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e
Introduction

Fire Development in Compartment Fires
e Ignition
— Period during which fire begins / Pilot ignition /
Auto ignition
e Growth
— Initially fire grows without any compartment effects
— Fire can be described in terms of HRR and product
generation
— With sufficient oxygen and fuel fire will continue to grow
causing increase of compartment temperature
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Introduction

Flashover

e Flashover is defined as the event at which all combustible
items in @ room ignite due to high heat fluxes from the flames
and the hot layer.

e Experimentally flashover occurs when the upper layer
temperature reaches 500-600 ©C.

e Another criterion used for flashover is the time at which the
radiant heat flux to the center of the floor reaches 20 kW/m?2
(reached when to hot layer temperature is 600 °C)

e This value is sufficient to ignite common light combustible
materials in a short time.

e Transition from growing fire to a fully developed fire.
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Introduction

Fully Developed Fire

e HRR is the greatest during this stage

e Fire becomes ventilation controlled

e Flames issue from compartment openings (unburned fuel)

Decay

e Decay occurs as fuels become consumed by the fire and HRR
declines

e Fire changes from ventilation control to fuel control
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Introduction

The Pre-flashover Fire:
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Introduction

Flashover:
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Introduction

Fire Spread

e Fire may spread from the room of origin to adjacent
rooms or adjacent buildings.

e Spread of fire is due to following:
- Direct flame contact to combustibles in adjacent rooms
— Radiation heat transfer
— Conduction heat transfer through walls, doors
- Flaming brands
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Introduction

Heat Transfer

«Conduction

% Through building elements

« Convection

% From hot layer to walls and ceiling

*Radiation

% From flames and hot layer to room boundaries
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Introduction

Upper Layer — The
parameters that
need to be
evaluated are:

-The temperature

of the upper
layer: T,

-The velocity at
which the

Upper Layer

descends:
_dH

V
> dt
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Introduction

These parameters can be obtained from, the ideal gas law and
conservation of mass and energy in the Upper Layer

P = pRT.

2 (An(T, ) =rh,

%(Ap(TU H(H)C,T,)=m.C,T,
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Introduction

Mg =M, +m,

9 (Ap(T )H(t)CT)—rh/CT
a PUTy plu/— Sp{;

Qp Q=mC,y(Ts - T,)
e« Unknowns: < Mg
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Introduction

The “E Rel Rate” :
e “Energy Release Rate Q:AHCmf

Mass of air entrained

2

1/3
: P.9 1/3 5/3
m. =0.20 =2 Q" (H, —H(t

e [C T j ( 0 ( ))

P"a

Mass Burning Rate: Generally obtained from empirical
correlations

\ , = f(D,Q,Fuel)
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Introduction

* Total Energy: Q=Q, +Q +Q
* Feedbackis generally Q. ~0
s
assumed to be small

* Radiationis assumedtobea Q =yQ
fraction of the total energy vy ~0.3
released

Q. ~(1—-x)Q=0.7Q
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Introduction

* Under these ;
assumptions we can Q = AHCmf

correlate everything with

”Q”
. 1/3
* Thereis no neer_::l to @ :[1.2[1[ pfg) QY3 (H, —H(t)*"
“calculate” Q, directly P
* How do we calculate m, = f(D,Q,Fuel)

IIQ.J'.F?
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Introduction

Simple representation of the HRR

Q=AH_.m, = AH_A_ "

A, =mnr’ =n(Vt)° = (nV)t’?

-~

2R

Q= AH A M = |AH (V7] |t = ot?
N




Introduction

»Incipient heat release rate (Q*,)
»Incipient period (t,)
»Growth time (t,)
»Growth HRR(Q*,)
»Peak HRR (Q*,..,)
»Total HR (Q)
»Burnout time (t,,)

RELEASE RATE
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Introduction
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Introduction
Ignition Properties

1 2 1 g

It Jr Jkpe (Tig —Tm)
Material Tiglec] kpC Critical

[s.kW2/m?*K2] Heat Flux [kw/m?]

DouglasFir 382 0.94 16
Cedar 402 1.22 18
Iroko 410 1.30 17
Polyisocianurate 445 0.02 21
Polyurethane 390 0.30 16
PMMA 378 1.02 15
Acrilic 300 0.42 10
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AN OPERATIVE MODEL

Equations
am, _ o mass equation
d
aP _ 7_1(hL N hu) pressure equation
dt
@:l(h +V d_P) energy equation
dt CNdT
av. 1 : dP :
L _ ~1h. -V. — volume equation
m (7 =Dh; -V, dT)
doy 1 ((h, —c rhiTi)—V—‘d—P density equation
dt c, IV, P y—=1dT
dth‘ = 1V ((h, —c,m,T;)+V, :—i) temperature equation
Cp/Oi i
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Introduction

Fire Modelling is the evaluation of fire scenarios to answer
questions about heat, smoke, and toxic gas production.

* Fire Modelling is used to:

— Develop accident scenarios from fire hazards and
determine the consequences of a particular fire,
example: radioactive release

— To evaluate performance or objective based design
alternatives

— Provide guidance when prescriptive codes and
standards do not address or conform to specific
situations
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Introduction

*Fire modelling is used to determine:
—Heat release rate of a fire

—Height and size of a flame

—Flow of hot gases in a room

—Radioactive release

—Temperatures in the hot gas layer and in the room
—Heat fluxes to objects in the room
—Temperatures on adjacent items

—Detector Activation

/“
R
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Types of Models

Hand Calculations:

* Handcalculationsare correlations or simplificationsto real
world physics.

— They are often developed from numerous experimental trials and have
limited scope of applicability.

* Calculation methodshave been developed for a wide variety
of topics in fire safety including:

— Heatreleaseratefroma fire Q = at?

— Flame height [ =0.235Q%5 - 1.02D
— Radiation from a fire q =¢eoT*
— Detector Activation Ta(t) = T4(0) = ;—;ar' ll _a _;’_’)]

— Occupant Evacuationtime tevac = teravet T Lpre-evac

K% | | ,
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Types of Models

Two Zone Models:

Two zone models rely on fundamental theories in
physics but use basic knowledge of fire scenarios to
simplify and approximate the equations.

—As a room fills with smoke, it is approximated as having two
distinct layers: a hot upper layer and cooler lower layer.

—Fire compartments can be connected to adjacent compartments
to form entire buildings.

Hot Layer

Cold Layer
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Types of Models

Two Zone Models — CFAST Input Screen:

Simulation E piviranment I Compartmant Geometry | Horzontal Flow Yents | Wertical Flow Vents | Mechanical Flow Wents | Fiies | Detection # Suppression | Targets | Suiace Connections |

Ambient Conditions

Title: |EFAST Simulation

Irt@riarn
Temperature: I2D C E lewation: ID L]
Simulation Timez Fialatl
el atie
Sirulation Time:  |900 = Pregsure; 101300 Pa Hurrlgity: |50 =
T ext Output |nteryal: |5':| L] Extaricr
Binary Output Intereal: [0 Temperature: [20 °C Elevation: [0 m
Spreadshest Output |ntereal: I" Os Pressure: |1 01300 Pa
I I‘I Os
Smokeview Output |Rterval Wind Speed: W pETl:.r Imi
Soale Hsight: I 10 m
Thmimal Prapeitie: File

[thermal.czv I

Mo Errars or wWarnings

Errars

Save I Geametng Rur Wi I

Mo Errars o
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Types of Models

Two Zone Models — CFAST Input Screen:
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Types of Models

Two Zone Models — CFAST Outputs:

Heat Release Rate (MW)
Tomperatuer ('C)

0 120 240 350 480 €00 720 B840 $E0
Tire from igntion is)

{ —fire Size — - HO! Gas Layer Temperature ---- Wall Temperature
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Types of Models

FDS Fire Simulations

* FDS (Fire Dynamic Simulator) models approximate
fundamental physicsequationsfor conservation of mass,
energy, momentum, and species for small volumes.

— Three-dimensionalvolumes are broken up into a small cubes.
— Results can be grid dependant
ie. The smallerthe cubes, the more accurate the simulation

- §§
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Types of Models

FDS Fire Simulations

* FDSis on example of CFD (computational fluid dynamics)
models that approximate fundamental physicsequationsfor
conservation of mass, energy, momentum, and species for
smallvolumes.

— Three-dimensionalvolumes are broken up into a small cubes.

— Results can be grid dependant
ie. The smallerthe cubes, the more accurate the simulation

Hot Layer |
|

Cold Layer

’ \is -
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Types of Models

CFD Fire Simulations — FDS Inputs

5% SURFACES
e
EI&SURF 1D 'Lumber
MATL_ID = 'PineWood!
BACKING = 'EXPOSED'
BURN_AWAY = .TRUE.
HRRPUA = 750
THICKNESS = 0.0z
SPREAD_RATE = 0.0046
- K¥Z = 0.0, 0.4, 0.40 #

El&SURF ID

MATL_ID
EACEING

EGE
TRANSPARENCY
L THICKNESS

'Ceiling Tile'
'PineWood!'
'EXFPOSED !
254,234,254
0.8

0.0z F

E&suURF ID 'Ceiling Tilez!

MATL_ID = 'PineWood!'
EACEING = 'EXPOSED'
EGE = 234,234,234
TRANSPARENCY = 0.0
- THICKNESS = 0.02 7
e
B FIRES AND FUELS
e
LOBST XB = -5.40, 5.40, -0.20, 1.00, 0.00, 0O.20, COLOR='SILVER' §
LOBST XBE = -0.40, 0.40, 0.00, 0.80, 0.20, 0.40, SURF_IDS='Luwber','INERT','INERT', COLOR = 'GOLDENROD', ENDF_FACE(+3) = .TRUE. #
LHOLE XE = -0.40, -0.20, 0.00, 0.20, 0.20, 0.40 #
LHOLE XB = 0.20, 0.40, 0.00, 0.20, 0.20, 0.40 F
LHOLE XE = -0.40, -0.20, 0.60, 0.80, 0.20, 0.40 7

LHOLE XB = 0.20, 0.40, 0.60, 0.80, 0.20, 0.40 F

SURF_ID = 'Ceiling Tile'f

Qy .
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Types of Models

CFD Fire Simulations — FDS Outputs
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Applicability

: Model

Attribute Hand Calculations: CFAST FDS
Plume Temperature Yes Yes Yes
Ceiling Jet Temperature Lo YES. .o Yes .Yes .
Hot Gas Layer Temperature Yes Yes Yes
Flame Height Yes Yes Yes
Sprinkler or detector activation Yes Yes Yes
Radiation to Targets in room Yes
Total Heat Transfer to Targets Yes
Wall Temperature Yes
Target Temperature Yes
Smoke Concentration Yes
Oxygen Concentration Yes
Room Pressure Yes
Combustion Reactions Yes
Obstacles in the room Yes
Complex room geometry Yes
Toxic gas production Yes
Sprinkler sprays Yes
Evacuation studies Yes

\is
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Applicability

Applicability of Models — Summary:

*Hand Calculations
— They are simple to use with relatively fast results.
— Limited to fires involving one or two combustibles and objects in the fire
plume. Correlations must be used within specified ranges.

— Can be used for multiple burning items and objects in multiple rooms.
— Limited to geometry without any obstructions.
— More suitable for pre-flashover situations where the two-zone assumption

holds true.
*FDS
— Performs detailed simulation of fire scenarios for complex geometry
— Provides good visual outputs of fire phenomena
— Time intensive
M
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Case Study 1

BACKGROUND

*Building 1 and Building 2 contain low-level radiological waste in
the form of soil and building materials stored in metal drums and
metal boxes.

*Building 1 does not have adequate spatial separation required
by the NBCC and FHA in regards to exposure protection. The
building to which Building 1 may pose as an exposure hazard is
Building 2 to the south. The spatial separation and exposure
protection are based on minimizing radiant heat flux on adjacent
buildings in order to prevent their ignition. To address that
deficiency, the Building 1 FHA recommendation number 5
suggests upgrading “....the west exterior wall assembly of
Building 1 that directly exposes Building 2 to provide a 1 hour
fire resistance rating.”

.: Canadian Nuclear | Laboratoires Nucléaires
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Case Study 1

EVALUATION

The spatial separation between the exposed building (Building 2)
and the fire source (Building 1) is 18.98m (see Figure 1 next slide).
For the purposes of ensuring ultra-conservative measures the area
of Building 1 is assumed to be one compartment.

A worse case fire scenario will be assessed to calculate the radiant
heat flux (in kW/m?2) emitted from Building 1 . This calculation is
based on the total fire load available in the building, to determine if
it is of sufficient value to ignite combustibles in adjacent buildings
(Building 2); i.e. to determine if Building 1 poses as an exposure
hazard. This radiant heat calculation was not calculated in the FHA .

: Canadian Nuclear | Laboratoires Nucléaires
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Case Study 1

Adjacent Building(s)

o2

Building 1

18.98m

Building 2

L : : ;
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Case Study 1

Building 1 BREAKDOWN OF COMBUSTIBLES
Combustible Type and Amount Contribution (Kg)
**Wooden Shelving Units (2 small)

2 x30Kg =60 kg

**Wooden Pallets

90 x 20 kg = 180 kg

s*Total Combustibles = 240 kg

: Canadian Nuclear | Laboratoires Nucléaires
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Case Study 1

Fire Scenario:

All 90 wooden pallets and 2 small shelving units are burning
simultaneously Location of these pallets is on the south end of
guilding 1 facing the north side of Building 2 for the least possible

istance.

3 pallets on top of each other = 30 stacks (each stack of 3 pallets)

Critical Conditions for Building 2 to ignite:

The critical value for ignition of the adjacent unprotected wooden
building is 12.5kW/mZ. This radiant heat has to travel a distance that
exceeds 18.98m. The equation below is specifically designed for
standards pallets. Therefore the length, height and width are
included within the formula.
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Case Study 1

H.= 25cm = 0.25m

Pallet Dimensions:

Hehigh)t = 10-1/4" = 25 cm (3 wooden pallets stacked on top of each
other

Width = 49” = 122 cm

Length = 49" = 122 cm

Q=1,000(1+2.14h_)1-0.027 M)

(.2 = heat release rate (kW)

h_. = stack height (m)

M = moisture content
@T=20C&RH =35% M =0.09

Total Q =1531 kW x 30 stacks = 45930 kW

.: . Canadian Nuclear | Laboratoires Nucléaires
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Case Study 1

Mass of wooden shelving units M = 60 kg

Calorific value AHc = 16 MJ/kg

Energy content of fuel:

E = MAHc = 60 kg x 16 = 960 M]

Surface burning rate g = 0.009 kg/s/m? (soft board wood)
Wood crane floor area Af = 28.908m x 12.171m = 351.839 m?
Specific heat release rate

Qs = gAHc = 0.009 x 16 = 0.144 MW/m2 = 144 KW/ m?2
Total heat release rate

Q =Qs Af = 144 x 351.839 = 50664.816 kW

Total Q = Qpallets + Qshelving = 45930 kW + 50664.816
KW = 96594.816 kW

: Canadian Nuclear | Laboratoires Nucléaires
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Case Study 1

*. = cosé

q"= Qaq Py
Therefore, Q4= Q. X 0.3 = 96594.816 kW x 0.3 = 28978.4448 kW is radiant heat
flux

Q,.., is total heat release

Q,,4is radiant heat

Where 6 =0 and cos 0 = 1.

12.5 kW/m? = 28978.44 kW
Amr?

r=13.58m

Therefore, 13.58 m < 18.98 m.

With the present combustible load the critical radiant heat travels 13.58 m. This
distance is less than the actual distance (18.98 m) between Building 1 and Building 2.
Therefore, it does not meet the ignition condition.
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Case Study 2

Life Safety & Flashover for Building 1 (Room 001) :

The design basis fire conditions are simulated using a
computer based fire model and representative outputs are shown
below in Building 1 in Room 001. The model used for the analysis
of fires in the units is CFAST, Version 6.0.10.
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Case Study 2

The 2 zone model is designed with the following conservative
assumptions:

«Assume that all wall and partitions are plywood with no fire
retardant painting.

*Assume 2 fires at the same time and in the same place (kerosene
and 2 panel work station).

«Assume that all doors were closed at all time and that there were
no windows for life safety calculations.

*Assume door are open and there is 2 windows for flashover
calculations.

» The output of the CFAST model is summarized in figures 1- 4
below. The output confirmed that there are no life safety issues; no
flashover and no fire spread concerns in Room 001.

: Canadian Nuclear | Laboratoires Nucléaires

7 ! Laboratories Canadiens
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CFASTinput

~
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Case Study 2

CFAST input

¥ Cidn (3

Foe Runt  Tooke Yiew e
Sembstion & e Geometry | Fiow Verts | Vesicsl Fow Verts | Macharscal flow Verts | Fres | Detection / Sippression | Targets | Siface Connectons |
Num | \dan Depth Kaght | XPosaon YPosson | 2 Posson  Cedng Yinle Floor F MM ¥ ¥ D s
| SR BT TIET ERLTIGA IR o | eisjojoiololm
foom 001 2 b} 7 R L 1) 0 5 0 omecm opeem ecomle 2 5 0 Y B O
Comparireet 3 3 3 L] as ¢ 12 ¢ greeum  oypeom acotle O 2 0 0 ] <]
i | Deicate | MoveUs | MoveDown | Removs |
Compactment ! (d 20
Compartmert e [Comparmvert |
Geometry Advanced
Flow Claracteriates Versble Cross-secsond ves
im0 [T Poason X [05 {Nomad Rardard two-tire wodel) v | Herght e .
Wml"’ Y IE“
W'III"' 2 ﬁa
Maceraly
Coilrg:  Sopaum Bowa 83n) - vils  [Gyowm Bosd 52 m) - Floor  [Aooume Tie (VR =l
Canductrnty. 000016 kit ) Conductney. 000015 Klim °C) Condocyety 53605 WWim XC)
Specihc Hest 03 kg C) Soeciic Meet 0300k ') Specric Hest 134 Wivg 'O
Openity: 720 ko™ Deraity 750 ko™ Densay 290 kpm™)
Thcksess 0016 m Thchress 0015 m Thicknoss 3 00T m
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Case Study 2

CFAST input

P Cld = 0@

fée furd  Tooln View Help
Sedotion [
Sy
. Hoom 001 J 0 . [
2 Roces 00V "% Corpartnent | 0 0 3 1 o 1 Hear
3 Room 001 20 Comgattment 1 o 0 3 15 o ! Fleat
4 Recm 001 26 Compartrent 1 0 0 3 25 0 1 Fear
s Room 00Y 1 Outaide Q0 0 3 15 0 1 Leht
6 FRoom 001 2 Ounaide 1 o 3 15 o 1 Raght
? Rooem 007 4 Qumide 0 ] [ 35 ° J gt
2 Room 001 s Compartment 3 0 ] b ] 15 0 1 Roor
° Room 001 Coorgartment 3 0 9 (1] L] 0 1 Foar
Aad l Duohcate I Move Up I Move Down I Remove I
Vent 1 (ef 9) Geometry
Fust Compartmant Secord Compartmant
| Reom 00V -l [Comonment 1 -]
Vert Otsee [Tm Viert Ofiaet. 0=
s fom \rital Opening Fraction [1
\Wied Angle f0°
Sce Om Change Fraction AL ﬁa
Face ‘R.. -I
Wi |ls- Finat Opaning Feaction ||
Open l Save l Geometry ] Rum ] View |
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Case Study 2

CFAST input

¥ CEga ()

File Aot Tooks  Yiew Hep

| Hoazortsl Flow Verts | Vartical Fow Verts  Mechancel Flow Verts | Fres | Detection / Suppresson | Tamets | Sudace Cormectices |

From Companment  From Aves  From Height ' From Type
Hoom {01 . 3 0

To Comparsment

| Verticsd |

282 | Ducicws | Rewern |

Vert 1 (of 1) Geomatry

Froo Compartment To Comparsmen
[R:»m oo _:J !w :J
oo o Conter Huight [Om aow o0 Cecter Maigte [Om
Onentaton IW -I Onertatice.  [Voncd -
Flow Rate [08m 3 Invtial Opeming Fracten: |1
Fiter Efciency. 10 %
Bepn Drepel 2t ﬁ’c Change Frachoe & lDo
st —— Bogn Fitter 2 F) s
Zaeo Flow At [JMP- Fanal Dpening Fractien: |1
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Case Study 2

CFAST input

L= ) R pp——

Hie Bun! Toutr View Helo

Semdaton Er | [ Fiow Verts | Vencal Fow Verss | Mecharscal Fow Vet Foes | Desection / Suppresson | Targess | Suface Canoectons |

Num Conrpartrers Otyect Type ignton by | A Velue | X Posiden Y Posaon
- Flpom 00Y L > |
2 Room 003 New Fee Zorsvymres Teve [ % 65 [)

Pesk O

I Position
- Catbeg Jut [Coteg 8 Was ~]

Lows Oxypen Limet 103,
- Gaseous Igrition '—‘
Temperatuce. |120C

L Remave |

Fue 1{ct D)

Compacnment [Room 001 -l
Type m Posaon X [tim  PoameeY [€5m Possess fle  gewoaCrteion [Tee o]

Normat. X [0 Normal ¥ [0 Neemsz [\ Puve [BCom ~]  gosonValue fIs
Fuw Otgoct

Fite Otgect I)w-mnm -' Eda ] 3 panel workstation HRR

T T T T

Material: \Wood Sobwoods (. teee) (34 in)
Leng® 1325m

Vigs 122 m

Theckness. 0.25m

Molat Maas 0008 kpimol

Totsd Mass 920 kg

Heat of Combustion 16000 k) Ay

Hest of Ganification: 3550 klikp
Volishzaton Temgarstre 120 °C
Rasatve Fracsen 02
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Case Study 2

CFAST input

P Cion(n*

e Bl

Took View taip

£~ Comometry | Flaw Verts | Vestical Flow Virms | Mecharscsl Flow Verts | Fess  Detection / Spommson | Tagets | Suface Convections |

N Compartment Tyve X Poaon Y Posaon £ Postion Actreanor L Sormy -
1 Woom 01 Syewiien 5 5 ¥y T3E0Y o L5
2 Room 001 Seewkir 3 5 83 7159001 o TE0%
3 Roce 001 Speiekier 8 5 88 TIE8001 00 TEDS
4 Room 001 Seewkder ] 10 88 728500 wo TE05
S Room (01 Seewhier 155 10 as 73 85001 100 JE-Of
- Hoomn 001

204 | Dagicee | Mowup | Move Dowm |
Harm 6 (ot 6)
Tvpe: [Soarkder -l Corgatment  [oam 001 ~l Activason Tercecssan: [7353001 ©
Foraor
W 00 [23m RL [omwes
Cepth (1) [10m Sorwy Density. [TES o
Hegh (2) |88m

KU
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Case Study 2

CFAST output:

Room 001 Upper Layer Temp

140
120 /’\\
100 / \
80 -
,_/ Room 001 Upper Layer
60

/ Temp
20

O —
1 7 1319253137434955616773798591

Conclusion: Maximum upper layer temperature was 124 C which is much lower than
the flashover temperature between (500 — 600 C). Note that as this is upper layer
tempe ' system will activate by 80 C.
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Case Study 2

CFAST output:

Room 001 Lower Layer Temp
30
- /A—
20
15 Room 001 Lower Layer
Temp

10

5

O TTTTITTIT I T I I I T I T T T T I T T I T I T I T T TT T T I I ITI T I T ITTTIT 71T

1 61116212631364146515661667176818691

Result: There is no human skin threat as the maximum temperature of 27 C didn’t
exceed the safety limit of 120 C at 1.5 meter.
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Case Study 2

CFAST output:

Room 001 Floor Target

700
600 A
500 [ \
400
300 / \\_
200 /\/
100
O _W

1 7 13192531374349556167737938591

Room 001 Floor Target

Conclusion: There will be no flashover as the maximum radiant heat flux was 0.65
KW/m2 and the flashover radiant heat flux is over 20 KW/m2.
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Case Study 2

CFAST output:

Room 001 Floor Target

700
600 A

500 [ \

400 , \\
300 N~
200 /\/

100 //

o o rrm——

1 7 13192531374349556167737938591

Room 001 Floor Target

Conclusion: There will be no human skin threat as the maximum radiant heat flux
was 0.65 KW/m2 and didn’t exceed the skin safety limit of 2.5 KW/m2.
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/ I ™S Laboratories Canadiens



Case Study 2

Conclusion

»The output of the fire model (CFAST) confirmed that there are
neither life safety concerns nor flashover in Room 001 in
Scenario 2 in Building 1 FHA

Recommendation

»Sealing all penetrations/holes through partitions or ceiling
structures and painting the plywood/masonite
walls/ceilings/doors/mezzanines with fire retardant paint. (ULC
listed fire stop).

: Canadian Nuclear | Laboratoires Nucléaires
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Case Study 3

Recommendation 5 from the Building 1 FHA states that:
>“Upgrade the structure to provide 45 min fire-resistance rating for
the combustible load bearing walls, columns and arches supporting
the floor assemblies. Also floor assemblies and combustible
mezzanines to be upgraded to Erovide fire resistance rating of at
least 45 minutes. Please note that existing elements may already
have the required fire-resistance rating, however this could not be
ascertain as based on the available documents. Due to the fact that
the building is existing, and this issue has no nuclear safety impact,
and the fact that this undertaking may be impractical and cost
prohibitive, alternate approaches, such as additional sprinkler
mitigation, or other measures may be considered subject to AHJ
approval. A further review indicating proposed mitigating measures
is recommended. The Building Condition Assessment Report has
additional details of the required measures to achieve 45 minutes
fire resistance ratings.”
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Case Study 3

In room 304, the total combustible loads were decreased form
1.40E+04 kg & 5.33E+08 kJ on May 19/2010 to 1935.64 kg
&5.04E+07 kJ on March 17/2014.

In area 130, the total combustible loads were decreased form
7520 kg & 1.54E+08 kJ on May 19/2010 to 2101.69 kg &
7.82E+07 kJ on March 17/2014.

» The main objective of this model was to evaluate the
maximum temperature in area 130 & room 304, determine if
radiation emitted from the fire scenario 1 & 3 is enough to ignite
adjacent objects and the if there is possibility for fire flashover?

: Canadian Nuclear | Laboratoires Nucléaires
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Case Study 3

*The design basis fire conditions were simulated using a
computer based fire model. The model used for the analysis of
fires in the units was FDS.

*FDS is a multi- zone model. These models are based on
fundamental laws of physics rather than empirical correlation. For
this reason, CFD models offer the most adaptable approach for
solving problems. Though, due to their difficult nature, they need
expert knowledge from the user.
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Case Study 3

*The design basis fire conditions were simulated using a
computer based fire model. The model used for the analysis of
fires in the units was FDS.

*FDS is a multi- zone model. These models are based on
fundamental laws of physics rather than empirical correlation. For
this reason, CFD models offer the most adaptable approach for
solving problems. Though, due to their difficult nature, they need
expert knowledge from the user.
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Case Study 3

For Room 304

*A mesh size of 80 cm x 80 cm x 30 cm was used in the FDS
model. The fire was modeled using Q = 1000kw/m2. This
methodology assumes a t2fire is growth. The materials that were
used in the model for the floor, walls and ceiling were plywood
and tiles.

*There was a Thermocouple THCP added inside the room with

coordinates (4m, 4m, and 1m) for the purpose of keeping a
registry of the temperature at this specific location.

: Canadian Nuclear | Laboratoires Nucléaires
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Case Study 3

FDS Output:

...............................................................................................................

=L THCP

100Second

336
403
470
53
601
671
]
806
872
93
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Case Study 3

*  Themaximum HRR is 322 KW and 310 C; therefore there were will be no fire
flashover in this scenario

*  Employ the simple model: The flameis characterised as a point source at mid-
height along the centre line of the vertical axis of the flame. The heat flux at some
distance r from this point source is:

., - cosd
Q"= Q. yyp—

Therefore, Q4= Qg X 0.3= 322 KW x 0.3 = 96.6 KW

¢ is radiant heat flux

Q, ;5 is total heat release

Q ,,4is radiant heat

Where8=0 and cos 8 = 1.

Qy .
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Case Study 3

12.5 kW m?is the critical radiant flux for the ignition of wood

@r'ne_t = net heat transfer leavingsurface 12.5 (kW m2)

W
125k /) m* ==
Ay
125 kW) m2= 208 KW
A
r=0.78 m

* Themaximum calculated radiant heat emissive distanceis 0.78 m and will
notignite anyobjects beyond 0.78 m.

e . : ;
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Case Study 3

For Area 130

*A mesh size of 105 cm x 125 cm x 125 cm was used in the FDS model. The fire
was modeled using Q = 1000kw/m?2. This methodology assumes a t*fire is
growth. The materials that were used in the model for the floor, walls and
ceiling were Plywood, Yellow pine and tiles.

*The sprinkle system will activate at 78 C and was placed on the ceiling of the
room 130 at 12.2 m height. There was a Thermocouple THCP added inside the
room with coordinates (6m, 5m, and 3m) for the purpose of keeping a registry
of the temperature at this specific location.
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FDS Output:

........................................ HRB .o ison sen soe
[N
N
{
f
l w—HRR
i
/
‘J &0
................... T e e e e ]

=———CTHCP

100Second
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Case Study 3

*  Since the maximum HRR is 360 KW and 310 C, therefore there were will be no fire
flashover in this scenario. As the sprinkle system will activate at 78 C. Even though
the sprinkle system is located at the ceiling which is 12.2 m high, it will fully
contain and suppress the fire.

*+  Employ the simple model: The flame is characterised as a point source at mid-
height along the centre line of the vertical axis of the flame. The heat flux at some
distance r from this point source is:

., . cosd
Q"= Q. 4772

Therefore, Q5= Qupea X 0.3= 360 KW x 0.3 = 120 KW
¢ is radiant heat flux

Q14 Is total heat release

Q,,4is radiant heat

Where 8=0 and cos8 = 1.

Mo . : .
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Case Study 3

New Recommendations for Building 1 based on Additional Fire Hazards

Deficiency Additional Recommendations Priority Status

Reduce & monitor the amount of | Obtain photographs of Building 1 rooms identifying the Medium
combustible materials in Building | current configuration and provide to Fire Protection

1 Program. Photographs to be maintained by Chief Fire
Prevention Officer as a reference point to ensure that
there are no additional combustibles accumulating over
the years and to assure that these conditions are
maintained between the monthly inspections.

Absence of non-combustible Provide non-combustible storage cabinets for room 304. | Medium
storage cabinets in room 304

\is
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CFAST vs. Hand Calculations

*The design basis fire conditions were simulated using a
computer based fire model. The model used for the analysis of
fires in the units was CFAST, Version 6.0.10. This program is
supported by appropriate technical documentation and is widely
accepted. The program was verified as being appropriate for the
applications used in this building.

*The 2 zone model fire scenario was designed assuming an ultra
fast fire growth rate t2 and the material is 1 m3 of methane with
heat of combustion of 50,000 kJ/kg in room 051 in B200.

.: Canadian Nuclear | Laboratoires Nucléaires
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CFAST vs. Hand Calculations
T_—H:F ﬁg Window

DN

L |

up

oe
ve
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|
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DRt
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CFAST vs. Hand Calculations

CFAST input

ROS1A

Fire - |

R 208

Window
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CFAST vs. Hand Calculations

CFAST Fire inputin Room 051:

Num Object Name Length iAah Thicknesa | Peak GQDot Peak CONOZ Peak C/CO2 | Peak HCN Peak MC1 Hol Maseciat -
1 10 3 o 25507 0 1] ] o 0 50000 |
2 3 panel workstaton 1835 122 03s s710 Q003053435 o0MI8TI02 o 16000 SOFTWOOD
3 burkbeod 1825 122 02 4620 0018667 0129333 0 0o 18800 SOFTWOOD
- bursen 25 4 oo 200 007 o 0 o 41200 (o118
5 kosk 1825 1222 01 1750 001181102 0.003053435 o 0o 50000 WOOOSHCM
O Newfee | 1 | 1 | 1 1054 por | 001 | [0 : 0 ) METHANE
7 curtmins L 3 o1 240 0003283272 o 0 o 29600 ACOUTILE -
e @ I Acd ] Duplicate I Remove ]
Fire Object Name |New Fre
Detmis
Maseriat: [Methane. » transparert goe £H3) _~ ] New Fire
T T T T T T T
Heat of
Length im c s S000C ki g
[ Heat of :
har [T st forang
Voliilizason
Theckoess: [Tm 3 T
Radasr,
Mciar Mass lo 016 kg /mol Fro:bc:w' lo 3
Teeal Maas 10000 kg
L 1 i 'l ' i
100 150 =00 230 300 350
Time Mot Qdot Hesght Area -
s fovenl i e s cOC02 cxco2 we | oc | wmen | wa = TS :
0 0 o 1 001 00 03333333 o ] ] 1 <
15 Doo0210a 10.5¢ o 1 o0 oo 0.3323233 o ] o 1 0
15 000084232 <216 o L) Q01 001 03333332 (4] ] o 1 0
25 0018972 8s88 ¢ 1 oo 20t 0.3333333 o ] =] 1 L]
an nonITIR tER Rl n 2 nnt nny a1 n n ) 1 o >
' o« | __Cocet |
&
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CFAST vs. Hand Calculations

CFAST simulation input:
#* CEde (B200) : - ) : ) ==
| Filte Run! Tools View Help
Swmudation Ervveonment | C t G y | Hodzortal Flow Verts | Vetical Flow Verts | Mechanical Flow Verts | Fres | Detection / Suppression | Targets | Suface Connections |
Ambient Conditions
Tise JCFAST Semudation ator
Temperature [20 T Elevation [Om
Semulation Times =
Simutation Time ‘900! Prossure IlOlJ@Pa Huud-:y. I %
Text Output Interval l5°' Extencs
Benary Outpot interval IO- Temrperature l20'C Elevation |o,,, =
Sereadasheet Output Interval l!O. Prossure ||ouoop.
Senckevees o
Output Interval s “ FOM* Powes E‘G—
Scale Height [10m
Thermal Properbes File
Mc’v I
Erroes

Wamng  Fre obyect bunsen. One or more fire area values are loss than or equal to O m? or greater than 10000 m?@ -
Waming - Fre ctyect 3 panel workstation. One or more fire arca values are less than or equal to 0 m? or greater than 10000 m*
‘Waming Fre cbject 10 Radative fraction s less than 0 or grester than 1
'Warmng Fee obiect 10. Voltication temparature s less than 173 15 °C or grester than 87315 °C
Waming Fre Obsect 10 has a heat of COmbustion less than 1E+07 J/ikg or greater than 1E+09 J/kg
(VWameng: Fre Object 10 has a molar mass loss than 0 kg/mol or greater than 292 kg/mol
(Warmng: Fre Otyect 10 has a thickoness less than 0 m or greater than 100 m
Fatal Vertical fliow vert 1 Cross-sectional anea is less than 0 or grester than compartmernt floor area
Fatal Vemcal fiow vert 1 ia not connected betwoan two axating Compartments Salect CoOmpanment CoOnmectons
'Wamsng Fre Object 10 has a molar masas less than 0 kg/mol or greater than 292 kg/mol s
e g2 Fhe Syrtax Oheck O
Mo Erors or Warmengs

L : : ;
as & Canadian Nuclear | Laboratoires Nucléaires
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CFAST vs. Hand Calculations

CFASTRoomO051:

N CEdit (B200)
File

BT N
Run! Tools View Help

- B—

e b 8]

Smudation Envircnment WW|MMWIVMMMIMMV«!9|F'N |Ddocbon/&.porm|Tm| Sufaeoml

Cornpartment Num \whdth Depth Height | X Position | Y Position | ZPosition . Ceiling | Walls | Floor | F | H v M D T
201720972107200 [ 4 17 3 7.2 72 o coONCIgyY D oyp3a concrete o 3 o o o o
050211 7 10 7 3 112 172 o concrgyp Sypid concrete o 2 0 =] 2 ]
3I83WITIASIE e 10 7 3 1.2 72 (+] concrgyp gypas concrete o 2 0 [+] s] 0
35 | W | 3 |} 22 | 72 | | concrgyp | plywood | concrete | 1 ] 2 1 0 | 0 | 1 | 1}
~ e - -~ B -~ ~ i e Y T PR o ~ -~ ~ ~ ~ ~
Add Duplicate I Move Up I Move Down l Remove I
i~ Compartment 9 (of 15)
Compartment Name:  [051A
Geometry Advanced
Flow Characterisbcs Variable Cross-sectional Area
visath 0g:[35m Position. X |21.2m [Nommal (Standard two-zone model) ~1 Height Arex -
|
Depth . [18m Y. {72m =
Height 2y 3m z fom
Matenals
Ceiling:  [Concrete/gypsum composte ~| Walls:  [Phwood (1/2n) ~| Floor [Concrete. Nomal Wesght (6 in) ~]
Conductivity: 0.000717 k\Wi(m “C) Conductivity: 0.00012 K\ (m *C) Conductvity: 0.00175 kW (m *C)
Specific Heat 109 kJikg "C) Specific Heat: 1.215 kJ/i(kg "C) Specific Heat: 1 kJ/(kg "C)
Density: 930 kg'm™3 Density: 545 kp/m™3 Density: 2200 kg/m™3
Thickness: 0.0127 m Thickness: 0.013m Thickness: 015 m
Open l Save l Geometry I Run ] View

K

7’ 'v,‘-' “
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CFAST vs. Hand Calculations

CFASTRoom 051 door:

8 CEdit (8200) e A=
File Run! Tools View Help
Siredation Environment | Compatment Geometry Honzontal Flow Verts | Verscal Flow Vents | Mechanical Flow Vents | Fires | Detection / Suppression | Targets | Suface Connections |

Num First Compartment | Offset1 | Second Compartment | Ofiset2 Sin Soffit \Width Wind Initial Open.  Face -
1 203 15 Outside [¢] o 2 07 0 1 Left ¥ |
2 203 5 204 [«] 0 2 07 0 1 Rear
3 206 5 205 [¢] o 2 07 0 1 Rear
- 207 03 201/209°2107200 L¢] 0 2 0.7 0 1 Right
5 205 05 201/2022107200 0 0 2 07 0 1 Right
s 201/209210:200 10 050211 [v] ] 3 3 ] 1 Right

|22 G 7 [ V3 | 208 N (N ) [N g S ) (S YO TS
8 38/39737/35/36 6 051A 0 0 2 0.7 0 Right
9 050211 S Outside 0 1 2 0.7 V] 1 Rear
10 208 1 Outside 0 1 2 7 0 1 Rear -
Add l Duplicate I Move Up I Move Down I Remove
Vent 7 (of 16) Geometry
First Compartment Second Compartment
fos1A =1 j208 =]
Vent Offset [15m Vent Ofiset: [Om
Sal: IOm inatal Opening Fraction |1
\Wind Angle: |07
Soffit: |2m Change Fracton At IOs
Face: [Rear vI
\WAdsh: |o 7m Final Opening Fraction ll
Open l Save Geometry I Run l View I

o= o Canadian Nuclear | Laboratoires Nucléaires
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CFAST vs. Hand Calculations

W CEdit (8200)

File Run! Tools View Help
Simudstion Environment | Compantment Geometry | Honzortal Flow Verts | Vertical Flow Verts | Mecharical Row Verts | Fires NW/WITMlI&Amml
Num Compartment Type X Positon | Y Position Z Posstion Activation RTI Spray Density | -
1 os0211 Smcke 3 5 3 73.29001 100 7E-05
2 231strairs Smcke 2 2 3 73839001 100 JE-05
3 050721 kS 3 73.89001 7E-05
_E_-E_“““_-E_m
Ade l Duplicate ] Move Up I Move Down I Remove I
Alsrm 4 (of 4)
Type: |Heu Alarm -| Compartment |051A ;j Activation Temperature: |73 85001 'C
Position
Whdeh (X |2m RTL |1oo¢n.)“05
Depth (Y): |5m Spray Densaty: ',“C-C"Jm ™
Hesght (Z) le
Open I Save I Geometry l Run I View
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CFAST vs.

CFAST Room 05 1target:

Hand Calculations

¢ CEdit (8200) — R x
File - Runl’ Tools- View  Help N
Semulation Ervvronment | C ¢ G y | Honzortal Fow Vents | Verical Flow Verts | Mechamical Flow Verts | Fires | D Y / Suppe v Targets | Sudace Connections |
|
X Position | Y Position | Z Poastion = X Noemal | Y Normal | 2 Normal | Material -
—“ ‘-

Target 1 (of 1) Geometry

Add l Dupl:cate I Move Up l MoveOo«nl
Compartment: |05TA ~1 Target Type: |Themaly Thck ~|

Target Construction
Material. [Phywood (1/2n) ~]

Conductivity. 0.00012 &\Wi(m *C)
Specific Heat: 1215 kJAkg *C)
Cenaity: 545 kg'm™3

Thicknesa: 0013 m

Internal Temperature at |0 5

Target GQomeuy
Target Position

Vadth 00: [2m
Depth () 'S m
Height (2): [Om

le

Solution Method: |Imotce ~]

Noemal Vector Pointa 1o

|User Spactiea ~|
Noeemal 09 [0
Noemat (v): [1
Noemal (2) IO

Canadian Nuclear | Laboratoires Nucléaires
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CFAST vs. Hand Calculations

CFAST Room 051 connections:
EERN ™=

% CEdit (8200)

File Run! Tools View Help
S-nddm&mlmm'yl Honxctwﬂowml Verscal Flow Verts | Mechanical Row Vents | Fires | qu/&ppmnc:n| Targets Suface Connections I
Honzontal Connecbons Vertical Connections
Num Type First Second Froction | - Num Type Top Bottom -
L iorizontal G51A 208 02 E [ e
2 Honizontal 0514 207 o4
3 | Horizontal 051A 23 1strairs 02
4 | Hornzontal 0514 osor211 02
5 Horizonal 207 oe 02
Add I Duplicate Remove Add Duplicate I Remove
|~ Connection 1 (of 5) e e
First Compartment. | 051A o~
Top Compartment I _']
Second Compartment [203 v]
Bottorm Compartment I _'.I
Fractuon |° 2
Ogpen I Save I Geometry I Run I View

Qy .
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CFAST vs. Hand Calculations

CFAST output:

Upper Temperature Distribution in room 051 A
Temperature °C vs. Time 10 sec

Upper Layer Temperature Room 051A

Celsius

2.50E+02 —_—\

1.50E+02
/ k ULT 9C
1.00E+02

5.00E+01 /

0.00E+00 -
1 6 1116212631364146515661667176 818691 | 10 Seconds

There will be no flashover as the maximum temperature was 257 C and the flashover
temperature is (Between 500 — 600 C). No wood will ignite as well (Ignition for wood at 350°C).

> Canadian Nuclear | Laboratoires Nucléaires
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CFAST vs. Hand Calculations
CFAST output:

Upper Temperature Distribution in room 208
Temperature °C vs. Time 10 sec

Upper Layer Temperature Room 208

Celsiuis C

1.60E+02 —

1.4DE::02 // \

1.20E+02 / \

1.00E+02 ’I \

2.00E+01 f' \ ULT _1D0C
/

o~
\

2.00E+01

4.00E+01 /
2.00E+01
0.00E+00 T T T T T T T T T T T T T I T T

1 6 11162126313641465156616671 76818691

I 10 Seconds

There will be no flashover as the maximum temperature was 161 C and the flashover
temperature is (Between 500 — 600 C). No wood will ignite as well (Ignition for wood at 350°C).

S : _ ;
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CFAST vs. Hand Calculations

CFAST output:

Upper Temperature Distribution in room 207
Temperature °C vs. Time 10 sec

Upper Layer Tempetaure Room 207

Celsiuis C
1.20E+02 =,
1.00E+02 /_// \
2.00E+01 / \

6.00E+01 I \\ ULT_11C
4.00E+01 I

2.00E+01 J

0.00E+00 e T [

1 6 1116212631364146515661 66717681 8691

There will be no flashover as the maximum temperature was 123 C and the flashover
temperature is (Between 500 — 600 C). No wood will ignite as well (Ignition for wood at 350°C).
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I
CFAST vs. Hand Calculations

CFAST output:

Heat Release Rate Distribution in room 051
Watt vs. Time 10 sec

Watt

O51A Fire Size

1.20E+06

1.00E+D6

e
—

8.00E+05

6.00E+05 MNew Fire 051A Fire
Size

4.00E+05

2.00E+05 \
0.00E+00D —ZrWWWWWWWWWWWWW

1 7 131925313743459556167 73798591

10 Seconds

The maximum HRR is 1054kW.
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CFAST vs. Hand Calculations

CFAST output:

Flame Distribution in room 051
Watt vs. Time 10 sec

Mleter .
O51A Flame Height
3.00E+00
2 .50E+00 F' \
2.00E+00
1.50E+00 Mew Fire 051A Flame
Height

1.00E+00
S5.00E-01
0.00E+0Q0 —lnmmmmmn-n\'mmm 10 Seconds

1 7 131925313743 4955616773 798591

The maximum flame height is 2.6 m.

S : _ ;
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CFAST vs. Hand Calculations

CFAST output:

Flame Distribution in room 051
Watt vs. Time 10 sec

Mleter .
O51A Flame Height
3.00E+00
2 .50E+00 F' \
2.00E+00
1.50E+00 Mew Fire 051A Flame
Height

1.00E+00
S5.00E-01
0.00E+0Q0 —lnmmmmmn-n\'mmm 10 Seconds

1 7 131925313743 4955616773 798591

The maximum flame height is 2.6 m.

S : _ ;
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CFAST vs. Hand Calculations

CFAST output:

Lower Temperature Distribution in room 051 A
Temperature °C vs. Time 10 sec

Come © 051A Lower Layer Temp
70

60

50 / \

40 /
/ 051A Lower Layer
30

/ Temp
20

10

D —
1 6 1116212631364146515661667176818691

10 Seconds

There is no human skin threat as the maximum temperature didn’texceed 120 C.
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CFAST vs. Hand Calculations

CFAST output:

Smoke Height Distribution in room 051 A
Meters vs. Time 10 sec

Mleter

051A Smoke Height

L\ s

. /
\__/

0514 Layer Height

10 Seconds

1 £6£1116212631364146515661667176818691

The smoke height will be steady at 2 m after the first 600 seconds of fire.
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CFAST vs. Hand Calculations

CFAST output:

Floor Radiant Heat in room 051
Watt vs. Time 10 sec

wWim2

O51A Floor Target

3000
2500 ~"\
2000 / \
1500 /
1000
500 l \-..._,______
D _W

1 6 1116212631364146515661667176818691

051A Floor Target

I 10 Seconds

There will be human skin threat as the maximum radiant heat flux was 2.6 KW/m?2 as it exceeds
the limitof 2.5 KW/m?2.

Qy | | ,
an & Canadian Nuclear | Laboratoires Nucléaires
7 I L Laboratories Canadiens



CFAST vs. Hand Calculations

CFAST output:

Target Total Heat Flux in room 051 A

wim2

Target 1 total flux

4.00E+03

3.50E+03 a
3.00E+03 / \
2.50E+03 / \
2.00E+03 I/ \\

5.00E+02 =

Target 1 total flux

0.00E+00 -
1 7 131525313743 49556167 73798591

I 10 Seconds

Maximumradiant heat flux at the target 2 meter away from the fire is 3.75 kW/m?2.
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CFAST vs. Hand Calculations

CFAST output:

Clarbon Monoxide Distribution in roomm 051 A
vs. Time 10 sec

O51A Upper CO

3.50E+02
3.00E+02

2.50E+02 / \
2.00E+02 // \

1.50E+02 l 051A Upper CO

1.00E+02 /

S5.00E+01
0.00E+00 —m

1 6 1116212631264146515661667176818691

I 10 Seconds

_r N ey L) AL
FEID(1) — o

35,000 pprre - rmin
The maximum CO concentrationis 203 ppm at 190 seconds (3.16 minutes) (highest CO ppm)
Therefore FED =(203x 3.16)/35.000=0.018<1.
Atthe end of the 900 seconds = 190 ppm X 900 seconds (15 minutes) (Longest time)
Therefore FED =(190x 15)/35,000=0.08 << 1.
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CFAST vs. Hand Calculations

CFAST output:

Optical Dengity Distribution in room 051 A
vs. Time 10 sec

LLOD_1 mg/m~ 3
1.60E+01
1.40E+01
1.20E+01
1.00E+01
200800 LLOD_1 mg/m~3
6.00E+00
4.00E+00
2.00E+00
0.00E+00 S ——
1 7 131925313743 4955 6167 73 79 8591
S = visibility (m)
For light-emitting signs: KS =8
For light-reflecting signs: Ks=3 K=K,C,

For flaming combustion of wood & plastics
K,~7.6m2/g
MaximumCs = 14 2 mg/m? = 1.42 g/m?. Therefore K = 1.42 g/m?’x 7.6 m?/g = 10.79
Therefore in this case light-emitting sign — 8, S = 8/10.79 = 0.74 m
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CFAST vs. Hand Calculations

Hand Calculations:

Radianthear:
Q2= QX 0.3=1054kW=x 0.3= 316 kW (Compared to 330 kW from CFAST)

Tareet Calcutlation .

Employ the simple model: The flame is characterised as a point source at mid-height along the

centre line of the vertical axis of the flame

‘w_ A cosé
1= Q. 47r?

q" is radiant heat flux
Qtotar 18 total heat release

Qraq 1s radiant heat

Where8 =45 and cos 8 =0.717
r = distance (meters)

l.]" =316 kWx (0.717 / 4x7X(2m) ?) = 4.5 kW/m2.(Compared to 3.75 kW/m2 from CFAST)

K% .
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7 l e Laboratories Canadiens



CFAST vs. Hand Calculations

Hand Calculations:

Flame height (Correlation - Heskestad 1983)

L=0235Q¥5-1.02D
=0.235(1054)25-1.02 (D)

Area=1mx 1lm= 7(D/2)?
D=127Tm
L=0.235(1054)5-1.02(1.27 m)

=2.53m. (Compared to 2.6 m from CFAST)
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CFAST vs. Hand Calculations

Hand Calculations:

Maximeraan Temnp eratitre:

q" = eop(Te™)

Tr* = q"/ eo

g1s the emissivity ~ 0.9

o is the Stephen-Boltzman constant (5.67 x 10-¥ W/m?2K*)
Tg 1s the temperature from the exposing source (K). and
g"net = net heat transfer

@ = Configuration factor — 0.5

Te*=3,750 Wm2/ (0818 x 5.67x 108 Wm2K%x 0.3)

Te=638 K ~ 365 °C. (Compared to 257 C from CFAST)

S : _ ;
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I
CFAST vs. Hand Calculations vs.

NUREG 1805

»Assume a pool fire that contains 1000 litres of lube oil.
Calculate the HRR?

Hand Calculations:

Assume one drum of Lube o1l leaked:
Therefore,

L d L
m'"=m"_ (l —€

m"=rate of massloss/arca(gm s ')

-k D )

D = pool diameter (m)

m" = Ihmm"
D=

k = flame extinction coefficient (m ')
/£ = mean beam length corrector

: Canadian Nuclear | Laboratoires Nucléaires
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CFAST vs. Hand Calculations Vs NUREG 1805

Q = H ch A F m ==

C.Q = rate of heat release (kW)

H _, = actual heat of combustion (kJ g ')
A , = surface arca of fuecl (m7)

Calculate radiative flux at target as

(.l = Q. A COS O / (4 7T r2)
> = . 7T >
Q —— jl.ll"== (1 — e—LﬁD)Hch :D-

For IL_.ube oil:

Mass Burning rate — 0.039 kg/m"s
Heat of combustion = 46.000 kj/kg
Empirical Constant=— 0.7 m!

.: . Canadian Nuclear | Laboratoires Nucléaires
7 I \ Laboratories Canadiens



CFAST vs. Hand Calculations Vs NUREG 1805

QO = H_ A,  m?"

é = rate of heat release (kW)

H _ = actual heat of combustion (kJ g ')
A, = surface arca of fuel (m~)

Calculate radiative flux at target as

a“=Q ...,cos 0 /(4 x r2)

& —m (G—e =) H, LD
For IL_ube oil:

Mass Burning rate — 0.039 kg/mm"~s

Heat of combustion = 46,000 kj/kg
Empirical Constant— 0.7 m!

.: . Canadian Nuclear | Laboratoires Nucléaires
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CFAST vs. Hand Calculations Vs NUREG 1805

For Lube oil:
Mass Burning rate = 0.039 kg/m-~s
Heat of combustion = 46,000 kj/’kg

Empirical Constant= 0.7 m™!

The drum of Lube o0il contains 1000 Litres= 1 m°
If spilled with height 1 m

Area=1.0m* /1 m=1m?
Area=mTr2=1m?

Thereforer=0.55m
And DiameterD=1.1m

Therefore Q =0.039kg m?s!x (1 —-e?%"*11)x 46,000 kj'’kg x t/4 x (1.1)*
Q=1003.8 kW

: Canadian Nuclear | Laboratoires Nucléaires
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CFAST vs. Hand Calculations Vs NUREG 1805

NUREG 1805:

'CHAPTER 3. ESTIMATING BURNING CHARACTERISTICS OF LIQUID POOL FIRE,

'HEAT RELEASE RATE, BURNING DURATION, AND FLAME HEIGHT
Version 1805.0

| The following calculations estimate the heat release rate, burning and flame heig

Parameters in YELLOW CELLS are Eatered by the User.

All zubzequent output values are calculated by the spreadzhect and based on valuez specified in the input

parameterz. Thiz spreadzhect iz protected and zecure to avoid errors dus to o wrong entry in 3 celi(2)
The chapter in the NUREG zhould be read before an analyziz iz made.

'INPUT PARAMETERS

Fuel Spill Yolume (V) ‘ 275.00] qallons
Fuel Spill Ares or Dike Area (Au,) 1.00{~*

Mazz Burning Rate of Fuel (m") katmi-rec
Effective Heat of Combuztion of Fuel (3H, ,44) kJdikq
Fuel Denzity [2) kqtm?

Empirical Conztant (k3
Ambient Air Temperature (T,)

Gravitational Acceleration [q)
Ambicnt Air Denzity (2,)

Calculate

Mote: Air denzity will sutomatically correct with Ambient Air Temperature (T,] Input

unn <
mnx

L : : ;
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CFAST vs. Hand Calculations Vs NUREG 1805

e P 1

THERMAL PROPERTIES DATA

BURNING RATE DATA FOR LIQUID HYDROCARBOMN FUELS

Fuel Mazz Burning Rate Heat of Combuztion Empirical Conztan)
m" (kgim*-ze<) AH. s 2 (kgim®) kS (m™)
Methanol 007 20,000 T86 100
Ethanol 0.015 26,800 734 00
Butane 0078 45700 573 27
Benzene 0055 40,100 374 27
Hexane 0074 44,700 550 13
Heptane 0101 44 600 675 1
Xylene 0.03 40,800 370 14
 Acetone 0.041 25,800 ™ 13
Dioxane 0.015 26,200 103S 54
Dicthy Ether 0085 34,200 714 o7
Benzine 0.048 44700 740 35
Gasoline 0.055 43,700 740 21
Kerozine 0.033 43,200 820 35
Diazel 0.045 44,300 313 5 |
JP-4 0.051 43500 750 S5
JP-5 0.054 43,000 310 16
Tranzformer Oil, Hydrocarbon 0033 46,000 T80 o7
561 Silicon Tranzformer Fluid 0.005 23,100 360 100
Fuel Oil, Heavy 0.035 339,700 30 17
Crude Ol 0.0335 42,600 255 25
i 46 000 50 o7
Entcr Value Enter Value Enter Yalue

TU82, Pogr IR

| Select Fuel Tiﬁ

Scroll to desired fucl type
Click oa sclection

ESTIMATING POOL FIRE HEAT RELEASE RATE

Bobevonne: SIRLMirdFrrk oo Fimr P rnhrohios Logss

mUAH, L {1 - <«
Where o O ¢ hest relesze rate (KW

of fucl per unit curfsce

f combustion o

*
onstunt fm )

D = du.—r ter of po« fdiamcter involvac

ol fire

Pool Fire Diameter Calculation
".-'l.l- = ‘Cl.:‘
ere Asise = zurface aresy of pool fire lm:)
D = paol fire
(4A5:.0)
1.141 m

dismter [m)

Heat Release Rate Calculation

@ =m"aH, s {1-c™ %) A

it 3 CdiNiae IO, P P TR

of pool fire [area involve

lossliasdbosliaglovabivercqeile

arca | an‘m"»:u <)
f fucl (kMkg)

d in vaporization) (m™)

stion, circular pool iz azzumed] m)

Migmide wilh colabinely biqh Floek poiak, libe leceaformes ail, soquive

1008.32 kw

955.71 Btclscc Im

3
I
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CFAST vs. Hand Calculations Vs NUREG 1805

P e e S - WS
Num Objoct Nama  Length WA hoknes eak GOk COCweak C/CCreak HCMPaak HCE HoC Matenal -
1 panel workstabo 1825 122 1 6710 00305342 0118100 0 0 18900 WOODSHEM
2 bunsen 4 25 065 200 007 0 a 0 41200 METHANE
3 mardne 1 1 1 100 001 om 0 0 50000 SOF TWOOO
4 1 00000031, 00} 0.0} 0 0
(3 bunkbod 1 13 15 4620 001860670129333 O 0 18900 URETHANE
6 utaing 1 3 01 240 0032864° 0O 0 0 29000 ACOUTLE
? foosk 1 1 2 1750 01181100030534: O 0 50000 WOODSHCM L
Adg v | Ao ‘ Duphcate J Remove
Firn Objoct Name [Nerwy Fure
Detatls
— New Fae
Matenial }04 Unused (14 i) =] y T
et | = \ 4
e i lll 1
Langth Tm Heatof (35600 kakg N P \ 1
- \ !
; > \
Vaatn  |1m Heatol [0ing econt 5 - lll d
— \ ]
_— ———————————————— S \
Trickness [Tm Volitzabon  [30°C b - |
Tompecakso e \ |
—— — ——————————— — \
Mol Mass 0 030 kgmol Radatwe [o3 —_ e
3 - fo e \ 1
Toul Mass 1000 kg I —— \d
‘ r— - r—~ = — T —T— T S R —
| Time Moot Gact  Heght Aea COCO2 CCO2 | HC ocC HCN HCI Ct 1s 3
0 0 0 1 001 001 33333 0 0 0 1 0
292 212 0199901 999 90 0 1 oot 001 )33333% 0 0 0 1 0
554 425) 079990, 3009 06 0 1 001 001 2333} 0 0 0 1 0
§76.6374) 179058 8960011 0 1 oot 001 23333 0 0 0 1 0
(1168 85) 319000 1500084 0 1 00 001 )3T 0 0 0 1 0 .
oK } Canced !
s ; . ;
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I
CFAST vs. Hand Calculations Vs NUREG 1805

Output:

HRR_1W

1.20E+06

1.00E+06

8.00E+05

6.00E+05

HRR_1'W

4.00E+05

2.00E+05

D-DDE+DD ] Frrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrel
1 611162126313641465156616671 76818691

Q= 1050 kW
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I
CFAST Exercise 1

Room 4m x 3m x 3m with one door in the front at distance 1m.
The door is 0.7m X 2m. The fire is 3 panel work station in the
middle of the room. All walls and celing are 5/8 gypsum board
and floor is light concrete.

Using CFAST (Simulation time: 6 minutes), Calculate:
>»HRR?

»Maximum Heat flux?

»Flame height?

»Highest temperature?

> Life safety? (CO & Optical distance)

: Canadian Nuclear | Laboratoires Nucléaires
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CFAST Exercise 2




CFAST Exercise 2

All walls and ceiling are 5/8 gypsum board and floor is light concrete. In
room 1, the door dimension is 2m width x 2.5m height. The windows
dimension in the room 1 are 1m width x 1.5m height. In room 3, the window
dimension is 2m width x 2m height. In room 1, there is a round opening to
room 3 with area of 0.8m2.

Fire 1 in room 1 of a box spring and mattress in the middle of the room.
Fire 2 in room 2 of bunkbed in the middle of the room.

Fire 3 in room 3 of a kiosk in the middle of the room.

Using CFAST, Calculate:

»HRR in room 37?

>»Maximum floor Heat flux in room 2?
>»Human heat flux in room 37
»Smoke height in room 17?

»Highest temperature in room 1?

: Canadian Nuclear | Laboratoires Nucléaires
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