December 15, 2004

MEMORANDUM TO: Sunil Weerakkody, Chief
Fire Protection Engineering and Special Projects Section
Plant Systems Branch
Division of Systems Safety and Analysis

FROM: James Downs, Fire Protection Engineer //RA//
Fire Protection Engineering and Special Projects Section
Plant Systems Branch
Division of Systems Safety and Analysis

SUBJECT: SUMMARY OF NOVEMBER 2004 PUBLIC MEETING ON NUREG-1805

On Novmber 22, 2004 and November 23, 2004 the Fire Protection Engineering and Special
Projects Section conducted a public meeting at NRC Headquarters on the applications of
NUREG-1805, “Fire Dynamics Tools (FDT®) - Quantitative Fire Hazard Analysis Methods for the
U.S. Nuclear Regulatory Commission Fire Protection Inspection Program®“. The meeting
summary and the handouts provided on each day are attached. Please contact me if you
require any additional information.

Attachments: Attachment 1: Meeting Summary
Attachment 2: Presentation Slides

Contact: James Downs, NRR/DSSA/SPLB
415-3194
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ATTACHMENT 1

Meeting Summary

The NRC staff and management conducted a Category Il public meeting at NRC Headquarters
in Rockville on November 22 & 23. The meeting, attended by roughly 60 individual
stakeholders, was focused on the applications of NUREG-1805, “Fire Dynamics Tools (FDT®) -
Quantitative Fire Hazard Analysis Methods for the U.S. Nuclear Regulatory Commission Fire
Protection Inspection Program“. The goal of the meeting was to introduce stakeholders to the
staff’s path forward on each of the primary focuses. Comments were heard at the meeting and
are to be incorporated into the hardbound version of the document, expected to be published in
January of 2005. As stated during the meeting, there was no intention to present or create new
staff positions and individual opinions expressed by the staff may not have been the official
NRC position.

NUREG-1805 will help agency inspectors perform quick, first-order calculations for potential fire
scenarios, using principles of fire dynamics. The NRC inspectors will be able to use the
analytical methods and computer spreadsheets to perform evaluations of credible fires that
could cause critical damage to essential equipment necessary for post-fire safe-shutdown of
the plants.

Draft NUREG-1805 was issued for public comments and technical reviews in June of 2003.
Comments from interested stakeholders, and other technical reviewers have been taken into
account in preparing the final report. An advanced copy of the final report was published and
posted on November 12, 2004 on NRC's public website at:
http://www.nrc.gov/site-help/new-content.html

During the two day workshop, the NRC staff provided detailed discussion on each of the FDT®
and its features. Each chapter was reviewed, and the fire dynamics behind each of the
spreadsheets was explained. An advanced copy of the text (NUREG-1805) and working CD
was provided. Many participants brought laptop computers to work the sample problems in
Microsoft Excel along with the instructors.

Any technical questions regarding NUREG-1805 should be sent by an email to Naeem Igbal or
Mark Salley at nxi@nrc.gov or mxs3@nrc.gov, faxed to (301) 415-2300, or sent by regular mail
to U.S. Nuclear Regulatory Commission, Office of Nuclear Reactor Regulation, Mail Stop 011
A11, Washington, DC 20555-0001. Any questions concerning the November public meeting, or
requests for the hardbound version, should be sent to James Downs at jrd2@nrc.gov.



ATTACHMENT 2

SLIDES FROM PRESENTATION

NOTE: THE SLIDE PRESENTATION DIRECTLY FROM NUREG-1805 IS NOT
SHOWN HERE
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FIRE DYNAMICS TOOLS (FDT®)
NUREG-1805
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Overview- What is FDTs?

B FOT*= are a series of Microsoft Excel® spreadsheets issued with
NUREG-1805, “Cuanthative Fire Hazard Analysis Methods
for the U.S. Nuclear Regulatory Commission Fire Proteetion
Inspection Program.”

m The primary goal of FOT= was to be a training tool ta teach NRG
Fire Protection Inspectors an Introduction to Fire Dynamics.

B The secondary goal of FDT® was to be used in plant inspections
and support offer programs that required Fire Dynamics
knowledge such as, SDP and NFPA 805,

Peosamia 230, Sida ]




History

= [Dratt NUREG-180S {hao volumes) was developed ower a 3 year pesiod working
with MAC Fira Protaction Inspectars and was pubikshed in June 2003 for public
comments and tachnical review,

m FOT* are madelad alter the U_S. Bureau of Alcabal, Tobacon, Firaams, and
Explosives (ATFEE] Fire and Arson Cerified Firg Invastigation Program

B Salecled 4 series ol siate-of-tha-art Fire Dynamics Corralations from SFPE
Handbook of Fire Profeciion Engineering, NFEA Fire Protection Hanobook,
and oiber redevant Fire Dynamios taxt

w Custamized for nuclear powst plants applications
®  Appropriaba physical properties

8 haw spreadsheats wera added &g a pan of tha review.
®  Final NUREG-1805 was publishad in Movember 2004, Case Bound cogies ane
aupecied 1o ba back from the printer in Januany 2005

Fervarsaer 1211 D004 ]

Features of FDTs

a Lser-frigndly, Pre-Programmed Microsolt Excal® based on Fire
Dynamics aguation/carralafions.

m Cwick application of Fire Dymamics principles found in
state-of-the-art Fire Protection Handbooks

n Spreadsheats anre proleciad to Prevent Tampering

u Automatic Unit Conversion

n Felaled Material Fire Properties Data for materials commonly found in
nuclear power planta listed within each spreadshest

s Reduces Inpul Errors from inaccurate manual entries by using Pull-
Down Menus which allow the user to eslect material fire property data

s Provides for quick lerations with easy dala emiry in the spreadshests 1o
prrowicle fiest order Fire Dynamics estimates.

8 Spreadsheets are available in English and $1 Units.

Horyarsdbsar 5527, 5006 "




New Features of FDT® Based on
Comments

® User Specified Valus option was added in Material Fire
Properties Data table.

B |nput parameters information was modified to be more User
Friendly.

m Calculate button was added in all spreadshoats,

® Additional information block was added for user to describe
speacific fire scenario baing analyzed.

B Revision Log table was added to maintain spreadshest varsion
and iesue date.

Pim prribe 2237, 204

Future FDTs Updates

Future updates, corrections, or new FDT®
spreadsheets will be posted on NRC's external
website within the Fire Protection section at:
hitpei'www.nre.gov/reactors/operating/ops-ex
perience/fire-protection.html

Heorrwrbay 2225, 5004




FUNDAMENTALS OF FIRE DYNAMICS
ESTIMATING HOT GAS LAYER TEMPERATURE
IN A COMPARTMENT FIRE
METHOD OF McCAFFREY, QUINTIERE, AND HARKLEROAD (MOH)

Waturl Ventilation Compastrment Fire g
L aT, = upper layar gas tempanaluns iiss abave ambiers
.. 1 (T -TaiKl
Q-‘ B 0= heal release rats of the fire (i)
A, = ofal araa ol vanlialion cpevings) (me)
T . h, = Raght of wanbilaiion apaning ()
Ak Ak } f, = Fiesat transier coefficient (KWIme.K)
ey T L Ap = jolal &ea of the compantment enclosing suraces
(e e hadkng area of vent cperingis)

AT, =685

Tharmally Thin Inkasior Lining Tharmally Thick Intarior Linng

‘Whare:
|y = heat ranster costlident (RAmELK)
h = — [kﬂ‘- i = dansity ol the inlenor ining (kg'm®
k ]'I1 = ol T o, = Ihammal capacky of the ireeriar liring (Likg-K)
1“ 1 k= trermal corductivity of the inberice Ering (KW /im-i)
Gom thickness of the imenar lining [m)
= Fime (gec)

Rom b $3-30, sl ]

Challenges of Fundamental Fire
Dynamics

m Mathematical
» How do | do a cube root?
a How do | do view factor algebra?
= How do | handle multiple variablas in an eguation?

B Physical Propertias
n ‘What is the heat transfer coetficient?
u What is thermal capacity of concrate or gypsum?
= Whal is thermal conductivity of concrete or gypsum?

m Fire Dynamics
s Which equation do | use?
« Thermally thin?
= Tharmally thick?

Hiroial 32020, M "




Regulatory Application of FDTs

B Tosuppor Significance Determination Process (SDP) o
evaluate inspection findings required by the ROP.

s Develop Credible Fire Scenario

] ITcu evaluate the Significance of non-compliant fire protection
SELIES.

u Evaluate the Potential Fire Effects

® To support evaluation of fire pratection exemption requests.
w Evaluate Fire Severity and Adeguate Prolaction

® Future use in Risk-Informed Performance-Based
Applications.
= NFPA BOS Aule

Herirdeer 5202, 2004 "

NRC Reactor Oversight Process

& The primary objectives of the Fire Protection Programs
(FPPs) at LS. commercial nuclear power plants are to
Minimize bath the Probability of Occurrence and
Consequences of Fire.

B Tomeet thesa objectives the FPPs for nuclear powar plants are
designed 1o provide reasonable assurance, through Defense-
in-Depth (DID), that a fire will not prevent the performance of
necessary safe-shutdown functions and that radicactive
releases 1o the environment in the event of a fire will be
minimized.

® NRC ROP uses a Risk-Informed approach to evaluate the
sately significance of inspection findings.
= Mead to understand Fire Effects

Foearber 2223, 3004 LH




NFPA 805 Rule

n MNFPA BOS includes:
& Maximum Expected Fire Scenarios (MEFS)
u Limiting Fire Scenarios (LFS)
w Potential Fire Scenarios

a NUREG-1B05 provides a fundamental discussion of Fire
Dynamics concepts that are necessary to understand
requirements of NFPA B05.

Hiroal 000, 2004 i1

Evolution of Quantifying Fire

Scenarios in Nuclear Power Plants

Past

B Fire load expressed in (BTUM) does not consider other factors
which greathy affect the comparnment fire intensity such as
Compartment Volume, Heat Transfer Characteristics of the
Enclosure Boundaries, and Ventilation Openings.

Present

m FDT= s a training tool that can be used to teach Fire Dynamics
and develop First Order Fire Dynamics Evaluation in actual
commercial nuclear power plant applications.

Future

m MNFPA 805, Performance Based Standard for Fire Protection for
Light Water Reactor Electric Generating Plants will use detailed
Fire Modeling Calculations

Herymralyar 2223, 2004 4




Regional Inspector Training

B Training covered basic principles of Fire Dynamics,
Assumptions, Limitations, and Applications.

= f;lﬂl?]g training lesson plans formed the draft text of NUREG-

® Cuarterly traming led by NRR staff Fire Proleclion Engineers.
Mew spreadsheets were presentad at each quarterly training
SEEEI0N,

» Regional Inspectars performed Beta evaluation
s ATF&E also used in racent training with their inspectors

B Inspactors independently develop fire scenarios and solve
realistic problems.

s by 3520, SO0 [E]

List of FDT® Spreadsheets

02 1_Tagaraban_Hy di

022 _Temporaieno_Fyds

(2 3_Terrpenaen_G0 wn
03_HAR_Flama_Hesght_Buming_Durmten_Caiosaion ds
(H_Fiarrm_Height_Calcdntions de
05.1_Haal_Flu_Coloulations_Wind_Faea ds

58 Hai_Fux_Calsusionm Windxs
05.3_Themal_Radation_Faom_Bydrocasbon_Firebals. s

08 _igeition_ Tirrm_C eostabone xia

07 _Cobeg_HAR_Caloukyions.«s

(B_Burring_Ouraton_ S sl

5 _Puma_Tampamiuse_Coloulbtion ds

10 _Dwtecicr_Sevrantion_ Tims de

13_Coampaitivanl_ Flashoves_Caksbibons s

14_Comperimant_Crer Pressumn_ Caloulaiions.ds
15_Ephsian_Claculitioia di

16_Batiery_Aogm_Flammable_ Ges_Comoods
17.1_FA_Baenes_Coumm_Susstfion_Combrion @is

17 2_FA_Boame_Coume_Cuasi_Bieady_Bioe_Sprry_ sl b
17 3_FP_Baame_Coumes_Ciuasl_Steady_Sistn_Boand_Insstried s
17 4_FA_Baaims_Coumns_Cuasi Steady_Stae_Unrtaol e b
0_isbikty_Throug®,_ Sk, s
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Summary

= By taking commaonly available computer spreadsheet software
{llke Microsoft Excel™) and creating a series of computational
spreadshests, Complex Concepts like Fire Dynamics can be
taught to inspactors and put inte reliable Fleld Application.

8 The usa of the FOT® further Reduces Mathematical
Complexities and Errors, and promates greater application of
Fire Science and Engineering in Field Use.

® FOTE complies necessary Physical Materlal Properties 1o
parform fire dynamics calculation in one refarence.

® NUREG-1805 and FDT® can make a positive impact in the
NAC's Fire Protection Inspection Program, specifically Risk-
Informed fire protection initiatives such as SDP, inspaction of
Post-Fire Safe-Shutdown Circuits and NFPA 805,

Horvoa {523, M L

Evaluating Fire Scenarios Using
FDTs

# Faampe-1
& pool fire seanado asses fem @ besich sk or nptem| in on auwdbany cocd g watar ump ol
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Evaluating Fire Scenarios Using
FDTs

®  Exampla-3
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g vpen the calie iy, Aesome |enanion eous, ComkiE molviersng of the Boud ponl wit e fine grosth
and no ke ryenion by gl S deparmen| or micmac SUpETessOn
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BN, Azmime iha the bop ol te vanl is 311 Computs he hol gim emparmtuss in the oompatmat, as wal as
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Evaluating Fire Scenarios Using
FDT®

s
Exarmpin -
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Fire Scenario

0 S 45;, Electrical
b o \ 1 Cabinet
Oil Retention & :.|
151 Dike X i|
O BB (vpl) & ‘_":-:1 e]
Sk
Automatic %
Sprinklers K
Il
it
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Fire Scenario
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Solution

AHALYEIS

Fir darisg rasuttng om epile of Apmmabls snd comisgebbis lgokd diols dapand on (ha el B0 176 §20 and
shap of the Sro. iha dwation of e i, it presdy 1 19 Sigal, ied the aemal coasscnerics ol the lamgsi,
Combzurdble boueds that Faes relpbivaly high Beeh poinis (g, kb of o diesed Tusll nedul e kgl sed heatiog 1o
Ipnie Howirsed, DNoo ighiked., & podl fra ra2elly sprsack ieer B audece of (5a liguid spil. To peromm an FHA
aiiums Pl the 2 gelioma of bibrcatng ol epils inin the diked ansa and & Kgniied by e faled momgnassar.

SPREADSHEETS (FOTY) MFORMATION
Lisp if dolossing FOT® 4o dataimani

= Hid e 40 T Taesal (ieciical il ] il _Flur_Crlculstiors_Wind_Fres de | Dok on Solid Alama 1)
§  Head tuxio e tegei (rable mye) Heal Flud_Cakoukaions_Wind_Frae sk 0Tk on Sobd Flars 2} Targst
abyen uw-dluf

®  Hol pas linser agrdlon in e comcor rn—wnllm_ﬁ'i'ml’.{:lﬂ mn Temperaiing_HNY Thenmaly Thick)
B Sprnkler acthation . |, Dmacior_Aothakon_Time xa (CRck o Spdnkder)
Pidow penber 5221, W =

Results

Tha summarny reaults of FHA caculators. ans

§  Heai fiux bo e target (slecinical cabined) = B 90 kWine

B Haag] b b e largel [cable irays) = 16,40 kWim?

W Hof gas layer lemperatune in the comioon = 450 °F (232 "2 doors open

W Hof g layar lemperaiure in ihe cormigor = 545 *F (285 *5) one door open enly
B Sprinkler actvation tme. £, L= 1.2 min

Heal M b the sleciics cabined and cable rays are high enaugh o damags ham, The FHA
Cakadation demengiraics thal a pood fee wilh g 12 12 dike area in a comder could damage
mmits urprnlacked sataty-ralaied cable rays and eleciical cabinsis

For Bs anans'ﬁ- ez sporkbker sysiem, i aparabda, should quickly actiate and miigale damags
0 e satedy- relaied cable ray snd sectncal cabinet.
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Conclusion

® NUREG-1805 provides a basic Infreduction to Fire Dynamics for
nuclear power plant applications.

® NUREG-1805 provides tools and methods that can be used in
actual nuclear powar plant Fire Hazard Analysis (FHA)

® The NRC conducted this public meeting an the NUREG-1805 on
Movember 22 and 23, 2004, to share this information with all
interastad stakeholders, During these 2 days, NRC staff will
make presentations, introducing FOT* and exarcise their
features. NRAC thanks all interestad stakeholders for attending
this public meeting and furthering the understanding of fire-risk
analysis,

Fovambas B35, 5084 -
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