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ABSTRACT

Coupled multi-physics computational methods comtitm evolve to meet the needs of the
R&D communitydesigners, operators and safety regulators, inrdodamprove predictive
accuracy and precision and to evaluate complexatipeal or accidental scenarios. Novel
multi-physics simulation tools are designed to émaigorous modelling of coupled behav-
iors betweenijnter alia, reactor physics, thermal-hydraulics, fuel perfante and coolant
chemistry. In order to be used to their full potgnthese tools will require a more complex
array of validation tests due to the multiple lénghd time scales, as well as the number of
physical phenomena being simulated. However, tligyatm conduct appropriate validation
experiments has either progressed very little mome cases significantly regressed. Recog-
nition of this divide has led research and industperts from across the NEA nuclear sci-
ence community to form a new Expert Group on Mpitissics Experimental Data, Bench-
marks and Validation (EGMPEBV)The paper describes the over-arching objectiveben
group, in relation to the original motivations aeentual output goals. The specific tasks to
be completed under the direction of the two esthbli Task Forces are then presented
alongside a depiction their inter-dependence.
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1. INTRODUCTION

Computational analysis methods continue to evalvenany nuclear power countries to meet the
needs of the R&D community, designers, operatodssafiety regulators, to improve predictive ac-
curacy and precision and to evaluate complex ojpetor accidental scenarios that could have
only been addressed by experimental means or $ietpbounding calculations in the past. As a
result of these developments, computational metkargeted at multi-physics and multi-scale sim-
ulations are beginning to be used both for deepaventional analyses and for new applications.
The goal of these codes is to allow modelling ghhy complex scenarios at a very high level of
spatial, phenomenological and/or temporal resaluéiod with demonstrated high accuracy. They
also seek to enable rigorous modelling of coupleldaliours betweennter alia, reactor physics,
thermal-hydraulics, fuel performance and coolam@naistry.

The increasing resolution of such analytical tatdes not, however, eliminate the need for suitable
validation via comparison to experiments. On theti@y, in order to be used to their full potential
these tools will likely require a more completeagrof validation tests as a result of multiple éng
and time scales, as well as the number of phygpicehomena being simulated. They will also re-
quire accurate measurements of all terms, includowpling terms, in situations where the appro-
priate experimental techniques and facilities migbit exist today. However, the ability to conduct
validation experiments has for some applicatiomgssed at a slower pace than for computational
methods, or in some cases it has significantlyagggd (through shutdown of facilities, or through
retirement of experts); furthermore, as modellirgabilities are reaching deeper levels in single
areas and in coupled behaviours, appropriate erpatal techniques simply do not yet exist.
Recognition of this divide has led research andisity experts from across the NEA nuclear sci-
ence community to form a new Expert Group on Mpltysics Experimental Data, Benchmarks
and Validation (EGMPEBYV). The aim of the groupasprovide member countries with guidelines
and recommendations for validating and improvingjrtinovel multi-physics simulations, and ac-
cess to key experimental data.

2. MOTIVATION, OBJECTIVESAND GOALS

Validation of multiple physics models requires alevivariety of experimental data, which empha-
sises the importance of maximising the use of histly accumulated data to avoid the significant
cost of performing similar experiments today. Thiesprvation, evaluation and dissemination of
such legacy validation data represent a cost-@feepiath forward to validate modern codes. Identi-
fication and prioritisation of key legacy data kelat to modern requirements is therefore one of the
group’s primary goals. A review and evaluation led tlata by experts, both current and contempo-
rary to the experiments in question, will also pelertaken. The target end product will be evaluat-
ed and independently reviewed benchmark datas#étsquantified uncertainties, which are of sig-
nificantly greater value to users than the “rawtdmentation. This will follow the process estab-
lished by OECD-NEA in, for example, the ICSBEP dR&hE projects. The EGMPEBYV will also
build upon efforts being made by other Expert Geuguch as the Expert Group on Uncertainty
Analysis in Modelling (EGUAM), to develop methodgles and recommendations for uncertainty
propagation.



One such set of experimental data is from the forbuss-of-Fluid Test (LOFT) facility in the
United States where an NEA international projecs wanducted between 1983 and 198®FT

data are particularly unique in that they originfaten the only large-scale multiple-phenomena test
facility that employed a nuclear powered core. Repnted members from the United States have
therefore made it a priority to collect, analysel a&-model these data so as to re-evaluate the un-
certainties and the sensitivity of the measured #&atuse in multi-physics benchmarks. Support for
this activity is being provided by the newly estsled U.S. Department of Energy’s Nuclear Ener-
gy Knowledge and Validation Center (NEKVAC), whiehll work in close collaboration with the
Expert Group and other similar national initiatives

At the same time, while historical data are undedlyt of great value, they may be limited by vari-
ous factors; these usually relate to past expetisneging targeted at the validation of older codes
and the application of those codes. As a resudsdthistorical data can often exhibit limitations i
cluding a lack of measurement accuracy or lacknofedge of the measurement uncertainty in the
experimental techniques; an absence of measuremkstsne critical parameters; and, an obscur-
ing of relationships between individual physics pd/@ena owing to the output data resolution or
simply the inability to allow for a detailed reimpeetation of the experiments based on the docu-
mented information.

Part of the role of the EGMPEBYV will therefore leehelp identify gaps in experimental data, where
the scarcity of information is detrimental to thaligation efforts of stakeholders. By comparing
similar needs, efforts to fill such gaps may beoctnated across member countries. Where data
does not exist, suitable experiments, facilitied ameasurement techniques may be proposed and
developed to address those specific needs. A gigntfbenefit of this international effort would be
the leveraging of experimental capabilities tha lely to go beyond the capacity of any single
country to implement to achieve the desired resultistrue representation of cost efficiency for all
partners involved.

Establishing consensus guidelines for the apptioatif validation data is essential in light of the
developing multi-physics code systems. The EGMPEBN/ aim to establish standards for evalu-
ating experimental data and determining how thesa should be applied to the specific codes and
applications in question. The resulting outputnglavith appropriate phenomena identification and
ranking tables (PIRT), could help guide users andhpplicability and importance of particular ex-
perimental data to reactor phenomena or scenarioseoest.

Finally, guidance for performing robust validatianalyses is also important, including for methods
to extrapolate uncertainties beyond the validattomain and for estimates of the degree to which
stakeholders can rely on the results. This is tfosdated to the issue of scaling, or when factors
must be applied to experimental results becauskeoéxtrapolation from the experimental config-
uration to a full-size application. To compile amdke available such recommendations will thus be
of significant benefit to the scientific community.

T For more information on the LOFT Programme, see www.oecd-nea.org/jointproj/loft/




3. ORGANIZATION AND TASK FORCE ACTIVITES

The organization of the EGMPEBYV relies on threekTasrces, focused on 1) Experimental Data,

2) Methods and Standards, and 3) Specific Appbeeati(note however that the third Task Force is

not yet fully constituted). The major aspects axpleetations of Task Forces one and two are sum-
marized below.

Task Force 1 is focused on experimental data geetibn and benchmark evaluation. It aims at
providing better and more accurate experimentasgas which support validation of high-fidelity
multi-physics modelling and simulation (M&S) toolat the same time it has to consider the in-
completeness of past experimental data sets (nstef data, documentation or uncertainties) and
with the limited number of available multi-physiegperimental facilities. Hence, the three main
objectives of Task Force 1 are the following:
- reviewing and re-evaluating past experimental dasafor the validation of traditional or
novel multi-physics codes,
- defining the needs and priorities for new experitedp.g. pellet-clad interaction, cladding
integrity, CRUD-Induced Power Shift and CRUD-Indddsocalized Corrosion...), and
- establishing and recommending processes for degigmew experiments using improved
instrumentation, experimental techniques and datdrhents with the intent to provide high
guality data along with detailed uncertainty infation, specifically acquired for validating
high fidelity multi-physics M&S tools.

Task Force 2 was designed to develop validatioaust and guidelines, and uncertainty qualifica-
tion for the new family of multi-physics, multi-deacodes in the context of emerging demands such
as longer fuel cycles and power uprate.

The capability to validate these codes has madefisignt progress. Modern validation, verification
and uncertainty quantification (VVUQ) techniquesilele analysts to extract information from ex-
isting experiments in a systematic manner and peothe users with a quantified uncertainty esti-
mate. Currently, there are efforts in the U.S..(§¥BRA within CASL [1], SHARP [2] and MAM-
MOTH [3] within NEAMS) and NURESAFE [4] in the ElWtdevelop multi-physics/multi-scale
analyses and associated validation techniques eTim®s approaches require evaluation of existing
tests for appropriate data or to perform new testdl the gaps in required test data.

The principle objectives of Task Force 2 initiateve:
- development of consensus guidelines for validatiomulti-physics M&S tools and data,
- development of guidelines for performing uncertaiqaalification and evaluating ranges of
applicability for predicting M&S performance outsidf the validation domain, and
- identifying needs for specific experiments with tikended purpose of validating mul-
ti-physics M&S tools and data.

In the following sub-sections, each of the sped#iks planned under the two Task Forces, in order
to meet the stated objectives, are described iailddthe links and inter-dependencies between
these tasks are also depicted in Figure 1.



3.1 Task Forcel

3.1.1 Task 1. Define Scope of M ulti-Physics Applications

The objective of this activity is to define the pecof the MPEBYV activity as it relates to other ac-
tivities within the OECD-NEA as well as to defingetterminology that will be used to categorize
the types of multi-physics benchmarks and simutapoocesses. Other Expert Groups under the
auspices of the OECD-NEA focus on validation andchenarking of single-phenomena physics
(ICSBEP, IRPhE, etc.) or in some instances duahkphmena physics (SINBAD, SFCOMPO, etc.).
The intent of this Expert Group is on multi-physM&S. As such, the Expert Group will establish
the processes for engaging with the other Expeous (such as that on uncertainty analysis in
modelling, EGUAM) and Task Forces under the auspimiethe NEA. Furthermore, the Expert
Group will engage with national validation centarel modeling and simulation development ef-
forts (CASL, NURESAFE, etc.) within the NEA memlz@untries.

Various groups utilize different nomenclature wiigscribing multi-physics M&S as well as char-
acterization of experimental data and types. Howdtie semantics employed to describe these ar-
eas differ among those focused on nuclear safetpiapared to those focused on the nuclear sci-
ence areas. In order to provide some consistendycaardination among these focus areas, the
EGMPEBYV activity would classify the experimentataisets into three separate areas:

- separate effect tests (SET),

- multiple effect tests (MET),

- plant measurements and observations (PMO).

The choice of these designations is to provide isterscy with existing nomenclature employed by
much of the nuclear community as well as to minerconfusion when differences exists between
those in the nuclear safety fields and those imtihedear science fields. This task will also previd
concise and clear definition on the differencesveen novel (N) and traditional (T) methods, what
is meant by “coupling”, how uncertainty methods édeen used for sensitivity and uncertainty
analyses, etc., a description and definition ofgbepe of traditional (T) multi-physics applicatson
will be developed along with a description and wigfin of the scope of novel (N) multi-physics
applications.

3.1.2 Task 2. Summary Reports on the Current Status and Expected Needs for Validation of Mul-
ti-Physics Modeling and Simulation Tools

One of the objectives of this task is to developort that summarizes the use of best estimate plu
uncertainty (BEPU) evaluations in industry and tagan based on traditional (T) multi-physics
calculations supplemented by sensitivity analysiscértainty quantification (UQ)). To reduce ex-
cessive conservatism associated with the desigomwie operational and safety systems, industry
representatives and regulators have started ugsgestimate analyses coupled with probabilistic
risk assessment to evaluate plant operation unalenal and off-normal conditions in lieu of the
use of worst case scenario approaches. The mowrddvest-estimate analyses (and thus toward



enhanced uncertainties analysis) in lieu of boundimalyses has resulted in the need to better mod-
el the physical phenomena in nuclear reactors. Tép®rt will summarize the approaches for
benchmarking and validation of traditional multiysits modeling and simulation tools.

A second objective of this task is to develop aorefhat will summarize the current approaches to
migrate from traditional (best-estimate plus uraiettes — T/BEPU) to novel (high-fidelity first
principles with embedded uncertainty quantificatioN/UQ) multi-physics modeling and simula-
tions. This report will include a summary of theiaties in countries or multi-national approaches
such as CASL, SHARP, MAMMOTH, NURESAFE etc. foridalion of specific problems.

The final objective of this task is to develop ansoary report on the availability of experimental
data that will be needed to validate both traddioand novel modeling and simulation (M&S)
codes. This report should describe the following:

a. Available reactor physics data and benchmarks;

b. Available fuel modeling data and benchmarks;

c. Available core thermal-hydraulics data and benchmar

d. Available system thermal-hydraulics data and berachs

e. Available traditional (T) multi-physics data andiocbmarks; and

f. Anticipated needs for validation of traditional @)d novel (N) multi-physics tools.

3.1.3 Task 3: Summary Report on the Major Challenges and Priorities for Validation of Multi-Physics
Modeling and Simulation Tools

Some of the key issues facing the nuclear industiyde the aging of the nuclear fleets throughout
the world, the need to extract more from the nudieal with higher burn-up, the desire to increase
the power output of existing reactors, the needeeelop alternate accident-tolerant fuels, and the
need for better understanding of normal and offaroperating conditions, to name just a few.
Several operational challenges for nuclear powentpl such as crud-induced power shifts,
crud-induced localized corrosion, pellet-claddimgeractions, and grid-to-rod fretting cannot be
adequately addressed using conventional M&S taudsamalyses; hence, conservative estimates of
the impacts of these phenomena on reactor opesatienoften assumed to ensure the safe opera-
tion of nuclear power plants. In addition, sigrgint safety issues such as departure from nucleate
boiling, loss of coolant accidents and reactivititiated accidents are often analyzed using rather
conservative estimates of the likelihood of sucknts as an added precaution. Such excess con-
servatism may lead to less than optimal operatfigdheoplants.

This task will produce a report that addressesutieertainty treatments in the validation process fo
these challenge problems and the potential bentefisducing the excess conservatism. What is the
impact of best estimates as compared to high fidsimulations as compared to other as yet to be
defined approaches? The report should addresgetvs wf both the vendor/operator that desires to
make the optimal use of a plant/facility as comgdrethe desire of a regulator to ensure the safety
of the plant/facility (performance vs. safety). §meport should also address the differences in the
challenges/problems that might arise when considedifferent reactor design (Gen. 11&lll, Gen.
IV, etc.). The EGMPEBY focus is on currently opedhtight Water Reactors (LWRs) from Gener-



ation Il, next to be built Generation Il and Geatgon Ill+ LWRs as well as Small Modular Reac-
tors (SMRs) and potentially representatives of Garen 1V — High Temperature Reactors (HTRS)
and Fast Reactors (FRS).

The part of the report discussing the challengespaiorities for validation of traditional (T) mul-
ti-physics modeling and simulation tools will adsse
a. Using the existing data;
b. Creating new data — priorities and mechanisms;
c. Including uncertainty quantification in tradmal (T) multi-physics simulations (BEPU
methodologies) and validation of uncertainty guasation methods: status, needs and pri-
orities.

The experience and expertise in uncertainty prap@agan traditional (T) multi-physics calculations
and applications of BEPU methodologies will be suarized including experiences by countries as
well as large international projects such as th€ DENEA LWR Uncertainty Analysis in Modeling
(UAM) and International Atomic Energy Agency (IAEAJTR UAM Coordinated Research Pro-
gram (CRP).

3.1.4 Task 4. Recommendations and Implementation of Processes for Evaluating Existing Experi-
mental Data for M ulti-Physics Modding and Simulation

The objective of this activity is to define and ileyment the processes for evaluating past experi-
mental data sets and validation efforts including gjuantification of uncertainty in experimental
data, the ranking of important physical phenomeha,identification of important measured pa-
rameters, the processes for converting raw expetahdata to measured parameters, the processes
for converting the measured parameters to modedednpeters if they differ, etc. Furthermore,
guidance will need to be provided on the level @feptability of uncertainty data for those experi-
ments that are to be considered benchmark qualdytlzose experiments that will only be consid-
ered for general purpose testing. Special atteritamalso to be given to the completeness and the
representativeness of existing experimental ddta se

Consideration will be given to the conversion oféasured” parameters to parameters that can be
directly simulated using multi-physics methods. Hmalysis should include the conversion of the
“raw” data to the “measured” data. This should atszbude the treatment of uncertainties from the
conversion process and also any uncertainties ftemapproximation methods employed in the
simulations. Focus will be given to the existindgadaith uncertainties from nuclear power plants
operation and tests i.e. plant measurements aneha@tons (PMO). The implementation of this
activity will result in evaluations of experimentdhta provided by participants form the various
member countries. This activity is closely relatedtask 7 that involves the development of the
benchmark models from the evaluated experiments. Witi entail establishing a peer review pro-
cess and database systems for collection and imatenit the evaluated experiments. The resulting
evaluations and databases will be shared amomgeatiber countries of the Expert Group.



Task1l:
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Existing Practices for Multi-physics
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Legend

TASK FORCE 1 Task7:

Implementation of guidance for developing
multi-physicsbenchmarks

TASK FORCE 2

Figure 1. Organization and dependencies between activfifse two Task Forces.

3.1.5 Task 5: Needs, Options, Recommendations and M echanisms for Conducting Experiments Specif-
ically for Validation of Multi-Physics Modeling and Simulation Tools

The availability of new facilities for conductingutti-physics experiments is of a concern. No
country among the NEA membership maintains or dpsra full complement of facilities that
would be needed to study and evaluate all of thesipe multi-physics phenomena and the cou-
pling of these phenomena. The cost for such faslibften exceeds that which could be borne by a
single country. As such, collaborative arrangemaetd to be considered for optimal use of limited
resources among the NEA member countries.

The need to have access to prototypical experirheatalitions with a complete and good quality
experimental dataset (hence a complete and adagtesf instrumentations and experimental tech-
niques) should also be addressed. A key outcont@fask will be to review and update the NEA
report on “The Research and Test Facilities ReduimeNuclear Science and Technology”. This
updated review should include a comprehensive wewviethe experimental facilities in Russia be-



cause of the breadth of facilities and capabilittet have not before been catalogued by the NEA.
This report should address the challenges withrptgyy data sharing and how this could limit the
validation of multi-physics M&S tools and data.

The report will address also what data needs toollected from nuclear power plants, especially
from the new plants during their commissioning destd subsequent operation. The new plants
have better measurement capabilities, as demoedtbgt the OECD VVER-1000 Kalinin-3 Cou-
pled Code Benchmark, where high-quality multi-pbgsilata was collected during a commission
test at the start-up of Kalinin-3 unit, and subssdly used to develop an international benchmark.
Similar opportunities exist with the commissioniafjAP1000, EPR-1600 and other new plants
worldwide. A report will also be generated to idgnthe high-priority needs for the broader nuclear
industry. A critical activity of this group will b& identify mechanisms to foster international-col
laboration in fulfilling the needs for those highieuity experiments identified in the summary re-
port, including a recommendation for an initial derstration of such a collaborative effort.

3.1.6 Task 6: Summary Report on Traditional and Novel M easurement Methods for Validation of Mul-
ti-Physics Modeling and Simulation Tools

The objective of this activity is to develop a repan traditional measurement methods and the lim-
itations of those methods that could be improveeéanore representative of the parameters that
can be simulated. Identify “ideal” improvements fmme measurements that would provide more
fundamental parameters for direct comparison wittukations. There is also a need to address the
evolution of measurement methods using modern ta®lsompared to those used in past experi-
mental facilities (novel vs. traditional measuremm@ethods).

3.1.7 Task 7: Summary Report and |mplementation of the Guidance for Developing Multi-Physics
Benchmarks

The objective of this activity is to define the pess and methodologies for evaluating, document-
ing, and utilizing multi-physics benchmarks. Thifod will build from the experience of the NEA

in the development of the ICSBEP and IRPhE bencksnas well as the traditional (T) mul-
ti-physics benchmarks using experimental data sSCOECD Ringhals BWR Stability benchmark,
OECD/NRC BWR TT benchmarks, OECD/DOE/CEA V1000 Cdnthmark, OECD Kalinin-3
Coupled Code benchmark, OECD/NRC Oskarshamn-2 BYdéRilBy benchmark and the OECD
LWR UAM benchmarks. The established proceduresiwi@ECD-NEA for developing bench-
marks for traditional (T) multi-physics tools wile summarized. The guidance, developed by Task
Force 2, will include the requirements and procgedee describing and documenting the physical
characteristics of multi-physics benchmarks, trguirements for quantifying uncertainties in the
physical characteristics and the measured paraspeter processes for equating the actual meas-
ured parameters and their associated uncertaiatiesodeled parameters, etc. The implementation
of the guidance will result in benchmark evaluagighat will be archived and distributed to all
member country participants in the Expert Group.



3.2 Task Force2

3.1.1 Task 3: Summary Report on the Existing Practicesfor Multi-physics Validation

Code developers, research organizations, and giofesd societies have developed various practic-
es for validation of M&S tools and data. The apples may vary depending on the limitations of
the M&S tools and data as well as the intendediegpdn of such M&S tools. A report will be de-
veloped that summarizes some of the primary pregtimcluding recommendations and guidelines
that have been developed within the member cosntrighe NEA. Some of the key factors that
will be included in the summary report are as folo

1. Review and selection of an assessment framewodtsasuthe following:
a. Code Scaling Applicability and Uncertainty (CSAU)
b. Predictive Capability Maturity Modeling (PCMM)
c. Enhanced PCMM
d. Quantification of Margins and Uncertainties (QMU)

2. Utilization of Phenomena Identification and Rankiraple (PIRT)

a. Use of sensitivity and uncertainty analyses

b. Use of expert opinion

c. Use of non-dimensional parameters: benefits, castiand consequences
d. Weak versus strong coupling

3. Use of the validation hierarchy; see for examp&e‘gtyramid’ representation in Figure 2.
a. Coupling of physical phenomena (ad-hoc vs. firgigples)

b. Coupling phenomena with varying degrees of fidetéynporal, spatial, and energy
c. Integration of the levels of the validation hietayavith uncertainty propagation
4. Evaluation of experimental uncertainty

a. Direct (e.g. measured flow rate) versus indirecta@ing of bubble formation in turbu-
lent flow) experimental observations

b. Propagation of error from “measured” data thanfemred from experimental observa-
tions from instruments (e.g. uncertainties in etmgt signals from thermocouples or ra-
diation detectors into “measured” quantities oérett)

5. Segregation of calibration data from validationadat

6. Extrapolation beyond the validation domain
a. Estimating the uncertainty in model input datatfer application of interest
b. Estimating model form uncertainty at the applicatad interest
c. ldentifying and distinguishing aleatory and episteancertainty

The summary report will identify several commonbked assessment frameworks and summarize
the general approach, the strengths, the weaknasdemase of use of these framewaorks. The report
will also include an overview of the PIRT proce&sng with the key issues that must be considered
when identifying relevant physical phenomena arel ¢hupling among the phenomena such as
thermal-hydraulics and neutronics. The report magjude a summary of the principle issues to



consider when coupling physical phenomena that kavging degrees of fidelity in the temporal,
spatial and/or energy domains. Likewise, the repditsummarize current approaches for estimat-
ing total uncertainty at various levels of the gation hierarchy and the cautions and challenges in
such estimates. The report will also provide recemaations as to the treatment of experimental
uncertainty and the inference of measured data regpect to simulated responses of interest. In
some instances, the underlying physical phenomemnagproximated in the simulations and engi-
neering approximations may be used to model obdepehavior using rudimentary models that
rely on “calibrations.” The report will include rmmendations for the use of “calibration” and the
propagation of uncertainty from this use. A crititapic in estimating the total uncertainty at the
application conditions of interest is how to estienthe model form uncertainty using validation
metrics. Finally, the report will include a summanfythe primary recommendations for the use of
multi-physics modeling and simulation tools extiaped beyond the validation domain.

3.2.2 Task 4: Examples of Implementing Validation Processesfor Novel Methods

The objective of this task is to develop a summaport on the current progress of individual
member countries or multi-national organizationghe application of validation approaches for
specific problems. Member countries will be encgedato annually submit reports to the Task
Force that describe the validation of advanced M&&s and the approaches employed therein.
The CASL program in the U.S. and the NURESAFE paiogin the European Union have already
made significant progress in validating advanced3vi&ols for specific problems, which will be
compiled by the Task Force in an annually updagpdnt.

3.2.3 Task 5: Development of Validation Matrices for Specific Praoblems

The nuclear industry is required to provide suffitievidence regarding the predictability of reacto
behavior under certain situations and scenarios.afalysis of these off-normal events often entails
the use and validation of M&S tools to ascertam diegree of certainty regarding the predictability
of a reactor under such off-normal conditions. Femnore, the nuclear industry has identified a few
specific “challenge” problems in which the use danced M&S tools and data could be used to
reduce excess conservatism or improve predictalufisafety concerns. These challenge problems
are likely to be dependent on the reactor type @etational constraints. As such, the Task Force
will undertake to develop validation matrices fetandardized” scenarios and challenge problems
such as, for example, departure from nucleatertgpitrud induced power shifts, fuel-cladding and
cladding-coolant interactions. Member countries| Wi asked to identify specific standardized
scenarios or challenge problems and then to deaelgdidation matrix for the specific problem by
identifying the validation data for the various gloal phenomena and at different levels of the val-
idation hierarchy. The Task Force will define anst@rdized format for the validation matrix and
thereafter annually compile the member country rioutions into a summary report to be submit-
ted to the NEA.

The development of the validation matrices willveeas the starting point for identifying gaps in
the validation data sets and or identifying theilabdity of data sets that could be shared among



member countries. The Task Force will review thanimer country contributions provided under

task 5 and identify gaps in validation data for #ame problem. Additionally, the comparison

among the member country submissions for the saoidgm could serve to identify data sets that
might be shared among the member countries. Follpwach update, the Task Force will develop a
summary report that identifies gaps in the valmlatmatrices for specific problems. If appropriate,

the Task Force may provide recommendations for eeperiments or for the sharing of existing

experimental data.
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Figure 2. Example validation pyramid for the important picgs phenomena in pellet-clad interac-
tion (PCI) simulation.

4. CONCLUSIONS

It is clear that the planned objectives of the EEBN are extremely challenging and will require
significant effort to achieve. However, the papamts have already committed to a demanding
schedule of work and have achieved good progress mumber of the initial tasks. Furthermore,
additional contributors to the group are still lgesought in order to provide the diverse expertise
necessary to achieve the scope of objectives thestcrDespite the breadth of the task at-hand, the
ultimate aim is clearly understood by the membetsch is for the nuclear industry to be able to
realize the potential benefits of novel methods araaditional ones.

Finally, it is noteworthy that a third Task Foreecurrently under formation to address specific ap-
plications of multi-physics methods, through apgicn of the outcomes of the first two Task
Forces. Its intention will be to concentrate oneldvgh accuracy start-up measurements from Rus-
sian VVERs, and potentially also the challengesgméed by new, or newly restarted, fuel transient
testing reactors.
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