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THE @I.ICEPT OF FCIN'l

The once6lt, of foam is nct new, but the limited use of foam in wildlands

warrants a revies of its capabilities. E\ram extends the life and

effectiveness of its water. Ebam reduces the srrfae tension of water

molecules enabling greater peretraticn of the water. Soap-based foam opens

the m;y coating of green vegetation, further enhancing wetting ability. Fbam

inhibits water flow, altowing rnore of the water applied t'o be used for

cooling. As foam, water becomes a reflective, insulating blanket.3'4

FON,TING A@NIS

Foam systsns as recent as 1985 relied on foam-making

specifically designed for fire sr:ppression. Pine soap or

popularized by lhe Texaq Snch, Job, is a derivative of the

process. Hor:sehold dishsoap was also used because of its

substances rpt

soap skimr

paper-making

availablilitY.5

Since 1985 foaming agents &signed for wildland fire slppression have been

available. E:ese products combine relatively stable bubble structure,

inproved r+etting ability, and vapor stppressants. Ttrey provide the capability

of instantaneor6 extirquishrent, construction of an impenetrable barrier to

fire, and redrced rPPUP time.

TOAI',I GENERASING SYSTEMS

Foaming agents can be utilized by a variety of means. Slznthetic foaming

agents have qnrked new interest in the foam generating systens ma& poputar

by pine soap. Compressed air foam systems (CAFS) have been npdified with

cdnErifugal pr:mps and metering devices, and enlarged with 40 cubic feet' per

mirute (cftn) or greater air ccmpressors. Air aspirating and conventional

water systelrs also have applicatiors for foam.



Foam is produced in the CAFS by mixing compressed air and solution at

equal or nearly equal pressures and pumping the mixture througt'r one of three

forms of agitation. Hoselays longer than 50 feet (of I inch diameter) provide

enough space for air and water to mix into foam. Scrub chamlcers, tubes fi11ed

with obstructions, force air and water into foam in 1-2 feet. gecialized

nozzles combine compressed air and atomized solution as they leave the

nozzle. Hoselays are the nost ommon agitation method and this discussion

will concentrate on their features.

Compressed air systems wt"rich pump foam through the hose flow water at less

than normal rates. A l-inch nozzle may flow 12 gallors per minute (g5xn) of

water as foam at 150 pounds per square inch lpsi), with a discharge distance

of 85 feet. Water is extrnnded about 10 tines at agent rnix ratios of 0.2-0.3

percent. CAFS has the unigue ability to change foam consistenry by changing

water flow rather than mix ratio.

Extra equipment required for the CAFS include an air ccmpressor and fu1l

flow ball valves. Compressor size is dependent qr need. Generally, 2 cubic

feeL of air is necessary for every gallon of water to create quality CAFS

foam. The ball valves are used as nozzles to shut off the foam flow.

Foaming agents have also initiated the production of a wide range of air

aspiraEing or expansion nozzles. Iow- and medium-expansion nozzles produce

quality foam. Iow-expansion nczzles are nrcst orunon. they flow 10-30 gpn at

I50 psi discharging 30-70 feet. the air aspirating system pumps solution

through the hose and creates foam at the rrlzzle. Air is drawn into the rrlzz]-.e

when the solution ,is atomized and passed through a pressure gradient. Water

is extrnnded 5-10 times with agent rnix ratios between 0.3-0.4 percent,.



The third system in wtrich fem agents can be used is as a wetting,

extinguishing solute in conventional water systems' Through all apparatus

from turbo jet. to sprinklers to bladder bags, bulcbles will form froth due to

lor agitation. With the surfactant in the water, wetting and extinguishing

will increase over straight water.

Techrnlogy offers irnprovenents from conventional equipment for mix

rethods, hose types, hoselays, and nozzles. The inefficiencies of batch

mixing oncentrate and viater are overccrne with eductors or proportioners.

Eductors also make possible the use of foam when the sole motive force is a

water ptffp. A portable trrrmp, for example, can draw concentrate into the hose

as it pu1ls water out of a stream. Protrrcrtioners, which purp concentrate as

desired into the water line, have the accuracry and &pendability necessary to

be integral engine comtrrcnents.

Hose types are irnportant when foam is pumped through the hose (CAFS).

D:rable woven rubber hose is used to avoid kinking. Any restricLion in a

hoselay will breakdown brbbles thus significantly reducing foam qtrality and

discharge capability. Hose which is porous or has an irregular lining will

disrupt foam flow and rduce discharge trnrformance (tab1e 1)'

Table l--Hose characteriEqgg tant to foam flow.

Hoset]peResistanceResistancePorosityResistance

to Kinks to Fire w,/ Foam to FIovJ

Slmthetic

Cotton

Rubber

p@r

fair

excellent

poor

fai r

e><cellent

high

1ow

ncne

high

nedium

Icxnl



Hoselays can be different for Ehe CaFS depending cn aPplication. ilsually,

foam barriers are applied w'itlr ore or ttto nozzles. Since foam is

corpressable, hoses are easily clamped and extended. Hoses filled with foam

do not, exhibit all characterisLics of hydraulics. Greatly reduced head

pressure enables foam to be pumped significantly farther above the Elrp than

water. S

lbzzles vary in performance for aspirated and ompressed air systems. Low

exSnnsion air aspirated nozzles range in perforrrane for I.5 inctr hose from 7

ggn and 25 feet discharge Eo 26 gFm and 70 feet discharge at 150 psi. At 35

gpn and I50 psi, a 1 inch CAFS nozzle has a maximum disckrarge of.70 feet, a

sustained discharge of 55 feeti a L-3/8 inch nczzle: 90 and 70 feet

respectively.

APPLICATIONS

the applications phase of the project directly evaluated fire ontrol
potential of foam in the field. l,lhere possible, conparisons were made to

water performance. EValuations occurred on prescribed fires and wildfires

throughout the !{est.

Direct Attack

Visual evaluations of foam's extinguishing capability were made. Flames

burning in light, flashy, ground fuels, ta11 snags, pitchy stunps, Ed slash

concentrations, and &serL sage were treated. D<tinguishmenE was

instantaneqls. For example, two light engines worked the flank of a range

fire. Ttre engine using air aspirated foam never had to turn around for

rekindled flanre. Ttris engine's pumping tine was 1,/3 greater than the water

engine's. The engine ur.sing water found mme of it,s flank had started b.rrning

again. T
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The oitpressed air fem systam tras great o<tinguishirg capability in part

because foam can be indefinitely ccrnpressed in ttre hee. Thre bal-[ valve can

be shut off withrout risk of b:rsting hrrse. This creates back pressure in the

hose which, whren released., produces a fine-bubbled mist ard Iorg d.iscfrarge

distances (f ig. 1) . the fine-bubbled mist is tu'rique to the Czuls. !,/hen

released thre mist puts cr a coolirg, suffeatirg perforrrErrce thrat Lras been

coq>ared to lralon gas. Together with initial disctrarge distances of ,.p to 85

feet with I inclx hose, ttre mist gives tlre firefighter a deh:ge initiaJ- attack

capbility. I'lany prescribed brrn spot fires hrave been extinguishsi by nerely

cpenirg ard closirg tle baIL rralve.

Figure 1--Fine-tubbled mist d:rirg initial dischrarge frcrn the ccnrpressed air
foa-n sysbem.

After the irritial, fine-bulcbted s:rge, fem produced beccrnes thicker. It
forms large nElsses of buhbles whicfi clirg together. ftr-is clinglrry prcperQr is
also an i-uportant extinguishing feature. Fbam can be lofted cnto flames, the

clingirg bubbles formirg a vapor sr4>pressirg blanket that also se;nrates

o{/gen frcrn flame. Because it exhibits low Lread pressures, foam can beI



injected into the

the foam will filt
bottom of a burning srag to extinguish fire burning within.
any accessible cavity, suffocating fire.

Protective Barrier

Apprications of foam for protection incrude prescribed burn boundaries,
fueLwood piles, srEgs (fig. 2), wildrife treesr dDd fragile sites, andbackfire wetlines r\*enty flrelines adjacent to prescrlbed fire units havebeen preLreated with foam' rhe foam-treated areas adjaoent to firelinesranged from 300 feet b 1500 feet in length. Width (25-100 feet) and depth@'25-2 inches) depended on the foam generation systern and site conditions.The time between alplication and ignition ranged from 0-45 minutes. sottingbeyond the foam Lines occurred on occasionr but no foam line was crossd bymoving fire.

T\"o qYamples of foam as a barrier to fire occurred qr the Toad creek unitin western Montana. Fuel loading was 100 tons per acre of fuer moder 13lodgepole pine'/subalpine fir (Pinus contorLa var. murrayana Engelm,/Abieslasiocarpa) logging s-l-ash' The prescription of 40 percent relative humidity,700r terperature' and light (1-4 miles per hour), favorable winds was ret at2000 hours' Ibvertheressr runrdng flane rengths were 3-20 feet high and thefire crowned to 60 feet.

rn the first example, a 150 feet by 10 feet by 1 inch foam line was placedacross one l/2 acre corner of the unit. I,o toors were usedr rD fuel removedto onstruct this line' the unit's test fire was Iit in the orner. The fireran quickly to the poles standing adjacent to the rine, crowning and producingfirewhirls' Iihen the fire reached the foam line, flames leaned over the 1ine,but the fire's forward progress stopped. Time erapsed from foaming to firecontact was 2 minutes.



Figure 2--snag protection capability of t'he compressed air foam system'
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Lighting of the rest of the unit continued across the foam line. Ttre line

was exposed to heating on both flanks for abcut 5 hours. Inspection the

following day *rowed the line intact, with green vegetation and fine fue1s

throughout. Tho logs greater than 8 inches in dianreter which had burned

through the line from both ends virere the exceptions.

In the second example, a 1400 feet foam line was placed outside a cut fire
trail in an adjacent timber stand. Fbam was applied 100 feet wide, 75 feet

into the canopy, and 1-2 inches thick. application v,as 5-15 minutes prior to
ignition of the adjacent trnrtion of the unit. TWo people created this line

with one I indr hose. Application tine was 5-I/2 hours. Fire behavior

remained extreme, with Jong drration, high flamelength fire tossing firebrands

into the treated stand. Personnel familiar with burning under these

conditions expecEed the fire to escape. The width of the line prevented npst

firebrands from starting strnt fires. Ore spot that did occur was extinguished

with foam from 60 feet away.

I,lopup

Direct foam versus water performance and ost omtrnrisons were made d.rring

nppup operatiors. Personnel involved were not informed of the comparison to

avoid any changes from standard instructed proedure. In each case, the foam

crevr was mopping up with foam for the first time.

Ihe first omSnrison occurred furing mopup of a wildfire in felLed and

tricked douglas fir (Pseudotsuga menziesii) tinber. A 4 person crew using 2

nozzles completed 100 percent roprip of 5 acres in 3 hours with fl00 gallons

of water. IEarby, qr 5 acres of the same fire, this productivity was equalled

by two 20 person crews employing 24 nozzles and approximately 551000 gallons

of water.



The foarn crew used 15 gallons or $225 of foaming agent based on 0.2

percent mixture and a prie of $15 per gallon. Assurning the average salaries

for the foam and water crews are $7 and S5.50 per hanr, respectively, the foam

operation c6rgt $309 for labor and foarni-ng agentt the water operation cost $660

for labor.

The second omparison @curred drring rcp-up of the Toad Creek unit. A 5

person foam crew mopped up 1001000 square feet, in 4 hours. A 25 person water

crew rrxopped up 251000 sqr:are feet in the same time. Both crevJs had an

unlimited water supply. Total water flow for the foam crew vtas 30 gallons per

mirulte,

Again, 15 gallons of foaming agent was mixed. tbing the same wage

assurption in tfue first cory)arison, the foam operation cost $365; the water

operation oost $550.

Foam application technique for both ccmparisons was designed to let the

foam do the work. Foam applied was wetter than ttre protective foam t1pe.

Foam was spread cut so that it penetrated and cooled, while the operator nxrved

on. Drtra attention to hot spots was given only when heat was well below the

surface.

DISCT'SSION

Foaming Agents

Of all the epes of foaming agents presented, the relatively rEw slmthetic

products rnade specifically for Class A fuels are prefered. The 3.0 percent

mix ratios of pine soap are r0 times greater than synthetic' Preriminary

laboratory Lests have shown pine soap to be an inferior wetting agent. Comrpn

l0



dishsoap lacks vapor slppressants and drrability.

has continued to drop as the demand for thern has

experienced 25 percent reductions in suppression

gaIlon Prices. Sr9

The price of the rew agents

increased. SoIrE users have

costs &spite the $12-15 per

The nction that water is free is a fa1lacy. I?re B&1,1 fights ncst of its
fires where water sources are miLes away. Trrelve dollars can make 500 gallons

of water into 5000 gallons of effective water as foam.

Foamnenerating Systems

H:rchasing requirenrents vary significantty w'ith the three generating

systerns presented. Foaming agent aLone will give one an improved wetting

agent with ccnventional atr4raratus.

As the m:inimum initial equiprnent investment, air aspirating rnzzles will

assure quality foam production, especially for protecLion and rop'up.

Iong-term use of this system is atrpropriate orly if the onsistent high use of

foam is npre tolerable than a high initial investrent for the compressed air

system.

The CAFS generally requires the greatest initial capital cutlay, primarily

the air compressor, as well as a retrofitting or nes, engine package. However

CAFS can be assembled cn-site from inexpensive omponents grch as rented

traiter air compressors, readily available plumbing, and an existing waLer

pump. the high initial cost is quickly returned by increased capability and

perforrance, and reduced volure of foaming agent required.

4>plications

the slccess of foam in the exanqlles given of Snrformance can be attrihrted

to trc factors. First, the combination of synthetic foaning agents and the

compressed air foam system creates a powerful tool for fire suppression.

I1



Secord, proper training is necessary to ensure sJccess. Elcam can fail arrd

if its prcperties arrl uses are rft, urderstood, it wi[. Foam strould nct be

considered a cure for every fire sitr:ation. It is simply a \rery r:seful too1.

Eoam must be of tte appropriate consistercy: wet, dripping, or dry. It
must be applied for the atrpropriate effect: lofted for intact, clinging, and

suo'ttrerirg bubblesi pressure irpactd for broken, wetting bubbles.

Foam is designed for strort ter:n r-se v*ren alplied as a barrier. Its
effective lifetine rzaries with fuel, weatJeer, ard. fire qcpditicns.

Applications must be adjusted accordingly.

Safety precautior:s shor:Id be urderstd when usirg foam. Fbamirg agents

are mildly oorrosive to skin and qges. Protective gear is recrcmmended. Ttre

high-pressure lines of the CAFS should be cperated with caution. Valves rnrst

be q>ened slov'r1y to prevent rozr-Le kicklcack and tcse #riprash.

TTIE EI.IruRE

Over the past 2 years fem has developd into a tool for ttre future. Ttre

fttll potential of fen tras yet. to be realized. In fact, ttre tectrnoloqr of

Class A fen fire fighting is eryrardir-q bqrond Class A fires. Cost-effective,

successfr:l applications llarze been denonstrated with hydrocarbcn fires, vehicle

fires, and strrcLure fires. Methods of deliverf/ are also exparding to fit
differerrt nes1.q ard rescmres.

L2



The wildland-urban interfae fire protection program may lrave the npst, to

gain fron foam developxnent. Research must increase our understanding of foam

Proesses. Training of application techniques mlst @in. The days of.

fighting fire w'ith unrefined water are nuricered. Water has served us weJ-[ in

fire s.rppression over the ]ears. As we rpve into the Ewenty-firsE oentury,

water will serve us even better as foam.
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