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POS

The purpose of this calculation is to evaluate the absence of full area automatic
fire suppression and detection for the Boric Acid Tank Area containing the
Appendix R Cables (CAQR SQP300260 identified four Trained cables) being routed
through the auxiliary building on elevation 690 in the area between column lines
All to Al3 and from Q to R. These cables are in conduit and are wrapped with a

one-hour fire wrap.

In order to evaluate the effects of a fire in this area, a detailed fire hazard
analysis has been performed in accordance with the guidelines set forth by the NRC
in 10CFR50 Appendix R, Section 1I.B, NUREG 0800 CMEB 9.5-1, Section C.6 and
Generic Letter 86-10, enclosure 1, item 5. This calculation will justify the
existing routing by proving that the level of combustibles in the area having no
automatic fire suppression and detection is very low and thereby does not
constitute the potential for a credible fir. capable of disabling the existing

cable,

U ION

Transient combustibles will be controlled in accordance with PHYSI-13.
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SOURCES OF DESIGN INPUT INFORMATIOW

1. 10CFRSO Appendix R, NUREG 0B00, and NRC Ceneric Letter #6~10
2, TVA drawings 47wW491-21(rev.E),-63(rev.C)
3. TVA CCD drawings 1,2-47W920-4(rev. 1), =-S5(rev., 0)

4. ARSK drawings, series %0, 100, 200, 300, 400, 500, 600, 700, 800, & $00.
(Presently unissued drawings kept in EEB but to be under another number)

5. PHYSI 13 rev.5$

6. Fire Hazard Analysis Walkdown Procedure (Instruction No. 5M1-0-26-7 RO)

7. FAX from Anamet Inc., R, Picard dated Jul 26, 1990 (Attached, page _G2 )

8. TVA Mechanical Design Standard DS-M17.4.1 rev.0, "Fire Hazard Analysia"

9. Hydraulic Calculation AB-26-ABMO rev.l,(RIMS B25870908 a15)

10. SER (RIMS L44860606620) on Appendix R with approved deviation number 11 & 1.
rejarding 20’ separation with no intervening combustibles in the auxiliary

building & areas with insignificant combustibles.

11. FHA Calculation EPM-MHS5-053089 Rev. 1 (B87 900725 001), Eval. of Neutron
Source Range Cables on elevation 6%0.0 in the Auxiliary Building

12. CAQR SQP900260 - recognized that 1 hour wrapped Appendix R cables were in
an area without sprinklers that did not have a documented FHA.

13. Manville - Thermal/Acoustical Insulation products Bulletin IND-3211 7-84.

(pages _Dl )

14, Fire Protection Handbook, by A.E. Cote & J.L. Linville, loth Edit., 19886
(pages _J1 through _JS )

15. Thermal Insulation, by John F. Malloy, 1969 Edit. (page _E3 )

CONVERSION FACTOR

To convert from MJoules/Kg te BTU/1b, multiply:

/MJ) (BTU/1085.04J) (Kg/2.20464b) =
BTU/1b)7(MI/Kg)

Factor = (1E6 J
2 430 (
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The area in question was determined by comparison of the cables to be protected.
Per the CAQR SQP900260 the following cables are involved;

Interaction
Gable No. _ Description Channel/Train  __No,
2PM208711 U2 - RCS Pressure Control 11 7 B 49
2PM20801 U2 - RCS Pressure Control j g | 45
2Pt 20841 U2 - Secondary Side P ssure Gt A | 51
Control
2PM1086111! U2 - RCS Inventory Cc.atrol 111 / A 92

The RCS Pressure Control cables, as the name describes, are the instrument sensing
lines which return the pressure signal of RCS (Rasactor Coolant System) pressure to
the Main Control Room. This is an essential signal for proper reactor contrel
during both operation and shutdown.

The Secondary Side Pressure Control cable is a return signal of the pressure in
the secondary side or Main Steam side. It is an essential signal also for proper
reactor control during both operation and shutdown in providing information of
sufficient heat removal capability by the secondary side.

The RCS Inventor, Control provides the signal indicating the level in the
pressurizer and 1s used in conjunction with other instrumentation signals to
ascertain the amount of reactor coclant in the system. This is also critical
to reactor control during both operation and shutdown in preoviding information
of sufficient heat removal capability from the reactor via the reactor coolant.

Pages _Al_through _A3 show the routing of these cables in this irea.

The train B RCS Pressure Control cables were selected as the target cables
because they are routed closer to the Q line wall and will ¢reate a lesser area
to analyze. Only a single train need be considered as 10CFRS0 Appendix R
section III.G.2 requires a "means of ensuring that one of the redundant trains
is free of fire damage..." e
The RC3 Pressure Control train B cable 2PM208711 becomes the target component for
this calculation since the space bounds the same spice needed for cables 2PM20841
& 2PM1C86III. If the RCS cable 2PM208711 can be analyzed to reasonably prove
that there is insufficient combustibles to compromise it, then cables ZPM20841 &
ePM108BI1I are also protected. Page _Fl _1is the data sheet prepared for these
cables.
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(The application of the Appendix R II11.6.2.c criteria was cited by the CAQR,
reference 17, as not in compliance for this area. Paragraph 111.G.2.c requires
that these redundant trains be in a one~hour barrier (or wrap) and have both
suppression and detection systems installed in the area. Another Appendix R
requirement often used instead is Paragraph II11.6.2.b which reguires that
redundant cables must be separated by more than 20 feet, have no intervening
combustibles, and have both a suppression and detection systems installed in

the area,)

A general layout of the area includes three large tanks containing boron water
solution and associated pumps, piping, and electrical equipment that are part

of the CVCS, Chemical Volume and Control System. Pages Bl _ and B2 are sketch
maps of the area. The numbered arrows indicate the location of photos on

pages B3 through _B6 of the area. Also, page _B7 1s a layout of the RCA
(Radialogical Controlled Area) boundary in this vicinity,

(This area was inspected on May 23, 1990 and again on Jun 29, 1990. During the
period of Jul 9 to Jul 19 of 1990 it was visited for preparing the sketch maps
and pictures attached.)

The target area required for analvsis is shown on page Cl . This represents what
is needed to protect the train B RCS Pressure Control cable assuring "that one of
the redundant trains is free from fire damage." The double line is

20 feet from the outermost corners of the cable to a recognized fire boundary
wall, These cable corners are identified by an arrow., If this calculation

can reascnably prove that there 1s insufficient combustibles in this area of
influence to compromise this cable, then paragraph II11.G.2 of 10 CFR 50

Appendix R ia satisfied. However, the area of influence can be further
reduced. Page C2 shows the sprinklers located just West of R column line.

A portion of the subject area is sprinklered which complies with Sequoyah’s
deviation criteria (Attachment | of Fire Protection for Appendix R,
SON-DC-V-24.0) establishing enhanced sprinkler coverage for intervening
combustibles in the 20 foot scne of influence. This deviation nuaber 11 (RINS
L44860606620) to Appendix R section 111.G.2 requirements was arproved by the NRC
on May 29, 1986. Page _F2 is the data sheet prepared for these sprinklers.
Therefore, the analysis herein need only address the remaining area. This
remaining area 1s the area of influence. It is shown on page _G4 and 1its amount
of square feet is calculated on page _C5 . The area of influence i3 completaly
within the RCA boundary.

Per reference 9, the total flow from all the gprinkler heads located in the
immediate adjacent area (which includes the seven sprinkler heads within the
area of influence) 1s 826 gallons per minute. This results in an average actual
delivered density of 0.55 ¢pm per square foot based on 1500 sguare feet. Note
that this exceeds the maximum density required by NFPA 13 for Extra fdagard Group
& (the mour gevere clasesification), which is 0.37 gpm per square foot, The

deaign ification 18 Ovdinary Hazard Group 2 and requires 0,16 gEm per square
foat To: fire area.
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This area of influence contains many non-combustibles., Those most notable which
are the numerous cables inside conduits and the pipe insulation on CVCS piping.
Page _F3 1is the data sheet prepared for these non-combustibles. Cables inside
fire rated conduits are considered non-combustibles as noted by Guestion 3.6.2 of
NRC letter 86-10. The pipe insulation consists of calcium-silicate which 18 non-
combustible. See page Dl noting flame spread, fuel contributed, and smoke
spread all equals zero.

In-situ combustibles consists of two items as shown the data sheet on page _F4 .
The first, tank insulation, consists of loose, flexible, fiberglass insulation
covered with an aluminum jacket. Briefly, its only contributing combustible is
the resin used to bond the fiberglass. This resin can be made of many substances
but a conservative synthetic butyl rubber of very high heat combustibility value
was used. Pages _E1 through _E5 of this calculation describes and calculates
in detail the contribution of heat of combustion from this source. As noted, the
contribution of heat from this source 1s very conservative but further, the
insulation’s metal jacket would restrict the fire intensity to even a lesser
affect on the target RCS cable. It would cause a slower, low temperature,
smoldering effect which would consume most of the combustible material before
escaping the jacket to affect the target. Note that the 2 inch thickness spreads
the volume out considerably so that only a limited amount is in close proximity to
the target. The result is that a much smaller effective actual fire contribution
is expected than calculated.

The second combustible is the waterproof flexible wrap on the flexible conduit

at various electrical connections in the area. Pages _Gl and G2  of this
calculation describes and cal-ulates in detail the contribution of heat of
combustion from this source. .t also is very conservative because less than

40 exists. Actualily, less than 20 flexible conduits are visible in the area

of influence from the RCA boundary,

The amount of transient combustibles in the Auxiliary Building is the
responsibility of the Fire Protection Manager and is controlled in

accordance with SCA 66 Plant Housekeeping and Physical Security Instruction
(PHYSI 13)., It is conservatively encompassed as two aluminum-plastic ladders
and a 5 gallon container of Heptane. The transient fire load has been

calculated on page _Hl and _H2 .

P rL————
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SUMMARY COF RECULTS
BB RANAL - ccaie i, | e
Tank Insulation - 2.333 tanks x 853,000 = 1,995,000

(2-1/3 tanks in the area of influence sea

page _Cl ; see page _E2 )

Waterproof Flexible Wrap on Conduit - 465,000
(40 conduits, 64 lbs, see page _GCl )

TRANSIENTS

Ladders - 2 ladders x 746,500 = 1,493,000
(40 lbs each, see page _Hl1 )

Heptane - 800,000
(5 gallon container, see page _H2 )

Total 4,753,000

[o) (=] Qadin

The total coubustible load i1s (Are: from page _CS )

4,753,000 BTV /7 456 Ft* = 10,423 3TU/Ft?
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CONCLUSIONS

The RCS Pressure Control cable, Secondary Side Pressure Control cable, and RCS
Inventory Control cable all have a one hour UL rated fire wrap. Per Fire
Protection Handbook, Table 7-9B, page _J5 , the fire solerxty for one hour
equates to 80,000 BTU/Ftd: The total combustible floor loading is

10,423 BTU/Ft? implying that the extent of a fire is limited to an average of:

10,422/80000 = 0.1303 hours or 7.82 minutes,

Based on this value, the one hour wrapped cable should easily survive any credible
fire in the area. Therefore, there is insufficient combustibles in this area of
intluence to compromise this cable,

Congidering that the tabulation of combustibles represents a conservative bounding
(conservatisms were noted in the individual tabulations of this calculation), the
fire severity is actually much less than this 7.82 minutes.

It 18 reascnable to conclude that the cables in this area will be unaffected from
any credible fire. Even so, the fire fighting personnel could be expected to be
in attendance of a fire in this area within one hour. This location being on
elevation 690 on unit side of the Auxiliary Building is easily accessible for
fire fighting control. This general area can be reached in less thaﬁza minute
from the main entrance door to the Auxiliary Building. It is 1m-ed1atef?'kdgacent
to the aisleway. Although unnecessary, this is further assurance of cable
oparability,

This analysis has shown that the existing route of the train B RCS Pressure
Control cable, the train A Secondary Side Pressure Control cable, and the
train A RCS Inventory Control cable each with a one hour wrap and the absence
of any significant combustible material is adequately protected. This is
within the bounds of TVA deviation 12 having low combustibility loading and

no fire detection and/or automatic suppresaion. This space does not present
a significant fire exposure to redundant safe shutdown components and complies
with the intent of the separation requirements of lOCFRSO Appendix R section
I11.6.2 for the unprotected area of the Boric Acid Tanks.
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TABLE 5 11A. Heats of Combustion and Related Properties For Pure, Simple Substances*

s ah, Cw Co
w Oxygon- T Latent Liquid Veapor
Mnlec- AN ahg luel Bolling Hoat of Heal Heal
viat  Gross  Net ahrg Mass  lemp.  Vaporization Capacity C.n%
Material Composition Veight (MJkg) (MJkg) (MJkg 0y  ratio *C) (Rikg)  (kIKg-C)  (ki/kg-
cyclopropane Caky 4208 4970 4657 12.61 J.422 ~329 - 1.82 1.23
(decahydronaphthalens) — os-decalin
cts-decain Ciotie 13024 4549 4263 1270 3.256 195.8 J08 1.67 .
n-decane CroMe 14220 4764 4424 12,69 J.486 1741 278 219 1.68
diacetylene CaHy 5006 4660 4572 15.89 2877 103 - - 147
{diamine) = hydrazine
diborane HyB, 2769 7980 7980 2202 3487 -92.5 - - 1.78
dichloromethane CH,Cly B4 94 6.54 6.02 10.6% 0565 207 330 1.18 0.60
diethyl cyrlohexane CinMro 14026 4630 4217 12.58 3422 174 1.67
diethyl othioe Ctl i@ 7412 0878 2079 13.04 2.500 348 60 2.4 1.82
(2,4 dilsocyanotoluane) -« toluone dilsocyanale
Idiisopropy! ether) — so-propy! ather
dimethylamine CatyN 45080 3866 I528 13.24 2862 6.9 - - 1.60
{(dimethyl aniline) - xylidens
dimothyidecalin CiaMee 16630 4570 4279 1318 3.264 220, 260
(dimoihyl other) -+ methyl eiher
1, L dinwihyihydrazing
(VOMH) Cal laNy 6010 3296 .2003 1410 2.130 2% 578 273
dimethyl sulloxide CsHeSO 7813 2988 2019 16.30 1 843 109, 677 1.89 194
1.2 dioxane Cal1yOq 8810 2657 2458 9 66 2.542 105. 404
1.4 dioxone Cil a0y 6010 2683 2484 977 2542 1011 408 1.74 1.07
elt.ane Cslia 007 5187 47489 1275 372 -go 8 - — 1.78
ethanol CaMs0 4607 2067 2681 12.87 2.084 78.5 837 243 1.42
(eilene) - + ellylene
elliyl acetale Ci Oy pA10 2541 2041 12.89 1816 7”72 67 1.94 1.29
elliyl acryinie C.HiOy 001" 2744 2569 1309 1918 100 290 1.14
ollyinimne CsN 45u. 0863 3522 12.23 2662 166 - 289 1.61
eihyl borzene Cullia 10616 4300 4093 1292 3168 136.1 339 1.78 1.21
elhylene Catly 2805 5030 4717 13.78 422 -1039 - 208 1.56
elhylene glycol C;Ha05 €207 1917 1708 1222 1.289 197.5 800 240 1.56
olliylone oxido CaH,0 4105 2968 27865 1520 1.816 107 - 1.87 1.10
{nthiylenie bichindn) + ehioroolhylonn
(ethyl othnr) + dioihyt olhor
lormaidohyde CI,0 003 18768 1700 1622 1.066 -193 - - 1.18
farmve acid CHy0q 46 02 552 458 1318 0348 100.6 476 218 .98
turan CJd 40 geo/ e 9N 13,86 2118 A 398 \ 0.06
w-D-glucoset CaM 1204 8016 1555 1408 1 1.068 —_ - - -
I (glycoting) = glycarol
alycerol C1HaOs 9210 179% 1604 13.19 1.216 290.0 800 242 1,28
(atycerol riritrate) = altroglyernn
-hepin CiHa 10020 48.07 %_ 12 68 3513 98 4 218 2.20 1.66
% Cillys 00 10 A7 44 12 95 3422 336 7 217 158
hoespdeeann Cial s 20640 4725 4008 1270 2462 2067 086 222 1.84
hexamolliyidisioxane  CgllSi:0 16228 3800 365390 16,16 2.064 100.1 192 2.01 —
(hexameihylenglatramine) - mothenaming
n lexane Collia 8617 4B 4474 12 68 3528 687 335 224 1.66
n-hoxone Gullyp D418 4757 Ada4 12 99 3422 62§ 333 2.18 1.87
hydrazine My 3206 5200 4904 48 10 0.998 135 1180 3.08 1865
hydrazowe ackd 1My 4302 1628 wam 79 40 0188 87 690 — 1.02
hydioaen H, 200 14179 13080 1635 8.000 -g82.7 - - 14 42
(tychingnn azido) =« hydiazoe asid
iy hgen cyanive e 2700 13068 1308 802 1.400 257 233 286t 103
hythogen sulhdo H.G J100  4AB54 4725 1677 2817 ~800 548 - 1.00
makete anhyarige CiL0O, 740 1877 1n1? 1401 1.297 2020 -— - -
molpimine § CyllaNg 12613 1558 1454 1273 1142 - - o - -
mothane Cil, 150t 6550 S0M 1251 4 000 -161.8 — -_ 22
methangl (o4 N} 80 2260 1904 1229 1.500 648 1101 207 1.
e | Callplly 110 10 2207 2000 1367 2054 - — — -
2 iweshoryethianol Gl 1404 may 212 2102 1302 1 po2 124 4 583 220 "
et yiaming S a106 M8 3082 132t 2219 ~63 - - 1,61
(2wl Lhginnol) <. o nnyl alcohol
{tenfingl ahiorein) = dichiorinnnthane
ety ity CALO G  dif0 2004 12 841 2 084 -240 i - 143
methiyt siligl Eotpne G0 2o iR 3146 1208 2 44 96 434 2.30 4
toeliyioaphithalone .11, M2 19 408D 392D 1205 3030 244.7 223 158 1,12
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Table §-118, Heots of Combustion and Relaled Properties for Plastics®

fe Cou
Qxygen- Heal
w ah¢ Ahe Tuel
it Molecutar Gross Net Ahr, Mass Solig
Materal Composition Waight (MJ/Rg) (MJ/xg) (MJ/kg 04) ratio (Jxg-*C)
acryionitrile-butadiene - - 35.26 32.78 1.41-1.5§
Styteng copolymer
bisphenol A epoxy CivasM20.97Ca aalMo s 21210 33.53 31.42 19.41 234
butadiene. acrylonitrile - — 5994
37% copolymer
butadiene/stytene Ceoretaoe 56.30 44 84 4249 12.11 J.241 1.94
8.58% copolymar
butadiene/styrene Canotie 20 61.55 44,19 4195 13.07 2.209 1.82
25 5% copolymer
celluiose acetate CiaMaCy 208.14 18.88 17.66 13.25 1.233 1.34
(rlacetate)
coliuiose acetate CiaM1eOy 274.27 23.70 223 14.87 1.517 1.70
hutyrate
poxy, unhardened “.HgOg 'y 496 .62 J282 31.32 13.08 2.400
. hardened CasMisOs s 644 74 3027 2890 13.01 az221
mﬂ:mmo l;wmﬂdﬂwdo CetaNg 162.00 18.33 18.52 12.81 1.481 1.46
{Formica
nylan 6 Cot{NO 113.08 30.1 =317 200 -298 12.30 233% 1.52
nylon 6.6 CiaMaaN;, 04 226.18 316 «31.7 205 -296 12.20 2.405 1.70
nylon 11 (Rilsan) CuHy 12 18314 36.99 34 .47 12.23 2.796 1.70-2.30
phenol lormaidehyds CisHi204 g24.17 279 -318 26.7 -204 11.80 2427 1.70
“loain 216 274 202 -26.2
polyacenaphihalene CiaMy 152 .14 3029 3814 12.9% 2045
polyacryloniiriie CyMsN §3.04 d2.22 30.98 13.70 2262 1.50
polyaltyiphthalaie CuMi0 198.17 27.74 26.19 9.54 2.748
(polyamiges) -« nylon
poly- 1 4.buindiens CMy 5405 4519 4278 13.13 J.258
poly- ! -bulene CuMy 5608 46 48 4325 12,68 J428 1.88
polycarbonale CieHiOy 254 19 3099 20.78 13.14 2.266 1.26
polycarbon suboxide MoN 66.03 13.78 12.78 14 64 0941
polychiorotriliuorethylene CaF,Ct 116.47 1.12 1.12 204 0.549 0.92
polydiphenyibutadiens CraMig 202.18 39.30 8.2 13.08 2.808
polyester, unsaturaied CoriHa 2301 08 101.60 216 -298 200 -28.6 11.80 2.083 1.20-2.30
polyether, chionnaled CeMaOCYy 164 97 17.84 16.71 1245 1,042
lens CiM. 2803 46.2 ~46.5 43,1 -4 12.63 425 1.83-2.30
CeM0 4402 26.65 2'#- 13.87 1.817
polyethylens terephthalate  C, M0, 19211 2218 21.27 12277 1.686 1.00
polylormaidelygn CH,0 30.01 16.92 1586 14 88 1.066 1.48
poty- 1 hoxoio sultane Cal11380, 14813 29.78 2900 14 40 1944
polyliydrocyanic acid HON ero2 23.26 2245 18.17 1.480
(potyisodbutylene) ~= poly-!-duiene
polyisocyanurate loam - 263 222 -26.2
polyisoptene C. My 68 06 44 90 4220 12.90 J.29
poly-J-methyi. 1 bulono CuHio 7008 46 55 43 42 1267 J.426
polymetiyl methacrylale CiMHaO4 100.08 26 64 24 88 1297 1918 | 44
poly-d.meihyi- { .pantene CuMig 84 08 46 82 4329 1267 3428 218
poly-a-methyistyrena CaHig 18.14 a2Nn 40 45 13.00 3118
poiynitrosthyiene CoM3 0N 7303 15 06 15.06 19.64 0.767
polyoxymethytene CH,0 30.01 16.83 15.65 14.68 1.066
polyoxytrunethylene CsHO 58.04 31.82 29.2% 13.27 2.208
poly- ! .penteng CsHio 70.08 45 58 4245 12.39 2426
polyphenylacetyiene CaHe 102.09 40.00 38.70 13.00 2978
polyphenylene oxide CaHal 120.09 34 59 3313 12.09 2.5 1.34
polypropene sullone CtH S0, 106 10 2382 22.58 16 64 1387
poly-{-propiotacions Cyt, 0, 72 14 19.28 18.13 1362 1.391
polypropyiens CyHn 42 04 4627 4323 12.62 2824 210
POlYRIOpy .. @ Oxide C.HsO 50.04 317 2890 1311 2.208
polystyrene Catly 10410 414 <425 397 -398 1293 3074 1.40
polystyrene lgam - 97 J56 <408
polystyieno loam FN - 412 «429
polysullones. butene C.HaS0, 120 14 “404-2647 22.25-25. 0 1470 1.598 1.30
polysutiue s J208 82 872 274 0988
== polyletralivorpethyiens CoF, 100 02 5§00 500 7.81 0 640 1.02
polytet ahydiofutan CHO 7205 2429 3185 1304 2,443
MUI'. Cv\Hc.Oa"o 318 20 ?‘ 91 23 67 ‘3‘5 LTw
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Table 8118, (continued)
‘s Con
Oxygen. Hoa!
w ahy ahg fuel Copaciy
Unil Motecular Gross Net Ahir, Mass  Solig
Materigl Composition Weight (MJrkg) (MJ/kg) MJrkg 0,) ratio (kdkg-"C)
[ Ce s {NOy 130.30 2380 2270 13.16 1.728 1.75 +1.84
piyureths v ‘oam — 26 -2V 8 212 -280
potywrethe, »-fcram, FR - 240 -250
polyviny! ace' 1o CiHy0, 86 05 2 04 21.51 12 86 1673
plyviny! alcohol CiH O 4403 2500 <3.01 1266 1.817 1.70
pedyvinyl butyral CoH (0, 142.10 3290 3070 13.00 2065
CaM,C! 62 48 1768 1!!2 12.00 1.408 0.90-1.20
o - 2283 1.30-2.10
potyviny! Huorige CoMyF 4602 21.70 2027 10 60 1912
poiyvinylidene chioride CaH,Cly 96 80 10.52 1007 122 oB2s 1.24
potyvinylidene fluoride CaMaF, 64 02 14.77 14.08 11.26 1.250 1.38
wea lormaidehyde CaMe O, N,y 102.08 15 90 14.61 130 1.008 1.60-2.10
wes lormaidehyde-loam - — 14 80
”:nu'ggu- and Grieskey 1972, Krakaier of o/ 1965 Hogon 1976 NBS no Gate. Foll and Scoll 1971, Joshi 1978, Van Kiavelen 1976, Berln ef o 1968,
»oa

Notes to Tables 5-11A, 5-11B, 5-11C, and
5-11D

Heats of Combustion: The heot of combustion s, by
definition, the enthalpy of reaction when fuel and oxidant
ot standard conditions are reacted and form products at
standard conditions. A unique value for he heat of com-
bustion is possible only if these conditions are fully
specified (Rossini 1956; Gray 1972). In notmal combustion
work the standard conditions are taken as:

L. Fuel and oxidant entar at 1 atmosphere pressure and
25°C (208 K) temperatute. An amount of hent, which is
equal to the heat of combustion, is extracted, so that the
products are also at 25°C and 1 atmosphere.

1. The oxidaut is goseous oxygen.

3. The main products consist of Hquld 11,0, goseous CU,,
and gaseous N;. There is no CO formed

4. For fuels containing sulfur, the standard products in-

clude liguid H;80,1151,0. For chlarine-containing
fuels reference status consisting of either liguid HCI in
walor sulution or gasuous Gy have bown used,

5. In the combustion ol silicones, the silicon gous o
arnorphous silica, Sio,.

The state of the fuel--gaseous, liquid or solid-is not
standardized and must be specified. The heat of combus-
tion as defined above is termed the gross or upper value
and is customarily determined in an oxyger bomb calo-
rimeter [ASTM undated a). For common matetials the
value is o negative number; howover, customatil @ minus
sigeis anchuded v the definition to make st of gomibus-
Hon a positive value (ASTN widated b). ifeat of rombus-
tion, enthalpy of combustion, calorific value and heating
value are synonyms, the lutler iwo being used more com-
mouly in the heating industry.

An many cases the products are not cooled down to
25°C. For modest temperature differences the change in the

Table 5-11C. Heat of Combustion of Miscellaneous Substances*

Shy ang
Gross Nat
Material (MJ'kg) (MJikg)
Kolaie (see collulose acetate)
acrylic hiber ag o-go 8
1=2.4
basing powoer at
teliuiold (celluicse nirate and camphor) 176-206 16 4-19 2
toluicse acetate fiber, CyH ;04 178-184 16.4-17.0
teliulose diacetate fiber, CM,,0, 18.7 -
colulone nitrate, CaMeN Oy CatgNaOy/CyM,NLO, 9.11=13.48
iuiose lacetate fibor, C3H..0y 188 176
thaicoal D742 23 2-042
coak-anthvacha 309-348 30.5-24.2
47-382 2)6-282
ke 280-210 200-31.0
ok 261
cotion 165-204
dynamite 54
Mn Cn .N[o nO,.“g,’C‘va .qu:}: 32 8-328 1= 4
Q. arumal 298
Mt powgar 30-21



1 e Tk e e e e e e e e e T — e E—— . —

eV Sen-00~pos2 .

| LM =AM - 073190,

»

S —————. - v - -

| : COMBUST/IBLE MNERT VAiuES [ RITES someureo QWD oure _7-3/- 70

Aﬂ«@ /X i EMECKED At

5122 FIRE HAZARDS OF MATERIALS

~ Tobie 5 11C.  Hent of Combustion of Miscellaneous Substances*

any an{
J Gross Nei
| Maleinl {MJkg) (MJkg)
” fusi oil-Np. 1 PrE
No, § 425
pasketng-chioionullonnied polyetylene (+lypaion) 285
| vitylissong lluorion hexalluoropropyiens
l (Flumiol. Vion A) 14.0-18 1
Hokine LN ] 437
tuel JPy 430
“JP) 45
JPa ane LR
P8 450 40
: kp-asane (jol luel A) a6 4 432
' lanalin (wool lat) 08
' loetf 401
: loathet 182108 x
lighin, Cy 4H,0 24.7-264 20.4-25.1
kignite 22 4-32.0
madactylic ibor 47
haphihg 43.0-471 40 9-409
Avoptone, CorisGl-gum 249
Wi 9.7-268
Nomor (polymethaphanylene isophiholamide)
fiber, CoaM,OfN, 27.0-28.7
ollcastor .y
; linmood 99.2-20 4
il 45 8-460
olivy e
~soiat a1 p
papet-brown 163179
“Mnagazing 2.7
nowspHn 197
wax 218
poraitin wax AE2 431
peal 16.7-21.8
petrolum oty (Cy o aM 2 9510n oy} 458
tnyon libnr 136-198%
rubber b N 7058
bityt
"'-%mrummn CyMa 423
Jdatex loam 330406
QRS 4432
e, auto 3286
silicone rubbet [SiC,MH0) 165-168
Jdpam 140186
sisq! 168
spnndter iber a4
st 170 18.2
show 156
sullurthombie 9.28
SmONOEtnie 928
lobnceo 158
wheat 80
wood boerh 200 187
bireh 200 18.7
‘douglas W 210 196
‘mapie 191 178
“#e¢ o0k 202 8.7
qpruce 219 204
while pine 192 178
hadhoard 199
woodtiour 1op
wool 207-268

" Doorens Lol ot 4l 1927481 NACA 1057 Theore ot 8l 1872 Moore 1678 Domaiskl o 8l 1978 Bostic 1972, Lobanoy and Martynovakays 1072, Ohe o &

1977 Lowne 1962



g s B SQA"'”'QO& mer (r’5 oF
. EPA ~ AML—072/2Q

ComBusrIBie HEVT Vdiuks /. A7

7-3/ =%

{OMPYTED .

APPENDIX J

barg
CHECRED DATE

CONFINEMENT OF FIRE IN BUILDINGS 7.11|

Wt i determine how actual bullding fires compared with
b-mnum represented on the curve (Ingberg 1927,
me) tests Included two sctual bulldinr chat were
dowed o burn to destruction end & series of fires in fire
mistive lest buildings containing contents representative
‘Wolfice, record room, and household occupancies. The
piacipal variable considered In these occupancy fire tests
vy the smount of combustible materials present, which is
#ebond a3 the fire load. Although the ventilation in the test
hildiogs wes not reported, the windows were equipped
wilh sieel shutters thet could be adjusted to conirol ven-
Satlon and maximize fire soverity. The quantitative im-.
prance of ventilation an fire severity was not identified
ofil more than 25 years after these tests. These tes's
fmducted by the NBS provided quantitative data on the
mmpersture history of fires (aat was representative of
Wious occupancies end fire load at thei period of time.
fiw load was expressed as the weight of ordinary combus-
fles 1a the room divided by the floor atea of the room.
Is the aversge amount of ordinaty combustible
' per square foot (m?) of loor area. The temperature
Mstory of the fully developed fires In the threc test
wrupancies was approximately bounded by the standard
fime-temperature curve,
| The N3S developed the concept of equivalent fire
Wity to define the severity of actual fires that had
wious temperature histories. This concept states that the
#mabove a base line under the time-temperature curve of
timt fire, which is expressed in degree hours, is an
proximale representation of the severity of s fire Involv-
by ordinary combustibles. The hase line used represents
& tamperature the materials can be exposed to without
mpairing their fire resistive capabilites. Two fires with
flfuring temperature histories are considered to have
wuivalant severity when the ares under their time tem-
persture curves is s'milar. This concopt permilted compar-
woa of any fire test data to the standard time-temperaturs
turve by relating the area under the test curve 1o th ¢ area
‘llln the standard curve,

FIRE LOAD

t' The original concepts of fire severity and fire load ., re
Y impo:ant wven though they are technically obsolet. .
Dase concepts are the oesis for many of the fire resistarce
muiremants of bullding codes and for government agen-
6. In many coses, use of this original fire severity/fire
bad relationship was more severs than is (ndicated by
'nor accurate analysis. Such resuits are conservative since
(B resultant error Is on the safe side.

' Analysis of NBS tests developad an approximate rela-
Sonship between fire loading and an exposure to a fire
wwtily equivalent to the standard time-temperature
erve. The weight per square foot or square meter of
{wdinary combustibles (wood, paper, and similar materials
[k & haat of combustion of 7,000 to 8,000 Bty per Ib (18
(M110 16 60A 1/kg)] was related to hourly fire severity as
-.hmbvd in Table 7.98,

“ The fre severity/fire load relationship was the Arst
‘mhod developed to pradict the severity of a fire that
;™uld be anticipaied in various occupancies. It was used
;Nmm\lnu resistance required of fire barriers ns well as
fuctural components. Although the technigue has ita
Wiutions, the fire severity/fire load relationship still
Jovides an approximate but conservative estimate of the

TASLE 7.98. Estimated Fire Severity for Offices and
Light Commercilal Occupanices
Oaumlomwmmmwmmm

and shelving
Combustibie hmvm
Contont Approximately
Total, inciuding equivaient o that of
firusn, floor, Heat Polential lest under standard
and trim Assumed* curve fot the
pat Blu per sq ftt tollowing peroda:
$ 40,000 30 min
10 80. 1 he
1% 4 T his
20 160.000 2 hrs
30 240.000 Jhs
40 320,000 4% hry
50 380.000 7 g
60 432,000 8 ey
70 $00.000 9 hes

probable maximum fire severity In residential, Instita-
tional, and some commercial occupancies. Fire load
should not be usod as an approximate indicator of fire
severily with combustibles having s high heat releaseo rate
and when fire conditions can produce temperatures signif
icantly higher or lower than the standard time-lemperature
curve.

Fire load Is a nieasure of the maximum heat that
would be relessed if all tho combuatibles in a given fire
area burned. Maximum heal release is the product of the
weight of each combustible multiplied by its heat of
combustion. In a normal building, the fire load includes
combusiible contents, interior finish, floor fAnish, and
structural elements. Fire lood is commonly expressed in
terms of the average fire load. which is the equivalent
combustitle weight divided by the fire area in square feet
or square melers.

Equivalent combustible weight is defined as the
weight of ordinary combustibles having a heat of combus-
tion of 8,000 Btu per Ib (18 608 |/kg), that would release the
some total hoat as the combustibles In the spoce. For
o ‘amplo, the equivalont weight of 10 1b por sq ft (48.8
kg ) ol » pisstic with a heat of combustion of 12,000 By
per 1. (27 912 /kg) would be:

10 Ib per sq ft x 12,000 Bty per b = 120,000 Btu per sq #

120.000 Btu per sq ft = 8,000 Bty re- * _ ginary
combustibles = 15 Ib per sq i

Technically accurate methods for rolating fire sever-
Ity, fire load, snd fire resistance requirements are comjilex
but can be advantageously used in important specific
applications. Such methods require consideration of pa-
ramotors other than the fuel load, such as ventilation. type
of enclosure walls, and coiling. These mathods are com-
plox snd cutrently too difficult for goneral use in design or
seloction of barrier fire resistance.



ENCLOEURE 3

EQUIPMENT LAYOUT
MANUAL FIRE SUPPRESSION EQUIPMENT
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