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INTRODUCTION

• Thirty years of computer code development 

- Homogeneous equilibrium model

- Simulation of phase separation by gravity

- Thermal and mechanical non-equilibrium, effects of 

non-condensables

• Thirty years of experiments 

- Separate effects tests for individual phenomena

- Integral tests for large break LOCA, small break LOCA, 

transients, beyond design basis accidents and 

accident management

- PWRs, BWRs, WWERs

• Enormous wealth of experimental data base is available 

for code assessment
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BACKGROUND (I)

• Last 25-30 years wealth of experimental data to support 
analytical work for simulating the behaviour of LWRs
during thermal hydraulic transients and loss-of-coolant 
accidents

• In March 1987, OECD/NEA published “CSNI Code 
Validation Matrix of Thermohydraulic Codes for LWR LOCA 
and Transients” prepared by PWG2- Task Group on 
Thermal-hydraulic System Behaviour (TGTHSB)

• Decision was taken to bias the Validation Matrix towards 
integral tests. This was based on the assumption that 
sufficient comparison with SET data would be performed 
by code development that only very limited further 
assessment against SET data would be necessary

• This last expectation proved unrealistic. Continued 
comparison of calculations with separate effects test data 
is necessary to underwrite particular applications of codes, 
especially where a quantitative assessment of prediction 
accuracy is required, as well as for code model 
improvement

• Decision to develop a distinct SET Matrix rather than 
extend the original CSNI-Code Validation Matrix (CCVM) 

• Consequently, establish a separate ITF Matrix from the 
CCVM and update the contents

• TGTHSB formed „Writing Groups“ to carry out the work 
for the SET Matrix in 1988 and for ITF Matrix in 1994
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BACKGROUND (II)

• Decision to develop a distinct SET Matrix rather than 

extend the original CSNI-Code Validation Matrix (CCVM) 

• The CSNI-SET Matrix would complement the CCVM

• TGTHSB formed a „Writing Group“ to carry out the work 

of producing the SET Matrix in 1988

• Present two volume report is the outcome of the work 

during the period 1988-1993

• The development of SET Matrix was found to require an 

extension of the methodology employed for the CCVM 

both in the scope and in the categorization and 

description of facilities

• Development of the methodology used for the SET 

Matrix were carried out during the period 1991 to mid-

1993
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DEFINITIONS

• Verification of a code or a model

- To show that the code behaves as intended, i.e. it is a 

proper mathematical representation of the conceptual 

model, and the equations are correctly encoded and 

solved

• Validation

- A process carried out by comparison of model 

prediction with experimental measurements that are 

independent of those used to develop the model

- A model can not be considered validated until 

sufficient testing has been performed to ensure an 

acceptable level of predictive accuracy over the range 

of conditions for which the model may be applied

- The acceptable level of accuracy is based on 

judgement and will vary depending on the specific 

problem or question to be addressed by the model
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OBJECTIVES (I)

• Development of individual code models often requires some 

iteration and a model, however well conceived, may need 

refinement as the range of applications widened.

• A key issue concerning the application of BE codes to LOCA 

and thermal-hydraulic transient calculations is quantitative code 

assessment. Quantitative code assessment is intended to allow 

predictions of nuclear power plant behaviour to be made with a 

well-defined uncertainty. Most schemes for achieving this 

quantification of uncertainty rely on assigning uncertainties to

the modelling by the code of individual phenomena. This 

interest has placed a new emphasis on separate effects tests 

over and above that originally envisaged for model 

development. The more highly controlled environment of the 

SET is likely to lead to a more systematic evaluation of the 

accuracy of a model across wide range of conditions.

SEPARATE EFFECTS TEST 

VALIDATION (SET) MATRIX
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OBJECTIVES (II)

• A further incentive to conduct separate effects tests in 

addition to those carried out integral test facilities is the 

difficulty encountered in scaling predictions of phenomena 

from integral test facilities to plant applications. In general,

it is desirable to have a considerable overlap of data from 

different facilities; successfully predicting data from 

different facilities provides some confirmation that a 

phenomenon is well understood
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THE METHODOLOGY DEVELOPED

1. Characterisation of phenomena 

2. Identification of phenomena relevant to two-phase flow

- Short description of each phenomenon

- Relevance to nuclear reactor safety

- Measurement ability, instrumentation and data base

- Present state of knowledge-predictive capability

3. Catalogue of information on facilities and tests

4. Forming a SET cross-reference matrix

5. Identification of the relevant parameter ranges and 

selection of relevant facilities related to each 

phenomenon

6. Establishing the Separate Effects Tests (SET) matrix



Validation Matrices, (IAEA_ICTP_T16) / 

26.04.2007 / Aksan, 12

Laboratory for Thermal-Hydraulics

Nuclear Energy and Safety Department

IAEA-ICTP Natural Circulation Training Course, Trieste, Italy, 

25 - 29 June 2007

ADVANTAGES OF THE METHODOLOGY 

DEVELOPED

• Helps to collect and present the data and information 

collected in a comprehensive and systematic manner

• It is general and, in principal, applicable to the other type 

of validation matrices (e.g., on severe accidents, 

containment, etc.)
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IDENTIFICATION OF PHENOMENA

• A total of 67 phenomena are identified and resulting 

phenomena list is given in a table

• Earlier works, e.g. CSNI Code Validation Matrix (CCVM), 

CSNI-State-of-the art report (SOAR) on thermal-hydraulics 

of emergency core cooling in light water reactors have 

been used as basis of the list of phenomena

• A new group named „basic phenomena“ has been added

• Several different types of phenomena, such as 

interphase friction which is very basic attribute of a two-

phase flow, to those such as loop seal clearing which is 

essentially a system phenomena,

• A short description of each phenomena is provided, as 

included in the next item
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CHARACTERIZATION OF PHENOMENA

Short summaries relevant to each phenomenon have 

been provided under the headings:

• Description of the phenomenon:

A Brief description of each phenomenon used in the SET 

Matrix is given

• Relevance to nuclear reactor safety:

A brief discussion of the impact of the phenomenon on nuclear 

reactor safety is presented

• Measurement ability, instrumentation and data base:

A summary of the data requirements and the degree to which 

they are satisfied by the available data base are presented

• Present state of knowledge-predictive capability:

An assessment of the present state of knowledge and 

predictive capabilities are included
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CATALOGUE OF INFORMATION SHEETS

• A catalogue of the SET facilities used within the OECD member 

Nations was compiled, as a preliminary to establishing a list of

tests for code assessment and validation

• Various laboratories or organizations owing and/or operating 

test facilities or programs were invited to supply information. 

Additionally members of the Writing Group provided information 

on other facilities described in the open literature and known to 

them

• As a result, a list of 187 SET facilities has been compiled

• On 113 of those facilities, it was possible to produce 

information sheets

• The aim of the information sheets is to provide enough 

information to decide on the most appropriate test 

facility/programs to select for code validation/assessment with 

respect to particular phenomena

• This information collected primarily to enable the selection of

appropriate sets of test data for inclusion in the SET Cross-

Reference Matrix
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INFORMATION SHEETS

For each facility, a standard brief information 

sheet has been prepared with following items:

• Objectives of the facility

• Geometry

• Experimental conditions and parameter ranges

• Measurements

• Information concerning documentation

• Use of data

• Special features of experiments

• Phenomena investigated

Contained with full documentation in Volume II of the SET 

Validation Matrix report 
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EXAMPLE FOR INFORMATION SHEETS
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EXAMPLE (Cont.)
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LIST OF FACILITIES
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LIST OF FACILITIES (Cont.)
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FORMING A SET CROSS-REFERENCE 

MATRIX (CRM)

• The main objective in producing the SET facility Cross-

Reference Matrix is to identify the best available sets of data for 

the assessment, validation, and finally, the improvement of code

predictions of the individual physical phenomena

• List of 67 thermohydraulic phenomena forms one axis of the 

SET facility CRM; the second axis of the matrix consists of the 

187 facilities identified as potential sources of separate effects 

data, yielding the SET CRM. The test facilities are compiled 

according to the country in which they operate

• The correlation between phenomena and SET facility is 

assigned to one of three levels:

- Suitable for model validation (x)

- Limited suitability for model validation (o)

- Not suitable for model validation (-)

• CRM shows both the number of different phenomena covered 

by the experimental investigation with one test facility, and the 

number of different facilities in which an individual phenomenon

has been investigated
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SELECTION OF FACILITIES AND 

PARAMETER RANGES

• The identification of parameters relevant to each specific 

facility that characterize the phenomena

• 67 tables, that give an idea of the quantity and the scope 

of experimental research carried out to investigate the 

phenomena with the aim of qualifying thermal-Hydraulic 

system computer codes, have been produced with 

reference to each phenomenon

• The tables should be seen primarily as aiming at the 

selection of the facilities where the considered 

phenomenon has been investigated, the resulting 

information is utilized for the selection of individual 

experiments
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DATA BASE FOR SELECTED FACILITIES

• 67 tables corresponding to the 67 phenomena and including 
137 identified facilities:

- Phenomenon

- Facility identification: No.; Status in the Matrix; Name

- Keywords

- Relevant parameter ranges

- Reasons for selection or specific notes:

1. Well known to the Writing Group;

2. Well defined and clear boundary 
conditions;

3. Good measurement and instrumentation 
(quality of data)

4. Quality of documentation;

5. Already used for code development;

6. Suitable for independent assessment;

7. To cover an important parameter range;

8. To cover the effect of a specific parameter.
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ESTABLISHING THE SET MATRIX

• For each of the 67 phenomena, a table presents the tests which have 

been identified as suitable for code validation with respect to that 

phenomenon, from the test facilities selected

• Tests have been chosen on the basis of available information, 

applying the established criteria for selection

• It is not always possible to determine how satisfactory data is for code 

validation until the specific data is actually used

• The tests have been selected in order to cover the experimental data 

range as defined, knowing that the plant range is not always covered

• Particular attention has been given to the geometric scaling problem

• The main references are provided in the tables, for the chosen tests

• This matrix has been published as a first attempt. It may be updated by 

new and additional input from the owners and remarks from the users

• SET Matrix covers a large number of phenomena within a large range 

of selected parameters

• If a thermal-hydraulic code is to be used to cover certain number 

phenomena, then calculation of the relevant identified tests in the 

matrix is considered to be a basic step toward the achievement of code 

qualification
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INTEGRAL FACILITY TEST VALIDATION (ITF) 

MATRIX

TEST TYPES FOR PWRs

• Large break

• Small and intermediate breaks

• Transients

• Transients at shutdown conditions

• Accident management for non-degraded core

TEST TYPES FOR BWRs

• Loss-of coolant accidents

• Transients

BASIS FOR SELECTION OF EXPERIMENTS AND INDIVIDUAL TESTS

• Typicality of facility and experiment to expected reactor conditions,

• Quality and completeness of experimental data (measurement and
documentation),

• Relevance to safety issues,

• Test selected must clearly exhibit phenomena,

• Each phenomenon should be addressed by tests of different scaling 
(at least one test if possible)

• High priority to International Standard Problems (ISP), counterpart 
and similar tests

• Challenge to system codes.
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CROSS REFERENCE MATRICES FOR 

WWER ANALYSIS (INTEGRAL AND 

SEPARATE EFFECTS TESTS)

• OECD Support Group on WWER Validation Matrix 1995-2000

• Develop a supplement to the existing OECD SET and ITF 

Validation Matrices

• Consideration of specific features of WWER-440 and WWER-

1000 systems and their behavior in normal and abnormal 

situations

• WWER Validation Matrix contains

- Large break LOCAs

- Small and intermediate brak LOCAs

- Transients

• Phenomena identified relevant for WWERs

• Phenomena od WWER compared to Western PWR and 

similarities clarified

• Facilities and experiments (both ITFs and SETs) identified that 

supplement the CSNI Validation Matrices and are suitable for 

WWER specific code assessment
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USE OF THE VALIDATION MATRICES IN 

BEST-ESTIMATE THERMAL-HYDRAULIC 

CODES

• OECD/NEA-CSNI SET and ITF validation matrices have 

been used heavily in establishing the validation matrices 

for the major BE thermal-hydraulic system codes, e.g. 

RELAP5, CATHARE, TRAC, TRACE and ATHLET

• Depending on the application needs of the specific 

computer code, additional separate effects tests are 

included into the code’s validation matrix, e.g. ATHLET 

considers specific aspects of the German combined ECC 

injection system, RELAP5 and TRACE consider specific 

aspects of AP1000 and ESBWR advanced reactor designs 

by including additional separate effects tests (SET) and 

ITF tests into the specific validation matrix
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CONCLUSIONS AND RECOMMENDATIONS (I)

• Information collected, recorded and classified in three main 
areas:

- On test facilities and test parameters,

- State of the art knowledge with regard to a full range of 
thermal-hydraulic phenomena

- Source of data for validation of codes with respect to 
individual phenomenon

• SETs and ITF validation matrices are established for PWRs
and BWRs. WWER validation matrix has been also completed

• The SETs validation matrix, two-volumes report, contains the 
most comprehensive compendium of tests and facilities brought 
together in one document, nevertheless, it is recognized that the 
work did not succeed in reaching all world data

• A methodology has been developed for establishing SET 
Validation Matrix. This methodology can be used for 
establishing other validation matrices, e.g. on severe accidents, 
containment thermohydraulics, 3D thermal-hydraulic code 
assessment, etc. 

• Sufficiently complete list of relevant phenomena for thermal-
hydraulic transient applications of PWRs and BWRs have been 
identified. The majority of these phenomena are also relevant to
advanced water-cooled reactors
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CONCLUSIONS AND RECOMMENDATIONS (II)

• About 2094 tests are included in the SET Matrix. This SET Matrix has to 

be considered as a living, evolving document

• The SET Matrix also provides a basis for evaluating the existing data 

base and defining the main axes for further research in LWR safety 

thermal-hydraulics in relation to separate effects testing

• Based on the SET validation matrix evaluation, need of additional 

experimental data are identified (CSNI report, OECD/GD (97) 9, Nov. 

1996), such as:

- Basic phenomena: pressure drops at geometric discontinuities

- Critical flow in valves

- Phase separation at branches

- Quench front propagation/rewet, fuel rods

- Parallel channel instabilities (BWR)

- Boron mixing and transport

- Non-condensable gas effect (PWR)

• Systematic approach is very beneficial- provides basis for assessment 

and quantification of code uncertainties for plant calculations, which is 

the major task for the future

• Work to ensure all data sets qualified an excellent way to protect 

investment in R&D data
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