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Objective of PresentationObjective of Presentation

 PresentPresent ““lessons learnedlessons learned”” in Internationalin International
Collaborative Fire Model Project (ICFMP)Collaborative Fire Model Project (ICFMP)

 Recommend theRecommend the ““way forwardway forward”” forfor
performanceperformance--based codes and fire safetybased codes and fire safety
design methodsdesign methods

 Details of technical findings presentedDetails of technical findings presented
elsewhereelsewhere –– e.g.,e.g., DeytecDeytec 20092009--05,05, DeytecDeytec 20102010--0101
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BackgroundBackground

 Initiated performanceInitiated performance--based (PB) fire safetybased (PB) fire safety
codes & design in US in 1992codes & design in US in 1992

 Examination & development of new PBExamination & development of new PB
regulations & design methodsregulations & design methods

 Initiated & led the International CollaborativeInitiated & led the International Collaborative
Fire Model Project from 1999Fire Model Project from 1999--20062006

 DeytecDeytec, Inc., Inc.–– fire safety engineering consultancyfire safety engineering consultancy

 United States delegate to ISO TC 92 Fire SafetyUnited States delegate to ISO TC 92 Fire Safety
CommitteeCommittee
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International Collaborative FireInternational Collaborative Fire
Model Project (ICFMP)Model Project (ICFMP)

 Conducted 1999Conducted 1999--2008 by USNRC2008 by USNRC

 Evaluate fire models for nuclear plantEvaluate fire models for nuclear plant
applications through 5 benchmarkapplications through 5 benchmark
exercises (BE)exercises (BE)

 Code to CodeCode to Code

 Code to experimental dataCode to experimental data

 Simple to challenging scenariosSimple to challenging scenarios
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ICFMP ContICFMP Cont’’dd
 Five countries participated, typically 7Five countries participated, typically 7

organizations exercised fire modelsorganizations exercised fire models
 GermanyGermany –– GRS,GRS, iBMBiBMB (COCOSYS, FDS, CFX, CFAST)(COCOSYS, FDS, CFX, CFAST)

 FranceFrance –– IRSN,IRSN, EdFEdF, CTICM (FLAMME, CTICM (FLAMME--S, MAGIC)S, MAGIC)

 UKUK –– BRE (JASMINE, CFAST)BRE (JASMINE, CFAST)

 USAUSA –– NRC, NIST (CFAST, FDS,NRC, NIST (CFAST, FDS, FDTsFDTs))

 Assigned as guest researcher at NISTAssigned as guest researcher at NIST

 Analyst for NRCAnalyst for NRC

 10 organizations participated in peer review10 organizations participated in peer review

 12 international workshops over 10 years12 international workshops over 10 years

 5 ICFMP benchmark reports and summary report5 ICFMP benchmark reports and summary report



CopyrightCopyright
Deytec, Inc., 2012Deytec, Inc., 2012

9th International Conference on9th International Conference on
PerformancePerformance--Based CodesBased Codes

June 20June 20--22, 2012, Hong Kong22, 2012, Hong Kong 66

ICFMP Benchmark Exercise No. 1ICFMP Benchmark Exercise No. 1 ––
Cable Tray FiresCable Tray Fires
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ICFMP Benchmark Exercise No. 2ICFMP Benchmark Exercise No. 2 ––
Pool Fires in Large HallsPool Fires in Large Halls
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ICFMP Benchmark Exercise No. 3ICFMP Benchmark Exercise No. 3 ––
Full Scale Compartment Fire TestsFull Scale Compartment Fire Tests
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ICFMP Benchmark ExerciseICFMP Benchmark Exercise –– No. 4No. 4
Large Fire ExperimentsLarge Fire Experiments
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ICFMP Benchmark Exercise No. 5ICFMP Benchmark Exercise No. 5 ––
Pool Fires in a TrenchPool Fires in a Trench
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V&V Process to DetermineV&V Process to Determine
Fire Model Predictive ErrorsFire Model Predictive Errors

 ICFMP established to conductICFMP established to conduct ““blindblind””
benchmark exercisesbenchmark exercises

 Need credibility of V&V process byNeed credibility of V&V process by
determining true predictive errorsdetermining true predictive errors

 Necessary to establish safety factors inNecessary to establish safety factors in
performanceperformance--based designsbased designs



CopyrightCopyright
Deytec, Inc., 2012Deytec, Inc., 2012

9th International Conference on9th International Conference on
PerformancePerformance--Based CodesBased Codes

June 20June 20--22, 2012, Hong Kong22, 2012, Hong Kong 1717

““BlindBlind”” vsvs ““OpenOpen”” PredictionsPredictions

 In a priori (akaIn a priori (aka blind)blind) modeler has no access tomodeler has no access to
experimental dataexperimental data

 In a posteriori (akaIn a posteriori (aka openopen) modeler has access to) modeler has access to
the experimental data and measurements ofthe experimental data and measurements of
predicted parameterspredicted parameters

 Comparison ofComparison of blindblind vsvs openopen calculationscalculations
 DalmarnockDalmarnock fire test projectfire test project

 Possible to match measured parameters by adjustingPossible to match measured parameters by adjusting
model input datamodel input data
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Bias in V&V ProcessBias in V&V Process

 Natural bias exists inNatural bias exists in openopen predictionspredictions

 Most fire model validations conducted aMost fire model validations conducted a
posteriori (posteriori (openopen))

 Extent of bias presently unknown &Extent of bias presently unknown &
currently being researchedcurrently being researched

 Need true predictive errors to establishNeed true predictive errors to establish
safety factors in PB designssafety factors in PB designs

 ““Real WorldReal World”” firesfires –– PB designsPB designs
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V&V Procedures in ICFMPV&V Procedures in ICFMP

 Recognized need to conductRecognized need to conduct blindblind
validations to determinevalidations to determine ““truetrue”” predictivepredictive
errors essential to establishing safetyerrors essential to establishing safety
factorsfactors

 Minimize debate about input parameterMinimize debate about input parameter
values through detailed specifications ofvalues through detailed specifications of
the benchmark exercisesthe benchmark exercises
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Challenges ofChallenges of BlindBlind V&V OvercomeV&V Overcome
in ICFMPin ICFMP

 Replication of experimentsReplication of experiments

 Conduct of tests according to test planConduct of tests according to test plan

 Uncertainty in model input dataUncertainty in model input data

 Sensitivity & uncertainty analysisSensitivity & uncertainty analysis

 Need to establishNeed to establish ““optimaloptimal”” predictionprediction
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Issues Identified in V&V ProcessIssues Identified in V&V Process

 Lack of agreement among participantsLack of agreement among participants
on measurements & data needed ason measurements & data needed as
input to fire models being exercised;input to fire models being exercised;

 Lack of established formal procedure forLack of established formal procedure for
submission & collection ofsubmission & collection of blindblind
calculations from participants.calculations from participants.
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Parameter IssuesParameter Issues

 Heat Release Rate (HRR)Heat Release Rate (HRR)

 RadiativeRadiative FractionFraction

 Thermal Parameters of CompartmentThermal Parameters of Compartment
BoundaryBoundary
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Heat Release RateHeat Release Rate (HRR)(HRR)

 Knowledge of combustion process/need toKnowledge of combustion process/need to
input parameter to modelsinput parameter to models

 Predominantly determines magnitude ofPredominantly determines magnitude of
fire effectsfire effects

 Major source of uncertaintyMajor source of uncertainty
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RadiativeRadiative FractionFraction

 RadiativeRadiative fraction of heat from fire mustfraction of heat from fire must
also be input to modelsalso be input to models

 Not measured for BE # 2, values of 0.4Not measured for BE # 2, values of 0.4
used by some analysts (0.2 specified)used by some analysts (0.2 specified)

 Considerable effort made in BE # 3 toConsiderable effort made in BE # 3 to
measure parameter but still disputed &measure parameter but still disputed &
adjusted by some analystsadjusted by some analysts

 Similar issues in BE # 4 & 5Similar issues in BE # 4 & 5
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Thermal Properties ofThermal Properties of
Compartment BoundaryCompartment Boundary

 Not measured & controversial forNot measured & controversial for
Benchmark Exercise No. 2Benchmark Exercise No. 2

 Properties adjusted to reduce thermal inertiaProperties adjusted to reduce thermal inertia
by 50 % by some analystsby 50 % by some analysts

 Considerable effort made in BE # 3 toConsiderable effort made in BE # 3 to
measure parameters but still disputed &measure parameters but still disputed &
adjusted by some analystsadjusted by some analysts
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Procedure Issues in ICFMP V&VProcedure Issues in ICFMP V&V

 Submission & collection ofSubmission & collection of blindblind
calculations were not conducted per ancalculations were not conducted per an
established formal procedure or standardestablished formal procedure or standard

 Informal due to collegial nature ofInformal due to collegial nature of
collaborative project & lack of standardcollaborative project & lack of standard

 Participants were permitted to categorizeParticipants were permitted to categorize
their calculations astheir calculations as blindblind oror openopen..
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Conclusion ofConclusion of BlindBlind V&VV&V

 Participants modified model input dataParticipants modified model input data
based on their determination of thebased on their determination of the
appropriate valuesappropriate values

 Assumed this would still constitute as aAssumed this would still constitute as a
blindblind calculationcalculation

 BlindBlind && OpenOpen calculations could not becalculations could not be
distinguisheddistinguished
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Conclusion ofConclusion of BlindBlind V&VV&V –– ContCont’’dd

 Predictions by analysts differed:Predictions by analysts differed:

 Up to 45 % difference when same model usedUp to 45 % difference when same model used

 Up to 40 % difference when models of sameUp to 40 % difference when models of same
sophistication usedsophistication used

 ICFMP exercises failed asICFMP exercises failed as blindblind exercisesexercises



CopyrightCopyright
Deytec, Inc., 2012Deytec, Inc., 2012

9th International Conference on9th International Conference on
PerformancePerformance--Based CodesBased Codes

June 20June 20--22, 2012, Hong Kong22, 2012, Hong Kong 3535

Recommendations forRecommendations for
Fire Model V&V StandardFire Model V&V Standard

 Establish consensus on measurement methodsEstablish consensus on measurement methods
for parameters needed as input to fire modelsfor parameters needed as input to fire models

 Develop consensus on values for parametersDevelop consensus on values for parameters
input to fire modelsinput to fire models

 Establish procedure for conducting & ensuringEstablish procedure for conducting & ensuring
thatthat blindblind calculations are used to establishcalculations are used to establish
predictive model errors & safety marginspredictive model errors & safety margins

 Examine and includeExamine and include ““third party validationthird party validation”” asas
an option for establishing true model errorsan option for establishing true model errors
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PerformancePerformance--Based Codes:Based Codes:
The Way ForwardThe Way Forward

 This forum shows PB design and codes beingThis forum shows PB design and codes being
successfully deployedsuccessfully deployed

 Caution needs to be exercised, and issuesCaution needs to be exercised, and issues
examined & addressedexamined & addressed

 Distinguish sources of uncertaintyDistinguish sources of uncertainty

 Assembly of comments & current issuesAssembly of comments & current issues ––
DeytecDeytec, Inc. 2011, Inc. 2011--0101

 Importance of applying reliableImportance of applying reliable safety factorssafety factors
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Initiatives at ISO TC 92Initiatives at ISO TC 92
Fire Safety CommitteeFire Safety Committee

 Presented work of ICFMP &Presented work of ICFMP & DeytecDeytec, Inc., Inc.
to ISO TC 92 in 2009 (Lancaster), 2010to ISO TC 92 in 2009 (Lancaster), 2010
(Paris), and 2011 (Ottawa)(Paris), and 2011 (Ottawa)

 Presently serving as United StatesPresently serving as United States
Delegate to ISO TC 92/SC4Delegate to ISO TC 92/SC4

 Revisions to fire safety engineeringRevisions to fire safety engineering
guidelines planned by ISO TC 92guidelines planned by ISO TC 92
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Initiatives at ISO TC 92Initiatives at ISO TC 92
Fire Safety CommitteeFire Safety Committee –– ContCont’’dd

 Issues being discussed:Issues being discussed:

 V&V process improvement (ISO 16730:2007)V&V process improvement (ISO 16730:2007)

 Safety factorsSafety factors

 Design scenariosDesign scenarios

 Risk applicationsRisk applications

 Integration of fire safety engineering guidelinesIntegration of fire safety engineering guidelines

 Recommend involvement in ISO throughRecommend involvement in ISO through
national bodiesnational bodies
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QuestionsQuestions
 Questions and discussion welcome:Questions and discussion welcome:

 deytec@frontiernet.netdeytec@frontiernet.net

 www.deytecinc.comwww.deytecinc.com

 Thank you.Thank you.


