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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 ofRaceway Fire

1

By letter L-97-181, dated July 31, 1997, Florida Power &Light (FPL) submitted a request for
exemption from the requirements ofAppendix 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,

R. J. Hovey
Vice President
Turkey Point Plant
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By letter L-97-181, dated July 31, 1997, Florida Power 8c Light (FPL) submitted a request for
exemption from the requirements ofAppendix 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.
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ll5l BOSTON-PROVIDENCE TURNPIKE,
NORWOOD, MASS.

FIRE TESTS OF AUTGMATIC SPRXIGKZR
PROTECTION FOR OIL SPILL FIRES

September 9, 1957

I XFKOEUCZIOH AHD ABSTRACT

At the request of the United. States Atcmdc Energy Commission, the
Factory Rxtual Research Corporation has concLucted, a series of'ire tests at
their facilities at Norwood, Massachusetts. The purpose of the tests vas to
learn if automatic sprinklers vie. protect buf3cUngs, such as the Commission's
gaseous diffusion plants, against fire 'in lubricating oil accidentally spi33ed
on the floor.

Fire tests vere made involving oil, at elevated, temperatures, covering
2100 sq Xt of'1oor, also at elevated. temperatures, and. employing various
methods of'gnition.

Xn a11 of the tests the f'loor fires were cLuickly controlled ancL

minimized and the test building vas satlsfactor~ protected. by sprinkler
discharge. at relatively lov pressure. In the fifth test an oil spray dis-
charging from a nozzle above floor level provided an auxiliary fire against
which the building vas protected. by lov discharge from the sprinklers. The
spray fire vas'not extinguished in this case ancL a steel structural member
ac/scent to it vas not protected. against severe local exposure.

It is.concludecL that the Atomic Energy Commission's gaseous cLfffusion
plants can be satisfactorily protected. by automatic sprinklers. In the case
of. floor spill'ires alone', protection would be complete against general and
indiyicLual structural failure and against involvement of insulated. metal
deck roof'onstruction. In'he event of additional fire in oQ. spraying from

. rupture'd. equipment,'eneral structural protection voulcL be maintained
and.'nvolvementof insulated metal deck roof construction vould. be prevented.;

Failure of incLLvidual structural members could. occur in this situation if
such members were so located. as to be exposecL severe by the fire in the ~

oil spray.

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

FOR BETTER PROTECTION OF INDUSTRY
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at temperatures which vould be expected in a typical gaseous diffusion plant.

1. To determine rate of flame spread. radially from a local ignition
source vith 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

To obtain vith our test facQ.ities informstian vhich vould. lead. to
a conclusion as to the effect of ceiling height araund, the order of 50 feet
in bringing about any significant 'delay in operation of autamatic sprinklers.

To determine, vith snd. vithout sprinkler protection, the effect
of an oil spill fire directly exposing structural steel in bringing about
excessive stee3. temperatures.snd. in causing elevated. ceiling temperatures.

L-

5. To obtain from test results information vhich, combined. with
previous test experience snd. )udgment~ m1ght lead to an inte23.igent estimate
of the number of sprin3Q.er heads which might operate due to an oil fire,
so as to assist in the design of an effective automatic sprinkler system.

6. Another obgective vhich vas developed during the test program vss
to determine vhether a fire in hot lubricating oil discharged at a sub-
stant1al rate .in the. form of an elevated. spray could be extinguished. or
controlled, by.sprin3Q.ers vithin the range of ordinary discharge densities, and.'hqt the effect would. be af' Sire of'his type on ceiling and. exposed. steel
temperatu'res�.

'.'f
I e

III TESTS
'.5

A. MethoA
\

All of the tests very conducted in the high ceiling area of'he fire
'estbuilding illustrated by photograph'nd, sketches an. pages 2k~ 23 snd

2C. This area measures 40 ft by 60 ft by $$ ft high and. Cs equipped with a
smooth level- concrete floor. It hss protected. steel frame construction,
12 in. brick va'.Lls, and a vermiculite plaster'n metal lathe ceiling suspended, -.,

', from steel beams vhich also support a.poured. concrete roof. The locations and.
sizes of doors, windows and, roof hatches are given in the sketch on page 2B ~

The sprinkler system employed, in the tests is a standard. arrangement of
2~ standard. spray sprinkler heads (8 in. belov the ceiling) on 10 ft by 10 ft
spacing. There are 4 heads on each of 6 branch 11nes sll supplied by a single

the test
cross main. The cross main is fed. by a riser gust inside the vest vali of«t area, vhich in turn is supplied,.by underground, piping from the pump

In all of the tests the vater supply to the sprinklers was controlled.« pro«« a known discharge pressure at the head, incU.cated in the sketch on
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Air temperatures 8 in. below the ceiling at. the.@locations shown in
.the diagram'on Appendix Sheet 1 vere measured. by thermoiouples (20 gauge,
chromel-alumel), The temperature of the concrete floor+was also measured
by the same type of thermocouples imbedded 1 in. below its surface at
locations shown on.Appendix Sheet 1.

In order to evaluate the effect of fire.exposure stncL protection on
exposed. steel structural members a steel test structure%ms erected in the
building. Its construction and" location:are illustrate 1n the sketches on
AppencLix Sheet 2 ancL page 20, The temperatures at 24 1@ations on this
structure vere measured. during, the tests by 20 gauge CA.'@hermocouples imbedded
l(10 in. deep in the steel. Msgrams on AppencUx Sheet,'5 show the locations
of the thermocouples.

A means of'easuring rate of flame. spread .was.provdded by placing
labeled firebricks standing on end. on the floor at 5 W :intervale. racially
from the 1gnition point in the point source ignition tests; The time at vhich
the flame front reachecL these markers was recorded. by observers during the

tests'ince
the tests. vere to sinniLste normal temperature'conditions 'at the

gaseous -diffusion plants,.a means vas providecL to.heat;the..Moor, of'he test
area to at least 1/0'efore each test and, to heat the.oil to at: least

165'hen

spiLLed on the floor;

3. Procedure

The essential features of all fire tests vere. the" sama. They vere:

1. The,. floor vss heated to a specified. temperature

2. Dxbricating oil (see Appendix Sheet 0 for properties) vas heated,
to a specified. temperature and spiU.ed. on the floor of the test area through
a distribution system consisting of". . '. '. :.-!"g..~",." -.

a. Perforated. pipe (X-l/0 in.) located..along.,the east. and vest
ends of'the floor and containing >/16 in. diameter holes 1 ft
on, centers. The oil was pumped. from the. heated..oil, storage tank
to this piping.

C ~ s 4

b. 3rain connections (2 1n. pipe) carrying. oi3.'y gravity heacL
from the heatecL oil storage tank to two points on the floor at its
south side approximately 15 ft from the east and. vest ends.

Three hundred, and fiftygaLlons of oil vss spiX3.ed 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 ("EK-Sect." frame
area, 2400 sq ft, less wall thickness areas, drainage trench ares
and. ramp areas equals 2100 sq ft). Tjrpical total t1me to spill $50
gallons of oil was 4-1/4 minutes.
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OB/ll/97 WED OB:38 FAX B17 551 9775 HEC STANDARD DIVISION Q 002

~ ~ $ Th oi1 wm ignited. (NethocL anC location for each test are
describeC under "Tests". )

Fol3.owing fruition the rate of flame'spread~ the burning character-'
istics of'he oi1 and the vtsib1e effect of sprixQ~r discharge vere recorda4, .

by observers. The temperatures of'he floor, of the air at the ceiliug and:,,
of the steel test structuxe vere recorded. by instruments.

5, SprizQQar discharge vas either automatic (natura1) or maxnm1 (by.'.
opening a valve suppXyiug open heads) depeuiiug on the individua1 test
xecLuirements. In a33. cases the discharge.pressure vas controllecL.

C.. Test Conditions aucL Resu1ts (TabuXations. of the test conditions encL .~.
observations axe incZxldecL in the AppencUx of this reporh (Sheets 22 and.
2g). 'he foXXovtug descriptions incXude caQy'he essentia1 inf.'oxmatXon.):.:

Test 1.
I

The 'primary puxpose of the first test vas to determine the rate
at vhKch fire spreads ih the oQ., Therefore~ open spriu3Qer heads vere u'sed

~ / .and. the vater supply vas vithhe1C ~ them until ~F3, observation of
I fire spread: ~ become.'impossible so that aXI. possibXJe data .an'uninhibited,.

spread''of fire'in the oil couXK be obtained,;

The temperature of the oil vhen spiXXe'd. on the f1oor vas 165 to I.70>I
and. the temperature of the'loor vas 1?g vixen the oQ. vas '%gaited.

~ I
~ A fix&vas started. in the oi1 at the-base of the stee1 sCxucturi's'."

central columnby four gas'oline-vet ceXXucotton ignitors+ 3.ocateL one at:
each corner of'he column. Because these vere'3'.mr t'o start the oi1 b
a handful of excelsior vas addeC at tvo of the coruers at 15-1/2 min after„
the original ignitors vere XfghtecL.

ZLame spree!. in the oi1 vas established. at 'ibont. 16 min 'and. conti
at an acceXerating rate. This rate is.iXXustrated by the graph on Appe '.
Sheet 5 vhich is a plot of the data. xecordeC by" four. observers.

I ' I

Mhon the radius of the burxd~ area had. increasek to 15 ft the air:
temperature at the ceiling vas at 1200'nd.'increasing@ rapicQgr. Therefoxe~;.,
vater vas supplied to the spriu3Qers at 20. min~ 45 see (approx. 5 min

after'".'he

start of fixe spzeacL) at a co'ntroIXed pressure of 5 psi at the heads
'»

gp /se ft).

These igtdtors consist of roXXs (2-$/4 in. ~quoter, 6 in. Xong).
of 20 ply cellucotton vatMing each veightug 2-1/0 ounces, dxy. '."As,,";

.used. in these tests they contLLned 6-$/0 ounces of gasoline each~
'bsozbedin the roX1+
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Smoke prevented, a precise observation of the tMe when the fire was

controlled but it was possibly as early as 1/2 min,after the'egging of
sprinkler discharge ancL definitilyby 1-g/4 minutes. At that time only
lingering flame remained along the foot members of'he.stee3.. structure. This
fire could. have been completely extinguished by continuecL sprinkler discharge

.but in orcLer to prevent heat loss from the floor to..the sprinkler water,
vhich voulcL delay preparation for the following test, the sprinkler vater
supply was turnecL off and. the lingering fire extinguished by a 1-1/2 in.
hose spray nozzle g-g/0 min after the start of sprinkler dischirjg.

+
.'emperaturerecords on Appendix Sheets 6, 7, and. 8 illustrate the

intensity and. duration of fire exposure to the building and. stee3.'tructure
during the'est.

t *
r"

Test 2.

~d

'

t

it a~'|j X
~

I
l

~r

The object of the second: test vas to detexmine the effectiveness
of'utomatic'openingof sprinklers as compared. to the delayed. manua1.control

""used, in the first test. Standard,, upright, 212'eads were used.. "..

\ \ ~
< ~ w+ ~ ~

,The oil temperature when discharged. onto the floox'as .170,,to
175'nd,

the temperature of the floor itself vas 1?8't ignition. 'he air temp-
. erature under the ceiling was 105'. Both roof'atches (total'56 sq ft)

were opened: at'the time of ignition.

The ignition.source was located,.at the base of the steel'structure
as in Test 1. but consisted. of,a. cLuantity of commercial oQ.-absorbent

'".~edi-Dri.") at each'orner of the column; the saturated..oil-'absorbent..
being ignited by 1/4 'size gasoline-vet cellucotton ignitors.;„This also .

resulted'in a slov start ancL fire vas not established. in the oil until about
18-1/0 minutes. However, the usual accelerating flame'spread rate folloved.

'\

The first automatic sprirQQer operated. 17 sec after the,,burning area
''"' 'acL grown to a racUus of 5 ft (19 min~ 57 sec after the'tart of;the test)

'arid. several. additionaX heads. operated quickly thereafter'.-,.'(Spr'i'nkler. " "-
'ontxo3. pressure was 5'ps'."~,lg gpm/sq, ft cU.scharge densit'y.'.).;-,

The maximum observed. fire spread. racUus was 6 ft at la 'sec aftex the
. first heacL opened but the fire vas knocked down and. reduced.;to a lingering

flame at the base'of the steel structure one minute after the fix'st-head
opened.. Again, in.order to preserve floor temperature, the sprinkler water
supply vas turned, off ancL the lingering flame extinguished by hose stream
at 25 minutes.

As
A total of 17 heads opened. during the fire period. The pattern of

these openings is shovn on Appendix Sheet 21.
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\T~~rature records on AppencLLx Sheets 9, 10, and 11, ccerp~d to
those of'est 1. 111ustrate the rapicL contro1 of the fLre produced by the L

automat1c {naturIQ.) operation of the'printed.ers.

Test 3.

l~

I
I

~ V ~ '4 ~

~ ~

Since the cei1ing height in the test brea is Iess than in some areas
of the gaseous diffusion p1snts, it vas'esixecL'to phmQate Me effect of
bcmed. ceiling.h'eight by provtcLing acM1tioua1 upper ~aM3atiou in Test g.;
the purpose being to dotexmizN ifbn bpp?eciab1c delay iIL oper!LtioIL of
automatic sprintQsrs voalcL xesult. Therefoxe~ 5 upper iriadcnr units on the
south.'and vest aces'f the «EL~Sects vere opened before the test in excess'f'the tvO hit'ch opentngS used in Te'st 2. The teal. ventiLatkon area vas
.16I.'Q

r

Xa @hUtion the ignition method. vas changed. in order to e1iminate the
long delzLy in estabIishing burnizlg in the oi1 as exper1enced. in the first
two te'sos..'.The'n'ev'mthod consisted''of poqring. one.piIIt of a 50-50,mix of
gaso11ne-kerosene into thi oil. at epoch corner of the steel structure.

.E co1umn at'its: bssa.'his pruning f1uid vas ignited. ~diately after
'eering.so. the..'size. of the ignition brea vas no greater than in the..'previous

~ tests j, ~ ~

~ .
' '. '

~

~

'" Prike'chion'was'the same ar in Test 2.'hat's, 24. automatic, standard~
'uyr'Lght; 212, 'ijz~Qaz'.heads vith the cEscharge pres'sure contro11ed. at
5 psi ':,Ip- joe/scL ft."':

': The:::teppiiature'.of the oiI when spend on the floor.vas.180 to 155~
' and"the tehipiratuxe'of 'the Moor vas 1~'hen.the o11 vas iga1ted.. The.

: cei1ing air'temperature was 95'.
~ ~

"A ijgeaQig fire. in the oiI vas estab1ished vithout del'Iy and. the ~us
of. thi bu~g axea reached. 5 ft at I. min, 25 sec azLd 6 ft at I min 45 seconds
The.;i~it 'hixtomatic iyga)Qer operatecL at 2 min, 1;.Sec .at which tiIIL the fire
area racKus"jrobabg di|L:not exceed, 7 feet. ARLY.onaI heads. ojeratecL at
2'mi@'.7,,sec..'iicL the;.fire vas ahnost compZeteXg extinlpzishecL at 2 min, 20 sea
at'ILich'Qm lingua@.'smaII fXames persisted cnQg at the north side

of'steel'tre~Ore foCt members ~

\ ~

""9hci.'sZiriihbn'ater was turnecL off and. a 1-I/2, in. hose spaz~ nozzIe
uqecL to map-.~"at '> i'dn 55 sec in. Order to preserve. f1oor temperatuxe. ':

~ ~ '. 7

'hotographs on" page 6L shciv the behavior of 'this fire before ancL gust I

after the first sprinkLar discharge. Xt shouIC be borne in mind. that the
photographs contend in this xeport indicate the conditions existing on1y
at the very eaxIy staees of the fire. The very nature of .a lubricating OQ.
fire procLuces erat;remedy Iarge votumes of heavy, dense, b1sch smoke {sce
photograph on page 2L) prectud1ng the tcQsiag of. p1ctures, stiII, or motion,

I

~
'
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Test 3 - Before sprinkler discharge.
Time - about 1 min., 15 sec.

I I

(3o6-3)

fidius
conds'ire-

) sec',
S

Test 3 - Just after initisl sprinkler
discharge .

le

ust
e
Zy
oil
;on, (3O6%)

"~TORY MJZUAL RESEARCH CORPORAT1ON
Norwood, Mass.

Report No.
13434'eptember
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shortly after the initial spread, of fire..In fact, the smoke density
became so great in from 2 to 5, min after the initial spreacL of fire that
visual observation at Moor level was ususl3.y impossible.

ELeven heads opened in this test in the pattern illustrated by the
diagram on AppencUx Sheet 21. It is noteworthy that the time recLuired for
sprizQQ.ers to operate after fire spread wss established, in the oil vas
2 min in this test compared. with 1-. g/4 min in Test 2.

Temperature records on Appendix Sheets 12, 1$ , and. 14 again illustrate
the quick, control of the f1re produced by automatic operation of the
spriuklers.

""'est'4." '„"
The purpose,.of„thi.s test.vas,to determine the action of sprinklers

against s.fire. that might occur in a large spill of'oil't or near its flash
point or'with'simiLtaneous ignition in several. locat1ons. Under such condi-
t1ons s f1ashoyer woulcL,be expected. and. a large area" of'11 would. be burning
before heat could'r'esch the ceiling to actuate sprinklers. This test
also indicates'he effect of s delsyecL vater supply to the sprinklers.

, Xn order, t*o';,simQate this situation the os.'spill was ignited in six
locations.'ancL".avowed to..burn freely while withholding vater from open
sprinklers uiiti2: s.,1'arge.'area of o11 vas burning.',Also to simu1ate added.
ceiling'eight. al1'.8 upper vindov units and.'the ".Hi«Sect."„roof hatches. were

. open. "Total;upper„ventilation area.vas 224 scL W.

The.,sprhdQer„heads vere, in effect,=-all open for this test. Actually
the 11 he'ada'"open after Test g. vere open snd. the. remaining 1?j heacLs un-
doubtedly fused before vater was supplied. to them. They were all 212',
standard upright. heads,.and. the discharge pressure'ss again controlled at
5 psi ~ .i$ gpm/scL..'W.;,

At the time'CEe,,ilail was spilled.'on the Moor it vas at 184 . The
Moor.vss not'heatecL'since its temperature would. not affect the test and. at
test time it vas. 1094;

" ~ -'pp-gy~'$'~:~pl 'a~ <"~ 'htC". - ",' The,oil, vas ignited by tipping contaiiers of burning priming Muid
into it 'aW 6.'Xocati'ons,'s1multsneous3y; There vss 1 pt of $0-$0 gasoline-
kerosene mix.'n:.each., container ancL they vere located. in a symmetrical pattern
20 ft

on'centers.'ix

'circular burning areas of. increasing diameter resulted. Typical
diameter growth was-$ ft at 55 sec; 7 ft at 3. min, 15 sec; 10 ft at 1 min,
55 seconds. Two f1res mergecL north and. south at, 1 min~ 40 sec and. two more
at 1 min, 45 sec at which time the signal for supplying water to the sprinklers
wss given. Water actually began dischargiag from the heads at 1 min, $0 seconds.
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At that time the total burning, area vas estimated to be 1lgp sq ft or
. mately.2/3 of the .vhoIe Oil surface. Because observers vere for~d

~'o

precise observation vas made'f the
ext~piiehed. but it vas betveen 2-1/>'nd. 4'mtuntes. During.the period befo
exttuguishmcnt fumes'issued. 5 to 10 ft out; from the upper s~tovs ancL from
the" roof hatches to an udestimated..height.

P

AILhesds in the sprinlQer iystem were open at the.cud. Of the'West.

Xt vt11 be noted. in the'tImyerature records of this test on A~adix.'".
Gheets,3,5, 16, and 17 that the:recovering:iaet~msnts" were 'oM. fox a pcriocL '

od ayyroxima~ 3. monte. This vas eausecL by'the shorting of an actuatixqg
circuit by racLiant:heat from the fire. On'the basis of other supporting
observations it. is believed that the maximuIn'-temyeratureis vere recorded

'efOrethe. pcwer faille.
l

;:Ruin water vas sugp1ied to the spriiQchpm.'.the cei1ing temperature'
12tXl This 'shcnrs that vater,was withheld"beyoiad'the'time noxma11y'equirecL'or automatic sprizQcLeirs to operate''".Reverseless,": the'. fire vas

broulgt'-;>'under

.control qui~ vithcnrt.'si~Ig:effects'.t'o'".the'i1ildtug. ~

C

E

;,.The.'oligect of;~ test vas:4o":deCeimIiu'e the'effect of an addition.::.>
. fire'uch 'as might occ'ur in oil:s3jea;yea j"from'@upturn:ecgxipment. Othei' '

conjKtioui-as regards.'the OQ. sZii11 ~'vere the 'siiiie is 'in Test 3.
ex'..'that:aZyrhximstelg.7pO.sq &''of f1'o'or "area," at..the';east 'end of the test are'a,.

vas ext:off.; from the'.spill. area 'by" curb's".to.ccuiserve oil'upp', for the sprig
Actua~ 290 ga3. of oil.vs. spiile4.,oa:a,1lt00 sq .ft Q.oor area. The..=

temperature:of the OM vhen:spiXled,vas'-.X69'to.3.70 .'ntL'the floor vas 13.7 '„.=4

aC igrd,Cion.,

.. TM oil leehage fire was'shinQati4'.bj"jempihg,ci1'* a n'ozx1e (open',
'"Autcmatic" ~6003~ SSU.head. vfth .316.„.tajjyxed'orifice) located 12 ft p
above. the f1'oor axe'2 W sautheait"of.the atI6e1'. structure 2-column. Pumptug.
to this. overhead, nozzle,:at.a rate"of XQ'"S ".gym~. vai begun 'at 3. min, 23 seo

,:aft;ei.the Moor fire vas started".'"" '+'"""" '-"''""
"""-':A's

far as the;f1oor'iria vas conc~4"iC. d5ve1'ope.cl in the .usual .fashi
.The racK4s'of the'burniug aiea'is 5'W at~3; min '35 sec. aud. it- did not ~4

~ 6, & mcept lnenenta~.:Xt vas'.'cofrtrolZAd.by'the .sprinhXers> the ~st of
'ch,.operate8.at I: min~ 39 sec,'ud" it vas ndzdmised in less than p mizuxtes.

The spray fixe, on the other hiud, cou1d;"uot be extinguished.. Photo-.,:~
graphs on.psges 8L auk 83 shcnr the-..femY of the" oQ spray aud. the behavior .

fire that deve1oped,.from it. 'This fire cansetL aU. of the sprinkler heads
to open (yrobabiz by 2-1/2 min) aud,~ 'althctugh the f1oor fire vas contro1IBC
aud. the buQding itself protected'against the exposure from both fires by
the 5 psi discharge, the stee3. structure continued. to register temperature
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Test 5 -.Shape of oil spray from
.elevated nozzle.
(Not burning)

«ay
(3O7-a)

hanoi
:ceed

;es ..

Test 5 - Oil spray fire before
sprinkler discharge.
(Spattering in oil on f3aor
is from unburned oil falling
from spray .fire .)

'; 'Y.

\s (3O7-4)

~ACZORY MUZUAL RESEARCH CORPORATION
Norvood, Mass.

Report No. 13434
September 9, 1957
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Test 5 - Oi1 spray fire
after sprinkler discharge began-.'-..

PACTORY MUTUAL RESEARCH CORPORATION
Norwood, Mass.

Report No. 13434
September 9, 1957
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in the range from 1400'o 1800'. Therefore, the sprizQQ.er cLischarge pressure
was increased. as follavs:

At 3 min, 20 sec pressure to 10 psi = .19 gpm/scL ft density
At 5 min, 0 sec pressure to 15 psi ~ .2?i gpm/sq ft density
At 5 min, 30 sec pressure to 18 psi I .25 gpm/sq ft density
At 6 min, 45 sec pressure to 28 psi -" .31 gpm/sq ft density
'At 8 min, 0. sec pressure to 38 psi ~ .36 gpm/sq ft density

This increased vater cLischarge prevented. further increase of. the 'steel
structure temperature but it cU.d. not reduce the temperature. Theref'ore, at
10 min the oil supply to the overhead. nozzle was shut aff'. Al3. temperatures
(See Appendix..Sheets 18, 19, and. 20) decreased: quickly and. the sprin3Q.er
vster vss shut:off at,l3-1/2 min vith the usual mop-up by hose sCream.

XF COKCLUSIOHS'.. ~
.

- ...
ii .~erg ., ~

l. Once a fire has been establishecL and begins to spread, beyond. the
ignition source~ the rate of flsme spreacL is relatively, rapid, ancL increases
as the f'ire progresses. It requires about 1-1/2 to 3.minutes (depencLing
upon strength of'...ignition source) to spread. Co a radius between 4 and. 5 feet,
about 1-1/2;minutes from 5 feet to 10 feet racUus, and. only about 30 seconds
far 10 feet:;to.-15. feet.racUus. (gbservstions..beyoncL about 15 to 16 feet
could naC;be made, in our tests on account of loss. of'isibilitydue to smoke.)

: ~ «'> I'>iV'V ~,

Once an oil spill has been i'gnited and. sprescLing of'lame begun,
the rapicL.grovth:of fire and volume of. smoke.produced. indoors is such that
effective:manx'.fire.fightiag can only be done within a period of about 5
or possibly::.6!minutes::fram initiation af'preacL,-

2. Autamatic spriaklers villstop the spread. and. extinguish the fire
in. an oQ. spiLl. on the floor at s cEscharge density of '0.13 gpm/st fC, - vith
some margin: of".safety.

'::,3.='.There vauld.be no serious delay in operation of automatic sprinlQers
at an:elavatiaa;,of about 50 or 60 feet fram a floor spill fire in a. large
ares. as.-camparecl"to results in the .test building-with a 33 f'oot ceiling
height:.with'no upper ventilation. The delay in, operation vou1d. be about 15
seconds'.representing:an.increase in fire radius. of. from about 6 feet to
6-2/3 feet;-=-",: ~,.:

With a floor spill fire around a building column but with autamatic
sprinh1er:protection, the results incU.cate no temperatures which would.
result in;failure of'tructural steel. However, serious cLKstortion and. actual
column failure woulcL be expectecL within a periocL less than 10 minutes without
automatic spx ia3d.ers in service.

Where oil msy be cU.scharged. in the form of a spray at an elevation
above floor level, vhether or not there is initially any substantial oil

~ I
~ 4
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spill. on the floor, a fire under these conditions may bring about failure
of exposs4 steM. in the ~diate vicizdty of the fire. The 4ischarge. fzam
automatic'zllQAikrs at any JZRchicaI density may not s&tinguish the Egc'ay

There is no other econond.ca3~.X0Lacticable automatic ~ protection
means avaILlable vhich vtl1 extinguish such a spray fire at any one of 'a

large nLuLLber of ~ssible locations;distributed. over: a, vids area, even ifit vere considere4 necessary to extinguish.

Eovever, automatic sprin3QersI even at f?e~g.pressures as 1mr as )
5 psi.," vtllaffor4.reliable fire cozztroI. by.:limiting dangerous.temrperatures
for 'both structmM steel an4 roof aeeas to a:location of reIativeIy saaQ3.
radius laterally fraa the oil. @prajr.f$re.. CcaisequentIy, for. as long as
sprixQQer diochILrge can be maintainecL; serious damage ahau14 be vel3.
localiea4.

'I

5. Our tests indicate that, <trLth an.oi3. spi13. fixe. on the floor and..a
single small 'igzLition source not over'2:.to "g.ft, in iRiameter,.the zzumber

of.'automaticsprtulzlers vhich might be.-.expeete4 to. Operate 'vhen sayplie4 at
5 psi pressure mnzl4 probably ncrt: cmcee4'5:heads.. Even uzLder scauavhat
unfavorable conditions 'of tzLterference vith'SIzzizdrler distribution by piping
or. BtrucQzriLL elements no mare than 20'heads voul4 be expeete4 to. cyen.

Xf a Sire sholQ4 Start &ncl.spg8acL~M'81L oil.BQQ3: fire. izLVQlvi37g
'everalhLuuhe4'gallons of oil vfth'hai'.+alee".sipply to syefa1Qers 'shzLtoff,'.

large numbers. Of heads .voul4 be expee4edhC'o-OIpen so.that the-vatex ~ dis'charge.
48nsity follcACEg delAQ&4 rcstorzztiozL'.:.of Water.Guppy+ Right bc.. reduced to '.
a totally ineffective value. -..':~ .'Q. +. <',i~=;.~.,'.'

" 'C
~

'
~

~ ~,

It is diffi.cult to esMmate..the zzauiber. of"sy~Qer heads.vhich zmfght
be. aperate4 in the event of a cou6~aus-veil distributed. Sino oil spasm

:h t ! 'll '!C '-~i', I
.of previous oxperienco is that gaia:idjjzt'.".'exjeet the znnaber of heads t'0 be
oyens4'eventuzk1g veLM be 'in the40rCklr"of-'.frcmL 40.to .6Q heaCS: fox. an oQ.
sjumgr arcnzn4 '10 gpaL,'. an4 for'arger .cIMIgney"-. 4ischarge. rat4Ls a; c'cexeipondi
gxeater uLnnber of heads. Zf a. brest.diouk4 occur. releasing oil & a soli4:
stream or vith pxe distribution an4"a. adiiemaua, of atomization, a smiller
zzumber of heads might be apene4 even at Iarger.oi1 discharge rates.

. Considering the constructionsind.'ocezpancy of these jdants;.it is
expected that proper~ designed, autcinatic. sprinter protection voul4

~
C
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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.

FACTORY MUTUAL RESEARCH CORPORATION

Norman Jo Thompson~
Vice-President

NJT:RJ-150

KPORT BY: g, J,: Thompson
J'. B. Smith.
E. V. Cousins
PE E, Cotton

TESTS BY: Test Station Staff

ORIGINAL DATA! Notebook No,, 155

ATTACHED: Appendix, - 23. Sheets
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Viev of fire test building from southvest.
(Photo taken during Test No. 5).

FACTORY MUZUAL RESEARCH CORPORATION
Norwood, Hass ~
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D/AGRAM OF Q S7 AA?EAS AN'0 OPENINGS
Du// O/NG O'O. /8

Vcrfioal Dimensions Are Clear
Hori zontal Dimensions Are Frame Dimens/ons
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("Lo-Section�
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/'I/gh Cei bn/J
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(" Hi - Section")

Plan

t/ii'ndows- Possible open Area
Zl Sq. Ff. per Unit

Upper /ndows on Soufh Face
Same as Norfh Face

West Upper INndows
2 tlni fs

(Ar'o Windows on Fastface)

Norlh Elevation"h'i - S'ect "
FMPC
Norwood, blass.

Wesd Eleva(/on
"fbi -Sect,"

Epd A'o. /Z4S4
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Page No. ZC

Sprinkler Heads
(Control Head)

Separation 8efween
'Vli "and'Zo-Secf "Areas
Curbed Dune'esfs.

Plan View —."Hi-Sec&on- Bldg. Q3

&posed Slee/
Test Structure

Prot'ected Steel
Co/umn and 8eam
A/ofLoaded'.

Drainage Trench
Curbed Dunng 7esfs

Section A-A

FMRC
Norwood. Mass.

EpE. A'o. 643'4
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Appena'i'x Shee j 2

8 j2Z
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6Z XZk 8"1 2S
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/0

8 1 /84- 8 I2Zro''I
2Z 8 1'8A
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Elevation

Plan aC box h /he ioH
F Floor Leve/s
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7he Members Form/ng Phe 2O 6 Horizontal Level were cuP to
mal'e a lO'x iO'guare. The Assem6ly was krmeciby Elec,Are 8'cldi'ng.
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Appendix 'Sheet 4

PROPERTIES OF LUBRICATING OIL

USED'est

No e of'i1 Used
Viscosity

7 oF'6 oF

O.C. '.C.
7'lash Fire

1, 2, and 3 Gulf'."Paragon 41" 5 ad.n>. 36 sec 59 sec 345 365

~ 4 and 5>. 86$ Guif-»Par, 38").
34$ Gulf-»Par ~ 41») 3 min> 28 sec 48 sec 345 355

+Proportions are. hy,volume.. 'The origina1 intent.was to use Gulf
"Paragon 41" throughout Gulf "Paragon 38». was used in the
proportions shown due to an inadequate. supply of Gulf "Paragon
41" ~

pg tory Mutual Research Corporation'«dp Massachusetts
Report No 134,34
Sept. '9, 1957
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Hatch
@ 1 0

0

Hatch
e 2 0 0 0

T8s& Z
Plan View - Hi -Sect."Showing Pattern ot"Sprinkler Heads Opened. (.6)

78SS 3

0 0

Hatch
e P 0 0

0 0
Hatch

0 Z 0

KMNc
/Varuvood,bless:

8'pd. Alo.
gg34'.

9 ~ $7



i~



Appendix Sheet 22

TABULATXON OF 'gEST CONDZZXONS AND RESULTS

Test No.
FLoor Oil

Tem -'P Tem - P
rea

Ft

Ventilation

Opened. at
Min-Sec

Area- Opened. at
S Ft Min-Sec

Wind
Direction

Degrees
Prom
North

Wind
Velocity

MPH

Outside
Temp-

oF

2

4
1H
109
117

170-175 164
180-185. 164

184 164
165-170 164

1/0 165-170 $2
+H

0-00
10-00

0-00
0-00
0-00
0-00

~ 28-
+28

56
161
224
224

10 to 15m
18-1/2 to

20m
0-00
0-00
0-00
0-00

270 86

-- No Observation--
-- No Observation —,

140 10-15 69
~ 180 10 60.

Test No.

'2

4(1)
5

Time
of'irst

Observed.
Fire Spread.

Min-Sec

16-00
18-19
0-00
0-00
0-00

Time to 5 ft
Radius after

Start
of'pread

Min-Sec

2-45
1-21
1-25
0-55
1- 5

.6
6

15
6
6

10(2)
~ 5(5)

Maximum
Pire Radius Pire

When 1st Radius
A.S'. Operates Observed

Ft Ft

'I

(1), Six simultaneous fires.
FLgures ard typical

'of'ne

fire area.
i (2) Maximum radius possible

for ind,ividual fire area
before merging, with a+a-
cent fire area. (Max. area
involved, - 1400 sq ft)

, (>) Maximum persistent'ize
is given. Occasional mo«

~ mentary outshoots not
included..

Test No.

1
2

4
5

Time 1st
SprinM.er
Operates
Min-Sec

From
I nition

20-45.
19-57

2-03..
1-50
1- 9

Time 1st
Sprinkler'perates

Min-Sec
From 1st

Pire S read,

4-45
x8

2-'Ol
3.-50
1- 9

Discharge
Pressure

At
Sprinklers

PSX

5
.. 5--'

5
5(1)

Sprinkl.er'ischarge

Density
GPM Ft

Number
of

rinklers
ned.

0.1> 24(')
.0.1$ 17
0.15 11

''.1524(2)
0.1 (1) 24

(1). Xnitial valu=s only.
Sey text for in-

'reases.
(2) Manual control. A13.

24 heads open when
water supplied to
them.

FACTORY MPiUAL RE~~CH CORPORATION
Norwood, Mass.

Report No. 1$4$4
September 9, 1957
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Appendix Sheet 2y

SUMMARY OF MAXIMUM TEMPERATURE DATA

Avera es oz Maximum Recorded Tem eratures — F

est
0 ~

Ceiling
Laterall

from
Ignition .

Point
1/25

Ceiling
$2 ft

Laterallyfrom
Ignition

Point
865

Steel
Structur

H-Colum0'o
10'bove

Floor
14qo

Steel
Structure

H-Column10'o
20'bove

- .Floor
148o

Steel
,Structure

Lower
Cross-

arms10'evel
16oo

Steel
Structure

~ Upper
~ . Cross-

,arms20'evel
10/5

$50 66o 505 .,550.

275 580 505

4(1) ly75(2) 6oo 900 950 870

86o 6o5 1145 1>80 1510 1510

(1) Average maxima are probably above values'hown for Test No.
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'iven because this fire * ~

was from multiple rather than s1ngle point ignition.

t

FACTORY MUTUAL RESEARCH 'CORPORATION
Norwood., Mass.

Report No. 3.5434
September 9, 1957
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