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10 CFR §50.12

10 CFR §50.48 .

10 CFR Part 50 Appendix R

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, D. C. 20555

Subject: Turkey Point Units 3 and 4
: Docket Nos. 50-250 and 50-251
Response to Request for Additional Information on
Request for Exemption - Fire Rating of Raceway Fire
i

By letter L-97-181, dated July 31, 1997, Florida Power & Light (FPL) submitted a request for
exemption from the requireients of Appendix R subsection IIL.G.2.a for electrical raceways in the
open turbine building. By letter dated March 23, 1998, the Nuclear Regulatory Commission (NRC)
requested additional information (RAI) in order to complete the review. In accordance with the
NRC request, Attachment 1 provides the additional information requested. FPL’s response
incorporates information requested by the NRC during the May 26, 1998 public meeting between
NRC and FPL.

Should there be any questions, please contact us.

Very truly yours, .

W )

Vice President
Turkey Point Plant _ . é
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10 CFR §50.12

10 CFR §50.48 .
10 CFR Part 50 Appendix R

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, D. C. 20555

Subject: Turkey Point Units 3 and 4
Docket Nos. 50-250 and 50-251
Response to Request for Additional Information on
Request for Exemption - Fire Rating of Raceway Fire

Barriers in the Open Turbine Building

By letter L-97-181, dated July 31, 1997, Florida Power & Light (FPL) submitted a request for
exemption from the requirements of Appendix R subsection III.G.2.a for electrical raceways in the
open turbine building. By letter dated March 23, 1998, the Nuclear Regulatory Commission (NRC)
requested additional information (RAI) in order to complete the review. In accordance with the
NRC request, Attachment 1 provides the additional information requested. FPL’s response |
incorporates information requested by the NRC during the May 26, 1998 public meeting between
NRC and FPL.

Should there be any questions, please contact us.

Very truly yours, -

W )

Vice President
Turkey Point Plant

)
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" methods of ignition. T cowd

'minimized and the test building was satisfactorily protected by sprinkler

FACTORY MUTUAL RESEARCH CORPORATION '*-7"=7

1151 BOSTON-PROVIDENCE TURNPIKE,
NORWOOD, MASS.

September 9, 1957

FIRE TESTS OF AUTOMATIC SPFRINKLER
PROTECTION FOR OIL SPILL FIRES

~
[

I INTRODUCTIOR AND ABSTRACI

At the req_uest o the United Sta.tes Atomic Energy COmmission, the
Factory Mztual Research Corporation has conducted a series of fire tests at
their faéilities at Norwood, Massachusetts. The purpose of the tests was to
learn if automatie sprinklers will protect buildings, such as the Coumission's
gaseous diffusion plants, against fire in lubricating oil a.ccidentally spilled
on the floor. : ;
‘Fire tests vere made involving oil, at elevated tempera.tures , covering :{
2100 sq £t of floor, also at elevated temperatures ’ and employing various ¢

In all of the tests the floor fi.res were quickly conmtrolled and ! . R

discharge at Telatively low pressure. In the fifth test an oil spray dis-
charging: from & nozzle above floor level provided an auxiliary fire against
which the bullding was protected by low discharge from the sprinklers. The
spray fire was 'not extinguished in this case and a steel structural member

-adjacent to' it .was not protec‘lied egalinst severe local exposure

It is. conclua.ed that the Atomic Energy Commission's gaseous diffusion
plants can be sa.tisfactorily protected by auntomatic sprinklers. In the case
of. floor. spill ‘fires. alone; y protection would be complete against general and
indiyvidual strictural failure and against involvement of insulated metal
deck roof’ constriction. In the event of additlonsl fire in oil spraying from

' ,ruptured eq_uipment, general structural protection would be maintained and’

involvement of insulated metal deck roof comstruction would be prevented.
Feilure of individual structural members could occur in this situation if -
such members were so located as to be exposed severely by the fire in the *
oil spra.y.

v s e v
x . R TN

II. OBJECT

‘ The principal objectives of the test program were based on fires in
lubricating oil spilled on a level concrete floor, with both oil and floor

FOR BETTER PROTECTION OF INDUSTRY R SR, ‘W’

l '-1.- o
PRV £
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-

at temperatures which would be expected in a typical gaseous diffusion plant.

1. To determine rate of flame spread radially from a local ignition
‘source with no fire protection.

2. To determine the minimum practical water discharge density from
a sprinkler system required to control and to extinguish an oil spill fire.

- rtsem

3, To obtain with our test facilities information which would lead to
& conclusion as to the effect of ceiling height around the order of 50 feet
in bringing about any significant delay in operation of automatic sprinklers.

Lk, To determine, with and without sprinkler protection, the effect
of an oil spill fire directly exposing structural steel in bringing about
excessive steel temperatures.and in causing elevated ceiling temperatures,

5. To obtain from test results :I.nforma.tion vwhich, combined with
previous test experience and judgment, might lead to an intelligent estimate
of the number of sprinkler beads which might operate due to an oil fire,
g0 as to assist in the design of an effective automatic sprinkler system.

6. Another objective which was developed during the test program was
to determine whether a fire in hot lubricating oil discharged at a sub-
stantial rate :in the.form of an elevated spray could be extinguished or .
controlled by .sprinklers within the range of ‘ordinary discharge densities , and

- what the effect would be of a fire of this type on ceiling and exposed steel

. <y I LA L PR L RTINS W R LI ST Y P R
S AVARTT T L N Aot o b 57 % e L PR A DAOTE oo} 0o 3 s

!

temperatures. i
IIT TESTS SR
A. Method ‘ g |

. M 3 '

All of the -tests were conducted in the high ceiling area of the fire
test building illustrated by photograph’ aund sketches on.pages 24, 2B and
2C, This area measures 40 £t by 60 £t by 33 £t high and is equipped with a
smooth level concrete floor. .It has protected steel; frame construction, ..
12 in, brick walls, and & vermiculite pla.ster on metal lathe ‘celling suspended.
", from steel beams which &lso support a poured concrete roof. The locations and
sizes of doors, windows and roof hatches are given in the sketch on page 2B.

T,

on

el 2

’
e

The sprinkler system employed in the tests 15 a standard arrangement of
2k standard spray sprinkler heads (8 in. below the ceiling) on 10 £t by 10 £t
spacing. There are U4 heads on each of 6 branch lines all supplied by a single
cross main. The cross maein is fed by a riser, just inside the west wall of
the test area, which in turn is supplied by underground piping from the pump
room. Im all of the tests the water supply to the sprinklers was controlled

to Pr%\éide & known discharge pressure at the head indicated in the sketch on
bage .
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Air temperatures 8 in. below the ceiling at. the. élocations shown in
the diagrsm on Appendix Sheet 1 were measured by thermoﬁouples (20 gauge,
chromel~alumel), The temperature of the concrete floor:s»was also measured
by the same type of thermocouples imbedded 1 in, below :Lts surface at
locations shown on Appendix Sheet 1.

:t\ﬁ»_v;\

In order to evaluate the effect of fire. ex_posure dnd protection on
exposed steel structural members a steel test structuretwas erected in the
building. Its construction and” location are i]lustrate’& in the sketches on
Appendix Sheet 2-.and page 2C., The temperatures at 24 lﬁ‘cations on this
structure were measured during,the tests by 20 gauge CA&i’chemocouples imbedded
1/10 in. deep in the steel. Diagrams on Appendix Sheetv; show the locations
of the thermocouples.

A means.of measuring rate of flame.spread was ,prov_f:l.de'd 'bjr placing
Jdabeled Pirebricks standing on end on the floor at 5.ft :dntervals radially
from the ignition point in the point source ignition tests:.; The time at which
the flame front reached these markers was recorded ‘by observers during the
teets. . . . .

Since the tests.were to simulate normal temperature conditions ‘at the
gaseous -diffusion plants ;.8 means was provided to. heat:the.floor,.of the test
areg to at least 130° before ea.ch test and to heat.the:oil to at:least 165°
when spilled on the floor.

B, Procedure R . . o R

‘J.'he egsential fea.tures of all fire- tests were the sa.me. They were:
" ‘_. ks ™~ e 1. ~
1 The, floor vas heated to a specified tempera.ture RIS
2, Iubricating oil (see Appendix Sheet; 11» for proPerties) was heated
to a specified temperature and spilled on the floor of the test area through
a distribution system consisting of: » ot e m»g R L

P

. .‘.-t . raveg, ‘."-”

a. Perforated pipe (1-1/l+ in,) located .along.the: east. and west

ends of" the floor and containing 3/16 :Ln diameter holes 1 ft

on centers., The oll was pumped. from the heated 01l storage tank
to this piping. : T orn e gwAly W . z~=-:: .

\o

b. Drain connections (2 in. pipe) carzving oil by gra.vity head
from the heated oil storage tank to two points on the floor at its
south side approximately 15 ft from the east and west ends.

Three hundred and f£ifty gallons of oil was spilled on the floor
in each test except the last, This gave'a depth of 1/4 in. over
the 2100 sq ft of level floor in the test area. ("Hi-Sect.” frame
area, 2400 sq %, less wall thickness areas, drainage trench area
and ramp areas equals 2100 sq £t). Tipical total time to spill 350
gallons of oil was L-1/k minutes. : :

»

—
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«3. The oil was ignited. (Method and loecation for each test are
describved under "Tegts”, ) ) )

-
:
[

s ]

e
O

!"-.-u
. msﬁi

l+ Follcwing ignition the rate of flame - spread, the ‘burning cha:meter.
istics of the oil and the visible effect of sprinkler discharge were recoa:daa. N
by observers. The temperatures of the floor, of the air at the ceilivg a.nd
of the steel test strueture were recordsd by instruments.

"’m.g

-y

5. Sprinkler a.ischarge was either antomatic (natural) or mman. (by
opehing a valve supplying open heads) depending on the individual test .3 }
::equirement:. -In all cases the discharge.pressure was controlled. .‘:'Yi

c. Test CQnditions ana. Results ('.I.‘a'bulations of the tegt conditions a.na. "‘ :
cbservations are included in the Appendix of this report (Sheets 22 and ‘_-;:
23)." The ro].].mriug dsscriptim :anlud.e only the enezxtial infomation.)..-.

g

" fest 1. . " : . T

The "primary purpose of the first test was to d.etemine the rate i
at which fire spreads -in the oil, Therefore, open sprinkler heads were \m_ed
.and the water supply was'withheld from them until visual, observation of
fire sprea.d had became. mpossible so that all possi‘ble data on uninhibite
spneadofﬁxeintheoilcauld’beob‘bainad --._“

[

The temperaturs of the oil vhen spilled on the £loor was 165 to '1709f
and the temperature of the floor was 130° vhen the oil was 'Lgnited _:-;

. A fire was started in the oi) at the-base of the steel af.ructure's
central column by four gasoline-wet cellucotton :Lgnitora* located one: at -
each corner of tle column, Because these were' slow to start the oil b ng,:
.8 handful of excelsior was added at two Of the coruers at 15-1/2 nin arter.
the ariginal ignitors vere lighted. : s

o
" :

Flame spread in the oil was established at a.bent 16 m:l.n and cont:!.
at an accelerating rate. This rate is.illustrated by the graph on Appe
Sheat: § vhich is a plot of the data. mcorded. by four. obsemra.

[

mnthemdimorthemnmgareahadinmmdtolsrttheair s
temperaturs at the-ceiling was at 1200° and- increasing rapidly, There:rora,
vater was supplied to thé spriuklers at 20.min, 45 sec (spprox. 5 min aﬁ:er
the start of fire spread) &t a controlled pressure of 5 ;pe:l. at the head.s

(.13 sm/sq £t).

P

% fThese ignitors consist of rolls (2-5/# in, diameter, 6 in, 1ang) 2
of 20 ply cellucotton wadding each weighing 2-1/b ocunces, dry. > As’

.used in thase tests they contained 6-3/l4 ounces of gasoline e&gp; ;
absorbed in the roll. . SRR







-5- "
= " Smoke prevented. a precise ‘observation of the time when the 'fire vas
controlled but 1t was possibly as early as 1/2 min after thé beginning of
sprinkler discharge and definitely by 1-3/4 mimtes. At that time only
lingering flame remained along the foot members of the.steel. structure. This
fire could have been completely extinguished by continued sprinkler discharge
.but in order to prevent heat loss from the floor to .the sprinkler water,
which would delay preparation for the following test, the sprinkler water
supply was turned off and the lingering fire extinguished by a 1-1/2 in.
hose spray nozzle 3-3/4 min after the start of sprinkler discharg?
Temperature records on Appendix-Sheets 6, 7, and 8 illustrate the
intensity and duration of fire exposure to the building and steel structure
during the test,

o”v_
ar”

Test 2.

The o‘b,ject of the second test was to determine the effectiveness of

. automatic’ opening of sprinklers ‘as compa.red to the delayed ma.nual control

used in the first test. Standard, upright, 212° heads were used

i DO The oil temperature when discharged onto the floor wag 170 to l75°
and the temperature of the floor itself was 138° at ignition.”” The éir temp-

. erature under the ceiling was 105° F. Both roof hatches (tota.l 56 &d ft)

Y P were opened at'the time of ignition. ) \ -

. n‘a"!‘?

The ignition.source was located-at the base of the steel structure
s as in Test 1. but consisted of a quantity of commercial oil-absorbent

‘ ("speedi-Dri") at each corner of the column; the saturated oil-a'bsorbent‘
%" being ignited by 1/4 size gasoline-wet cellucotton ignitors . Ihis also .
resulted’ in a slow start and fire was not established in the o:!.l “antil about
18-1/# minutes. However, the usua.l gccelerating flame spread rate followed.
wo The f:!.rst automatic sprinkler opera.ted 17 sec after the ,'burning area
F: ‘had grown to a radius of 5 £t (19 min, 57 sec after the’ sta.rt of ‘the test)

: " and and. several additional heads. operated quickly thereafter. ¥ (Sprinkler

S B control .pressure vas 5 psit= ,13 gpm/sq £t discharge density.)‘,' PR

.. The maximum observed fire spread radius was 6 ft at 18 sec after’ the
. . Pirst head opened but the fire was knocked down and reduced to a lingering
: ’-'“‘- '~ flame at the base'of the steel structure one minute after the first.head
‘opened, Again, in order to preserve floor tempera.ture, the sprinkler water
supply was turned off and the lingering flame extinguished by hose stream
at 25 minutes. = - .

A total of 17 heads opened during the fire period. The pattern of
these openings is shown on Appendix Sheet 21.

.
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Temperature records on Appendix: Sheets 9, 10, and 11, cunpared. to /.
those’ or Test 1. 1llustrate the rap:ld. ‘control of the fire produced by the‘
autcmatic (natural) opera.-bian of the’ sprinklers.

‘l'est Ja

Since the ceﬂ.ingheight mthatast area 18 lesg than in same areas
of the gdseous diffusion plants, it was desired to simulate -the effect' of
added. ceiling Height by providing additional upper ventilation in Test 3. 3
the purpose Jbeing to datermine if an appreciable delsy in operation of - .
automatic apa:inklcrl would reault. Therefore, 5 upper window units om the -
aouth*and .west faces of the "Hi.Sect."were opened dbefore the test in excess
" of* the .two hatch openings used in Test 2., The total ventilation ares was
.161’ .8q tt. .. ] -
- In. addit:!.on the igniticn mthoa. wasg’ ehanged. 1n ord.er to elimina.‘be the
long.dslsy in eata‘bliahing burning in the oil as experienced in tha first
two teata.. m new’ mthod. consisted of pouring one. pi:rt: of a 50-50 mix of
gasoline-hroscne into the oll at each cormer of the eteel structure . .° .
,Eecolum at- 1ts' base. ' This primin.g fIuid vag ignited imadia.tely after * )
ponring go *fhc size of the ignition area was-no greater than 1n the p:evim
. _."t..t. AN .r‘ "mf - . .

l..»r ".-"-l- N

. - . - . R "~ .
. K Pmtect:l.on a8 fus s sime as in Tast 2.° " That is, 2!1- autcmtic, atandard,
-t T _'upright, 212°. sprinunr huds with the d:lschu'ge :pcressur- controued at -
YL _Spsi- 13gpn/sq,tc. _ e L

. mtewtmortheonvhcxxapuledontheﬂoocrmlBOtolBS‘
andthete&nperatnm orthe ﬁ.oorvaalB} vhen‘t:he oilvas ignited. The
t :-ceﬂ.in.g ai‘.-.-t turem 95° F .

-
1
.0

. A sprea.ding rin :Ln the oil was established without dnlny and 'bhe i'ediu.a
ofthehmingareareaeheds ttat 1 min, 25 gac and 6 £t at 1 min 45 seconds
The, ﬁ.rat autwa.tic sprinklercpemtedat 2 min, l.gec at vhich time the fire !

o area radius yrobably did not excead T feet. Additional heads. Operated at }
"anﬂn""?uelndﬂw £ire was almost completely extinguished at 2 min, 20 sec
at. vhic.‘n Eima® 11::3!1'1!:3 ‘small flamea persisted only at the north side of’ .
__tln ’gtfel %tmemre toqlg n.:embers. g : ST e -

ettt VTR

“The. mink'hr water vas turned off and a 1-1/2,:Ln. hoae spu:ay nozzle
u&ed tcr mp-up at 3.n1n 55 sec in. order to precerve noor temperatm

) Phctographl on’ page 6A show the behavionr of "this ﬁ.re ‘before ana. Just
after -the first sprinkler discharge. ' It should be borns in mind that the
ph.ctoeu-aphn contained in this report indicate the conditions existing only
at the 'very ‘early stages of the fire. The very niture of a lubricating oil
rire produces extremely large volumes of heavy, dense, black smoka (sce
photograph om page 2A) precluding the taking of pictures, still or motiom,
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Test 3 - Before sprinkler discharge.
Time - about 1 min., 15 sec.

tex 1
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(306-3)

Test 3 - Just after initial sprinkler

discharge.

Norwood, Mass.
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shortly sfter the initial sprea.d of fire .In fact, the smoke density
became so great in from 2 to 5 min after the initial spread of fire that
visual observation at floor level was usually impossible.

Eleven heads opened -in this‘ test in the pattern illustrated by the
diagram on Appendix Sheet 21, It 1s noteworthy that the time req_uired for
sprinklers to operate after fire spread was established in the oil was
2 min in this ‘test compared. with 1-3/4 min in Test 2.

Temperattme records on .A.ppendix Sheets 12, 13, and 14 again illustrate
the quick control of the fire produced by automa.tic operation of the
sprinklers. N N

e

B
Ca
« b ""u

© Tesgt 1{- Al

The purpose ©of this test.was. to determine the action of sprinklers
against’ a fire tha.t might occur in a large spill of oil at or near its flash
roint or; vith simzltaneous ignition in several locations. Under such condi-
tions a. flashover vould .be expected and-a large area'of oil would be burning
before heat could reach the ceiling to actuate sprinklers. This test
also indicates the effect of a delayed water supply to the sprinklers.

In order tohsim.'!ste this situation the oil 'spill wes: ignited in six
locations and. all‘__: owed. | to burn freely while withholding water from open
- sprinklers. unt:L‘L ‘a;, la.rge area of oil was burning.-Also to-simlate added
ceiling’ height 9.].'!. 8 upper window units and the- "Hi-Sect . roof hatches. were

-‘open. -‘ Total nppe ventila.tion area.was 22l sq, i‘t

h‘f“" 1Y
a*"

,:I‘-h

‘l'he ,sprinkler heads were, in effect ail’ open for this test Actually
the 11 héads“Oped: after Test 3. were open "and the. remaining 13 heads un-
doubtedly fused before water was supplied to them., They were all 212°,
standard upright. heads. a.nd the discharge pressure was again controlled at

3%

5 psi = 13 gpm/"' "‘f‘ti' )

g:.;u,n-w £rii

e s ._,:s.,,g..: Gz nuet

Fit the time the 011 was spi]led on the floor it was a.t 184k°, The
floor, was ' not bea.ted since its temperature would not affect the test and at
test time i‘b Vas 109°

weivpds ;fr;i':: .(::",-.. e
. oil"vag ignited by tipping containers of burning priming fluid
into 1t° a't 6Tocetions simultaneously. There was 1 pt of 50-50 gasoline-
kerosene mix in ea.ch conta.iner and they were located in a symmetrical pattern
20 £t on’centers.’ "

Six circular burning areas. of increasing diameter resulted. Typical
diameter growth was-.S £t at 55 sec; 7 £t at 1 min, 15 sec; 10 £t at 1 min,
35 seconds. Two fires merged north and south at 1 min, 4O sec-and two more
at 1 min, 45 sec_at which time the signal for supplying water to the sprinklers
was given., Water actually began discharging from the heads at 1 min, 50 seconds.
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A%t that time th.e total burning area m estimted to be 1400 sq £t or ap™
. mately.2/3 of the whole oil ‘surface:" Bocause ‘observers were forced out
building, o precisé observetion was made of the time .yhen the fire was
extinsuished tut it vas between 2-1/3 and 4 mimutes. D.lring the period dbefo

extinguishmentnames iamdStolOftmrbfromtheuPpervindawsandrrm
the-roof hatches to an’ uneatma:bed :hcight o

i:

.
-

A.‘Ll heads :Ln -bha sprinkler system vere open a.t tha enﬂ. of ’che “test.

1 7’0""— * .

It will de noted in the tmpere.ture records of th:ts test on Ap;pendix
Sheats .15, ‘16, and’ 17 that tha: recordiqg instrumonts” were off. £or a period’’
of approximately, 1 mimute, -This-was cmmea, by ‘the shorting of an a.ctua:binz
circuit' by radiant heat frcm the fire. K On.the basig of other supporting
obgervations 1t.1s belfeved that the maxim tempemtnree were recoxded-’
berore .the.power failure, - &

._" _'- 1Y) ;
1o TR S s

” -' .{
. [T N

’

- Whan water was: suppnedtotheminklexatheeoilingtemmt\mm

1:’200 This ‘shows that water,was vi.thhelﬂ. ‘beyona. ‘the time normally reqnired
N rcw autom.nt:lc sprinklers to operate. 'Hemrthcless, the Tire va.s ,brought’

N :.u.

under control qu:l.ck]ar vithoxrt: damagi.q& errects to tha build.tng . ."'@f{?
et syente o Yir v e §att v

Teat 5.. e e :: '-'?:'_'s _\.‘.?"ilé;‘.,. "‘" "’I.". M_'.‘. ) -' . T "1‘.";?5‘;

‘e .l,. L > wo
- .F )
\.ztd 1~\. TN

o+ i oBJect -of this best-wed: t aafemm"the effSet of an aditional -3
] .riresuchasmightocminom ;
:“conditions. 48 vegards the ofl spilI .fire vere 3
, . that’ améximately .00, '8q £4-.0f £Xoor” a.z-ca. a:b tho ‘east ‘¢nd of the test area’

'-.‘ %2 %ro.ptnrea. ‘equirment. Other" ¢ =

> the Same ag "id Tast 3. exca
was cut:off from the' c:pill aves by: curbs**to fconze::va oil supply, for the s:prav
fire, 'Actually 290 gal of oil was, spi:!led.cnalltoo 8q- £t floor area. The.:

temperature ;of the. oil; vhen spilled wg.rlés- to 1.70" anq. the floear, vas 1 "@
at ignition.\ . _ R, )

ll.
X x e mﬂ"mﬂ S "-'*'-*-'*

. . -;i;";';,.‘:.t
. m oil lea.kage fire vag: simlated by pump:l.hs ‘011 t0 a nozzle (o;pe
"Antmtic 28-600B, SSU head with .316 i.n.,tapond orifice) located 12 rt B
above 'bhe Tloor apd 2°TH mthea.st of the steel structm-e H-colwm, Pimpi.ng
.~to this. overhead nozzle, at.a rate: or 16:8:; gpm, wag begun ‘at 1 min, 23 aec ?
a#.‘te: ‘the ‘floor fire vas started:: ' ""““”,",;c" G e e asdtd
[ Aafaraathe.ﬂocrﬁrem ccncemedit: developdintheusualrashi
. The. radius ‘of the’burning area.m B'ﬁ"at"l min,’ 35 sec. aund. 1t did not excea
. 6, 2% except momentarily. . ‘It wag ‘con'broned 'by ‘the eprinklera,tha first of * .
*which‘ opera.ted at: 1 min, 39 sed} and’ :Lt vaa niniqizca. in’ leas than 3 minmutes,

.>-'r\

The BpYRY ﬁ:e, on the other hand could. not be e:tinguished. i Photo- < B
graplis-on.pages 8A aud 8B ahowthe~tmod'.'the oilsprayand.the behavior Of
the fire that developed.from it. ‘This ﬁ.re ¢sused-all of the sprinkler headn
%o open (probably by 2-1/2 min) and,’slthough the floor fire vas controlled
and the building itself protected’against the cxposurc from both fires by
the 5 psl discharge, the steel etructure continued to register temperature'
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Test 5 -.0il spray filre before
. sprinkler discharge.
(Spattering in o0il on f£loor
is from unburned oil falling
from spray fire.)
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Norwood, Mass.
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Test 5 --Shape of oil spray from
.elevated nozzle.
_ (Not burning)
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in the range from 1400° to 1800°. Therefore » the sprinkler discharge pressure
was increased as follows: .

.19 gpm/sq £t density
.23 gpm/sq £t density
.25 gpm/sq £t density
.31 gpom/sq £t density
.36 gom/sq £t density

At 3 min, 20 sec pressure to 10 psi
" At 5 min, O sec pressure to 15 psi
At 5 min, 30 sec pressure to 18 psi
_At 6 min, 45 sec pressure to 28 psi
At 8 min 0. sec pressure to 38 psi
'J.'his mcreased water discharge prevented further increase of.the 'steel
structure temperature but it did not reduce the temperaturé. Therefore , at
10 min the oil supply to the overhead nozzle was shut off. All temperatures
(See Appendix.Sheets 18, 19, and 20) decreased. quickly and the sprinkler
water was shut -0ff- at 13-1/2 min with the usual mop-up-:by hose stream,

o
S5 TRl R o

v CONGID SION S

g uaunoon

Slunds e

1. Once a f:!.re has been established and begins to spread beyond the
ignition source ’ the rate of flame spread is relatively .rapid:and increases
a8 the fire progresses. It requires about 1-1/2 to 3.minutes (depending
upon strength-of.ignition source) to spread to-a radius between 4 and 5 feet,
about 1-1/2:minutes from 5 feet to 10 feet radius, and only about 30 seconds
for-10 feet:to:15 feet.radius. (Dbservations.beyond about 15 to 16 feet
could - not ‘bezmade in our tests on account of loss-of visibility due to smoke. )

AL{le !ruv NAY .:'.'-

Once an’ oil spin has been ignited and spreading of flame begun,
the rapid.growth:of fire and volume of. smoke .produced indoors is such that
effectivemanmual. fire. fighting: can only be: done within s period of about 5
or possibly 6.:minutes: from in:!.tiation of spread .

el ""z}..z e

2 Automatic sprinklers will stop the spread and extinguish the fire
in.an oil spill on the floor at a discharge density of 0.13 gru/sq £t, - with
some ma.rgin ofisafety.

i IRt Bedimrers, 3
123,22 There would.be no aerious delay 1n operation 0f automatic sprinklers

. at an:elevation-of about 50 or-60 feet from & floor 'spill fire in a large

area.as-compaied:to results in the test building-with a 33 foot ceiling
height .withenosupper venti.‘!at:!.dn. The delay in.operation would be about 15
seconds” representing an- increase in fire radins of.from about 6 feet to
6-2/5 feet..a...- St .
,.-_ -,< -& n ‘ L

ll- Wi'bh a f£loor spill fire around a building column -but with automatic
sprinkler:protection, the results indicate no temperatures which would
result in.failure of structural steel. However, serious distortion and actual
column failure would be expected within a period less than 10 minutes without
automatic sprinklers in service.

Where oil may be discharged in the form of & spray at an elevation
above floor level, whether or not there is ing.tially any substantial oil
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_ spill on the flocr, & fire under thase conditions ray bring about failure

i of exposed steél in the immediate vicinity of the tiré. The discharge from
autamatice sprinklers at any practical demsity may not extinguish the spray
fire. There is no other economically practicable automatic fire protection
means availablewhichvinextinguish such & sprayﬁre at any ona of a
large mmber of possible locatioms .distributed over a wide area, even 1f
it were considered. neceasa.ry to. excingniah . .

—— S———
PR

e amemme -

However, autamatic a:prinlﬂ.era, evun a.t flo‘wing ;m:essurea as low as
S psi; will afford. reliable fire ‘eontrol by limiting dangerous.temperatures
for both structural steel and roof.areds +0 a:location of relatively small
radius laterally from the oil spray. ﬁ.re ~ Consequently,  for. as long as
sprinkler discharge can be mintainea., sericus damage ahau.‘l.a. be well
: loc&lized. . D -vaq. [N .—.--:""- .

_’ ...-no

o

! 5. Our tests mdicate that «'cr:l:l:h an oil sp:L'Ll ﬁ.re on tho ﬂ.oor a.nd a
singlemllignitionsonrcemtomatosftinaiamtar .the numbex of.*

: - autematic Bprinklerc which might be:;expected-to operate when suyplicd at
‘ 5 psi pressurs would probably not- excaed: 215° hezds.. Even under somewhat

o t1a% hetmels dufecin ineameny ¢80 m b "

unfavorable conditions ‘of. interferenee aath’ e:p:rinklor distribution by piping
or. structural elements no.more than 20 ‘heads vould. be expectea. to, apen. o
‘-'L':::' “orivik. Zea, W
. ) Ifameshmldstartandsmeadsinanouspmmamvolving s
several: hundred ‘gallons of oil vithath.e .vater: 'supply to-sprinkiers. ehm:orr,
large numbers. of heads would be expeetedfrto o:pcn go.that the..vater discharge
density fonovins d.elayed. restomtion of va.ter supply might be. reduced to-°
a8 tcta].ly innr.f.ective value, - - a,;.a a.,.., u.“.. .
y Se " .;I},.,. i "\‘;" shs amt
It is d.if:ricult to es’cimte the ‘mumbex ‘of" sprinkler heads wh:l.ch might
be. operated in the event ‘of a cozrblqnons well distributed fine.oil spa:aw B
fire, but ocur.best estimate based “en: “tha-test.results and ocur ba.clground i
.of .previcus oxperience is that m'mie.ht iexpéct: the mmber of heads to be
opened’ ‘eventualiy would de inthafordﬁr'ot»frcmhoto .60- heads:for an oil
spray around 10 gpm,.aund-for' mga- ou‘aprardiacharge rates a- cmespondi
greater mumber ‘'of heads, -If a break. sHould occur, releasing oild in a ooldd:
stream.or with poor distribution and '8, minumn of atomization, a-smaller
. uumbex:‘of hea.da might be openead even a.t Jm.'ger oil dd.scha.rge rates,

v, “ J“'u' df‘

Pl 5t TS e PY PR TR ST 2 e e e L e e
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. considerins the constructicmana. occupancy ot thase planta, it is
expected -that properly designed. sutczatie. aprinkler yrotection would .

. »!
4
"\,-. 'n.",..' . e 2
.
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,~ be effective despite the opening of large numbers. of.heads, in view of the
strong water supplies now being contemplated for the sprinklers.
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View of fire test building from southwest. .
(Photo taken during Test No. 5). ) ©
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Discram oF TEsT ArEAS AND OPENINGS Page No.28
o Busrroinve No. 78 ~
Veritical Dimernsions Are Clear
Horizontal Dimensions Are frame Dimensrons
Scale 1" = 20’
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j-2 . Appendix Sheet. 1
. LOCATIONS AND /[DENTIFICATIONS
OF FLOOR AND CEILING
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13434
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STEEL TEST STRUCTURE

All 8“I Beamns st both the 104 & Floor Levels are 5'/ong.
The Members forming the 20+ Horizornts! Level were cut to
make & 10'x 10° Square. The Assembly was formed by Elec, Arc Welding.

'
/‘/OM' R.C. Rot MNo. 1343+ -
“wood, Mass. 9-9-57
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LOCATION 0/" THERMOCOUPLES ON STEEL STRUCTURE

13434
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Appendix Sheet 4

g PROFERTIES OF LUBRICATING OIL USED

0.C. " 0.C.
Viscosity Flash Fire
Test _No, Type of 0il Used. - 77° F 165° F Point = °F Point = °F
1, 2, and 3. Gulf - "Pdaragon 41" 5 min, 36 sec 59 sec 345 365
. 3. -t 1 -
4 end 5 Sﬁégﬁ_"gg: 2]8_"‘;' 3 min, 28 sec 48 sec 345 355

¥Proportions areﬁby;volume; ‘The original: intent was to use Guif
"Paragon 41" throughout. Gulf "Paragon 38" was used in the
proportiqys shown due to an inadequate. supply of Gulf "Paragon
41n, : .

-

Pactq

yovory Mutual Research Corporation
“0rvo

od, Massachusetts

Report No. 13434
Sept. 9, 1957
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Norwood, Mass.

oQ ox o2 ¥
om oY oW ]
I
=z _ Y
| 18
AL0 S Aesds T S . m
] 1
100t . o .wll.
‘S YLIS|RE 15T GE T :mw
Y S | 2
X €0 P ] .
m "5u]¥295 A€ 15T GZ 8
X . S
) 5 m St - ™ © r”
.. W $yas .\W.\WQ m.\ ~ o~ .
NO N SUFO| 7E.15T5T V\ w — .m
O . ~H
& R . | 1%
0 ~ .
u S 575 [7€ w..mm@\\f
DN /7% [7€
N <
T S
3 GE|T SV 597
i = £+
<
., | = _ _ _
S Q o )
g 3 S &
A, dwa]
Thkc Rpt. No. 13434

9:9.57







Appendix Sheet 19

8 A g

o’ - 10’
10’ - 20’
/4

, [EsT No. 5
\ /MAX/MUM H- CoLumn TEMPERATURES

R

12

e 1 )

L AL DA

".).‘3:\-

#40 217 1€

Gt

e 55

ade O e Fe
<

bad

.......

| \/5
o
~ Minutes

SYAOS JEISTGE > ©

Above

170
Floor

sm ]
SYyis pel /598"

!

& 72

STo
77773 x% \hc\ %\
SYX0S m t. 78 15057 T

/w

a8 -, LY >y
P N VL DA L |
e

6
.Time From Start

fepmtl b il ok

bl o
SIS 4@ 1G0T

. H A
PG
AZ et Figt

GE-1|SVIsaId — ~—_
€271 VO o414 Aesds™ | . ZI
_ _ _ _ _ | S

4o IW3Y

2000
1600
200
800
400

FMRC h\ow\,\o 73434
Norwood, Mass. 9957







QIS

SSEHY 00M.10py

ls-6 -6
bEbs) ON 2IY

| Test No. 5

Maximumt CROSSARM TEMPERATURES:

2000
_ _1_ Upper AND LOWER
1600 - A .
D / Upper \ Lower
“ Crossarm SCrossarm
_ — z EF97
1) Y . }\
& A- ) é S
/200 = \
g & ol | | @ 4 ol
) X X S < Ny
1 ) = 3 < R Q
- N & A% 1 9 £ o |
S AL . 3' -\":“ 3 <
800l 3 R U 3|
S S S I & \
3
— ]
o \
g \
400 ’
. / NS
/IJ - . -
0 4 3 8 /0 72 14
Time From Start - Minutes

N
)
b

3

X

X
R

L)

0]
~

S







Appendix Sheet: 21

® ® © @ @ o
Hatch
e Qo @ 1 @ O )
“ |
® ® | © e @ O
Hatch
o @ ® 2 O @) o
4
o Test 2 . W
Plan View ="Hi-Sect” Showing Pattern of Sprinkler Heads Opened.(® )
© Test 3 _ -
!
o o ) ° 0 o
%l Hatch
® ® | 1 |o o o
:
Q o @ @ O O
Hatch
@) O O 2 O O O
:  FMRC _ Rpt. No. 13434,
& Norwooo, Msss, 9-9.57







Appendix Sheet 22

Woade. |

¥
z

4| TABULATION OF 'PEST CONDITIONS AND RESULTS
é‘.
3 ,
2} Wind
gﬁ Ventilation. Direction
g In Out Degrees Wind |[Outside
5 Floor 0i1 " |Area [Opened at]Aree- |Opened at; From |Velocity| Temp- .
: ‘Test No.| Temp-°F|Temp-°F [Sq Ft| Min-Sec |Sq Ft | Min-Sec Noxrth MPH “°F
1 130 |165-170| 32 0-00 28 |10 to 15m| 270 25 86
. +33 | 10-00 | +28 [18-1/2 to "
. . 20m , C
: .2 138 [170-175 | 164 0-00 56 0-00 -- No Observation ~-.°
3 133 [180-185.| 16+ 0-00 | 161 0-00 -~ No Observation =~
L 109 18k |16k 0-00 | 224 0-00 140 10-15 69
5 117 1165-170 | 1.6k .0-00 224 0-00 -180 10 60’
Time of Time to 5 ft Maxioum - . .
First ° |Radius after |Fire Radius Fire .| (1) Six simulitaneous fires,
Observed Start of | When 1st Radius " Figures aré typical 'of
: ' | Fire Spread| Spread |A.S. Operates|Observed | one fire area,
7' Test No. Min-Sec Min-Sec Ft Ft + (2) Maximm radius possible
. - B ' for individual fire area
& l 16-00 . 2"1"5. - 1 before merging with adja-
2 18-19 1-21 .6 6
3 3 0-00 1-25 6 p _ cent fire area. (Max. area
5? ‘B(L) 0200 0-55 . 1002) | involved - 1400 sq-ft)
i 5 | o000 1-35 5 __513)-1(3) Meximum persistent size
& - is given. Occasional mo-
By . mentary outshoots not
5 included.
g Tige lst | Time lst
{% Sprinkler| Sprinkler’ | Discharge . _ N Cn
A Operates | Operates | Pressure |Sprinkler | Number (1). Initial valuss only,
¥ | Min-Sec Min-Sec At . |Discharge’ of See text for in-
. From From lst |[Sprinklers| Density [Sprinklers . " creases,
Test No.| Iznition |Fire Spread| PSI GPM/Sq Ft | Opened | (2) Minue.l control. A1l
2 24 heads open when
L 20-L5. b-b5 5, 0.13 24(2) water- supplied to
2 19-57 1-28 ..-5.. .0.13 17 them .
3 2-01. 2.01 5 0.13 | 11/ )
iy 1-50 1-50 5 0.13 | an(2)
5 1-39 1-39 5(1) 0.13(1) 2

.
Mol «(-u.'. 3_2\_&‘,5-:,'..‘, v ke
B

FACTORY MUTUAL RESEARCH CORPORATION
Norwood, Mass,

Report No. 1343k
September 9, _1957
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SUMMARY OF MAXIMUM TEMPERATURE DATA

Averages of Maximum Fecorded Temperatures - °F

1

At AT
Celling | Celling Steel Steel Steel |, .Steel ,
14 £t . 32 £t Structureg Structure | ,Structure _ Structure
Laterally] Laterally H-Columnl H-Column Lower - Upper
from from 0! ¢o 10" 10*' to 20! Cross- Cross-
Ignition | Ignition Above ~Above arms . arms’
Point Point Floor - Floor -| (10! Level) | ™~ (20‘ Level
1325 865 1430 1480 1600 1035
455 350 660. 505 .550. 430
345 275 580 © 430 505 255
(2) - -
1375 600 900 -950 8710
860 605 1145 1380 1510 . 1510

(1) Average maxima are probably above values: shown for Test No. 4

because rapid temperature changes occurred in less time than
that required ‘for one complete printing cycle of temperature

recorders.

(2) Single average maximum ceiling- value given because this, fire
was from multiple rather than single point ignition.

Norwood, Mass.

FACTORY MUTUAL RESEARCH CORPORATION

Répert No. 13&34
September 9, 1957
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