WD 98/ 03226 PCT/ US96/ 19691 METHODS
FOR EXTNGUI SHI NG TANK FIRES Field of Invention This invention relates to

i nproved net hag £xtinguishing tank fires, including ta ires -

i nvol vi ng crude aﬁﬁgﬁlgh vapor pressure flammuable |iquids aﬁ%n%Wﬁgﬂgmhaving
| ow boi ling points and/or |ow auto-ignitign_.points, 5 wth particular
attention to high octane fuels. BACKGROUND OF | NVENTI ON The past 18 years
has wi tnessed several changes in the fire fighting industry. Foam
delivery nozzles have enl NETHODSIFOR EXTINGIISENGYTANKIMRES00- 1, 000 gpm to

6, 000- 10,000 10 gpm or higher. Fire hoses have increased in size from?2
1/2" dianmeters to 5"-10" dianeters. Foam punper capacity has gone from
1,000 gpmto 2,500-6,000 gpm Inportantly, storage tanks for flamuable and
conbustible |iquids have increased in size dramatically from 125-150 feet

di aneter 15 to 300-345 feet dianeters. Fire fighting procedures in the

| ast eighteen years have also c f_Inventian,| ar historic approach
to extingui sh a tankrhfilsr eifoension ngeﬁaﬁbusttcbl an@robbammbt@ods quict was to

surround and dpguer, 109,01 LR PQURVETnh08IA0 ralk LY MRl HR QM

The present inveén eca To recognivze,
t hrough the re\ﬁréweoﬁnﬁulﬁ%slbu@wrd@mswq ﬁkmmwg Lignddst st THHES t he
"surround and diaximg 3yetised)isspobhts eamhbmgléxhenfw:l-hgalitiaﬁq;ﬁfnﬁd]e t ank.

The appar ey r%sc@g/g%&w%rtmemgn2éo nifP odafdl Bhogs, and in

particul ar, there S an area, which cane t tﬂe sweet spot,
where the fire was taking in eu3£Q§§¥9€§H+——4i§¥§§5¥9§th|s sweet spot the
fire woul d pul sati nghg pastras yed#r< habi \mﬁtnme@f sewerdl Yhahgebr batdheng and

thermal drafts yigs, debthpond 0aguack, and auay 30 iJdign bhe TLddha el the

tank surface -2- erience s e Sweet Spo y | ay
just off of therdéyoesd em@apaﬁktvaﬁﬁpne%penar%o EPR B8 & i@ y to
the tank mal | .gpm, berhighewys | gtife Bbsesnsaverizicreasedfl inesizqglgdang 2nozzl es

are al so “p“‘r“i/im diameters to 5"-10" diameters. Foam pumper capacity
has gone from 1,000 gpm to 2,500-6,000 gpm. Importantly,
storage tanks for flammable and combustible liquids have
increased in size dramatically from 125-150 feet diameter
15 to 300-345 feet diameters.

Fire fighting procedures in the last eighteen years
have also changed. A popular historic approach to
extinguish a tank fire containing combustible or flammable
liquid was to "surround and drown." Too often, however, the

20 fire did not go out. The present inventor became one of
the first in the field to recognize, through the review of
numerous videos of tank fires, that foam, under the
"surround and drown" system, was not reaching the full
sufface of the tank. The apparent reason was that the fire

25 was '"breathing", and in particular, there was an area,
which came to be labeled the sweet spot, where the fire was
taking in air (oxygen). Adjacent this sweet spot the fire
would pulsatingly flame, A combination of sweet spot,
breathing and thermal drafts was driving foam back and away

30 from the middle of the tank surface.



5 the tank. The present inventor lead the field in revising techni ques so
that foam cane to be applied predomnantly toward the sweet spot. For every
tank size N E.P.A specifies a mninmum"application density rate."t-

Ml tiplyi ng PiPP®8f3% e foot 10 surface of a tank times tRETHSISNAIM
"application density rate" yields a reguired m ni rum nunber of gallons per
m nute of foamthat is to be applied. .F.P. A also specifies a mninum
application tine, e.g. 65 mnutes. Applying the mininumg.p.m foamfor the
mninmumtinme 15  skpekderuéi gigoheah thadtanhef svaet spobetmprcding pagsent

I nventor's fur r petl e ver , ppLyin ) N for the
mnimumtime %ng'?fa?\%agggl ggge%% ﬁet%%(]ﬁar@t'i %ﬁb g%‘ge’g%{%{?“q%@re, even
with foam aRAPFSFIBREAGY et thet otankwaddlspot Forp a variete sfove
dihsc_ovgry | ed donstiderpteses) fiventighitingTheziDyenits £psb ﬁ.ﬁﬂlﬁﬁt roq][e to

t he i ndustyy, ra n t a zl.e | ays
down a di sgt’i nc'gtﬂl'f %g%ﬂ ﬁfthéo% r% %g}r%g &ﬁé\}g&rﬂrmﬁgﬁ?rﬂvﬁ%%}%gn& %gﬁlglg’gr ed it
signi ficant td&afeRdgresasaokbrl’ SoamGaRtntcedeh arplind predominantdy

i nvent or al so dYwathdeshéhehed®agpdtas a "nmaxi mumrun” on the top of flam ng

fluid. Maxi mum rung ' eppLLi I 0 [ |y 100 feet.
Putting together t gg’%ageg%?&{nmg%g? sgg\kléer ?\qgg,'i‘fé' cgﬁeggp%%mﬁgbﬁé%g th hat i f
predi ct ed foot'#APAd§agionodanpétyii Fate ochnfebbinlydndoidie myaze fopget to
conpl etelyyy GitGFace @f hamknk SimésiCehe ritgRuROMALpDSEaETHM ARy Ng a

m ni mum or e wel l. aver 1L QJ " S m nut e’ regardl ess
of directing \aég%e ni lleglzg%'t %m%ﬁ%%%ﬁf?)‘gﬁq%\gptﬂgﬁé%egysggtl}gﬁgerpegw Il be
areas of the tHARtEhAT WPamnghakedsi V@ fBanPERdIe¢ther e BT .P.As SGi9€

| i kel i hood t hesgeici€ivk! la moinigmmoWpplAtcastibastlihepf et he alBoueirliteeoveri es,
t he present i t hes; a. net for [ [ nQzzls at, - 3-
bur ni ng tank g&?ﬁg’?hgt %e?hﬁﬂ@nr@g%ﬁi sf‘%n'{ hg&[m' E?ﬁu%‘z‘tg’ﬁg Ilnctéttl?lgn

density idte HhoRdd sedipguisk p Al dfiRer fhe boRaBE 6t PoASErthey al so
provi de, taki ngvientbpr snttarandrf egperivndd,Mididvers ithiad@ appayihg a foam

run to all of minimum gpm for the minimum time did not always lead to the
extinction of a tank fire, even with foam applied
predominantly to a sweet spot.

20 The above discovery led to the present invention. The
inventor can demonstrate to the industry, in contrast to
conventional wisdom, that each nozzle lays down a distinct
footprint of foam. Conventional wisdom only considered it
significant to measure a nozzle’s maximum reach. The

25 present inventor also teaches that foam has a "maximum run"
on the top of flaming fluid. Maximum run is determined
empirically to be approximately 100 feet., Putting together
the above two discoveries, it can be demonstrated that if
predicted footprints of foam require foam to "run® over 100

30 feet to completely cover a tank surface then
notwithstanding applying a minimum, or even well over a
minimum, "gallons per minute", and regardless of directing
a significant amount of foam to the sweet spot, there will
be areas of the tank that will not receive foam and there

35 is some likelihood the fire will not go ocut.

As a result of the above discoveries, the present
inventor teaches a method for configuring nozzles at a



5 the walls of the tank. To so configure nozzles, the inventor
enpirically determines a footprint for each size of nozzle potentially
usabl e. The i .S nmethod can be used in designing for ' .

pl acenent of %9%’%&26% a di ke system permanently 10 instapa @9’”@1
surroundi ng a tank, and/or for staging noby |- nozzl es around a burning tank.
Tank fires involving in particular crude and high vapor pressure flanmable
| i qui ds may present special extinguishing problens beyond those di scussed
above. 15  Thobyhnimantank ashi ddatnthey onepromity ssatfisfiyatthehaihiiguind
surface is covepgd) Wad RANIeNBitP Ahte T2 rbelhsy LRK P 2N dHAOKEYLR
prescribed m ni gum densi tg/ og fo%mg;b'se aggl led for.a [g I,mum apgl I gat1on
time: a fire in &%t 8RRSHroRF pdMh KXy 2EFRIRT Y 4 g r L5PEBELPES

fl ammabl e | i qui dn@ofoamppnybinitatipascintngecobnt, a foaperurue alddefat es

that. even thoughnd k@hLakI W3 Yerdi €4nk ayerreofsd OB ERNHS hbSz1d4Ui gheur face
extending to the_tank wall of .a tank

.t he_ heat | .
particul ar cr udén‘é?n%?zgI‘F’Wiﬁéf’ag?‘%gc&ﬁegmlf’leﬁnﬁaﬁ‘\fg\gtpq J{%ﬁifg’i"’? %gﬁbinfs.lze Thi s
boiling or 25 ofapessls pptenhtikdlyivgskleat the tank wall can prevent the

foamin place from exid nGiesRbPds theridd @anTBe RE&SEIH dMeRLAY B85S a
devel oped an i rrg%ovded {I re exti rélgw sh ng s'%/ste t hat prom ses éven re
effect|ve treal BEFES BIASRRET P2aPOREMEE: 37 13 THKS Yt v PREmEPERE B0
and hi gh vapor prstalies! f$urmminiddnti qui tank,t hand /appl foat sbag g amébbl pri nt

system al one. Thezi1e¥ QMRRndYat S miYd Udek. in addition to applying foamto
the liquid surface ' a footlg)ri nt, such that foamrun covers,  the surface

to the wall, the fur %’/Tg{]gg%’éﬁ? RIS T RUTHISSF| (frpdes 1R R1%%
wat er, agai nst papoer opseskutrbe Shamgabde thiduids | payi rpprsrentcubpecil a
hei ght at and/ ogyxei dgildningbo¥obend | Weydnhevehosd 0 HQskBE t aBkvaal | .
-4- Under the inpro e.c%s stem%;\l/xﬂ'he nanagj ng resources .at: agj_llre, acf-ln
parti cul arl%en%?‘égl G abqi ¥ @g/\éf‘e?‘g%ﬁ'%é?&f" , SYER ddade §h6h‘3‘ﬂ{] i rst
be depl oyed t o swtfdsd sis advearif byt feamtrwudie @idt sfidem plintbeveamskt he
quqid and though a prescribed minimum density of foam is applied
for a minimum application time; a fire in a tank of in
particular crude or high vapor pressure flammable liquid
20 may yet not be extinguished. Experience indicates that -
even though a relatively thick layer of foam covers the
liquid surface extending to the tank walls, the heat of a
tank wall may cause in particular crude or high vapor
pressure flammable 1liguid to boil. This boiling or
25 vaporizing of the liquid at the tank wall can prevent the
foam in place from extinguishing the fire.

The present inventor has developed an improved fire
extinguishing system that promises even more effective
treatment of tank fires, especially those involving crude

30 and high vapor pressure flammable liquids, than application
of a footprint system alone. The improved system includes,
in addition to applying foam to the ligquid surface having
a footprint such that foam run covers the surface to the
wall, the further step of applying a cooling fluid, such as

35 water, against portions of the exterior tank wall, in
particular at a height at and/or slightly above the liquid
level, to cool the tank wall.



5 surface. (Note: Footprint is used here in the singular for convenience.
It should be understood that "Ifootprint” may refer to a plurality of
footprints, qﬂt’ hed fromplural sources.) Furthernore, cgr()l | n@ t he
upper tank wa prlor to a foamattack could be a waste of YEsY  or
even 10 counter productive, because cogling the upper wall may cause t he
steel to draw and curl inward. A curling i nward of the top of the wall
could conplicate the process of establishing foam coverage. To the extent
fluid resources or Usglicer the Enmidved syatéwy whenhahahadimg dedsoureas st t ack,

s Lncluding, Mpgle Paghd CH Al VG R{]h%ﬁsllﬁ%&agﬁpgg%%eietbg rLank wall

shoul d be cool ed at |1 e cool'lng is

ove t
advant ageousl| yplfﬁ%ﬁ}‘ﬁeat refe §?6% Froulse figmk Ra feniarasy tonestahyish foam
run. Alternatisefypamafbatigsinte pochi thatf fidam tranmk wsbdrs tfige 2Qiqubdcksi de
being the 4 wn%)é ' de Db r I
Ci Ircgmc erenti a fp%% on o?ée %Btﬁﬁ%@%lé h&é& %Dlreeflﬁ e yscf‘n??ulgk- fmf he

liquid level h‘é‘?’g‘fﬁm@ﬁc&ppr{ﬁ(l%fiyb% ?’?é’@cht°°éBE§‘¢1F aiﬁ%%ﬁf‘f' oray
stationed aroursgfer tank plarabétyontifedtppihieye etsltebnequealﬁx@nt prevalo 25

cover the cir Mc%re C€ry ?hefrpc?r Loy }é}’g' tne Lo d BS&T‘%%%&Q A

further strategylncst effect | vel 'y 'extingui’s Fank T rred

particul ar crud® AntPH AERForCWds b & MaéﬁﬁaﬁlferFFaHFﬂe%aner?Y%%
I ncl udes pwsi teambuey gprxbyducdGve, pdwetausrozdlod iagertha tupdersiwEeMal hayporti on.

Preferabl y, th@a\?%z{h@ BoULl e o9AS! bhaNAE OSaql T ODloATLORpLg e tank

wal |, thefront I ng. t he upw nd 5 erre nozzl e wo I ncl ude
both foam and ¥ yERHWHRP eﬁpﬁ{??’t ValgfhémHB zFERAIF HethenBERFSE T M r ol | ed.
35 In sqsmﬂhishpagt foart ddveragent I'yg thel axtenty fluianraseascedere -

conoent at | onyDl a9l b IPaSHITEF: ! oERLBOIIRPHC by’ Hec b o

exceed establi$ alr-qual it
Anendnentd of Méldr%é‘ﬁdapétcsﬁ'ﬁ‘éhﬁ‘ﬂ%mf%tw% BEPEEHTEr cf cPPERLID @
oxygenat es) betreddethkeiwallar sheaidnee | yodXed/ et anduiad igatyasabove. thésuch

oxygenates i nc{£ASq 1heC! afife UodBHg93SOLAPENAINEIITYO¥Egun at the

side of the tank wall having the longest foam run.

Alternatively, a backside portion of the tank wall, the

20 backside being the downwind side, is best cooled first.

Preferably, a full circumferential portion of the tank-wall

is cooled, extending from the liquid 1level height up

approximately 3 feet. Oscillating monitors stationed

around a tank can be located to have the requisite throw to

25 cover the circumference of the tank wall, resources
permitting.

A further strategy in cost-effectively extinguishing
tank fires, and in particular crude and high vapor pressure
flammable liquid tank fires, includes positioning a dry

30 powder nozzle over a tank sidewall portion. Preferably,
the nozzle would be positioned over a front portion of the
tank wall, the front being the upwind side. A preferred
nozzle would include both foam and dry powder capacity.
The nozzle would be remotely controlled.

35 In specific parts of the country, primarily urban
areas where concentrations of ozone in the summer or carbon
monoxide in the winter exceed established air-quality



5 air quality. Even though oxygenates are nandated primarily in urban 1}
areas, it is estimated that oxygenates are added to nore than 30 percent af
t he gasol i news®$ob2t) t he United States presently. By the eg]?rigg%&&%lz

decade, the Oxygenated Fuels 10 Associ ation estimates that oxXygenhat es
will be added to 70 percent of the gaselsne sold in this country. Methyl ,
tertiary butyl ether (MIBE) conprises one popul ar oxygenate permtted ini
unl eaded gasoline_ up to a |l evel of -15 fercent. MIBE is a volatile organic i
conpound 15 StRRRITdRmdetRe ofd SN MOl Ah ARRNANESE ST ©§m190umandgte. As |
one of the prtompyundsgresienidal ioxygehor(rekatpel gasals neggepatdest ben of

MIBE in 1993 d | .ar |.C 1,cal nuf act yr ed. I n
1993, 24 bi |1 Padc8 e EORA s ARAIEY of 9R8) rGURT AT el L PbB e | |
MIBE is 20 ew¥#endtes dewrsasauthe gictiang phheospsodine asfd gmpdavei on, and
favor abl est r aasf edusglickybl endi ng characteristics. Al though MIBE conprises a

popul ar, cost eff | < i o, ] ' act a and
‘relatively | ow' vo éé%’%%; §ﬁr}%’ﬁ@%a%gs%‘?§‘§ﬁﬁgﬁ?ﬁp%g#gg}’ il(fhu%g@ﬁcy 25
(EPA) has taFeasi viF yis cdalsidatiedq thakeoxygpratafc @regaddgdpsesmdtre hunan
caLci )nogen. thaselo q:ié‘x&:_"emxxbgeﬁnfeqsaswﬂi& 881dAMr e Urider Sﬁuiﬁeémlt hyl g
ether) are re er ngideration. t hanol an
Eree (etnyl tEEeIaREIEy: B e EhR O Wil 8BCaSe end b lachiren Fiafne: 30
Envi r onnEdit al ASsRiatiore @shdppteanthaly Qxygsnatee a¥ikhdopddef| topidbabl y
affect the supeesentarst rilvek ghsolbnée esdlfd denpaisngogitaducts in this area of

"finished product "M%élg{locg&?g??veggﬁtgggiretg;lpmgga @@%ﬁr Qérﬁ:{]:gifs%sf u(g#es. As of ,g

g
T

R BRI
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this date, MIBE is esen C f I nver
‘finished prBeRRIAT o¥ygarase PRAPITERR HurneadededarAlivR MIRUEMtA ti es as ;
to require stbeeage oM Usapgeceanks MIBE tikak khavetrfid hefganicetahpy@ty | ow | I
boi l'i ng - 65 i a {40 sQlJ I faor instapnce) or a §
| ow aut o!'slgni {Yo %%e?gﬁﬁﬁg%%o&ogg?bﬁé%%ﬁ.fr%%ﬁaghbr(ﬂ fzrals_'pgllpsnt of
MIBE i s appr oXeeretfeltpel 3 ipary| nonabendsadnorefepmuliadec: gapelinese is
appr oxi nat el yphsictiidn-of MTHE 1993 ranked second among all organic
chemicals manufactured. In 1993, 24 billion pounds of
MTBE, worth about $3 billion, were produced. MTBE is

20 commonly used because of its low cost, ease of production, S

O P

and favorable transfer and blending characteristics.
Although MTBE comprises a popular, cost effective
clean-burning oxygenate, with high octane and “relatively
low" wvolatility, the U.S. Environmental Protection Agency
25 (EPA) has tentatively classified the substance as a
possible human carcinocgen. Hence, other oxygenates, such

as TAME (tertiary amyl methyl ether) are receiving serious
development and consideration. Ethanol and ETBE (ethyl

tertiary butyl ether) may compete for the consumer market.

30 Environmental, health, economic and even political factors

will probably affect the success and market . share of

competing products in this area of "“finished product"
hydrocarbons, gas additives and/or blended fuels.

As of this date, MTBE is representative of a growing

35 inventory of “finished product" fluids that are

manufactured in such quantities as to require storage in

large tanks and that have either a relatively low boiling

s e~ am



5 ignition tenperature of gasoline, by conparison, is approxinately
900[err]F. The increased production of and need for 'finished product’

hydr ocar bons wo §3weppded fuels, MIBE, TAME and the like - in gq.%%gﬁ? ?%l
danger and risks of handling fires 10 i nvol ving such flui BfBduced

and consuned in | arge volunes, the fluidg faust be stored in | arge tanks.
The present inventors have discovered that existing systems for

extingui shing hydrocarbon tank fires, including systens for the managenent
of foam attackRoisolRrg Bempaxed\ted gr§od dperon Srudehe fdicf finstikhcandor

_(Ij_ﬁnger ous t5| t L@t1an5axwmhg;iﬁt¢hdnawﬁ§eﬁﬁx¥téw By a%@sélhﬂyl e, ank{%é rtes
e presen [ r i1 W steps
P BeATarS paLAE o itex 1Y Rty Ban PP g HIBERE Shor a1 ow

that are benefi ¢ €n a essin
aut o-i gni ti on ysikdong temppyatare meapmmmlmﬂwa StBEs dwko-

i nprovi ng & oanigafittdek t eeRpésumaire ofhegPsesiid, | BYENtbfpaslsén | eaches
I ncorporati ngd;d(?%g‘\iggtgi)zggso@g}d i mproved foam 'attacks into systens using

nozzl es store arou ank rimas well as distant fromthe tank. 25
BUMVRRY OF THE | NVRR®FI dRcrepsed oBrpduehisn efenidbrnessti forr nhfimished

ext i ngui shi ng grcametb| Ryarsk0aEnss H blendéd Uk llsanThiEl eBaMS | 4k faam
Foot prints fo ﬁcepl urg,arte\ésgfs QB% %h%!nl: cgnfl urﬁ‘(?j%:hcl)zz S a;fjé'-se Snto a

enpirically erm ned thr f A
grid. N&i’zl e§né(|°é"t1ﬁ§n sughf @;H#éﬁ ar éiméusedam% weimsuped [dme diaxtgsd

f oot pri nt, adjmhﬁdstothéhelheaQMuaf be Getickdd itmelé:aj&,ta\mdsl COI\H%V a tank

surface with f t| qQns_ of me oam r roved
method is al s& %@seg?osedérp:ors |ndl}|s§ vg g%')éa t SRS §¥St?’ﬁﬁl i ng
crude and hl%lngabéﬁ‘ln%#’é’§§8%r¥?%mm%lneisqumcl‘aﬁﬂ@q system§Hior net hod
i ncl udes appl yhegménagenenta dfi oaw ma‘o&qeshauadtwlimwrbbea £ogrdrit such

-7- that fsoamtrhgn d‘i?‘f?. ﬁﬂ:hgphi ﬂ%gx’?‘m ags uanizi,nd anp! a%@ n(gh(i%ol | ry fI uid

agal nst at |least a on of the erior el g € and/ or
siightly abové&ithe Pﬁu?’éfil%ll}kﬁotéﬁ’élflmﬂ?-t ank vval . In the absence of

t he The present invention discloses improved fire fighting
systems with steps that are beneficial when addressing
fires of low boiling point and/or a low auto-ignition point _
20 fluids. The invention includes steps for improving foam :
attack techniques. The present invention also teaches
incorporating improved steps and improved foam attacks into
systems using nozzles stored on or around a tank rim as
well as distant from the tank.
25 SUMMARY OF THE IYNVENTION
A method is disclosed for assisting in extinguishing
fiammable and combustible liquid tank fires using foam.

Footprints for a plurality of potentially configured
nozzles are empirically determined through shooting foam
30 from the nozzles onto a grid., Nozzles are then configured
around a tank such that predicted footprint, dadjusted for
the height of liquid in the tank, will cover a tank surface

with foam under the limitations of maximum foam run.
An improved method is also disclosed for extinguishing
35 tank fires including crude and high vapor pressure
flammable liquid tank fires. This methed includes applying
foam to a liquid surface in a tank with a footprint such



5 ability or the resources to apply fluid to cool a full circunferenti al
portion of the tank wall, or prior to when such resources can be fully in

pl ace, prefegry pRodi ments include first applying fluid I nst a-portlon
vva‘?fhnﬁ 3’%%6?83?'5’ tled 10 !

enbodi ments include first applying fluidjagai nst a backside portion of the
tank wall. Three feet has been found to be an approxi nate advant ageous

of the tank

aving the longest foamrun. Aternativel

hei ght above the liquid | evel at which to apply the cooling fluid.
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water 15  on L4 ihR0uii%iilee aBALASONSE Ofeddte d
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nozzl es for c&B ARETLEARA
Alternately, SihpROLdtSw
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advant ageous| y, ¢3afl- afd &S older ¥R220E LML IRIBh, BAIER tank side

20

25

30

35

wall. A frontside portion of the tank wall would
preferably be selected. The nozzle can be remotely
positioned and operated through use of an extendable
platform or boom.

A fire fighting technigue is disclosed for industrial

"scale tanks that combines a foam attack with a cooling

attack on inner and outer tank wall portions. The cooling
attack is directed preferably at a 1level that is
approximately that of the height of the residual fluids in
the tank. The cooling attack is preferably conducted
subsequent to establishing the foam blanket. Such a system
proposes to minimize fire extinguishing time and to
conserve foam, costs and human resources.

Preferably, portions of the outer tank wall would be
cooled with water while portions of the inner tank wall
would be cooled with foam. The nozzles for cooling tank
wall portions may, in some cases, be the same as the master
stream noézles used to perform the foam attack.
Alternately, such nozzles may be additional nozzles staged
a distance from the tank. Nozzles located on the rim of

e
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5 would have the capacity to throw dry chem cals. The foamattack to
establish the foam bl anket coul d be acconplished through bubbling foam up
t hrough the t . hr ough di schargi ng foam down the insid f-the
tank, as mellagém@§n§taged nozzl es distant fromthe tank. TE8¥@%&%9 oi ce
Is largely dictated by the circunstances. gne aspect of the invention, for
foam attacks that include enpirically determning a footprint for a nozzle
and configuring one or nore nozzles such that predicted footprint and
predi ct ed f oamthen teokemightanakss ke disieBl, eithezcpermapentiesozzkesioy a

fog_tpri nt h_of ftQ,@Ep@%h R i do giaééata ﬁo%fahtew é\?cl@ arsfwazlvﬁnhotneezméi.l | ZefiaD
extinguishing the fire. ~, ects. o e fo print, such as range,
footprint | engﬂ?%ﬂ‘&%%ﬁbﬁ%@%ﬁ?ﬁ? nwﬁgp n?ﬁog‘ %a 6“’569&%&%53882‘?% used
to nore preci séldvansagegusty tusednoFaiedezablyorone 2x| o taerdaii nogzles
erfecpivF 3ﬁd %kk?ﬁiﬁabezﬁﬁ%?éﬁgﬂéﬂﬂ&-tbﬂtﬁf?ﬁhﬁﬁ;%ﬁﬁﬁﬁha@é.}heti”Ye?tion,
also including a fogmattac enpi i et erm nes oot pri or a
nozzl e and confi gur gg]eo%%a’?)ratﬁ?ﬁg}é ‘??g'%?ﬁ@?&%r%q’tengf’a’z%ela“ﬁﬁ%d%ﬁiﬁ%e
footprint and mcsemplddhedaphiranghc bubbling afdarf [up dhsenghctheatahleast one
of predicted fairught dschiRdingt £6ah GWn' the | ihs3deUah Bls tdF tRkELamt O
account at |east one furtggr acé&w.o Tg§§$ %gr%hgr fagtorﬁgﬁ?y I icl ude
the sel ected ndFzI"sidt AEafYuF P9e trhezzsle‘i e SEEF2Bha 3™ kb%r% " of "1%am
concentratl, ahoiekl isatarxgelinldiotanedcbndthe origcunsteacehead pressure,
?ct ual ?urm n? Ilhu' %@9&5@%«'&Mgetﬁésﬁﬁaaw%rn,?_f& |t&£x§' @g@ha&% &pdd mat ed
enperature of the hurnin : one _variations ipn footprint r e,
oot pr i nt i dt KITgGPPPREE 1 ehbih ARRFERGRITase EPRTPELC peothy & CaPEI Bt d
based upon a vandatdamfigmrihge abeverfmerer yozzles pach i thawrpredi¢tad ons in

footprint rangededpriftprial prbaietedagedmonwar tatvksNs | RaWRt ef1uia - 9-
head pres e. Varl ations

d pi |.n, Toamrun_can pe reclclgtedbaedon .
variations’in fsé‘é‘ﬁ]atcﬁpe,mﬁi,\?%eesntcr&?ﬁ‘ggﬂt?af?%r?rd’fn%f 8§m SR ?\9%%1%? ?‘i. uid
bur ni ng. BRI EF tbESERNPTVWIIh GFNTRELORANKGCEtilized in extinguishing the
fire. Aspects of the foam footprint, such as range,
footprint length and footprint width, can be noted and
advantageously used to more precisely configure the nozzle
20 or nozzles to achieve an effective and efficient foanm
blanket.
In another aspect of the invention, also including a
foam attack that empirically determines a footprint for a
nozzle and configures one or more nozzles such that
25 predicted footprint and predicted foam run cover a tank
fluid surface, at least one of predicted footprint or
predicted foam run is adjusted to take into account at
least one further factor. These further factors may
include the selected nozzle stream width, the selected and
30 percent of foam concentrate, as well as actual wind
conditions, actual head pressure, actual burning fluid,
actual type of foam being utilized and the estimated
temperature of the burning fluid. Some variations in
footprint range, footprint width, footprint length and foam
35 run can be precalculated based upon a variation in the
above factors. In particular, variations in footprint
range can be precalculated based on variations in water



5 A better understanding of the present invention can be obtained
fromthe detail ed description of exenplary enbodi ments set forth below, to
be consi dered junction with the attached draw ngs, in Leh: Figure
1A illustrat eswgﬁ&@err%&iuri cal technique for 10 predicting a WE%GPE{” for a
gi ven nozzle and certain nomnally sel ecteg conditions. Figure 1B
illustrates a variation in footprint length and footprint width for various
si zed nozzles, from 2,000 gallons per. mnute to 12,000 gal |l ons per m nute.
15 Fi gur dead2pregsurd.| u¥ariationshén foan roh canddi predaloolatedit s
together wth Pigdeal 4 JHAMISAS! onSEGHiP 1988, OperBihit MRAELATALEIORISF 1O
achi eve coverage of th %I q%ld gt_:irf%cg in,a tank wth foam Figure 3A
i1lustrates tankEoR8 Pngo YPo P HAUT BUFBEPS0  tank wall surface. Figure
3B illustrates a foam att acBRIBEDESCRIPTTON) OF FHR (DRAWINGEI eved using a
footprint plsus predi gtigedQaihadPstdndiicf o2 CGenhd Iprabiat etnititGlon Rk wal |
rimcooling as r%’g ,vveél s th utlll%at o(g of a staged nozzle over the
edge. of the tafP*RREEd i HFA™ pridteer 461 9%? Vi "&’r’ftg(%de?fcaﬁ’é%‘l‘? L4
Figure 4A il usemdbdimentoansat t afdrtdchi belowy a toanbdl amdetiddrerighin

bubbl i ng foam upchlaArthen AP BRef atB8cRfa atfifihgs, inFWHYER: 4B
illustrates a foam agt ack achi evjeggs a foam bl anket ¥S| {1g elther fixed or
ISYE a5t ra

h
tenporary ri m mount et*$9%5 Azt afFFe ¥h PP eFeGONEAYRa fOF
cool i ng usiteg dpsedhctingt agdbatprints fqyeramgéven andzedapa@ndr ycertailb
nmount ed nozzl es naRdhQi1 psdtdla BeRdi€ions. - 10 - Figure 5B illustrates

' tank wal | tili di st ant t.aged | e, i al
nozsl e andior ri m motARERE gy 3RSt EReFA NeFRaklon 57 FreRBeca i Sir e o

il lustrates thraminfoatpmizi evifdebt Fornvabiousdjizeennohdes ankran X,i0o®.

Figures 7A and ¢4B;35Rs {50 5 rtAQWtRY13, ¥86 | §{11%hd Ber minute.
15 Figures 2A-2T illustrate the use of predicted
footprints together with predicted foam run to stage one or

more nozzles in order to achieve coverage of the liguid
surface in a tank with foam.

Figure 3A illustrates tank wall cooling for an outer

20 tank wall surface.

Figure 3B illustrates a foam attack wherein a foam
blanket is achieved using a footprint plus predicted foam
run.

Figure 3C illustrates outer tank wall rim cooling as

25 well as the utilization of a staged nozzle over the edge of
the tank that might preferably provide dry powder
capability.

Figure 4A illustrates a foam attack achieving a foam
blanket through bubbling foam up from the bottom of the

30 tank. Figure 4B illustrates a foam attack achieving a
foam blanket using either fixed or temporary rim mounted
foam nozzles.

Figure 5A 1illustrates outer wall coocling using
distantly staged nozzles, permanent and temporary rim

35 mounted nozzles and/or an aerial nozzle.



range of a nozzle of a given size and for a given expansion, based on

variations in water pressure. Figures 8A through 8E illustrate a nethod for
10 exti nguyelifg,s fire utilizing blanketing nozzles ' rior rim
cool i ng nozzl es. %fgur es 9A through 9F give and illustrat e%ﬂ%&‘%’hs in

f oam expansi on, 25%drain time, contral pine and extingui shment time for
two types of foamat two 15 concentrations. DETAI LED DRECRI PTI ON OF
PREFERRED EMBODI MENT Each fire fighting nozzle, it has been discovered, and
the present invehigwre SRathbustrated |inndmytanjowwald char astedriingt i C

footprint of {eaMiingt andfilstapReyatdtdFea?toz Alel,NoOgh skk-3aHBY S ARd
conbustible [i é“ d tanks va{:%l n di,aneter,. they share an approxi nrate commopn
hei ght. 50 feBIA(9%E HiTpofptdd RasRlFs, \BLther HESTARERL OF LARROTATY-be run

assunm ng a supply Bigwest anddrldskirateamtbxioeingr essopezlas Bddtprlit® psi,

but possifly HB4:1QerdSHS ivan® bR ENSe 25 nozzles pointed in a standard
inclination to %he hori zon. G ven_standard. pressure, a nozzle ,and, a

particul ar foam coftEHSat’® ang: dPeaTS: TaRIeH PPN & Ierdiatism frhave
associ at ed wi tange afchar astizediestot ‘at hgbwerf ostipei rdrsi Thirs 4 oetipennt can

be measured epgphih&fbd Y dikeaont L8 deond0 in HR¥&LpLOVANL 2 grid laid out
above the ground ip, a tankﬁgt gﬁﬁ‘? ropri at t ance avval#et The observed
t f

e._di
mark of the peri mef ¥URss t IF grl'(li&ua TRYE hed (MRS, 2 [FOTs
f oot printo aheinguigidingadjfisenentsliaingde bbalgkdtdngan riozzilease and

decrease in foRtPFidst AWe bB1RPRYENdiAlediei ght 35  of liquid in a tank.
Experience and st#d, show i.n. addition that a gi ven foamw |l run a limted

di stance over fla He% 3P TRTRRIN OF (A% GPeApi PPEERYS IETORSs t hat
maxi mum fl ow fnn ffoam aekpamgids,r e26% giraip nbime gs caneraldvartimgeans! y

staged upwi ndegf; RgbiNmieid t Rike ThOrSVERS SHRfeL! Jehe duanni ng tagk, >
that is the spot ere the burning fluid appears to take 1n air, usually
lies bet¥Ren tARETRITALLAPSrhe center of the tank in the upwi nd direction.
Approxi mately 125 f D TION OF PREFE BOD

Each fire fighting nozzle, it has been discovered, and
the present invention teaches, will lay down a
characteristic footprint of foam in standard operation.
20 Although flammable and combustible liquid tanks vary in
diameter, they share an approximate common height, 50 feet
(45 feet to 70 feet). Nozzle footprint studies can be run
assuming a supply of a standard minimum water pressure,
usually 100 psi, but possibly up to 125 psi, with the
25 nozzles pointed in a standard inclination to the horizon.
Given standard pressure, a nozzle and a particular foam
concentrate, metered at an appropriate level, will have
associated with it a characteristic "“throw footprints.
This footprint can be measured empirically by shooting the
30 nozzle toward a grid laid out above the ground in a tank at
an appropriate distance away. The observed mark of the
perimeter of the foam on the grid describes the nozzle’s
footprint. Theoretical adjustments can be made for an
increase or decrease in footprint due to potential height

35 of liguid in a tank.
Experience and study show in addition that a given
foam will run a limited distance over flaming ligquid. The



caonprises a standard di stance for configuring nozzles froma burning tank
wall. 10 Each tank dianmeter has an application density rate
prescribed bywoNskéhas Mul tiplication of the mninmm appljéﬁ;ﬁ?sé @391
density rate tinmes the square feet of surface area of the tank

m ni mum application rate of foamin gallong per mnute. 15 The
invention conprises a method for configuring nozzles froma tank such that
their total gpmyields the mninum application gpm their footprints tend
to concentrate fmmp@neappre@nhhe@em@mnspoth@t nareinem i€ hovi rent Ber
conbi nati on of fPHJam.Nts does not require foam 20 to run greater than an
enpirically estinmated.nax Joamr faor th ul ar foam used
Figures 1A and | B re?&fg ‘L[%H{gf‘ #%%Iarﬁeﬁ‘ﬁc%‘ ésxr-?ﬁ?ﬁ upyind
footprint of a mfzA urading It@s!kr-at dhei sweerjuspotAcotnthel @urmng taskx andard
distance 161 oRIaR 25 the ok VRS Ihe phBiNG it 3BpsipBtd RakBCy ROl {om
of the enpty tank. A g 1 ehﬁ]lz are*g‘stre ﬁ across the g Jr’

tank each |ine Be&ri ngF &s i%s e eagfir H‘@h@ﬁ“&ﬁoﬁ PPI% top
of the tank | at &eakl yimnthe omgiwindi MIrIGytﬂ-nnapprm:rmnada;telQ fies feet
intervals. Foamdomg@isesSa Stdindak@Maiedhce ¥or cIRLiddFiNd %lziegllfpéht he
ground in the tani’ observ the rimeter of the footprint® 14 by observing
which lines 12 MENANT| ted by nmeans of flags 13, are being

t ouched by #the peri nBaeh &ﬁnkhéiﬂmamlashas passpplibabilophn {:‘émsittyn Qﬁte)f

tank 32. 35 presErybES by BNFFA' | USt Mal €8p11 &WidH Cd Y tnedeh ek
footprints 14, the? gral engt | t gbreac{%h 20 1 ndicated for dif erent
nozzl es using a2FRFEFRBFRP %}ﬁ% ) x e)5imes the, SRRIFLESST Of | AW EREDA
through 2T the m&Eehnef floarhanknyfelds e niadrhguapplicetiaseateaet foam

approxi mately 1Q¢ i;gﬂeng/bss& mmrt@ cul ar | y, Fi gure 2A  illustrates
ab confi.quration &g f.oot di anet gﬁ Three ngzzles 10 are
depl oyed aﬂ‘g ai med. "rhe“%?fr"% ‘?°é“p&'é‘5F8yead ge Sﬂcef% SRREIIVHRY ank

22, which conpergglgs from a tank such that their total gpm yields the
minimum application gpm, their footprints tend to
concentrate foam upon a predicted sweet spot of the tank
while the combination of footprints does not require foam

20 to run greater than an empirically estimated maximum foam
run for the particular foam used.

Figures 1A and 1B relate to the empirical method for
determining the footprint of a nozzle. As illustrated in
Figure 1A, nozzle 10 is a standard distance 16 from an

25 empty tank 32. Individuals 34 stand in the bottom of the
empty tank. A grid of lines 12 are stretched across the
top of the tank each line bearing flags 13. The lines may
be stretched across the top of the tank 1laterally and
longitudinally in approximately 10 foot intervals. Foam F

30 is shot from nozzle 10. The individuals 34 on the ground
in the tank observe the perimeter of the footprint 14 by
observing which lines 12, more easily indicated by means of
flags 13, are being touched by the perimeter of the foam as
it passes through the rim 22 of tank 32.

35 Figure 1B illustrates empirically determined
footprints 14, the general length 18 and breadth 20
indicated for different nozzles using a particular foam.



standard 125 feet. Footprints 14, enpirically determ ned to be associ ated
with particular 2,000 gpmnozzles 18, 10 yield a concentration of foam
around an estydR@RsheSWEEt Spot area 26, nore particularly ' :

esti mat ed bott}*ldarygzgo, while requiring a maxi numfoamrun 2 fﬁﬁo’l%l 85
feet. It can be seen that a footprint of1; <2, 000 gpm nozzl e has a general
maxi mum breadth 20 of approximately 45 15 feet and a general maxi num

| ength 18 of approximately 90 feet. Figure 2B shows the application of the
same nethod to the Burkhe2@xampde afafdgeres advk Yuangh i24 fdeom@xdmgp0 gpm
nozzle 10.  Agsdm runt B6r Q7 bart scdbdt gvan ds&d aagasPprOxinstaiyynoe 16 of
125 feet from éier%( wal | 22. Predicted sweet spot 26 receives a significant
f oam concentrati on and the maxi num foamrun required can be held to 75
feet. Figures 2C t Mggh PRrSicvidelexanpliedrsi ni Par tbliughnatespA and 2B.
25 hi_fi UScorfidutatiigh ¥or |augbsateoan diﬁﬁéﬁ_ﬁﬁﬂ taysd e3n f or Thivee
extingui shing o re n c e ig o] u

flammabl e i qu?%z%l}g ??reas%é I% #%A?Hgarﬁﬁm%%s sk?\(gl\%g ﬁ%%/)%ﬁégél :’agﬁi d
surface LS. Lideplayeddisganceol$ caway from gankre? erd@bich @amprises Aozzl es
;12- 3? kNg_ZZ'@@aﬁhfgazQz gziﬂ Eaeuatm%?&isit&g&{d.taeﬂﬁ_ miéaz%ﬁ) Yaeteriineanay
romtan : zz] es are, prefe SC n nitors n
distribute th’g@?l Fd?%ﬁ%ha*égémé éfr? Péﬁgb%%%ﬂ%'%"gai ARY .é‘%f%??%r&%au
portions ¥ tankeld a/corceptratdons of| [feam sregndndine &stigasefeisyretabove

the 35 |iquigbstir bgea LS of mbbe |paptidularianiackineanhbgh dstdnklteid
should be applied Pr . lL.ght | p | yrat feet.
- 13 - Fig. Sggﬂﬁ}sﬁyr gtoésgfe‘iﬁ%%lé\/ﬂuelvx\/}l %b %Ianﬁ é%'“é‘k%v?ngﬁg{.?éoﬁrosén%én y

Foot print F i s8%hkedtot it margdeeseradthyt sdnkeampice @f 08088 §PMa foam
1; i re-ext ijngui Sﬁéiﬂ%@gx?ge%e&iaughexim lbﬁ:ie_aathszcsllwv@pbﬂofi@tea&daaﬂ

i scusse erein. ment.i,o v shpu e r at
"footpri n’rg) F, P?leé? e?n%oaul%ncegr?ﬁr :ﬂlggd%glgo?r%%ﬁtf efbgro#jruaqugrgﬁlgﬁa? %qgf ob
footprints frofeetwvariety of sources of

Figure 2B shows the application of the same method to
the same 209 foot diameter tank 32 utilizing one 6,000 gpm
nozzle 10. Again, the nozzle is deployed a standard

20 distance 16 of 125 feet from tank wall 22, Predicted sweet
spot 26 receives a significant foam concentration and the
maximum foam run reguired can be held to 75 feet.

Figures 2C through 2T provide examples similar to
Figures 2A and 2B.

25 Figs. 3A through 3C illustrate an improved system for
the extinguishing of tank fires including crude and high
vapor pressure flammable liquid tank fires. 1In Fig. 3A,
tank T is shown having liquid surface LS. Lines 41 bring

"a source of fluid, preferably water, to nozzles 42.

30 Nozzles 42 are illustrated as staged approximately 75 ft.
away from tank T. Nozzles 42 are preferably oscillating
monitors that can distribute the fluid, such as water, by
paths 43 against exterior wall portions of tank T. A
height 40 is illustrated indicating a height above the

35 liquid surface LS of the liguid in tank T to which the
fluid should be applied. Preferably, height 40 is
approximately 3 feet.



foam such as illustrated in Figs. 2. Fig. 3Billustrates footprint F-
having a foamrun 44 of 90 feet on two sides 10 and a foamrun 46 of 60

feet on two ot jgyegmsAes. Common commercial foam today may b SIRSE ‘to
have a foamrun of up to 100 feet. Thus, footprint F would EPe expe’isfégld to

yield a foamrun such that foam covers atlipf-liquid surface LS and reaches
all of the sides of tank T. In 15 particular, if liquidin tank T
conprises crude or high vapor pressure liquid, it is advisable (1) to apply
foamin footprint F #39-i AR dtElHFEeEers at temevipeciofi &rnl nT nshoyahbons
per minute for ltﬂtﬁauiiramum.]gi flﬁot@l&dn(:Z}"l tie &Pal )foblﬁpitdﬁfl:_}] gefethtbdspguch
as water to cool_port.i 0 of..t.an se porti.ons

woul d especi al | yso?:néen%cr:ﬁgéeaozi %\ggfg%sr (?lfn %% sf #gﬁléfg‘/_i%%% Jt'}imﬁfiﬂ]mnd
surface LS | evelA ahngh®ofoghprpott ign sdfownankn wikY -t 3Bcoand f @istussedhe
portion to Wi chhdrtdnf. oagshnsntfenddmnagest, r va. shéuidiad Wndelirstboantrit Fi 9.

3B, the portion that m.ght b st_ 25 ant ageous|ly cool ed first would
be the portion irglofotﬁgrag?e'ctlﬁbn st F(‘)’g‘%&ruﬁo igC 38 Icl°6’§’f’Fé%85 Port her

an inproved net WedtdPlagitrgafsKPAEPTintS | from tankarieky wef ngoereer afid
hi gh vapor presoame shthRna@bllauskirgtéd. in Pigs.Foot priglt 38F i1 Gs8Pates

illustrated as t Lshe L qui f.ace LS i.n,t.ank T ans. of
nozzl e 48. (A&Zﬂﬁ?’kgﬁgi ﬁgﬁg"%‘gt’*@p?ﬁ%}% |I§l%| I“:l}ué:> rg egeFBrg%‘ogegngég%sé. )
Sour ces of i&ddi tandhal frRm Hun246seEncGistertcidn fmongtherzkédesar eCommon

i Ilustrated stagesmaretnl £odik tbasyiChay bal ekpaytedtd Raow adddnd enal of | Ui d,
35 such as water '

.. al at hs agai nst_.exterjor,.side portjons_of the
wal | at a |evel é’t té’n&%&gifgeﬁt 'y g%‘(‘)’\?é ?ﬁgéﬁﬁf% tgo‘f'oﬂ'%u%’%l §8??%%%£L+S‘.’ Foam
fromnozzl e 48 ivdedfon foam ryn. sighi rkhatat frars. coversidelitored oligaid
nozzl e 48 and flsuirdaBezrseand? reaghaddatlopal tHey spawdebrN@asake 14 i fn shown

Pornd S SRR ! 2980 Lo ROBLAL Oty S B8l 0, 1
al so include foaepeapebessuse liprjdpoiides advisadblsy (13 tel\armlayg&oan| in
staged on the frrerkprdatof tdeliquik shhAgats Ls e fthenkplede £obat Henimak
refers to gallons per minute for the minimum time; and (2) to apply
in addition fluids such as water to cool portions of the
20 walls of tank T. These portions would especially comprise
a level around and slightly above the 1liquid surface LS
level. An important portion of tank wall to cool first is
the portion to which the foam has the longest run. In the
illustration of Fig. 3B, the portion that might be most
25 advantageously cooled first would be the portion in the
direction 44 of foam run.

Fig. 3C illustrates further an improved method of
extinguishing fire in a tank, including crude and high
vapor pressure flammable ligquid. Footprint F is

3o illustrated as established on liquid surface LS in tank T
by means of nozzle 48. (Again, a single footprint is
illustrated for convenience.) Sources of additional fluid
42, such as oscillating nozzles, are illustrated staged
around tank T such that they can throw additional fluig,

35 such as water, along paths 43 against exterior side
portions of the wall at a level at and slightly above the
height of liquid surface LS. Foam from nozzle 48 is shown



the upwi nd side of the tank while the backside of the tank refers to the
downwi nd side of the tank.) 10 If the footprint of foamcreates a

relatively egdsobggm run around the sides of tank T, the he tank
that woul d preferably be cooled first, by the application ?&ﬁ%&ﬁ{o&&

exterior wall portions of the tank, wodl gl be the backside portion of the
tank wall . In Fig. 3C BS 15 i ndi cates the backside portion of the tank
wal | . FS indicates the frontside portion of the tank wall in the

enbodi ment i | IREHING AREOVRBE, 33 fdAitden okdefox) invizetied 48r eddcEluid ui ds

andkbl endeﬂ fuﬁi&hless;st,o&ﬂohddndm& aﬁgkﬁowdexsm%gécﬂ|% s?xf@w%‘l sxch
tanks may hav Y/ e | amret 0 rom 100
A aea Ferpeer B aldbell Su0BhoBls BefoflT! BenPropUBRY i1 has

feet to several “hun e casé o rre
been di scover d¥%aia 34 is shawm isketgosedapghpiatfiare 52 a;:hbevle 50¢ knock

down" of tshe fImnpswderHovwale 54viegy allsoghasiudé avan éeﬁwmty% DryCr 0ss

boriod of tim P AB2E1p B 1% B R QTSP braBRd BF 1D S%rfnéafééhin? of
the majority ot tHhe fpake. ) (Mgrincihe Ifrontshdamee *(Iemd:arﬂc refensi té pat ed
to be true w ttheotp@tingi siddrod lthedgank Utk s tfntenbsaeéh&& of Rhedushx fl uids

havi ng a rel atﬂe\é‘“e'ﬁ:% ltgwtggl 56%% @id@n‘y o] noc?(zr\{y{d' uto-ignition

t enper at ure) flame ¥ after wn for several hours,
usual |y ad acent t&fal"i&ed§ﬁe Hﬁ“ﬁ?o‘?ﬁtﬁ%ﬂ’i‘ a2 tRs as reflathr¥el ¥nkRaudl eat i ng
and cont ai ni ngEcdresanvagomnd tHeastdesXxbfUusdnk 35 théosiaadrother tagsour ces

and significa %ﬁagv\?géf%%ﬁ%%%n%%oggde #_r_gtgw Shl n tagge_;i‘r:%&%l?em dual

vagrant flames fraom an er SI st ours
- 15 - after 1@fodlayd@into aa?ﬁ!wrsm%lt PREtAORS| ¢F f“é@ﬂtblnéinkﬁpuh@lsbe be

mai ntai ned.  tHee wassiildd igortibnl eFsemmagtafat weoDsi denaliigy.exqenss

hei ght ens, & he 1‘!1%'1‘(’:%1:% t‘g} syéé)g%gﬁ i’%'?tﬁé ﬁ?t tlhnve t|on Y\?I ch l[,seaches a

cooling attack | ons n pa I cular,
i nner porti onsm@fwﬁ‘ﬁést the REPPEsid@seartion %V\Flﬁ%cﬁﬁladéalh imathal anket

nmust be embodiment illustrated. .

MTBE, as well as other “finished product” fluids and

blended fuels, is stored in large tanks. Specifically,

20 such tanks may have a height of 50 feet to 75 feet and a

diameter of from 100 feet to several hundred feet. 1In the

case of a fire in an MTBE tank, it has been discovered that

it is relatively straightforward to achieve a "knock down"

of the flames. However, vagrant ghost flames reappear

25 across the surface of even an established foam blanket, and

persist for gquite a period of time after knockdown.

("Knock down" signals the extinguishment of the majority of

the flame.) Particularly with MTBE (and it is anticipated

to be true with other similar fluids, such as finished

30 product fluids having a relatively low boiling point and/or

a low auto-ignition temperature), such flames may persist

after knock down for several hours, usually adjacent to and
dancing from the inner walls of the tank.

Treating and containing these vagrant flames exhausts

35 foam and other resources and significantly increases the

expense of extinguishing the fire. Residual vagrant flames

from an MTBE fire may persist for as long as three hours



mai ntai ned until the mass of the tank cools essentially below the boiling
point of the fluid. Up to that point a 10 fire fighter nust guard agai nst
boiling fluid W.Gki at or near the wall, and the fluid behgw what
li ke a flamuab esg’g%?‘ The depth of the foam bl anket appear s%\é‘# i"‘?%

rel evance in these circunstances, until thgstank walls can be sufficiently
cool ed. 15 Foam att acks can achi eve a foam bl anket and maintain a

f oam bl anket with a variety of techniques. Figures 1A |B and Figures 2A

through 2T il usafeke mckhedditd ofDUrdas HUCRCKiNe ig TYdAz | &aams thekpaket
di stant from t hemigkbe Fn@iihEaired. | uTheapess2pel PEPCcess fedseRipigr ithald y 20

determ.ning a nozzle. footprint Fi £ il t val i ety .of
footprints incl uﬁ?’hsg“{e(ﬁ?t rei.ﬁf‘p?%s(l%gﬁélﬁé%f’go%grgi %gi\?\?d?% %ér ¥ Svtaerml‘ e°tfy of
sizes of a partithe prasgnt dnveskice, Wirichtgaghas ivrrqalingiatdiack on
gat hered undgr ap&etidifs nefii kdle CeHik t wADEs SUGRGASi paptiahi1dP) [ginewat er

25 pressure, nom.nal W nd,condj ti f 5to 10 mles per hour, nom nal
nmet eri ng of foan?%%n eht roréltg gngél%%lq%gtl%ﬁal straight stream nozzle pattern.

Fi gures 2A through 2Phsengstihe eneipwteconigwpi r pcdloamodelrnkat | MESE n®ei on

can be used to siaUfAMROunFiINe tR@ maB8Z&rethler Ak t@ﬂiélﬂéfhéﬂﬂfafllyh
L}g ace .0 t he

predi cted footprj a edicted foamrun w LLL cover the s

P i i m the t aretad %ﬁ%ﬁ%h{&g REEHY 19T 8, fé‘ﬁbﬁr d %%tl%l%h"r R ®HAR Ry t he
requi site dehsitSirevfighber fieh guard fapdmstabeilineddivdd wielinasdd odpon
35 tPe_ tyloet ofnéagaln_thandta%mtﬁ BRb eRdhieg ﬂrui@rﬁéi{ﬁ\fiﬁ{q Oa]f,bxﬁ)éwﬁite fimén aThe
present inventor el i.eve tha re re pof. o mr r e
newer envi ronnenfléﬁm}a ﬁ'eenglaf'f ogsne 58{3816°€ %%%ggecyn mrg?sleasrg%o“g a%%eeﬁgs bk

cal cul at ed, but liktle/arelevanes iip ftheser qircanstanggst hunkdlathpei tpnknd

surface tension g{11d&ah Bedshet ¢ikhtay Wblieas the tenperature of the
fluid burnisﬂ% have al so no% begn t aken.i.nt 0 acgount V;g?reas
haRESt

foam has g rally b ™ A a G FIEVEEsFOTBPHY pjt Lﬁﬂiier%ac,iélr Hiﬁ[l
ci rcunst ances, saicivass lhoketneith enetrdledyeoft hechmidursa f Gdaurnes Fdy only
be 60 to 70 feetip and Figures 2A through 2T illustrate one method of foam
attack using nozzles staged distant from the tank.
Figure 1A illustrates one process for empirically
20 determining a nozzle footprint. Figure 1B illustrates a
variety of footprints including footprint length and
footprint width for a variety of sizes of a particular type
of nozzle. This information is typically gathered under a
set of nominal conditions such as a nominal 100 psi water
25 pressure, nominal wind conditions of 5 to 10 miles per
hour, nominal metering of foam concentrate and an optimal
straight stream nozzle pattern.
Figures 2A through 2T illustrate how such empirical
footprint information can be used to stage one or more
30 nozzles from a tank such that predicted footprint and
predicted foam run will cover the surface of the fluid in
the tank with foam. As foam blanket should be achieved
having the requisite density.
Maximum foam run is generally precalculated based upon
35 the type of foam, and the metering or concentration of the
foam. The present inventors believe that heretofore not
only has foam run for the newer environmental friendly foam



Figures 4A and 4B illustrate to alternate techniques for nounting a foam
attack and achi eving and nmai ntaining a 10 foam bl anket. Figure 4A

i lustrates Qrrghsseattached to tank T. The nozzles are co l i nes
L to sources of fg%?n SFM Foam from nozzl es N percol ates u%ou sEyfl uid
FLD and creates a foam bl anket FM on the;sw face of fluid FLD in tank T.
The foam bl anket, as it is achieved, should 15 help to at | east knock
down flanmes FL. In Figure 4B nozzles N are staged on the rimof tank T. The
| eft hand nozzlocmcehtustest et abééxecdaheridted, Thatr ithiat vamdatdons eiis dr awn

é 0 i 'hl ust g afj e f%a%ne 'm%r ws@gnsyt ¥RE GQZZiﬂit%iPtadﬂd;MJﬂﬁ@enQéébfén No# s

i scharged down Si of _tan zzles are
staged at apprtfr r‘qu’égdpgfﬁm% %h eff %’f%/t‘fﬁe tqé%l ?g %+ tank T
a foam bl anketbuwraingehavki sked Dvbrbeeluu ‘eIaRID inta adconngeveihagease

surface ofg thegfilodi dobfl hhe g&msrarlqr Heeche@BbukROCckd NAifiawn 1thsefigee FL of
t he burni ng flui

of foam SFM 'ﬂ?eg‘f'fEE??’t’/e‘?%F%ﬁ}d‘ 8§583P%%E§?€/’0Mnaﬁlgﬁoﬁrgﬁngﬁat%‘lzoﬂEZS
fires, the predeve,i thentiarimusadioan Fuwygtaamafln dk &Rl tocdel Feet- i nner

angb outer, tlh n f‘dd'k Fig afae @ln 2 48 rmu%eégftea%aéi@%ﬁawéeahai ﬁéﬂ y |
conbi ning the tan c0oo n_a i.onal se chem ca
capabi lity. ﬂ?emgyg{’éﬁ?faolfrﬁg%%g?th?’b w-tyfo k" (hiat ‘?rﬂ%\f% "3t% t he

t eachi ng 1 t foamwblabbes.r eFégune edApbhinsirakase mozgdesi @Miﬁeh%d ¥and

i ncor por at ed ft%rn@d B, berénozéﬁégr@f@%&mb&tganﬂy gasRs Litd soktesi pat ed
that tank wall_ cool. il ge by eg\%grrent as nbl g;:l ﬂgd st aged
out si de fpam 5FMtheF‘?ad‘hIgr° f’gf‘ﬁ £2(N Pex, 5FS ¢ an be
used to the e¥idnantheyeates i a fHamc dlafirets ¥t em tlaa sber%c@cprfcéblumth

teiht hter L i Xefll ¥L.DTRRI t 0z @ﬁe%@a%lanﬁbﬁ; ¥ e tf R8McKievd®MNshOGIPVES ,
e ank Wwa

.5 Fi gures 3A h_3C i]lustrate the techni que of
outer tarf® vvaﬁ'ielé’oa‘f’i ﬁ@.l P qtqwﬁ‘s 3?‘8§ H‘ne use of nozzles 42 staged
approxi mately 75 f @ot Figonet4® negdlesf Nqare staged on the rim of tank

T. The left hand nozzle illustrates a fixed nozzle. The

right hand nozzle is drawn to illustrate a temporary wand

type nozzle. Foam FM from nozzles N is discharged down the
20 side of the walls of tank T. If such nozzles are staged at
appropriate distances around the periphery of the walls of
tank T a foam blanket can be achieved over fluid FLD in
tank T covering the surface of the fluid in the tank and at
least knocking down the flame FL of the burning fluid.
25 Again nozzles N are connected by lines L to sources of foam

SFM.

To effectively and expeditiously extinguish MTBE and
the like fires, the present invention teaches a system of
tank wall cooling, inner and outer, in addition to an

30 improved foam attack, and preferably combining the tank
wall cooling with an additional selective dry chemical
capability. The system forms a variation on and an
improvement of the teaching of the two above referenced
pending patent applications, (and incorporated herein by

35 reference.)

In many cases it is anticipated that tank wall cooling

- will be performed by equipment assembled and staged outside



tank. The nozzles discharge a fluid 43 that is probably water. Preferably,
the fluid is discharged at a portion of 10 the outer tank wall at

appr oxi mat el y wheogfwbgoht of the fluid resident and the tank. ﬁgb\%nﬁ,er cates

the liquid surface level in tank T of Figure 3A T
Illustrated as striking the tank wall at peiat 40 spreads and cool s at
| east sonme outer surface portion of the tank 15 wal |, preferably in an

annul ar ring around the tank at approximtely the level or slightly above
the | evel of thef|theitiarky f abktarpayelyhehpweveent fixed dsystanse qamibe

Nozzl es 42 are gheqnc@stisePtteit Wnep bbei infpuide! hronghsydtigs bh 10
Fi gure 3B |IIustrat€J unt m_at t ack

f ' hat . I d d f
wi th nozzles stBo2d g‘fésaq aﬁ&lﬂ%ﬁ?%ﬁﬁ ll"?gclléo%’fpﬁloﬁisﬁﬁ %’gzgﬁFﬁslsggﬁg &oon
the surface LS éistarce ifpdmd orshben: om averk Theotbrko¥alleh di nensions

that- fogtpr*s ”]E F togleiiiﬁ:res/\li it _ﬁﬁré@ﬁﬂsg QQ;ﬁgﬂfa'%@aEh%:J&e%ﬁniq%EOldfd_
cover the surfage 0 e Ld with a.foam bl ankgt . regtion
44 il lustrates ‘t”ﬁtéézgrteaéﬂ{)?' %r%x?‘l?r%fnﬁ#%qm%%gﬁr? ogr.h tll*?‘é1 “Isggfﬁffnﬁ‘e [ﬁ%eec?%it on 46
i |l ustrates thenegzkesfd2ristagad appuexinatedyu’? ctedtofrometheovadtl mf aFi gure

3C illustrates gomali nfhdoidedlee WaaBhatgack c3ia ANGt O Yromdly
cooling attack

upon tapk at, fhe _sang . time. lLn addition, aerial, nozzle 54
is illustrated ‘%?%ﬁ)‘é‘d g(fg}efﬂgf%lt?‘eg? IYJa%EI%ST‘.h?%hﬁ%%‘?iaée? %%"Fa‘frla n r?%zzl es
woul d be st@gedthm oppexi tanki Wail optt Bprraxnkpately hthexhemnghpoofi Fhe.
Preferably, aerimlidiozgéeabrit Wanddthaveatky 35us ¢hembseds eapahiilgutiv.

Nozzle 48 is _illustrated., as_discharging.fqamonto_Liquid,surface LS of
the fluid in ta%‘f(réla.cﬁ\logflvgg‘ 2N BN | Bt Tt o RS, géhargi f MasT 43,
probably wat er, ibisrratedr asaskrieing the taokswallltahkedint 48 spiyeadst he
level of the regidleiorld WitdikAst heodadutetheupahbs f&:@is@rbl@ tefht thaxe

2B Fow Brit 1T ol FREFTAY it red o ERee 19 2t indohe, FaRR RS e

| ow boi | i ng poianprdxiimately the Inuel orssbighthy iapoyer theulewel Inft thee

insi_de surface Pifﬁtﬁ.d/\/aéﬁrf\ﬁd:é bs YroveRd ee8igesveri1dilierin hendUianite

surface of the ozzllelsS 42 are shown as supplied with their fluid through
lines 41.

20 Figure 3B illustrates a footprint that could be used
to mount a foam attack with nozzles staged distant from
tank T. Footprint F is illustrated upon the surface LS of
the liquid resident in tank T to be of such dimensions that
footprint F together with at least a 90 foot foam run

25 should cover the surface LS of the resident fluid with a
foam blanket. Direction 44 illustrates the area of maximum
foam run for the footprint. Direction 46 illustrates the
area of minimum foam run required for the footprint.

Figure 3C illustrates mounting both the foam attack -

30 and an outer wall cooling attack upon tank T at the same
time. 1In addition, aerial nozzle 54 is illustrated staged
over the wall of tank T. 1In practice, aerial nozzles would
be staged@ on opposite sides of the tank, to the extent
possible. Preferably, aerial nozzle 54 would have dry

35 chemical capability. Nozzle 48 is illustrated as
discharging foam onto liquid surface LS of the fluid in
tank T. Nozzles 42 are illustrated as discharging fluid



cool ed, and even though the fluid is relatively cool bel ow 10 t he surface
of the fluid in the tank. (Not far below the surface of a resident fluid,
even a surface that is or was recently on fire, fluid tenperature can.

remai n rel ati YA%033%| due to the heat transfer associated HCTAISH969r ocess
of vaporization.) 15 Since inside_the tank the fluid is in
thermal communi cation wth tank wall su'rflzgcés, the present invention
teaches that a specific attack cooling tank wall portions at or about the

Ie;/lel oftthe sggf aﬁ@ombltwhem&@szl d@ﬂeofadﬁe% t?ﬂﬂ dy%‘}?@rstdr@f‘ébétéhbf‘sdﬂﬁc ; an]lf
wal | portions c e nificantly reduce the period o
time that nust o?he?ﬁmaj‘i?uﬁ:e%gS S%Y%V\jd °cfo%#‘ ﬁf"ﬁb fg\.\ﬁ‘%dﬁ'ﬁg t}r)

vagrant ghost flaneBhérwallgniofi iy tanik dthapomVeTfﬁaﬂpernsneg@eat efthllo be an
Eﬂ‘ﬁ} ;g;gnt \Mgggsﬁﬁaéé Ofﬂzfé;g:r'engléﬁ% V@Jc]l %E&E@G\%?e ﬁo%ﬁ%k;a#,!ta?{ntw de
terrperaturg aéﬁ?’%‘%’}s}eirf‘q P°§'ﬂ§h£]ﬁ’rdé 5§ﬁ lzﬁ'g@kéa""ﬁo@\)n' ?’ Z| 3Ry RERPT

qui ckly. The osimilamriliowkbliling nmrtroﬁllneldef fléchasdbeendiiscomered A t hough
portions of t hﬁafﬂi@ﬁlé@%&@'tﬁ)ecQHEQdQ%@PE&@Q o Lhwaat efi1f ond 1w

pr ef er abl e. V\aer |n|deat el ow L hter reside f,l ui ds.

Such presents 5°ri gﬁ of SVRB \ﬁgfgf ﬁgl ‘\Ii:gl"ggdswfﬁ Re&E \kg‘& g'al s

boi | i ng poi nt sadlédpEnchevencthough rfhiendluitdhis trelativedyi agol drelent s

Bbove, hat beor Rrourud oft the) (YL1d 1 Gle by | (NALDLLE BéLce ‘é“’%ie his
v ur, ur ni i i

poses a signi fF‘éﬁﬁ?c? |%§C<) a F&ﬁﬁ??ﬂ? rél"f‘ﬁ%' FVEP? r B 1Asst tﬁ@%nﬂéﬂl i nner

tank wal | surfzeesntly on ffiire,Mfdudd tempematines lcan usadmorel'd(tFMdeovm"

of a fire can ggottdhd Z@'&l e HeBeeausALEyr COMod AR LRBK ¥R |pRYUddsOoNs,
presum ng that he tank |arre5er I's such that opposite inside portlons of

the tank wal | s°Ffi B3RP HIH 1k range of the nozzles. Preferably, two
aerial noizl es vvoul 8iimee stl@gedeov‘elnet eankankheal fuidrhdse apritdlenwadz| es

coul d apply botBmh@ai@atist Ulwiftdy ivagr Wahh ce@kkRfes andese! gatadndry

chemi cals to atggggtf%“'égg% gs Eﬁ‘éSt%%ECLflc attack cooling tank wall

portions at or about the 1level of the surface of the

resident f£luid, and in particular inside tank wall portions

20 in such areas, will significantly reduce the period of time

that must otherwise be consumed containing and guarding

against vagrant ghost flames from igniting fluid vapors.

There is expected to be an eguivalent benefit from cooling

tank wall surfaces, especially inside surfaces, when the

25 resident fluids have a low auto ignition temperature, again

even if such fire can be knocked down relatively quickly.

The outer tank wall can be cooled effectively with

water. Although portions of the inner tank wall could be

cooled with water, foam is preferable. Water inside a tank

30 sinks below lighter resident fluids. Such presents a risk

of the water being raised by a heat wave to its boiling

point and bubbling over, carrying with it any flaming

contents above. The boiling up of underlying water,

expelling burning fluids above, has been known to occur in

35 tanks of burning crude. Since this poses a significant

risk, foam forms the preferred cooling medium for inner
tank wall surfaces.



flLames at the fluid surface. It has been found that the 10 dry chem cal
Monex or Purple K works well with ATC foamon MIBE fires, at least in tests
on small scal ey, Sﬁﬁ spgesent inventors anticipate that Purpl e Kwll work
well in fires Wrh fmst blended fuel fluids. Monex has, afterPCTNAIFIR60K | e
tests, proven to be somewhat nore effectivggthan 15 Purpl e K Mnex is
Purple Ktreated with urea. For ships and barges it is known to use cellar
nozzles for foamand dry chemcals. -A nodification of such a cellar

nozzl e coul d be conf Mgsted stiteam nozziesanyedafut t'&nbekhdown'ows at Perei de

of a tank. 20 un pE YH19128q 'éﬁggﬁ%geuﬁa&% M/§09I qnﬂ'&t fﬁAky §h i ed

nozzle NS, a tenporary rimnounte nmoun
rimnozzles NF é??d"tdﬁnéerlpﬁf"sﬂﬁiﬁ?etmt the Eé?’ﬁgdbé’é%lt?’b é%o?“%rﬁ‘%‘hs of
the tank wal | ofoppasite. ivbide paortticuisaolfy theheafhlo ura 117 2)ies wathiheting

utilrzed 10525 rabg@l ofUlrd A8 ROELI O%eBbrhBfy VAo 8 rié‘f's]&zlesﬁ@&k o

nozzl es are partlcul arl y e é’:"‘lve and shoul @ be used mainly “on tan
cont ai ni ng MTBEPeEtafe b%\ﬁ%’f & tapk Vrlise ThREerapriak é’rq?&lleﬁ/a?‘l’“ld
cooling. After lappdlky dootrh afoam;i alsefirlz| €oni givinedl swabe used ihgr, aamd i ef

time for some 3Qe;eQ¢bS B/ 'cﬁéa&iéﬂ% toF'aQ"EE\gk5%rhA 'Exﬁéi t SarLiSediye Of
distantly stage%I nozzl e NS prari %/a sta rin nozz er mnent |y

| ocat ed ri m nozZ@"RE aﬁdtg%rf%ﬁu‘?'l(ﬁ‘ﬂ R r:lttolh&ér begncPnd neidfe YRS ti ons
of the wal hoof wWagkchemNoak|MordX bs Putyledt tiorkkawéyl a»fiftecwm:efoimldn can

e 35 i ocat eduehel baL Id 15ARACRCEEELS ol ch WA | 9AD SOOI Lhe

far inside side wall portion of I mately
the hei ght of tH@VPBEPH%rﬂntlcxpafe FhP'FLﬁ’%FHIr? %h@l%hﬁkorkrwslfh andfkﬁes

preference to cedkni mesﬁeblanikkeavafﬂelpmlumss copeksShas| oapteresewdralozz| e

NA i s situated ta%g_q.{@] ol | R m
nozzl es can be l%?l FI ze s 00 |rynst|§<(§j)e8t8an oh%%hg@ t“ﬁ,% V%'onsq'b% Ffan

di schar gi ng>f oafP*IBHA If‘ne Manexds oPurpke (K fEeRses . ‘”r‘fh jUe3ref E?Iéb'iffél&so cool
an annul ar ringaadobadgéseit nisi kmowankowaké @éllxr alauwthesheohefgdt anfd t he

resident fluid. gEQr dhain3ch@850N.a Gnddi¥idakli¥nObeNUiheS SO Nszz1e
could be configured into a temporary wand to be hung over
the side of a tank.

20 Figure S5A illustrates the use of a distantly staged
nozzle NS, a temporary rim mounted nozzle wand NW, a
permanently mounted rim nozzles NF and an aerial nozzle NA,
all being used to cool portions of the tank wall of tank T.
More particularly, the four nozzles are being utilized to

25 cool outside portions of the wall of tank T. Aerial
nozzles are particularly effective and should be used
mainly on tank fires containing MTBE, octane booster fuels
or the like for internal wall cooling. After knock down an
aerial nozzle might alsc be used for a brief time for some

30 outer wall cooling. Figure 5B illustrates the use of
distantly staged nozzle NS, temporarily staged rim nozzle
NW, permanently located rim nozzle NF and aerial nozzle NA
in order to cool inside portions of the wall of tank T.
Nozzle NS is only particularly effective if it can be

35 located such that its range permits it to through foam
against the far inside side wall portion of the tank at a
height that is approximately the height of the resident



required to achieve the cooling of the full annular ring 10 wth foam
The present inventors have al so determ ned that the establishnment and the
mai nt enance of the proper f oam bl anket can be critical in extinguishi-ng
tank fires. WRERHR difficult the fire to extinguish, the PCOABINEAYItive
15 the residual fluid, the nore_cgjjtical beconmes the establishnent
and mai nt enance of a proper foam bl anket. Thus, an inproved system for foam
attack can be inportant in conserving resources, such as foam as well as

i n extingui shigngiihen filke tankex PRk t4luisl wfapredasende ta2@ool insido i nsure
the efficient i.N n p g,&% nke I e t he
fluid, the prgggdrﬁt b?gge%?g?goﬁgvé s%:éo%/%% f’hatﬂiﬁhﬁ.(?&%%g@prﬁt

and/ or predi cBgupbas, mMAstc ARVANtEORPOUELY e tP aBPR%t dBShTer HaNg Yakb
account one oOpoftiene! FeMEhalzzlesteds beheiadked ntd dACHn8kid@5tank

ci rcunst apces Y, varian o]

foot print gat F ﬁégs]?'? Iée%gén %@p‘?g%f%%}g&%%ﬁ :aén ? égﬁpglﬁﬁt iﬁ%g(ger n‘%?&

ci r cumst ances tapk valkdydit dfdmnfergbdet 5 I9eH ABMMILIFHOSLPEI AEQURDr
vari ous nozzl eaebiseiioranknvanl atoedi abows tiruhbight H¥ theosesidentd nd
condition (5 m ' I ngm PSy ] nal
foam concent r SSiRsr oot Bfs, idebn, "ECbTGL PLEP U okt iBsPEhSn T

det ermi ned n&GAHAFeR oBP pRERteY RISt Sfether TR L haPPBIRLtBENF 0am
run, canibe uiiikthzedako nmake a first estimate of the equipment 35 and

resources necessa ' d I,nt.ai f att ack.
ie ggegéx‘i@bicf&v;ég‘tg?g dn'E%'e fﬁ%ebd@téyﬁfﬁéé +ilad 038

The footprint systemh een di I n the above referenced pending
appl i cati on. estab}ishmenpfe sndscHie | AFdALERANERY OThothei FEOPEFed ALt it
can be advant agaakst éanthe cxdarieadl inhextinguidhmingakankntarascourtie sever al

actua cond a8 afpe fEML URM A432VEo g;ctﬁ@g%,gsg,  AHHANGBIEOUERL ALY OW an

actual nozzle Tootprin ﬁg.n sone near 2TV e surface adj acent
t he tank1PBiretheherrgddpal nttietdial I§he hiweme bprikdcadzzbecomerer thee
sel ect ed net ekistgbdnéhheny | enst nebtendiide &Mda Wwpibpéhefganweplanket .and head

pressure and Qﬂééteaﬁtiﬁfggygéhé}atgﬁ for foam attack can be important:

in conserving resources, such as foam, as well as in

extinguishing the fire as expeditiously as possible.

20 To insure the efficient maintenance of a proper foam
blanket on the surface of the fluid, the present inventors
have discovered that predicted footprint and/or predicted
foam run can be effectively adjusted by taking into account
one or more of several factors inherent in the actual

25 circumstances. One factor may be the actual variance of
the nozzle footprint at the site from a predicted nozzle
footprint under the circumstances.

It is advantageous to establish nominal footprints for
various nozzles based on nominal conditions, such as

30 nominal wind condition (5 to 10 miles per hour), nominal
pressure {100 psi), nominal foam concentrate meterings (3%,
6%, 9%), etc. Such empirically determined nominal
footprint information, together with predicted foam run,
can be utilized to make a first estimate of the eguipment

35 and resources necessary to establish and maintain a
successful foam attack. The footprint system has been
disclosed in the above referenced pending application.



not ed, and several aspects of the footprint m ght be 10 nmeasured. These
aspects include footprint width, footprint |ength and footprint range
(distance fromyigdbRet 0 toe of footprint). The configuring giedfiGe ;lzl e
or nozzles m ght -be adjusted and i nproved to take into account signiticant
vari ati ons between observed nozzl e footpr nt,-under actual 15 condi tions,
and predicted nozzle footprint and/or predicted foamrun. Figure 6
illustrates a technique that can be utilized to perfect and inprove the
foam attack using a 2’3291Pé’e§F§§eH“ée’b‘?%”tsaﬁé§ef?‘bﬁ’n‘%%w&ﬁﬁd Phatcifglfanas

illustrated 20 beén advaittazreouk,and tRe kbenefof céhght e, Atefrikablintohas
avail abl e a preda&éagnue‘ag%amtaéasalg'cg;%ira%age %@dﬁagnegah@&' QL ykons:

vari ations of the f oot hoZZ1 & Un
actual firefight¥a®y %nﬂéwww e i Yhyrat At . aqfd#alt szzrléas‘&?tpﬁ‘ﬁét
present 25 si nwep‘drﬂ@@mb&@@irﬁylbbweﬂgahmeammlcef@@jﬁémi thvayank Eirel
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to fight theflrec b dj o] et ou tio f.Lhe
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oot pri nt a t - cks
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nozzl e and conflgurln 0zzl'es "suc pre
and predicted fmgﬁneover a tank fI uid's surface.
Figure 6 illustrates a technique that can be utilized

to perfect and improve the foam attack using a nozzle
staged a distance from the tank. Although, as illustrated
20 in Figures 1 and 2, the firefighter preferably has
available a predicted footprint for given nozzle under
nominal conditions, variations of the actual footprint to
be thrown by a given nozzle under actual firefighting
conditions may be important. For that reason, the preseﬁt
25 inventors teach throwing an actual footprint away from or
outside of the fire, preferably on an area just adjacent
the tank, in order to keep wind conditions more or less
constant. Various aspects of this footprint can be noted,
including its range, the footprint length and the footprint
30 width. Staging or configuring the nozzles then to be used
to fight the fire can be adjusted to take into account
variations of the actual footprint from the predicted
footprint. Figure 6 illustrates nozzle N, supplied with
foam by line L, throwing a footprint adjacent tank T, tank
35 T being engulfed with flames FL, The footprint has
footprint range FPR, footprint length FPL and footprint
width FPW.



Several additional factors can be taken into account, 10 and in certain
ci rcunst ances should be taken into account, in order to perfect and enhance

the efficiengy, ?{ %e foamattack. It is inportant to bl ankf@%;?/l&g
surface of the urd in the tank. However, at the sane t

inmportant to efficiently utilize resources, .ncluding in 15 particul ar
t he expensive resource of foam It is one aspect of the present invention

that the type of fluid burning, and.in particular the fluid volatility
and/ or surface tensFoan difteaiks f 6am rextingudshihg sar ftaok t €ise orrref t he

burning fluid e %ti?rmggnte&nﬁkﬁﬂﬁenok%lké Q%ggaae%u@gﬁaevgaee% hat the

fluid does not suggort a ficant fun o romthe _foam m from

t he foam can bé’eﬁ'& herak ta hq fraBk: P JUiTEn n@“?%n‘kyﬁ? PEsFOMALRARES i Im i s
not supported layet heiscusse tianstha aboveeréferencedie pehndéngugtatiemt

extingul shad Duppigchubbhes of #e bhgal@alhay FORALDUAD! amplocnofiiun as

far asfoamfllm Furth % ndlscoveredthat the, volafility
of the fluid oﬁeFPFE"Eéﬂgaﬁhfeeéfm ﬁﬁl’(‘,ﬁp% &y 8F2Le A CPRE LI I 86 ns can
be proposed foprthose efdzedes shethehgh phad imtedefsotprintball yreabimgiedx. 30
The | evel of C?Bﬁﬁ”%ﬁ%&vg-% dabg $9L86% 0BRSS N0, of the foam used

(usually between standard neteri ng ercents of. 3% 6% and/or 9% can al so
affect foam run. |nSgERErLaddifdopndataqtansi cpBrRRitalen dBREARG Mt on of
foam theisl owandt e dexdraiino cinoundioawees shbhddtlygecadfenf datw adeWBE,

enters into thqncaé&&aéa fectlURd  erdfid, %eeexér@fmt&b&yo%rw&%sm

conposi tions have been found,to run at 6% caoncentration nmuch |1 ke ol der
f oam conposi t i ghtarkn it as, important to blankef thg: Hybh FUrfgch Rk the
experi ment ed wfllhidanch behedtaskd byHpwesat,cuatat tbes,sape ttlmecapacutsy of

di fferent typeamgt,réﬁg\? b9 PG 1Y ddiaadd Qegbﬁéségntnp@f&ﬁ@.

concentrati ons urt foam t hat should Trun to 100

feet on chfde BPrHASBi#he hwp@ﬁxﬁ VPuﬁe%?)‘“f‘EF paci ffé’é‘f“ on an MTBE fire.
Foot print range, fobtphisnbnkengbactindff tbépprasent difvadrnidme tfaftedhed by

the water presgypg O&r head iR e8akAEng PY alaNdiA 0Nt RS a23NdeRY I 1l ream
volatility and/or surface tension, affects foam run. When
the surface tension of the burning fluid is 1low, for

20 instance, it is has been discovered that the fluid does not
support a significant run of £ilm from the foam. Film from
the foam can be quite helpful in extinguishing tank fires.
When the film is not supported by the surface tension of
the fluid, the fire must be extinguished by the bubbles of

25 the foam. Foam bubbles do not run as far as foam film.

Furthermore, it has been discovered that the
volatility of the fluid on fire can affect the capacity of
a foam to run. Reasons can be proposed for this effect,
although the process is probably complex.

30 The level of concentration, or the selected metering,
of the foam used (usually between standard metering
percents of 3%, 6% and/or 9%) can also affect foam run. 1In
general, the greater the percent or concentration of foam,
the slower the foam to run. However, the type of foam also

35 enters into the calculations. Newer, more environmentally
friendly compositions have been found to run at 6%
concentration much like older foam compositions ran at 3%.



wi dt h. Figures 7-A and 7-B illustrate the change in 10 footprint range,
(that is the distance fromthe nozzle to the footprint toe furthest away
from the nozzl §do bgniazsdi fferent nozzles as water pressure, neagufedbo.
pounds per square inch, varies. 100 psi conprises nom nal pressure.
Footprint cal cul ations may be made assumfigei hat a nozzle 15 w il be
supplied with 100 psi. |In point of fact, under actual conditions, the head
pressure or psi of water supplied may vary by 25 psi or so either way
around the noni ndF 150 pdvantageews FoA hawe 7erperimenties eWithy and be

different foam expeise@npyapkesalihlatsiomid,e JIOWNROZELASILY of Wil Prdr&HtM

vol ume of from 2_000 g 01400 pmy.var r .rang en u
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f oot print range 58?‘3&11%63#%}6!% i fi'@r\:wqr%rnah?os‘ﬁ“% Ferh hateshondd mwn nt

wi dth. The gseatgp tbHe19u esety ennetuddl or asollife, Hh@ptdi1y kanr 860 et

al 50, the greater (Lbg {9oLpriie | ARG FRgLALLL. | wgﬂﬁg,aéoo%g%égg%%&k%

smal | extent wt I NnCr ease
decreases, rangeabiécfeatreing d@tq&h ﬁ?nl éﬁg?ﬁfﬁé‘é?‘édye§h&ndateb pregaune

]:axtent sof does Bﬁohﬁﬁﬂntpr\@séhbe,?)?y wind m|ﬂ%ngohnaxbyn%ﬂe?]mt¥&aﬂi tank
lre are or t ayar St W N e 1 r.e
EER] o SR ey 90T PRGRLLR TEhe' chol!

Most cal cul ati ons unme ‘a
Experi ence h@s sﬁeahprm‘v\me,t Hé-thaw ih F\Pﬁd%lfiﬁa@ rfp’nmothgrmré@ t&nge

cal cul ati ons shoyhd Gadpalihy hﬁae35furtﬂ€§‘ea&&dybyf1aﬂpra%¢ rr&bebye;LO%orW nds
of 20 nph or greé%ﬁfefé t?na%g&ﬁeé;% RJlech ?&8%&&1% SR@EE@ eq i 88&:';%‘33%{“33

shown. - 24 - e ant|clpated to narro
sone extent wit hSEPER )g‘?%*avt oRniggn 280RpRsi NpERPTises ppghvﬁh@#ﬁ?ﬁﬂr@s used
for exti ngw shi ngobepikift r&mmlattabasamaydw&ﬁﬁzi @sshaeng that Slhddeseover

bosi i on. thE nodsth Pe' BRPEELEh Y 1FoR, TEh” ol PERTOW AP R
stream V\hen theaét%l/ecpgdp-ﬁlptl%: méde ckerd apregswori ororPsid t Af r a%est to
the basic nozzl eshgprada hdle WAz |18y i 35 SPéi ter t 6 ovidder hiadashunamese f og-
nominal 100 psi. Figures 7-A and 7-B, calculated for two
different foam expansion ratios, illustrate how nozzles
20 with a gpm volume of from 2,000 gpm to 14,000 gpm vary
their range depending upon variations in pressure.
Experience has shown that pressure affects not only
footprint range but also footprint length and to a small
extent footprint width. The greater the pressure not only
25 the greater the range but alsc the greater the footprint
length. Footprint width also expands to a small extent
with increased pressure. Concomitantly, as pressure
decreases, range decreases, footprint length decreases and,
to a small extent, so does footprint width.
30 Nozzles for extinguishing a tank fire are, for at
least a variety of reasons, staged upwind of the fire.
Most calculations assume a nominal wind of 5 to 10 miles
per hour. Experience has shown, however, that with winds
of 20 mph or greater range calculations should generally be
35 increased by approxim'ately 10%. Winds of 20 nmph or greater
also lengthen the footprint somewhat, experience has shown.



10 | i ke pattern. Generally, fog patterns are used to protect personnel
and equi prent. The optinumstreamw dth for a fire fighting nozzle
attenpting twolho:ys a maxi mum di stance a suitable footpring sosA6gl 1 S What
is referred to- as the Ustraight stream pattern. The stralght stream
pattern 15 appears tube-like energi ng #&44emthe nozzle. It does not
spread imediately into a fog pattern. Alternately, it does not exhibit a

focused or hour-glass type shag narrowing to a focal point slightly
downst r eam of Thfef AckHRY 1t Nigt a?l&ﬁl%f’?e%‘?ﬁll%lptaﬁ-édp?%f’@FFéﬂ ¥R sSWepat t ern
20 because iekteatbeltleveindo greaterzehahe2o ampth of the nozzle and the
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aerationl8f tRdkgspatigrnyy o Generally, rchZ?zPé§te’f)%$ e ¥eedi WyPratectvary the
aeration. O hpersonnbEsandceduiprierita acﬂNeew@tamaargtﬁdmrwmmtﬁoﬁm aratio.

peration aff egisol PARERARSLOTe SUMIERIg o5 thPos o ity B aliu he

variation in ran ress a varli es at two
di ff erent expén§PbFna‘PJa?|§ﬂ°tﬂrtm6aﬂfb%°%éﬁ vhat ’cshé'elfeﬁ/rsdlt%%@ieon
results in si@sictatgnt!| gtgeant epataange. f OThé hetrwygHte. strdam paitern
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desi red. n opg ation, a_foamatta esi carrle ut u5| ng the
best avai | abl éP§qa#pﬂ@H?daﬂHehéc+m|%sf°€rhea?‘6ﬁaﬁﬂ bI e lge it
est abl i shed usiorg friotedexhitbitozal eSgcused or hour-glass type shape,

narrowing to a focal point slightly downstream of the
nozzle. A straight stream is the preferred throw pattern
20 because it is believed to maximize the reach of the nozzle
and the nozzle’ s foam quality, enhancing foam expansion and
drainage qualities.
Notwithstanding the above, the sleeve setting and thus
the stream width may be altered from the straight stream
25 pattern under certain circumstances in fighting a fire.
For instance, the setting of the sleeve, and thus the
stream width, has somewhat of an effect upon the expansion
of the foam. To achieve a slightly different expansion the
sleeve and the stream width might be altered. Also, the
30 stream width affects range. The sleeve width might be
altered to intentionally reduce range. When the stream
width is widened, range is reduced, the footprint length is
reduced and the footprint width is increased.
Foanm expansion is determined by the aeration of the
35 nozzle. Some nozzles permit settings that wvary the
aeration. Other nozzles are built to achieve a particular
aeration ratio. Aeration affects foam expansion. Figures



10 tenporary rimnozzles, staged distant nozzles and/or any aerial

nozzl es that may be brought to bear over the rimof the tank. Assum ng that
one or nore stegdedesdist ant nozzles will be used, the firefi gbbphisdenoddsSt
provided with predicted footprints for that nozzle size at |east under 15

nom nal conditions. Based upon such 4 ifsormati on the firefighter
configures one or nore nozzles such that predicted footprint and predicted
foamrun will achieve the requisite feam bl anket over the surface of the

liquid in the tdmk apd 7-B show| thgyaxiiptdont e rapger ViR sfater BIRSX&anpl e

ng} print daﬂj a}g%& % R}gﬁ@ﬂy awafyoizrl@a hbetdd aa£e¥pehBtdxpansionr aagiod .engt h
and/or width o uc oot print fromthe predicted f ri.nt t The
configuring of F?’re‘fﬁﬂa B¢ #8FR (% e%’%htﬁiﬁ d%t'ﬁ'ene’% Ih%sltogd xgelc’:sgléggi ﬁlq: y to
take into 25 sdgpafiicantlnt ER3ILEF FRaAGiectERF f §BEpMIAZi8nder IRCtTIRA

condi ti ons. sFor cipehABESncésNGMAA hewedr expahyiomrstchy ashe thréé-rat- on

of the nozzle strea ange, hortened by increasing streamw dth
through use of &R%a8 Bg?gb‘f’g fssf%{égé;\;geaén the nozzle. . Foam run  can be
30 recal cul ated bagadongvrtion, fddfrawkiattask |isz6gsigpad and ceapied

met eri ng or cong@Rt hain@Hef béeBavaAlalll e@sifmtaahaatadititiean finee
el v 1S Vabak LRl uil! ECGatfrlatha, B8] ki Lnoabl e

t enper at ure of : WO aerl nozzIl es aged over the
rim35 ofiot hetempkraty poisi pPezlef.obtdard sistanst ngeglenedndgr any

capagi : ity. Pr Efaﬁi'ibh.)’ni?ﬁi\ﬁe&(tgﬂteﬁa?rﬂdiEi&:d@h&:htﬁomﬁnﬂraif yhehein el
capability. -, 26, - ter, a to a t e | J

and/ or inner tarRewWER o Fﬁﬁlﬁggﬁ ef:(r‘}g%r%pngl% . I%g?cf?%%&ﬁpi@ﬁn%l%t
and/ or | ow aut owiiddi then usedes, then&irefighberi ig wWPentf cpmvuléegr Sfidty ed.

&he rimcooli ng%aEcQS?pfeaiﬁHhé Oxlfdi-y et %%Q:ﬁlaoélhéisaﬁrﬁewit_hﬁiﬂre.
Qitor 11 m 880l | AgERESho AR08 | SREReLain waPEF. LSRRI S
preferably perfdimefiiahter zopfigunes| and of tNRre eBPEekes f SYrh that
predicted footprint and predicted foam run will achieve the
requisite foam blanket over the surface of the liquid in
the tank.

20 If possible, the firefighter throws a sample footprint
adjacent the tank away from the fire. Variations in range
length and/or width of such footprint from the predicted
footprint are noted. The configuring of the one or more
nozzles should then adjusted accordingly to take into

25 account variations of predicted footprint under actual
conditions. For instance, range can be varied by varying
the inclination of the nozzle stream. Range can be
shortened by increasing stream width through use of an
adjustable sleeve on the nozzle. Foam run can be

30 recalculated based upon the foam being utilized, the
selected metering or concentration of foam, as well as the
actual fluid on fire including its volatility and surface
tension, as well as its estimated temperature of burning.

One or two aerial nozzles will be staged over the rim

35 of the tank if possible, providing at least dry chemical
capability. Preferably, the nozzles provide both foam and
dry chemical capability.



10 the tank. Configuring of staged nozzles for a foam attack can al so be
vari ed dependi ng upon actual footprint and the actual foamrun expected

taki ng into vagegsmss various actual factors. Actual footpri *nore
closely predicted 15 based on variations of water pr ess&"&ggﬁgﬁom nal

as well as variations in the selectedJmgering of the foam the type of
foam and the streamw dth selected. Estimations of foamrun can be adjusted

in accordance with the type of- fluid burning, and in particular its
volatility and surdfler 20fcan dianket has bgen| esimhilished mptrext and/of

]lgur ning.  Thenpafttamk afamyaeoniném badcdamrfaaacgntézatlld%nb%hin@l so be a
actor in estinp a iNg
131[err]F (55f’errt’C§ ?gér’ér‘l]%l i C ?nw’%&a%g s'1 eQ 5174°&9%§?%rr] F
(20[err] ©) Sowdbh|fean s \m"@énerred- TRe rim cRBdtnGiRusSty beoprevieeds[err | F
(R ZOEjeg3 r]PgAVa@al(r)%m[ dry :(o%[zues irQ)avallaFk))le 3.1 Vapor Pressure

ei e
-30[err]F (-34 er&}%f ﬁ% Eél’%g [e%{él gnl t?rovﬁdeer?pe%t urey
Cup) FI ammbl alierpateln h@rpro‘flde& 23beer FiR cooling ri€) uarpplerr
Surface Tensi aBcomplished using waté¥b byaiRlwam) cdodid§. ik ﬁiéféyﬂﬁb‘j cm The

cbove 151 ¢ OpyeraSh ol d4 <A ythAl B S6,b01oME AARLAN BTBLA 01 OP

oct ane fuel. he™3 rgest ors tHat af f ect
firefighlPng éh#oﬁ@? of - 27 - those listed above, are the | ow boi | i ng

ggiF/ntz OE 131][ gr] F/ g@éxﬁfid\@:%ngt e sehgbal hbyzliéh vxaixe/ra (foRdendtck dedoW . @
err ri.a n < SL.C e |1 ons

regardl ng eacﬁl§$ %egé‘&#' re?g ;egggéawlnp% ch egg'g%pﬁlr?% ‘{ 6%“?wr

detail bel ow agbual fPamorue expPrted: tak in ému_p @ccwmﬁ wrisnsparteay poi nt

(i n conpari sopattoidle el ﬁdaﬂ:p&hherchudwCﬁdsﬁwrblds@uydg):edid:wﬁ
o on Vbl B APl ar 4 BRE 2 S acedl QD0 oudd Brop, fMifina1 h3We1s V2! 1 10

not wi t hstandi ng ers aV| SUCCESS
as variations 1n the selected metering of the foam, the

type of foam and the stream width selected. Estimations of
foam run can be adjusted in accordance with the type of
fluid burning, and in particular its volatility and surface

20 tension, as well as its temperature of burning. .. The
particular type of foam and its concentration will also be
a factor in estimating actual foam run.

MTBE

Boiling Point 131°F (55°C)
Secific Gravity (Water = 1.0) 0.74 @ 68°F (20°C) .
‘Solubility in Water Moderate, 4.8% wt. @ €8°F (20°C)
Vapor Density (Air - 1.0) 3.1
Vapor Pressure Reid 8 PSIA @ 100°F (38°C)
Flash Point -30°F (-34°C) (Tagged Closed
mpto Ignition Temperature Cup)
Flammable Limits in air 435°F (224°C) AIHAM!
Ssurface Tension {% by Volume) 2.5-15.1

<17 dynes/cm

The above table gives significant statistics for MTBE,
a paradigmatic high octane fuel. It is believed that the
35 three largest factors that affect firefighting efforts, of



est abl i shed a foam bl anket. The tank wall tenperature easily exceeds the
boiling point of the MIBE (131[err]F/55[err]C), as is evident by the

difficulty to ' jsh the rimafter knockdown. One can vj BE
physi cal |y boi ﬁ?(tr’lgé)‘%gié t hrough the foam bl anket. The foam b* an %?ﬁ%sy

i nhibited fromreaching the tank wall itsel2f;. -One procedure is to practice
exterior wall or rimecooling, usually through the use of water via fixed or

portable nonitors. Wth ordinary fuels one woul'd continue 20 to aﬁl y
exterior rim coolthoget bistrd ehakeurnntd thaclawmbeiling RIS (13 RSP 14 /
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55[err] C, sone Stiegrriiingseach |af dbeser three ismigsomid labeyaddresssd iy er
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work. In an experinent with a BE, fire, in.a £ sank, exterior rim
cooling took 2 1/2 hours to reg/gggl{‘%%eﬁ"ei tertggﬁrg?%? e inner steel tank

30 wall from -500[ eWitE g dowobpihing eeinsnpin gonpayisen Lol Shpapany-of
The fact {har MiSEoL s omes Y o e 4 b G881 oLt 1 200

e fac a only slightly so e (4..8% W,
actual |y inpedes sttﬁgggf"f’ ti %esgss%of F_Fligmé.S R G %Bﬁ%oseeé‘%t hé%lc%'f oam
bl ankets. 1The botsibhsbéndincharfdie antinefdonterenehay boRicesutsresfaibly

product MIBE, Whigghab$isnédied galanandagrenot MmeditdnK |edll i ntampdrsature- 28
- original conponents. Miltipurpose f r.e.e | n ocgnd t he
pol yneric nenbraﬁé‘sﬂtﬁiyle’f%??&)so eosoéggrgi S|l§ﬁ' é.%] ‘éo}(@]agn(e #g%ﬁ@veé}, _
barrier inpedi ngashésmevwidaptobytthe BifEicRitY (fe pERAPARITH the TR Bft6r.
Wth 5 the ne%aso%_kaguﬁ.ed CHea ¢ah, MJ%‘%E tils@\/\ms_m:, ﬁﬂﬁi@dlywrﬁ%mmgri er
i s non existent. |ndicatjons.are {hat the yner i 0 et -at

| east produd@s a%?@g elépf*i £RRT o %Tkee?iﬁhe%aepp Fre“dgg' %n)?#e géunr akgle g‘edt he
burni ng MIBE and faey reacbing t4he rapdr wadl i¥sedfi-per neating through the

foam bl anket . It i SofbSProcedure is to practice exterior wall or rim

cooling, usually through the use of water via fixed or

portable monitors. With ordinary fuels one would continue

20 to apply exterior rim cooling to the tank until the water

no longer flashes to steam, indicating a suitable cool

shell. However, with MTBE rim cooling (and continued foam

application) must be continued until the inner tank wall

temperature is reduced to below MTBE’s boiling point,

25 131°F, 55°C, some 81°F/45°C cooler than the point at which

the water no longer flashes off of the side of the tank.

Simple visual aids do not work. In an experiment with a

MTBE fire in a 30 foot tank, exterior rim cooling took 2

1/2 hours to reduce the temperature of the inner steel tank

30 wall from -~500°F (auto ignition temperature) to =~130°F
(boiling point).

Solubility in Water (Moderate, 4.8% wt. @ 68°F/20°C)

The fact that MTBE is only slightly soluble (4.8% wt.

@ 68°F/20°C) actually impedes the effectiveness of the

35 multipurpose synthetic foam blankets. The bonding of

methanol and isobutylene produces the new product MTBE,

which is a chemical and cannot be distilled into its



I ndicated that, by increasing the percent of concentrate in the water
stream the bubble becones even nore resistant to vapor perneation. Being

only 4% sol URlbRsmiksi S POSSible to saturate MIBE with wate f tUnat el y
this saturation 15 offers little consolation to the fi rei;?'iwg%f’géé’ The

burning characteristics change little,_ifgany, once the MIBE is saturated.
surface Tension (-17 dynes/cn) Surface tension of MIBE (<17 dynes/cn) is

very lowin 20 conparison to other hydrocarbons (gasoline 2 22 dynes/cm.
Thi s | ow surf apdgiowdi eampphenteit efultdpubbese \fdams AFPFeSfeqtiver wna film

Fi I m formati opdthab@ietasd Fthée%di?ﬁ{e%&i ndbradef 388 1t eI PNoeE e fuel,
the surface tension qQf the ‘#.ng 17 _dy

nf%s/ (%rr% nd the interfaci t ensi on
bet ween t he 2FUYSAERSION [{Y FhefPort A9t 18R] 3’%’6&8? iPER&"E L HSE t he
surface tensi ouixdingt o€ ABEFwakad ihethetfodmeilidth thasnethdrmlwveeWithe two
liquids are | 633 hadyl Beohteta | diidiliica1Gom@BE Nehdvdves:, ¥Re nﬁS’dﬁcﬁﬁﬁﬂicar e '
forgi ving. The new fu<ils such q__?ﬁr%gh oct ane boosters, including MIBE, are
30  not forgiRATGST 1& BRPeP*ETrAN Ul and a nore el aborate strategy is

requi red. Figures SAdikadlighs 8¢ |[Yhadt theepolymdredinnthrgfogmilgl@nketenari o
IF_n flghtB IAng aé@ﬁ."’etafﬁ't{ sfﬁ&uaeélylﬂqﬂét Ifasaméﬂﬂtﬂ xﬁmk %ewﬁeesaiﬁénte%tp .

i gure assynes e_apprqpr.iate attack ha en _det erm ned,

gi ven the equiltg’r%eﬁlu,r%\?/ﬁfe?f? gﬁ%ﬁﬁ?ﬁ%"ahﬁgg}n@? &%ﬁf‘gpgﬁjn g VGRS

Bl anket i i noZzoss mNmeatigigovihrough Xthe $oamycbllankedi.r t Etodssladsled | and a

footprint of fQmickhal Roe! by iNetdadiiy Eﬂé?ﬁ@?gwl?@n‘ééﬁépﬂé na foam

I TUstrat be. ¢ (e BBERF| FeeaB o f? HREAPEVERF FYeBRats SHRCELAT B8N ¢ he
surface of thevadori germeatidm .T. Beifiheordiyr d%ssalndileat it tiseppseitblt 4d run of
tF he foagan roggﬁgrfa?«at RirBR! gliﬁfid?gté’ﬂ tthﬁnftaﬂﬁuﬁa%ui{,aﬁﬁ%s ?ﬂlﬁrstec%oﬁtL iE
LA, SR N e DE P bk g T8 4l Relell b legtank
in Figure 8A, chidracterikhbckedhange little, if any, once the MTBE is
saturated.
Surface Tension (<17 dynes/cm)
Surface tension of MTBE (<17 dynes/cm) is very low in
20 comparison to other hydrocarbons (gasoline > 22 dynes/cm).
This low surface tension eliminates the ability for AFFF’s
to form a £ilm. Film formation is based on three factors:
the surface tension of the fuel; the surface tension of the
AFFF (17 dynes/cm); and the interfacial tension between the
25 two. Film formation will only occur if the sum of the
surface tension of the AFFF, and the interfacial tension
between the two liguids are less than the fuel itself.

Gasoline fires, we now see, are forgiving. The new
fuels, such as high octane boosters, including MTBE, are

30 not forgiving. Creater control and a more elaborate
strategy is required.

Figures 8A through 8C illustrate the beginning typical
scenario in fighting a tank fire of a fluid like a high
octane booster.

35 Figure 8A assumes that the appropriate foam attack has
been determined, given the equipment, water, chemicals and
environmental conditions. Blanketing nozzles BN are shown



down" with the establishnment of the foam bl anket, illustrated as foam

bl anket FMin Figure BC. A residual flame FL that persists along the tank
wal | or rim po s again illustrated in Figure SC. 15

bel i eved t hat wd% i\f\hen the inner tank wall is cool ed suffchf‘vlr@ﬁ?‘%’me oam
bl anket FMwi Il close wth the inside of _tfe 1ank wall and residual flanes
FL will be extingui shed. Sufficiently cooling the inner tank wall such
that residual rimflanes di sappear can be a | ong and 20 arduous process.
H gh octane fuelstagafe Theiborhrew ghriuwdds landunt footpnint mfefoamethat

extingui shed, t ém RlidAkehe Mésin BAn SR BeEabl Mah N Fdam"81anke@m
bl anket runs a hi in_the of foamr ouf[ ces n aerial 1s
avai | abl e, such ‘fﬁ%ﬂ d? d %ﬁ%é’&sgge PYRAIGe 2‘% B §FBB "ﬁ', BrarER AR v
two, over rim poﬂlWaGfeSth@etmpmntﬁa@ ofefpam prigdéctedspede theown

exti ngui shment qipdmetm@sgdyﬁﬁcélaaesm@r cmruth%im val | ffe t ferd ik
vm'thaselective. Ilca ?lono

ce,th nocked down
and a foam bl anket lcsat abl §hgﬁedﬁ%’?‘£ﬁéﬂ ¢f gge f%a”tl °5‘0\ﬁg‘§r ‘Lgaﬂﬁmfﬁ?;ﬁn
nozzl e woul d be areipdd @n the #duidl surfgcett abFlameésn FlnynsiRigmirieorss an

aerial is not avﬁ‘idl%lalt% tﬁteg%eléﬁailfyéﬁé@tt@ﬁtpmw 5@%&99651%4;15%' ing

usi ng staged no s, noni.t or s rim nozz ese
nozzl es RN may tz)tea'%f Iwég‘g'er Tip, e ?iﬁﬁ° %laeat matjﬁ§ﬁ8¥he°ﬁoz'ﬁlf‘%s ENersed to
establ i sh a&®d ndildmgtratpd bﬁaﬂbﬂﬁﬁk@b inoFifrexe mnaylbbrrm | Ylenocked

oscillating nOZ?dd%&"t hati thavenbeeas e dien®xt 6?' Oknél NEgaR! i PLandazzl es
RN nmay be - run,.of.f of _auxi,ljar C nes eb ankeI

nozzl es BN hav USEFAEREGRS £33N %1%%& %gln&nkhbgﬂ’é‘a wn 5??&4"’(?81 ty of
the fire, nozzl €Jame Fhythat stexgddtasaltonsdhast8nk Ml et rin lbdmetltcmsk

wal I s. Bl anket| NG @gg;he§1y§§t@,}gﬁé§ m w§gr@eg§taged 125-150 feet away.

Ri m nozzl e§ are rr& g?]%nt %%? ggdgro bet ween 45kd %gees to
100 degrees>to the r 3 5t e]a ofthERB LR iTRGKNY as
illustrated in Riogled sD.fflcm@tJaf,amqm wdanke| BY wikl uskekse 1v0Lth the As
ilTustrated in Ringyae @ tHeadedid REAINOZAIESTNGRRE flames FL will be
extinguished. Sufficiently cooling the inner tank wall
such that residual rim flames disappear can be a long and
20 arduous process. High octane fuels have low-boiling
points. Until all flames are extinguished, the foam
blanket must be maintained. Maintaining a foam blanket
runs a high cost in the use of foam resources.
If an aerial is available, such that a dry-powder
25 nozzle can be staged, preferably two, over rim portions of
the tank, it may be possible to speed the extinguishment of
the residual flames around the inner wall of the tank with
a selective application of dry powder, once the fire is
knocked down and a foam blanket established. Optionally,
30 a dry powder and foam nozzle would be staged on the aerial.
Regrettably, in many situations an aerial is not available.
Figure 8D illustrates preferred inner rim cooling
using staged nozzles, or monitors, designated *RN" for rim
nozzles. These nozzles RN may be of lesser size and power
35 than the nozzles BN used to establish and maintain the foam
blanket. Nozzles RN may comprise oscillating nozzles that
have been used for exterior rim cooling. Nozzles RN may be



staged upwi nd of tank T. The conbination of the velocity fromthe throw of
the foamtogether with the wind tends to push foam bl anket FMtoward the
farther edge @boklpatank FE. Wth the continued application_ and mai nienance
of the 15 = foam bl anket, fresh foamthus tends to nove t owBTHU§P81%Pons of

the far edge of the tank wall. Fresh faamgarries water useful for

cooling the inner tank wall. The npbst advantageous use for rim
nozzles RN is to direct foamtoward the | eading edge LE or near edge of the
tank to the 20runppffikefiangiddaryereadixdemesnceomas kdhaket imptndzheekeadi ng

edge of the tamy Walde icstldbaiBRes 4i Egéﬁubiaﬁﬁ’&? iy rlﬁ?b@iew tdlahr regd foam

Preferably the ts] A of %Oﬂ?mf omrim njgzzl S shou he such that the
throw of the f&8Hh° $ FAERo Ul nﬂ?%rber Fr3gedndf rPSef 8&m on
the 25  insi déOUrlooofeat tedde pankiwadils.t oBlamkdtisigdeoniled heukeadi ng

edge LE of st hemh%&kblé/aéiagé& 1@@9@56 féb@hﬁ'a Ofid %%15&%%% ?éoébrough
(0] I e and

9F give a vari % LR g %@ ansi,o 50/% rain tinme, contr

extingui shment SEVAECRERC f SXAYERd PHIRAN 36° ARPrEBApa sbRO
Results are gi #egregr btackthe Gamhtnaa%(andt@%maod@ént oAttlenslahketihg st
priority i s tonkresksgows thedstratbir an TRl e refP'rQ'?&?ébﬂ}'s{:wo

extingui sh resi dgag flames and bring the inner tank wall tenperature down
to bel ow t he 35°%% SFI?’F@ "T" of the fluid. Sel ectlve application of dry
powder, i fOavail abl Aschklustretedcin Fdgunecd®, biankétirgy nozz1&4 BN aesi dual

flames.  Cont agkagelihubwosd J@%@nw &h "f‘ﬁe rﬁcﬂﬁlﬁ‘a@igﬂtof)fth\gabgﬁ.o

effective for i.nner,rim.cooling subsequent to estaf)}rl shi ng
a foam bl anket *FR%t {‘% RSt f’g Fhe of%r’fng"@gs}gf‘?\’@ witgy H‘Eo‘()’r’}%ée;'? s ¥Rior to
est abl i shi ng aPﬂéhnthanhb%nlsﬁm Rhdoiviamg dbenfaithdr resigies offothbetaswed to

be irrportant #rd Q@ﬂitdtbx% EQHﬂixﬁiedJ%%li%ht’?oﬁ faridt mséﬁé&sﬂadi% oflegl tank

walls to gaw °g war.d rhe? mo [eINy I scl osure an escription of
the 10 |nven? n Uiaemﬁ uEFPER NP8 ﬁla %gﬁaY%t"S?VFhE?‘é’cﬁd PRRBIQ%E i ous
changes in theofitke farapdgeaof thet banlalvyllas Mwddh foam carries water
useful for cooling the inner tank wall. The most
advantageous use for rim nozzles RN is to direct foam
toward the leading edge LE or near edge of the tank to the
20 blanketing nozzle. Experience has shown that the leading
edge of the tank wall is the most difficult edge to reach
with fresh foam. Preferably the throw of foam from rim
nozzles RN should be such that the throw of the foam plus
foam run would land and/or run (land/run) foam on the
25 inside of, or at least proximate to the inside of, the
leading edge LE of the tank wall.

In regard to choice of foam, Figures 9A through 9F
give a variation in foam expansion, 25% drain time, control
time, and extinguishment time for ATC foam and 3 x 3 foam,

30 by comparison. Results are given for each foam in 3% and
6% concentrations.

The first priority is to knock down the full fire.
Then the firefighter must extinguish residual flames and
bring the inner tank wall temperature down to below the

35 boiling point of the fluid. Selective application of dry
powder, if available can be effective in extinguishing



as in the details of the illustrated system may be nmade w thout departing
fromthe spirit of the invention. -32 - CLAIMS WVHAT | S CLAIMED I S: 1.

A method for eyld ghing tank fires, in particular crude, jhi

pressure fl ammbl e ?! Iquid, low boiling point and/or |ow au g”’?}g’n‘?l‘?@g]
point fluid, and the like, fires coopjjsing: 5 establishing a
foam bl anket to cover a burning fluid surface in a tank including applying
at |east one footprint of foamto interior surface portions and allow ng
foam to run towaresigwailngilanesur f foatpokt okl fresh stdare it | it doidng

inner tank wal | Mﬁé&n%f water Al s fQtiiQe ?éfi‘iﬂﬁ'ié'rsmﬁhgcbéﬂkn%i res, in

parti.cul ar crude, o] ressure_ flanmmabl e ui.d, .l.ow,boi oi nt
and/or |low auto-i g%lg % {zﬁgl e Iﬁﬂba'e uﬁﬂ% t:fahe Stﬁalbl%é Wif’?r &s todn
conprising: 5 blankedstthsil sis nippertaan Hoarder cavldmger Riwurepaldind ui d

surface in gt fﬁ&ld}ckudéggaﬁpgmr@aomm tm%nka,ek x@lﬂn&auhgaé&w&%e
footprint of foamt0|nter|or oamto run

fa tion
toward perinet erf3&& 1’1503°Bo}??)r’o?1"§d %ﬁd %Jﬁ‘?@ Eéﬂgrya% Icé’(‘:’ggv ByCHPIF ng
dry powder to rguiciuaitifeadésitncahsed Othe @mtleel3tank Thalhettwdmw a@rdi ns 1
and 2 wherein eghl ijphiapd.t he foam bl anket includes enpirically
determning a footprint f st,.one _nozzl e confiquring.o

nore nozzles with re'srg‘gct g?ﬁe%dt%kdg'ﬁ‘&‘ﬁ"%“ﬁ%afmﬁr e‘gﬁf%ﬁrelftﬁ(??zl ‘gfforlg\ print
and predi ctied fdawvenddonowdre cod@stzativg and f axplamatrmoasthersof, AN
mi‘tthod of tCl al %nlautaneha é!aain t'h@CL'%@fS sh@ el 'é‘ﬂd@détt@&'lbagk a@lden
portions at approxim

net hod of cl ai m® vk tg}% 4 J’% ed PF ]éit %pﬁ%ﬁ%&‘ fnfaé’sﬁ)ef 5'}571

i nner tank wal l mnéepartlnq@omhoaplut aff &be invenhien. i ncl udes

selectively applying dry powder to residual flanmes in the tank subsequent
to establishing a foam bl anket.



-33- 7. The nethod of clalmsmmum]ﬂ in the selective applying is
directed to portions adjacent " E[m The method of clains 2 and
6 wherein t hgoapglyé N9 dry powder i nkl Utles pesiti oni ng onep@fusiBrigeodr y
powder nozzles over a tank wall. 9. The net hod of claim8 wherein the

positioning includes positioning an aeri3al -nozzl e and/or positioning a wand
nozzle. 10. The nethod of claim®6-wherein the applying dry powder is begun
after the cooling is initiated. 11. 1In a foamattack systemfor
extinguishing a tank fire that includé&®&¥8irically determning a footprint
for a nozzle and cqrhtgu&i dpaimed ds:nore nozzl es such that predicted

footprint ;and predicted,f 1{&&“ %gxéere?ti i divyd $Hhkaceired) | gArovenent
5 corrprissi ng: credfing a 00 gri nt of foa [

3 [ at the site and outside of the
actual tank fiReEticphag Grda.chigh Wépﬁfiff’i'eféﬂl‘rlenﬁeﬂ’?arétﬁ gh?‘h’g‘i't 8% i re.
12. The net hothoiflidhapoidtl aniabriwd ades+igreidsion pgint fladd, an thspect of
the created fciqtk%ri Qﬁie@nggxﬁﬁ}?%élglgi:mo account the aspect when configuring

zl'es. :

the one or norée ndz 13, n a foamattack for extinguishi a_. tank
fire that includeseskpPLiching adeamPheRLt YHFOYEFne P “3’%353%18 and
configurigig onfir@aceDif BOZahles avidCBubbaguenteidi ct ed footprint and predicted

foam run cover a t@g%ﬁl\?i YIS ft%g.%, ?gglim&\@@nt 5 conprising:

adjusting at | east onée of predicte OOtE[I nt, and predict efl. foam .run to
take int® accoun®- at® |Bahod ofer opxtipgRrishyngs, 2Rt 4S5g 4P fluid
hei ght in the gaatdculardenoie]i hignyapooztessirecfibamakile 1heaid pleysur e,

percent of fogm, t Qo- B 1Y i pbuhd riiiBe #a ftpam and
t enperature o%&?ﬁ%ﬁ%&%%ﬁld%gqaﬁﬁé ?reﬁy({)d * ofE claim 13 that
i ncl udes preddiXeul £8FR§ FAPPEAFEYS of at | east one of footprint range,

footprint width, feetablithimng foamdblieaket o kased spbwurminarflatidon of at
| east OneloOf Ss%:i&afc%(:&?xrg' tank; and subseguently
selectively applying dry powder to residual flames in
the tank.
3. The method of claims 1 or 2 wherein establishing
the foam blanket includes empirically determining a
footprint for at least one nozzle; and -
configuring one or more nozzles with respect to a tank
5 such that predicted nozzle footprint and predicted foam run
would cover a tank surface with foam.
4. The method of claims 1 or 2 that includes cooling
cuter tank wall portions at approximately the height of the

fluid in the tank.
5. The method of claim 1 wherein the cooling

comprises applying fresh foam to inner tank wall portions.

6. The method of claim 1 that includes selectively
applying dry powder to residual flames in the tank
subsequent to establishing a foam blanket.

7. The method of claims 2 or 6 wherein the selective
applying is directed to portions adjacent a tank wall.

8. The method of claims 2 or 6 wherein the applying
dry powder includes positioning a dry powder nozzle over a
tank wall.
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-34- 15. The nmethod of claim 14 wh in footprint range are
precal cul ated based on vari ati ons Tmlmﬂm"@ IlﬂgﬂllThe met hod of claim 14
wherein vari at w(ﬂ?s foamrun are pgreéal Eulat éd Based on variations in at
| east one of f 8{03?%23 percent concentration of foam and tyB&TEPE¥P¢R ¢
burning. 17. A nethod for exti ngui shi ng tag k fires, in particular crude,

hi gh vapor pressure flamuable |iquid, |ow boiling poi nt and/or | ow
auto-ignition point fluid and the Iike, fires conprising 5 st agi ng
one or nore bl anketi ng. nozZtHee néthddand ariaier snwherkdot phenpesatibdniig over
a tank wall | eadi r 0 tﬁgfg l'ish,
w th foam run, &’P‘g%‘% tﬁ%‘é’?&gﬁg?gt eagl%r1 ?gcid%‘leagﬁgrﬁ Ittlgggx?%agt)he
tank; and stagi nfeBd P%&Ae-one ri m nozzl e away from said bI anketing 10
nozzl e such that sai digJ mTmezzeehbands/ chasn f®arheneini whiehappapkngrdey nat e
el 4 Leading e00feudly H\GIRHNAdCOL EhOIBAT UNEL Cl i dgenlaging & 1 m

nozzl e includes Staging a ri'mnozz t ween err |;;arr to qne

side of a bl anketing HozzII® aifoam mdsff%?enéfpﬂ’n@ﬁ?ﬂﬂw ingkat s
i ncluding crude afk Milgit 1apdudes eapitrd chl aymidtleenlindgng da tfaivkpkinesfor
conpri sing. Confég%bQQeOFﬁdokg ﬁfﬁf@t&é‘oﬁz' §r¥"' ﬁg'fsifédoe ctf Gt ank

to apply foamto cover ace’in a tan configuration
taking into acconmd%f—"-}ﬁdecﬁ‘{ﬁté’é'mﬁolaﬁﬂl pregictes nf ?Qi‘l‘ %i-"ho‘i%‘{%' eﬂ1dtad‘k

predi cted foam rﬂmuﬁrﬁhmﬁleyl ag inprevagatnsbmpiisinast a portion of the
exterior tank vall alohneight £ egm.ﬁé bty %fafeggdy@.;'eh%gnkeyl nto
t Rod 3

cool the tank wall. xtanU| i res 1 ncluding
crude and hi gh vhp‘b?zzp]ree§§uﬂ°€ PFé?‘r’h%ﬂﬂ e iSERor EkInG e, Tdbfipri sing:
applying foamto a |ixpi dTher fhatkod nof d]alih in ehdwadrliudessuch t hat the

foamrun covers the lz&eq% q,lggrfgge 1 €I qw%f’ﬁ eveﬁp@e‘el YbR9 fhui do ?el?&q{ eet

tank wall portion exten romthe to approxi ma

above the |iqui dfCP@%lé?lnttroa@éol the tank wall . 21. A net hod for

extinguishing tank fid88nef in®® Becbunf the aspect when configuring the
5 one or more nozzles.

13. In a foam attack for extinguishing a tank fire
that includes empirically determining a footprint for a
nozzle and configuring one or more nozzles such that
predicted footprint and predicted foam run cover a tank

5 fluid surface, an improvement comprising:

adjusting at least one of predicted footprint and
predicted foam run to take into account at least one of the
factors consisting of fluid height in the tank, wind
conditions, nozzle stream width, head pressure, percent of

10 foam concentrate, type of burning fluid, type of foam, and
temperature of burning fluid.

14. The method of clain 13 that  includes
precalculating variations of at least one of footprint
range, footprint width, footprint length and foam run based
upon a variation of at least one of said factors.

15. The method of claim 14 wherein wvariations in
footprint range are precalculated based on variations in
pressure.

16. The method of claim 14 wherein variations in foam
run are precalculated based on variations in at least one
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poi nt and/or |ow auto-ignition p0| Julnlmuﬂlul Imt HHI ng: delivering foamto
a fluid surface in a tank by at b eps of throwi ng foam
froma nozzl efromthetank and “bu bllngfoamupthr h t fluid
in the tank; %%(E)?e}@g%:ﬁg the fluid surface in the tank with f& %ﬁ?’s?ﬂ?g%éppl yi ng
fluid to inner tank wall portions for cogling tank wall portions. 22. The
met hod of claim 21 that includes cooling outer tank wall portions by
application of fluid to outer tank wall surface. 23. A nethod for

extingui shing pankokinr €gpef pewecdrti |dorgeptiratiamdoor fdbmw and otypmi ¢f on

poi nt fl uids \(lz\gﬁg lpq, ?overlng a fluid surface in a tank wth foam and
cooling tank portion mhereln t he coolln% s begun after the covering

is substantially cobpi etfe. MPERPY  for| NG ishdpfoda@nXs of 1785« i ngth shi ng
tank fires, paftpaild:rcradegmidd vapghprapsurefdssnablé|kigveld,elév quid,
| ow boi l'i ng po / 0 £QDi PRitlorf bHiAe @Ndia kha thé ke,
fires, the |rbr§;o%% ngnlt %a%]’?r%gqpugl{lng :éés}?iabl |nsE| ng a foam bl anket and
subsequently cbb\‘?ngﬁr’fﬂ%r""a‘ﬁa‘ﬁﬁ?n%uter tank wall portions, as well as
utilizing gry powlestaginesnduat rdrarelankadingaelozdéssi hqarlanMgn?herf oam

bl anket est abl j,zpgd ¢ Begﬁaf’%egfn%a{ne%vw%ug&xﬁz ©941n018hdiend 0BT i Nt s

at the site for correct rint ra f Qot pri nt ndf otprlnt
wi dt h and throﬁgﬂa’é‘br?eEFT’W@a r qu SR %art® F@g‘ﬁgﬁbﬁﬁf oV
variations in feahoransuah fagmf Ibuadkh‘el gher v\hﬂdsunmal@ﬁs? hozrieg st ream
wi dth, head pr@iﬁy& ngg{é:q._l%kofalf,@am concentrate, characteristics of the

burning fluid foam and t he ten'%erature of the tburni ng.él ui d.
m\ip\w | £Par ns\ 041% Wﬂ)l.af‘)ocleas one rim nozzle away from sai
blanketing nozzle such that said rim nozzle lands/runs foam

within the tank proximate said leading edge.
18. The method of claim 17 wherein the staging a rim
nozzle includes staging a rim nozzle between 45° to 100° to

one side of a blanketing nozzle .
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