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Project No »2543C Scheme ¢ &17/92

Time E119 Std Furnace Avg Ckt Int #1 Ckt Int #2 Ckt Int #3 Ckt Int #4

(min) ('F) (*F) (volts) (volitw) (vnlts) (volts)
0 b 87 4 8397 5. 6804 57277 4 8833
1 254 173 4 8301 § 6870 §.7282 4 BB33
2 440 439 4 8389 56871 §.7283 4 8839
3 627 791 4 8403 56871 £.7283 4 BB3S
a5 815 874 4 B403 56871 § 7283 4 B3
§ 1000 838 4. 8403 56871 §.7283 4 BB3G
1) 1060 840 4 B403 5 6876 £ 7283 4 8B30
7 1120 1018 4. 8403 5. 6876 §.7283 4 B8B3S
8 1180 1185 4 8403 56876 57283 4 8B45
] 1240 1249 4 8410 56876 5.7289 4 BB4S

10 1300 1247 4 8410 5.6876 57286 4 BB4S
11 1327 1230 4 8410 56876 5 7289 4 8851
12 “3486 1296 4 B408 5 6881 5.7288 4 B8B4G
13 1364 376 4 8414 5 6881 §.7288 4 BB4S
14 1380 1373 4 8408 5 6881 57288 4 BB4AY
18 1385 1324 4 3414 5 6881 5§ 7288 4 BB4Q
16 1410 1366 4 B414 5 6881 §.7288 4 BBAS
17 1423 1448 4 Ba14 §. 6881 §.72%3 4 BBSS
18 1436 1419 4 B41§ 5 6886 57293 4 BBSS
19 1448 1385 4 Ba10 5 6886 57283 4 BBSS
20 1459 1469 4 B41§ 5. 6886 §.7293 4 BBES
21 1470 1484 4 Ba19 5.6886 57299 4 8861
22 1480 1466 4 8419 5 6886 57288 4 BBEO
23 1490 1495 4 8425 5. 6886 57298 4 B86O
24 1499 1466 4 8425 5. 6886 57299 4 BB&O
25 1508 1496 4 B4AYY £ 6886 § 729§ 4 B860
26 1517 1§00 4 B425 5 6862 5.7299 4 B86O
27 1528 1814 4 B425 5 6882 5 7299 4 8866
28 15833 1837 4 B425 56882 5.7304 4 8866
28 1541 1856 4 B4o5 56892 5.72969 4 BB66
30 1548 1681 4 8430 5.6802 57299 4 8866
I 1588 1518 48430 £.6892 57209 4 8866
32 1562 1563 4 8431 £.68682 § 7308 4 BB67
33 1569 1879 4 8431 56802 §.7308 4 8872
14 1876 1242 4 8431 56882 §.7308 48872
35 1582 1578 4 B438 5.6802 5 73058 48872
36 1588 1603 4 B438 5 6888 £.73058 4 8872
37 1604 1691 4 B438 5. 6808 5.7305 4 8878
e 1600 1500 4 B438 5.6898 5.7305 4 8878
39 1606 1603 4 B438 56888 57311 4 8878
40 1612 1611 4 B4a42 5.6898 5.7311 48878
41 1617 1617 4. 6442 5.6888 57311 4. 8878
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Project No. $3543C Schems 2 &17/92

Time J-Box JBox TC#1 TC#2 TC#3 TC o4 TCHs TCHeE TCH7
{min) Steel Avg Stesl Max (*F) (*F) ("F) (*F) (°F) (*F) (*F)

0 83 88 87 87 87 88 88 68 a8
1 §¢ 96 87 &7 es8 8e 88 88 88
2 103 107 &8 87 88 a8 ae 88 8e
3 113 117 87 87 88 ee 88 68 ul
a 116 120 8?7 a7 a7 88 88 88 88
5 118 121 87 87 88 88 88 88 88
6 120 123 a8 87 B8 a8 88 86 88
4 124 126 88 87 88 88 88 88 88
L 130 132 88 87 88 88 88 88 88
L 138 143 88 87 8e e es 88 88
10 144 149 88 87 a8 88 68 88 88
11 163 156 88 87 ae -8 88 88 88
12 160 162 88 87 88 88 88 88 ee
1 173 86 88 87 88 es 88 88 8e
14 184 204 88 87 88 88 88 88 88
18 197 221 es 87 88 88 88 88 88
16 210 242 88 8R 88 88 es a8 88
17 221 259 88 88 88 88 86 88 88
'8 237 280 88 88 88 88 88 88 88
19 282 298 88 88 88 88 88 88 88
20 269 31% 88 88 88 88 88 89 88
21 293 382 88 88 88 g8 89 89 89
22 312 362 £9 LY 88 88 89 89 89
23 319 364 8o 88 88 88 89 89 89
24 323 ez 8% 88 89 89 89 89 83
28 240 409 89 B9 89 89 oe 90 89
26 350 427 §0 8s 89 8% 80 80 8s
27 354 439 80 09 L) 89 90 90 I
28 368 463 91 89 89 90 80 81 §0
29 392 508 91 gV 90 80 91 91 80
30 407 527 §2 §0 90 %0 91 91 90
N 419 539 83 80 R 91 82 g2 91
22 428 6§32 83 8 81 Wi 82 92 91
33 440 534 94 91 82 92 §3 @3 92
34 432 513 8¢ 82 93 82 83 92 +2
s 440 501 96 92 94 93 94 G4 v
16 437 477 87 83 95 93 85 8 93
a7 441 am 98 94 96 s §6 85 g4
s 450 472 100 85 97 25 87 96 g4
e 458 484 101 96 g8 96 87 o7 85
40 471 10 102 9é 8 87 98 98 86
“1 478 £76 104 98 101 8- 89 9s 86
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CnLCULATION SHEET

controls, etc. for rocms without sprinkler
protection which contain protected raceways (i.e.
Thermo~Lag and/or Firezone "R" cable) to determine
the acceptabilicty of raceway supports unde: fire
conditions.

This calculation provides input to calculation 2-FP-0085,
"Raceway and Firezone R Cable Supports Analysis" (Ref.
3.32) which will be revised to incorporate the results of
this calculation.+

* CONFIRMATION REQUIRED

AN0E
CALCULATION IDENTIFICATION NUMBER
40 OR WO.ND DIVISION £ GROUP CALCULATION NO |OPTIONAL TASK CODE|  BAGE S
S84 23 MECH 2=FP=0042, Rev, 0| FLQ
1.0 Qbjectives

The objectives of this calculation are:

1) To determine the response time for sprinkler
actuaticn for a transient combustikble (hydrocarbon)
fire, a "C" curve fire and a "E~-119" fire.

2) To determine the time for a raceway support under
dead weight load conditions to fail (reach 1200°F)
for a transient combustible fire, a "C" curve fire
and a "E-119" fire.

3) Determine the hecat release rate for each type of
fire.

4) Determine the cooling effect from a single
sprinkler on a sgquare foot basis.

5) Compare the above results to demonstrate that a
design basis fire will not cause fajilure of a
raceway support.

6) Evaluate as-built configurations, administrative
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CALCULATION IDENTIFICATION NUMBER
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2.1

2.0 Assumptions

Sprinklers at CPSES are Grinnell Model F950 rated
at 212°F. This is the worst case sprinkler basei
on Ref. 3.1, 3.2, 3.3 and 3.4. These references
are representative sprinkler system hydraulic
calculations for the Unit 2 Safeguards Building
where Thermo-Lag and/or "Firezone "R"’ cable is
installed. The 212°F rating is the highest
temperature rating for sprinklers in any of these
areas.

Based on Ref. 3.5, the sprinkler’s Response Time
Index (RTI) is 285 ft e$S"” which is the worst case.

Per Ref. 3.8, 1 lb. of combustible material eguates
to 8,000 BTUs.

All sprinklers will be assumed to be installed at
the ceiling level (worst case for response time'.
Based on the presence of sprinklers installed below
major obstructions (such as grouped cable trays) in
the plant per NFPA 13 (Ref. 3.20), this is a
conservative assumption.

Sprinklers are assumed to be spaced 10 ft. on
centers. This gives a radial distance from the
center of a 10’ by 10’ arrangement of 7.07 ft. The
fire will be assumed in the center of the spacing.
Based on the congestion around cable trays and the
presence of cable tray sprinklers in the pi.nt,
this is a very conservative assumption.

Failure of the structural steel will be assumed at
a steel temperature of 1200°F. The 1200°F (1660°R)
is based on the low gtresses imposed on the support
steel (worst case #¢ksi per Attachment 2). The
supports e cgnstructed of 33sklg yield stress)
steel and #/ksi is less than 20% of Yyield. Based
on Ref. 3.8, 1200°F ‘i}‘,u ficiently low such that
supports loaded to + NH&i Will still function.
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g0
JO. OR WO.ND
Cig3LCa

DIVISION & GROUP CALCULATION NO |OPTIONAL TASK CODE| PAGE /.

MEC 2«TP«0042, Rev. 0 ‘:GO

2.8

For trarsient combustible (hydrocarbgpl.firgs, the
adiabatic flame temperature of 1500°FK(2240° will
be used. This s worst case flame (fire)
temperature because a fire cannot produce
temperatures any higher, and the higher the
temperature the¢ sconer the steel reaches 1200°F,

The raceway support will be assumed to be located
10 ft. off the floor in areas where there is
suppression. This assumption is based on the
variations of raceway eievations in the plant and
is suitably representative for purposes of this
analysis considering other conservative
assumpticns.

The "C" curve will be used to represent a fire in
the plunt. Th.s ig kased on a review of Ref. 3.14
which shows that the majority of the combustible
material in the Safequards Building is cable in
tray and per Ref. 3.8, TEEE~38) cable has a flame
spread of only approximately 0.1 ft'/min,

Ambient air temperature at time zero will be 75°F
in accordance with guidance provided by Ref. 3.185.

Water discharging from the sprinkler will be 80%
affective. This 1s based on Ref. 3.13 and 3.22
with 36% effectiveness in the plume and the ceoling
effect on vertical plates plus cooling of the
burning objec¢t (herizontal surface). Also, the
burning rate of :the object will be reduced by
prevention of reradiation,
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JO.OR WO NO DIVISION & GROUP CALCULATION NO. |CPTIONAL TASK CODE PAGE i_
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3.1

3.2

3.0 References/Inputs

Sprinkler System Hydraulic Calculation 2-FP-0019,
Rev. 1.

Sprinkler System Hydraulic Calculation 2-FP-0030,
Rev. 0,

Sprinkler Eystem Hydraulic Calculatinn 2-FP-0032,
Rev, 0.

Sprinkler System Hydraulic Calculation 2-FP=0035,
Rev. C, CCN=0001

Sprinkler Responsge Calculation 2-FP-0015, Rev. 2.
PBD=-ME~225, Rev. 2 "Fire Suppression System",
Heat Transfer by Frank M. White, 1st ed.

SFPE Handbook of Fire Frotection Engineering by the
Society ©of Fire Protection Engineers, 1lst ed.

Heating Ventilation and Air Ceonditioning by
McQuiston, 2nd #d.

"Methods to Calculate the Respcnse Time of Heat and
Smoke Detectors Installed Below lLarge Unobstructed

Ceilings" by Evans, Fire Technology, Volume 22,
Number 1.

“"Calculation of Response Time of Ceiling Mounted

Fire Detectors" by Alpert, Fire Technology Volume
8.

Manual of Steel Construction (AISZ), 7th ed.

"Evaluation of Unsprinklered Fire Hazards" by
Alpert and Ward, Fire Journal, Volume 7 (1984).

Unit 2 Safeguards Building Combustible Loading
Calculation 2-FP-081, Rev. 0.

NRC Generic Letter B8é-10.

NFPA - 231C, "Standard for Rack Storage of
Materials", 1991 edition.
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CALCULAYION IDENTIFICATION NUMBER
v O.OR WO NO DIVISION € GROUP CALCULATION NO 0'“9_“‘1- TASK CODE PAGE ?
QIE3) 03 MEC b 2-FP=0042, Rev. 0| €O

3.17

3.18

3.19

3.20

3021

3.22

3.23

3.24

.25

3.26

3.28

3.29

3.30

“Correlations of Steel Column Fire Test Data" by
Gandhi, Fire Technology, February 1988,

"On the Evaporation of - Sprinkler Water Spray" by
Chow, Fire Technology, November 1987.

"The Fire Resistance of Steel Structures" by Gehri,
Fire Technologoy, Volume 21, Nu=ber 1.

NFPA 13, “Stanu:rd for the Installation of
Sprinkler Systems" 1991 editinon.

Unit 2 Fire Safe Shutdown Analysis, Calculation 2-
ME-0282, Rev. 0.

“"Cooling Water Requirements for the Protection of
Metal Jurfaces Against Thermal Radiation" by Y.
Lev, Fire Technology, August 1989,

Engineering Assessment Procedure 2~EAP-016, Rev. 0,
"Walkdown of Fire Proteécrion Features",

CPSES Unit 2 Procedure 2EF-5.08, "Project
Calculations", Rev. 3 (PCN 04).

SWEC Procedure 25W-5,08, "SWEC Calculations", Rev.
1l (PCN 04).

Crane Technical Piper 410, 24th printing (1988).
CPSES-9221733, Letter From G.R. Ashley to J.E.

Woods dated July 11, 1992, (Transmittal for
Attachment 2).

Calculation 0210-063-0043, Rev. 6, "Maximum
Permissible Fire Loading/Non-rated ‘satures
Analysis™.

Calculation 0210-063-0003, Rev. 4, “Auxiliary
Building As-Built Combustible Loading".

NUFEG-0797 Supplement 21, dated April 1989, "Safety
Evaluation Report related to the operation of
Comanche FPeak Steam Electric Station Units 1 and
- S
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3.31 CPSES Procedure STA-729, Rev. 4, "Control of
Transienv Combustibles Ignition Sources and Fire
Watches".
3.32 Calculation 2~FP-0085, Rev. "Raceway and
Firezone R Cable Supports Analysis".
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4.0 Methodology

asons
v O CR WO .ND
0/ £2 .03

4.

1

Determine sprinkler response (actuation) time.

a) For a transient combustible (hydrocarbon)
fire; calculate the fire size based on the
adiabatic <lame temperature of 2240°F (1500°k)
at the raceway support using the following
equation for a fire plume temperature:

T = 300(Q)** /K" (Ref. 3.13)

AT = (2240 = 75) = 2165°F

Q = Heat Release Rate (fire size) BTU/sec.
H = distance from fuel to support (ft)

Then, calculate the temperature at the ceiling

using the following eguation feor ceiling Jjet

temperatyre:

aT = 92 _0°'/H (Ref. 3.11)
gl
Where: r = radial distance from the fire to the
sprinkler (7.07_T¢)

H = distance from fuel to ceiling.
aT = Tg - Ta

Determine the ceiling Jjet velocity using the
following equation:

u = Qg Ref (3.10) (Note 1)
sl

U = ceilling jet velocity (ft/sec) all other
terme the same.

Determine sprinkler response time using the
following equation:

RTI = toU'?/1ln [(Tg -~ Ta)/(Tg - Tr)) (Ref. 3.8)
RTI = Response Time Index (ft'?s'?)

tr = Response Time (sec)

U = Ceiling jet velocity (ft/sec)

Tg = Ceiling jet temperature (°F)

Ta = Ambient Temperature (°F) (75°F)

Tr = Actuation Temperature (°F)

Note 1: Converted to I-~P units
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4'2

b)

Sprinkler response for "C" curve fire. The
sprinkler response time will be calculated at
various times along the "C" curve using the
corresponding temperature at that time as a
constant and then determining the response
time as before using RTI=trd'?/1ln ((Tg -~
Ta)/(Tg = Tr)) by adding the "C" curve time
and resporre time together, the sprinkler
actuation time will be determined.

Sprinkler response for "E" curve fire. The
response time will be determined using the
above method for a "C" curve fire.

Cable raceway support thermal response.

a)

Determine the smallest (worst case) W/D ratio.
The W/D ratio is the ratio of the weight per
linear foot of a support divided by the heated
perimeter of the support. The smaller the W/D
ratio, the faster it will respond (increase in
temperature) to the fire plume temperature.
By determining the smallest W/D ratio, only
one support has to be analyzed for each fire
condition.

Determine support steel thermal response for a
transient combustible (hydrocarbon) fire.

For a hydrocarbon fire, the fire plume
temperature will be 2240°F (2700°R) per
Assumption 2.7.

For determination of the support thermal
response the fecllowing eguation will be used:

aTS = x X (T, = T,) at (Ref. 3.8)

C,(W/D)

This eguation will be explained in the body of
the calculation.
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4 c) Dete ‘mine support steel thermal response for a
s "C" curve fire.
: The above egquation will be used with the fire

temperature being the "C" curve temperature at
¢ each time step or if the fire growth rate is
9 slow enough and there is no thermal delay
0 between the support at the fire temperature,

then the time for the fire to reach 1200°F
. will be used.
3 d) Determine support steel thermal response for a
a "E" curve fire. The eguation used for a
. hydrocarbon fire will be used except the fire
. temperature will use the following eguation: '
. Tf = 620 log,, (0.133t + 1) + To (Ref 3.8)
L]
Y This equation will be explained in the body of
20 the calculation.
21
3 4.3 Determine heat release rates.
23 a) For a hydrocarbon fire the Q determined in !
4 5.1.a will be used to determine a fire size |
2% (pool size) for a gasoline fire and the |
¥ guantity of gasoline reguired to cause the
Xy support to reach 1200°F will be determined.
ol k) Heat release rate for a "C" curve fire.
29 ]
30 The Q will be determined by calculating the
AP total BTU/sq. ft. from the "C" curve and then
- dividing by the time to sprinkler actuation or

support yield to determine release rates.
A
34 c) Heat release rate for a "E" curve fire.
3%
34 The same approach as for a "C" curve fire will
< be used.
e
39
40
-
42
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Determire cocling effect of a sprinkler on a per
square foot basis and cooling effect on reducing
plume temperature for a hydrocarbon fire.

The cooling effect will be based on the design
density of the suppression system and the effective
BTU value per lbm of water.

In addition, the cooling effect on a support will
be addressed by determining the cooling effect of
the water on the support by placing the design
density of the suppression system (multiplied by
the effectiveness of the sprinkler) on the smallest
side of the support.

Compare the results of the abcve to demonstrate
that the supports will not fail.

In addition, review the rooms without suppression
to determine the effects on the support from a
fire.
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£ 250 »

ACTUATION
TIME

(sec.)

193
104
72

£E
-

340
420

= e jw
L B
I

5.2

4.73 |
l

m & jw

Based on the above table the sprinkler actuation time is
approximately 5 min. for a "C" curve fire

) WE" curve fire

The response time will be based on the same method as the
"C" curve fire only using the "E" curve. (Attachment 1)

[ T T TS TR T T SIS
"E" Curve Actuaticn Total
Time Time i

Time Temp (sec.) (min.) (min.)
(min.) b o)

VD 370 8¢9 1.48 1.773

o8 500 55 82 1.42

1 660 38 .83 1.63

Based on the above table, the sprinkler actuation time is
approximately 1.5 min. for a "“E" curve fire.

5.2 Cable Raceway Support Thermal Response
a) Determine the smallest (worst case) "W/D" ratio for
the four different supports used for raceways (per
Attachment 2).

All weights and dimensions are from Ref. 3.12
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JO.OR wW.0.NO. DIVISION % GROUP CALCULATION NO. |OPTIONAL TASK CODE PAGE /7
Jigs 2L MEC ¢ 2=FP-0042, Rev, 0| €£ =
1) €3 X 7,28
W= 7.25 lbs/ft (Linear)
-
4"
a1
#b
1. 721"
D= (2 X 4") + (4 X 1.721") = (2 X .321") = 14.2"
D= 14.2"/12 = 1.18 ft :
W/D= 7.25/1.18 = 6.14 lbs/f%t’
2) c6 ¥ 8.2
W= 8.2 lbs/ft
D= (2 X6") + (4 ¥ 1.92") = (2 X .2") = 19,28"
D= 19.28"/12 = 1.6 ft :
W/D = 8.2/1.6 = §.13 1lbs/ft"
B i
6"
R PRS- £
’i.92"'
3) . LA
W = 5,4 lbs rz"-d__
D= (4 X2") = 8" 2881 e
D=8"/12 = .67 ft : |
W/D=5.,4/.67 = 8,1 lbs/ft’ =
4) Tube steel 3 X 3 X % *3" i
W= 8,8 lbs/ft 2571 i

D= (4 X 3% = 12v
D= 12"/12 = 1 ft 5
W/D = 8.8/1 = 8.8 1bs/ft’

Based on the W/D ratios,
case member.

the

i
»
b

Cé X 8.2 is the

worst
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Determine support steel thermal response for a

transient combustible (hydrocarbon) fire (Tf =
2700°R or 2240°F).

aTs = =3 X (Tf - Ts) at (Ref. 3.8)

C.(W/D)
X = Xr+ x¢C (Fef. 3.8)

where:

xr= 4.76 X 10" X E x (Tf' - T
(Tf - Ts)
(Ref 3.8 & 3.7)

4.76 X 10" is the Steffan-Doltzmann Constant
(3.7221 X 10%)'-* BTU corrected from hrs.
hr=-ft‘-°R to secs.

E, = .7 based on Ref. 3.8 columns (worst case;

xgc= 1.46 EIQ‘ (Ref. 3.7)
hr=ft =°F

converted to sec. 4 X 107 BTU
sec-{t'=¢F/°R)

W = weight of steel = 8.2 irs ft(tor C6 X 8.2)
D = heated perimeter = 1.6 ft
W/D = 5,13 lbs/ft’

Cs = the specific heat <f the steel which
ranges from .107 BTU/1lbm °F at O0°F to
.172 BUU/lbm °F at 1100°F and remains
constant above 1200°F. Cs will be
modeled by the following eguation
C8 = 107 £(5.9 X 10*% % (Ts = 460°)
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Where:

+# Ts .= the steel temperature in °R
4 aTs& = the change in steel temperature at
F. | any time step

at = time increment in sec.

Tf = the flame temperature = 2700°R

Note: Ts at time 0 = 535°R or 75°F for ambient
air conditions (Assumption 2.10).




STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

’LQ‘NG
CALCULATION IDENTIFICATION NUMBER
«.0.CR W.O.NO DIVISION L SROUP CALCULATION NO. |OPTIONAL TASK CODE PAG;'&..L
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3
i Table of results of iteration of above eguatiors at 2

sec. intervals:
. Note: 2 sec interval was used because of the high
. (2700°R) Flame Temperature
4
¢ Cs aTs Ts,
’ (°R) (°R)
s 0 2700 538 0 - 0 535
2 2700 535 8.6Xx10° «Lil 65 600

5 4 2700 600 8.8X10" 115 62 662
4 6 2700 662 9,1X10° 1119 61 723
: 8 2700 223 9.3%X10" 122 59 782
’ 10 2700 782 J.6%X10° ,126 57 839

. 12 2700 839 9.8x10"° 129 55 894
14 2700 894 1.0X107 .133 53 947
2 16 2700 94" 1.0%107 .136 52 999
18 2700 999 1.1%10° .13% 51 1050

B

24 20 2700 1080 1.1X10° (141 49 1099 I
S 22 2700 1099 1.1X10* 144 48 1147
Zf 24 2700 1147 1,1X10° .148 47 1194
e 26 2700 1194 1.2¥%16° .150 46 1240
. 28 2700 1240 1.8%107 | .)83 45 1285
;‘ 30 2700 1285 1.2X107 .156 44 1329
e 32 2700 1329 1.3X107 .158 42 1371

.5 34 2700 1371 1.3X10° .161 41 1412
" 36 2700 1413 1.3X107 .163 41 1453
38 2700 1453 1.3X10°7 .166 39 1492
ve 40 2700 1492 1.4X10° .168 38 1531

-
- ®
—
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PAGE o/

Timn Tf Ts, @ Cs aTs Ts,
(8en.) (°R) (°R) (*R) (*R)
l42 2700 1531 1.4X10° 170 37 1568
l44 2700 1568 1.4X107 172 36 1604
1.5%X107 1641
1.5410° 172 36 1677
(Approx.
1200°F)

Preparer’s Note:

<)

d)

The support reaches 1200°F in approximately 47.5 seconds

The calculator used, maintains numbers to 10
places. No effort was made to round=-off
these numbers during the calcuiation because
the accuracy of the analysis was maintained.

Determine support steel thermal response for a
"C" curve fire.

From Attachment 1, a "C" curve fire takes
approximately 42 minutes to reach 1200°F. Due to
the slow growth rate of fire temperature, the
support temperature will closely follow the fire
temperature. Therefore; 42 minutes will be used
as the time to reach 1200°F for a “"C" curve fire.

Determine support steel thermal response for an
“E" curve fire.

The method will be the same as that for a
transient combustible (hydrocarbon) fire except
that Tf will be calculated using the following
equation:

Tf = 620 log,, (.133 t + 1) (Ref.

+ To 3.8)

Where: Tf = Fire Temperature
t = Duration time in seconds

To = ambient temperature at Time = 0
To = 535°R or 75°F (Assumption 2.10)
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Due to the duration time aT = 30 sec. will be
used. As before, W/D = 5.13, Cs same as used
above.
0 £35 535 0 - 0 535
30 967 535 1.0X10" 111 23 558 I
H»eo 1126 558 1.3X10" 113 38 596
ﬂeo 1225 596 1.8%X10° 115 49 645
120 1297 645 1.8X10° .118 57 702
150 1354 702 2.0x10° 121 63 765
180 1401 765 2.2X10" .128 66 831
210 1441 831 2.5%10" 129 69 900
240 1475 900 2.8X10" 133 70 970
270 1507 $70 3.1X10° «137 70 1040
300 1534 1040 3.3X10° .141 69 1109
330 1559 1109 3.7%10" .145 66 1175
360 1582 1175 4.0%10" 149 63 1238 41
390 1603 1238 4.3X10" 153 60 1298 I
420 1623 1298 4.6X10° .156 56 1354 f
450 1641 1354 4.9X10" 100 52 1406
480 1658 1406 5.2X10" .163 47 1452
510 1674 1453 5.5X10° .166 53 1496
540 1690 1496 5.8X10"° .168 39 1535
$70 1704 1535 6.1X10"° .170 35 1570
600 1718 1570 6.3%X10° <178 32 1602
630 1731 1602 6.6X10"° .172 29 1631
660 1742 1631 6.8X10° 172 26 1657
€390 175¢ 1657 7.0X10° 172 23. 1680
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3
b The support reaches 1200°F in approximately 66. sec. or 11 min.
9
% Preparer’s Note: The calculator used, maintains number to 10
s places. No effort was made during the
calculation to round-of{ these numbers
. because the accuracy of the analysis was
¥ maintained.
e
5.3 Determine heat release rates.
'f a) For transient combustible (hydrocarbon) fire
. Q = 6131 BTU/sec (from 5.1.a)
. Calculate total heat release before sprinkler
: actuates and support yields
. Sprinkler time 28 sec. (5.1.a)
’ Support time 47.5 sec. (5+2.D)
22
2 Q sprinkler = 6131 BTU/sec X 28 sec. = 17 X 10* BTU
= Q support = 6131 BTU/sec X 47.5 sec., = 29 X 10' BTU
o From Ref. 3.8, gasoline has a heat value of 43.7 MJ/kg
e or 18789 BTU/lbm
23
i Gas mass sprinkler = 17 X 107/18789 = 9 lbm or 1.5 gals.
2% Gas mass support = 27 X 10°/18789 = 15.4 lbm or 2.6 gals.
" Deternine diameter of fire.
z9y
*0 Where:
3 v i
e M" = MY (1 - e*fD) (Ref. 3.8)
3 v :
,: Where: M" is the mass burn rate
M", is the mass ideal burn rate
Lid -kB = extinction - ahsorption ccefficient
ERY D = the diameter of the fire
37
o and
e Q = she X M" X A
3 Where: A = Area of pool or zD’
4 4
a2
-l ahc = heat of combustion
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Q = heat release rate = 6131 BTU/sec

or .47 kw
shc = 43.7 Mj/kg (Ref. 3.8)
M", = 0.055 (Ref. 3.8)
KB = 2.1 (Ref. 3.8)
Therefore,

Q = ahc M, (1 - e*®®) x gp?
4

or

6.47 X 10% = 43.7 X 0.055 (1 - ™ X #up?
4

Solving for D:

D= ,123m or -4 ft
Area = ,12 ft-

which equates to a 1 gai. paint can size opening,
s0 the fire size is reasonable.

Determine heat releasc rate for a "C" curve fire.

From Attachment 1, for a fire to last 42 pinutes,
5 lbs/ft’ of combustible or 40,000 BTU/ft’ must be
consumed. This equates into a heat release rate

of 40,000 BTU/ft? + 42 min. = 952 BTU/ft’ min.

Deterrine the heat release rate for a "E" curve
fire.

From Attgchment 1, for a fire to last 12 minutes,
2 lbs/ft* must be consumed.

This eguates into a heat release rate of 16,000
ATU/ft? + 12 min. = 1333 BTU/ft?® min.
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BTU/min or 2313 BTU/sec.

This effectively reduces the fire heat release rate from
6131 BTU/sec to 3818 BTU/sec. This would reduce the fire
plume temperature at the support to:

aT = 300(Q)**/H"’ (5.1.a)
aT = 300(3818)° /(100"
AT = 1579

Tt = 1579 + 75 = 1654°F

which is a 586°F (2240 =~ 1654) drop in fire plume
temperature almost immediately, without crediting the
reduction of the (source) fire size that will follow
due to lack of reradiation.

Cooling effect on support steel: The smallest possible
area of the support exposed for cooling would be l:gg'in.
(.16 ft.) owv— : , for a
cooling effect on the support of:
& 3t
.16£tT X 1388 BTU/ft/min = 222 BTU/min. per ii. or
3.7 BTU/sec. per ft.

With a weight of steel of 8.2 lbm/ft., using 1100°F as the
steel temperature (Cs = .172 BTU/lbm °F), the support would

cool off at a rate of 2.6 °F/sec.

Qiﬂ.lﬁ
CALCULATION IDENTIFICATION NUMBER

<0 OR W.0.NO UIVISION & GROUP | CALCULATION NO. |OPTIONAL TASK CODE| PaGE &S

163,98 A EL - 2=FP=0042, Rev. 0 50 Q

5.4 Determine the effective cooling of a sprinkler
From Reference 3.6, the minimum design density for
sprinkler systems is .19 gpm/ft’.
From Reference 3.26 (steam tables), to raise water from
104°F (max. design temp.) to 212°F and evaporate into stean
takes approximately 1100 BTU/lbm or 9130 BTU/gal.
Based on assumption 2.11 the c¢ooling effect would be .8 X
9130 or 7304 BTU/gal. Therefore, the ef.ective cooling
would be:

7304 BTU/gal X .19 gpm/ft’ or 1388 BTU/ft’/min.

For a transient (hydrocarbon fire) based on assumption 2.5,
the area of coverage for one sprinkler would be 100 ft*
(10" X 10’ area) and would have a minimum flow of 100 X .1¢
= 19 gpm or an effective cooling of 19 X 7304 = 13.9 X 10*
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2) Room 2-074A (Fire Zone 25031)

This room contains Firezone ‘R’ cable only
(no Thermo~lagged raceways). Review of the
Unit 2 Fire Safe Shutdown Analysis (Ref.
3.21) has determined that this cable is not
required for safe shutdown. The safe
shutdown concern relative to this cable is
outside Room 2~074A in the corridor (Room 2~
070). This corridor 1is located in a
separate fire area (2SB4) which  has
sprinkler protection. Therefore, a support
failure in this room would not affect safe
shutdown. Accordingly, based on the hazards
in the area (Ref. 3.14) and administrative
controls (Ref. 3.31), these configurations
do not require further analysis.

Rooms X~-172 and X-172 (Fire Zone AA2la) and
Room X-208 (Fire Zone AA21c)

Due to the reguirement to protect the
supports for a distance of 9 in. from the
protected raceway for heat path, field
walkdown per Ref. 3.23 has confirmed that
the supports are completely protected with
Thermo-Lag. Thercfore, based on the hazards
in the area (Ref. 3.29) and administrative
controls (Ref. 3.31), these configurations
do not regquire further analysis.

Room X-165 (Fire Zone AA21la)

There are only two (2) Thermo-Lagged
conduits in this room (Ref. 3.23) and the
first support is approximately 6 ft. off the
floor with the majority of the support
protected for heat path (9 in.) Room X=-165
is designated as a "NO STORAGE" room (Ref.
3.31) and has a maximum permissible leading
of 37,300 BTU/ft’ per ref. 3.28. The actual
combustible loading for this fire zone is
10,500 BTU/ft’ (Ref. 13.29) which is wel)
below the 40,000 BTU/ft' reguired for the
support to yleld based con the "C" curve.
Based on the low combustible loading, the
fact that the majority of the support is
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Ceonclusions

For all areas provided with gprinkler system protection and
containing unprotected receway supporte (except for 9" heat
path protection), a design basis fire will result in
suppression system actuation which will in turn suppress
the fire prior to support yield.

In Rooms 2-066 and 2-074A, the Firezone 'R’ cable is not
required for fire safe shutdown. In Rooms X-172, X-173 and
X=208 the raceway supports are adecuately protected based
on the hazards in the area.

In Rooms X-165 and X-215A, the existing leve. cf protestion
for raceway supports in conjunction with the administrative
controls in piace provide an acceptable level of
protection.

In Room X=-174, based on the hazards in the area and the
degree of administrative controls (which will be further
reinforced as described in Section 5.0) acceptable means
are provided to ensure exposed raceway supports will not
fail under fire conditions.
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REPRESENTATIVE/ENVELOPE CONDUIT EURPORT CONFIGURATION

Various configurations of condui% supports are used for Unit 2,

The attached sheet provides the bending stresses due to dead weight
and thernmolag wveight, for the worst cases.
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