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Foreword :

This work is the result of extended mandate which has been given by the CSNI on the
requesi of the .Principal Working Group number 2 (PWG 2) and the Task Group on
Thermal Hydraulic System Behaviour (TG THSB) in late 1994. This one year mandate has
consisted in the evaluation of the SET validation matrix in order to define the real needs
for further expetimental work. This work has been conducted-by quite the same authors of
the SETs matrix in continuation of this previous task. This summary report presents the
main findings. '







Table of contents

1 GENERAL COMMENTS - .- 7
2 STATISTICAL EVALUATION OF THE DATA BASE ...cuuccececeserarmemesssssessosesssmsesssesassen 8
2.0 OVERVIEW OF THE SETs VALIDATION MATRIX...ccrvererecrrrrvececeniececeseessaessenenes 8
2.1 ©~  ANALYSIS OF THE SELECTED FACILITIES FEATURES. .......ccocoremrececrereeeseeeeesaenas 9
2.2 ANALYSIS OF THE SETs VALIDATION MATRIX CONTENT.....ccoveiirireececnecernenssonnes 9
3 RANGE OF EXPERIMENTAL PARAMETERS ' , 11
4 EVALUATION OF THE DATA BASE : carnmnen 12
4.0.1  Evaporation due t0 depreSsurization .........cceccvecceeerrirescrsecrssnrersesssesscssesserssessssnssnnsns 13
4.0.2 Evaporation due t0 Neat iNPUL .....ccccereeeerseriecserererenrerrseecneseesseesseesseessessneeseessnssns 13
4.0.3 Condensation due t0 PreSSUNZALION .........ccrcvemererrerrsiniressessnrircsessersrssseresssssssersssnss .13
4.0.4 - Condensation due to heat removal.........ciceiciniirre e rrecrs s e e s saneesaneenns 13
4.0.5 Interfacial friction in vertical flOW .......cccevcrercreccececee s 13
4.0.6 Interfacial friction in horizontal flOW........cccvveciriiiccrre et caneenes 14
4.0.7 Wall to fluid friction .................. eassasensenanssatna N s PR YRR R SRS e eR RS e r e i ha e aban s atbis 14
4.0.8 Pressure drop at geometric disCONHNUItIES ....ccccerrierserrrmeerrreesrrnerrr e seeas e nee 14
4.0.9 Pressure wave propagation........ccceeeerreeeeeesseesnescsrsenas ereresrrtecesteeareaaenaeeannaeessensnraatens 14
411 Critical IOW iN DrEAKS....vvrveerereseseeseesessseesssensessssssesssssesssssssssssssssssressassssssssssseessessans 14
4.1.2  Critical flow iN VAIVES ....ccciicrrecetcceeneeccrianererecss s essessinesssnrsssssssesesaesns SRS 15
4.1.3  Critical fIOW iN PIPES.....ccrierreracrrccerarisssirsceessssesssnsssssssssssssssnsssasssssasssssssnsssssssanssassssans 15
- 4.2.1 Phase separation / vertical flow in pipes / plena........cccceerveeerrrnnerrenenn. reeiesesnnresrnnransas 15
4.2.2 Phase separation / vertical flow with and without mixture level in core...........cceceuernn. 15
. 4.2.3 Phase separation/ vertical flow with and without mixture level - downcomer............... 16
4.4 Phase separation at branches...........ciiiiccinisin e, 16
4.5.1 Entrainment/De-entrainment in the COre.....cincmeecrc et ecieres e snecressans 16
4.5.2 Entrainment/De-entrainment in the upper plenum .........ccvcoiciniiccnncinnncecnennens 16 .
4.5.3 Entrainment/De-entrainment in the dOWNCOMET .......ovecevcrersetnn st 17
- 45.4 Entrainment/ De-entrainment in steam generator tubes .........coveeeeriveccerirneecicnnenens 17
45.5 Entrainment/ De-entrainment in steam generator mixing chamber (PWR)................. 17
45.6 Entrainment/ De-entrainment in hot leg with ecc injection (PWR)........cccovceevveercrcnnne 17
4.6.1 Liquid-Vapour mixing with condensation - COre .......ccccuevrrererecreceeescrirecesssensneranens 18
4.6.2 Liquid-Vapour mixing with condensation - dOWNCOMET .......c..ccmrreeeriineereeecsessenessenens 18
4.6.3 Liquid-Vapour mixing with condensation - upper plenum ..........ccooeevneneececersevessenees 18
4.6.4  Liquid-Vapour mixing with condensation in lower PIeNUM ............ccevureeeeecrrrreereccrsesenes 18
465 Liquid-Vapour mixing with condensation in steam generator mixing chamber (PWR) 18
4.6.6 ECC injection in ot and COId 18G. ... rmmrrrerrrreresssrecssussssssessssnesenessesessersssessssssssenessess 19
4.7.1 Condensation in stratified conditions in pressurizer (PWR).......... reeeeresenresreverns venerens 19
4.7.2  Condensation in stratified conditions in steam generator primary side (PWR) ........... 19
4.7.3  Condensation in stratified conditions in steam generator secondary side (PWR)....... 19
4.7.4 Condensation in stratified condition in horizontal PIPES ..eveeeevrrerrcnreiecee e erercrreneeeen 19




4.8.1 Spray effects in core (BWR) ....ccooccirvciciiinnnns feeeereriesssneressseeesssnaeeraeesneeranaessasesarnren 19
4.8.2 Spray effects in pressurizer (PWR)......ccccoovmimvirniiniiiiineneenne rereteesreeseeeessenesressnas 20
4.8.3 Spray effects in once-through steam generator secondary sides (PWR) ................... 20
4.10.2 Global multidimensional fluid temperature, void and flow distribution - core............... 20
4.10.4 Global multidimensional fluid temperature, void and flow distribution in the steam
: generator SECONdary SIdE ......c..ccvvriiiiiniiiinriniiinr s ee st s sa s sane s 21
4.11.4 Post-CHF heat transfer..... ..ot scresst s e s e e esas e n s eeae 21
4.11.5 Radiation heat transfer ...t ane e s aneas e 21
4.12.1 Quench front propagation/rewet on fuel rods ...........cccceerniiiiiinnnn e 22
413 LOWEK PIGNUM fASHING...e..ovicerreeivereseessenesesssssssssenssasssinsssessssssssasesssssssessaseasessscesasessses 22
4.14  Guide Tube FIashing (BWR)......cc..cereemrmieieinireeirecccessee e stssinssssssecsnssssneesanessasas 22
4.15 One and two phase impeller. pump behaviour ..........c.ccuereriinnniiceiiciiienesenrene 23
416 One and two phase jet pump DEhavIOUT...........ocoiiiriirnicciiinene et 23
417  Separator DENAVIOUN .........ccorrrriei ittt st s s 23
418 StEEM Aryer DERAVIOUT ........covvevverveetsssessecseesaseasesssssansassssssssssssssecssesssssssssesscnserserssens 24
422  Parallel channel effects instabilities (BWR) ........coivviiiviimiiieiieieececereeeeceeeae 24
423  Boron mixing and transport ...........cceceiiiiiiiinniinienin e e st sen s 24
424  Non condensable gas effect (PWR) ......... rersesaneseaseeseeseesseraesesre et nsaeaae e as e genatians 25
4.25  LOWEr PIENUM ENrAINMENL ......ccceveeeerirucrerrarsesesreccresessasesssesesessasmasessassesssssansssssss 25
5 CONCLUSIONS.......cccoeeermnirenncannnaceannns 26
REFERENCES............. oo cciiciseneenenccninsssesnssnssnssnanes 27
FIGURES... R feesanassnssessases 28




EVALUATION OF THE SEPARATE EFFECTS TESTS (SET)
VALIDATION MATRIX

1 GENERAL COMMENTS

The evaluation tables of the SET matrix provide an overview of the data base including
the parameter ranges covered for each phenomenon and selecied parameters, and
questions posed to obtain” answers concerning the need for additional experimental data
~with regard to the objective of nuclear power plant safety. Commenting on the
completeness of the data base, it should be noted that we have concentrated on the
- available expetimental data ranges and considered the plant parameter ranges only in a
limited way, for, it is up to the user of the SET validation mattix for his particular
application to address the problem of plant parameters range of the paricular
phenomenon and compare this to the available data range in the SET validation matrix.

The evaluation has been done, on the one.hand, based on the statistics in chapter 2. This
chapter presents a global view of the data base focussing on areas  lacking in data and on
hot topics. On the other hand, a new systematic evaluation has been done based on the
authors technical judgments and giving evaluation tables (chapters 3 and 4).

In these tables, global and indicative information are included. Four main parameters have
been chosen as the most important and relevant parameters but, for some specific
phenomena, it is possible that there may be other parameters which may be as important
and not included in the tables. It has to be also noted that the parameter ranges given in
the tables do not indicate a systematic coverage of the parameter ranges in a specific test
series but they show that the parameters of a selected test series are within the ranges
given for a phenomenon. Also, the parameter ranges provided for a certain parameter in
the tables are independent of the parameter ranges of the other indicated parameters.

~ In providing judgement on the specific questions in the evaluation table, the following main
points have been considered as the basis :

a) All the known tests and data base available in the SET matnx have been taken into
account,

b) Adequacy of modelling in relation to separaté effects tests,
c) Best available choice of modeliing,

d) Adequacy of modelling for the purpose of physical modelling, (also considering related
tables which are established in 1989, in state of the art report (SOAR) on
Thermohydraulics of Emergency Core Cooling in Light Water Reactor [1]).

e) Adequacy of ranges of parameters,
f) Number of experiments, specifically addressing the scaling issue.

In general the experts have provided their technical judgement independently of each
other[7]. After collecting these judgements, there has been a harmonization of the results
through extensive discussions on the technical basis of their judgement and as a result of
these, the following evaluation tables have been established.




2 STATISTICAL EVALUATION OF THE DATA BASE
2.0 OVERVIEW OF THE SETs VALIDATION MATRIX

The SETs validation matrix has been presented in [2 to 6] with the basic rules which have
been applied for its elaboration. This results in 79 selected facilities, 1091 selected tests
covering 59 phenomena from the total of 67 identified ones.

An example of the SET validation mafrix for a given phenomenon is presented in Fig.1. In
the SET validation matrix, the selected tests, if any, are ordered foliowing one selected
chosen main parameter (for example system pressure) with indications of additional ones
(for example representative diameter and/or others). This may help the user to have a
complete view of the possible missing ranges for code validation.

At the bottom of the table the main references, if identified, are given for the chosen tests.
The reader is supposed to have enough information in these references to be able to
compute the test. Additional information related to the type of tests, or parameter ranges
for instance are also provided in the listed references.

This SET validation matrix has been published as a first attempt. It may be updated by
new and additional input from the owners and by remarks from the users. Nevertheless,
as it is, this separate effect test 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 a certain
number of phenomena then calculation of the relevant identified tests in the matrix is
considered to be a basic step towards the achievement of code qualification.

An additional table has been established [2] which contains a summary of this activity. As
a result of this summary, Fig. 2 presents the selection of the facilities in relation to each
phenomenon and the facilities for which tests have been identified.

NUMBER OF FACILITIES NUMBER OF PHENOMENA TOTAL NUMBER OF TESTS
41 1 409
15 2 124
8 3 114

4 4 107
3 5 25
4 6 247
1 7 16
1 8 14
1 16 7

1 19 28

Table 1: Capability of facilities to cover one or several phenomena

Another outcome is shown in Fig. 3 where one can see the number of identified tests and
the number of identified steady-state tests for each phenomenon. In the report [1], an

appendix also gives for each facility the phenomena which are covered and the related
selected tests.

Fig. 4 presents number of tests per phenomena and total number of tests available, these
results which will be analysed in the next chapter. The list of the selected facilities is given
in Appendix 1.




2.1 ANALYSIS OF THE SELECTED FACILITIES FEATURES |

Table 1 presents in relation with the Fig. 4, the statistics related to the capability of the
selected facilities in the matrix to cover one or several phenomena and gives the
corresponding total number of tests.

From the total of the 79 selected facilities, the majority is devoted to a single
phenomenon. |t is basically the case for the basic phenomena or for phenomena related
to a single component of the reactor circuits.

Fifteen facilities cover two phenomena. These are generally coupled basic phenomena for
example wall friction and interfacial friction (phenomena nos. 0.6, 0.7) or a basic
phenomenon and a more complex one, for example pressure drop at geometric
discontinuities (phenomenon 0.8) and phase separation at branches (phenomenon 4. 1) or
a phenomenon occuring. at large scale for example the entrainment (phenomenon 5.4)
with global multi-dimensional fluid temperature and void distribution. Heat transfer in post-

critical heat flux (phenomenon 11.4) and quench front propagation (phenomenon 12.1),
are examples.

On the other side, extreme versatile facilities also exist. Two of them cover 16 to 19
phenomena. These are large scale faciliies in which specific hardware and

instrumentation are devoted to a pamcular type of test in connection with the behavior of a
component.

Between these two extreme limits, the other facilities cover 3 up to 8 phenomena.

2.2 ANALYSIS OF THE SETs VALIDATION MATRIX CONTENT

The statistics related to the phenomena which are covered by a given number of tests are
presented in the following Table 2.

" NUMBER OF PHENOMENA NUMBER OF TESTS
8 - 0
2 1
2 2
7 ' 3
4 4105
5 610 10
11 1010 20
18 200 50
10 > 50

Table 2 : Phenomena covered by a given number of tests

In Table 3, some:further statistics are provided in relation to number of facilities suitable or
partially suitable for model validation, number of facilities recommended and selected for
SET matrix, and number of selected tests for SET matrix. These data are included in the
table for each phenomenon.




The eight phenomena which are not quéliﬁed by any test can be classified in several
types as indicated in Table 3. '

First of all, the phenomenon 0.9 (pressure wave propagation) was not in the scope of the
matrix. It was just mentioned as important for dynamic loads on core internals but is not
treated here. :

The other unstudied phenomena are related to the steam generator behavior. it is the
case for PWRs. These are liquid-vapour mixing with condensation in the steam generator
mixing chamber (phenomenon 6.5), the global multidimensional fluid temperature, and
void and flow distribution in the steam generator secondary side (phenomenon 10.4). lt is
also the case for the spray effect in the once-through steam generator secondary side
(phenomenon 8.3) and the steam dryer behavior (phenomenon 18). The accumulator
behavior (phenomenon 19) has to be studied on integral tests. The other phenomena are
related to the BWR with the guide tube flashing (phenomenon 14) and the one and two
phase jet-pump behavior (phenomenon 15).

The phenomena that have only one selected test for qualification are the parallel channel
instabilities for BWR (phenomenon 22) and the loop seal filling and clearance for PWR
(phenomenon 20.), but in this later case there exists the potential to enlarge the selection.

The phenomena which have only two selected tests are the spray effect in the core for
BWR (phenomenon 8.1) and in the pressurizer for PWR (phenomenon 8.2). In this later
case, the recommendation is to refer to integral facilities for which there are generally
specific tests for the pressurizer spray behavior.

The phenomena for which three tests have been selected are the
entrainment/deentrainment in the steam generator tubes (phenomenon 5.4) and in the
steam generator mixing chamber (phenomenon 5.5). Other phenomena concerned are
the liquid mixing with condensation in the downcomer (phenomenon 6.2) and in the lower
plenum (phenomenon 6.4), the condensation in stratified conditions (phenomenon 7.2),
the countercurrent flow and CCFL in hot and cold legs for PWR (phenomenon 9.3) and in
the channel inlet orifices for BWR (phenomenon 9.2).

At the other extreme, the phenomena for which there are large number of selected tests
are generally related to basic phenomena like wall to fiuid friction (phenomenon 0.7) or
more complex ones like critical flow (phenomena 1.1 to 1.3).

The general behavior of the core has been also extensively studied from the point of view
of heat transfer (phenomena 11. x serie), phase separation (phenomenon 2.2)
entrainment, deentrainment (phenomenon 5.1), and quench front propagation
(phenomenon 12.1).

The general behavior of the cold and hot legs, and their connection has been studied for
stratification (phenomenon 3.1) phase separation at branches (phenomenon 4.1) and
condensation in stratified conditions (phenomenon 7.4). The downcomer behavior has
been explored with a large number of tests for the global multidimensional fluid
temperature and flow distribution (phenomenon 10.3). The single and two phase pump
behavior has also been studied mainly in steady state.

These large number of selected tests are often steady state tests and, for example, for
heat transfer the general correlations used in the thermohydraulic codes do take these
" experimental results into account. In this case, systematic verification of codes should be
unnecessary except for some specific needs.
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3 RANGE OF EXPERIMENTAL PARAMETERS

In this chapter, a summary is given on parameter ranges of the selected tests for each of
the 67 identified phenomena. Generally, for each test a number of conceivable
parameters can be identified when characterizing the test and its relevance in relation to
conditions pertinent to those occurring in real LWRs during the courses of different LOCAs
and transients. However, in order to provide essential information about the experimental
test ranges in a concentraied and readily apprehensive form, a few key parameters are
used. These selected parameters will reveal some information of the geometrical as well
as the thermal-hydraulic conditions of the tests for each phenomenon. This information
can be valuable in helping the readeér in the process of appraising the suitability of the
current SET validation matrix data base for assessment of a certain phenomenon during
specific conditions, and.can also be used to indicate areas in which additional experiments
would be useful in order to increase the understanding of the physics of a specmc
phenomenon and associated scalability.

The key parameters and their ranges of the selected tests for each phenomenon are
provided in four columns in Table 4. The key parameters used in this context include:

e Astate parameter given by the operating pressure of the tests.

o A flow parameter expressed as mass flux, mass flow rate or volumetric flow rate in the
tests.

o A geometrical parameter provided through a typical dimension expressed by a
diameter, an equivalent diameter (hydrauhc or-heated) or a cross sectional area of the
test sections.

e An energy or heat transfer parameter given as the fluid temperature, the heat flux or
the heat transfer surface temperature of the tests.

In Table 4, the given range of a parameter is an envelope of the associated ranges of the
selecied tests. This means that it is not always possible to find tests that cover all varying
combinations of the given parameters although they are within the bounds of glven
parameter ranges.

For some phenomena, the number. of selected tests are very small with only limited
parameter ranges, or for a few phenomena no tests at all were identified, marked as NA
throughout the columns in Table 4. This can be an indication that more experiments
.should be conducted to fill the gap, but in.order to make a more thorough statement in this
respect the relevance of the actual phenomenon in connection with nuclear safety has to
be evaluated. This judgement is provided in Table 5 of this report.

The selected tests for a specific phenomenon are in many cases conducted in
geometrically full scale test sections relative to what is found in LWRs. However, in some
cases this condition is not fullfilled, and in such cases the intention has been to select
tests at different scales to make it possible to assess the capability of a thermal-hydraulic
code to exirapolate the conditions up to full scale. Additional ITF (integral Test Facility)

data not included in the SET validation matrix could provide valuable information in this
respect. :

If a test section has full scale characteristics, it does not necessarily mean that the
geometrical layout of the test section corresponds to what is found in typical LWRs. The -
geometrical dimensions of a test section can be in full scale while the layout is very
specific to satisfy some experimental requirements. In column three of Table 4, this is
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indiéated by the acronym FS (Full Scale). if the test section is in full scale and also have
geometrical similarity with the corresponding part or component in the LWR, it is indicated
with FSP (Full Scale - Prototype).

4 EVALUATION OF THE DATA BASE

Table 5 lists all 67 phenomena versus judgements of the authors, concerning :

Is the data base adequate for scaling ? (here, only geometrical scaling is considered)
. Possibility to use integral test facility data for characterizing the phenomena,

. Relevance to nuclear reactor safety,

Adequacy of measurements,

. Adequacy of physical modelling (considering also [1]), (a) using system codes, (b) other
codes,

[ B NI U

6. Need of additional experimental data.

All phenomena listed in Table 5 are described in Chapter 3 of the Separate Effects Test
Matrix Report for Thermal Hydraulic Code Validation [2]. These characterisations of the
phenomena cover phenomena descriptions, relevance to nuclear reactor safety,
measurement ability, instrumentation and data base, and present state of knowledge with
respect to predictive capability. Therefore, not all the phenomena are going to be
described, here, again. A description is included when some inconsistencies of the
judgements in Table 5 with the descriptions in the SET validation matrix report [2] have to
be clarified. Some judgements will be explained when they seem inconsistent, e.g. in
cases where the data base is not adequate for scaling, integral test facilities can not be
used or are of limited use only, the phenomenon is relevant for nuclear reactor safety, but
no need of additional experimental data is stated. The judgements represent the majority
opinion of the authors. For some cases, the sometimes different views of the authors are
not reflected in the following comments on phenomena evaluations.

The first column in Table 5 addresses the adequacy of the database for scaling up to
large nuclear plant scale. In some cases this cannot be judged on the available data, and
more datailed examination of the available data base is necessary. In these cases, an "A”
is used for judgement, i.e. "analysis is needed before concluding".

Integral test facility data can be used to increase the data base compared with separate
effects tests. For some phenomena, only integral test data are available for computer
code validation.

For some other phenomena, even if the data base is large, data are of limited suitability
for code validation due to measurement limitations for local parameters. If there are major
developments and advancements in the measurement techniques in relation 1o these
phenomena, there may arise a need -for additional new experimental data. The
judgements in Table 5 (adequacy of measurements and need of additional experimental
data), however, are based on the present state of the art of measurement techniques.
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4.0.1 Evaporation due to depressurization

This phenomenon is relevant to nuclear reactor safety. The ITF data are not useful for this
phenomenon.

At the present time, there is no need for additional experimental data. as, first of all the
geometric scale is covered, and on the other hand substantial improvement of local
measurement techniques, for example local thermal nonequilibrium is necessary. The
adequacy of the modelling is also limited in connection with the measured parameters.

4.0.2 Evaporation due to heat input

- The ITF data are not useful as a basis for examination of the microscale detalls of this
phenomenon. :

Currently, there is no need for additional experimental data'as, firstly the geometrical
scale is covered, and secondly substantial improvements of measurement techniques are
necessary to resolve the microscale details. The adequacy of the modeling is judged to be
limited in a microscale sense while the overall macroscale behavior can be somewhat
more properly simulated, although still in a limited way.

4.0.3 Condensation due to pressurization

The relevance to nuclear reactor safety is clear during refill of the primary circuit.

The majority of the authors think that this phenomenon is not dependent on scaling so the
data base seems adequate.

At the present, there is no need for additional experimental data due mainly to the limited
instrumentation capabilities to- investigate local phenomena. The modelling stays also
limited for fast transients due to the heat transfer at the interface (bulk condensation,
droplets, etc....).

4.0.4 Condensation due to heat removal

This phenomenon is relevant to nuclear reactor safety. The ITF data are not useful as a
basis for examination of the microscale details of this phenomenon.

Currently, there is no need for additional experimental data. The dimensional influence on
the microscale behavior is judged to be limited..However, in order to resolve the details of

~ the phenomenon in a microscale sense, substantial improvements of the measurement
techniques are necessary.

Y

In the system codes, integrated or macroscale models are implemented to simulate the
overall condensation behavior. Although, these models can do rather well in certain
situations, the generality of the models is quite limited.

- 4.0.5 Interfacial friction in vertical flow

This phenomenon is relevant for nuclear reactor safety. The majority of the authors think
that the data base is not adequate for scaling because the range of parameters is quite

13



limited. Integral tests facility data, are not useful. The limitations in the measurement
techniques prevent improvement of the knowledge.

4.0.6 Interfacial friction in horizontal flow

" The relevance to nuclear reactor safety is unanimously recognized. The data base seems
adequate for scaling and there is no need to use ITF data. The only limitation is due to the
flow regimes transitions. There is no requirement for additional experimental data as
progress is needed in the measurement techniques.

4.0.7 Wall to fluid friction

The phenomenon is relevant to nuclear reactor safety and the data base is considered

adequate. Information, although to a limited extent, can be obtained from Integral test
facility experiments.

There is no need for research investment in this area; this is especially true as far as the
present generation system codes, the related modeliing features, and acceptable
uncertainty ranges, as well as the instrumentation capabilities, are concerned. However,
for future developments, multi-field and 3-D equations may require additional
experimentation to distinguish the different contributions from the wall friction, provided
advanced instrumentation is made available.

4.0.8 Pressure drop at geometric discontinuities

The safety relevance of the phenomenon is well recognized. The majority of the authors
concluded that the available experimental data base is not suitable for scaling and
additional experiments are necessary to improve the present capabilities of system codes.

This may be especially true for transient situations, non developed flows, specific
geometric  configurations  (including special components), mechanical and
thermalhydraulic non equilibrium, very low flow and pressure, and for situations when the
abrupt pressure, variations cause vaporization and condensation. The net pressure -
change, i.e. distinguishing between reversible and irreversible variations, should be an
output from the experiments.

4.0.9 Pressure wave propagation

This phenomenon connected to mechanical behaviour under dynamic loads is relevant for
nuclear reactor safety but has not been explicitly treated in the CSNI SETs validation
matrix. Specific experiments and codes are addressed to this particular field, out of the
scope of two phase flow studies.

4.1.1 Critical flow in breaks

This phenomenon is very important and relevant to nuclear reactor safety. The selected
tests in the SET validation matrix cover only a limited pressure range, while the
geometrical scale extends up to about 60% of full size. Other facilities with suitable tests
including higher pressures were not included under this phenomenon, because of the
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arbitrarily chosen L/D-ratio requirement of being less than 5; otherwise the phenomenon is
judged to belong to the pipe category. The data base is nevertheless judged by the
authors to be adequate for assessing the scale influence and thus, there is no need for
~ additional experimental data. In addition to the SET data, various ITF data are very useful
for characterizing the phenomenon, and will coniribute to expand the pressure range.

The adequacy of the measurements is judged by the authors to be satisfactory, although it
is realized that the two-phase flow measurements encompass comparatlvely high errors
at low void fractions.

The models in the system codes are judged to be adequate and are also adjustable to
data by tuning discharge coefficients applied for different flow conditions.

4.1.2 Critical flow in valves

Valves are specific and the situation is more complex than described in section 4.1.1.
Specific data might be needed for special valve components.

4.1.3 Critical flow in pipes

Situation as in section 4.1.1.

4.2.1 Phase séparatio'n / vertical flow in pipes / plena

The safety relevance is unanimously recognized by the authors who reached the
conclusion that additional experiments are unnecessary. This was agreed notwithstanding
doubts expressed in relation to the possibility of scaling test data, for which there was a
recommendation for further data analysis, and for improvement of actual instrumentation
- capabilities. In this last case errors should be better quantified.

Almost all the authors agreed about the need to improve system codes in this connection.
However additional experiments were unanimously considered unnecessary. The range of
parameters from the available experiments seems adequate.

There is no need for research investment in this area; this is especially true as far as the
present generation system codes and the related modelling features and acceptable
uncertainty ranges, as well as the instrumentation capabilities, are concerned. However,
for future developments, multi-field and 3-D equations may require additional
experimentation to distinguish the different contributions to the wall friction, provided
advanced instrumentation is made available.

In relation to future needs, some of the comments in item 4.0.7 may apply to this case.

4.2.2 Phase separation / vertical flow with and without mixture level in core

This phenomenon is relevant to nuclear reactor safety. The usefulness of ITF data is
judged to be limited although information of liquid contents in different axial sections of the
core or rod bundles can be found by AP-measurements.

The scaling influence is judged to be adequately coveréd by the data base, because most
of the available data are for full-scale rod bundles. Consequently there is no need for
additional experimental data.
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Also the measurements are judged to be adequate, although the details of liquid droplet
and vapour bubbie distributions are rarely obtained.

4.2.3 Phase separation/ vertical flow with and without mixture level - downcomer

The downcomer water collapsed level is the driving force for core reflood and
" consequently core cooling conditions. The phase separation in the downcomer influences
“the water inventory loss during blowdown via a cold leg break due to its influence on the
pressure loss mainly in the broken loop and on the critical flow rate at the break.

Various parameters determine the development of the phenomenon "phase separation in
the downcomer with and without mixture level". The measurement of the phenomenon
consists of different quantities, like pressure difference in the downcomer, void fraction
and velocities. The pressure difference measurements need a fine axial spacing over the
total downcomer height to get measurements of the mixture level. The results of these
measurements are considered sufficient and reliable enough to be adequate. The
measurement of mixture level would need an improved measurement technique. ‘

4.4 Phase separation at branches

The phenomenon was unanimously considered relevant to safety. Limited code modelling
capabilities were also unanimously recognized. However, some disagreement appeared
in relation to the quality of data and the need for additional data.

The very broad ranges of plausible geometric configurations of potential interest, i.e. ratios
between diameters, inclinations of the main pipe (vertical, horizontal, oblique), mutual
positions including inclinations of primary and secondary pipe, and lack of data (or
difficulties in having qualified data) for situations involving time variations or
thermohydraulic non-equilibrium situations (e.g. annular flow in a large horizontal pipe with
a small pipe) are at the basis of the disagreements in the judgements. Looking at the
above mentioned complex situations, the scaling of data is not feasible. The adequacy of
measurements may not be enough, the code capabilities are not sufficient. As a result of
this, the need for new experiments is justified.

4.5.1 Entrainment/De-entrainment in the core

As already stated in the SET validation matrix report (OECD/GD(94)82), vol.1 [2], the data
base is large but is of limited suitability due to measurement limitations for the local
parameters, and scale dependence. The important parameters related to entrainment and
de-entrainment are the droplet sizes and distribution, the interfacial area and the velocity
fields. If there are major developments and advancement in the measurement techniques
in relation to entrainment/de-entrainment phenomena, there may be need for additional
new experimental data. Otherwise no additional experimental data are needed.

4.5.2 Entrainment/De-entrainment in the upper plenum

Situation is as in section 4.5.1.
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4.5.3 Entrainment/De-entrainment in the downcomer

Situation is as in section 4.5.1.

4.5.4 Entrainment / De-entrainment in steam generator tubes

The situation is globally the same as in paragreiph 4.5.1 but, as the full scale is used in the
facilities, there is no problem for geometric scale.

4.5.5 Entrainment/ De-entrainment in steam generator mixing chamber (PWR)

 Situation is as in section 4.5.1
This phenomenon is connected with phenomenon 10.4 (global multidimensional-effect).

4.5.6 Entrainment/ De-entrainment in hot leg with ecc injection (PWR)

A pressure difference exists from the upper plenum to the downcomer through the loops,
if a large break occurs at the cold leg side of one of the primary coolant loops or, if
condensation occurs in the steam generator primary side in a small break scenario. The
- pressure difference causes a steam flow from the upper plenum to the sieam generators.
The amount of ECC water injected into the hot legs (i.e. via the special nozzles at the
bottom of the hot legs in some reactors) reaching the core is important for emergency
core cooling effectiveness. Some of the ECC water may be entrained towards the steam
generator by sufficiently high steam velocities. Phenomenon 6.6 "liquid-vapour mixing with
condensation of - ECC in hot leg" and phenomenon 9.3 "countercurrent fiow/
countercurrent flow limitation in the hot legs" are important for this behaviour, also. In the
case of ECC water injection into the hot legs, this water has to flow directly to the vessel
against steam flowing towards the steam generator.

Firstly, without ECC water injection into the hot legs the entrainment in the hot leg may be
important, because it contributes to the steam binding effect. During a large break, water
entrained into the steam generator tubes may evaporate, and consequently, the
evaporated water is not available for core cooling.

Secondly, when the ECC injection setpoint is reached, _gb_c_o_p_,wwleCQ_w_a_j_e_rﬁ_lme_Q'@“
into_the hot legs, and the steam flow against the injected water is reduced by
conderlsatlon UPTF tests, for example, demonsirated that almost all of the ECC water
injected into the hot legs was delivered to the upper plenum under different flow conditions
in the hot leg.

The phenomenon “entrainment/ deentrainment in hot leg. w1th ECC injection” is
considered to be relevant for nuclear reactor safety. It is important that the phenomenon is
coupled with condensation during ECC water injection into the hot leg, countercurrent
flow/ countercurrent flow limitation, evaporation in the steam generator primary side, and
liquid head in the hot leg and steam generator primary side compared with momentum
flux of the steam flow. Since the data base is considered adequate for scaling, no
additional axperimental data are needed.
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4.6.1 Liquid-Vapour mixing with condensation - core

Condensation on subcooled water entering the core removes a part of the heat in the
core. Local reduction of steam flow and consequently higher water delivery under
countercurrent flow conditions may occur due to condensation in the core. The
phenomenon is relevant for plants with combined injection, upper plenum or upper head
injection. '

The majority opinion of the authors is that more examination of the available data base is
necessary to conclude about the adequacy with respect to scaling. The reason for no
need of additional experimental data is that the phenomenon is usually masked by

evaporation and entrainment as well as global multidimensional fluid temperature, void
and flow distributions.

' 4.6.2 Liquid-Vapour mixing with condensation - downcomer

The phenomenon is considered to be relevant for nuclear reactor safety, the data base is
adequate for scaling, therefore, no more additional experimental data are required.

4.6.3 Liquid-Vapour mixing with condensation - upper plenum

The phenomenon is considered to be relevant for nuclear reactor safety, the data base is
adequate for scaling, therefore, no more additional experimental data are required.

4.6.4 Liquid-Vapour mixing with condensation in lower plenum

This phenomenon is judged to be relevant to nuclear reactor safety. It influences
substantially the conditions in the core before reflood, through related entrainment and
vaporization processes.

The data base selected for this phenomenon is the UPTF and it is felt by the authors that
detailed analyses are needed before making any conclusions about the scale influence.
Although UPTF is in full scale, the actual geometry in lower plenum is different from that in
a PWR because of the penetrating pipes to the UPTF core simulators. However, currently
it is felt that no additional data are needed with regard to the UPTF full scale dimensions.

The possibility of using small scale ITF data for characterizing the phenomenon is judged
to be limited. '

Because of the difficulty to resolve the complex 3D flow related details in the lower plenum
by means of available measurements, the adequacy of the current measurements is
judged by the authors to be limited.

4.6.5 Liquid-Vapour mixing with condensation in steam generator mixing chamber
(PWR)

This phenomenon is judged by the authors not to be relevant to nuclear reactor safety.
The reason is that the detailed processes in the mixing chambers will be of low
importance to the safety in comparison with the conditions in the primary side of the steam
generator tubes. Thus there is no need for additional experimental data, although no SET
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data are identified. It is also judged to be of limited possibility to use ITF data for
characterizing the phenomenon.

"~ 4.6.6 ECC injection in hot and cold leg

The phenomenon is considered to be relevant for nuclear reactor safety, the data base is
adequate for scaling, therefore, no more additional experimental data are required.

4.7.1 Condensation in stratified conditions in pressurizer (PWR)

This phenomenon is relevant to nuclear reactor safety. The majority of the authors think
that the data base is adequate for scaling and the use of ITF data is limited. Some authors
think that plant data are necessary. Nevertheless, there is no need for additional
experimental data. The adequacy of measurements is still limited.

4.7.2 Condensation in stratified conditions in steam generator primary side (PWR)

The relevance to nuclear reactor safety is considered i0o be imporiant. More analysis is
needed for scaling problems mainly due to oscillations or reverse flows in large "U tube”
bundles In this sense, ITF data are useful.

There is no need for additional experimental data at present, because of the analysis
which has to be done, and due to the limitations in measurement techniques.

4.7.3 Condensation in stratified conditions in steam generator secondary side
(PWR)

The phenomenon is relevant to nuclear reactor safety in the case of steam generator tube
tupture. There is a connection with phenomenon 10.4. More analysis is needed related to
the scaling problem. The limited adequacy of the measurement techniques is the main
reason, at the present time, for no need of additional experimental data.

4.7.4 Condensation in stratified condition ih horizontal pipes

This phenomenon, which is relevant for nuclear reactor safety is well covered by the

existing data base concerning the scaling problem. So there is no need for addltlonal
experimental data. ‘

The limitation on adequacy of measurements is still mentioned.

4.8.1 Spray effects in core ( BWR)

The relevance of this phenomenon to nuclear reactor safety is unanimously recognized as
well as the limited code modelling capabilities. The range of parameters available from the
experiments is quite limited. However, a more in depth investigation/evaluation of the
available data base is recommended ; limited information can be obtained from the
analysis of Integral Test Facilities data.
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indirect measurements are necessary to characterize this phenomenon, i.e. data
evaluations and assumptions are necessary to obtain the condensation rates. This raised
some concern in relation to the measurement adequacy. The unavoidable interaction of
other phenomena like countercurrent fiow limiting and the presence of marked 3-D effects
(local recirculations and turbulence) add difficulties in the interpretation of the data. This
provided the basis for concluding that no additional data are needed.

4.8.2 Spray effects in pressurizer (PWR)

This phenomenon was not considered relevant to nuclear reactor safety, although
disagreement was expressed by two members of the group. The main consideration for
getting the common conclusion was the low impact of the phenomenon in directly causing
core uncovery or in leading to codes’ mispredictions of the same event. Direct information
from plant transients is considered to be the best source of information for adequate
evaluation of the spray effect in the pressurizer.

The available data base from separate effect test facilities is quite limited and the code
modelling capabilities are considered unsatisfactory. However, considering the potential
availability of plant data, new experiments are not required; some information can be
gathered from the Integral Test Facilities data base. :

4.8.3 Spray effects in once-through steam generator secondary sides (PWR)

After loss of natural circulation in the primary coolant system during the course of an
accident, the water level in the steam generator primary side drops below the top of the
steam generator tubes. If the secondary side is needed as a heat sink to depressurize the
primary system (size of the break is not large enough to depressurize the system), the
interruption of natural circulation flow will not hinder depressurization through secondary
cooldown, provided steam generator secondary side water levels are high enough to
condense the steam at the top of the steam generator tubes. In some reactors, auxiliary
feedwater is sprayed into the top region of the tube bundle, on receiving a LOCA signal, in
order to improve primary side condensation under low coolant inventory conditions. In this
case, the number of wetted and unwetted tubes during spray of auxiliary feed water may
be of interest.

In other once-through steam generator plants, the injection location, e.g. via a ring with
holes to inject radially directly into the secondary side, is located close to the bottom of the
steam generator secondary side. One of the design goals of the auxiliary feedwater spray
system is to prevent thermal stresses as much as possible.

Due to the different designs of the auxiliary water spray systems, the spray effects are
considered not relevant from a safety point of view. A judgement on the need for
additional experimental data cannot be given by the authors because they have no
information on performed experiments investigating the number of wetted SG tubes during
spray of auxiliary feed water.

4.10.2 Global multidimensional fiuid temperature, void and flow distribution - core
Three dimensional flow is important for combined injection (into hot and cold legs) during

refill, and is ranked important for both cold leg injection only and combined injection during
reflood in large break LOCA. The three-dimensional flow behaviour is important in the
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case of BWRs considering that different parallel fuel box channels may cause different
flow regimes.

The majority opinion of the authors is that more examination of the avaxlable data base is
necessary io conclude about the adequacy with respect to scaling. The reason for no
need of additional experimental data is that the phenomenon is usually masked by
evaporation and entrainment.

- 4.10.4 Global multidimensional fluid temperature, void and flow distribution in the ‘
- steam generator secondary side

This phenomenon is judged by the authors not to be relevant to nuclear reactor safety. In
IB- and SBLOCAs it is essential to keep the heat sinks in order to mitigate the
consequences of the transients. [n that connection, the detailed conditions of the steam
generator secondary side are not of crucial imporiance. However, it has 10 be noted that
the feed water and steam flow boundary. conditions influence the circulation flow rate on
the secondary side, and thus the local heat transfer and associated void and temperature
distributions. In this context, there is a close. connection to phenomenon 7.3
(Condensation in stratified conditions, SG secondary side) and phenomena 11.1 to 11.4.
which deal with the related heat transfer modes. These latter phenomena are more

relevant in respect to the nuclear reactor safety than phenomena covered under the
current heading.

No SET data are identified, and it is judged that there are very limited possibilities o make
use of ITF data due to their small scale and limited adequacy of the measurements.

4.11.4 Post-CHF heat transfer

Available measurement techniques provide limited information on the phasic components,
and also on the companion phenomena required to describe the process. Since phasic
constitutive relations are generally not available, except under certain special conditions,
code developers are forced to infer these phasic relationships based upon limited
information available from the data that they are analysing. Under the transient conditions,
the heat transfer of the post-CHF regime is mainly based on the surface temperature
measurements, in some limited cases the local steam temperature is measured by
microprobes. Additionally, the droplet. sizes are defined by visual observation and the
entrainment mass flow rate may be measured. If there are measurement techniques
developed to measure the parameters of the phasic components providing information at
‘the mechanistic level, then it will be very valuable to have new experimental data.

4.11.5 Radiation heat transfer

As mentioned in the SET validation matrix report (OECD/GD(94)82), vol.1 [2], the problem -
" - in calculating radiation heat transfer is related to the complicated heat transfer paths
between structures. The advanced system analysis codes do not, in general, include a
detailed description of the fuel bundle siructure for radiation in terms of view factors and
beam lengths. They use a lumped parameter approach. This is aiso due to the
measurément techniques. Inside bundle geometries, the radiation absorption is difficult to
measure and especially when droplets exist in the steam. Some special codes for
radiation heat transfer are available with detailed radiation modelling in fuel bundles. The
directional modelling of the reflection is a problem, also, in these special models. As it
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stands presently, the need for further tests depends on the improvement of measurement
techniques and also on the production of heater rods which can survive .up to the high
temperatures at which radiation heat transfer is more effective. Otherwise, no additional
experimental data are needed.

4.12.1 Quench front propagation/rewet on fuel rods

The sudden rewetting by large masses of liquid without progression of a quench front is
an important phenomenon, observed for the first time in the LOFT large break LOCA
experiments. This phenomenon caused core-wide cooling of the fuel cladding due to
quenching during the early blowdown phase. This phenomenon is important regarding
heatup of the core, because it removes a large part of the stored energy from the fuel
during the early phases of the transient. The rapid cooling of the cladding was primarily a
result of low-quality, high upward core flow (with an estimated velocity of about 2 m/s) ata
time when the system pressure was still relatively high (7MPa). This moving fluid wave
caused quench propagation at approximately 1.0to 1.5 m/s.

In [8], it has been identified that there are no mechanistic models available for the sudden
quenching during the blowdown phase. Safety codes currently apply an empirical heat
transfer coefficient, based on transition to nucleate-boiling, as soon as a low quality, high
velocity, upward core flow is predicted to occur. As indicated in the same reference, the
data base needed for the detailed analysis of the mechanistic processes and heat-transfer
coefficients involved in sudden quenching during blowdown is also lacking. There is a

need for experimental data at high pressures (about 70 bar) for this specific quench
phenomenon.

4.13 Lower plenum flashing

Lower plenum flashing was almost unanimously considered of relevance to nuclear
reactor safety; core cooling and even rewet can be caused by liquid flashing and

carryover in the early phases of any fast depressurization including the initial periods of
the large break LOCA. '

The data base is adequate, especially considering that significant information can be
obtained from Integral Test Facilities. System code capabilities are satisfactory. The
measurement systems could be improved particularly in  connection with the
characterisation of entrainment and carryover; the impact upon low ring rod surface
temperatures could also be better quantified.

No additional experiments are considered necessary in this area.

" 4.14 Guide Tube Flashing (BWR)
From a thermalhydraulic viewpoint the situation is similar as in the previous phenomenon;
the phenomenon is of main interest in the BWR technology.

The involved liquid mass and the related temperatures, limit the relevance of this
phenomenon in terms of nuclear reactor safety. Furthermore, the geometric peculiarities
make more troublesome the direct use of integral Test Facilities data.

Although the data base is quite limited, no new experiments ‘are recommended in this
area.
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4.15 One and two phase impeller pump behaviour

This phenomenon is unanimously recognised as relevant to nuclear reactor safety. More
analysis is required for the scaling problem as pumps are specific components. The use of
ITF data is limited. Apart from inside the impeller, the global measurement techniques
seems sufficient and compatible with the current code capability.

No recommendation is given for additional experimental data, depending on the result of
the analysis. Further analysis needed before concluding.

4.16 One and two phase jet pump behaviour

The thermalhydraulic phenomenon is connected with the presence of a special
component (the jet pump) in the class of BWRs. The component itself plays a role in
different off-normal situations and may have an |mpact on the safety of the plant. Core
uncovery phenomena, reversal of core inlet flow in the case of large break LOCA are

examples of phenomena affecting the safety that are conditioned. by the presence of jet
pumps.

it was not possible for the authors to have full access to all the data obtained in this
context, so further analyses are required before judging the suntablllty of the data
themselves as far as scaling.is concerned.

The measurement quality was considered acceptable especially as far as that pressure
drops and single phase flows are concerned. However, system code capabilities are
considered as limited because of the lack of a physically based modei (this may involve
the treatment of 3-D flows)

Additional data were considered unnecessary although some of the group members
required further analyses before concluding on this topic.

4.17 Separator behaviour

As in the previous case, a special component is connected with this phenomenon in both
BWR (primary circuit) and PWR (steam generator) plants. The separator plays a central
role in the nominal operation of the plants but the influence on safety related parameters
during most of the off-normal conditions seemed less importance to the majority of the
group members. Concerns have been raised in relation to the effect of pressure drops
inside the separator upon the stability performance of a BWR core. -

Vendors proprietary data, not accessible to {the group members and {o the international
scientific community, are used for the design and the performance optimisation of the
separator.

Plant data, essentially pressure drops during operational ‘transients, could be very
important for code assessment purposes. In this connection, modelling capabilities are
considered limited because of the lack of mechanistic models in system codes.

Although the "non-proprietary” data base is quite limited, no recommendation is given as
far as new experiments are concerned.
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' 4.18 Steam dryer behaviour

The situation in this case is exactly the same as in the previous phenomenon. However,

the steam dryer appeared of minor importance, compared with the separator as far as
safety is concerned.

Furthermore no data were examined by the group members in this case. Notwithstanding

this and considering the existence of proprietary data, no recommendation is given as far
as new experiments are concerned.

4.22 Parallel channel effects instabilities (BWR)

it must be premised that a number of other phenomena including pressure drops,
separators behaviour, multidimensional fluid temperature, void and flow distribution, etc.,
give a contribution to the occurrence and to the characteristics of parallel channel
instabilities. Neutronic feedback, unavoidably present in BWR plants, adds complexity to
the phenomenon. Moreover, parallel specific CSNI and Nuclear Science Committee
activities are currently in progress having among the objectives the definition of the State

Of the Art (SOAR) in this area and the evaluation of code capablhtles (Benchmark on
BWR-stability).

The phenomenon was unanimously judged relevant for nuclear reactor safety and
operation.

System code capabilities are considered limited especially due to the strong influence of
nodalization details and of the numerical solution methods on the predictions. No realistic
scaling of data is considered possible starting from the available experiments and Integral
Test Facilities are considered of limited use.

Additional experiments are recommended in this area, especnally because the data base
is not adequate.

4.23 Boron mixing and transport

This phenomenon is judged by the authors to be relevant to nuclear reactor safety. The
SET data are currently very limited and are judged not adequate for scaling assessment.
The possibility to make use of ITF data for characterizing the phenomenon is limited due
to the small scale, and consequently there is a need for additional experimental data. The
adequacy of the measurements is currently limited due to the difficulty in accurately
measuring 3D transient concentration fields. *

The models in the system codes are quite simple; usually boron is assumed to be a solute
within the liquid field. Numerical diffusion often severely affects the analysis results,
although some limited improvements can be gained with higher order numerical schemes.

The judgement of the authors is that the adequacy of modeling in system codes as well as
in other codes (3D codes) is still limited, although the thermal-hydraulic modeling in the
3D-codes has been much improved.
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4.24 Non condensable gas effect (PWR)

This phenomenon, which is relevant to nuclear reactor safety, requires more analysis
related to the scaling problem due to the diversity of the effects in relation io other
phenomena. '

Despite some limitations in measurement techniques, additional experimental data are
needed. The integral test facilities data can contribute to the analysis of this phenomenon.

4.25 Lower plenum entrainment

This phenomenon is not so relevant to nuclear reactor safety. The data base is not
adequate for scaling but there is no need for additional experimental data due to the low
relevance to nuclear reactor safety.
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5 CONCLUSIONS

In the evaluation of the SET validation matrix, different aspects have been discussed. First
of all a statistical evaluation of the data base has been presented which gives a global
view of the available information for each phenomenon and the relevance of different
facilities.

On the other hand, the experimental parameters range has been presented and analysed.
It is obvious that the plant range is a different question and the user of the SET validation -
matrix has to take care of that for it's particular application.

The evaluation tables have been set up with a harmonisation of the different opinions of
the authors. They represent an acceptable consensus between the authors. It is now
possible to evaluate the real needs for new experiments. The limitations are mainly due to
measurement techniques and instrumentation needs. It is also necessary to mention that, -
as new designs of reactors become available, new questions related with new
phenomena or extended parameters range may generate new needs for experiments [9].

Need of additional experimental data are identified as follows (from Table 5):
— 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)

Further details and comments in relation to need of additional experimental data are also
provided in section 4 of this report.
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FIGURES

Figure 1 : Example of the métrix for a given phenomenon
Figure 2 : Summary of the selected facilities per phénomenon
Figure 3 : Summary of the identified tests per phenomenon

Figure 4 : Numbers of tests and phenomena per facility
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FACILITIES IDENTIFIER 2.7 11.2
Main Parameters
P (MPa) Qiniecl/ C)recirc
0.10 . 0.42/0.0 Test 106 | HPSI-flow symmetric to 2 of 3 loops
0.10 0.42/0.0 Test 111 . HPSI-flow symmetric to 3 of 3 loops
0.10 1.04/0.0 Test 112 HPSI-flow symmetric to 2 of 3 loops
0.10 1.48/0.0 Test 113 HPSI-flow asymmetric to 2 of 3 loops
0.10 1.04/2.08 Test 119 HPSI-flow symmetric to 2 of 3 loops
0.10 1.48/2.96 Test 106 ] HPSI-flow asymmetric to 2 of 3 loops
0.10 2.05/20.1 ' Test 1 Inj./recirc. flow dens. = 1400/1800
0.10 2.05/37.0 Test 5 Inj./recirc. flow dens. = 1400/1800
0.10 191/195 : Test9 Inj./recirc. flow dens. = 1316/1632
0.10 1.91/379 _ Test 13 Inj./recirc. flow dens. = 1316/1632
0.10 1.87/19.0 - Test15 Inj./recirc. flow dens. = 1194/1388
0.10 - 1.87/37.1 Test 18 Inj./recirc. flow dens. = 1194/1388
SELECTED TESTS

| References:
2.7 - H. Tuomisto, P. Mustonen: “Thermal Mixing Tests in a Semiannular Downcorner with
Interacting Flows from Cold Legs. NUREG/IA-0004, October 1986.
Nuclear Engineering and Design 126, pp. 245-255, 1991.

11.2 -
Figure 1 : Example of the matrix for a given phenomenon
16 o
—1 M \umber selected
1 facilities
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12 T w ith identified
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Figuré 2 : Summary of the selected facilities per phenomenon
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Figure 3 : Summary of the identified tests per phenomenon
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Figure 4 : Numbers of tests and phenomena per facility
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TABLES (3 - 5)
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NUMBER OF | NUMBER OF | NUMBER OF NUMBER OF NUMBER OF | NUMBER OF
EACTIITIES FACTLITIES FACITITIES FACITITIES FACIIITIES TESTS
- PHENOMENON SUTTABIE PARTTY MENTIONED | RECOMMENDED SELECT. SELECT.
: FOR MODEL SUITABIE FOR THE NV G, 5 WETH TCENT. FOR THE
VALIDATION | FOR MODEL | .SET MATRIX @ REF. (1] TESTS FOR SET
VALIDATION : THE SET MATRIX
MATRIX
0.1 | Basic phenomena: evaporation due to 12 7 C10 5 5 23
depressurization
0.2 | Basic phenomena: evaporation due to 4 17 1 1 1 14
heat input
0.3 | Basic phenomena: condensation due to 2 1 2 2 1 5
pressurisation
0.4 | Basic phenomena: condensation due to 6 5 3 3 3 31
heat removal )
0.5 | Bagic phenomena: interfacial friction in 12 31 4 3 2 12
. vertical flow
0.6 | Basic phenomena: interfacial friction in 4 98 10 3 1 6
horizontal flow
0.7 | Basic phenomena: wall to fluid friction 10 7 4 3 . 59
0.8 | Basic phenomena: pressure drops at 5 11 4 2 2 27
geometric discontinuities
0.9 | Basic phenomena: pressure wave / 1 ! / / {
prapagation
1.1 | Critical flow in breaks 22 2 17 9 4 22
1.2 | Critical flow in valves 5 1] 2 2 28
13 | Critical flow in pipes 8 0 5 3 97
2.1 | Phase separation/vertical flow with and 12 8 13 8 3 11
" | without mixture level in pipes/plena
2.2 | Phase separation/vertical flow with and 23 1 12 1" 5 29
without mixture level in core
23 | Phase separation/vertical flow with and '3 2 3 3 3 36 .
without mixture level in downcomer
3. . | Stratification in horizontal flow 17 3 16 4 4 29
4. | Phase separation at branches 6 2 5 4 3 . 62
5.1 | Entrainment/deentrainment in core 16 S 7 16 11 8 67
5.2 | Entrainment/deentrainment in upper 7 “ 3 6 4 2 13
plenum ‘
53 Entraim_nentldeenlfainment in 1 0 1 1 1 4
downcomer
5.4 | Entrainment/deentrainment in steam 3 1 3 2 1 3
generator tube
55 | Entrainmentdeentrainment in steam .0 1 1 1 1. 3-
generator mixing chamber (PWR)
56 | Entrainment/deentrainment in hotleg 2 0 3 1 1. 5
with ECCI (PWR)
Table 3 - Evaluation of SET Matrix related activity (part 1)
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NUMBER OF

limitation in surge line (PWR)

NUMBER OF | NUMBER OF NUMBER OF NUMBER OF | NUMBER OF
FACTLITIES FACILITIES FACILITTES FACILITIES EACIIITIES TESTS
& DPHENOMENON SUITABIE PARTLY MENTIONED | RECOMMENDED SELECT. SELECT.
. FOR MODEL SUTTABIE FOR THE IN GRPT, 5 WITH IDENT. FOR THE
VALIDATION | FOR MODEL | SET MATRIX @ RF. 1] TESTS FOR SET
VALIDATION THE SET MATRIX
MATRIX
6.1 | Liquid-vapour mixing with condensation 0 2 2 1 1 14
. in the core
6.2 | Liquid-vapour mixing with condensation 1 0 1 1 1 3
in the downcomer .
6.3 | Liquid-vapour mixing with condensation 6 3 7 4 3 8
in the upper plenum
64 | Liquid-vapour mixing with condensation o 1 1 1 1 3
in lower plenum ‘ '
65 | Liquid-vapour mixing with condensation 0 0 o 0 0 0
in steam generator mixing chamber
(PWR)
6:6 | Liquid-vapour mixing with condensation 4 2 4 3 3 25
of ECCIl in hot and cold leg (PWR)
7.1 | Condensation in stratified conditions in 3 0 3 3 1 5
pressurizer (PWR)
7.2 | Condensation in stratified conditions in 1 0 1 1 1 3
steam generator primary side (PWR)
7.3 | Condensation in stratified conditions in 1 0 1 1 1 17
steam generator secondary side (PWR)
74 | Condensation in stratified conditions in 5 2 4 4 3 32
horizontal pipes
8.1 | Spray effects in core (BWR) 0 6 4 2 2
8.2 | Spray effects in pressurizer (PWR) 3 1 2 1
8.3 | Spray eftects in once-through steam 0 0 0 0 0
generator secondary side
9.1 | Countercurrent fiow/countercurrent flow 12 5 3 3 3 16
limitation at the upper tie plate .
9.2 | Countercurrent flow/countercurrent fiow 1 1 2 1 1 3
limitation at channel inlet orifices (BWR)
9.3 | Countercurrent flow/countercurrent flow 4 5 5 1 1 3
limitation in the hot and cold legs
9.4 | Countercurrent tiow/countercurrent tiow 5 1 ] 2 1 72
limitation in steam generator tube (PWR) »
95 | Countercurrent flow/countercurrent flow 3 0 3 2 3 40
limitation in the downcomer
9.6 | Countercurrent flow/countercurrent flow 1 3 3 1 1 9

Table 3 - Evaluation of SET Matrix related activity (part 2)

34




2

NUMBER OF

NUMBER OF

NUMBER OF

NUMBER OF NUMBER OF | NUMBER OF
FACIIITIES FACTLITIES FACTITTIES FPCTITTIES FACTLITIES TESTS
- PHENOMENON SUITABIE PARTLY MENTIONED { RECOMMENDED SEIECT. SELECT.
FOR MCDEL | -SUITABIE FOR THE IN GEPT. 5 WITH TDENT. FOR THE
VALIDATION ‘| FOR MODEL | SEP MATRIX F RF. (1] TESTS FOR SET
VALIDATION ‘THE SET MATRIX
MATRIX
10.1 | Global multidimensional fluid 5 3 5 2 2 8
. temperature, void and flow distribution
in the upper plenum ‘
10.2 | Global multidimensional fluid 10 1 6 6 6 36
. | temperature, void and flow distribution
.| in the core o :
10.3 '| Global multidimensional fluid 11 2 8 8 3 40
temperature, void and flow distribution
in the downcomer
10.4 | Global multidimensional fluid 0 0 0 0 0 0
temperature, void and flow distribution '
in steam generator secondary side
11.1 | Heat transfer: natural or forced 18 2 1 1n 4 25
convection in the core, in the steam
. dgenerator and at structures
11.2 | Heat transfer: subcooled/nucleate 17 0 17 9 5 75
boiling in the core, In the steam :
generator and at structures
11.3 | Heat transfer: DNB/dryout in the core, in 29 4 28 17 7 52
the steam generator and at structures
11.4 | Heat transfer: post-CHF in the core, in 36 5 35 19 15 120
’ the steam generator and at structures
11.5 | Heat transfer: radiation in the core 5 2 6 4 3 12
11.6 | Heat transfer: condensation in the steam 7 2 9 2 2 9
generator tubes and on structures :
12.1 | Quench front propagation/rewet, fuel 27 9 27 15 10 s
rods .
12.2 | Quench front propagation/rewet, 6 4 9 4 2 22
channel walls and water rods (BWR)
13 | Lower plenum flashing 4 6 5 4 3 15
14 | Guide tube flashing (BWR) 1 1 2 0 0 0
15 | One and two phase impeller pump 7 o 2 2 2 150
behaviour '
16 | One and two phase jet pump behaviour 1 ‘0 1 1 0 0
17 | Separator behaviour 3 1 4 1 1 14
18 | Steam dryer behaviour .0 0 0 0 0 0
19 | Accumulator behaviour 0 1 1 0 0 0
20 | Loop seal filling and clearance (PWR) 4 ] 4 3 3
21 | ECC bypass/downcomer penetration 3 0 2 2 2 41
22 |.Parallel channel instabllities (BWR) 3 2 5 3 1 1
23 | Boron mixing and transport 2 1 3 3 2 12
24 | Non condensable gas effect (PWR) 7 3 6 6 4 18
25 | Lower plenum entrainment 1 1 2 1 1 7

Table 3 - Evaluation of SET Matfix related acﬁvity (part 3)
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1 2 3 4
RANGE OF | RANGE OF MASS | RANGE OF DIAMETER RANGE OF FIUID
PRESSURE | FIOW (Kg/s m2) OR EQUIVALENT TEMPERATURE (K)
M- PHENOMENON OF THE OR DIAMETER OR HEAT FLIX
TESTS (MPa) [ o Why*
OR ® OR SURFACE
s ¢ CROSS SECTION TEMPERATURE
@ 6e
0.1 | Basic phenomena: evaporation due to 0.1-15. - 0.01+0.509 -
depressurization
0.2 - | Basic phenomena: evaporation due to 3.0-8.7 445+2045 0.0269 0.242:0.74 E6*
heat input
0.3 | Basic phenomena: condensation due to 0.3-15. 0.2/6.4* 0.1+0.8 -
pressurisation
0.4 | Basic phenomena: condensation due to 0.03-10.0 - - 430+580
heat removal
0.5 | Basic phenomena: interfacial friction in 0.1-0.8 20+150 0.012°+0.03 293+SAT
vertical fiow
0.6 | Basic phenomena: interfaclal friction in 0.1-15. 30/600* 0.1+0.8° 293+SAT
horizontal fiow
0.7 | Basic phenomena: wall to fiuld friction 0.1-15. 04+6.2 E5 0.014+0.14 SAT-(0+20)
0.8 | Basic phenomena: pressure drops at 0.2-12. 44:6.2E5 0.087+0.135 SAT—0+20)
geometric discontinulties 0.1+15*
0.9 | Basic phenomena: pressure wave / ! / /
propagation
1.1 | Critical flow in breaks 0.3-8.0 318+5.4 ES 0.013+0.5 405+570
1.2 | Critical flow in valves 4.-19. - 0.0045+0.5 FSP SAT
1.3 | Critical flow in pipes 0.1-120 - 0.005+0.509 293+SAT
2.1 | Phase separation/vertical flow with and < 290G
without mixture level in pipes/piena 0.1-15. > 1000 L 0.22+FS 300+SAT
2.2 | Phase separation/vertical flow with and 0.1-12. 10+2146 0.012+0.027 330+SAT
without mixture level in core
2.3 | Phase separation/vertical flow with and < 440 G*
without mixture level in downcomer 0.1-1.1 < 1500 L* 0.143+FS 203+SAT
3. | Stratification in horizontal flow 0.1-12. | 0.001+130G* 0.05+045 293+SAT
~ 0.024+600 L*
4. | Phase separation at branches++ 0.7-10. <30*L 0.084+0.135 300+SAT
. < 3*G
5.1 | Entraihnment/deentrainment in core 0.1-15. 0.+300. up to FS/25* " SAT-(10+80)
5.2 | Entrainment/deentrainment in upper 0.2-6. 0.+300. uptoFS SAT—0+120)
plenum
5.3 | Entrainment/deentrainment in downcomer 2. 24+440* FS SAT-(0+80)
5.4 | Entrainment/deentrainment in steam 3.5-8. 60-+600 0.019 SAT
generator tube
5.5 | Entrainment/deentrainment in steam NA - FS/100* SAT
generator mixing chamber (PWR)
5.6 | Entrainment/deentrainment in hot leg with 15 < 360* G 0.072:0.75 303+SAT
ECCI (PWR) 30+-660*L.
G = Gas or Steam + = flate plate
L = Liquid - = not applicable or not important
° = range of flow for this diameter only + = See also 0.8
s = 150+350 Kw NA = Not Avalilabie
o000 =15+370 cm/s FS = Full Scale (geometry)
o000 =0.+150 cm/s FSP  =Full Scale - Prototype

Table 4 - Evaluation of SET Matrix related activity (part 1)

36



Table 4 - Evaluation of SET Matrix related activity (part 2)

1 2 3 4
RANGE OF | RANGE OF MASS | RANGE OF DIAMETER RANGE OF FIUID
PRESSURE | FIOW (Ky/s m2) OR EQUIVALENT TEMPERATURE (K)
X PHENGMENON OF THE OR DIAMETER OR HEAT FLUX
TESTS (%Pa) s ] iy
OR [0} OR SURFACE ~
B/) ¢ CROSS SECTION TEMPERATURE
- f* ge
6.1 | Liquid-vapour mixing with condensation 0.1-20 0.045-2.2 64-69 RODS SAT/310+:370
in the core . i
- 6.2 [ Liquid-vapour mixing with condensation 0.3-1.1 30+440* G FS SAT/303
in the downcomer ’ 500-1500* L
6.3 | Liquid-vapour mixing with condensation 0.1-1.5 35+300* G 0.503+4.24 SAT/303+308
in the upper plenum ! 9:1200* L :
64 | Liquid-vapour mixing with condensation 03-18 240+1500* L FS 303+470
in lower plenum <320*G
6.5 | Liquid-vapour mixing with condensation
in steam generator mixing chamber (PWR) NA NA ‘NA NA
6.6 | Liquid-vapour mixing with condensation <440* G
of ECCI in hot and cold leg (PWR) 0.4-7. 0.05+1500* L. 0.118:0.75 SAT/293+353
7.1 | Condensation in stratified conditions in 0.1-15. 0.2:6.4* 0.1:0.8 NA
pressurizer (PWR)
7.2 | Condensation in stratified conditions in 4.-17. 60400 0.019 NA
steam generator primary side (PWR)
7.3 | Condensation in stratified conditions in 1.-7. 40400 0.022 NA
' steam generator secondary side (PWR)
74 | Condensation in stratified conditions in 0.1-7. 0.05:0.6* 0.118 NA
horizontal pipes 30-:600* 08
8.1 | Spray effects in core (BWR) 0.1-2. 0.045:20* up to 1/12FS <1270 ¢
8.2 | Spray effects in pressurizer (PWR) 12.-15. 0.2:8* 0.1-0.8 SAT—(0+50)
8.3 | Spray effects in once-through steam
) generator secondary side NA NA NA NA
9.1 | Countercurrent flow/countercurrent flow <300*G
limitation at the upper tie plate 0.1-2.0 | 0.045+-1200*L 0.001+3.755* 303:SAT
9.2 | Countercurrent flow/countercurrent flow 16.6* ’
limitation at channel inlet oritices (BWR) 1.0 150* L FS SAT
9.3 | Countercurrent tlow/countercurrent tlow 5+45* G
limitation in the hot and cold legs 0.1-15 30+:400* L. 0.026+0.7 (FS) <473
9.4 | Countercurrent flow/countercurrent flow 0.15-7., NA 0.06:0.15 NA
limitation in steam generator tube (PWR)
8.5 | Countercurrent flow/countercurrent flow <440* G -
limitation in the downcomer 0.1-1.8 < 1500* L 0.143+4.79 (FS) 303+SAT
9.6 | Countercurrent flow/countercurrent flow 0.1-7. - NA 0.006:0.15 NA
limitation in surge line (PWR)
G = Gas or Steam + = flate plate
L = Liquid - = not applicable or not important
Lo = range of flow for this diameter only EL) = See also 0.8
o = 150+350 Kw NA = Not Available
o0 = 1.5+370 cm/s FS = Full Scale (geometry)
ecco =0.+150 cm/s FSP  =Full Scale — Prototype
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RANGE OF | RANGE OF MASS | RANGE OF DIAMETER RANGE OF FIUID
PRESSURE | FIOW (Ko/s m2) OR EQUIVALENT TEMPERATURE (K)
% PHENOMENON OF THE OR DIAMETER OR HEAT FLUX
TESTS (MPa) o ) W) *
~CR R OR SURFACE
/s o CROSS SECTION TEMPERATURE
(> Ge
10.1 | Global multidimensional fluid temperature, < 300*G
void and flow distribution in the upper 0.2-8.8 «<1200* L 05+4.24 301+SAT
plenum
10.2 | Global muitidimensional fluid temperature,} 0.1-4.0 NA 57-1888 RODS 1.35+5.E-4*
void and flow distribution in the core
10.3 | Global multidimensional fluld temperature, < 440* G
void and flow distribution in the 0.1-10.7 < 1500* L upto FS 288+SAT
downcomer )
10.4 | Giobal multidimensional Hiuid temperature, NA NA NA NA
vold and flow distribution in steam
generator secondary side
11.1 | Heat transfer: natural or forcéd convection up to 17x17 RODS
in the core, in the steam generator and at 0.1-155 2043830 up to 52 RODS 1.+163 E-4*
structures
11.2 | Heat transfer: subcooled/nucleate boiling up to 17x17 RODS
in the core, in the steam generator and at 0.1-8.7 20+2045 up to 52 RODS 1.+74 E-4*
structures
11.3 | Heat transfer: DNB/dryout in the core, in up to 17x17 RODS
the steam generator and at structures 0.1-13.8 0:3830 up to 52 RODS 1+117 E-4*
114 | Heat transter: post-CHF in the core, in the up to 17x17 RODS'
steam generator and at structures 0.1-7.1 0+1700 up to 52 RODS 1.+163 E-4*
11.5 | Heat transfer: radiation in the core 0.1-2.1 NA up to 17x17 RODS 1000+1254°°
11.6 | Heat transfer: condensation in the steam 0.1-15.5 7+130 G 0.016:0.2+ NA
generator tubes and on structures
12.1 | Quench front propagation/rewet, fuel rods 0.1-12. 0.+300°°° up to 1/25 FS 10+390 E-4*
12.2 | Quench front propagation/rewet, channel 0.1-2. 0.045+1.2°°°° up to 8x8 500+8704 ¢
walls and water rods (BWR)
13 | Lower plenum flashing 2.-16. - up to FS 0.6+1.2 E6*
14 | Guide tube flashing (BWR) 1. - up toFS NA
15 | One and two phase impeiler pump 0.8-29 0.2:0.39¢ 1/26+113 -
behaviour
" 16 | One and two phase jet pump behaviour 8.2 <13 FS/6 473:SAT
17 | Separator behaviour 7.-8. <35*G FSP SAT
18 | Steam dryer behaviour NA NA NA NA
19 | Accumulator behaviour NA _ NA NA NA
20 | Loop seal filling and clearance (PWR) 0.1-45 0+53* 0.25+0.85 SAT
21 | ECC bypass/downcomer penetration 0.1-18 <440*G 0.143+4.79 (FS) 303:SAT
< 1500* L
22 | Parallel channel instabilities (BWR) 0.1-0.5 NA - 0.2-0.98*
23 | Boron mixing and transport 0.1 0.+0.038 ¢ 0.047+0.194 -
24 | Non condensable gas effect (PWR) 0.2-7. 0.05+0.6* 0.035+0.118 NA
25 | Lower plenum entrainment 0.1 0.05+0.97¢ 1. 293
G = Gas of Steam + = flate plate
L = Liquid - = not applicable or not important
° = range of flow for this diameter only -+ =See also 0.8
o0 = 150+350 Kw NA = Not Available
00 = 1.5+370 cm/s FS = Full Scale (geometry)
o000 = 0. +150 cm/s FSP =Full Scale - Prototype

Table 4 - Evaluation of SET Matrix related activity (part 3)
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1 2 3 4 5 6
B POSSIBIIITY 70 | RELEVANCE | ADEQUACY OF ADEQUACY OF NEED OF
DATA BASE USE TO NUCLEAR | MEASUREMENTS PHYSICAL PDDTTIONAL -
MODELLING
% | pHENOMENON ADEQUATE | ITF DATA FOR REACTOR 8 8 EXPERIMENTAL
FOR CHARACTERIZING |  SAFETY DATA
System cther
SCALING | THE PHENOMENA codes | codes
[ 8 9 2 9 [ 8
0.1 | Basic phenomena: evaporation due to Y N Y L L - N
depressurization '
0.2 | Basic phénomena: evaporation due to Y N Y L L - N
- | heat input
- 0.3 | Basic phenomena: condensation due Y N Y L L - N
to pressurisation
0.4 | Basic phenomena: condensation due Y N Y L L - N
to heat removal
0.5 | Basic phenomena: interfacial friction Y N Y L L - N
’ in vertical flow : )
0.6 | Basic phenomena: intertacial friction Y N Y L L - N
in horizontal flow
0.7 | Basic pheriomena: wall to fluid friction Y L Y Y Y Y N
0.8 | Basic phenomena: pressure drops at N L Y L L - Y
geometric discontinuities
-0.8 | Basic phenomena: pressure wave N N Y Y L Y - N
propagation
1.1 | Critical flow in breaks Y Y Y Y Y - N
1.2 | Critical flow in valves N L Y Y L - Y
1.3 | Critical flow in pipes Y Y Y Y Y - N
2.1 | Phase separation/vertical fiow with Y L Y Y L - N
and without mixture level in
pipes/plena
2.2 | Phase separation/vertical flow with Y L Y Y Y - N
and without mixture level in core
2.3 | Phase separation/vettical flow with Y L Y Y Y - N
and without mixture level in
downcomer
3. | Stratification in horizontal flow Y L Y Y L - N
4. |Phase separation at branches N L Y L L - Y
541 Entrainmemldeenirainment in core A L Y L L - N
| 52 | Entrainmentdeentrainment in upper Y L Y L L - N
| plenum ' ’
5.3 | Entrainmentdeentrainment in Y L Y L L - N
downcomer .
54 ' | Entrainment/deentrainment in steam Y Y Y L L - N
| generator tube
55 | Entrainment/deentrainment in steam N L N L L - N
generator mixing chamber (PWR)
5.6 | Enfrainment/deentrainment in hotleg Y L Y L L - N
with ECCI (PWR) .

(1) (Y) =Yes; (A) = Analysis needed before concluding;

{N) = Mo, on the basis of the considered data base.
{2) (Y) =Yes; (N) =No; (L) =in a Limited way;
(3) (Y) =Yes, the phenomenon is relevant;
(4) (Y) = Yes, additional experimental data are needed;
(~) = No recommendation is given. '

. Table 5 - Evaluation of SET Matrix related activity (part 1)

P = Plant data are necessary;

(-) = No answer.
(N) =No, the phenomenon is notrelevant.
(N) =No, experimental data are not needed;
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1 2 3 4 6
B POSSIBILITY TO | RELEVANCE | ADEQUACY OF | ADEQUACY OF NEED OF
DATA BASE USE TO NUCLEAR | MEASUREMENTS PHYSICAL ADDITICNAL
_ MODELLING
% | PHENOMENON ADEQUATE | ITF LATA FCR REACTOR 4 B EXPERIMENTAL
FOR CHARACTERIZING SAFETY system | aner DATA
SCALING { THE PHENOMENA s | codes
. L] [ 8 ] ] ]
6.1 | Liquid-vapour mixing with A L Y L L - N
condensation in the core
6.2 | Liquid-vapour mixing with Y ¢ L Y L L - N
condensation in the downcomer
6.3 | Liquid-vapour mixing with Y L Y L L - N
‘ condensation in the upper pienum
64 | Liquid-vapour mixing with A L Y L L - N
condensation in lower plenum
6.5 | Liquid-vapour mixing with N L N N L - N
condensation in steam generator
mixing chamber (PWR)
6.6 | Liquid-vapour mixing with Y L Y L L - N
condensation of ECCI in hot and cold
leg (PWR)
7.1 | Condensation in stratified conditions Y L Y L L - N
in pressurizer (PWR)
7.2 | Condensation In stratified conditions A Y Y L L - N
in steam generator primary side (PWR)
7.3 | Condensation in stratified conditions A L Y L L - N
in steam generator secondary side
(PWR)
74 | Condensation in stratified conditions Y L. Y L L - N
in horizontal pipes
8.1 | Spray eftects in core (BWR) A L Y L L - N
8.2 | Spray effects in pressurizer (PWR) P L N Y L - N
8.3 | Spray effects in once-through steam N L N N L - -
generator secondary side
‘9.1 | Countercurrent tiow/countercurrent Y L Y Y L - N
flow limitation at the upper tie plate !
9.2 | Countercurrent flow/countercurrent Y L Y Y Y - N
flow limitation at channel inlet orifices
(BWR)
9.3 | Countercurrent flow/countercurrent Y L Y Y Y - N
flow limitation in the hot and cold legs
9.4 | Countercurrent fiow/countercurrent Y Y Y Y Y - N
fiow limitation in steam generator tube
(PWR)
9.5 | Countercurrent flow/countercurrent Y L Y Y L - N
flow limitation in the downcomer .
9.6 | Countercurrent flow/countercurrent N L Y Y L - -
fiow limitation in surgeline (PWR)

(1) (Y) =Yes; (A) = Analysis needed before concluding;
(N) = No, on the basis of the considered data base.

(2) (Y) =Yes; (N) =No; (L) =in a Limited way;

(3) (Y) = Yes, the phenomenon is relevant;

(4) (Y) = Yes, additional experimental data are needed;
(-) = No recommendation is given.

Table 5 - Evaluation of SET Matrix related activity (part 2)

P =Plant data are necessary;

(-) =No answer.

(N) =No, the phenomenon is not relevant.

(N) = No, experimental data are not needed;
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1 2 3 4 5 6
B POSSIEILITY 10 | RELEVANCE | ADEQUACY OF ADEQUACY OF . NEED OF
DATA BASE USE TO NUCLEAR | MEASUREMENTS PHYSICAL ADDITIONAL
: MODELLING
& | PHENOMENON ADEQUATE | TTF DATA FOR REACTOR [ B EXPERIMENTAL
FOR CHARACIERIZING |  SAFETY systen | oher DATA
SCALING | THE PHENOMENA codes | codes
. 8 8 ¢
3 8 8 ]
10.1 | Glohal multidimensional fluid Y L Y Y L - N
1 temperature, void and flow distribution
in the upper plenum )
10.2 | Glohal multidimensional fluid A L Y L L - N
1 temperature, void and flow
distribution in the core
10.3 | Global multidimensional fluid Y L Y Y L - N
temperature, void and flow distribution '
in the downcomer
10.4 | Global multidimensional fluid N L N L L - -
temperature, void and flow distribution
in steam generator secondary side
11.1 | Heat transfer: natural or forced Y Y Y Y Y Y N
convection in the core, in the steam
|| generator and at structures
11.2 | Heat transfer: subcooled/nucleate Y Y Y Y Y Y N
boiling in the core, in the steam ’ p
generator and at structures
11.3 | Heat transfer: DNB/dryout in the core, - Y L Y Y L Y N
in the steam generator and at
structures .
11.4 | Heat transfer: post-CHF in the core, in Y L Y L L L N
the steam generator and at structures
11.5 | Heat transfer: radiation in the core Y L Y L L Y N
11.6 | Heat transfer: condensation in the Y Y Y L L - N
steam generator tubes and on
structures
12.1 | Quench front propagation/rewet, fuel Y Y Y L L - Y
rods .
12.2 | Quench front propagation/rewet, Y L Y Y L - N
channel walls and water rods (BWR)
13 | Lower plenum flashing Y Y Y L Y - N
14 | Guide tube flashing (BWR) A L N L Y - N
15 | One and two phase impeller pump A L Y Y L - -
behaviour :
16 ‘| One and two phase jet pump A Y Y Y L - N
behaviour
17 | Separator behaviour P L N Y L - -
18 | Steam dryer behaviour P N N Y L - -
19 | Accumulator behaviour A “y Y N L - -
20 ( Laop seal filling and clearance (PWR) Y Y Y Y Y - N
21 | ECC bypass/downcomer penetration Y Y Y Y L - N
22 | Parallel channel instabilities (BWR) N Y Y L L - Y
23 | Boron mixing and transport N L Y L L L Y
24 | Non condensable gas effect (PWR) A Y Y L L - Y
25 | Lower plenum entrainment N L N L L - -N

(1) (Y) =Yes; (A) = Analysis needed before concluding;
(N) =No, on the basis of the considered data base. -

(2) (Y) =Yes; (N) =No; (L) =In a Limited way;

(3) (Y) = Yes, the phenomenon is relevant;

{(4) (Y) = Yes, additional experimental data are heeded;
{-) = No recommendation is given.

P = Plant data are necessary;

(-) =No answer.
(N) =No, the phenomenon is not relevant.
(N) = No, experimental data are not nesded;

Table 5 - Evaluation of SET Matrix related activity (part 3)
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APPENDIX 1: THE LIST OF SELECTED FACILITIES

1- CANADA

1.1 Elbow Flooding Rig

1.2 CWIT (CANDU reactors

1.3 Pumps i

1.4 Header Test Facility (CANDU reactors)

2 - FINLAND

2.1 REWET-l

22REWET- I

23

2.4 VEERA

25

2.6 IVO-CCFL (air.water)

2.7 IVO-Thermal Mixing .

2.8 IVO-Loop Seal Facility (Air/Water)

3-FRANCE

3.1 MOBY-DICK

3.2 SUPER MOBY-DICK

3.3 CANON and SUPER CANON (Horiz)
3.4 VERTICAL CANON

35

3.6 TAPIOCA (Vertical)

3.7 DADINE (Vertical Tube, Inside)
3.8 PERICLES Rectangular

3.9 PERICLES Cylindrical

3.10 PATRICIAGV 1

3.11 PATRICIA GV 2

3.12 ERSEC Tube (Inside)

3.13 ERSEC Rod Bundle

3.14 OMEGA Tube (Inside)

3.15 OMEGA Rod Bundie

3.16 ECTHOR Loop Seal {Air/Water)
3.17 Cosl

3.18 SUPER MOBY-DICK TEE

3.19 P{ERO (Air/Water)

3.20 EPOPEE

3.21 EVA

3.22 SEROPS

3.23 BETHSY Pressuriser

3.24 SUPER MOBY-DICK Horizontal
3.25 REBECA

3.26 ECOTRA

4 - GERMANY

4.1 UPTF

4.2 HDR Vessel

43 BATTELLE PWR RS 16

4.4 BATTELLE BWR 150396

4.5 Blowdown Heat Transfer RS 37

4.6 Heat Transfer Refil/Reflood RS 36
4.7 Steady state DNB Exp. RS 164

4.8 Trans. Boil. Inst. Tube (Freon) RS 370
4.9 Rewet RS 62/184

4.10 Thermodyn. Nonequilibrium RS 77
4.11 LOCA Pump Behaviour RS 92

4.12 Thermalhyd. UP-BBR RS 373

4.13 Pressuriser-Valve RS 240, 347, 636
4.14 Steam/Water Disch. Fiow RS 93, 397
415

4.16 T-Junction Test Facility (KfK)

a : info sheet available in[1, volume 2] -

info | selected in
sheet | the CCVM
a
a
a
a
a X
a
a X
a X
a X
a X
a b3
a X
a
a X
a X
a X
a X
a X
a X
a X
a. X
-a X
a X
a X
a X
a X
a X
a X
a X
a X
X
a X
a
a X
a X
a
a
a
a X
a
a
a
a X

5-ITALY

5.1 Pressuriser (Vapore Plant) ENEA
5.2 Pressuriser Spray, TURIN

6.3 Pressuriser Flooding, CISE

5.4 JETI-4 Fuel Channel SIET

5.5 Safety VALVE SIET

5.6 Gen 3x3 (Steam Generator), SIET
5.7 8x8 Bundle, CISE

5.8 FREGENE (Steam Generator) ENEA
5.9 ARAMIS (Separator) ENEA

5.10 Jet Condensation, TURIN

5.11 Jet Condensation, ENEA

5.12 CHF, ENEA ’

5.13 CCF, ENEA

5.14 FOB Blowdown, ANSALDO

5.15 GEST-SEP, SIET

5.16 GEST-GEN (20 MW SG), SIET
5.17 PIPER (Blowdown), PISA

5.18 JF Blowdown, ENEA

6 - JAPAN

6.1 TPTF, JAERI

6.2 Air/Water Horiz. Flow Loop JAERI
6.3 T-Break TF (Air/Water), JAERI

6.4 Air/Water Rod Bundle TF, JAERI

6.5 SG U-Tube TF, JAERI

6.6. Single Pin Heat Transf. TF, JAERI
6.7 SRTF (Reflood), Toshiba

6.8 ESTA (18 Degree Sector), Toshiba
6.9 ESTA-KP (KWU-PWR), Toshiba
6.10 RRTF (RefilReficad), Toshiba

6.11 SHTF (Spray Heat Transf.) Toshiba
6.12 Guide Tube CCFL TF, Toshiba
6.13 Swell Level Tests, Toshiba

6.14 SCTF, JAERI

6.15 CCTF, JAERI

6.16 HICOF (Hitachi Core and Fuel Tests)
6.17

6.18 Hot Leg CCFL Rig, JAERI

7 - NETHERLANDS

7.1 BCN Boiloff/Reficod Tests (36 rods)
72
7.3 NEPTUNUS

8 - SWEDEN

8.1 GOTA BWR ECC Tests
8.2 MARVIKEN

8.3 FRIGG/FROJA

8.4 120 bar Loop

85SiV

8.6 SEPA

9 - SWITZERLAND

9.1 NEPTUN-! (Boiloff)
9.2 NEPTUN- and Il (Reflood)
9.3 PEANUT (Reflood Inside Tube)

x : selected in the SETs matrix 1, volume 1, chapter 6]

info
sheet

]

[

selected in
the CCVM

x
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10 - UNITED KINGDOM

10.1 ACHILLES Reflood Loop

10.2 THETIS Bundle

10.3 REFLEX Tube Reflood

10.4 Post Dryout Ins. Tube (HP, Winftith)
10.5 TITAN/O MW Rigs '
10.6 High Pressure Rig

10.7 Post Dryout Ins. Tube (LP, Haiwell)
10.8 Air/Water Pipeline Fac. (Large Sc.)
10.9 Hot Leg (AirWater, Ofit., Large Sc.)
10.10 .

10.11 Horiz. CCFL. Rig (Air/Water, Small Sc.)
10.12 Air/Water Rigs (Small Scale)

10.13 LOTUS (Air/Water Ann. Flow in Tube)
10.14 Single Tube Level Swell (Harwell)
10.15 Single Tube Reflood (Harwell)

10.16 Crossflow Two-Phase Wind Tunne!
10.17 Loop Seal Air/Water Rig

10.18 Hot Leg Co and CCF Rig

10.19 Single tube Reflood (Leatherhead)
10.20 Boiler Dynamics Rig

10.21 Valve Blowdown Test Facility

10.22 Single Pin RReftood

10.23 Multipin Cluster Rig

10.24 Blowdown Rig

10.25 ECCS Condensation Rig

10.26 1/6™ Sc. Broken Cold Leg Nozzle Rig
10.27 1710t Scale PWR Refill Strath Clyde
10.28 R113 Vertical Forced Circul. Loop
10.29 R113 Horiz. Foreced Circul. Loop
10.30 Vertical Flow Rigs

10.31 High Press. Steam/Water Forced Circ.
10.32 Low Pressure Boiling Fac. (Harwell)

11-USA

11.1 LTSF 1/6 Scale Jet Pump

11.2 Univ. California SB. LP BWR

11.3 THEF Post CHF Ins. Tube

11.4 Battle Columbus Laboratory

11.5 Wyle Lab. Marshall Steam Station TF
11.6 Miscellaneous Sources ,

11.7 Univ. Califomia SB. Vert. Tube

11.8 Univ. California B. Tube Reflood
11.9 Univ. California Berkeley

11.10 Columbia rod Bundle Blowdown HT
11.11 State Univ. New York at Buifalo
11.12 State Univ. New York at Buffalo
11.18 1/30, 1/5 + 1/5 VESSEL CREARE
11.14 1/5 DC + CL CREARE

11.15 CDN DART Bubbly Flow Nozzles

a :info sheet available in [ 1, volume 2] -

info | selected in
sheet| the CCVM
a . X
a X
a
a
a X
a
a
a X
a X
a .
a
a
a
. a X
a
a
a X
a X
a X
a X
a X
a X
a
a

11.16 VERT TUBE PL/DART Annular CCF
11.17 TUBE + CHANNEL DART Air/Water

_ 11.18 SNTF DART BWR Spray Nozzle

11.19 CE+ MIT

11.20 J-Loop Test Fac. Westinghouse
11.21 HCNTL Univ. of Cincinnati

11.22 Heat Transf. Loop Baboock and Wilcox
11.23 FLECHT SEASET Westinghouse
11.24 Univ, California Los Angeles

11.25 SCTF Univ. California LA

11.26 Univ. California Santa Barbara
11.27 Univ. California Berkeley

11.28 HST, SSTF, VSF/GE Spray Tests
11.29 Four Loop Naturat Circulation/SRI
11.30 U-Tube SG Two-Loop Test Fac/SRi
11.31 1/5 EPRI-CREARE Mixing Facility
11.32 EPRI-SAI Thermal Mixing Test Fac.
11.33 1/2 Scale Test Facility/CREARE
11.34 EPRI-Wyle Pipe Rupture Test Fac.
11.35 TPFL/INEL Tee Critical Flow

11.36 EPRI-SAI Carryover Large Dim.
11.37 PHSE/PURDUE 1/2 Scale Facility
11.38 Thermal Hydr. Test Fac/ORNL
11.39 {NEL Pump Characterisation

11.40 Semiscale/INEL

11.41 BWR-FLECHT/GE

11.42 LEHIGH Post CHF Heat Tr. Bundle
11.43 MIT Pressuriser

11.44 LS/GE Level Swell in Blowdown
11.45 HOUSTON

11.46 Cocurrent Hor. Flow/Northwest

11.47 ANL Power-Void Transf. Funct. BWR -

11.48 Natural Circulation Boiling/ANL
11.49 G2 Loop/Westinghouse

11.50 Air/Water TF/B. Willamette Pump
11.51 Univ. California Berkely

11.52 MB-2 SG Transient/Westinghouse ~
11.53 Strat. Condens. Flow/Northwest
11.54 Critical Flow Rig/GE

11.55 Reflux Rig/Univ. Cal. St. Batrbara
11.56 LTSF Blowdown Quench/INEL. -
11.57 LEHIGH Post CHF Vertical Tube

12 - NORWAY
12.1 HALDEN Reactor, Reflood Tests

x : selected in the SETs matrix [ 1, volume 1, chapter 6]

info
sheet

o]

£ooe e

]

oW

[V VR VR

selected in
the CCVM
X

x

X X X X
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