basis. This phase was coordinated by UPC (see Ref.[5]). 

- Phase V: Uncertainty and Sensitivity analysis of a LB-LOCA scenario in ZION nuclear power plant. 

Analogous to previous Phase III. This phase has been coordinated by UPC. 

- Phase VI: Status report on the area, classification of the methods, conclusions and recommendations. 

This phase is being coordinated by GRS. 

The present document compiles and compares the work performed by participants in Phase V of BEMUSE 

programme. 

1.4 Participating organisations 

Fourteen groups from twelve organisations and ten countries have participated in the exercise. 

Six thermal-hydraulic system codes have been used, sometimes in different versions: 
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- ATHLET: 3 participants. 

- CATHARE: 3 participants. 

- MARS: 1 participant. 

- RELAP5: 4 participants. 

- TECH-M-97: 1 participant. 

- TRACE: 2 participants. 

The list of the organisations participating in BEMUSE Phase V is given in 

Table 1:  List of participants in BEMUSE Phase V 

Numb. Organisation Country  Name E-mail Code 

1 AEKI  Hungary A.Guba 

I.Tóth 

I. Trosztel 

guba@aeki.kfki.hu 

tothi@aeki.kfki.hu 

trosztel@aeki.kfki.hu  

ATHLET 2.0A 

2 CEA France T.Mieusset 

P.Bazin 

A.de Crécy 

thomas.mieusset@cea.fr 

pascal.bazin@cea.fr 

agnes.decrecy@cea.fr 

CATHARE2  

V2.5_1 (r5_567) 

3 EDO Russia S.Borisov borosov_sl@grpress.poldolsk.ru TECH-M-97 

4 GRS Germany T.Skorek 

H.Glaeser 
Tomasz.Skorek@grs.de 

Horst.Glaeser@grs.de 

ATHLET 2.1B 

5 IRSN France J.Joucla 

P.Probst 
jerome.joucla@irsn.fr 

pierre.probst@irsn.fr 

CATHARE2 

V2.5_1 mod6.1 

6 JNES Japan A.Ui ui-atsushi@jnes.go.jp TRACE ver4.05 

7 KAERI South Korea B.D.Chung bdchung@kaeri.re.kr MARS 3.1 

8 KINS South Korea D.Y.Oh k392ody@kins.re.kr RELAP5/mod3.3 

9 NRI-1 Czech Republic R.Pernica 

M.Kyncl 
per@ujv.cz 

milos.kyncl@ujv.cz 

RELAP5/mod3.3 

10 NRI-2 Czech Republic Jiri Macek mac@ujv.cz ATHLET 2.1 A 

11 PSI Switzerland A.Manera 

J.Freixa 

annalisa.manera@psi.ch 

jordi@freixa.net 

TRACE5rc3 

12 UNIPI-1 Italy A.Petruzzi 

F.dôAuria 
a.petruzzi@ing.unipi.it 

d5808@ing.unipi.it 

RELAP5/mod3.2 

13 UNIPI-2 Italy A.Del Nevo 

F.dôAuria 
a.delnevo@ing.unipi.it 

d5808@ing.unipi.it 

CATHARE2 

V2.5_1 mod6.1 

14 UPC Spain M.Pérez 

F.Reventós 

L.Batet 

marina.perez@upc.edu 

francesc.reventos@upc.edu 

lluis.batet@upc.edu 

RELAP5/mod3.3 

1.5 Specification for the BEMUSE Phase V 

UPC, acting as coordinator of the present Phase V, prepared a specifications document and, in close 

collaboration with CEA and GRS, a list of common input uncertainty parameters to be used by those 

participants using a probabilistic methodology (all except UNIPI). The full text of the specification is 

included as APPENDIX A. 
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1.6 ZION and LB -LOCA brief description  

Extended information on the simulated nuclear power plant and scenario features can be found in the 

report of previous Phase IV (see Ref.[5]). 

Zion Unit 1 was operated and owned by the Commonwealth Edison network. Its main features are: 

- Location: Zion, Illinois. 

- 4 loops PWR. 

- Westinghouse design. 

- Net output: 1040 MWe. 

- Thermal power: 3250 MWth. 

- Status: permanently shut down. 

- Date started: June 1973. 

- Date closed: January 1998. 

The scenario simulated is a cold leg LB-LOCA without HPIS actuation. 

1.7 Requirements for Phase V 

Following Phase III procedures, six output parameters are considered for uncertainty analysis: four scalar 

quantities and two time trends (see Table 2). A new scalar quantity was included in the exercise, the 

maximum peak cladding temperature as a scalar parameter. 

Table 2:  Output parameters for uncertainty and sensitivity analysis 

Type Definition Criterion  

Time trend Maximum cladding temperature: MCT See comment below 

Pressure in the upper plenum: Pup No criterion 

Scalar 

quantities 

1st PCT (blowdown Phase) MCT and t < tinj  

2nd PCT (~ reflood Phase) MCT and t > tinj  

Time of accumulator injection: tinj Time of beginning of injection 

Time of complete core quenching: tque Tclad Ò Tsat + 30K 

Maximum peak cladding temperature: MPCT See comment below 

Where: 

Tclad: cladding temperature. 

Tsat: saturation temperature. 

The maximum cladding temperature (MCT) is defined as in previous phases: maximum cladding 

temperature at each time step without location dependency (neither axial nor radial). 

The maximum peak cladding temperature (MPCT) is a scalar quantity defined as the maximum temperature 

value reached on the cladding surface during the whole transient, independently of its location (axial or radial). 

Also following Phase III development, the specifications document for Phase V (see 0) required a number 

of steps to describe the work performed by each participant: 

Part 1. Input parameters and associated uncertainties. 

 Step 1. General sources of uncertainties considered for BEMUSE Phase V. 

 Step 2. Selection of uncertain parameters. 

 Step 3. Quantification of uncertainty. 

 Step 4. Synthesis: selected parameters and their associated ranges of uncertainty. 
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Part 2. Uncertainty analysis. 

 Step 5. Sampling (for the probabilistic approach). 

 Step 6. Running the code. 

 Step 7. First uncertainty results. 

Part 3. Sensitivity analysis. 

 Step 8. Sensitivity analysis. 

1.8 Uncertainty methodologies  

Uncertainty methodologies used by participants have been described in Phase I and Phase III reports (see 

Ref.[1] and Ref.[4]).  

Except for UNIPI groups that analysed uncertainties with the CIAU method, the rest of participants used a 

fully probabilistic approach, based on the use of Wilksô formula (see Ref.[7]). 
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2. PART 1. LIST AND UNCERTAINTIES OF  THE INPUT  

UNCERTAIN PARAMETERS  

2.1 Step 1: General sources of uncertainties 

The UPC team, in collaboration with CEA and GRS, elaborated a list of input parameters with proposed 

uncertainty ranges, which were strongly recommended to be taken into account by participants using a 

probabilistic methodology (see 0). The reason of preparing such list of ñCommon Input Parameters 

associated with a Specific Uncertaintyò (CIPSU) is connected with the results of Phase IV showing for the 

reference case of the different participants quite an important dispersion. Another reason was that a number 

of data were not available for the Zion plant and participants would have taken different assumptions. In 

order to minimize further dispersion it was agreed that participants ï while following their own 

methodology ï should take into account to the extent possible the proposed list of CIPSU. Table 3 gives 

types of distribution functions and ranges for the above mentioned parameters: 

- Material properties 

- Initial and boundary conditions 

- Friction form loss factors. 

Table 3:  Common input parameters associated with a specific uncertainty, range of variation and type of 

probability density function. 

Phenomenon  Parameter Imposed range of 

variation  

Type of pdf Comments 

Flow rate at 

the break 
Containment 

pressure 

[0.85, 1.15], see 

Table 4 in 

Appendix A 

Uniform Multiplier. 

Fuel thermal 

behaviour 
Initial core 

power  

[0.98; 1.02] Normal Multiplier affecting both nominal 

power and the power after scram. 

Peaking factor 

(power of the hot 

rod) 

[0.95; 1.05] Normal Multiplier. 

Hot gap size 

(whole core 

except hot rod) 

[0.8; 1.2]  
 

Normal Multiplier. Includes uncertainty on 

gap and cladding conductivities. 

Hot gap size (hot 

rod) 

[0.8; 1.2]  
 

Normal Multiplier. Includes uncertainty on 

gap and cladding conductivities. 

Power after 

scram 

[0.92; 1.08] Normal Multiplier  

UO2 

conductivity 

[0.9, 1.1] 

(Tfuel <2000 K ) 

[0.8,1.2]  

(Tfuel >2000 K) 

Normal Multiplier. Uncertainty depends on 

temperature. 

UO2 specific 

heat 

[0.98, 1.02] 

(Tfuel <1800 K ) 

[0.87,1.13]  

(Tfuel >1800 K) 

Normal Multiplier. Uncertainty depends on 

temperature. 
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Phenomenon  Parameter Imposed range of 

variation  

Type of pdf Comments 

Pump 

behaviour 
Rotation speed 

after break for 

intact loops 

[0.98; 1..02] Normal Multiplier. 

Rotation speed 

after break for 

broken loop 

[0.9; 1.1] Normal Multiplier. 

 

Data related 

to injections 
Initial 

accumulator 

pressure 

[-0.2; +0.2] MPa Normal  

Friction form 

loss in the 

accumulator line 

[0.5; 2] Log-normal Multiplier. 

Accumulators 

initial liquid 

temperature  

[-10; +10] °C Normal  

Flow 

characteristic of 

LPIS 

[0.95 ; 1.05] Normal Multiplier. 

Pressurizer Initi al level [-10; +10] cm Normal  

Initial pressure [-0.1; +0.1] MPa Normal  

Friction form 

loss in the surge 

line 

[0.5; 2] Log-normal Multiplier. 

Initial 

conditions: 

primary 

system 

Initial intact loop 

mass flow rate 

[0.96; 1.04] Normal Multiplier. This parameter can be 

changed through the pump speed or 

through pressure losses in the 

system... 

Initial intact loop 

cold leg 

temperature 

[-2; +2] K Normal This parameter can be changed 

through the secondary pressure, heat 

transfer coefficient or area in the U-

tubes... 

Initial upper -

head mean 

temperature 

[T cold ;  

Tcold + 10 K] 

Uniform This parameter refers to the ñmean 

temperatureò of the volumes of the 

upper plenum (see Annex 1 in 

Appendix A)  

Table 4 summarises the sources of uncertainties taken into account by the participants. The table includes 

UNIPI1 and UNIPI2 despite they are not considering directly input uncertainties. Three participants 

considered only, and when possible, the set of parameters suggested in the specifications document:  

- EDO did not include the following parameters: initial upper head temperature, initial accumulator 

liquid temperature and hot gap size (zones 1, 2, 3, 4) 

- JNES only used the 20 CIPSU 

- PSI did not consider the upper-head mean temperature parameter of the CIPSU due to the use of a 

3D vessel nodalization used, but considered CCFL at the upper tie plate with the uncertainty 

distribution specified in the specifications document 

Participants using a 3D vessel nodalization (CEA, JNES, KAERI and PSI) could not implement directly 

the ñupper-head mean temperatureò uncertainty. Two participants, KAERI (using MARS) and PSI (using 

TRACE) could not associate uncertainty to the specified temperature. Among the other two, CEA group 
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specified in its contribution the way utilised for this purpose. JNES did not give any specific explanation 

for this parameter. 

Two participants (AEKI, KINS) applied a unique multiplier for all temperatures when dealing with UO2 

properties instead of splitting the temperature range into two as specified in the documentation for phase V. 

Three participants (IRSN, NRI2 and UPC) used two different multipliers, one for each range. The rest of 

the participants used a unique multiplier and re-scaled it depending upon the temperature falling within the 

lower or the upper temperature range as specified in the basis document for phase V. 

Participants gave details on the way the uncertainty of the CIPSU was applied when the general guidelines 

given in the specifications document (see CD with the appendices to BEMUSE Phase V Report) were not 

followed. 

Figure 1 to Figure 5 show the reference case results for maximum cladding temperature and primary 

pressure obtained by all participants. The figures for these time trend quantities are included because 

AEKI, CEA, GRS, IRSN, KINS and PSI groups have used in Phase V a different reference case 

calculation than the one submitted in Phase IV (Ref.[5]). The detailed information on changes can be found 

in each participantôs contribution. Participantôs results are grouped according to the code used. The KAERI 

results (MARS code), are included in RELAP5 graphs because of the similarity between the codes.  

The KAERI reference calculation of Phase IV could not be updated in the last version of Phase IV 

document; therefore the results here presented for KAERI group differ from those from the report of Phase 

IV. 

General comments related to reference calculations and to code and user effects are written in ñAppendix 

Gò and in ñAppendix Cò of the Phase IV report document (see Ref.[5]). 
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Table 4:  Input parameters with uncertainty considered by the participants 
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Figure 1:  Reference calculation. ATHLET code 
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Figure 2:  Reference calculation. CATHARE code. 
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Figure 3:  Reference calculation. RELAP5 code. 
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Figure 4:  Reference calculation. TRACE code 
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Figure 5:  Reference calculation. TECH-M-97 code. 
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2.2 Step 2: Selection of parameters associated with uncertainty 

Only participants following a probabilistic approach are concerned by this step.  

The Phase III report distinguished two kinds of approaches to select the uncertain parameters. 

In the first approach (KAERI, KINS, and UPC), a PIRT process was used. In Phase III, participants using 

the PIRT approach obtained a lower number of uncertain input parameters than other participants. 

Participants of both Phase III and V have increased in the present phase the number of uncertain input 

parameters with respect to Phase III. The increase is, in the first place, a direct consequence of the 

agreement on a minimal ñnominalò set of parameters (the 20 CIPSU). As it can be seen in Table 5 three 

participants (KAERI, KINS and UPC) considered less than 20 uncertain parameters in Phase III (AEKI 

and EDO did not contribute to Phase III). Other reasons for the enlargement of the number of parameters 

are related to the recommendations given in Phase III and to the experience gained by participants. For 

example: some parameters that were established as relevant from the sensitivity analysis of Phase III (see 

Ref.[3]) are included in Phase V. 

Participants using the second approach (CEA, GRS, IRSN, NRI1 and NRI2) obtain a higher number of 

parameters since they consider all the potentially influential parameters. In Phase V, the three possible 
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change options occurred in relation to Phase III: increasing the number of input uncertain parameters 

(IRSN and GRS), decreasing it (CEA and NRI2), and approximately keeping the same number (NRI1). 

In this phase some participants did not follow any of the previous two approaches. Three participants 

(EDO, JNES and PSI) considered only the 20 CIPSU and therefore did not take into account the 

uncertainties related to code physical models. 

Table 5 compares the number of parameters used in Phases III and V by participants in Phase V. Generally 

speaking, the mean number of uncertain input parameters considered is roughly the same but its dispersion 

among participants has decreased. When considering only the participants that do not apply only the 

minimum 20 CIPSU the mean number of the selected parameters obviously increases (since thereôs no 

limit for the number of parameters) to almost 39 and the dispersion between participants diminishes to 11. 

When comparing these values with previous Phase III the mean number increases by almost six parameters 

and the standard deviation decreases of seven parameters. 

Table 5:  Number of input parameters. Comparison with Phase III (Table 9 in Ref.[4]) 

 A
E

K
I 

C
E

A
 

E
D

O
 

G
R

S 

IR
S

N
 

J
N

E
S 

K
A

E
R

I 

K
IN

S
 

N
R

I1
 

N
R

I2
 

P
S

I 

U
P

C
 

M
e

a
n 

S
ta

n
d

a
rd

 

d
e

v
ia

ti
o

n 

Phase III -  53 -  49 42 27 14 13 31 64 24 14 33.1 18.1 

Phase V 36 44 17 55 54 20 25 24 33 44 20 32 33.7 13.2 

Phase V 
(*)

 36 44 - 55 54 - 25 24 33 44 - 32 38.6 11.4 
(*)

 Only participants considering more parameters than the ones proposed in the 

specifications document. 

Table 6:  Order of Wilks' application. Comparison with Phase III (Table 9 in Ref.[4]) 

 A
E

K
I 

C
E

A
 

E
D

O
 

G
R

S 

IR
S

N
 

J
N

E
S 

K
A

E
R

I 

K
IN

S
 

N
R

I1
 

N
R

I2
 

P
S

I 

U
P

C
 

Phase III - 2 (100) - 2 (100) 1 (59) 1(100) 2 (100) 1 (59) 1 (59) 1 (60) 3 (150) 2 (100) 

Phase V 3 

(130) 

5 (200) 2 (93) 4 (153) 9 (300) 2 (110) 3 (200) 3 (124) 5 (200) 2 (93) 2 (120) 3 (124) 

The comparison of Wilksô order used in both phases (for Phase III data see Table 9 in Ref.[4]) is shown in 

Table 6 where the number in the parenthesis indicates the number of code calculations performed, 

including failed code runs. It is interesting to compare them since there were no recommendations on this 

issue in the specifications document.  

One recommendation provided in the phase III report (see Ref.[3]) was to increase the number of 

calculations to about 150 to 200 when the upper tolerance limit approaches regulatory acceptance 

criteria. Table 17 describes the results for the Maximum peak cladding temperature. Some remarks to 

this table are: 

- The minimum order for Wilksôs method in Phase V is two, while in phase III it was one. 
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- The general tendency among the participants has been to increase at least one order with respect to 

Phase III. 

- Only one participant (PSI) decreased the number of code runs and the order of application. 

- 4 participants used 2nd order (EDO, JNES, NRI2 and PSI). 

- 4 participants used 3rd order (AEKI, KAERI, KINS and UPC). 

- 4 participants used higher orders than third (GRS used 4
th
 order, CEA and NRI1 used 5

th
 order, and 

IRSN used 9
th
 order) 

Some participants performed additional analysis by increasing the number of runs and, thus, the order of 

Wilksô formula application. Detailed performance of these analyses can be found in the CD of participant 

contributions (see Ref[13]). 

2.3 Step 3: Quantification of uncertainty 

Only participants following a probabilistic approach are concerned by this step. 

For the CIPSU specified in 0, all the participants used the recommended type of uncertainty and range. The 

methods to quantify the uncertainty of the other input parameters are: literature review such as code 

manuals (e.g. R5 code manual, see Ref.[8]), fitting of experimental data, previous studies such as CSAU 

(see Ref.[12]) or UMS (see Ref.[9]), and expert judgement. 

2.4 Step 4: Synthesis 

2.4.1 Synthesis table 

Table 7 summarises the input parameters used by each participant (that followed a probabilistic 

approach) with its associated uncertainty.  Table 7 is constructed following the same procedure as in 

the Phase III report (Ref.[4]).  The indication ñYò (yes) means that the parameter has been considered 

by the participant and, when necessary, comments have been added in parenthesis. When a number is 

written, it indicates the number of multipliers (or added quantities) used for that parameter. Parameters 

are associated, if possible, with certain phenomena or, if not, they are classified by the type of 

physical law. 

Common input parameters written in specifications document (0) are shaded in grey. 
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Table 7:  Input parameters considered by the participants (using a probabilistic approach). Associated 

phenomena or physical law 

Participant 

A
E

K
I 

C
E

A
 

E
D

O
 

G
R

S 

IR
S

N
 

J
N

E
S 

K
A

E
R

I 

K
IN

S
 

N
R

I1
 

N
R

I2
 

P
S

I 

U
P

C
 

Number of input parameters 36 44 17 55 54 20 25 24 33 44 20 32 

Phenomenon Parameter 

Flow rates 
repartition in the 

circuit/ pressure 

drops 

Form loss coef. 
ï active core 

 Y          Y 

Form loss coef. 

ï core bypass 
 Y           

Form loss coef. 
ï DWR & core 

cross 

connections 

   Y         

Form loss coef. 
ï lower core 

plate 

Y            

Form loss coef. 
ï ICL 

Y            

Form loss coef. 

ï BCL 
Y        

Y 

(DW

R-
BCL) 

   

Form loss coef. 

ï BHL 
        Y    

Form loss coef. 
ï all legs 

 Y           

Darcy-

Weisbach 
friction factor 

in loops and 

HA connection 
pipe 

Y            

Darcy-

Weisbach 
friction factor 

in reactor vessel 

Y            

Momentum 

term 
approximation 

(yes or no) 

Y   Y         

Wall friction Wall friction 

factor, primary 
system 

        Y    

Two-Phase 

multiplier of 

pressure drop in 
vertical pipe 

(Martinelli-

Nelson 
correlation) 

   Y      Y   

Two-Phase 

multiplier of 
pressure drop in 

horizontal pipe 

(Martinelli-
Nelson 

correlation) 

   Y      Y   
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Participant 

A
E

K
I 

C
E

A
 

E
D

O
 

G
R

S 

IR
S

N
 

J
N

E
S 

K
A

E
R

I 

K
IN

S
 

N
R

I1
 

N
R

I2
 

P
S

I 

U
P

C
 

Number of input parameters 36 44 17 55 54 20 25 24 33 44 20 32 

Phenomenon Parameter 

Void fraction 

dependent 
correction 

coefficient for 

fraction of 
water and steam 

in total wall 

friction 

   Y         

Liquid-wall 

friction 
    Y (2)        

Vapour-wall 

friction 
    Y (2)        

Flow rate at the 
break 

Energy (heat) 
transfer at 

liquid-vapour 

interface due to 
flashing 

 Y   Y        

Flashing delay  Y           

Turbulence 

factor in critical 
break flow 

model 

Y   Y         

Wall friction 

factor 
Y Y  Y         

Momentum 

term 

approximation 
at the break 

(yes or no) 

Y   Y         

Break discharge 
coefficient 

       Y Y(2)   
Y(
2) 

Fuel thermal 
behaviour 

Initial core 
power 

Y Y Y Y Y Y Y Y Y Y Y Y 

Peaking factor Y Y Y Y Y Y Y Y Y Y Y Y 

Hot gap size 

(whole core 
except rod #5) 

Y Y  Y Y Y Y*1 Y Y Y Y Y 

Hot gap size 

(hot rod #5) 
Y Y Y Y Y Y Y*1 Y Y Y Y Y 

Power after 
scram 

Y Y Y Y Y Y Y Y Y Y Y Y 

UO2 

conductivity  
Y*2 Y Y Y Y(2) Y Y Y*2 Y 

Y(2

) 
Y 

Y(

2) 

UO2 specific 
heat  

Y*2 Y Y Y Y(2) Y Y Y*2 Y 
Y(2

) 
Y 

Y(
2) 

Boundary 

conditions 

Containment 

pressure 
Y Y Y Y Y Y Y Y Y Y Y Y 

Pump rotational 

speed (IL) 
Y Y Y Y Y Y Y Y Y Y Y Y 

Pump rotational 

speed (BL)  
Y Y Y Y Y Y Y Y Y Y Y Y 

Two-Phase 
pump head 

degradation 

(IL)  

        Y    

Two-Phase 
pump head 

degradation 

(BL) 

        Y    
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Participant 

A
E

K
I 

C
E

A
 

E
D

O
 

G
R

S 

IR
S

N
 

J
N

E
S 

K
A

E
R

I 

K
IN

S
 

N
R

I1
 

N
R

I2
 

P
S

I 

U
P

C
 

Number of input parameters 36 44 17 55 54 20 25 24 33 44 20 32 

Phenomenon Parameter 

Global heat 

transfer 

Complex of 

heat transfer 
models: heat 

transfer fouling 

factor 

        Y    

Structure heat 

transfer 

surfaces: heat 
transfer fouling 

factor 

        Y    

Heat transfer in 

the rewetted 

zone 

Forced 

convection to 

liquid 

 Y  Y Y(2)  Y Y  Y   

Natural 

convection to 

liquid 

   Y         

Nucleate 
boiling 

 Y  Y Y   Y Y  Y  
Y(
2) 

Heat transfer in 

the dry zone 

Forced 

convection to 

vapour 

 Y  Y Y  Y Y  Y   

Natural 
convection to 

vapour 

    Y     Y   

Vapour-
interface energy 

transfer 

 Y           

Alternative 
models - forced 

convection to 

vapour 

Y (Dittus-
Boelter or 

Mc 

Eligot) 

  

Y (Dittus-
Boelter or 

Mc 

Eligot) 

        

Film boiling 

 Y  Y 

Y(2) 
(all 

Phases / 

reflood) 

 Y Y  Y  
Y(

2) 

Alternative 

models ï film 

boiling.  

Y 

(Dougall-

Rohsenow 
/ Condie-

Bengtson) 

  

Y 

(Dougall-

Rohsenow 
/ Condie-

Bengtson) 

     Y   

Minimum of 

stable film 
temperature 

(Tmfs) 

 Y  Y Y     Y   

Transition 
boliling 

      Y Y    Y 

Pool film 

boiling for 

natural 

convection 

   Y      Y   

Alternative 

models ï pool 
fil m boiling 

Y            

Critical heat 

flux 

Critical heat 

flux 
 Y  Y Y  Y Y Y Y  Y 

Alternative 

models ï 
critical heat 

flux 

Y            
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Participant 

A
E

K
I 

C
E

A
 

E
D

O
 

G
R

S 

IR
S

N
 

J
N

E
S 

K
A

E
R

I 

K
IN

S
 

N
R

I1
 

N
R

I2
 

P
S

I 

U
P

C
 

Number of input parameters 36 44 17 55 54 20 25 24 33 44 20 32 

Phenomenon Parameter 

Interfacial 

friction 

*Blowdown: 

interfacial 
friction (ILHL, 

UP and core) 

 Y           

*Refill and 
reflood: 

Interfacial 

friction in 
dispersed flow 

(core, 

downstream 
from the 

quench front 

and UP) 

 Y           

*Refill and 
reflood: Steen-

Wallis velocity 

for onset of 
entrainment 

IHL 

 Y           

Interfacial 
friction 

downstream QF 

    Y        

Interfacial 
friction (core, 

upstream from 

the QF) 

 Y           

Velocity of 
transition from 

non-dispersed 

to dispersed 
droplet flow in 

vertical bundle 

   Y         

Critical velocity 
of transition 

from non-

dispersed to 
dispersed 

droplet flow in 

vertical pipe 
and downcomer 

   Y         

Interfacial shear 

in dispersed 

vertical droplet 
pipe flow 

   Y      Y   

Interfacial 

friction for 
annular flows 

    Y        

Interfacial 

friction (churn-
bubblle flows) 

in pipe 

geometry 

   Y Y        

Interfacial 
friction (churn-

bubblle flows) 

in assembly 
geometry 

   Y Y        
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Participant 

A
E

K
I 

C
E

A
 

E
D

O
 

G
R

S 

IR
S

N
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N

E
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A

E
R

I 

K
IN

S
 

N
R

I1
 

N
R

I2
 

P
S

I 

U
P

C
 

Number of input parameters 36 44 17 55 54 20 25 24 33 44 20 32 

Phenomenon Parameter 

Interfacial 

friction (churn-
bubblle flows) 

in annular 

geometry 

   Y Y     Y   

Alternative 

models ï two-

Phase flow 
interfacial drag 

model: EPRI or 

Bestion 

        Y    

Alternative 
models: liquid 

entrainment 

model in the 
downcomer 

        Y    

Interfacial 

friction in 
bubbly-slug 

flow 

(downcomer) 

 Y           

Interfacial shear 
in stratified and 

wavy horizontal 
pipe flow 

 Y  Y Y     Y   

Interfacial shear 

in bubbly, slug 

and churn 
turbulent 

horizontal pipe 

flow 

   Y      Y   

Critical velocity 

of transition 

from stratified 
to slug flow in 

horizontal pipes 

   Y      Y   

Velocity of 

transition from 
non-dispersed 

to dispersed 

droplet flow in 
horizontal pipes 

   Y      Y   

Interfacial shear 

in dispersed 
horizontal 

droplet pipe 

flow 

   Y      Y   

CCFL CCFL in the 

upper core 

plate: c of 

Wallis 
correlation 

       Y Y  Y Y 

Condensation Direct 
condenstion 

due to energy 

transfer at 
liquid-vapour 

interface 

 Y  Y      Y   
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Participant 

A
E

K
I 

C
E

A
 

E
D

O
 

G
R

S 

IR
S
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N

E
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A

E
R

I 

K
IN

S
 

N
R

I1
 

N
R

I2
 

P
S

I 

U
P

C
 

Number of input parameters 36 44 17 55 54 20 25 24 33 44 20 32 

Phenomenon Parameter 

Liquid-interface 

heat transfer: 
Shah 

correlation 

    Y        

Liquid-interface 
heat transfer: 

stratified flows 

    Y        

Liquid-interface 

heat transfer: 
turbulences 

induced by 

injection 

    Y        

Liquid-interface 

heat transfer: 

droplet flows 

    Y        

Liquid-interface 
heat transfer 

during reflood: 

droplet flows 

    Y        

Vapour 

interface heat 

transfer in 
condensation 

    Y (2)        

Fraction of wall 

condensation 
heat flow 

Y            

Condensation 

by injection of 

under-saturated 

water 

    Y        

Evaporation Vapour-

interface heat 

transfer in 
evaporation 

    Y (2)        

Droplet 

diameter (core) 
 Y           

Number of 
bubbles per unit 

volume 

Y   Y         

Number of 

droplets per 
unit volume 

Y   Y         

Limiting of 

vapour specific 
volume for 

evaporation rate 

at low pressure 

   Y      Y   

Data related to 

injections 

Accumulator  

pressure 
Y Y Y Y Y Y Y Y Y Y Y Y 

Accumulator 

line form loss 

coefficient 

Y Y Y Y Y Y Y Y Y Y Y Y 

Accumulator: 

liqud 

temperature 

Y Y  Y Y Y Y Y Y Y Y Y 

LPIS: Flow 
characteristic of 

liquid injection 

Y Y Y Y Y Y Y Y Y Y Y Y 
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Participant 

A
E

K
I 

C
E

A
 

E
D

O
 

G
R

S 

IR
S

N
 

J
N

E
S 

K
A

E
R

I 

K
IN

S
 

N
R

I1
 

N
R

I2
 

P
S

I 

U
P

C
 

Number of input parameters 36 44 17 55 54 20 25 24 33 44 20 32 

Phenomenon Parameter 

Data related to 

pressurizer 

Form loss 

coeffcient in the 
surge line 

Y Y Y Y Y Y Y Y Y Y Y Y 

Pressurizer 

initial pressure 
Y Y Y Y  Y Y Y Y Y Y Y 

Pressurizer 
level 

Y Y Y Y  Y Y  Y Y Y Y 

Data specific to 

0D module 

Droplets fall 

velocity 
    Y        

Bubbles rise 

velocity 
    Y        

Reflood (if not 
quoted in heat 

transfer in the 

dry zone) 

Fluid-wall heat 
transfer (2D 

conduction near 

QF) 

 Y   Y        

Interface-wall 
heat transfer 

downstream QF 

    Y        

Rewetted side 
HTC: upper QF 

Y   Y         

Rewetted side 

HTC: lower QF 
Y   Y         

Global HTC 
(core, 

downstream 

from the QF) 

 Y           

Initial 
conditions: 

primary system 

Initial intact 
loop mass flow 

rate 

 Y Y Y Y Y Y  Y Y Y Y 

Initial intact 

loop cold leg 
temperature 

Y Y Y 

Y (upper 

plenum 
temperatu

re) 

Y Y Y  Y  Y Y 

Initial upper-
head mean 

temperature 
 Y  

Y 
(recirculat

ing mass 

flow at  
UP and 

UH) 

Y Y   Y Y  Y 

Numerical 

parameters 

Convergence 

criterion 
Y            

Checking sensitivities  Y           
*1 In this code only cold gap size can be modified. 
*2 A unique multiplier was applied to the whole temperature range. 

2.4.2 Comparison of the considered phenomena 

In Table 8 the number of parameters associated to each phenomenon or physical law is listed for the 

different participants.  Those phenomena included in the specificationôs document (0) are shaded in grey; 

the number of parameters included in the specifications document is written in parenthesis. 

Comments on Table 8: 

Participants who have only considered the parameters set in the specifications document are not taken into 

account for the following considerations. Nine participants have included all relevant parameters in the 

uncertainty analysis. 
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- 9 out of 9 (9/9) participants considered the phenomenon of:  

o Critical heat flux. 

- 8/9 participants considered the phenomenon of:  

o Heat transfer in the dry zone. 

- 7/9 participants considered the phenomenon of:  

o Heat transfer in the rewetted zone. 

Global heat transfer was considered by one more participant not included in previous classifications, 

therefore it may be stated that heat transfer was considered by 9/9 participants. 

- 5/9 participants considered the following phenomena:  

o Flow rates repartition / pressure drops, 

o Interfacial friction. 

o Condensation (ATHLET and CATHARE users), 

o Evaporation (ATHLET and CATHARE users). 

- 4/9 participants considered the phenomenon of:  

o Reflood (ATHLET and CATHARE users, except NRI2) 

- 3/9 participants considered the phenomenon of:  

o Wall friction. 

When looking at codes and kind of phenomena treated, TRACE and TECH-M-97 cannot be included in 

general comments since the participants using them, mainly considered only the set of 20 CIPSU of the 

specifications document. Only ATHLET and CATHARE users considered condensation and evaporation 

phenomena, while for CCFL, all RELAP users and PSI (using TRACE) considered it. CCFL was 

considered by ATHLET indirectly as the interfacial friction factor for vertical flows was developed on the 

basis of CCFL correlation and considers counter-current flow limitations. 

Table 8:  Number of input parameters considered for each phenomenon by participants using a 

probabilistic approach 

Phenomenon 
Code Name/Version 

Total Number of Par 

AEKI CEA EDO GRS IRSN JNES KAERI KINS NRI1 NRI2 PSI UPC 

A20 C25 T97 A21B C25 T4 M31 R5 R5 A21A T4 R5 

36 44 17 55 54 20 25 24 33 44 20 32 

Flow rates 

repartition/pressure 

drops 

6 3 0 2 0 0 0 0 2 0 0 1 

Wall friction 0 0 0 3 4 0 0 0 1 2 0 0 

Flow rate at the break 2 3 0 3 1 0 0 1 2 0 0 2 

Fuel thermal behaviour 

(7) 
7 7 6 7 9 7 7 7 7 9 7 9 

Boundary conditions (3) 3 3 3 3 3 3 3 3 5 3 3 3 

Global heat transfer 0 0 0 0 0 0 0 0 2 0 0 0 

Heat transfer in the 

rewetted zone 
0 2 0 3 3 0 2 2 0 2 0 2 

Heat transfer in the dry 
zone 

3 4 0 6 5 0 3 3 0 6 0 3 

Critical heat flux 1 1 0 1 1 0 1 1 1 1 0 1 
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Phenomenon 
Code Name/Version 

Total Number of Par 

AEKI CEA EDO GRS IRSN JNES KAERI KINS NRI1 NRI2 PSI UPC 

A20 C25 T97 A21B C25 T4 M31 R5 R5 A21A T4 R5 

36 44 17 55 54 20 25 24 33 44 20 32 

Interfacial friction 0 6 0 11 6 0 0 0 2 5 0 0 

CCFL 0 0 0 0 0 0 0 1 1 0 1 1 

Condensation 1 1 0 1 8 0 0 0 0 1 0 0 

Evaporation 2 1 0 3 2 0 0 0 0 1 0 0 

Data related to 
injections (4) 

4 4 3 4 4 4 4 4 4 4 4 4 

Data related to 

pressurizer (3) 
3 3 3 3 1 3 3 2 3 3 3 3 

Data specific to 0D 
module 

0 0 0 0 2 0 0 0 0 0 0 0 

Reflood (if not quoted in 

heat transfer in the dry 
zone) 

2 2 0 2 2 0 0 0 0 0 0 0 

Initial conditions (3) 1 3 2 2 3 3 2 0 3 2 2 3 

Numerical parameters 1 0 0 0 0 0 0 0 0 0 0 0 

Others 0 1 0 0 0 0 0 0 0 0 0 0 

Other than the phenomena in the specificationôs document, some other phenomena like Heat Transfer in the Dry 

Zone and Heat Transfer in the Rewetted Zone have been considered by most of the participants. Table 9 and 

Table 10 contain the parameters considered by participants regarding these two phenomena, respectively. 

Table 9:  Parameters related to HT in the dry zone and critical heat flux, considered by participants using a 

probabilistic approach 

HT in the dry zone 

Code name/version 

Total num par 

AEKI CEA GRS IRSN KAERI KINS NRI1 NRI2 UPC 

A20 C25 A21B C25 M31 R5 R5 A21A R5 

4 5 7 6 4 4 1 7 4 

Forced convection to vapour  Y Y Y Y Y  Y  

Natural convection to vapour    Y    Y  

Vapour-interface energy transfer  Y        

Alternative models - forced 

convection to vapour 
Y (Dittus-Boelter 

or Mc Eligot) 
 

Y (Dittus-

Boelter or Mc 

Eligot) 

      

Film boiling 
 Y Y 

Y(2) 
(Berenson/ 

Bryce) 

Y Y  Y Y(2) 

Alternative models ï film boiling 
Y Y (Dougall-

Rohsenow / 

Condie-Bengsont) 

 

Y (Dougall-

Rohsenow / 
Condie-

Bengsont) 

    Y  

Minimum of stable film 
temperature 

 Y Y Y    Y  

Transition boliling     Y Y   Y 

Pool film boiling for natural 

convection 
  Y     Y  

Alternative modles ï pool film 
boiling 

Y         

Critical heat flux  Y Y Y Y Y Y Y Y 

Alternative models ï critical heat 
flux 

Y         

Table 10:  Parameters related to the HT in the rewetted zone by the participants using a probabilistic 

approach 

HT in the rewetted zone 

Code name/version 

Total num par 

AEKI CEA GRS IRSN KAERI KINS NRI1 NRI2 UPC 

A20 C25 A21B C25 M31 R5 R5 A21A R5 

0 2 3 3 2 2 0 2 2 

Forced convection to liquid  Y Y Y(2) Y Y  Y  

Natural convection to liquid   Y       

Nucleate boiling  Y Y Y  Y Y  Y Y(2) 
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2.4.3 Ranges of variation for the input parameters 

Figure 6 shows the uncertainty ranges (~4ů in case of normal laws) for heat transfer related parameters. As 

it is briefly commented below, differences among methods and also user effect will appear in this section.  

- Ranges for ñforced convection to liquidò show regular widths except for CEA (using expert 

judgement in this case), which has a rather large range.  

- Ranges for ñnucleate boilingò, ñfilm boilingò and ñforced convection to vapourò are divided in two 
groups depending upon the used correlation. UPC uses a larger range for the multiplier of subcooled 

nucleate boiling than other participants do for saturated nucleate boiling. The fact that RELAP5 

users apply different ranges and distributions to the same correlations is another example of user 

effect, since the same code manual is differently understood depending on the participant. 

- Ranges for ñcritical heat fluxò show two tendencies depending upon the code used: CATHARE and 
ATHLET users apply similar ranges, and MARS and RELAP5 users apply similar larger ranges. 

UPC multiplier is rather small compared to MARS and RELAP5 widths. 

- Ranges for ñtransition boilingò are only applied by RELAP5 and MARS users. The range for the 
multiplier is quite different for the four participants, so this is an example of unsatisfactory state of 

knowledge concerning model uncertainty. 

- NRI1 used a global heat transfer parameter that represents the uncertainty of all heat transfer 

parameters (the value of the global heat transfer multiplier is used for all heat transfer multipliers) so 

for all heat transfer regimes the same value has been depicted for NRI1 contribution. 

As stated in Phase III report (see Ref.[4]), differences related to correlations are code and model 

dependent. When users of the same code apply different uncertainty ranges for a correlation, the origin of 

the discrepancy can be found in the source of information (code manuals, expert judgement, and 

experimental database), its interpretation, and/or in the specific way the multiplier is applied. 

Figure 6:  Comparison of the uncertainty ranges for heat transfer multipliers 
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2.5 First conclusions on input parameters. Comparison with Phase III 

Some preliminary conclusions can be drawn for this part of the Phase V: 

Firstly Table 5 shows that in comparison with Phase III and even though the participants are considering 

the same number of parameters, the dispersion has decreased.  

Secondly as Phase V deals with a generic plant, there is no documentation available concerning the state of 

the plant as initial and boundary conditions, fuel properties, etc... Therefore, in the specifications, a 

common set uncertain parameters with their ranges of variation (CIPSU) has been proposed (other 

parameters were not considered uncertain because the phenomenon was already covered by the CIPSU) 

which has reduced not only the dispersion in its numerical value, but also the dispersion in their ranges.  

Nevertheless, the dispersion in the ranges of the parameters related to code correlations is still large. In 

addition, and regarding specifications, not all the participants have considered the CIPSU. In some cases, 

the ranges specified have not been used in the same way as proposed.  

In Table 11, parameters which appeared influential on cladding temperature and primary pressure in Phase 

III (see Table 12 and Table 13 in Ref.[4]) are compared with parameters considered in Phase V. The aim of 

this table is to evaluate the use among participants of the synthesis tables for sensitivities produced in 

Phase III as a tool to select the uncertainty parameters for Phase V. It is important to remind, as stated in 

Phase III report, that the synthesis tables produced in Phase III are not entirely valid for a LBLOCA 

scenario in a typical PWR due to the specificity of both the L2-5 transient and LOFT facility. AEKI is 

included in Table 11 even though they did not participate in Phase III. Table 11 compares parameters taken 

into account by participants in Phase V with parameters found influential in Phase III ï irrespective of 

which group identified them as influential and of the magnitude of the influence. 










































































































