SDP - HARRIS FIRE ZONE 1-A-4-CHLR

(AKA SAFE SHUTDOWN ANALYSIS AREAS 1-A-BAL-B-B2 AND 1-A-BAL-B-B1)

° Ignition sources:

° Combustibles:

Two chiller compressors, each with 12 gal. of lube oil (per
licensee engineers)

Two chilled water pumps, each with 1 gal. of lube oil

Two 480V motor control centers

5 ventilation system fans

Electrical junction boxes

Miscellaneous hydrogen fires

Transients

Welding/Ordinary Combustibles

Welding/Cables

55 gal. drum of oil (staging area location: 1-A-4-CHLR zone,
chiller room, 261’ RAB - per FPP-004, Transient Combustible
Control) '

55 gal. drum of oil (staging area location: 1-A-4-COM-B, 261’
RAB, Boric Acid Tank area, at the edge of SSA area 1-A-BAL-B-
B2 - per FPP-004)

HP cart w/ standard contents (permanent storage location: 1-A-4-
CHLR zone, RAB 261’ East hallway, across from VCT - per FPP-
004)

2 gal. transient flammable liquids, with no transient combustible
permit required (per FPP-004)

5 gal. transient combustible liquids, with no transient combustible
permit required (per FPP-004)

Combustible thermal insulation on chiller piping (Assume Rubatex
foam pipe insulation, HRR 47 Kw/sq. meter, 10.6 sq. meters,
burning with 500 Kw HRR) - per inspector observation

7,968 Ibs. of cable insulation, per UFSAR (IEEE-383)

Transient combustibles up to one million Btu above the analyzed
combustible loading for a given fire zone are considered a low fire
load and no fire watch or other compensatory action is required -
per FPP-004.

Dimensions: Since the 1-A-4-CHLR zone (13,860 sq. ft.) is not separated from 1-A-4-COMB
(4,187 sq. ft.) or 1-A-4-COR (1,944 sq. ft.), a total area of 19,991 sq. ft. was assumed. Then, to
account for isolated rooms included in these areas (e.g., the BAT room and the VCT room),
1500 sq. ft. was deducted. The net area assumed was 18,500 sq. ft. Equivalent room
dimensions of 80 ft. wide by 231 ft. long by 23 t. high were used to input the Fire Dynamics
Worksheets. Also, a vent opening (walkway to fire zone 1-A-COM-E) of 12 feet high and 10
feet wide and natural ventilation were assumed. Stacks of cable trays were estimated to be
about 15 ft. above floor level and higher over the ‘B’ chiller in SSA area 1-A-BAL-B-B2 and
about 12 ft. above floor level and higher over the RAB 261’ hallway in SSA area1-A-BAL-B1.

)

e



Analysis: 12 gallons of oil spill from the ‘B’ chiller and burn, plus 500 Kw HRR from insulation
on the chiller piping

Hot Gas

Pool | Pool Pool Flame | Pool Hot Gas Hot Gas | Hot Gas | Plume
Fire | Fire Fire Imping | Fire Layer Layer Layer Layer CL
Area | Heat Flame |ement | Buming | Temp. Temp. Temp. Temp. Temp
(sq. | Release | Height | to Duratio | After1 | After2 | After3 | After4 | (deg.
ft.) Rate (ft) Cable | n(min.) | Minute | Minutes { Minutes | Minutes | F)
(kW) Tray (deg.F) | (deg.F) | (deg.F) | (deg.F)
20 3333 14.6 yes* 8 184 197 206 212 495
40 6667 18.8 yes 4 240 260 273 282 710
60 10000 21.8 yes 2.65 287 313 329 NA 889

*NOTE: Burning of the thermal insulation on the chiller piping would increase this flame height
so that it would reach the cable trays.

Conclusion: A credible fire from the 12 gal. of oil in the ‘B’ chiller and the insulation on the
chiller piping could have flames impinging the cable trays above the ‘B’ chiller. The hot gas
layer remains well below the 700 degrees F needed to ignite all of the IEEE-383 cables in the
room. lf the oil spread over about 40 to 60 sq. ft. (approx. 7.1 to 8.7 ft. diameter) and the
thermal insulation of the chiller piping burned, then a the plume centerline temperature could
exceed the 700 degrees needed to ignite the IEEE-383 cables in the cable trays above the ‘B’
chiller. A credible fire involving a spill of one of the allowed 55 gal drums of oil could produce a

higher heat release rate, flame height, and hot gas layer.
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METHOD OF PREDICTING HOT GAS LAYER TEMPERATURE AND
SMOKE LAYER HEIGHT IN ROOM FIRE WITH NATURAL VENTILATION

COMPARTMENT WITH THERMALLY THICK BOUNDARIES § > 1 inch
VERSION 1.03

The following calculations estimate the hot gas layer temperature and smoke layer height-in enclosure fir
{Parameters should be specified ONLY:IN THE YELLOW.INPUT:PARAMETER BOXES.ii:citis
All subsequent values are calculated by the spreadsheet;7and based on values specified in the inp

= \Llcvk—h.“,l’}"{

ut parameters.

INPUT PARAMETERS

COMPARTMENT INFORMATION
Compartment Width (wc)
Compartment Length (l)
Compartment Height (hc)

Vent Width (wv)

Vent Height (hv)

Top of Vent from Floor (V7)

Interior Lining Thickness () B

For thermally thick case the interior lining thickness should be greated then 1 Inch
AMBIENT CONDITIONS

Ambient Air Temperature (To) 77.00)°F
Specific Heat of Air (Cp) 1.00] kikg-K
Ambient air Densi 1.20| kg/m3

THERMAL PROPERTIES OF COMPARTMENT ENCLOSING SURFACES FOR

Interior Lining Thermal Inertia (kpc) {kW/m2-K)2-sec
Interior Lining Thermal Conductivity (k) KW/m-K
Interior Lining Specific Heat (cp) kJ/kg-K
Interior Lining Density (p) kg/m3

INTERIOR LINING EXPERIMENTAL THERMAL PROPERTIES FOR COMMON MATERIALS

T s Sunns A Ay
a o v (kWIm- (K kgsg 3 !" y ; Sk -4

;u nunﬂpure B FS00 S0 D08 0:895ERAAE 5710,
Steel(0.55/Carbon L35 10054 At 0 0 AB0TLPE 7850
Cc» Crete ke A 2:C 001683818 0.7 b ieaineis 2400,
: R R b 7B 0. 0000 5 0B Hies 5600
é’&‘%‘s |atg Ry IR116 90,0007 6 il 0. G2710
BrickiConcrefe Blockgg ex 00,0007 55 hRa 0:54 e siniiid 600
Gypsum Boa e 0Bl 0.0001; 3 52060,
S0 0:16620,00012 2 540

Fbé”"i‘ris lation:Board feg 0.165:70:00053 ABSL ey
CHipbo . SR 01 587 D000 53 Iob it el 800
rateé’Eoncret PR P 0112:1210,00026 006 ks 5‘6
Rlasterboa : 50:123470.0001 6 %e 2R 0,84 Siaa: 950
CaicmiSlicate Board e 0,098%0.000 1 FIERENID aviek e0 700
Alumina‘Silicate 10.0364::0,000 SRR D 260
ss*F?B‘é’r"fnsﬁ%l : ”:1"8 ”ﬁ}?E&ZQ_{ B0 BEGIT I BRI 60
Ema*r‘?ﬁé“d‘Pol Styreno S R0 00T I SaE oS kst e o0
: 3 it SR A R S Thed




-
.
<

* Worksheet NRR/DSSA/SPLB 1, Rev. 3.0
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FIRE SPECIFICATIONS
Fire Heat Release Rate (Q)

ATg = 6.85[Q%/(Ao(hv)"2) (AThi)]'P

Where ATg = Tg - To, upper layer gas temperature rise above ambient (K)
Q = heat release rate of the fire (kW)
Ao = area of ventilation opening (m?)
hv = height of ventilation opening (m)
hk = convective heat trensfer coefficient (kW/m2-K)
Ar = total area of the compartment enclosing surface boundaries excluding area of vent openings (n?)

Area of Ventilation Opening Calculation

A= (Wv)(hv)

Ao= 11.15 m?

Thermal Penetration Time Calculation 11 . ’ SRS IS
o= (pco/k)(8/2)?

Where p = interior construction density (kg/m®)
¢p = interior construction heat capacity (kJ/Kg-K)
k = interior construction thermal conductivity (kW/m-K)
8 = interior construction thickness (m)

b= 26128.98 sec

Heat Transfer Coefficient Calculation

hk= (kpct)2  fort<tp

Where kpc = interior construction thermal inertia (kW/m?-K)?-sec

(a thermal property of material responsible for the rate of temperature rise)
t = time after ignition (sec)

Area of Compartment Enclosing Surface Boundaries
At = [2(WcX|c) -+ 2(thWc) +2(th|C)] - Ao
Ar= 4751.62 m?

Compartment Hot Gas Layer Temperature With Natural Ventilation
ATg = 6.85[Q%/(Ao(hv)2) (AThi)]'?

ATg = Tg - TO
Tg= ATg+ To
RESULTS:
Time After hx ATg Tg Tg Tg
(min) (s) (KW/m<-K) (K) (K) (°C) °F

1 60 0.22 116.74 414.74 141.74  [¢28711318)
2 120 0.16 131.04 429.04 156.04  p2312187&)
3 180 0.13 140.20 | 438.20 165.20 [¥329:363]
4 240 0.11 147.09 445.09 172.09 3415758
5 300 0.10 152.66 | 450.66 177.66 __ [£351178%]
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10 600 0.07 171.35 469.35 196.35 F.£385!4L4§
15 900 0.06 183.33 481.33 208.33  }407:00%)
20 1200 0.05 192.34 490.34 217.34 |5?,42312-1§|
Hot Gas Temperature
Natural Ventilatio
. - | oo e e ._
oo L 4
(- 400.00 //_/
< 380.00
’gasaoo T /
S J
gw.w //—/
- 320.00 1
300.00 - _//-(
280.00 + + '
0 5 10 15 20
time (min)

ESTIMATING SMOKE LAYER HEIGHT
METHOD OF YAMANA AND TANAKA

2 = ((2kQPY/3Ac) + (1/hc23)32

Where z = smoke layer height (m)
Q = heat release rate of the fire (kW)
t = time after ignition (sec)
he = compartment height (m)
Ac = compartment floor area (m?)
k = a constant given by k = 0.076/pg
pg = hot gas layer density (kg/m3)
pgis given by pg = 353/Tg
Tg = hot gas layer temperature (K)

Compartment Area Calculation

Ac= (wey (lc)

Ac= 1716.85 m?

Hot Gas Layer Density Calculation

pg= 353/1-9

Calculation for Constant K

k= 0.076/pg

Smoke Gas Layer Height With Natural Ventilation

z= ((2kQRY3BAc) + (1/hc2)32
RESULTS:
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t Pa k z z
(min) kg/m?3 {(m) (1)
1 0.85 0.089 5.56  |[EHRgs:
2 0.82 0.092 552 [EETeHA
3 0.81 0.094 5.49 B
4 0.79 0.096 5.48
5 0.78 0.097 5.46
10 0.75 0.101 5.41
15 0.73 0.104 5.38
20 0.72 0.106 | 5.35
Smoke Gas Layer Height
Natural Ventila
18.30
18.20 1 -\

%18.10 T \

© 18.00

i:_-317.90 \\

%17.80 T \-\

21770 T \-\
17.60 \'1'
17.50 + — t 1

0 5 10 15
time (min)
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Worksheet NRR/DSSA/SPLB 9, Rev.0 ——nr ——
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METHOD OF ESTIMATING TEMPERATURE OF A BUOYANT
FIRE PLUME VERSION 1.0

The following calculations estimate the'centerline plume temperature in a'compartment fire -
{Parameters should be specified ONLY IN THE. YELLOW INPUT PARAMETER BOXE

\

All subseq ent values

INPUT PARAMETERS
Heat Rlease Rate of the Fire (Q) 10500 00]kw
Distance from the Top of the Fuel to the Ceiling (2) - 20.00] 1t
Area of Combustible Fuel (Ac) - -60.00)#2
AMBIENT CONDITIONS
Ambient Air Temperature (To) 77.00 °F
Specific Heat of Air (cp) 1.00 kJ/kg-K
Ambient Air Density (po) 1.20 kg/m?
Acceleration of Gravity (g) 9.81 m/sec?
Convective Heat Release Fraction (yc) 0.50

ESTIMATING PLUME CENTERLINE TEMPERATURE
‘ ‘ ering 22 Edition (Page 2:9) ik

Tpcenteriing) - To= 9.1 (To/g cp? po?) 1P Q2R (2 - 20)5R

Where Q. = Convective portion of the heat release rate (kW)
To = ambient air temperature (K)
g = acceleration of gravity (m/sec?)
¢p = specific heat of air (kd/kg-K)
po = ambient air density (kg/m3)
z = distance from the top of the fuel package to the ceiling (m)
2o = hypothetical virtual origin of the fire (m)

Convective Heat Release Rate Calculation

Qc = xc Q

Where Q = heat release rate of the fire (kW)
¥c = convective heat release fraction
Qc= 5250 kW

Pool Fire Diameter Calculation

Adiks = nD%4

D= (4 Adixe/n)'2

D= 2.66 m

Hypothetical Virtual Origin Calculation
20/D = -1.02 + 0.083 (Q%*)/D

Where 2o = virtual origin of the fire (m)
Q = heat release rate of fire (kW)
D = diameter of pool fire (m)

z/D = 0.24
Z0= 0.65 m



Worksheet NRR/DSSA/SPLB 9, Rev.0
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Centerline Plume Temperature Calculation
Tp(centeriine) = To=91(T O/Q sz Poz)ua Q2R (z- ZO)'SI3

To(centartine) = To= 450.84

Tp(centerline) =




s \— b - L R

. J
* Workshest NRRIDSSASPLE 1,Rev.30 ) | o p, o ¢ \ALGJ', Lo &) v G~
— SHT R uD (»fw-« ‘Owuae/& Lo g o b=

METHOD OF PREDICTING HOT GAS LAYER TEMPERATURE AND

SMOKE LAYER HEIGHT IN ROOM FIRE WITH NATURAL VENTILATION

COMPARTMENT WITH THERMALLY THICK BOUNDARIES 6 > 1 inch
VERSION 1.03

March 2002Workshop

All subsequent values are calculated b the spreadsheet:and based on values specified ln te |n A arameters -

INPUT PARAMETERS

COMPARTMENT INFORMATION
Compartment Width (wc)
Compartment Length (k)
Compartment Height (hc)

Vent Width (wv)

Vent Height (hv)

Top of Vent from Floor (Vr)

Interior Lining Thickness (5) i s

For thermally thick case the interior Ilnlngjlckness should be greated then 1 inch.
AMBIENT CONDITIONS

Ambient Air Temperature (To) [_77.00]
Specific Heat of Air (cp) 1.00| kJ/kg-K
Ambient air Density (po 1.20 | kg/m3
THERMAL PROPERTIES OF COMPARTMENT ENCLOSING SURFACES FOR
Interior Lining Thermal Inertia (kpc) ) e 2.9 (kWim2-K)2-sec
Interior Lining Thermal Conductivity (k) Ci: 0,0016|kW/m-K
Interior Lining Specific Heat (cp) 2 0,75 kdkg-K
Interior Lining Density (p) ¥ 2400 kgym?

INTERIOR LINING EXPERIMENTAL THERMAL PROPERTIES FOR COMMON MATER'ALS
: 'f’{ d’f”f R AT Al m‘iﬁimuﬁx’{‘éﬁf S8 T PS5y

>
o s A

Calcnum Sll'ca e.Boa d

v

Alimina Silicate, BlocKas
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Helotencaole s MIilke sl SEErnciples of, Smoka Manageims SRR
FIRE SPECIFICATIONS
Fire Heat Release Rate (Q) -~ 7167.00]kw

METHOD OF McCAFFREY QUINTIERE AND HARKLEROAD (MQH
OICEEEE Eifp T HHOR{PAge S SIS A T e aoR

ATg = 6.85[Q%/(Ao(hv)"2) (Ath)]'?

Where ATg = Tg - To, upper layer gas temperature rise above ambient (K)
Q = heat release rate of the fire (kW)
Ao = area of ventilation opening (m?)
hy = height of ventilation opening (m)
hk = convective heat trensfer coefficient (kW/m?3-K)
A7 = total area of the compartment enclosing surface boundaries excluding area of vent openings (r?)

Area of Ventilation Opening Calculation

Ao= (wy)(hv)

Ao= 11.15 m?

Thermal Penetration Time Calculation [hermally.ih
to= (pco/K)(8/2)

Where p = interior construction density (kg/n)
Cp = interior construction heat capacity (kJ/Kg-K)
k = interior construction thermal conductivity (kW/m-K)
8 = interior construction thickness (m)

to= 26128.98 sec

Heat Transfer Coefficient Calculation

hk= (kpct)2  fort<tp

Where kpc = interior construction thermal inertia (kW/m?2-K)2-sec

(a thermal property of material responsible for the rate of temperature rise)
t = time after ignition (sec)

Area of Compartment Enclosing Surface Boundaries
At = [2(wexle) + 2(hexwe) + 2(hexlc)] - Ao
Ar= 4751.62 m?

Compartment Hot Gas Layer Temperature With Natural Ventilation
ATy = 6.85[Q%/(Aofhw) ) (Athi)}'?

ATg = Tg -To
Tg = ATg + To
RESULTS:
Time After hk ATq Tq Tq Tq
(min) B (WK | K K) TC) CF)

1 60 0.22 90.50 388.50 115.50 239
2 120 0.16 101.58 399.58 126.58  [2259.85%
3 180 0.13 108.69 406.69 133.69  [r2o72:64%
4 240 0.11 114.03 412.03 139.03  |%282:25%
5 300 0.10 118.35 416.35 143.35 _ |%290:02%]
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10 600 0.07 132.84 430.84 157.84 316:1%
15 900 0.06 142.13 440.13 167.13__ 15332:
20 1200 0.05 149.11 447.11 174.11  [345:39

Hot Gas Temperature
Natural Ventilatio

———

/./

10

time (min)

15

ESTIMATING SMOKE LAYER HEIGHT
METHOD OF YAMANA AND TANAKA

Z = ((2kQ"3W/3Ac) + (1/h2)372
z = smoke layer height (m)

Where

Q = heat release rate of the fire (kW)
t = time after ignition (sec)

he = compartment height (m)

Ac = compartment floor area (m?)

k = a constant given by k = 0.076/¢
pg = hot gas layer density (kg/m’)

pg is given by pg = 353/Tg

Tg = hot gas layer temperature (K)

Compartment Area Calculation

Ac=
Ac=

Hot Gas Layer Density Calculation

Pg=

Calculation for Constant K

kK=

(wej (Ic)

1716.85 m?

353/Tg

0.076/pg

Smoke Gas Layer Height With Natural Ventilation

Z=

RESULTS:

((2kQ'RY3Ac) + (1/h23)32
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t Pg k z z
(min) kg/m? (m) (ft)
1 0.91 0.084 5.78 18.9
2 0.88 0.086 5.75
3 0.87 0.088 5.73
4 0.86 0.089 5.71
5 0.85 0.090 5.70
10 0.82 0.093 5.67
15 0.80 0.095 5.64
20 0.79 0.096 5.62
Smoke Gas Layer Height
Natural Ventila
19.00
T
£ 18.90 T \.\
S 18.80
e T \
E 18.70 \
S 4
T 1850 ———
18.40 + + +—
0 5 10 15
time (min)
NOTE
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METHOD OF PREDICTING HOT GAS LAYER TEMPERATURE AND

SMOKE LAYER HEIGHT IN ROOM FIRE WITH NATURAL VENTILATION

COMPARTMENT WITH THERMALLY THICK BOUNDARIES § > 1 inch
VERSION 1.03

The following calculations estimate the hot
‘Parameters should be specified ONLY IN THE YELLOW INPUT PARAMETER BOXES EOACITACRFELES P PP SR
All subsequent values are calculated by the spreadsheet.’and based on values specified in the in ut arameters.‘-*.

INPUT PARAMETERS

COMPARTMENT INFORMATION
Compartment Width (wc) - 80.00{tt
Compartment Length (Ic) = 231.00]#t
Compartment Height (hc) - 23.00(
Vent Width (wv) . -10.00]ft
Vent Height (hv) - 12,001
Top of Vent from Floor (V1) <. 12.00(ft
Interior Lining Thickness () ¢ .12.00]in

______Forthermally thick case the interior lining thickness should be greated then 1 inch
AMBIENT CONDITIONS’

Ambient Air Temperature (To) °F
Specific Heat of Air (cp) 1.00 | kJ/kg-K
Ambient air Density (oo 1.20}ka/m?
THERMAL PROPERTIES OF COMPARTMENT ENCLOSING SURFACES FOR
Interior Lining Thermal Inertia (kpc) s 2.9)(kWim2-K)y2-sec
Interior Lining Thermal Conductivity (k) - 0.0016]kwW/m-K
Interior Lining Specific Heat (cp) C . 0.75]kkg-K
Interior Lining Density () - - 2400fkg/m?

‘ lNTERIOR LINING EXPERIMENTAL THERMAL ROPERTIES FOR CMMON MATERIALS

0 nwk
00244 :ozos x;»sz«z 0t gg
OBAGERE 07465

373}

<% 0.098%:,
iy .)o 03610.000145
0.0

v gv t« ﬁ.,rr-'\a .mf’
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FIRE SPECIFICATIONS
Fire Heat Release Rate (Q) -:- 3833.00] kw

METHODOFMCCAFFREY QUINTIERE ANDHARKLEROAD MQH

AT

ATg = 6.85[Q%(Ao(hv)?) (ATh)]'®

Where ATg = Tg - To, upper layer gas temperature rise above ambient (K)
Q = heat release rate of the fire (kW)
Ao = area of ventilation opening (n?)
hy = height of ventilation opening (m)
hk = convective heat trensfer coefficient (kW/m?2-K)
AT = total area of the compartment enclosing surface boundaries excluding area of vent openings (n?)

Area of Ventilation Opening Calculation

Ao = (Wv)(hv)
Ag= 11.15 m?

Thermal Penetration Time Calculation
b= (pco/k)(8/2)?
Where p = interior construction density (kg/m°)
¢p = interior construction heat capacity (kJ/Kg-K)
k = interior construction thermal conductivity (kW/m-K)
§ = interior construction thickness (m)

b= 26128.98 sec

Heat Transfer Coefficient Calculation

hk = (kpc/t)?  fort<tp

Where kpc = interior construction thermal inertia (kW/m?-K)?-sec

(a thermal! property of material responsible for the rate of temperature rise)
t = time after ignition (sec)

Area of Compartment Enclosing Surface Boundaries
Ar = [2(wexle) + 2(hexwe) +2(hexlc)] - Ao
Ar= 4751.62 m?

Compartment Hot Gas Layer Temperature With Natural Ventilation
ATg = 6.85[Q%(Ao(hv)"?) (AThi)]

ATg = Tg - TO
Tg= ATg+ To
RESULTS:
Time After hk ATg Tg Tg Tg
(min) (s) kW/m<-K) (K) (K) (C) (CF)

1 60 0.22 59.63 | 357.63 84.63 ‘ Mgsaj
2 120 0.16 66.93 364.93 91.93  [#197:483
3 180 0.13 71.61 369.61 96.61 _ K205:90
4 240 0.11 75.13 373.13 100.13  Ee212.23%
5 300 0.10 77.97 375.97 102.97 217358
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10 600 0.07 87.52 385.52 112.52 E234‘.54ﬂ
15 900 0.06 93.64 391.64 118.64 [8245:56%]
20 1200 0.05 98.24 396.24 123,24  [%253:8411)
Hot Gas Temperature
Natural Ventilatio
) ) 260,00 -—— — ' )
250.00 /-//-
E-:240.00 T
§2w.w /-/
5 4
© 220.00
é‘zw.oo /_/"'/-/
-3 4
= 200.00 /
190.00 -/
180.00 + +
0 5 15 20
time (min)

ESTIMATING SMOKE LAYER HEIGHT
METHOD OF YAMANA AND TANAKA

z = ((2KQ"PY3Ac) + (1/h2))32
z = smoke layer height (m)

Where

Q = heat release rate of the fire (kW)
t = time after ignition (sec)

he = compartment height {m)
Ac = compartment floor area (m?)

k = a constant given by k = 0.076/pg

pg = hot gas layer density (kg/m?)

pg is given by pg = 353/Tg

Tg = hot gas layer temperature (K)

Compartment Area Calculation

Ac=
Ac=

Hot Gas Layer Density Calculation

Pg=

Calculation for Constant K

k=

Smoke Gas Layer Height With Natural Ventilation
((2kQPY3AS) + (1/hZH)372

Z=

RESULTS:

(wey (Ic)
1716.85 m?

353/Tg

0.076/pg
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t Pg k z z
(min) kg/m? (m) (ft)
1 0.99 0.077 6.05 [RTAGTBE
2 0.97 0.079 6.04 e a5ed19,80,
3 0.96 0.080 6.02 19; A
4 0.95 0.080 6.02 21974
5 0.94 0.081 6.01 R Ot7 20008
10 0.92 0.083 5.99
15 0.90 0.084 5.97
20 0.89 0.085 5.96
Smoke Gas Layer Height
Natural Ventila
19.90
1985 ]
€ |
5 19.80
E 19.75 T
E 4
L1970 ‘\.\\
:?’19.65
I T '\
19.60 -\-
19.55 ] + +— — 1
0 5 10 15 20
time (min)
NOTE

The above calculatnons_are»based on pnncnples developed in the Socnety of. Fnre Protecuo iy
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METHOD OF ESTIMATING BURNING CHARACTERISTICS OF
LIQUID POOL FIRE, HEAT RELEASE RATE, BURNING DURATION,

AND FLAME HEIGHT

VERSION 1

.03

INPUT PARAMETERS
Fuel Spill Volume (V) ~"12.00|gallons
Fuel Spill Area or Dike Area (Adgike) . 60.00[ft2
Mass Burning Rate of Fuel (m") - 0.039]kg/m2-sec
Effective Heat of Combustion of Fuel (AHcet) |:. 46000]kJ/kg
Fuel Density (p) i 760 kg/m®

THERMAL PROPERTIES DATA
B
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ESTIMATING POOL FIRE HEAT RELEASE RATE

Q = m"AHcetAl

Where Q= pool fire heat release rate (kW)

m"® = mass burning rate of fuel per unit surface area (kg/m?-sec)
AHc et = effective heat of combustion of fuel (kJ/kg)
Ar= Adike = surface area of pool fire (area involved in vaporization) (rf)
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Heat Release Rate Calculation  (Liquids with relatively high Rash point, like transformer oif require
Q= m”AHcAr e . _ localized heanng to achieve Ignlnon)

to = 4V/nD?%v

Where  t, = burning duration of pool fire (sec)
V = Volume of liquid (m3)
D = pool diameter (m)
v = regression rate (m/sec)

Pool Fire Diameter Calculation

A= nD2%/4
D= (4A/m)2
D= 2.664 m

Calculation for Regression Rate

V= m"/p

Where  m" =mass burning rate of fuel (kg/m2-sec)
p = liquid fuel density (kg/m°)

v= 0.000051 m/sec

Burning Duration Calculation
tn 4V/7tDzv .

=N %e o o 66 minutest: ANSWER

Note Ihat a hqu:d pool fire with & given amount of fuel can bum for long periods of time over small area or for
shont periods of time over a large area.

ESTIMATING POOL FIRE FLAME HEIGHT _

Hi=0.235Q%5-1.02 D

Where  Hi = pool fire flame height (m)
Q = pool fire heat release rate (kW)
D = pool fire diameter (m)

Pool Fire Flame Height Calculation
Hi= 0. 235 02’5102 D i

Although each calbplatlon inthe’ spreadsheet hasbeen Verified with
there is no absoluté giiarantee of the accuracy of these calculations: ¥ 45
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METHOD OF ESTIMATING BURNING CHARACTERISTICS OF
LIQUID POOL FIRE, HEAT RELEASE RATE, BURNING DURATION,

AND FLAME HEIGHT

VERSION 1 03

INPUT PARAMETERS
Fue! Spill Volume (V) - 12.00]gallons
Fuel Spill Area or Dike Area (Adike) - 40.00]2
Mass Burning Rate of Fuel (m") : 0.039]kg/m2-sec
Eftective Heat of Combustion of Fuel (AHc.ef)) - ‘46000 kJ/kg
Fuel Density (p) < 760 kg/m®

THERMAL PROPERTIES DATA
BURNING RATE DATA FOR LIQUID HYDROCARBON FUS

kj:rené*SFPEHandboo?of e Peochon Eng neéng S Eann PagaAD)s
ESTIMATlNG POOL FlRE HEAT RELEASE RATE

Q = m “AH; eriAt

Where  Q = pool fire heat release rate (kW)
m" = mass burning rate of fuel per unit surface area (kg/m?-sec)
AHcett = effective heat of combustion of fuel (kJ/kg)
At= Adike = surface area of pool fire (area involved in vaporization) (#)
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Heat Release Rate Calculation  (Liquids with relatively high flash point, like transformer oil require
Q m"AHcAr 7 _ Iocahzed heating 10 achieve ignition)

3: e TUleces ANSWER

= 4V/nD3v
Where  tp = burning duration of pool fire (sec)
V = Volume of liquid (m3)
D = pool diameter (m)
v = regression rate (m/sec)

Pool Fire Diameter Calculation

Ar= nD%4
D= (4Ay/n)12
D= 2.175 m

Calculation for Regression Rate

V= m“/p

Where  m" = mass burning rate of fuel (kg/m2-sec)
p = liquid fuel density (kg/m’)

v= 0.000051 m/sec

Burning Duration Calculation
tn 4V/n[)2v

473,97 minutes? ANSWER
Note that a liquid pool fire with a given amount of fuel can burn for long periods of time over small area or for
short periods of time over a large area.

ESTIMATING POOL FIRE FLAME HEIGHT

| Refarence;.SERE Handbook of Fire: Protection Engineering.2. i, Edition (£age <210 ik cag

Hi=0.235Q%5-1.02D

Where  Hi = pool fire flame height (m)
Q = pool fire heat release rate (kW)
D = pool fire diameter (m)

Pool Fire Flame Height Calculation
Hi= 023502’5 102_D _

Although each calcuietlori in the spreadsheet has’ ‘been verified with the restilts'of hand calculauon,
there is ho absolite guarantee of the accuracy of these calgulations 74+ RS _
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Any questions; comments, concems
nlease 'send an email to hxi@nrc.go

»and suggestions,’or.to report an error(s) in the spreadsheet, »::-
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METHOD OF ESTIMATING BURNING CHARACTERISTICS OF
LIQUID POOL FIRE, HEAT RELEASE RATE, BURNING DURATION,
AND FLAME HEIGHT

VERSION 1.03

All subsequent values are dinthein
parameters 4k FAE R
INPUT PARAMETERS

Fuel Spill Volume (V) " 12.00] gallons

Fuel Spill Area or Dike Area (Adike) - 20.00] 12

Mass Burning Rate of Fuel (m") - 0.039] kg/m2-sec

Effective Heat of Combustion of Fuel (AHcet) | - - 46000{kJ/kg

Fuel Density (p) ~ ot 760 kg/m3
THERMAL PROPERTIES DATA

BURNING RATE DATA FOR LIQUID HYDROCARBON FUELS

o b
m-@

STy,
(Ikg) i
.:§

Hexana 41k
Eicewciliact ol

Heptane 514

4 LA A {

Transformer O Hydrocarbx

FUbl O, Hoavy s SOis s ;3 B

s e R R 2 BA

T Ol b S £42,600 815 _‘

LGbeO!l*,:;_“y*ia"%} g;,;-"-‘i‘-‘\ 039 s 2 46,0001 7 SETM Gt

Frisrn e iy AT § B LAl s A ST Ay AT R R hen s SRR i g :

Bofer snc:? SEPE-Handbook of Fire Pratection EnGincering 209 Editon (Page 3 )5t et Rt
ESTIMATING POOL FIRE HEAT RELEASE RATE

[Reference- SEDE. Handbook ol Eire Protecion Engineeng 2ra Editon (Page. dd) s b

Q = m"AHc.etiAt

Where Q= pool fire heat release rate (kW)

m" = mass burning rate of fuel per unit surface area (kg/m?-sec)
AHcett = effective heat of combustion of fuel (kJ/kg)
A= Adike = surface area of pool fire (area involved in vaporization) (r?)
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Heat Release Rate Calculation  (Liquids with relatively high flash point, like transformer oil require
Q=m AHcAr 7 _ e localized heating to achleve ignition)

to = 4V/rD?

Where o = burning duration of pool fire (sec)
V = Volume of liquid (m?)
D = pool diameter (m)
v = regression rate (m/sec)

Pool Fire Diameter Calculation

A= nD%/4
D= (4Adm)1"2
D= 1.538 m

Calculation for Regression Rate

v= m"/p

Where  m" = mass burning rate of fuel (kg/m?-sec)
p = liquid fuel density (kg/m?3)

v= 0.000051 m/sec

Burning Duration Calculation
to= 4\//1102\' A

y 'zmlnutes“ ANSWER

Note that a Ilquxd pool fire with a glven amount of fuel can burn for long periods of time over small area or for
short periods of time over a large area.

ESTIMATING POOL FIRE FLAME HEIGHT
sference: SERE Handbook of Eire Brotection Engineering 224 Edition’ (Pa

Hi= 0.235Q%5-1.02D

Where  Hi = pool fire flame height (m)
Q = pool fire heat release rate (kW)
D = pool fire diameter (m)

Pool Fire Flame Height Calculation
Hr- 0 235 02'5 102{ D

: "~TP‘ ._, i1 X R A -:?:3{:? ANSWER

The above calculations ‘are based on principles developed in the Society of Fire s
on'Eng

j ring, 2 Edmd'“ 1995

there'is no absolute 0 uarantee ‘of the ‘accurac of ihese calculatuons~
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METHOD OF ESTIMATING TEMPERATURE OF A BUOYANT
FIREPLUME _ VERSION1.0

March 2002 Warkshop

All subsequent aluesare?calculate by. hespreadsheet a d;based on

p arametersg o oy’ ,. «..i"'} ..’-, e} X .A;;-t},;,_,,_

INPUT PARAMETERS
Heat Rlease Rate of the Fire (Q) 3833.00|kwW
Distance from the Top of the Fuel to the Ceiling (z) . 20.00|f
Area of Combustible Fuel (Ac) 20.00 |12

AMBIENT CONDITIONS
Ambient Air Temperature (To) 77.00 °F
Specific Heal of Air (cp) 1.00 kJ/kg-K
Ambient Air Density (po) 1.20 kg/m?
Acceleration of Gravity (9) 9.81 m/sec?
Convective Heat Release Fraction (yc) 0.50

ESTIMATING PLUME CENTERLINE TEMPERATURE
{Reference:: SEPE Handbook of Fire Protection Engineering 2<.Edition (Page 2:8)575

Totcenterting} - To= 9.1 (To/g Cp? po2)1‘{3 Q2R (z- Z\!J)'S":3

Where Q¢ = Convective portion of the heal release rate (kW)
To = ambient air temperature (K)
g = acceleration of gravity (m/sec?)
¢p = specilic heat of air (kJ/kg-K)
po = ambient air density (kg/m?)
z = distance from the top of the fuel package to the ceiling (m)
zo = hypothetical virtual origin of the fire {(m)

Convective Heat Release Rate Calculation

Qc =Ae Q

Where Q = heat release rate of the fire (kW)
xe = convective heat release fraction
Q= 1916.5 kW

Pool Fire Diameter Calculation

Adike = ﬂDz/4

D= (4 Adgke/r)'2

D= 1.54 m

Hypothetical Virtual Origin Calculation
20/D = -1.02 + 0.083 (Q?5)/D

Where 2o = virtual origin of the fire (m)
Q = heat release rate of fire (kW)
D = diameter of pool fire (m)

20/D = 0.44
26= 0.68 m
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Centerline Plume Temperature Calculation
Tpicenteriine) - To=9.1 (To/g Cp2 poz)"a Q2R (z- ZO)'5’3

Toicentering) = 10= 232.46
Tp(centeriing) = 530.46 K

The above icalculations are based on principles developed i in the Society of Fire Protection 3:4:
s %) Handbook of F:re Protectlon .Engmeenng, 2'“’ Edition’1 995
ain s.an

, o'l#ute guar:
Any| questlons“'comments
please s6nd an email to nXi@nre.
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METHOD OF ESTIMATING TEMPERATURE OF A BUOYANT
FIRE PLUME VERSION 1.0

The following calculations estimate the centerline plume temperature in a compartment fire ‘s
‘Parameters should be specified ONLY IN THE YELLOW INPUT PARAMETER BOXES. -+

All subsequent \ values are’ca ulated by the spreadsheet ;and based on values specifie
harameters s R EH N I YRR R

INPUT PARAMETERS
Heat Rlease Rate of the Fire (Q) 7167.00|kw
Distance from the Top of the Fuel to the Ceiling (2) - 20.00] 1t
Area of Combustible Fuel (Ac) 40.00]#2
AMBIENT CONDITIONS
Ambient Air Temperature (To) 77.00 °F
Specific Heat of Air (cp) 1.00 kJ/kg-K
Ambient Air Density (pc) 1.20 kg/m®
Acceleration of Gravity (q) 9.81 m/sec?
Convective Heat Release Fraction (yc) 0.50

ESTIMATING PLUME CENTERUNE TEMPERATURE
cass Tandbook of Eire Protechion Engieenng 2 EGiion (Paga. 2-0i:

Tpicenteriing) - To= 9.1 (To/g co? po?)1B Q23 (z - 20)5R

Where Q¢ = Convective portion of the heat release rate (kW)
To = ambient air temperature (K)
g = acceleration of gravity (m/sec?)
¢p = specific heat of air (kJ/kg-K)
po = ambient air density (kg/mq)
z = distance from the top of the fuel package to the ceiling (m)
2o = hypothetical virtual origin of the fire (m)

Convective Heat Release Rate Calculation

Qc =% Q

Where Q = heat release rate of the fire (kW)
xc = convective heat release fraction
Qc= 3583.5 kW

Poo! Fire Diameter Calculation

Adike = ‘RDz/4

D= (4 Age/m)'2

D= 2.18 m

Hypothetical Virtual Origin Calculation
2o/D = -1.02 + 0.083 (Q25)/D

Where 2o = virtual origin of the fire (m)
Q = heat release rate of fire (kW)
D = diameter of pool fire (m)

2/D = 0.31
20= 0.67 m
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Centerline Plume Temperature Calculation
Tp(centertine) - To=9.1 (To/g sz p°2)1/3 Q23 (z - 20)'5,3

Tp(centerling) = To= 351.80
649.80 K

Tp(cemerline) =




