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RELATI0NSI{IPS 0F WATER' WET WATER' AND FOA,Y

TO WIDLAT.ID-I'RBA}i IMERFACE FIRE SUPPRESSION

Paul Schlobohm and Ron Rochna

ABSTMCT: Consequences of recent. fires demaod
more effectlve means of fighting wildland-urban
interface fires. Flre suppression properEies of
water, wet waler, and foam are exasined as they
influenee application guideli.nes. llodern water
aEtack requires high flow rales. l.lildland foans
co[bine the best aEcribuEes of 'I{ater, wet hrat.er,
and other foams. Indireet. water attack on struc-
tures may have praclj.cal applications for wildland
foaro in the interface. llater should not be used
Eo fight fire wlrhouE a surfactant,.

IMRODUCTION

The wlldfires in Callfornia and Oregon during the
late sumer of. L987 were devastating reoinders of
the conflicEs created by homes in rhe wildland.

Nine lives, over 60 structures, and at least
850,000 acres of timber were los! in Californla
alone (Rlos, i987). The large number and size of
the fires quickly depleted resources. Suppression
sErategles necessarily shifted to huuan and struc-
lure prolection at lhe expense of EiEberla[ds.
?he increased need for property protectlon and
effi.cient resource use alE.racE,ed ouch attention
ro w1ld1and flre fom-".

To understand t.he merlts of slldland foaus as a
tool for flre suppresslon ln the wildland-urban
inlerface, an exaninaElon of che developmenE and
use of foan for fireflghtlng ls appropriate. The
relationshlps of p1aj.n nater and l,ts foam addi*
tlves are shom 1n table l.

Curlent rlldland and sE,ructure flre suppresslon
effort,s In the Utr1ted SEaEes rely almost e[Eirely
on plaln rraEer. The nost co@on water additlves
lnclude aerial reEardants for wildland flres, and
vapor suppressant foams for lndustrial and crash
flres. Wet sater ls used sparlngly for nop-up by
wildland and urban flre forces. Fo"E for wlldland
flres has a snal1 and growi.ng followlng.
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WATER

Water has been recognized as a neans of suppres-
sing fire since raj.n was first observed exEin-
guishing the waming fires of earJ.y man' I'Jarer is
cransportable. It is neither corrosive, Eoxic,
nor reactlve. Waler has one of the highest cr,ol-
ing capacities; requj.ring the absorPEion of 9330
btu per gal1on as it boils and then becones sLeatr.
Layaan (1955) found the conversion of waEer Eo

st&rm Eo be 90 percent efficient with hiSh Pres-
sure and low vater f1ow. Layman's rapid, lov
water flow lactlcs which did noE lnclude sEructure
enlry, [ay have applications for the rildland-
urban flrefighter. The wa!,er droplecs he
projected 1nE,o superheaEed spaces expanded 1600
tines to steam forclng heat and oxygen our of rhe
buildlag.

With the adven! of breaEhlng apParatus ln che
1960rs, Grady (1987) notes thar stEucture fires
have been attacked fron inside and ouE. llovj-ng
personoel lnside necessarily changed water flow
Eactlcs to prevent lnjury fron superhea!,ed steam.
Wacer streaos were applled directly to Ehe fire.
requirlng uore appllcations, and nore waler chan
before. The lowa fornula is Ehe current sat,er
flow gulde for inlerlor scructure a!!ack:

gallons Per uinute - cubj'c feec g!-largest room.

The molecular slrucEure of waler lnfluences iEs
vaporlzatlon and effectlveness as a fire suppres-
sant.. Each uolecule has two hydrogen atorDs bonded
asymetrlcally to one oxygen a!on. The resulcing
polarlry gives rhe uolecules a strong mutual
attractlon uanifested in a high surface Eension
of 73 dynes/co at 20oC. strorg surface tension
foros water lnEo beads or drops raEher than films.
Because of saterrs surface tension, uEilizatj.on of
waE,er droplets to oake sEea,m and cool fire is
rarely complele. Ilaessler (f974) noces Ehat a
solld strean of nat,er ls 5-10 percen! effj.cient at
actual extingulshment. The lowa Foruula has a
bullt-1n effecllveness factor of 40 percent
(Grady,1987).

Another gauge of sater effectlveness is the water
fLow ra!,e requlred by the Insurance Services
Office (1980). For a l-2 fardly dwelling nor
exceedlng trro storles in helght and at, least 100
feet fron other dwelllngs, the 0ffice staces Ehat
500 gallons per Elnute Eust be available to
Pro!,ect thls house.
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Table I--Relationshi.ps of water, weE water, and delergent.-based foams,

The speclflc gravlty and heat transparency of
water also a.ffect lts use. Because Eos! hydro-
carbons have a lower speclflc gravlty, they float
on water. Therefore, waEer has no reslst,ance to
relgnltlon and flashback. Slnce wacer ls a poor
reflectlve barrler Eo radlant heat,, coot,lnuous,
hlgh volume water flows are necessary for exposure
Protectlon.

SIIRFACTAI{TS

To lxoprove the weE,titrg, penelraE,1ng, and dura-
biuty characteristlcs of lrater' aan hag been
adding surface act,ive agents for over flfty years
(Ratzer, 1956). fhe surface ac!,lve agenc, or
surfactant, reduces the surface tenslon of vaEer
co 17-30 dynes/cm, allowlng elastlclty of water
surfaces and greater loblllty of water molecules.
Surfactanls have been developed for speclflc
funcE,lons on certaln fue1s. A surfactant nade Eo

adhere as foam to plastlcs, for example, w111
differ froo one made to create a f11n seal over
pe!roleum products.

Surfactaats for flreflghtlng can be roughly
grouped as elther wettlng agents or foaoiag
agents. i,{ettlog agents lncrease the spreadlng
ablllEy of water and usually are not deslgned for
use as fo8a. surfactanr fean'lsg ageBt,s have wet-
tlng agent properE,les and perulr the fomarlon of
cl1ng1ng bubbles. These producEs ale detergent-
based.

FoaE can also be uade vith bubble stablllzers
cierlved fron prot,eln EaE,ler. These lnclude

chemlcal, prot.eln, and flouro-proteln fsams.
These foams have great bubble stability but do
no! share lhe wettlng and penetraElng character-
lsclcs of surfaclant. foaEs.

Wet Water

The baslc form of surfacEant-lrealed water for
lEproved extlngulshlng efflclency 1s wet water.
I{et waEer 1s deflned as rrater to which a rreEtiog
agen! has been added (NFPA l8). I,reE water
produccs flrst became avallable after the Second
llorld lrlar (Bryan, L982). I,IerElng agen! weE
lraters ale approved by the Unlted States ForesE
Servlce for use on decaylag and charred Class A
fuels only. SoDe wet rlat.ers 1111 create a frothy
wet water foam when mechanically agltated with
alr. Theee foans have rapld drain clmes and are
used on bulk fuel fi.res. The Natlonal Flre
Protectlon Assoclaclon (L962) explaiaed and
demonstrated how rret water and we! water foams are
more effect,lve for fire suppresslon t.han plaln
water. Davls (1951) shows a wertlng agent Eo be
three tl-ae6 more effectlve thaa plai.n waler on
wood-burning flres,

The words ttiretrt and ttwettlng" are loosely used !o
rDean pelletrat,lng and spreadlag. l{et water sur-
factants spread water by reduclng surface _tenslon.
Texclles and other water porous uat,erlals can be
wetted by thls flln1ug actlon of wer water.
Det,ergent-based foaaJ'ng agent,s no! only spread the
water, bu! also use a solvent. !o proEoEe penetra-
Elon lhrough water-reslstant plant surfaces.

WATER

Add No rhlng Surface Acrive Agent

Aglracion? No
Asltarion Agitaeion

Result I.IATER WET WATER MECTIANICAI FOAI,I

Type of Foam

Couoon F aEures
Aqueous
FiIn-forning
Foao

Wet Water
Foan

Detergent
Foao

Wildland
Foao

High and
Mediun Exp.
Foan

DaEe
Introduced

1950's l950rs I930rs I980ts I950's 1960-70's

Surface Tension
(dynes/cn)

73 25-33 l6- 19

Mlx Ratio (Z) 0 .0s-0. 1 r ,3,6 I'6 0 .2-o.7 1,3 3,6

Major Use:
Fuel CLass
and
Applicatlons

-Extinguish-
ment

-Mop-up

-l4op-up:
wet charred
fuels and
texElles

A&B:
-Bulk Fuel
flres

-Rapld
knoekdown

A D.

-Conbinarion
use for
department.s
wlEh
varleEy of
fuels

A & Br
-l,let charred,
uncharred,
dead, llvlng
fuels

-Expo6ure
lnsulatlon

-RaPid
knockdown

-!1op-up

A & B:
-Confined
space flres

-Exposure
insularlon

A &/or B:
-Aircraf!
crash
conErol

-Rapid
knockdown

-Diked fuel
s pills

-PoIar
solvent s
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Mechanical Foan

The largest type of E.reated waEer for flre sup-
pression, nechanical foam, was firsc nade in 1904.
Detergent-based foeming agents for mechanical
foams appeared in the i930's (Bryan, 1982).
Mechanical for.s require a device to m'ix alr with
foam solution and allow for desired bubble exPan-
sion. ApparaEus chat provide Ehese features
include: l) an aspirating nozzle wiEh expansion
tube, 2) an air compressor, plpe tee and length
of hose or nixing chamber, and 3) turbo jeE or
water-agiEaEing nozzle, Aspirating nozzles are
almost unlversal. These nozzles use a venluri
to pull air lnco E.he solution as the st,rean is
being aEonized into an expansion chamber. Foaning
agent is usually nixed by eduction. Large water
flow rhrough Ehese nozzles require large concen-
trate flow at the eductor. A deEerren!, there-
fore, !o mos! foan use is the .Large space requlred
on an engine !o carry sufficient agent for its
task.

The compressed air for- systeo (Schlobohro and
Rochna 1987) brings aj-r and water t,ogec,her at
equal pressures near rhe punp and conpressor.
wirh air in the hoselay, waEer flow is one-thlrd
less than lri.thouE. Wlldland for- agent.s are uade
aE high concentration, and Ejr ratios are 1/10 -
L/20 of. other fo,Es, maklng agent sEorage space
Pract,lcal .

Xssemgnded expansion ratlos for mechanical foams
range fron 8 and l0 to I for trildland forhc to
200 and 1000 to I for high and medlum expanslon
foaas. Ilowever, detergent, high and mediuo exPan-
sion, and wildland foans show very si-uilar exPan-.
sion characteristics for a given apparaEus
(Hubert). At a &.ix ratlo of 0.3 Percent' I gallon
of wildland foaming agent can turn 300 gallons
of water into 3000 gallons of foao.

Wildland Foan--As a relatlve nescomer to the
mechanical foam group, wildland foan coublnes sone
of the best attribuEes of its coualns. W11dland
foan ret,alns the heaE absorPEioo of sater and che
spreadlng characterlstlcs of a rrettlng age[t.
Llke other detergent-based foa:as, wlldland foan
peneEra!,es all Class A fue1s. lts abillty to
cl1ng to sulfaces enables Peoetratlon, reflecElon
of radlanr heat, and suppresslon of oxygen. Wlth
other foans, wlldland foan shares vaPor suPpres-
sant and raPld flane knockdorgn capablllty. What
wlldland foans do not share wlth any other Bedlum
is perforoance Per gallon of water. Tttls ls
malnly because of the compressed alr foam system
(CAFS) actempted by Pet,erson and Tuve'(1956)'
and revived'by Ebarb (1978).- Ilnllke aspiratlng
nozzles, coupressed air systens convert 90 percent
of the rater to foam. Systeos of 40 cfn provlde
lnstant knockdown fron 90 feet wlth 35 gallons per
nlnute of waler as foam.

i{tldlalrd Eqan and the Coupressed Alr Foau System--

foaas become a valuable eool for flghtl-ng flres
1n Ehe rrlldland-urban 1nlerface. Water conserva-
rlon ls a key feature. A liuited water supply

cannot only be expanded, buE because of che expan-
sion, E,he waEer also becomes rnore effecEive,
There are applications for both che firefighcer
who musr drive to a dist.ant waEer source, and the
woodland honeowner who may have a finit.e waler
supply in a pond or poo1. High agenE concenEra-
tions and low nj.x ralios (3 gallons/i000) Pernit
adequate on-board sEorage withouE reducing engine
uater capacity. Hoses, filled wilh foao, are
light and naneuverable.

The clinging, IreEcing, and refleclj.ng ProPertj.es
of wildLand foam make exposure Pro!,ecEion perhaps
i!s mosE inporlant application. Compressed air
provides che discharge distance to reach and che
agitation to cling Eo wal1s, eaves, roofs, and
trees. Snal1, portable punping systens can give
the homeowner a neEhod of on sile sEructure
Protect j.on.

Compressed alr wildland foan nay have applications
for proEection of residentj.al fuel tanks. These
foams have also been shown t.o be effective extln-
guishing snall liquid fuel spill fires.

Another application for wj-ldIand foan with Ehe
coupressed air syst.en in che incerface nay be
structure actack. Laynan (1955) developed r.he
indlrect atlack for structures using rapid, Iow
waler floss into superheated spaces and waEched
fires go out rrithou! enEerlng buildings. 0n
urban training flres over the past. two years, the
compressed air foam sysEem has dupli.caced this
feat,.

CONCLUSION

Utlllzation of water for flre suppressfon has not
changed over Ehe cenlurles, with few excep!.j,ons.
The fact Is that use of any additive wi!,h water
1s the excepE,ion. AFFF and relaced filo-forning
foaos occupy a smal.I niche of specific dut.ies on
l1quid fuel fires. Ihickeners, such as relar-
dants, are accepted for aerial use on wildfires
large enough to jusEify expense, but developmenc
of oew technologles, such as residenEial
sprinklers, contlnues to be gaEer orieuEed. tli.ld-
land and strucEure flres are pri.narily foughr wiEh
plaln water. And, although structure fire person-
nel rely on documenc,ed foruulas for wat.er use,
rlld1and firefighcers do not have a guide for
rrater use.

Acceplance of waEer addltlves Eo luprove effl-
ciency will not occur overnight,. The advocacy
of surfactants 1n Ehe llceraEure for over 50 years
and chelr continued llmJ'ted use indicaces a strong
tradltion of water use. Thls sane advocacy would
seem !o necessllat,e jusclflcarion of plain uater,
not surfactant. The integracloo of stralegies
aad technologles of wildland and urban flre
gervlces Day present Ehe forun necessary for the
soclal, polltlcal, and econon'lc change fron waEer
!o wet waEer aad foam. Regardless of appllcarion
or appalatus efflclency, rater should never be
.used to fight flre withouc a surfactanE.
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