ATTACHMENT 3

DAY 3 - Handouts



Day 3 - October 15, 2004  Topic: Regulatory Tools

0800 - 0815

0815 - 0830

0830 - 0845

0845 - 0945

0945 - 1000

1000 - 1015

1015- 1115

1115~ 1130

Registration
Welcome/Fire Protection Tools Past, Present, and Future with NFPA 805 (Salley)
Related Public Questions
Fire Probabilistic Risk Assessment (Hyslop, Najali - SAIC, Henneke - Duke)
-Joint Fire PRA Methodology
-ANS Fire Risk Standard
Related Public Questions
Break
Fire Modeling (Salley, Hill, Najafi - SAIC)
-NUREG 1805
-RES/EPRI Verification and Validation Project

Related Public Questions

Adjourn



TiE FIRE PROTECTION TOOLS -
PAST, PRESENT, FUTURE
CONNECTION TO NFPA 805
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Prescriptive vs Performance Codes

m Prescriplive codes dictate a minimum level of
protection
m 3 Hour Rated Fire Barrier
m 2 Hour Water Supply

® Performance codes are an engingering
approach to fire protection on agreed fire
safely goals, deterministic & probabilistic
evaluation of fire, physical properties of the
fire, and effectiveness of the design.
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New Tools & Analysis Methods

®m Risk-Informed, Performance-Based Codes
require new tools & analysis methods to be
effective.

m Fire Risk Evaluations
u PSAPRA

m Fire Modeling
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New Terms - NFPA 805

B Completeness Uncertainty
® Model Uncertainty

m Parameter Uncertainty

m Probable Maximum Loss
m Uncertainty Analysis
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More New Terms — NFPA 805

u Fire Model V&V
= ASTM E 1355 "Evaluating the Predictive
Capability of Detarministic Fire Models™
u Fire Scenario
w Limiting Fire Scenarios
w Maximum Expected Fire Scenarios.
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Team Approach

= NRC Office of Research

® Mational Laboratories (Sandia)
® EPAI (SAIC)

® |ndustry (Licensees)
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" Improved Technical Approach in
U.S. NRC/EPRI Fire Risk
Requantification Study
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NFPA 805

m 2.2.9 Plant Change Evaluation indicates a
risk-informed evaluation shall be performed
[Figure 2.2)

m 2.4 contains direction (“shall") with respect to
Fire Models and Fire Risk Evaluations

® Appendix D provides useful information for
fire risk evaluations
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Expected Use Of Products

® A basis for nisk-informed analyses (EPRI)

® Reviaw guidance that RES will develop for NFPA 805
related changes

® ANS fira risk standarnd

Background and Scope

m Background

= Mamorandum of Understanding between
NRC-RES and EPRI

» Fire risk addendum

® Scope

® NUREG/CR-8850; EFRI 1008239
® 1: Summary and Overview - MLO42800183
u Z: Detailed Mathodology — MLO42800196
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Objectives Participants
& Develop and demonsirate state of art fine risk . m EFRI
analysis methods, lacts, and dala m S MWAC

= Consolidate existing research
= Limited extension of state-of-art
m Field test
W |denfify strengths and weaknesses
® Update corresponding fire risk estimates
= Develop risk insights
® Transfer the technology
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® Two valuntear pilot plants (PWR)
» D.C. Coak, Millstone Unit 3
® Six non-pilat plant participants
= Further caoparation
= One independent pilot plant ~ Diablo Canyon
= Filot plant (BWR) recently added — Nine Mile Paint
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FRA Areas Addressed

® Fire data and ignition frequency
m Fire modeling
m Fire protection systems and features
® FPlant response
= Systems analysis
m Circuit analysis
= Human reliability analysis
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Demonstration Studies

8 Analyses performed jointly by NRC and EPRI using
case axamples from pilot plant FRA,
8 Purpose:
» Damaonstrate that methods can be
implemented
w Acquire feedback
m Technology transfer
® All 18 procedures demanstralad

u Demonstration studies in place of full update of plant
FHMA for initial pilats
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Advances

w Fire frequency

= Prior condition:

= Widespread use of severity factors to
‘correct’ base fire frequencies

« Aoom-based frequencies

= Mew condition
= Mow limited to potentially challenging fires
& Increased use of component fire frequency
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Advances (cont.)

® Distributions of peak heat reease e (HRA)
» Prior condition: Each source had single HRA and
severty factor
» Distributions developed basad upon avallable data
and experance
=« For each major fire ignition source type
= Includes low frequency/high intensity values
» Severity factor tied explicitly to intensity
= Treatment of fire frequency/severity factor aveids
double count with suppression
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Conceptual HRR/severity factor

| Pask HRR Probabiliny Distribunan |
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Advances (cont.)

® Detection/manual suppression
= A comman approach: consideration of only fire
brigade response time
» Hislarical dala approach
« New approach ensures explicil treatment of
long duration fires
= Duratien curves binned by component or location
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Advances (cont.)

® Flant safe shuldown response model
w Aozclve difarence between emergency operaling
procadures and plant safe shuldown procedures
= Ensures equipment out of service is captured
w Rafing treatment of spurious oparations and fire-
specific operator actians
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Status

» Iecheiry peer raview compleled
® Filal applicaton & testing af methodalogy

® Limited testing of all proceduras by EPRIMNAC &l PWA
& On-oing e oF methodology al anclhes PR
» Fulltastng by EFALNAC al BWA planned in CYD4-06

m Milastanea

= Dralt report for commenit
ACRS raview
Publicatian

Joint EFRUMAT Fire PRA Workshap
(preliminary)

— Fevision of publication
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BACKGROUND

Procedures

u 1- Plant partitiening

® 2- Selection of critical equipment
® 3- Sslaction of circuits

m 4- Qualitative scraening

B 5- Flant fire-induced risk model
® G- Fira ignition frequency

B 12- Post-fire HRA sereaning

—— W 7A- Quantitative screening 1

m 8- Scoping fire modeling
m 7B- Quantiiative sereaning 2
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Procedures (cont.)

9- Delailed circuit failure analysis

10- Circuit failure mode and likelihcod analysis
11- Detailed fire modeling

13- Seismic-fire interactions

14- Fire sk guaniification

12B- Post fire HRA — detailed and recovery
15- Unecartainty and sensitivity analysis

= 16 Fire PRA documentation
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EPRI/NRC-RES
FIRE PRA METHODOLOGY FOR
NUCLEAR POWER FACILITIES

Bijan Najafi (SAIC)

| Octobar 1315, 2004
WRC Puslic Magling
Region Il Atianta GA.

PROJECT TEAM

+ Covers all lechnical disciplines critical 0 Fire PRA
@ Technoal Lend: B. Majahi 5. Nowlen
# Barwral PRA & plam sysioms amalyaie A Kolscrkowski, R Ancka
& Chrodt Analysis and Appendi R: D. Funk, F. Wyas
# Human Fieiabiity Anahyss: J. Foresier, W Hannaman, & Kolaczkeawaki
@ Fire anolyeie: F_Joglar, M. Kazanans
= Conaullant; A Mo, 0 By
= Collectively, over 200 years of relevant experiznce

= Principal authors of documented Firg PRA methods in US for the past
2 decades

= Thiz Mathodolagy reflects the consenaus of this 1eam, EPRI and NRG-
RES
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PROJECT REVIEW

+ Individual procadues have been:

— Reviewed internal 1o the development lgam

= Tasted at ong or mene pilot planis to ensura:
= Eaza of applcation
* Reasorableness of results and resowTes requined, and
* Adequecy of documentation

= Raviewed by a peer reviaw keam
= Limited active participation
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EPRI 1008239 / NUREG/CR-6850

= Volurmne 1: Summary
= Program and technical ovensiew
+ General sCope, Baaumplcn and lechnical postions
+ Eslimated msaurcas
— Conelusions
* Aseas of improwament in fhe past Fira PRA mathods
+ Current state-al-the-art, Smitations and thair importanca
+ Irgights and oheendalions
+ Recommendations
= Volume 2; Detailed methodology
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METHODOLOGY

* The: methooaiogy (5 prasentad in the farm lechnical sk procedures within a

an ovarall prGess
= The process is niended as a pukde and should il most cases, howewer Sie

uzer riay adopt ased on plant-spacilic informaticn end desired Bppicalices:
= Procedures cover the dollowing technical angas

- Eabection ol pan| snalysis by snd paToning

— Fir PR M0N0 S000TIN v ik rieockel

~ Cmuicatin selacion, suing and ik mods indlpss

= Soreenng qualiaike and guanilaive

= Fita igeitios irecuency

- Fim madedng

= Pl Pussn ity anadyais (HIRK]
- Swamic-lem mccions, and
Fig rish quardisation, nduling uncorartiae, and documenaton
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OVERVIEW OF FIRE PRA PROCESS
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OVERVIEW OF FIRE PRA PROCESS (CONT.)

N
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PROCEDURE CONTENT

1. Purposa
2. Scope
3. Background information: Genaral apperoach and assumptions

Intarfaces: Inpubiautput o other tasks, plant and other
information needad, walk-downs

Procedure: Step-by-step instructions for conduct of the technical
1Bsk

-

o

B. Uncertanty: Sources of uncenainty and ESsues driving them
?. References

Appendicas: Tachnical bases, data, examples, special modals or
insiructions, tools or dalabasas
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KEY TECHNICAL TASKS: Circuit/icable selection,
routing and failure modes analysis (Tasks 3, 9, & 10)

+ Stand-alone approach fof cabde salaction and analysis within the
conext of risk

— Fast LS medhods relied on exsing plinl analyses such 83 Appende
R sale shuldown anatysis

= Prepared with the recognition of other documents addrassing relaled
technical aress)

= Mulliple gpuricus acluatans of equipment and nstrumenls
+ Probabilistic Circuit Faiure Mades and Likelinood

— Important whene radundant cabks ane athecled by the Same lie such
as main conbml mam

= Use fre tesling [2002) by EFAI and MEI with NRE participation
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KEY TECHMICAL TASKS:
Post-fire Human Rellability Analysis (Task 12)

* Focus an the Scriening HRA

— Padn-hsand (in e absnza of doaded fing sonana Inomadion] quanilsine eemening
apprcach

— Firn condiions; arwironment and scomsibsiiy
= Firn-iraduced comparsilisyslon 150, sih 38 spurces aesalicns
— Loantnnand timing 1o siagross and podarm iha requied aciions
= Auailabiity of the orow in paden the s, ral ifeested by dusl responibifies
+ Mt a stand-akne maraual lor lie HAA
- Uan ol manling HRAA melhodi in lin condtans
* Firg pamormanss sraping mctors |FSF) delined and describod
« Thosa FFs ganecaly imeus wih It crtiri 1 1 Man ual Action Flu

— Mo ol poaskin furthee impeosement. Link betmoon ¥re PSF and bosi-osimaie HEPS
noi ckwekoped
+ Special Case: Main Cernl Foom (MCR) abandonment
= Ackdlional tonskteralicne ax part ol FSF evaluaiien, @.0. poleniial confusion about ihe
raed b avacusie ihe MCH
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KEY TECHNICAL TASKS:
Fire Modeling (Tasks 8 & 11)

Characterization of ignition source heat release rate

(HAR)
Damage critaria

Fire suppression analysis

Special models

= High Engrgy Arcing Faults

- Cable Fires

— Fira growth inside the main control board
— Fire propapation between control panels
- Turhine/generator fires

= Smake damage
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PUBLIC REVIEW

= Whike rivview of the enlire document i dasiratha, focus on Key
Technical Areas is recommendead

— Corpoiant and cieul stieoton sd anstyses (lasks 2,3, 5,9, and 10

~ Poatlica HRA (s 12), and

= Firn modeling (lasks & and 11)
= Have the reviaw done by your technical area specialist

= g review of onoull retated peocedunee (3, 9, and 10 by your Aop R erginears
« Wa encourags feediack that

= Cowyimprons lechiveil acuracy

= Can make e methodobogy seser and s aflicient i use

= s spocific wilh recommended sltmmalwis o chingas o th et
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CONCLUSIONS:
LIMITATIONS OF THE STATE-OF-THE-ART
* Jur work identifies some areas of imaaton.
= Numigr of cambinad tina-nouced spuious aperalions
— Dynamic: varsus slafic rmodeling ol fire damage and cperalorn responss

= Limationa in nlemal Evenls anakyais thal cary aves ko fire, &g, model
ungeriainty

- Multpla Fres

= Muliipks Initigting Events Irom the same ool cause, eg., fire and food or fire
and sarnguEks

- Smoka Damag:
— Adminisiralive Aspects of the Fire Protection Program
~ EMacliveneds of Fire Protectan Syslems and Passive Fire Barriars
+ Evan theugh # is nod posaible Lo know the exact impac, where peasible
wi adjust tha approach to engure that the risk i not under-predicted
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CONCLUSIONS:
PERSPECTIVE

= Fire Risk
- IFEEE Pengam
Firg i coe o s ratige
oy barwua |E-gand 1E4frye
Firi coviritution io tha combined e and inema! svasts dek angs bom 1% b BT
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= Wil industry wkde e spat e i nal dgiectid 1o changn sgnfisinty
plort-specilic perspecives coukd be impactisd by thi mathesd
= Relalive: impodtance of fire scenarios, locations or fira protaction
systemsfeatures
- WPEEE Program
vty [ of avay 3 atuies, rapones (he nss SRs0 B Wi seail mom Nras
5 Mg Mgt coniHbulon i i (e sk with SWilohgOar Foims & oo seoang
- Finlarety fow indusiny-wide frends are anlicipaied with respect |o changes in the
Pl alvi e ifpon ands rinkings.
= Flanl-speciic changss on the olher hand are mere Bkety
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CONCLUSIONS:
INSIGHTS

» Whila individual procedures have been tested, a full lesting of the
methodolegy is not yet completed

— Full BWR pilct ai Nire Mile Poird Urit 1 anlicipalod in 20082006

+ Resource esbmates: i ke absence of @ il est of tha mathodoiogy, based
an collectiee experence of the authors with the past ard this mathad
(BN IFEman atudies)

= Bast esiimara range; 4000 - 7000 hours

= Tha lowar end is based on a large nurmier ol posilive Tastors in the quality
al the plant anatysas &nd tha desirad sophishication of e Fire PRA

— The upper bawnd should be intemneied a5 an indusiry ayarags
— The langest spurcs of urceraEnty in the astimata al resowtes & lor

cAblaTincui selection and rouling and 1 a lesser axtent the circuil faiuna
modes analysis
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Outline

* Why is the Fire PRA Standard Imporrant?

ANS Fire PRA Standard
Development

+ Inputs to the Fire Standard

+ Btatus
Dennis Henneke

Duke Power Company

¢ lssues?

* Questions?

[

Why is the Fire PRA Standard

Important?

+ Fire Risk represe: d 3% of the Core Damage Rask for o " ; . .
a::.ubwplr:l!::l.nnls S SRR e * EPRI/NRC Fire PRA Requantification Project

Inputs to the Standard

— Many planrs sepoe Fare Risk greater than the ol for ether intemal

erents ek Vst T e
Mees Pants have  lirméted amapis of fire ik i ve- sponse o the IREEE * Previous Fire PRA Methods:
process = FIVE/EPRI Fire PRA Methods

+ Fururee Risk Applicarions and Tssue Resolution will most likely
require detailed Fire FRA.

= Mani spedific
]

EPRI Fire Testing and NEI00-01: Probability for

issue resclution for assocared circuits/multiple hot shorts 5 . .
3 Spurious Operation.

o s

Risk Apphcanaons aff eceed by Fine PRA resulis = This i incleded in the Requantification Project
_ Plasu Specific Fise Lesues, Phase 111 Fire Sipni ficarce Determination
Priwims

— Risk-Informed Fire Protection (NFPARDS) EPRI and NRC Fire Modeling Projects

[ PR,




Status

+ Writing of the Stand ard is continuing, with
roughly 75% of the technical sections completed
as a fiest draft.

— Internal to Wiiting Geoup
— Additional meetings scheduled for 2004 and early
2005

* Will provide a draft to the ANS RISC

Committee eatly in 2005.

-

Issues

The Standard will rely heavily on the

requantification project.

— Requantification methods will cepresent highest
category for the standard {Cat, 3} = in most cases,

— Public Comment Peried began in October.

— Mo full pilot applications performed

* Full Pilot scheduled For 2005 — with rewrite of the
requantification. procedures scheduled for end of 2005,

+ Public Comment period in 2005. Schedule slip is possible.
— May need to modify the standard at that time.
PRS- PR
Issues Questions?
» Circuit Issues/ Hot Shorts
- A significant amount of the effort for a state-of-the-art
Fire PRA will be involved in analyzing hot shores:
» Cable wacing
» Seenann development, including Fire PRA specific scenarios
and new failure modes in the PRA model
+ Fiire modeling to determine scenario likelihood
PR, PR




FIRE MODELING
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Overview- What is FDTs?

® FOT*are a seres of Microsoh Excel® spreadeheeats isssed with
NUAEG-1805, “Quantitative Fire Harard Analysis Methods
for the U.5. Nuclear Regulatory Commission Fire Protection
Inspection Program.”

The primary goal of FOT® was to be a training teol to teach MAG
Fira Protection inspectors an Intreduction to Fire Dynamics.

W The secandary goal of FDT® was to be usad in plant inzpections.
e and suppont oiber programa that requined Fire Dynamics
knowledge such &5, SDF and NFPA 805,

. A P Ui 1

History

Features of FDTs

e n Lisardrendly, Pre-Programmed Microsoll Exeet® b'amon Fire
®  Drft NUREG-1805 {Ime il hinvibspiad i a3 paas pariond wirki ' h
with MAL Fire lwn-‘clm‘:;m:m mippudu'nd e £ o et Dynamics equation/cormelations,
oA and lechrical revira
= FOTS are srchetac afber-the L3, Burmmu of ® Cuick apgiicatian of Fire Dynamics principlos faund in
Espleanas [ATFAE] Fitn and Anen Corified Fra glale-gl-ihe-arl Five Pratection Handbooks
= Gpesadsheets e protecied 1o Prevent Tamparing
" Ssincied » smrionol dalu-u!-lhc—a::hl pymmmmm-mm » Auboeaiic Linft Comarsion
mncd cibar relmvant Firs Dynamics s = Relabed Maberial Fire Propartias Data for matenaks commanty foond in
n Customzad for nucl sar power D@ ms applcations nuckear power plants ksted within each apresdshest
® Acpropriste physical propartion ® ABducss Inpat E70rs from inaceurdts manual entrias by using Pull-
. Dorevn M s, which allaw the user ta salpct matsial e peopenty dala
— e 11 — : ;
(M ARG A A8 RIS S ™ Priwides lor quick feralions wilh aasy daia eniry in iha sproadshests o
& Fimal MURES-128 wil be publshed in October 2004 provitie first ordar Fira Dynamics esiimales.
® Spreadsheets are available in English and 5| Unas.
ot 13 300 e » [ [r— f
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New Features of FDT* Based on :
List of FDT* Spreadsheets
Comments
w Lser Specilied Value oplion was added in Material Fire b gLy e
Properties Data table, [
. . e HH Bring Dindcuiniion da.
® Input paramatars information was modiied to be more Lsar P Heg i e
Friandy. £8.1_Meal_Phe_Caubabora Wied_Trias
biaai_Pla G daora _WWaad it
083 Tharral_Aacaion_Fram_rh sxcatuon_Fransis sy
i i, T
w Calculate bution waz added in all spreadsheets. g g
08 iy Bussher b s
" - . . _Fuen, ey, e
» Additional mformation block was added for user to deserbe 18 Ducee ipran, T
=spaciic fire scenario baing analyzed e et it e i
15 Erplonkon, Dhraliicas ai
sy Rz Cona e
e ® i == W G S a——
HE\!’l_!IDI'\ Lo table was addad 10 maintain spreadsheet varsion L] ‘&m:_c:-n. ._‘i-.:"-mu:a-;.wwm
and issue dabe. B 10 FR Bae Coweah_(Guss_Sheaty Sisla Hoori_ bmdwd s
. [N — ok
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Evolution of Quantifying Fire
Scenarios in Nuclear Power Plants

Past

W Fire load expressed in (BT doss nat consider oiher Factons
which greatly affect the compartment fire imensity such as
Compartment Velume, Heat Transfer Characteristics of the
Enclosure Boundaries, and Yentilation Openings.

Prasent

B FDT?is a training fool that can be used to teach Fire Dynamics
and develop First Order Firg Dynamics Evaluation in actual
commercial nuclear powar plant agplications.

Future

® NFPA 805, Performance Based Standard for Fire Protection for
Light Waster Reacior Electric Genarating Plints wil use detaied
Fire Modeling Calculations,

Fire Scenario

A B O T A A3 b asatfanso
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Future FDT® Updates

Future updates, coraclions, or new FOT=
spreadshests will be posted on NRC'S extemal
wehsite within the Fire Protection section at:
hitp:ifweww nire.govireactors/oparatin 5-8%
penencefire-protection.niml
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Conclusion & Invitation

NUREG-1805 prowides 8 basic Introduction 1o Firs D:.rn'ami;:;ﬂ
nuclear power plant applications,

MUREG-1805 prewides ools snd methods that can ba used in
actual nuclear pawer plant Fire Hazard Analysis (FHA)

Part of EPRI Fire Modeling Workshops

Tha Cfica of Nuclear Reactor Aegulation (NRA) plans ta
conduct & public meeting on the NUREG- 1805 on Novembear 23

— and 24, 2004, at which teme the MAR statf will make

presentaiions, Introducing FOT® and Its Features " NRRA
wilcome all inerested stakeholders 1o the November 2004
pubdic maeting at MAC Headguarters,
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Fire Model Verification and
Validation for Nuclear Power Plant
Applications

Prassreation Bl NAC Puslic WeSing Figan (| AHan GA. Dowissr 1315, 3301

Hancra
Fuiatinty & Wsk Enginesr.
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Purpose of the V&V

u Provide the technical basis for regulatory
positions that will be contained in the
upcoming regulatory guide

= Evaluate specific fire models
L]

» Define limits of the models

NRC-RES Activities in support of
V&V

m Established Imeragency NRC & NIST Agreement

B Co-Organized ICFMP to evaluate fire models for NPP
applications.

® Conducted a test program in collaboration with NIST

W |nitiated & 5-Year collaborative program with IRSN of
France for validating multi-compartment fire analysis

[

NRC V&V Effort

m Jaint effort between the NRC and EPRI

m RES is V&Y three fire models for application
in NFPA 805

m Fire Dynamics Tools (FOTS)

m Consolidated Model of Fire Growth and
Smoke Transport (CFAST)

u Fire Dynamics Simulator (FDS)

® EPRIlis V&V FIVE Rev. 1 & MAGIC

ot i 18, w4 e P ety
e, Spwms A,
Tor Fguasce, Taca




V&V Approach

Areas of evaluation

® Follows the guidelines outlined in ASTM E
1355-04, “Evaluating the Predictive Capability
of Deterministic Fire Models,” [ASTM, 2004]
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Defining the model and scenarios for which the
evaluation is to be conducted

Assessing the appropriateness of the theoretical basis
and assumplions used in the model

Assessing the mathematical and numerical
robustness of the model

* Validating each madel by quantifying the uncertainty and
accuracy of the mode| results
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Methodology

Scenario Definition

1. Establish a list of fire scenarios for wh|ch fire'

models will be applied in NPPs.

2. Summarize this list of fire scenarios
available for benchmarking and validation
exercises.

[

Map the validation test series for the fire
scenarios developed in Step 1.
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m Per Section 6.2.2 of the ASTME guidance:

m A fire scenario definition should include a
complete description of the phenomena of
interest in the evaluation to facilitate
appropriate application of the model

B A set of 12 NPP fire scenarios was chosen for
inclusion in the V&V
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Scenario Selection

m Review of the range of possible
configurations in NPPs that contribute lo fire
scenarios

® ldentification of potentially risk significant fire
scenarios through review of IPEEE submittals

® Examination of past industry experience with
fire modeling

Scenarios Selected for Evaluation

W 1, Switchgear room

m 2. Cable spreading room
m 3, Control room

m 4. Pump room

. Turbine hall

. Multl-compartment coridar
. Multi-leve! building

. Containment, PWR

. Quidoors

m 10, Battery room

® 11, Diesel Generator room
m 12, Compular room
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Fire Scenario Technical
Next Steps
Parameters _p
m Fire/lgnition Source ® Match the selected scenarios to validation
m Fire Type studies

® Heat Release Rate (HAR) profile
® Enclosure Geometry

m Ventilation Conditions

B Targets

Pt 218, 0

® Determine the accuracies of the models when
applied to the selected NPP fire scenarios
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Document Availability

® Working Drafts of the V&Y Main Report and
CFAST V&V (Volume 2) publicly available for
viewing at NRC public website

m ADAMS accession # MLO42610552
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V & V STUDIES FOR
SELECTED FIRE MODELS —
ISSUES AND CHALLENGES

Bijan Najafi (SAIC)

Cetobar 13-15, 2004
MAC Public Meeting
Fegion 1L, Atlania G
= Tapic: Regulatory Toas
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BACKGROUND

+ MFFA BOS requines fire models fo be accepiabis 5o AH and be “yerilied
and walidaied” VAV

= EPRIl is working with MAC-RES to raspond 0 this requirament

— Im acoordance wih the A3TM 1355 which provides guidance far
conduging YEV aludies tor fire modats

= ASTM 1355 requires the olicwing Inlcemation fr & VAV stidy
= Deafnition of line seanarie for which the V&Y is condusied
- Thworotical description af the modeal
= Evahaglion of e mathemsatical and rumesicsl robusiness
~ Sensithity analysis

= Marilicatian ard Validation analysis
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OBJECTIVES

= Gain understanding on the predictive capability of these
rhadels for typical NPP fire scenarios

= Divelop quantitative estmates of uncerinty that ars:
= technically dafensible AND

= usafulin a AVPE emvironment
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UNCERTAINTY QUANTIFICATION
IN ASTM 1355

= ASTM 1355 does nol require a specilic indax qualifying resuls of
1he WEV stuty.

= ASTM 1355 - Bama quantfication methods are suggestad
= Comparison and raporing the dalla

~ Daoes noi deal with muliple evidence end qualityasscoiated
with ach evidence
= ASTM 1385, section 11.2.1 - "Whenever possinls, the use of
subyactive wrigmen! should ba avoided and resals shod be
BNDYESEET W1 QUANTAaNYE ieIms”
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MODEL UNCERTAINTY

= This is fundamentally a modal uncestainty problem

* Modal uncanainty rafers 10 1he uncenainty inthe dilput of he mods
given ils kdealization, theoretiocal developmant, snd mathamatical form

= Paramatar uncarainty is considered saparataly

= ASTM 1355 ranuires sl of the model (s o applcabilily heough
Banadivily anatysiz

= Them arg warikus statistical 1echniques for datemmining moal
uncariainty

— Range Trom very stmple 10 vany sophisticated ones.

= The critical chalkenge in the V&Y project is selection al appropriaba
techriqua
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MODEL UNCERTAINTY

= Rgcent research suggests that estimating modsling
uncaralnty requires:
— Information about the model

= Confidenca n tha madel - quaniiatie or quaitaive evidence on
the gredibiity of & model in estimating the fre prenomena of
interest

* Applabiity of e Mol - CuAntitath OF Quallatve syidence on
thi applicabibty of rabvanca of 4 modal 10 a postuiated fre socenano

= Infarmaton froem the mode!

= Mudel predichers in sompansan with expenments




ISSUES & CHALLENGES

= Fifa tasls do nol rraleh ALL the condilions of ypicel NEP fire
SCAranics

+  Judgment is necessary to map avalabie expsriments fn NPF
SOAMArKs
* 5o tha answar ligs in
= Understandirg the physics
1 Approprisienass ol he madel i e fne scananc
- COmpATSen with available expedimants
2 Bopropisenass ol ihe exparimant io tha lim soenars,
3 Mok ped prediati

= Ard amethed to comiine these various elements
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SUMMARY

= Project has laid thi ground work through
- Dafinition of fire scenarios and ranges of conditions

= Saelection and comparison of fire experiments with
model prediclions
« The challenge ahead is:
= Selection of a methodology to develop defensible,
prefarably quartitative, ranges on the madal predicion
for NPP fire scenarios.
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ISSUES & CHALLENGES
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2. Appeprislences ol Fa seperiment io he NFF lin soeraric
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