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Introduction

»The U.S. Nuclear Regulatory Commission (NRC) created the Fire
Dynamics Tools (FDTs) quantitative methods, to help out in
performing Fire Hazard Analyses (FHAs) known as NUREG 1805.

»This methodology has been implemented by populated Excel
spreadsheets.

»The dynamic nature of fire is a quantitative and mathematically
complex subject. It combines physics, chemistry, mathematics,
and engineering principles.

»The objective of NUREG 1805 is to provide first-order
calculations of potential fire scenarios at nuclear power plants.
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Introduction

List of Fire Dynamics Tools:

FDT™* Chapter and Related Calculation Method(s)

*indicated revised spreadsheet

Chapter 2. Predicting Hot Gas Layer Temperature and
Smoke Layer Height in a Room Fire with Natural
and Forced Ventilation

Method of McCaffrey, Quintiere, and Harkleroad (MQH)

02.1_Temperature_NV_Sup1.xls *  Natural Ventilation

Method of Foote, Pagni, and Alvares (FPA)
» Forced Ventilation

02.2_Temperature_FV_Sup1.xls* Method of Deal and Beyler

» Forced Ventilation

Method of Beyler
*  Fire in a Compartment with a Door Closed but with
02.3_Temperature_CC._Sup1.xls* Sufficient Leaks to Prevent Pressure Buildup;

Leakage is Ignored
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Introduction

List of Fire Dynamics Tools:

FDT®** Chapter and Related Calculation Method(s)

"indicated revised spreadsheet

Chapter 3. Estimating Burning Characteristics of Liquid Pool
Fire, Heat Release Rate, Burning Duration and
Flame Height

03_HRR_Flame_Height_Burning__
Duration_Calculation_Sup1.xIs*

Chapter 4. Estimating Wall Fire Flame Height, Line Fire
04_ Flame_Height_Calculations_Sup1.xls Flame Height Against the Wall, and Corner Fire
Flame Height

Chapter 5. Estimating Radiant Heat Flux from Fire to a
Target Fuel

Wind-Free Condition
. Point Source Radiation Model (Target at Ground

. . Level)
05.1_Heat_Flux_Calculations_Wind_ - Solid Flame Radiation Model (Target at Ground
Free_Sup1.xls Level)

. Solid Flame Radiation Model
(Target Above Ground Level)

Presence of Wind

05.2 Heat Flux Calculations - Solid Flame Radiation Model (Target at Ground
Wind_Sup1.xis* Level) o
- Solid Flame Radiation Model (Target Above Ground
Level)

05.3_Thermal_Radiation_From_

Hydrocarbon_Fireballs_Sup1.xis Estimating Thermal Radiation from Hydrocarbon Fireballs
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Introduction

List of Fire Dynamics Tools:

Chapter 6. Estimating the Ignition Time of a Target Fuel
Exposed to a Constant Radiative Heat Flux

+  Method of Estimating Piloted Ignition Time of Solid
Materials Under Radiant Exposures
Method of (1) Mikkola and Wichman, (2) Quintiere
and Harkleroad, and (3) Janssens
06_Ignition_Time_Calculations_Sup1.xls
*» Method of Estimating Piloted Ignition Time of Solid
Materials Under Radiant Exposures
Method of Toal, Silcock and Shields

+  Method of Estimating Piloted Ignition Time of Solid
Materials Under Radiant Exposures
Method of Tewarson

Chapter 7. Estimating Full-Scale Heat Release Rate of a

07_Cable_HRR_Calculations_Sup1.xls Cable Tray Fire

Chapter 8. Estimating Burning Duration of Solid

08_Burning_Duration_Soild_Sup1.xls Combustibles

A\l
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Introduction

List of Fire Dynamics Tools:

09__Plume_Temperature__ Chapter 9. Estimating Centerline Temperature of a Buoyant
Calculations_Sup1.xis Fire Plume

Estimating Detector Response Time

10_Detector__Activation_Time_Sup1.xIs™ Chapter 10. Estimating Sprinkler Response Time
Chapter 11. Estimating Smoke Detector Response Time
Chapter 12. Estimating Heat Detector Response Time

Chapter 13. Predicting Compartment Flashover

- Compartment Post-Flashover Temperature:
13_Compartment_ Flashover__ Method of Law
Calculations_Sup1.xIs - Minimum Heat Release Rate Required to

Compartment Flashover:
Method of (1) McCaffrey, Quintiere, and Harkleroad
(MQH): (2) Babrauskas, and (3) Thomas

14_Compartment__Over__Pressure__ Chapter 14. Estimating Pressure Rise Attributable to a Fire
Calculations_Sup1.xis in a Closed Compartment

Chapter 15, Estimating the Pressure Increase and
15 _Explosion_Claculations_Sup 1. .xIs Explosive Energy Release Associated with
Explosions

Chapter 16. Calculating the Rate of Hydrogen Gas
Generation in Battery Rooms

- Method of Estimating Hydrogen Gas Generation

16__Battery_Roon__Flammable__Gas__ Rate in Battery Rooms

Conc-Suptais” - Method of Estimating Flammable Gas and VVapor

Concentration Buildup in Enclosed Spaces

- Method of Estimating Flammable Gas and Vapor
Concentration Buildup Time in Enclosed Spaces
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Introduction

List of Fire Dynamics Tools:

Chapter 17. Calculating the Fire Resistance of Structural
Steel Members
17.1_FR_Beams_Columns_

Substitution_Correlation_Sup1.xls* ) Empirical Correlations

. Beam Substitution Correlation (Spray-Applied
Materials)

. Column Substitution Correlation (Spray-Applied
Materials)

. Heat Transfer Analysis using Numerical Methods
Protected Steel Beams and Columns (Spray-
Applied)

17.2_FR_Beams_Columns_Quasi_
Steady_State_Spray_Insulated_Sup1.xls™

. Heat Transfer Analysis using Numerical Methods
. Protected Steel Beams and Columns (Board
Materials)

17.3_FR_Beams_Columns_Quasi__
Steady_State_Board_Insulated_Sup1.xls

17.4_FR_Beams_Columns_Quasi_ - Heat Transfer Analysis using Numerical Methods
Steady__State__Uninsulated_Sup1.xls* Unprotected Steel Beams and Columns
18_Visibility_Through_Smoke_Sup1.xls Chapter 18. Estimating Visibility Through Smoke

19 THIEF of Cables Calculations Chapter 19. Estimating the Thermally-Induced Electrical
Supi.xls - - Failure (THIEF) of Cables

\is
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Introduction
Advantages of NUREG 1805:

»User-friendly, Pre-programmed Excel spreadsheets based on
fire dynamics equation/correlations.

»Quick application of fire dynamics principles.
»Protected spreadsheets prevents tampering.
»Automatic unit conversion.

»Fire materials properties data for generally used in nuclear
power plants programmed within each spreadsheet.

»Pull-down menus decreases input errors.
»Spreadsheets are available in English and SI Units.
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NUREG 1805 Example

Room 135 contains switchgear equipment as well as three transformers contained in a fenced
section of the room. The room has approximate LxWxH dimensions of 19 x 20 x 12t (5 8x6.1x 36
m) [8.2.1]. The room has no mechanical ventilation but is provided with a 18"x12" vent for natural
ventilation. The walls and roof of the room are of wooden construction. It should be noted as well
there is no rooms or spaces above the ceiling.

The combustible material observed in the room is comprised of the electrical equipment and three
cable spools. There were no other large sources of combustibles present within the room.

Ignition sources in this room consist of the electrical equipment present s well as two heaters
suspended from the ceiling during the building walkdown.

Since the room is normally unoccupied the fire will be detected by the smoke detectors observed
during the building walkdown and the sprinkler system activating. The design fire is assumed to start
within one of the switchgears. In the absence of specific information, the design fire will be
approximated as a large electrical cabinet fire with a heat release rate of 1300 kW (this is equivalent
to Test 24 of Table G-6 in [8.3.9]).
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NUREG 1805 Example

Sample of NUREG spreadsheets used in Fire Scenario 4

CHAPTER 6. ESTIMATING THE IGNITION TIME OF A TARGET FUEL EXPOSED

W REG
TO A CONSTANT RADIATIVE HEAT FLUX C-\"p u‘ﬂ

Version 1805.0 S 0.9

T hve fedlowwing caloslatio s e st rne B igribon for Marre spenasd Of solie) Rosln g ose th 4 contitant P 4 -

© xterval tmdiative oot fux ~ 2

Parameters in YELLOW CELLS are Entered b 3 =~ =
wy

Al st s umn | ou ot vdluoe arw el leted Dy 1he s adaiheet arm Danod 0n wibises spoeilioe in 1 gl gusren ster o k\ =

Thin sfmroadshoet s (rotectid mnd seourm 16 AWK arors e 16 3 wong entry ¥ @ oefls) \:‘, S & {‘f

The ohasgster w the NURE G shoulil be read befome an analysis s made ’4',0 A <

INPUT PARAMETERS

MATENIAL FLAME SPREAD PROPERTIES
Matwnal Flux Time Produot (FTR)
Matmral Crtical Heat Fux for ignten (g

-
Flux Tme Froduct iIndes (n)
X PO IO OF S aler A HMHAUWE SO Fiux (9.

—_—-———— ——_—
FLAME SPREAD PROPERTIES OF COMMOMN MA'FRIAI S

s 0. Soroll 1o desired mater i then
cabm (Mot (18 mm) oo 0a 70 C liok on selootion
omiph-i (Vmttioa) (10 ) o 1o AR

‘oo
Farattssmret 1wy 5 a0
HaldRoma (Fanted Glos) w332 v el
H4arawood 2.810 L :gg
e ot a0 i 1.50
[Fiyweond ) m n2e wa 2 00
Pm é : m) %m ma 1.00
“‘e.v’pm 2100 =20 1.2
:W-. il iTo Yoa e
”v—n) LR L2 180
(EMM Seay) i3 mm: &1 100 1.00
PVE (Frassed Whitw) (3 ) 96000 no 2.00
g nino wr ey
220
0602 400
ton
Erdes Value

METHOD OF TOAL, SILCOCK AND SHIELDS
THERMALLY THICK MAlrmnt S
Teetprance: Cedge Facrwd iQrvtnn of S ANMTeons Lnoe: (Racdant fogcsome = J007% Fage 17

by = PV (9" - G ]
W bt = L, = mateaal ignton tme (sed

FTF M e produd (KW.secim™)" for the given Odex

a O» POSUTa of extomal haat flux (hWm ")

Qi ™ Matecial orinod ho o Nux for ignition (KWan™)

Mux time groduet index (n > 1)
L™ FTPL/ Q" « 9 s
- -
= 5525 wec 159 minute I
e
ALV
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NUREG 1805 Example

CHAPTER 9. ESTIMATING CENTERLINE TEMPERATURE OF A

EUOYANT FOIRE PLUME

Y 0 Ty w03 & T

-
All RUbR o Uen b OUtP Ut VaRinn Are ol [ Vel e laned BN v % apeciied in e nput

L L T T

" I nunuw b vl - w s e g Ay iy e ()

w neG
e 2o Uc,'

1 by extsinpsbimr ber dhom M Forren i e ymin by et ae

INPUT PARAMETERS
—_—

Hoat Release Rate of the Fues Q)
Elww

" ABO Ve

Ares of Combustbie ¥ uel (A, )

Ambmnt Alr Temparature (T

TR T COURDITIoT

ipeoifi Meat of Al (o)
A mat Alr Densty (=)

Acceleration « avity cq)

Nive Heatl Release Fra

Alr deansity will automatcally corrmat with Ambent Alr Tem peraturs 17 ] T0put

ESTIMATING PLUME CENTERILINE TEMPERATLURE
arPe yoox e wing, ' ton, BOOR, Page S&

e """ a (= - =)

v * Plume cwminrbine tem perature (PC)

onueclive potion of the haast releass rate (AW )

V= mtm Dbt i bt g rd v ()
0 faravity (misme®)
< st of air INing k)
= ot B density (kgrm™)y

= distance trom the top of the
- oy of o oaeigin wf )

iwl packepe o the owilng ()

Wl v

Canweative Heat Relsans Rate Calculation
Q. - Q

Where Q, " sonvestive Lol the hest inisane r3ie (KW )

G = heatreleasms ratm of the Tire (AW )
= vunvective he telnasw faation
Q, =~ BI0 kW

Fire Divwmiater Caluubution
A = _D%a
Whaere A, = wrea of combustibtie fusi (m*)

3 firm diameter (1)

- t 53 o

Mypathetioal Virtual Orgin Cataulation
- 102 « DOV (QA""YD
Where = - wiru

| orign of the tire (m)
G = heatraimace raw of firm (kW)
0 = firm diamebsr (m)

O 0D an
= - D 1Tom
C Flumes Tumpurature C el lution
Tiwe Te= 9.1 (Tog ' M (= - 2y)"*™
Ve sctmine Me 58 on
Thiwa - 1396 06 &

|IF = 585 56 “c 80241 °F
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NUREG 1805 Example

CHAPTER 10. ESTIMATING SPRINKLER RESPONSE TIME e
Version 1805.0 <>

T he following calculafons estimates sponkier activation time

Parameters in YELLOW CELLS are Entered by the User.

= "‘Go(q

All subsequent cutput valies are caloulated by the spreadshest and based on walues specified in the input

parameters. This spreadsheet is protected and secure fo avoid emqors due o 3 wrong entry in a cell(s).
The chapter in the NUREG should be read before an analysis s made.

-
INPUT PARAMETERS B2 = S

Heat Release Rate of the Fire (Q) (Steady Stae)
Sprinkler Responses Time Index (RTI1)
Actvation Temperature of the Sprinkler (T

acteason) TIEm T
Height of Ceiling above Top of Fuel (H) 183 m
Radial Distance © the Detactor {r) ""never more than 0.707 or 1/272 of fie listed spacing”” Zaam
Ambient Air Tempersture (7 ) Z=m T
25800 M

Convective Haat Release Rate Fraction ==,

TH= 133 Calculate |

‘Sprinkier Type Genenc Response Select Type of Sprinkler

-
Scroll to desired spnnkier type then Click on selection

,mvstq 1005, Kowioon, l‘wmm EE

Select Sprinkler Classification
=1

fScron o oesirea spnnaer class

then Click on selection

*Note: The actual t= ersture rating shou!d be used when the value is available
ESTIMATING SPRINKLER RESPONSE TIME
NEEA 19‘aﬂlnmw31ﬂ

l‘d‘_._‘=rRtl‘|:u.,|y-ln‘Tk_‘— Maa— 3 astesme?)
Wher= L tuaten = Sprinkler actwation response time (sec)
RTl = sprinkler response time index {m-sec)’™”

fing jet velocity (misec)
T, = ceiling jet temperature {°C)
T .= ambent ar tempeawre (°C)
T

iy mtos:. = ICHVAtON temperature of sprinkler (°C)

e . : ;
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NUREG 1805 Example

Ceiling Jet Temperature Cakulstion

Tia- Ta = 16.8 (Q 355 ffti T 648
Tou- T.=5.38 (QN*H for fH>0.18
Whers T, = ceiling jet temperature (°C)

ambient air tempemature (°C)

. = convective port:ion of the heat release rate (kW)

H = height of ceding above top of fuel (m)

r = radial distance from the plume centedine to the sprnkier (m)

Convective Heat Release Rate Calculation

Q.=7:Q

Wher= Q_ = convective portion of the heat rekease rate (kW)
Q = heat release rate of the fire (kW)
=_ = convective heat release rate fracton

Q.= 910 kW

Radial Distance to Ceiling Height Ratio Cakulation
H= 133 rH>0.15

Ta-T.= {538 {Qcr)" 23

g I 152 40
Tia= 177.49 (°C)

Ceiling Jet Velc:glty Caikculation

ue = 0.98 (Q/H)™ for 7H 2 0.15
e ={D.185 Q'S H e for 7H > 0.15
Wher= u,,, = caling jet velocity (m/fsec)

Q = heat release rate of the fire (kW)
H = height of caiing above top of fuei (m)
r = radial distance from the plume centedine o the sprnkler (m)

Radial Distance to Ceiling Height Ratio Cakulation

H = 133 rH>0.15
Yy = (0185 &™1 38 HM )55
Yy = 1369 misec

Sprinkler Activation Time Calculation
teavaten = (RTI{?U)) (00 (T - TINT i - Tativation))
becstvamon = 4284 sec

B will res in appro min; ||

NOTE: If tactivation = "NUM"™ Sprinkler does not activate

K% . . .
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NUREG 1805 Ex

CHAPTER 11, ESTIMATING SMOKE DETECTOR RESPONSE TIME
Version 1805.0

All subDRBGUeNt U Walies Jre n\)lnﬂ.\lwl by the spreaduheet andd Basod on vialues xp-ru.:rm W g
pacametnm. This spresdabeet s protected and secim to avold srom dus © a weong entry in s ontiin)
The chaptes in the NUITEG showld be read betom an arsbysis s mosde

INPUT PARAMETERS

Heat Melease Ratw of th
Radial Distance to fre Del

Height of Celling above Top of Fuel (H)
Actvation Temperature of the Smoke Detector (T o )

o (Q) (Steaay State)
or{r) “never moce than 0,707 or 17272 of the listea spacing™*

S ohe Deilvctor Responess Tine Indes (RT1)
Ambient Air Tempeeatums (T,)

Conweztive Heal Mels e Laiw ction 3.)

1stam (C) (E

Pume Leg Tme ( otimentally Dewrrmined

Cuilng Jot Lug Time Constant (C ) (Espermentally Determined)
Te
for Smoke Detecton 10 Actvate
" - 187

rofatute Rise of Gases Under Uw Ce

D ——
ESTIMATING SMOKE DETECTOR RESPONSE TIMC

METHOD OF ALPERT
mmw‘mmm:m

[ T

ke oaiu- tOe i & low RT. Gevioe with & Tixed 20Uvaton wmperaiioe
“ dulncr sctiration bme (veo)

(NG pet twrmger aturs

T, = amisent ar tempEersturs (*

| [P—— BCtvation Tatpe future of dutector

Vi e foe o4 TOME
Tiew " for rd =0 18
Whers Vi = Boling et temperature (*C)

To. * amixent o temgrarature ( ]

Q, = convectivw parton of he heat releass rate (KW)

H = heigit of celling sbows top of fu
row radial distance from the plume centerline 1O the Goreotor (m)

Q, = convective Rarton of he heat relnane rate (KW)
G = hoat release rae of 1ho fee (WW)
= coovectve hust twis sse rate frachon

210 AW

Radial Dntancs to Celling Height Ratio Caloulatn

i 107 W >010
016 131 41 R BR0 28
Tiw*Ta™ S35 ((Qary2AyH
T~ Ta™ 121 4
T i ™ 15044 (C)

«  Canadian Nuclear | Laboratoires Nucléaires
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NUREG 1805 Example

Ceiling Jet Velocity Calculation
u; =086 (QH)'? forr# 2 0.15
u, ={0.185 Q™ H™ ™"
Whers U = ceiling jot velocity (misec)
Q = heat releass rate of the fire (kW)
H = height of ceiling above top of fuel {m)
r = radial distance from the plume centerine to the detector (m)

forr4 > 0.15

Radial Distance to Ceiling Height Ratio Calculation
H= 1.67 'H> D15

>0.15 1.14 <0.15 8

m

= (0.185 Q* /3 B 1/2)ir*(5/8)

Uy = 1.137 milsec

Smoke Detector Response Time Calculation
Lessaettnn = (RTIH?0,00 ) B0 {Tine = T V(T e ~ Tacrvuanl)

s T ===

MOTE: If tagogvation = "NHUM"” Detector does not activate

METHOD OF MOWRER

Ltmtie = 1 = 1y
Where taasusen = detecior activation tme {sec)
t. = transpon iag tme of plume (s=c)

= transpor lag tme of csiling jet (sec)

Transport Lag Time of Plume Cailculation

te= Cu = RQ)™

Whers t;: = transport lag time of plume {sec)
C plume g tme constant

H = height of ceiling above top of fusl (m)
Q = heat reiease rate of the fire (kW)
ta= 0.14 sec

1y = (0 "HC ) (@) H)
Whers t, = transport lag ttme of caling jet (sec)
C4 = ceiling jetlag tme constant
r = radial distance from the plume centerline to the detector (m)
H = height of ceiling above top of fusl (m)
Q =heat release rate of the fine (kW)
te = 0.44 sec

Smoke Detector Response Time Cailculation

o + by
T ==

Canadian Nuclear | Laboratoires Nucléaires
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NUREG 1805 Example

METHOD OF MILKL

Putwrmrma L8, JSreces becagerient Gy Coceesd AME 2 AFte Mim Tectnoigy, August T00, n 222
AT QO TGN B3 TRtae MMSAgu Tl Zienes i AGRE ARTA S0 Large AV T D000 SUTION. Seeson A 24

1 - X

W hees Tetbatn ™ Suincmr antueton fme (nec)

X=4010°Y 2710 v*

H = haight of

2t roded

wiling above lop of fuw (1)
2 rate from stoady fire (Bru'seo)

W hers Yo T.H"rqQ
T, = iemperaturs s of gases under he ceiling for smohe deecior o actvate (1)

Before eSHMating smoke Seledtor (es ponse Thme. S atNoaton efects can e oalowlated
NFFA 928, 2000 Edfion, Section A 2 4 provides tollowing comrelstion to wslimats smoks
StraliBcation in & comparne nt

Hirue AQ ™ -T, M
W hare My ™ e maxirnium cwiling clesrmncs & which & pturme can ree (1)
(2, « convective porfion of the heat telease rate (Brusec

= dittmmencs in mparaturs due 1o few Setvwesn the fusi locasan and ©

ng evel ("7)

Convective Heat Rulsasw fate Calculation
Q.-Q"

Whaeee Q, » comveotive porion of e heat « {(Bruseo)
Q="h

» af the Nim (Bnseo)

W orelea e

COMveCive Hheat e as 1 e TRChon

- Ne2. 52 XMufesc

Merwnoe in Temperature Due ta Fee Betwesn thw Fusl Locaton and Ceiling Leve!
* Vo @ 1300 Q" ¢ 0™

W haers = Tre ™ AMOMNOS N WMPOADIO TUe 1O TWe Detwoan Me fuol ic

AB0N and celing vel (*F)

Q, = canvecti porion of the heat releass rete (Oluse)

H = owiling he oMt above the fire source (1)
Toea™ 2WAS 7O Y

Smoke Suymificaton Effects

Mo ® Q0T
Hiw G0 n
I thin cans the highest point of smoks e (s estimated 1o be coTn

Thus, the smoke would Do axp

DOta < 10 reach the celing Mountod sMmoke Jeteotos
YueT _HY ™

V- 210

X=4G10* Y s 270" v

x - a 0o

Smoke Detector Reaponse Times Calculation

Lamnaten = X H™ O

Surnwssery of Few sutt
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CHAPTER 13. PREDICTING COMPARTMENT FLASHOVER HEAT RELEASE RATE
Version 1805.0

Parameters in YELLOW CELLS are Entered by the User.
Al subsequent oufput values are caloulatad by the spreadsheet and based on values specified in the input

pamameters. This spreadsheet is protected and secure to avoid erors due © 2 wrong entry in 2 celi{s)
The chapter in the NUREG should be read before an analysis is made.

INPUT PARAMETERS
COMPARTIENT INTOTIAR TTON

Comparment Width (w.)
Comparment Length (L)
Comparment Height (h.)

Vent Width (w,)

Vent Heght {h,)

Interior Lning Thickness (. )

Interior Lining Thermal Conductivity (k)

Calculate

—_——
THERMAL PROPERTIES DATA -
Y |Select Material -

-
" | Scroll to desired material then Click on selection

mnak,z. il Prnckiez of Smoh = Managerin g, 2002, Sage 270
PREDICTING FLASHOVER HEAT RELEASE RATE
METHOD OF McCAFFREY, QUINTIERE, AND HARKLEROAD (MQH)
SFPE H3ngD ’ nginesnng, 3% Egrion, 2002, Page 2108

Qye, = 610 2(h, A[ A, (7))
Where Oy o = heat release rate necessary for fashover (kW

h, = effective heat ransfer cosfficient (kW/m™-K)
= total area of the compariment enciosing surface boundaries excluding area of vent openings (m’)

A, = area of ventiation opening {m~)
h, = height of ventilaton cpening (m)

K
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UREG 1805 Example

Heat Transfer Cosflicient Calculaton
=&z Assuming that compartment has been heated thoroughly before flashover. ie _ t > ¢,
= effective heat ransfer cosfficient (KW/m~-K}

k = meenor inung thermal conductvity (kW/im-K)

== int=rior ning thickness (m)

= 0008 KW/im*-K

Area of Ventilation Opening Calculation

A = (w) (b))

Where A, = area of ventiaton opaning (M)
w, = went wadth (m)
h, =vent height {(m)

A= 014 m

Nea of Compartment Enclosing Suriace Boundaries
=Rvex )+ 2h xw)+2h_x1L)]- A,
= total area of the compartment enciosng surisce boundanes excludng ares of vent openings ()
wi. = compartment wid$ (m)
L = compartment length {(m)
. = comparmment height (m)
A, = area of ventiation cpening {m”)
= 157.42 me

»

ere

=)

Minimum Heat Release Rate for Flashover
Qe =610 A, A, A, (7R))

E= s

METHOD OF BABRAUSKAS

50 A, (Zh,)

= = heat release rate necessary for fashower (kW)
= area of ventiaton opaning (m-~)
= height of ventfilation opening (m)

o o]

Minimum Heat Release Rate for Flashover
=750 A, (?h.)
ST | An-we: |

= Ecarton, 2002, Page 3-154.

-~ = heat release ate necessary for fiashover (kW)
= total area of the compartment enciosing swiace boundaries exchadng ares of vent openings (m”
= area of ventiaton opanng (m”)
= height of ventilation opening (m)
ate for Flashover

:

,7' P p L

201
58
1257

Canadian Nuclear | Laboratoires Nucléaires
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CHAPTER 2. PREDICTING HOT GAS LAYER TEMPERATURE AND SMOKE
LAYER HEIGHT IN A ROOM FIRE WITH NATURAL VENTILATION
COMPARTMENT WITH THERMALLY THICK/THIN BOUNDARIES
Version 1805.0

b

on \wm spocified In e Inpat
- eetong ety i a osli{s)

T hwe chagtes in the NURES should be resd bafom an analysis is made

INPUT PARAME TERS
TN e, TN O AR TTOn

Comparsment Wickh (w,) 20 00 o000 |
Comparsnent Length (L) X d arva m
Comparynant Height (h,) 12 00jn A6E m

Vent Wicth (w,) 1 i G m

Vet Haght (h,) 1.00) Qs m

Top of Vent from Floor (V) B oojr Jamm

Interior Lining Thickness (| ) Q.75 atreon

T T RTINe

ArintilentAlr Termmsbivms (T  — =m e
o000 W

Speciic Heat of Air (Gy) 1 0Juagk

Ambimnt Ar Dens

Interior Lining Thetma Inertia (k' o)
interior Lining Therma Conductivily (k)
Intecior Lining Speatc Meat (e}

Inter ior Linag Density () L
Note. Av dansity wl automatioaly 0orraot with Amibieot Ar Tempatalure (1) Thgss
EXPERIMENTAL THERMAL PROPERTIES N'OR COMMON INTERIOR LINING MATERIALS
3 o 2 : Cl K v At eleot Material |
L) - -

Soroll o desired matenial then
IC Hiok the selsction

Fire Hem Reloase Rate (Q)

Calculate
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METHOD OF McOAN T REY, QUi Ry

AN HARKLEROALD (MOGH)

rre

Te ™ Q8B5S [CFHALMN)

Whrarw

Arw s of Venthlati on Ogpeniing ©

Whise o

wrtrend

Hust Trannber Cowfficient Calou et on

Where

=2 PR |

Q = hes

“yen om0t

relaace rae of the fire

- ¥ R, XL, Tege BYTR

T o™ PP laywr g S peraturs T abowe sttt (163
W)

A, = ares of wertitation openng m”)

n, = height

o wentilaton ope

M = convsctive heot transfer

Ay = 1otal ares of the compartment sncloning surfacs bound anes sxciuding srea af went openngs (m

0w, (h,)

aboubstion

Ly

A AP OF v oI LM Opsein g oY)

W, = vmnt wisith (m

P netration Vime ¢

Wk

= WO GON AW LG TGN Sensry (Mo )
CORINIGEON Heat G acity

™ kESet) for ) <4,
M = heat traneter ooetficieo (WW/
il - Ve o IR -

T, = 085 [CFNA_ )

T, -

=T e T

Wt heig it

et

Vo ign it
ww LoDle ulow 1or tanuits

014 ™

Pt

(2o )
shvg St

-

2 Whow COME.

TR

bt At ety

“ Wymerrnal pes rvts stion Ve |

1 thermad
TG ke

0 Orerer

wirrimet

Speorsin e fos thy

-

gy
WAy (W O A )

or o fow 4 = o,
Ve
i (Wi

o dasies
A

poloning =

crnpasrtonent Mot Gas Layer Tampecaturs With Matural Ventilation

- i T o,
Sec) {NW I 0y
Ton =
DR
3 ¥y i
L o Tasuy
3 o
\J
4 il
a5 560 ¥
3 TO0 T
= 2100 3
A priog T
[ a= o
Q i |
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Based on a point source radiant heat flux model presented in Appendix B, the heat flux at a specified
distance can be obtained. This indicates the design fires ability to jump between fire sources, not the
fires ability spread to connected fuel sources. The time to ignition of an object (plywood and
polyethylene) shown in Table 7 is found using equation 7 in Appendix B. From the table below, it
can be seen that plywood walls will catch fire as well adjacent switchgears are also likely to catch

fire.
Ignition time (min)|
Radius (m) | heat flux (kW/m?) Plywood (12mm) | Polyethylene (2mm)
1 310 1.6 2
2 78 will not ignite will not igntte
3 3.4 will not ignite will not ignite
4 19 wil not ignite will not ignte
5 1.2 will not ignite will not ignite

Table 7: Ignition times of plywood and polyethylene exposed to Fire Scenario 4
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7 I ) Laboratories Canadiens



NUREG 1805 Example

From a fire of this size the plume temperature at 6 ft above the fuel source (assumed to be the
distance to the roof) is 983°C [8.3.6] which is above the 600°C auto ignition temperature of plywood
indicating that the ceiling will catch fire as a result of this design fire.

Using formulas 1-3 in Appendix B, the sprinkler activation time can be predicted. The radial distance
from a sprinkler was established as 8 ft (2.4 m) which is approximated from the sprinkler plan
drawing [8.2.11] since the sprinkler layout details of the active machine shop sprinkler system were
unavailable. The resulting sprinkler response time is 0.72 minutes. The smoke detectors assuming
a 10 ft. radial distance (exact locations could not be found on drawings) have a response time of less
then 1 second, indicating they will alarm before the fire reaches its full size.

Flashover is associated with a hot gas layer temperature of 600°C. Using the methods predicted in
NUREG 1805 [8.3.6], the minimum required heat flux will be reached. The minimum required heat
fluxes using the three provided methods are 201, 58 and 1257 kW. The same result is obtained
using a natural ventilation model and predicting the hot gas layer temperature. It can be concluded
that flashover will occur in this compartment as a result of a fire of this size, excluding sprinkler
response.
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Fire spread to adjacent compartments is considered unlikely since plywood walls can be assigned a
fire resistance rating of at least 10 minutes according to D-2.3.4_A of the building code [8.1.1]. Since
there is a sheet of plywood on each side of the wall this give the wall a fire resistance rating of
approximately 20 minutes. This is approximately double the time it will take the fire department to

respond.
Area 135
Heat of Comousion

\Combustinle Type Units of Measure | {BiwLini) Comipustible Load {kg/unit)]  cuantity Coniribution (BTU) Contribution (kg)
Power Cord - 1/2° Dlameter  |Feet ] 0.032405 2750 1.01E+DG 5.46E+01
Rubber Hose - 127 Dlameter |Feat 1170 0.027655 20 2. 34E+04 55301
Flworescent Light Fldure Flabure{s} 18800 1 2 3.96E+04 2.00E+0D
Total Combustible Load 1.07E+06 BTU

1.01E+06 kJ

9.72E+01 kg

A\l
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Group Example

»The room has approximate LxWxH dimension of 19 x 20 x 12 ft
(5.8 x 6.1 x 3.6 m).

»A small non-mechanical vent with dimensions 18 x 12 inches
(Natural ventilation) and top of vent from floor is 8 ft or 2.438m.

»Interior lining thickness 0.75 inch or 0.019m

> The walls and roof of the room are of wooden
construction.(Plywood 12mm)

»The combustibles in the room are compromised of electrical
equipment and 3 cables.

> Area of combustibles is 1.39 m?2.
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Group Example
Using NUREG 1805 spread-sheet, Calculate:

»The heat release rate (HRR)?
»The centreline temperature of the plume at 6ft or 1.83m?

»The smoke detector response time? (with radial distance from
the detector of 10ft or 3.05m and room temperature 25C)

»The ignition time of target fuel from radiant heat flux?
»Smoke layer height?
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