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FOREST-FIRE FIGHTING

Gerard PAQUET

- WD Gy (0 0 en o

INTRODUCTION

"Fire fighting 1s the acid teat of nrotective organ-
ization and men. It 1s an emergency job where success or feil-
ure hingea not onlj on experience and slkill, but also to &
very large éxtent on the specd with which various phases of
the work are successfully eompleted” (108). This paper déalsj
with a review of the literature on all these phases of forest-
fire fighting from the diacovery of the smoka to the sup-
prgss&on of tne_lant spark.. Since, however, & complete undero
standing of fire behavior 1s essentlal to a reliable planning
of fireésuppression a ctivities, a detalled sﬁudy 1s made of
the elements of fire behavior. Special amphasis is also given
to the disocuasion -of th§ various methods of fire fighting,.and
of the numerous methods of man-powor organization for fire-
auoproasion purposea. Thex, a review 19 mada of the equipmant, 
tools and supplies used in comnection with foreat-fire.fighting.

FORE“T*FIWP BEHAVIOR

An - adequata fire sunoroasion uolicy calls for a thor-

ough understanding of fire behavior, or "the aotion of fire as
a result of the compnlex of variablo factora tha t influence 1t"
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(12). Apprﬁlsal of fire behavior s the only bssis for plane
nine the strategy of attack, the man-power needs, the placing
of crews and campsg, etc. The question of fire behavior in-
vnlves widely varying conditions of cover, topography and
wééther, and no exact formula or rule eitsts to solve this
problem. But, an.infelligent estimaté, based on the funda-
mentafvlawa of combustion, the 1nr1ammab111ty of the forest
fuels, the effect of the physical factors, etc., is far bet-
ter than a wild guess of the probagble burﬁing conditions to
be 9xpected, "Success in fire fighting hinges to a very
" lerge éxfbné hpon one‘s ability to size up not 6nly what the
burhlng eonélttons are fow, but also what they will be as
the.day.advances, or under probable changes of 1nf1ammab11it§,‘
wind, élope or type“'(IOS). The knowledge of fire behavior
also enébles the fire fighter to profit from every netural
law'whigh he cen turn to- his advantage, and to prepare &--
~ gainst the sdverse factors. Success in fire suppression. is
largely dependent upon the firemen's ability to identify snd
messure the factors, elemente.and ;nflﬁences of fire‘behavlbr.‘
According to Giaborne (69), forest pyrology or the science of
forest Tire behavior “ig rapidly supplénting rile-ofathumb

fire control®,

A) Combustion |
Forest fire is the result of the combustion or the

raptd chemical combination of the oxygen of the air with the
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carbon of the meterial, which acéure when the fusl 1a ralsed
to an abnorma11y~nigh.tempernture of 600 to 800 degreese F,
(108), This temperature, called the kirdling point, varies
slightly with the Giffersnt fuels and the length of time dure
ing whieh the heat 1s applied to the material. Unless thase
three elements « alr, fuel and heat -~ are present, there can-
not bs any fire, and the rapld spread of fire requires that
thege three casenttals be present in optimum quantitles. 1f
gn éntire piece of wood 1e'un1form1y heated to the k&nﬁlihg
température, the whole stick burets in fleme spontaneoualy

snd burne as rapidly as oxygeni 1s supplied. Usually, however,
the fgre creeps aleng the surface bacause only the particies
immedlately adjacent teo or sbove the source of heat are raised
to the kindling point snd are ipgnited.

Tne noisture content of the fuels 18 of prime impor-
tance in combuation since the meteriala cannst be ignited
until they have been dried out; a lérge portion of the availa-
ble heat applied to damp materiel is diseipated 1ln driving off
the motsture before 1t can raise-tﬁe fus)l to kindling temper-
sture., This explains why damp fuels srs hard to ignite, burn .
slowly and give off g relatively emall emount of heat.

Oxygen, an esgential element of eombustion, s cpna
tained in the sir t6 the aateﬁt of £1 per cent of the total |
~volume of the atmospherie gases, sa that only one rirth of
the volume of the air 1s util;zed‘is the dxidlzlng agent in
the process of combugtion., About 130 cubic feet of alr are



Y.

needed to supply the oxygen necessary for the burniﬁg sf one
pound of wood. This supply 18 carried to the fire by the
draft which 18 set by the fire iteelf. Fuels cannot burn any
faster then the necessary sxyzen 18 supplied.

1 The maximum tempersture prbduced by burning wood
’ranges from 800 tol,aoo degrées F., but the smount of heat
given off at any time yaries directly with the rste of com-
bustion. For instence, two fuels may vroduce the ssme total
amount of heat, but the one burns up 1a{¢ne hour and the
other in one minute; the total amount of heat produced by the
latter will be given off in one minute, wnereasythe same 8-

' mount of heat will be given off by tne former in one hbur, re-
sulting in a production of heat per minute 60 times greater

in the latter case than in the former.

Highly inflammable mgterials are those easily ignited
or wltﬁ e low kindling point, whereas highly combustible fuels
are those burning rapldly and likely to give off & rreat a-
mount of heat per unit of t{hé. "Both the inflammability and
‘thg combusclbility~pf forest fuels are governed not only by
their motétur@ content, but alse by thpié size and arrangee
~ ment* (108). In other words, the ratlio of the surface to the
volume of the fuels and their dispesal with reference to both
a free c1rcuiatioh of air sud the hest r*sing‘ffdm the burning
materials, are, with the weather c§nd1tioné, the dajor fac~
tors influencing the inflemmabllity snd combustibility of for-

est fuels. But, eince the sige and arrancement sre nst likely
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to undergo obvious modificatlions, changes in the molsture
cantent of the fuels remain almoet slone responsible for the
changes in their inflammability and combustibility.

The heat from & fire passes off in tws wsys: a) as a
column of heated a'r which tends to rise streight up, and b)
ag radiating hest whlch travele in strzight line in 511 d1i-
rections. The upward flow of hecoted sir develons into drsfts
and whirlwinds, and tends to retzin 1ts heat ss long 28 the
aif current retsins ite strength. The heat radistisn, how-
ever, . ls inﬁersely proportional to the square of the distance
from the fire, msterlals ten feet away recelving only one
hundredth ss much heat as fuels within one foot. Except for
meterisls directly sbove the fire snd resched by the column
of heated air,'only the fuels lying close to the fire may be
ralsed to the kindling point snd be ignited. The dr;er the
msterial the moreirapid the sbreéd and the greater the result-
ing heat. The amounﬁ of heat given off by a Tire may be 8o
great that the fadiant energy is sufficient to transmit the
ignition temperature to fuels separated‘rrom the fire b& the
width of constructed fire trenches (65). |

The volume of heet from a fire mgy be tremendous and
cause strong gonvectional currents, whirlwinds and drafts.
These air currenfe,or drafts ere set in motion by the fire
itself snd are governed by the fact that hot sir 1s‘1ighter
then cold air, the hested air tending to rise straight up.

To replace the rising air an inrush of cold air towards the
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base of the burning materisl pravides the fire with a new
supply of oxyken. The hotter the fire the stronger the re-
eﬁltlng currenta, scrasionally resulting in whirlwinds of
suffielent strength to break off end uprost large trees. Fly;
ing sperks and embetrs carrleé by theee hot sir currents are
responsible for setting so~-called spot fires. The inrush

~ movement of cold air tdwarde the base of the fire to replace
the flow of rising hot air 1s used to particular advantege in
checking Tires a2t the top of gharp ridges working as natural
- Tfirebreaks. '

"B) Forest Fuels

The smount end chargcter of fuel) hewan impartent
bearing upon the rate of spread of forest fires. Forest fu-
els have been dlvided into three groupés criticsl, slow-burn-
tng and green fuels. The cr1ticalifuele are "thoee which
undér natural conditions may Secome sﬁeceptible te eaey igni-
tion aﬂd rapid combustion" (108). They eonsist »f dead vege;
tetive materials ineluding the top layer of forest duff, the
light litter of twigs, small hranches, needles, leaves, femas,
grassee,'até., the outer shell of heavy 1imbs, logs, snégs.
ete. These fuels are usually somewhat Jscke-straved, lacssly
srranged, and constitute the tinder and kindling vood in
which fires ére first esteliished 2nd spreéd rapidly; burning
fagt they give off a tremendous amount of hest which drign |
out and ignizca the deacont'n-toranlo. The slow-burning
fuelg are the vehulning doad‘mater&a}c vhtéu ;re incapabdble of

!



bhrning rapidly becguse of thelr structure, arrangement and
lack»of exposurs. They inciude the 1swer strats of the for-
est duff. the humug, the interior portisns of hsavy 1limbe,
logs or snefs, ets. Burning slawly Sehin& the sdvance of the
fire edge, they hence have compsratively little or no influ-
ence on the rote of spresd. The green fuels sre made up of
all the forest growth,‘tncludingktbo foliage of trees, the
brushes, grasssa, weeds, ferns, éte. Under nstursl condi-
tion they are cheractetized by a high moisture content, snd
~are coneldered ae nonsinflammable. But, they mey bs very
quickly dried out by the hest rising or radiating from burne
ing matertals end burn with grest rapidity snd intense hest,
Joining with the critical fuels 16 carrying farward sny rap-
141y edvenelng firs.

Another classification divides the forest fuels 1nte
flesh fuels and heavy fuela; The flash rueie are those
“"11ght fuels guoh as grasses, ferns, tree moes, ete., vwhich
1gnite readily snd are consumed very rapidly, and thus coa-'
tribute to very rapid rate of spread® (12). The heavy ruele'
are thoee "fuels such ss snhgo. winafalls, orenchwood, etc.,
which, while thay usually burn hore slowly than flesh fuels,
liberste a greagter smount of heat snd burn mofe fiercely,
thus meterially 1ineressing the difficulty of suppression® (12).

Show and Katok (123) have studied forest-cover types
from the fire.control stendpoint, ae 5 basts to determine “an

index of the Aifference in fire contrel between the major



cover types”, snd have establiebed a ocorrelstiion betwaen the
cover tjpe end the rete of spread. Hornbj {84, 85) has dem
velaped a system of fuel-type classification in whieh the for-
est sreéas sre divided "ints units eccbrﬁiﬁg ts both the nore
mal rete of .spread of fire on an aversge bad day, and the re-
gistance to control-line construction offered by the fuels,
topcgraphy snd soil". 4
Fine fuels ceuse festsr spresd and burn more rapidiy

becanse they are more aulckly dried out and heated to the
‘kindling point, and have a greater proportisnh of their vola
ume in free contact with the oxygzen sf the air. The ver-
centage of fine materisls, therefora, has sn important bear-
ing on the inflzomability of the forest. These 1light, loose
ruéls, such es the top cuff or litter, the herbaceous vegeta-
tion, the dry moss, the outer bark of desd timber, etc., are
the metertale which sre most lLikely to make possible the stert
and rapid spread of forest fires. The severity of forest
fires 1s directly devmendent upon the amount of svallable fuel,
and large accumulaﬁisns of dry fuels msy csuse aerioué confls~
gations. Once a Tire hae created a large volume of heat, it
gaine momentum and orogresslively dries out the fuels before
its own advance. "This explains why slaén-covered areas with
& large accumulation of dry fuel may be & menace to sdjoining
green timber* (77). |

. In discussing the laws of combustion, hentton wag made

that the arradgement of the fuels influences their tnflammabe
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111ty and combustibility and, therefore, the frequency and
geverity of forest fires. This 1s due to the fsct that the
disposition of the fuele in reference to both a free circu~
lation of air and the hest rising or radisting from the burn-
ing matertals orovides for a rspid érying out of the fué1e
snd sn optimum supdly of oxygen, and facilitates the rslsing
“of the fuels to the kindling temperature. 014 burns in which
snags snd killed trees have broken and fallen in a2 tangle of
‘dead 1imbs end logs ars an example of fuel srrangement with

‘ optimum conditions for the rapid spreed of fire.

Likewise, the moisture content of the fuels hss al-
ready been spown;to'have an importent bearing upon thelr in-
f1ammability and.combustipility, and, therefore, the incep-
tion, srread and gravity of forest fires. Materiale’cannot
be ignited until they hsve been dried out; the amount of heat
necessary to drive off moistﬁre'from dsmp matertél before 1t
48 raised to the kindllng point explains why 1t is hard to
ignite, burns slowly and gives off littlé hest. ©Seo much heat
ie neceésar& to dry out wet material thst the chances of wet
fuel getting ignited are negligible, there not being ensugh
remaining heat to keep thevtemperature aBove thé kindling
point,

Show (120), Glsborne (63,64,67,68) and Wright (145,
146,147) have demonstrsted the correlation between the mois-
ture content of the fuels snd their inflammsbility and com-

buetibility. Gisborne (54,66,68) snd Wright (1i5,146) have
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aﬁplied this principle in the development ofva fire-danger
rating system based an the molsture conﬁent of the top 1itter
ag messured by means of duff hygrometers or wood cylinéers.
Weright (1“5,1#6) found in mixed red and white pine foreet
“that fire sould not be storted by any ordinary means when
the top halfeinch of needles ot duff on the forest floor con-
tained more than 23 per cent of its oven-dry welght of mols-
ture* (1U5)., He egtablished five zones of inflammability
hbased on the mdisture content of the top layer of duff or
‘1itter, which 18 the matsriél in which fires generally atart.
One reglion of the '1.S, Foreét'Service hzs also sdopted s
ééalq of current denger rating based on thé motature content
of the fuels (12b).

Students of fire behavior have recognized the influ-
ennce of seasonal vecetetion on forest fire haiard. Wrizht
and Beall -(149) mention that the month of May is "a particu-
larly dangerous period ‘from the standpo{nt of flré hézard“;
largzely due to the fac§ that the inflammable remains of pre-
vious yeer's growth are then in that critica] stage between
the melting of snow and the development of the seasonsl vege-
tatisn, a somewhat similar situation betng'encountercd in the

late fall after the death of the sessonal vegetstion,

C) Physical Factors

’

The influence of the physicsl factors on the behsvior
of foreat fires has alresdy been inferred in diécuss;ng the

moisture content of the fuels. Ihdeed, the physical environ-
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mant is of primory importsnce In governing a) the moisture
content of the fusle snd hence thelr inflammability snd come
bustibility, and b} the direction and rate of spread of the
fire. The crincical ohysicsl factars affecting the behavior
of forest fires are: a) the wasther, ‘neluding such elements
a8 relative humidity, precipitstisn, temperaturé, evaneration,
vapor preseure; baromstric cressure, solar radlation, and

wind; b) the topography.

a) Vegther

| The relstive humidity 1s by fer the most important
weather elemént affacting forest fires; Hofmann and Osborne
(82) clsim that the atmospheric humidity 1s the most imovor-
tent single weather element controlling the fiuctustiona of
forest inflammability. The relstive humidity or stmosvheric
water vapor is "the ratio of the ouvantity of moisture con-
tained in s unit of space to the maximum cusntity of moisg-
ture that could be contalned in that spéée st. the existing
temperature snd ofeséure“ (67). The effect of relative at-
mospheric humidity on fire behsvior }a due'prtncipally to
‘ita influence on the moisture content of the forest fuels.
Foreat fueis~being hygroéco;ic, they teke on or gtvé off
moisture uhtil.they come into eouilibrium ﬁifn the air., When
relstive humidity 1s low and forest fuels sre Wet. moiétufe
evaporates from the fuels rapidly, whereas the materials
‘tend to abeorb molsture from the atmosphere when the humid-

ity 18 high. The finer the fuels the closer the cqfnelatlon
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between fuel mo'sture.and gtmospheric humidity. 7The moisw
turs-hdlding capacitj of the air varies with its tempera=-
ture, warm alr beling able to holé much msrs moiasture tﬁan
cool a‘r, end the relative humldity likewlse being lower at
warmer températuresvand higher oh ¢oo) days. Extremely low
relative humitdities arz 1likely to result in high inflammaw
bility of forest fuels, the danger becomlng grecter snd
grester as the lowehumidity period goes on.

Prscipitation may be regarded ss the chief weather |
factor influencing the molsture content of forest fuels
over protracted oeriods. Liké the relstive humidity, but to
§ much greater extent, precioltatison or reinfall influences
the inflemmability and combhistibility of forest fusls by ine
eressing thelr moisture cont:nt. According to Gisborne (64,
67), precipitation alone, of all the weather elamznts, makes
fuels non-inflemmable and obliterates\rdregt-fire danger;
Important consideratisns in connection with the effsct of'
reinfall on foreat fire sr=: a) the amount of precipitation;
b) 1ts duration; ¢) its distribution; 4) the qvaboratlon rate
in the periods betwesn rsinstorms; e) the molsture content
of the fusls before the rainfall; Yt) the kind of fuel; g)
the nature of the site; h) the tOpography; {) the season of
the yeer (6L, 162,'117, 147). | ' |

Temperature hae already been shown 2s exerting an
~ influence upoﬁ ;ne relative humidity end hence affecting the

inflemmability snd oombustibility of the fuela. High teme
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peratures 1ncrease the rete of evaporatlod and are also im-
' portant in raieing the temperature of the fuels snd creaiing>
a condition in which less additional heat is required both
to ‘gnite snd eongume the materinls (6h). Differences be~
tween the temparature at dltferent stations affect rorqat,
rrireé'ﬁy influencing the velocity and 4iréction of the wind,
occasionihg rainfalls, etc. High temoersturea are penefally
acoomuanied by very dry atmoephere and a éritical fire perlod.
Evaporation ise the result of at least four weather

élemanto: relative humidity, temperature, wind =né sunlight.
. A1l of these factaors combine for removing molsture from the
fuels, Munns (10%5) has demonstrated the direct correlation
betwsen the elze‘émdoocurrance of forest fires and the rate :.
of evaporation. Stickel (135) also.found the rate 5f evapde
ration to be an_accurate and satisfactory intepration of the
influences offlts components, 1. e, tqmperatu;e; relaﬁive'v
humtdity, solar radiatioh'and wind velocity, on the moisture
content of the forest fuels. o

| Vapof pressure also hss an influence on foresf'firee.
- "Ag high vapor pressure indicates s large amount of absolute
moieture per unit volume of stmospheric space, it alsq'im;
'plgeg that 1eéa'coolgng will be rgcuired to condense or pfe-
cipitate that molsture than if the vapor pressure was low"
(6")5 Munns (105)‘foundAthat the oeccurrence and spreaﬁ of
.1arge‘forost fires are coincident with a decrease in vepor

pressure. When considered in conjunction with temperature,
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vapor pressurs is a reliable 1ndicator of future relative
humidity and precipltation and hence provides 2 valusbla
forecast 6t fire danger. ‘

Barometric preesure has a correlztion with fuel
moisture and hence foresst rires; in that high barometers
‘are nesrly always indicative of high temperatures and low
humiditles, consequently of ahigh rate of evaporation. Air
pressura being recognlzed as the most relisble indicator of
weather conditions, 1t 18 natural that 1t must have some in-
Tluencs on the inflammacility of forast fusls. Air pres-
sure, however, is essentially & forecast of future weather
cond*tions retner thsn a pleture of the current fire hazard.

The smount of sunchine or the 1ntenslty'of 80lar ra~-
d1z2t1ion influszncag forest Firas by affecting the rate of
drying of fuels expossd to the sun's raye (37, 33),>and the
rate of evaporstion in genaral. Insolation is also of im-
portence to forest-Tire haozard bescause of 1ts heat\ng ef=
fects.

Wind 1s of outstanding importanee in gsging the rete
of spread andAtne direction of spread of fires, and in &affec-
ting the moisture content 2nd hance the inflammability of
fuels. According to Show {120), "the rate of spread, 28 gov-
éfhed‘by wind velocityq may be stated to vgry és the square
of the wind velocity". Osbtorne (108) also 1ndiCat§s thet
wind pressure varies with the sguare of 1ts veloecity. The

sffect of wind on the molsture content of fuels varies great-
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1y depending whether the incoming air 48 moist snd cool or
dry and wafm. Byram and Jemisén (38), studying the influ«
ence of sun and wind on fuel moisture, found that, "in bright
sunlight, contrary t5 vopuley bellef, wind msintains lévels
of fuel-moisturé higher than those in calm air"*, the win@'s
action more than offsetting the sun's drying action. Byram's
study of the effects of sun snd wind (37) aleo indicstes
that "wind partlally orfseta the drying effect of sunshine"
on fuel molsture. The effect of wind on the rate of evapo-
ration haos an importsant bearing upon the moisturs content

of fuels. In Gisborne's scheme of fire-denger rating, "wind
s ziven almost =& much weight as fuel moisture” (68). Show
and Kotok (122) 1nd;cate that "from the standpoint or.organ-
1zed fire protection, obviously the most critical combina?ion
of factors 1s in the coincidence of very low relstive humid-
ity and very high wind“. Ansther influence of wind on forest
fire 1s 1ts "=ffect on combustion by furnishing freeh supnlies
of oxygen® (135). According to Wright {147), "wind is also
en important factor in the development of crown fires®, due
to the fact that the combined hest from the ground fuel and
the burning t"oliage,_ when levelled by s high wind, causes the .
fire to ruh rapidly in the tree tops. Another way in which
wind affects forest firee 1e by cérrying sparks and burnihg
embers ahead of the fire and thus setting spot fires (108).
The direction of winds is very likely to Dbe sffected by i‘iﬁl

topographical’teatures; Likewise, wind velocity undergoes
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dally cycles, wind golng down at night snd coming up agaln
~1n the morniﬁg. _ .

Because of datly vsristions in the weather factors
influencing the Inflammability end combustibility of rdrést
fusls, consistent changes may be expeéted in the burn}hg cdn-
ditions which normslly océurlwlth more or less regularity dur-
ing the twantysfour hours 4f the day. Aceording to'Osborhe
(108), a) fires are generally at thelr lowest etb at about
4 a, M,;.b) they then usually smolder until 7 or 8 A.M.; ¢)
they then begin to gradually plek up until 22 or 1 P, M, 4)
from then until 5 or 6 P. i, they ususlly burn most fiercely
and goresd with maximum rapiditys e) =t about 6 P, M, théir
intensity begins to decresse; f) after 10 P, M. fires seldom
make much advance and their 1nt§n51ty is slways reduced; g)

a very l-=rge pefcentege of the rire edge goes out ss the
night advances, Locsl winds or extreme humidity conditions
may, however, completely upset this schedule.

The interpretstion of fire weather hos brought about
the design of fire-danger meters which express the exceed-
1ngly complex relatisnships of the fire elehents into simple
indices ﬁhich the confused aaministratoga could use to deters
mine the intensity of flre orzanization. Thils idea 0f firew
dangsr meters has been applied throughout the Un&ted_Stateé.
and Canads "with the.many varisations and adaptations required“
by local conditions and nesds, and a bewildering array of

f1re;danger meters has arisen each with some new and veluable
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fecture" (70).

b} Topography

The~£apagraph\ca1 features hsve a great}deal to a@o
Qith thé fire behaviors and particularly the ratz snd direc-
tion of spread af forest fires. The ways throﬁgh which to-
pog?aphy may affect fires include: e) elevation or sltitude;
b) aspect or expesura; t) slope; d) surface conditions. The
elesvation and gspect influence forest fires 1n as mwuch as
both frctors affect the atmospheric conditiosns which deter-
miné the moisturs content of tha fuals. Hayes (78) experi-
menflng forest fire behavior at variable altitudes fﬁroug@#
out the day, found thet during tnelnight most dangerous
burning conditions occur between 3,000 and 4,000 feet, mid-
dangerous éonditions occurring cbove b, 000 fget, and leéét
dangersus ones balow B,Ooo.feet_elevation, whereas during
the day fire behaviors on sﬁuth 310pesxare slightly more
danéerous between 3,000 and 4,000 féet elevation thsn sbove
or below, whlle on north slopes the greater danger {8 in the
high zone above L, 000 feet elevétion, Hayes! findings ré- .
veal the importance of exposure or aspect on the occurrence
and spread of fires, slopes with southern or western azspects
Sufferihg more severely then those with norphefn or eastern
expogurss. This is explalned by the dryer conditions of the
Tuels due to their greater degree of exposure to the weather
on the southwestern slopes, |

Fires spread}more rapldly and more fiercely on the
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uphlll side of slopss than on theﬂdownhill side, due to tﬁé
rectvthét the heated sir drews the flames upward. The stee-
per the hill the g¢reater the apeed.

The dirferent fire vehaviors in rugeed country may
also‘be explained by the difrerent vegetation conditions efi-
countered &t verioug levels on the differently exposed . slopes
and oh tha varying steepness of the éurface.

Slopes may csuse burning embers to slide and roll
dowﬁhili into unignited fuels and thersby 1ncrea8e'tbe_spread.
of_th¢ fires. Osborne {108) mentionsthat in meny regions and ’
types, slopes are of even greater importance than winds in &h;
fluencing the spresd of fires;

The condition of the surface sffects forest fires by
bringing about chaenges of fuel typzs and fuel molsture due to
different exposure. A smooth surface on which thej1nf1am;
meble materisl occurs unirormly dist?ibuted tends to make the
fire burn more evenly and intensely® (77). Breaks in topogra~
'phy, shéh &8 ridges, cényons, etc., aleo influence fire behav-
tor by causing changés in the air currents.

Topography has a marked 1nf1uep¢e on the shsape or f6r-
est fires. In level eountry, fires teﬁds'to Spregd in an elone
.gated ellipge, whereas on alsteeﬁ'slope thef normally run»up;
hill in the form of & diverging or converging wedge. On btoth’
level and ruggéd country, the flanks ususlly spread siowly and

are compsratively easy to eontrol.



~19-

'KINDS CF FIPES

| A crude fire classification distinguishss between
emall fires end larae.rires depending unon the relative size
of the burning areas end wbether‘the totel srea can be come
prehanded gt a glance osr not.'

Firemen also d&stlnguiéh_between the mein-fire and
the spot fires "get in asdvanca of or away from the main fire
by flying sparke or embers® (12). Spot fires, which are the
result of the treménécus convectionsl currente generated by
the main fire, may be set as far as severé’ miles from the
main fire, angd 1t'occasionally happehs'that they produpe sea
rlous conflagations, ' |

The term extrz-vnertod fires hse been spolied to fires
not controlled or coralled within the first work veriod, 1. e.
by 10 A, ¥, of the dsy following dtscovery, whereas a hang-
over fire is " s fire started by lightning which remains dor-.
mant until a later period when 1t becomesvactive‘ (12).

| For ﬁhe purpose of anelysis, forest fires sre divided
into the major sete of causetive ege=ncies responsible for the
origin of the fire. The aight standsrd svecific causes of |
forest fires recognized by most protective units are: camp'
fire,debris bufnlng, incendiary, lightntng,'lumberlng; rail-
road, smoker and miscellansous. Some organizations use a
: ninth'clasg.for ﬁnknown ecauses, 3. e. when the éxact cause
cannot be definitely determined. |

Alse for the purpose of analysis snd statisticsl com-
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parison, forest fires have been grouped into five plasses
according to the size of the burned sre= (12}, 2s follows:
a) class A Tire, one-fourth acre or less; b) class B fire,
more than one-fourth ascre but less thon 10 acres; c) class
C fire, 10 acres or more but less than 100 acres; d) class
D fire, 10" acres or more but less than 300 acresﬁ e) class
E fire, 30" acres or more. |

The comparative spread and intensity »f forest fires
have given rise to the six fol}owing chzracters 5f burning
" conditions (12): a) smoldering fires “making no sopreciable
spread and burning without flsme"; b) cre2pinz fires "spread-
ing slowly, usuelly with low flame®; c) running fi?es "aoreasd-
ing ravidly snd with s we}l-defined head but without spotting
or crowning"; &) spottinz fires, slready rererred to as spot
fires, "spreading as a result of sparks or embers fglling
ahead and étarting new fires"; e) crowning fires, also known
~as running crown fires, "advancing primarily from crown to
’crown rather than from gmound to erown®; f) de@endent crown
fires progressing mostly from grdund to crown rather than

from crown ts crown.

TYPES OF FTRES

The three following types of fires are generally rec-
ognized depending primarily upon the forest layer in which
.they'ebread and csuse the most damoge: a) surface fires; b)

ground fires: c¢) crown fires.
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A) Surface Fires

A surfsce fire is "s fire that runs over the forest
-floor, burning only the surface l1itter, the loose debris, and
the smaller vegetation or ground cover" (12). Surfsce fires
burn and spread rspidly, with abundant flame 2nd heat, but
they burn out ocuickly. They are the commoneast fires snd for-
tunately the moat ess'ly controlled. Fires in o0ld burns, grass
types, fern types, oine needles, etc. are tynical examples of
surface fires. Feeding on the top layer of dry loose needles,
litter, grass, weeds, low orush, the outer surface 5f logs,
etc., they burn only the leaves, the too layer, the loose de- .
'bris and the smaller vegetation. Surface fires injure only
the lower psrt of the trunks of trees beyond the reproduction
stage, but théy may ki1l them by avvlying hest to> the surfsce
of the trunks, Most fires start as surfsce fifes, the fuel
uvon which they feed being of a light, loose nature and likely
to be very inflammable. But, they develop 1nto ground or

crown fires =s soon 58 the requisite conditions sre fulfilled.

B} 'Ground Fires

A ground fire 1s "s fire confined to the msterials com-
posing the forest floor or benesth the surfsce® (12). Oround
fires may be further subdivided into peat fires and duff fires,
devend ing unon the neture of the fue?. Peat fireg =re those
ground fires which sccur on 1ll-drained sreas, such ss swamps
and bogs, where layers of duff and peat seversl feet in thidr -

hegg have asccumulated., Pesat fires are sometimes referred ts as
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underground fires, because they burn in deep orgsnic meteria?l
several feet bslow the surfaeé (91). This 1s espectally true
when the surface 1s wet and the lower lsyer 1s dry. The ex-
sct location of such underground firves is difficult to deter-
mine, and records anmetimes ghow pe«t fires whieh have burned
for several months in swemps. The smoke snd sdor from burning
swampy sreas 18 very pungent.

Duff firea sre “those ground fires which oceur on
upland areas where thick demnosgits of litter, duff 2nd humus
have acecumulsted® (77). They generslly burn =nd soresd more
rapidly, give more heat, snd produce less smoke than the peat
fires, but they give off a2 compsretively small amsunt of heat,
apresd rsther slowly 2nd require a long time to burn ocut.

Ground fires are d*stingulshed from surfsce firea by
the fact thet the entire sccumulation of duff is burned. They
are very herd ts contrsl or extinguish, on sccount of their
copacity to smolder beneath the surface., They msy deastroy
completely the organic materisls of the soil, and create barren

areas éhich may require centuries td restoek.

C) Crown Fires

Crown fires sre those which burn in the crowns of the
trees, or in which the svresd takes plgég ‘n the crown ss well
8g on the surface of the forest flaor, comguming all or a large
part of the folisge. Crown fircs ére typical of coniferous
Torests. They apresd snd burn respidly, and generate a tremens

dous hest. Burn‘ng dbrands and embers from crown féres may te
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carried by the wind and set spot fireg, thus comolicating the
fire fighters' job.

| As slready mentioned, crown fires msy be of two types:
- a) runaing crown fires,or b) dependent crown fires, caintingent
upon whether the crown fires progrees through the crowns of the
trees and independently of surface fires, or are maintalned by
the heat snd flames r*sing from surface fires which furnish the
heat neceessary to ignlte the crowns. Crown fires are sometimes

set by liehtning strikes.

PARTS OF A FIRE

To facillitate the study of forest fires, their 4iffera
ent parts heve been defined and designated as follows (12):
a) the edgs, sometimes referred to as the front, "the line,
usually irregulsr, to which e fire hag burned st a given mo-
ment®; b) the perimeter, "the entire outer edge of the fire",
or “the length of the outer line or edge of the fire";
¢) the head, sometimes aléo referred to ss the front, “the por-
tion of the edge of a fire on which rete of soread is most
raﬁid'. It 1e thst ovsrt of the fire that 1a spreading most
rapidly, being driven forwsrd by the wind. In level country,
this 18 the lee side or the side in which 4irection the wind
la blowing; in rugged terrain, it is the uphill slde as og&
posed to.the~downh111 eide; | o
a) the resr, aiao known as the tail, “the portion of the edge
of a fire on thg windward or downhill side". Being opposed
to the head snd driven by the wind toward the vortion slresdy



attacked by the head, the resr is very likely to suffer of
getarvation and to d1ie out of 1ts own sccord.

e) the flanks, sometimes called the sides, “the portiosns of
the edge of a2 fire between the head snd the -rear*, or the
sides or edge §onnect1ng the head snd the rear. They tend to
extend the rire'at right angles with the 4irectiosn of the head,
but at a much less rapld rate than at the head.

f) the finpers, “the long narrow tongues of & fire orojecting
from the mein body"; They sre the results of changes in the
»character of the fuels and in the level of the country, fires
spreading more rapidly,in certsin fuel types and on steep

slopes. and upward as oppoeed to level terrain or dovnﬁhrd.

VOBJECTIVES QF FIRE SUPPRESSION

The first end most standard objective of fire supores-
sion‘ls to corral the fire, stop its gpread and make it rea-
sonably safe before the heat of the day or not later than 10
A, M, of the day following dlscovery. When this objective e
not reached, plans of sttack will contemplate control before
10 A.M, of the next day or each succeeding day. To reach this
objectivé, every orzanlzation must be prepsred to meet the
most severe fire situation under prevailing or predicted con-
8itions. When the fire s coralled or the control line has
been completed, ‘the next obJective is to keep it under cof- \
\trol and to prevent its. possibilitlee of escape throngh negli-
gence, The tina1 pbjective is then to mop it up snd to put-itA

out. completely, “
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Other objectives of fire supnreasion ere to confine the fire
to the smallest possible srea, maintsin the number >f class

C fires to a minimunm, and keep the damage below an arbitrary
percentage of allowable burn set up for each given srea or
fuel tyve. To reach these objectives, the fire must be han-
dled with such speed and trained competence thet 4t 1s quick-
ly put out, such immedlate contrpl being made possible for 11

fires in all locatione with any kind of weather.

FIRE LDLETECTION

Suporession activities of a protectivz sreanigetion
start with the discovery and lecstion of the fire once it has
been set. Fire detection requires concentration, vigilance,
alertnese, precision end good eyesight, Ior promptness in dig-
covery and accuracy in location. 'Adequaté and effective de-
tection is also contingent upon s complete suoply of dependa-
ble fire-finding equipment, including detailed and accurately
ariented maps, preclse fire finders or ai1dades, binoculsrs,
colored glasses, and.panoramtc pictures indicating r&dges.
drainages, false smokes and other lendmarks. Devendable de-
tection system alao calls for adequate coverage of the whole
territory, involving ground or airplans petral to suboigment
the lookout atationg, in blind sress or durtne intervsls of
low visibillty due towhazeg fog or'smoke.

Speed of discovery is one of the main objectives of
fire detectlon, and may be considered the efficiency teet of

the lookout system. Severaliprotectiye units have set an
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elapsed time stsndord of detection, known =8 discovery time,
which 1s "the elspsed time from start of » fire until the
time of the first discovery which results directly in subse-
quent suvoression action® (12). Several regions »f the ', S.
Foreat Service havz set a maximum elapsed time standard of
fifteen minutes for @iscovery (4, 6, 7, 2). One reglon has
set another time etendﬁrd objective resuiring thot sall fires
be detected before resching s size lorzer then one-elght scre
(7). Anotbef region reouires ss elapsed time standsrd of dls-
covery that it be "possible to discover 90 per cent of all
fires within fifteen minutes =fter smoke srigses above the cov-
er, for aress of high hgzard snd w'th lookouts on duty during
periods of n>rmal visibility® (6).

An A1mportant ohase of fire detection desls with ite
accurate location, Accuracy in loeatisn sssumes the use of
devendable and precisely oriented maps snd fire-finding appa;
fatue, and reocuires from the lookout msn 8 thoroug: knowledge
of hia territory, adequate training in the details of his job,
and- sufficient educstion and intelligence to make sccurate
obsesrvations. One rerion of the U. 8. Forest Service has set
8 locstisn standard of not over & mile from the actual loca-
tion st any ﬁolnt within a3 circle 10 ﬁilee iﬁ radius from the
lookout ststion, in not more than 2 minutes from the time of
-@1lscovery (7!. Whenever nossible, the 1scation should be .,
checked from other lookout stations in the neizhbouroad‘with

overlapning visibility distances.
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The various methods ussd in locatine fsrest fires ine
volve the use of: a) local lendmarks, b) land survey maps, c¢)
venoramic ohotograohs, 2nd ) obllque aerial chotoeranhs.

The method of loc~ting fires by locsl lsndmerks 1a the sim.
plest and also the least sccurate. It requires that both the
lookout»men and the &lscatcher be thoroughly femiliar with

the country. However, the loecatiosn through landmsrks pro-
vides a valuable supblement to the other methsds. The methe
od of location by means of land surveying mave, commonly known
as the map method, coneists in locating fires éccord!ng to the
publle land survey system, referring to such subdivieione as
townships, ranges, sections, quarter sectisns or sixteenth
sections. The determ'nstion of the locztion on the msop may

be obteined either by the plsne table method, or by platting
the intersection of the horizontal angles from two or more
lookout stations. ‘The'application.of the plsne tsble method
s 1imited to fires sighted from only one lookont statjon, al-
though its use may provide s valuable check when the fire can
be seen and located from two or more ststions. 1Its applica~
tion vresunvoses the use of a fire {inder; when theveighta are
troined on the fire, the platted position of the fire is some-
where on the 1ine defined on the inetrument mev by the direc-
tion of the sights; then "the observér ch usually determine
very closely where on the defined line of sight the fire should
be platted" (107). The locatiosn of fires from two orvmofe

loskout stations is determ1ned'by graphically pletting on the
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mep by means pf 8 protractor the'intersectﬂbn of the szimuths
or horlizontal ancles obtained from the various stations. This
may alec be determined trigonsmetricslly, by computing the dis~
tance from the etatlons by ﬁrigoncmetr?Aand:then pl=tting ihe‘
bearing snd distance by latitude and dep rture, meking allow-
ance for any shrinkege or expansion of.the map (167). This |
is the.mogt vrecise way of platting a fire sighted from two

or more stationa, but 1t is not recomrended for general use,
becauge 't is slow and subject to errsrs in computation. The
panoramle photograph method (110), slss known 26 pboto.sui~
vey method, presupposes the use of a'fire‘finder'and ponslsts
simply in sighting on the fire =2nd nlatting on & graduated
panoramic piéture the azimuth‘and the verticsl angle read from
the lookout statton. These graduated nictures sre taken from
the lookout.étatione by'means.of a photo-transit cemera; alao
réferred to s s photo-reéording transit (107) or a panoramic
photo-survey cemera (13),"a speclal tyoe of vanoramic cemera
that fecbrds the vertical angle and the true azimuth of Ob= .
Jects phctogréphed,od the landscape in relatldn to the ochotow
greohic station* (12).  According to'Osbofne (107), snyone
uéing.tnie method can determiné in ¢ few seconde and to the
accuracy of a needlepoint the exsct 1oc&tioh’of ény fire,
Sparks (128) hs descrived a method uelng oblique aerial pho- )
togrsphs and “céllulold grids the size of the bhotogranhsAand[
divided»info {rch squares,.nﬁbbered along the top and lettera-

ed down the sides®. The fire location 1s given with referehoe
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to the photograoh number snd the cross-reading of the grid.
By means of s esvecinlly des‘gned steresscone the changes of
elevation can be studied and even the differences in the fuel

tyves mey be noted on the photograohs.

REPQRTTIG THE FTRE

As soon ss the 1ocation‘of the fire hss been sscere .
tained, the next a2ction of the lookout men 1s to report the
fire to the dispatching officer. Speed in initial feoort is
of prime imoortsnce, 8o that the suporession forces could
st=rt ond resch the fire in the shortest elapsed time after
'$te inceptlon. Standsrds of revort time or "elapsed time
from discovery of a fire untll the first man who goes to the
fire is notifled of the existence =nd location of the fire"
(12), have been set as & way to maintailn this period to a mi-
nimum. Several regions of the U/, S. Forest Service have set
an oblective of five'mjnutes for the revnort of fires directly
from the lookout msn to the dispstching officer (4, 6, 7, 10).
Some reesions make an sllowance of fifteen minutes, esnecislly
when a1l or s part 2f the telephosne Tine is commerciel’y owned
(7, 8, 15‘. When several fires sre sighted at onge, not over
two m*nutes‘er; 21lowed for esch =4d%tional fire (7, 10). like-
wise, when the reoort must be relsyed or supplements] reports
ore necesasry, en sdditionsl period of fiwe minutes 18 allowed
for each relay or supplemental report (7, 10). This interval
of time 18 sffected by several factors which sre not re=dily

svoldshle,such as difficulty of obtsining cross shots from other
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lookout stations, pasr visibility due to haze, delesys in
communication over vrivate televhone lines, relays, eté. After
the initial notification, subsequent roporfs should prompte .
1y follow, providing mdre detsils, se ~vsilab’e, on the exact
location, size, burning conditions, etc. ‘''hen seversl fires
sre sighted st once,théy should be renorted in the order of
thelr relstive impSrt-nce. ' '

When reborting 8 rtre; the lookout man should provide
the dispstching officer with s1? the informstion necesssry for
det=rmining the exact Iocation of the fire by means of the me-
thods of 1ocation clresdy described. Such Inform=tlon should
include landmarks, land survey subdivisions, azimuth or hori-
zontsl angle, vertical sngle, distrnce, etc. Ajdttionsl in-
formatinsn pertaining to the size of ths fire, the burning con-.
ditions, the wind direction, the repidity of spread, etc. are
also importent for the estimstion of the strength of the at-
tack. f

.Speed in revorting fires is 1arge1y denendent unosn the
adequacy of the comrunicetion system. The lookout stations
must be connec:ed with the d%spatching hesdmuartsrs. The tele-
chone is the most sdecuate means of communfestion for thls pur-
voge. The redio orovides a very sat1sf=ctofy suoplement to the
telenhone, giving = more flexible service snd lilkely to pfove
léss exoensive thanvthe televhone, Where the sirplane 1s uti-
lized for forest protection, then the radio mey prove invalu-

able and necessary even in aress covered by televhone lines.
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Whenever ooseible, 2rrancements should ve m=de to
orovide the disnatchine crews on thetr wsy to thes fire, =ith
further informstion secured from the lookout msn ss to the
definite location of the fire, the burning conditione, the
direction of the ecre«d, ete. |

In order to éhorten the time taken for reovorting
fires, orotective orgenizations hsove set regulsr procedures
cslling for a descriotion of the informostion éoncerning the
fires in s definite order. Standerd forme sre utilized, so
that each party of the cghversstion 1s awvare. of what s

coming next.

DISP*TCHIMG ACTTON

The dispatcher or "the memoer of the fire-control
organization who recelves reporte of dlscovery snd status of
fireg, det-rmines the location »f fires, 8nd sends men, suL~
olies and equipment to suppress fires® (12), may be elther
& clerk at the hesdquarters or an exnerienéed ranger at a
district station. The first duty of the disoatcher when a
fire is revorted ls to determine or check the laocation of
the fire. By mesns of the information secured from the lo0k-
out man, such as lendmerks, lend survey description, azimuth
or'horiéontalvanglg, vertiéa1 angle, distance, etc., the
exsct locstion of the fire 1s aecertsined and platted on a
map. The plstting ﬁan, which may be mounted either o5n a ta-
ble or on the Qall, must be =8 completé as compstible with

1ts sccourscy and neatness, including all the 1lsnd survey
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linea, topographical features, trovelling fecetilitieg, fire-
control improvements, etc. After the locstion of the fire
hse been determined and platted, 1t is checked with the loca-
tion described by the loskout men. When the same fire is
reported frbm several stations, It ofﬁen hapoens that the
platting of each described location results in & eo:called
tr;angle of error, giving as'many locationa 3s observews.

If this triangleiia lsrge, on hyvothetical location must be
figured, taking into 6onsideration such fsctors as the dig-
tance of each lookout station from tha fire, the direction
of the smoke drift, the comwsrative devendebility of the
lbokout men, and whether the soirce of the smoke s sighted
or not. Then the direction to the location of the fire 1s
oriented with reference to.the dispatching hesdouarters, and
the distance is computed.

Reference is made to the transportetion map, travel-
time map, topogravhic map, fuel-tyoe map, and water-supply
map, to ascertsin respectively the travelline facilities, the
computed time required to reach the fire, the ohysicsl chsr-
acteristics of the area; thé type of fuel, and the availabili-
ty and lo6cation of water supplles.

The number of men to dispasPch to a fire depends prima-
rily upor a) the sige of the fire when détected, b) the trav-
el-time, e) the fuel tyve, d) the topography, e) the weather,
) the time of the day, ) the season. This numbér may vary

very widely from day to day, and from p1acé to plnce. The man
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power dispatched to a fire should be oropvided with competent
Ieadership and adeguate equioment ané food ration. <frrange-~
ments should be msde, whenever poseible, to keep in touch
with the disvpstched crew and to send supolementary man pover,
if neceseary.

The dispstcher should be thoroughly scouainted with
hie territory, 1. e. 1ts tovogrsvhicel f=2atures, the d!rec-
tion of locel winds, the distribution of 1ts fusl tynes, 1ts
imnlements, including rosds, tralls, camps, lookout stations,
and other fecilities. The more f2millar he 1s with these de-
talls, the faster he can disnatch supvression crews to report-
ed fires, stert for s fire not being made before its exaet lo-
cation has been ascertained and the travel to the fire snd Aits
probabte‘location has been figured. Speed in dispatching sc-
tion is of prime 1mportence, a few men on the job at an esrly
moment being more effective than & lsrze crew lster. Crevs
should be ready to leave}at any time of the dsy or night, and
th= best men oromptly avallable should be disnatched first.

As a way to hesten the disnstching action, fire-cone
trol olanners hsve set s ge;-away time stenderd, which 1s the
elapsed time from the recetiot of the revort of a fire until
the sctual dep=rture of the §lspatched crew.for the fire. Tive:
minutes constitute the most common standaord ~et-swey time, es-
pecislly when the crew travels sn foot or in sutomobile (U, 6,
7, 8, 108, 124). The stondard of get-away time 1s extended

to 15 minutes when the crew travels with horse (4, 6), and even
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25 minutes when the crew travelé with saddle and pack horses
(k). One reglon of the u. s, Forest Service contemplates an
objective of S-minutegpb4away time When the crew travels on
saddle horse, and 13-minute get-away time when the travel to
the fire 1s made with s2ddle and pack horses (124).

As already mentioned, when the locatioen of a fire is
doubtful, it 1s considered,prererable to delsy thefget~;way
until the definite location 1s aseertained or a cross reading
1s secured from snother loskeut station, more time being seve
ed in the travel than Yost in the get-away, But, when the
dispatcher can get in touch with the crew on the way to the
fire, the geteaway should not be delayed, and the more spe;
clific information should be reported to the crew as goon as

secured from the detection foreces.

- TRAVELLING T0_THE FIRE

The main obJective of the crew is to get anickly to
the flre, and the best traneportation racilitiee shoulé .be
used in order to save 8 very valuable time. The expense 1nw
volved in furnlshing the tfansportstion 18 generally offset
by the saving of time and the fasct that men nrp1v§ and start
to work in better condition. As already'mentionéd, reference
should always be mede to the transpoftation and travel-time
meps, to ascertain thé zravolfing faclilities and the time re-
quired to resch the fire. Fire control pianners alpo'haée
set & standard dbjectivé of travel time or elapsed time‘trom.

the depsrturs until the .arrival to the tire.' Thie elspsed



time standard verier with the mesns of trsnsportation, the
quality of the roeds or trails, end whether the travelling
18 done during dsylight or at night. For m58t orgenizations,
the minimum requirement for day travel 1s 17 miles ver hour
by sutomobile, 3 miles ver hour on horse, snd 2 miles ner
hour on f29t (6, 7, 10), wheress for night travel the objec-
tive 1s set at 2 miles per hour on horse snd 1} miles per
hour on foot (7, 10). The most common means of travel in-
clude: a) on foot, b) on horse, o) in passenger car, d) in
pick;up, e) in truek, f) in traller, g) in bus, h) in boat
or canoe. The travelling facilities also include: a) paved
highwaya,'b)'dlrt or gravel highwaye, ¢) one-way dirt roads,
d) tral¥e, e) lakes or rivers. Important considerations in
connection wifh the rosd systems are the roaabed, the grad-
ient and the turnouts,

Crewa should be resdy to start immedistely either in
daytime or at night, snd willing to travel continously regard-
less whether with daylight or st night, Trsvel by road or
trail 1s often oulcker, although sometimes involving a gresi-
er distance. | ’

When the crew approaches to the vicinity 2f the re-
ported location of the fire, frequent obsgervationse are advisa-
| ble, using lookout trees, open slopes or any other po;nt from
which & far-reaching view could be obtained over.the territory.
It often happens that sfter getting to the vicinity of the

fire a dense and wild forested area has to be travelled before



~36-

| the firemen reach the efge of the fire. Considerable aiffi-

culty may, indeed, be encountered in this 1aet phase af the
travel Defore the ftre 1e sighted and firemen could start ef-
fective suppressidon work. |

" The simplest procedure for finding s fire 18 to plat
on a mep the line of sight from the lookout station to the
fire, ss reported by the observer, find 6u§ where the lookout
line of sight te the fire crasses.  the road or trail lesding
to the fire, and locate a 1amdmark from which the msgnetiec 4i-

¢ . Lt
rection and the dist-nce to the f¥fre ocan be computed. When

‘the crew reaches this landmsrk on its way to the fire, the

firemen then take out their compass, turn to the direction
corresponding to the 1lookout line of sight ‘$o the fire, and
travelbthe.dlstanbe slready computed betwreen the landmark and
the fire. A check 5f the direction can be obtained by beck-
sighting on the 1ookout ststion. The presence of obetacles
on the way between the landmsrk and the fire may necessitate
detours and offsgets to avoid'such obstructions as cliffs,
canysns, impessakle streams or creeks, impenetrable truseh
fields, ete. |

When only the lookout line of sight to the fire is
known, the firemen travel to the vicinity of the fire snd then
keep going back and forth until the line,of sight t& the'look—i
out ststion, &8 indicated by the compasé, dolncides with the
lookout 1ine »f sight to the fire slready reoorted by the ob-

server, Since the fire is on this line of sight, the firemen
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travel in this direction until the fire 1s resched.

Another method of reaching a fire ls to plat the re-
pérted loecation on & mgp, and travel on the road or trail up
to the section line which 1s closest to the fire. Then, the
erew traveles along this section line again uo to the point
laying. cloeest to the.fire. Finally the men leave the sec~
tion line and proceed straight to the msrked Yocation of the
fire. | ‘

If a firemén cannot find a fire which was located on

a map by the intersection of the 1line sf sight from two
lookout ststions, it msy be pdssible to ascertein this loca-~ -
tion on the srea by means of the compsss. The procedure is
as follows! a) backeight onto one station and move back and
forth until the back agimuth checks with the reported line
of sight; b) keeping on this line of sight, proceed similar-
ly with the other station until the correct back ezimuth 1s
read; c¢) the reported fire is at the intersection of the two
lines of sight. The topography of the areé mey prevent a
back vision to one of the lookout stations. This difficulty
ﬁay be overcome by sighting onto the lookout stétion which
can be séen, and moving slong this line of sight until the
other station cab be seen. Knowing the distance from the
latter ststion to the reported location of the fire, and the
agimuths from ﬁhis station to both the fire and the Iocation
of the amokeéhﬁser, the distance from the smokechaser to the

fire along the line of sight from the former station can be
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computed trigonometrically. Trigonometricsl calculations
may slso ascertain the location of & fire reported from a
gsingle lookout station, which cannot be bscksighted. This
procedure, known ss the Tangent Offget method is "s method
uged by firemen to get on line of sight from a lookout to
a fire, where a compass shot on the lookout point cannot be
obtained ekcept from 2 point to one side of the 1line of
sight* (12). Xnowing the distonce from the station to the
fire, and the sngle between the observer’s'line of sight to
the fire and the esmokechaser's line of sight to the lookout
station, the distance from the smokechgeer to the fire can
be calculated trigonometrically, the fire being approxime-
tely at right angle to the smokechaser's line of sight to
the station, at a distance equal to the oroduct of the re-
~vorted distsnce by the tangent of the angle between the ob-
server's line of sight onto the fire and the smokeéhaeer’o
line of sight onto the station.

Another mefhod of locating a fire, known ss ths
_Gridiron method, 1s used when “the firemsn paces s certain
distance at right angle to the line of sight from lookout
station, then runs a compass 11ne parallel to the line of
sight, repeating theé process 1f necessary, to cover a con-
slderable area on esch side of the line of sight® (12).
Thig method 1e especially used when desling with small fires

hard to locate or lorge fires concealef by a dense smoke

drift. The fireman, sfter reaching close to the fire along
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the line of sight from the station, paces the srea in a gridi-
ron pattern on both sidees 5f the 1line of sight until he finda
the fire.

Other wayes of finding a fire include: a) sighting the
fire before getting to it, from tall trees, open mesdows,
cliffs, etc., and locating 1t on the map in reference to well-
known landmsrks, so that when the smokechaser can no longer see
the fi{re he will have other landmarke to guide him; b) smell-
ing the smoke and checking the wind @irection; c¢) referring to
the occurence map and appraieing the possibility of fires caus-
ed by incendiaries, travellers bn roads or trails, caampers,
sportamen, lumbermen, rallroads, etc. The smokechsser h1hselr
may become unable to locaté his own position. He amust then
sight two or more landmarks indiceted on his map and plat hie
own locatlion on the map at the intersection of the lines of
sight. Having the platted location of himself snd of the fire
on the map, he can compute the azimuth and the distsnce to the
fire and travel to 1t. An important conatderattan in eonnec-
tion with the travelling to a fire 1s to record on the msp 21l
the details of the trip, indicating take-off points, directions,

distsnces, ete.

COLLECTTO& OF EVILENCE AMD CLUES.

Although the main objective of the fireman is to extin
guish or control the reported fire, and while f1r$s should not
be ailowed to spread because of sesrch for clues, the first

men trevelling to or resching s fire should, yhone&gr possible,
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make provision for determining the cause of the fire before
the evidence 1s oblitersted. During the trsvel and upon ar-
rtvél, firemen should watch for and record any clue of possi-
ble evidence. If the fire demands immedlate attention, at-
tempte eshould be made to preserve all the cluee for later
follow-up. |

Any thing 1s s clue which mey reveal the.cause of a
fire or identify the agent resvonsible for setting up the fire.
Important points te watch for and record include: a) tracks,J
camp fires, lunch remsins, suonly boxes, cigerette butts: gun
shelle, scrape of paper, or any other vhysilcel evidence; b)
nemer snd addresses 5f persons likely to be connected with
the setting up of the fire; ¢) where and when the fire stert-
ed. Any one clue may lead to others, that will eventually
complete the evidence. Every effort should, therefore, be
made to preserve posslble clues ané especially to avold the
‘possibility of theilr being purloined, spoiled or obliterated.
Only extraordinary emergency should prevent the first fire-
men at the fire from abendtng a short time lobking for clues

end collecting evidence as to its cause or author.

STZING UP THE FIRE

The firet thing to do after reaching s fire 18 to
make a careful review of the sltustion, and to determine the
most critical pointe both under the nresent conditions and

following exvected chsnges. This reconnaissance should in-
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clude such items as: a) the size of the fire, b) the present
burning conditions, c¢) the rate of spresd, d) the weather
eandftisng, esvecially the wind direetion snd velocity, the
temneratqre,.the relstive humidity; e) the topomraphy, par-
ticularly the presence of slopes, lakes, rivers, etc.; f)

the type and molsture content of fuels, 2) the time of the
dsy and the geason af the yesr; h) the orobable future spread
of the fire, 1) the presence of apot fires, J) as alreadi
mentioned, the orobsble cause snd author of the fire.

This oulck slze-up of the conditione within the fire
and in the surrounding area toward which the fire is epresd-
ing, should eﬁabie the fireman to decide which 1s the most
vital point of asttack, and identify all natural bsrriers or
firebraks of possible use in éhecklng the fire. 1If possible,
men should Be poeted'or scouts shqﬁld be assigned to recon-
‘noiter the fire and report the progress of the fire snd the
changes of.conditions. It is of prime importance that the
-fire boss be kept informed of everything that is going on.
Beout?ng the fire is the only way to ley out an intelligent

vlan of suvpression work.

TIi% OT ATTACK

Suvpression sction should start ss soon as a ouick
slze-dp of the fire has revealed the most eriticsl vsint of
attack. The greater proportion of forest fires is mede up
of small fires, which can be comprehended et s glapce, end

‘eelling for a very short reconnalsesnce. Firemen should,
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therefore, start the attack just st once, %. e. sas sgoon ss

the crew srrives. Tn such fires, the time of the day is un-
important, and an stiemnt should be made imtedletely upon
arrival to extinguish them or to put them under control just
28 soon as poaeible; Continuous sction will be the rule when-
ever there is any chsnce of éxt1nction or control during the
first work veriod.

In 1aqger firea, psrticulsrly extrs-oeriod fires, no
intelligent plan Of action 18 possible until s sige-up of the
situation has shown %where work is most needed and willl be
mogt effective. Since the coneservation of man-power energy
is of prime importance at a fire, it would be unwise to put
the fighters at work before this rec5nnaissance 1s completed.
“It'is better ‘to have crew rest while a reconnsissance is
made than to waste energy o6n an uhimportant sector” (108).

| In such fires, firemen must remember that the most
effective work can be performed in the éven*ng, at night or
in the esrly morning, and the campaign of work should be laild
out accordingly. As already mentioned, dain'changea in
weather conditions oroduce consisfent differences in fire be-
havior at different hours of the day, the sctive burning pe-
riod of the day bgg?nning at about 10 A, M;, the most 1ntense |
verinod raging from noon to 5 or 6 P. M., after which time the
intensity 1s likely to decreasse, the cguletest veriod éxtend~v
ing from dsybreak until 5 A.;M.; gnd tre fire then smoldering
until & or 9 A. ¥, These habits of fires explain why Qork in
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the evening, at night or during the esrly morning msy be more
effective then during the heat of the dsy. It is esaler to
control a fire that 's culeting down than when it burne most
fiercely and snresds with meximum rapidity. The time of at-
tsck should, therefore, be ao planred as to take adventsge of
the pefiods during the twenty.four hours that zre mo=t favor-
abtle for fire fightine. ,

In some forest orotective organizations, night work
on a1l fires is the standspd practice (8, 1U, 15), Night, in-
deed, 18 a better time to ficht a fire than the hotter helf
of the dsy, if adequate lighting facilities are mede avail-
able. According to QOsbsorne (108), however, night work in
Douglsee fir and similar timbened.types'is not édvocated a8 a
general oractice, after the initial sttack, for the follow-
ing reasons: a) the decresse in ocuantity snd quality of work
sccomplished, due to poor light conditions, ususlly more than
offsets advantages; b) since fires keep Qying down more and
more as the night sdvences, firemen fight firee which ore
going out of thelr own accord; c¢) there is a maximum dsnger
of men being struck by falline snags or othérwlee injured; 4)
in the majority of cases there 4s opvortunity. for direct st.
tack and the accomolishment of greater net resulte during day-
11ght hours, nrovided thet the men stert to work et the break
of the dsy. The same suthor (108) cleims thot in Yellow pine
types night is generally the best time to work,.because? the

" timber being more open, and there being 1ittle underbrush,
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light c5ndi1tions sre normelly much better., Because such
fires furnish themselves adequate iight, and due to the fsct
that there is 1little denger from falling snegs, and that the
reduced inflammability of materials frcilitates the contrel,
it may be then possible to nccomnlish greater results thsn
during the dsy. B8pecial Jobs which may have to be done at
night includet a) the burning out of mosa-ladened timber in-
gide of the cantrol line, b) the checking of very vital points
| includdmg eritical spot fires; c) backfiring when the condie
tione ere psrticulsrly fasvorsble, &) essentisl patrol.

Evening 18 a good time to work, but never so good ad
early morning. However, certsin jobs, se bask{iring under ex-
ceptionally favorable condltions,‘may be advantsgeously done .
in the evening. Likewiss, paitrol work 1s essential in the eve-
ning as at any other time of the day. |

Work at night or in the evening should be the rule
whenever by working dufing the evening or even'the whole night
there 1s.a vos8ibility of getting a fire under control during
the first work veriod.

According to Osborne (108), the beet reaults sre obe
tained at daybfeak, 1. e. between 4 and 5 A, M., when firee are
at their lowest ebb. At this time, the fuels are demp; the
firemen have a minimum amount of smoke, flame, hest, and sparks
to content with; the sir is cool; snd 6 to & hours will elapse
before the fire burns fiercely'again. Eerly morning work aléo

fncilitates control becsuset a) large stretches of the fire héve
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gone out; b) firemen can get st snage which are burned out or
have cooled down; c) smoldering embers go out readliy when
dug out snd exposed to the sir, 4s much work as oossible

- should, therefore, be done before the heat of the 8day. One
hour's work in the esrly morning ie more effective than from
2 to 10 hours' work in the sfternoon (108). Accordingly, 1t
is better to meke the fight in the morning from deybreak, and
simply petrol the 1ine in the sfternoon, than to let the fire
gain momentum in the mornirig and then try to fight it when it
is at ite msxinmum strength. If firemen canndt control & fire
when the conditidsns are fsvorable, they surely cannot when it
rages most flercely.

The period after a slight rain offers somewhst the
same advantages &8s the esrly mﬁrnlng: it 18 then juet the
time to work od a8 fire when 1t 1is Qeak, and to olean it up be-
fore it gets a fresh start. Firemen should also take edvan~
tage of 811 lulls in the burning cosnditions, due t5 &hénges in
wind, topography, etc. The timing of fire suppression work
must be 80 planned as to tske sdvantage of the prediction of
the hourly fluctations of the weather and of tﬁeir effect on
tﬁe burning conditions.

One region of the U. S, Forest Serviczs requires thet
work st a fire continue day and night until it 1& controlled,
mopped up, end eatirely ssfe, and thet at no time a fire line
be left unmsnned until suppression is complete (7).

When 1t becomes apparent that the crew cannot suppress
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a fire »ithin the first twenty-four hours, strength of men
mﬁst be csnserved snd Iabof applied when snd where 1t will
be moet effective. "Only in extreme emercencies should they
work over 10 or 12 hours a day after the first Say® (108).
In order to conserve man-power energy, & part of the crew
may rest s part of the dsy, while the other men are on the
fire 1ine, the two groupe working in ehifts. Oeborne (108)
suggests that from 60 to 80 per cent of the crew starts to
vork at deybreak, 1. e. between 4 and 5 2, M., and work dur-
ing 6 or & hours, and that a relsy then come on to work une
t1)l 6 or 7 P. M., & few men being reserved for night vatrol.
One region of the U. S. Forest Service (7) hss set & 1limit
of 18 hours for the first work period,‘and shiffs of 12
work hours until control ‘s established, and shifts of 8
wark hours for moppinz up and patrél after complettdn of the
control line, plans being made to organize the force into
regular shifts when i1t 1s evident that the job will run be-
yond the one shift perisd. Another region of}the . S, For-
est Service (3) hae set & 1imit of 12 houre s dsy for line-
construction work, snd 10 hours for pstrol and mop-up work.
Other orgsnizations (8, 14) recomrend short ehifts of not
more than 6 houre for fire-line construction, and standard
wofking periods of from 8 to 10 hours for patrol and mopoing
up,

‘ "Understasding of timing fire-control operations is

& major part of the oualificrtions poseggaed by & successful
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fire bose® (121). The problem of selecting the sector for
firet attack, deciding on the timing snd order of attack on
other sectors, and deciding as to the timing snd order for
back-firing several sectors, 1llustrates the vital role of

timing fire-suppression work,

POINT OF ATTACK

The point of atteck 18 an important consideratisn in
planning fire-suppression work. In smell fires, the sttack
may be madé gimultaneously on the whole verimeter $f the
erew-is lafge enough. But, oh most fires the inttisl sttaek
does not comprehend all the sectors at once, snd s cholce is
necessary on the correctness of which usually depsnds the suta
come of the fire. As already hentioned, a reconnsissance of
the condltions within the fire snd in the surrsunding coun-
try is necessary to determine the key sectsrs or the mo;t'
strategic points of attack, snd the sectors vhich may be tem-
porarily neglected, There geherally are vital ooints o9f ate -
tack whieh, 1f handled properly, facilitste, guarantee end
hesten the suvvresgsion., It 1s sls80 1moortaht that the fire
boes be kept informed se to the pnrogress of the fire and the
changes of conditions, and that the vlan of sttack be modi-
fled accordingly. |

The vital sectors are those where most rapid soread
may be expected, or where a sma11 amount of work applied st -
the right moment will give msximum résults in preventing

gpresd (108). They include: 2) spot fires which have become
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established across the fire 1ine; b) points where the fire
has worked or may run across.some nstural firebresks; c) sec-
tors where the fire threstens an area where the control would
become much mors 4ifficult; d) sectore which thresten to
flonk the rear end of the fire line; e) sectors toward which
the wind 18 likely to drive the fire; f) sectors lytng on a
steep slope above the fire; g) sectors extending througﬁ
slashings, o0ld burng, or windfalls; h) sectors lying in pre-
oipitous slopes below the fire, where rolling embers may re-
sult 1n s rapid spread; 1) sectors where the fire would de-
stroy wvsluable timber or reproduction; 3) eectofe whieh have
gone out almoet completely, but where the remaining svots
may get a fresh stert as the dsy sdvancee or following changes
of cover, topogrsphy or westher. .

| The sectors which may be temporsrily neglected include
(108): a) the rear of the fire, or the partion on the wind-
ward or dewnhill eide; b) sectors vrotected by a natural fire-
breack; ¢) sectors burning ss ground fires as opvosed t> sﬁt—
face or crown fires; 4) sectors where poor burning conditions
are 1ndicatéd.by the irregular shape of the fire; e) sectors
in green timber as opposed to those in 0l1d burns, slashings,
or windfalls; f) sectore sheltered from the wind.

As a general rule the head of 5 fire should be attack~

ed first, The head, indeed, 1s the most active and dangerbus
seétor, and once 1t 1is stopped the flanks snd the rear cen be

euppressed with relative ease. Sometimes, however, there is
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more than one head, in which case the several leads should
also be attacked at once, if enough men are available; but,
when the crew 1s not sufficient to attack all the leads simu-
ltaneously, the seversl leads should be cut off progressively
hitting the side leads first (6}. The type of fuel, the burn-
ing conditions, the number 5f men, and the kind of avsilable
équipment engble to determine whether or not the fire should
be hit at the head. The genefal rule, however, is t5 hit the
hesd first 4f 1t appears to be a chance of stopoing it, seince
if the head csn be controlled, the crew can then hanfle the
_rest of the fire and mop it up eompletely. Sterting at the
hesd, the ¢rew may divide and work in opposite directions
across the head, then down the two sides, and Tinally meet at
the rear of the fire. "Most fires can be attscked fight in
rront; althougﬁ té'inexperienced mén it may seem impossible®
(7). |
If the head of a fire cannot be attacked directly with
success, then the flanks on both sides of the hesd should be.
attacked, and the attempt made to work toward the heéd, arad-
ually pinching 1t out. This is exvecislly the case:~a) when
'the head of the fire is too hot to work; b) when the fire 1@
advenoing too rapidly; c) when a small crew has to work
agsinst a Tire with é lorge head. sanée, however, the spread
VIl not be checked until the head is under control, an at-
tempt should be mede to work.as .close to the head ams can be

done with safety to the men.
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When a fire on level ground with similsar fuel on all
sides and no wind spreads with approximately the same rspid-
ity and intensity in all dlrections, the attack shouid start
on the side toward which the wind may be expected to blow
(108), or, on large fires, at the point first reeched by the
crew (121).

If one flenk of the fire is parsllel to a natural
berrier, such es a lake, a stream, & road. or a fuel type in
which the fire will not epfead raoidiy, a wet swamp for exam-
ple, in thls case only one flank would need to be vprotected,
and the other flank along the firebreak would only have to
be watched so thet thefire will not get acroes. Other caees
are likely to.be enc&untered where good strategy will attack
at some special point other than the head or'thé flanks to-
ward the head. VYhere, for example, a valuable stand ie
threatened by the advance of 9ne Af the flanks, or %hen a
portion of the oerimetér advances toward an old burn in which
the fire will gain strength, the sttack should vary to fit
the circumstances. Advsntage ehoﬁld be taken of such natursl
features ss lakes, streams, cliffs, wet swamps, etc., toward
which the fire may be directed by properly selecting the
point ot sttack.

Other conaiderations of impertance in planning the
atteck may be sumrsarized ae follows (9, 121, 124)¢ a) cut
fires off from thé most dangerous fuels; b) confine fires to

one msjor area rather than to let them develop two heads; c)



-51-

prevent firee from cetting from lover-value to higher-value
country; 4) tie the fire line into something definite, leav-
ing no loose end behind or openning through which the fire
may siip; e) make the most effective use of the avallable
mechanicel equipment; f) be sure that the men are properly
gafeguarded; g) teke advantage of the knowledge of fire be-
hevior; h) utilize existing barriers to the fullest extent.
It must be remembered ;hat these sre only general
ruleé, and that every fire 1s likely to be different. Thg
primary consideration 1s to check the rate of soresd as |
quickly as possible, and then to methodically and systemat-
ically supprees the whole fire. Alrcraft is of great assist-
ance 1n reconnoltering lsrge fires, snd autogiros, because
of their capacity of hovering at low altitudes and thelr a-
bility to land and take »ff in very restricted areas, are
particularly valuable in planning the sttack and directing
the euppréssion work. Weather forecasts and the snticipa-
tion of thelr effect upon the burning conditions are slso

important 1n planning fire suppression.

STRENGTH‘OF ATTACK

. A8 already referred to in connection with the dis-
patching sction, the smount of man power needed to suppress
a fire 1s dependent uvon the fire dangef, and varies with
the time and the locality. The size of the crew should be

ample enough for rspid oroeress and guick and effective con-
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trol, but not so lsrge 28 to entsll unnecessary expensee.
Enoush men should be dispatched to cope with the situstion
o8 calculsted from the report of the lookout man and other
aveilable information. The strength of the attsck on s fire
ts also correlated with the axlsténce of barplers and the
orotable direction of disastrous runs. |

“The 1n1tisl attack 1e usually conducted by one man,
a few men or a small crew nf seven to ten® (56). A amall fire
18 easily put out by 1 to 5 men, whereas several hundred men
may be recuired to suppress lérge fires (19). The size of
“the Initial erew 1c zenerally predetermined by the fire blan
of the forest orotective unit., In weastern United Steates, a
eingle firemen i1s usually dilspatched for the initial attack,
wheress in southern United Ststes, where flash fuels and
young coniferous stands are likely to produce crown fires
ouickly, between 6 and 10 men may compose the initial crew
(56).

The appraissl of the size Qf the erew 18 largely a
matter of 1ndividual Jjudgment, and 1s widely devendent upon
such factors aa size of the fire, topography, ground cover,
accessibility, value‘or the threatened timber, westher con-
d1tions, sesgon of the year, distsnce, fire danger, =nd |
availability of man power and competent leadership. #ppraie-
ing the farces needed 1s relatively simple when the fire done
ger 1s low or in easlly scceesible areas. Hawley (77) men-

tlons that, in regions 1ike Connecticut with excellent tnﬂ%a.
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portation systems and fairly fast fire epread, a crew unit of
seversl men is ordin~rily sent to every fire with the ldea of
controlling 1t quickly and getting bsck to headquarters. Y%hen
man power is plentiful and transportation adequate, the hiring
of a sufficient crew is not only the szfest, but in the long
run the cheapest method. The fire-suppression objective of
controlling fires within the first work perlod also guides

the dispstcher in deciding on the number of men necessary to
hendle s fire.

Follow up, or "the art of supovorting the first man or
mén who go to & fire by sending edditional man vower to faci-
1itate either suppression or mop-up work®™ (12}, should be pro-
vided for at any time, and made avsilable if snd when necessa-
ry. No more follow uﬁ, however, should be sent to a fire than
- can be asdequetely supervlsed; equipped and subsisted. Most
fires csn be extinguished by the smokechasers, and no follow
up 1s ususlly needed (6),. |
| On large fires, psrtieulsrly extra-period fires, fol-
low up is necessary, and a method of determining the man pow-
er needed is almost essential. This is especially true under
dirficult cpnd*tions of fire supnressisn sffarded by s heavy
accumulstion of highly inflammable fuels and a slow hour con-.
trol. One reglon of the U. S. Forest Service {6) has devel~
oﬁéd sﬁch a method of appraising men-power recuiremeants on
the basis of the probable perimeter of the fire by noon'fol-

lowing the first full work veriod after the arrival of the



5l

men at the fire, the number of men needed being indicated by
the length 5T the line to be bullt divided by the asmount
that one man can build in the time available,

Another region of the U, 8. Forest Service (9) hss
nrepered dlepatcher's guide chsrte rpr calculating the man-
power needa. The method 1s bssed on the calculation of oro-
babilities, and includee four stepe, ad follows: a) ascer-
tatn the danger class from the gvread-danger meter: b)sscer-
taein the rate-.of-spread factor from Chsrt 1, by selecting |
the proper danger claes and referring to the oroper fuelw~
tyve cless; ¢) ascertain the verimeter-increase faotsor from
Chsrt 2, by selecting the hsur of discevery, referring to
.the time objective and rigﬁring the anticipated vsrimeter;

d) ascertain the man-power needs from Chart 3, by figuring

the number of smokechaser's hours of work to be done, selec-

ting the number of hours of work, and refért@ng'to the nume
ber of houre of smokechsser's work, whiech gives the number
of men recuired to do the job.

The Cslifornia region of the U, S, Foreat Service
(121) also hss eléborsted a method of appraleing the man
power needed on lérge fires. Tables snd charts were prepar-
ed indicating: a) the normal work rate per man-hour of }ine
construction in different cover typeeé b) the percentage of
efficiency or the line-construection sutput pe% work period;
c) the man-power requirements for line holding per cover>

types; d) the number of men required for combined line-cons
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struction snd line-hdlding work ver cover tyones; e) the ratio
of mechsnical ecuipmeﬁt t5 man power for line c¢onstruction.

Hornby (85) hss devised a system for determining the
strength of the initial attsck, the size of licht feinforce-
mente and tne number of men dispatched as heavy reinforce-
ments, in the Northern Rocky Mountain Region of the U. S. For-
est Service, on the basie of the past fire history. Charts,
tables and formulae were prepared, tasking intos account euch
factors ss the fuel resistance to control, the rate of held-
line construction, the rete of perimeter increase, and the
travel time. On the basis of these considerstions, Horﬁby,
suggesats crews ranging from 2 to 5 men for the initial at- '
tack, 5 to 50 men for light reinforcements, and 100 or more
men for heavy reinforcements. Hornby’s analytical study of
fires of the 10-yesr period of 1920-1930, tndlestes that 6
per cent of the fires required heavy reinforcements, 16 per
cent needed light reinforcements, and 84 ver cent could be
héndled by the initial crew.

Stepheneon (130) hes develsped a man-power meter av-
plicable tos tné U. 8. Southern Coastal Plain, on the basis of
Mlesissippl fire recorde. The number of men needed being
determined by the perimeter of the fire divided by the rate
of iine‘conetruction per man, tables were computed to ae-
certain the man-power reguirements, based upbn the relation-
shipe between the fuel type, the wind velocity, the relative
humidity, the time of the déy, the hour control, the rate of
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soresd, and the size of the fire,

METHOLDS OF ATT'CK

The choice of the proper method of suppresston is one
of the highest tests of fire-fighting skill. This selection
is lergely dependent.upon such fnotors asi a) the type of
fire; b) the charscter of the fire; c¢) the expected changes
in the burning conditions; 4) the nrobsble effectiveness of
the verious methods avalilable; e}l the topsgrsphy snd the pres-
ence of natural berriers; f) the amdount of msn power avala-
ble; g) the westher conditions; h) the type of fuels, ete. A
eingle method may not be found appliceble on the whole sup-
pregsion jJjob of a rire, but proper methods may have to be re-
sorted to ln order to meet existing eonditions on diverse
sectors. Lkven the same sector may require different methods
8t various hours of the day. The diverse metheds bf fire
suppression are bassed on the study of the fundamental lawg of
combustion. The application of weter, chemicals, or dirt}to
the fuels reduces their supply of oxygen and orevent their
being raised to> the kindling temperatures, wheress by raking,
by duilding a fire 1ine, or by backfiring, the fire is robbed
of new fuel.

Fire suopression practices may be clsssified in two
Clasges, namely: a) methods of extinction, and b) methods of
control, Theoretically, the extinction methods arz those in

which materisls or nractices are apolied as a direct attack
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on all the portions of a fire as a way to put it out complete-~
1y, vhereae the control methsds contemplste only the eurround-
ing of the fire with s control Iine in an attempt t5 check
its spread and make 1t absolutely safe.

A) Methods of Extinstion

The term extinction is very widely used in fire sup~

pression, but ss a matter of faets only small fires are ac-
tually extinguished. To extinguish a fire requiree that the
wofk of outting out the fire be carried out over the wholé
burning sres, that combustion be stopped on all the portions
of the fire, end that every spafk‘or ember be literally put
out. Complete extinction<;s generally performed o8 fires
covering only a few équare feet 5f area (108), or less than
sne or two acres (14, 15). Thordugh extinction may also be
achieved'on spot fires. But, such treatment is too time-
consuming to be practicable on forest fires, exceot those of
snall slze; Extinguishment of the outer-edgé of the fire is,
however, put in prectice'on larger fires, esvecially in the
so-called Direct method snd in mop-up ﬁérk,

Thers are four ways of extinguishing fires, namely:
a) by means of water; b) by méans of chemicals; c¢) with dirt;
a) By beating out or raking. Combinetions of thesre methdde

may be used on the same flre, and even in the same sector.

a) Use af Water

‘ Foresters for some time did ‘not employ water for fire
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suppression. "Absence of water supply within reagonable dis-
tance and non-existence of sultable water-throwing devices
probsbly asceount for the esrly rsluctance to use this grest
meane »f supvression. Today the gtory 1s oulte different.
Beginning in the esrly twenties, study, invention and exveri-
mentatiqn made a good start, Year after year practicelly
every means of water spolicatisn was Biven a tryout in an ef-
fort to apply 1t to our peculiar needs and the process cone |
tiniaes" (72). The use of water in fire suporession reaultsv
in a very definite economic advantage 1n man power (60). Ex-
tensive use of water in fire fighting osn a forest property

is in relation with the natural water resources of the region
and the development of the transportation syetem and the wa-
ter eéuipmént. '

The apblicatlon pf water to the burning materials is .
one of the best methods of extingulshing e fire, When applled‘
with hosé lines under high pressure, it le the quickest and,
in many cases, the only way of knocking down an extremely hot
blaze, éheokinggrapidly-running surface, brush, or low crown
fires, extinguishing fire 1n standing‘snaga, and putting out
any>hot ember. Water s used to great advantage in both di-
rect suppreéslon and mop-up work, and as a.eafety factor in
the back-firing of reéularly constructed lines. The back-
pack esn with a trombone-type pump ie & moet effective plece
of water eculpment. %hen using thls devies, it should be re-

membered that a relstively fine‘spray of water is much more
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effective in k;ocktng dowit & blszing fire than a s0li1d stream
of water. Firemen applying water should always get ss close
te the fire as possidble, and direct the water at the base of
the fire. When'mOppihg up a fire, a vefy small smount of wa-
ter will go a long way \f tnq nozzle is placed Just as close
ts the burning embers as possidle., Water 18 most economical~
1y aﬁplied to the burning mqter@alsybw means o0f hand spray
pumps, which conserve the water snd permit 1te spplication at
the eiact,spota and in the minimum quantities needed.

The spplication of water in forest-fire puppression
was greatly facllitated by the use of portable power pumps
sapable of delivering lerge quantities of wster through a
half.-.mile or more of hose to elevations of 300 feet or more,
and especlslly by their use in relsys for raising water to
500 or 1600 reet (20). Gravity syetems sre also utilized to -
excellent advantage for carrying water from the water supply
to the fire, by simply tapping streasms at a point above the
fire (20,108)s As a fact, with a head of 100 feet or more,
gravity systems are prefergble to a bump‘line, delivering a
continuous flow without shut down or chance of failure. The
Michigan Forest Fire Experiment Station (131; 132,.133) hse
demonstrated the practicablility of quickly develooing sn
abundsnt wster suoply whére the water table'isjwitnin 22 feet
‘from the surface in a pervious eoll layer, by sinking tempo-
rary wells by the hydraulic pressure secured from the ordi-

nary portable power pumps used in fire fighting.



60~

The use of water 18 perticularly valuasble for the
following vurposes: a) quieting or codoling down hot spots, so
that men can work close to the fire and use elther the Direct
or the Two-foot methods where otherwise it would be necessary
to rely upon the Parallel method; b) slowing down the rate of
spread; c) sxtinguishing spot fires; 4) disposing of spsrk-
throwing snags: e)'holdtng the fire line; f) mopplng'up the
fire after completion of the fire line.

b) Use of Chemicals

The use of chemicels for extinguishing forest fires
is st1ll in the experimental stage. Tests have been carried
for years on various chemicael solutions or duste, but the re-~
sults as yet havé not been enough sstisfactory to sdvocate
their widesapread use. “The idea that chemistry has something
to contribute to forest-fire control has always 2ripped the
imaginaetion. But from the first experiment in 1911 until the
oresent time, nothing has been found wh;cﬁ is derinitely,aupe—
rior in practice to sn equal welght 3r.water, except the foam-
produciné combinetions® (79). Fire foams are “the product of
various chemicals which, when mixed with water, cause a rreat
increase of volume by forming froth or bubblee, which may or
may not'be\filled with noninflammable gas" (12). The bubbles
adhere to the burning fuel and reduce . the combustion by ex-
cluding the oxygen ac< well as by cooling'?own and'moiatening.

Most fire fosms are produced when a mixtuyre of sodium bicar-
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Jbonate and giuminum sulphate, plus a stabilizer or bubbdble
former, are brought into contset with water. Godwin (71)
mentions thatl'the volume of foam produced 1s gbout eight
times the volume of water used", and that “a gallon of water
mixed with a pound of foam is more fire suppressive than a
gallon of w@ter‘.

Barrett (32), etudyiﬁg the fire.extinguishing pro-
perties of the water-solubls salte of the alkali metels,
found that potassium carbonate in solution ig more effective
than water alone in extinguishing fires in dense grass and
weed cover, requiring less time and Ieés spraying solution
or water to obtain comblete extinguishment. Davis and Ben;
son (49) coneluded from & series of tests on the effective-.
ness and oracticebility of various chemicel compoundelin-foru
gst-fire control, that certain combinations of dry materials
added to water increase 1ts fire extinguishing properties in
the ratio of 25 to 1. They c&éim that the use of chemical
compounds cen snd will be developed to the point where thelr
effictiency *will preclude the possibllity of msejor conflaga-
tions®. The U;is. Forest Products Laboratory hes conducted
an investigstion of the whole chemical fleld to determine
“whether any chemicals, in addition to the foam producers,
will have 8 value for fire fighting éspectally greater thsn
that of an equal weight of water® (79). Truax (139, 140), re-
porting on the field tests condusted 1ﬁ connection with this

investigstion, claims thet the extingulshing capaclty of wa-
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ter can be incressed materially by the addition of certain
chemicols, 'thg.increase depending upon both the kind of chem-
ical and 1ite concentration in the solution®. He admits, how-
ever, that miraculous results with chemicals sre not to be ex-
pected, and tﬁgt where an abundant suocly of water is avail-
able, cheﬁtcals are not considered t> have any worth-while ap-
plication, Godwin (72) suggeste that, with further develop-
ment of aircraft, the dropping foams, Yiguid chemicals, or
dusts from alrplanes may begome an effective méans of fire
suppression in the future.

‘Stickel (136) concluded from his experiments with
calcilum chloride as & fire retardsnt, that the value of thise
chemical "is practlcaily nil on actusl fires". But; fyrther
studies by ¥itchell (103) indicate that calcium chloride pro-
vided an effectivg fire retsrdant on going fires. Wrigﬁt's
(148) experiments on the use of chemicrls in fire suporession
ghow that a 20 psr cent solution of ammonium in water was
most effective asAa fire retardant, and that calcium chloride
was most efficisnt in serving as both fire retsrdent and fie .
reguard. Godwin (71) mentisne the pre-trestment of fuels
with fire foame shead of fires "to check the advsnce snd ver-
mit line bullding®, foams permeating and clinging, while wa-

ter slone vaporigzes.

¢) Use of Dirt

On a lsrge proportion of fires, dirt is the sole or
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the most importsnt meéns of extinction. It 18 more resdily

avalleble than water, and its use may means & saving of tiame
in suppressing a fire. Clean, freah, c¢ool snd dsmp sand or
dirt, obtained by throwing aside the mat of needles and dtgF;
é}ng in the ground, is very @ffective 4in smothering a fire or
“slowing the rate of combustion by reducing the supply of oxyq'
gen, and in acting as an absobent for drawing out the heat and
80 lowering the temnerature of the fuel below the kindling
point. The real.art in using dirt efficiently is to change
it frequently, finally leaving the msterisls comoletely ex-
posed, 80 thet any lurking epot of fire can be easily detect-
ed. Dirt is best applied with a shovel, and ecan be employed
with efficiency both for arresting the advancing edge of a
sﬁrface fire, or for extinguishing burning materiale within
the fire. 1In applying earth'of dirt, 1t should be thrown at
the base of the fire with an energetic swinging motion, so
as to scatter'out the dirt'in a thin layer over the burning
embers or surface fuels, énd to make the send or dirt parti-
cles to penetrat: the crevices end stick to the surface of
the fuels.
For knocking down or temporarily checking a hot blaze,
a few shovelfuls of fine, cool dirt are nearly »s effective
ss a bucketful of water. Dirt free from undecomposed drganie
motter is partdcularlj eff1caciousA1n estinguishing flssh
fuels, cooling down hot spots, putting out blazes in enags or

crown fires in young growth,‘suppreseing turnine embers,etc.
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But, fire extlnguishment with sand or 41rt is e rather slow
and tedious procedure, which is most extensively used in
mop-uyn work. The use of gand is, therefore, restricted to
emall fires, because of the difficulty of its sovolication in
large quantities. The ?ichigan'rorest Fire Esperiment Sts-~
tisn hes recently developed o powar-driven sand-throwing ma-
chine which mey vrove highly vsluable 4in applping sand on

surfece fires in sandy soils.

d4) Beating Out snd Rsking

Occasionally, ersss, weed or light-trush fires can
be entirely extinguished by whipoing sut with fir boughs or
pine tops, wet gunny sacke or burlap sacks, brooms of all
tyves, swatters, rakes, shovelé, ete. The method constists
in striking glancing blows, separsting the msterisls, sweep~
ing or pnushing sparks and embers onto thé fire, or faking
the surface litter and clean{ng the soil of 1ntlammab1§ ma~
terial. 1In such fires, the fuel 1s 80 llght that 1t can
only hold thé fire for a few seconds. The results obtained
by this method are through smothering the flame and separst-
ing it from new fuel, cooling 1t down, breaking up emvers
into tiny perticles, and sweeping in light 1itter (108).
Embers broken up into tiny particlee gd out auickly and do
not give off enough hest to ignite nesrby meterials. In many
surface tﬁres in the har&@ood tybes, the fuels consist almost

entirely of dead leavee, and complete control may be accome
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plished merely by rsking s olesn peth through the leavas st
the edge of the fire (8, 1M, 15), Similarly, 1in fir tyves,
when a2 scum of dry, loose needleg on the top of the compsact
mat carries a light flare.of fire ahesd very rapidly, the
edvence of the fire may freouently be effectively checked
merely by sweeping the looee needleés with 2 fir »r pine
bough, br snother tool. One advantage of th'a beétihg—out
or raking method 1s that 1t can be applled with any availa-
ble or improvised tool. It ie best suited ta fires which

are feeding on a light surfsce litter, and cannot be used
effectively in dense prush. Beating-out and reking methods
sre-resorted to when water or dirt are not aveilable or other
appropriate tools are lacking. They sre =2lso daed for extin-
guishing tiny spot fires established across the fire line,

or for whlpping'out the flame snd reducing the heat, so as

to temporarily check the advance until a permasnent iinelean
be constructed (X08). Besting out and raking are most é&ten-
qively uged in mop-up work, snd in extingulshing flssh fuels
by stopping ﬁhe supoly of oxygen ané preienting continued

combuetion, or by robbing the fire of new fuel.

B) Methods of Control

By control is me=nt *to surround s fire =2nd any spot
fires therefrom,'with control 1lines and complete the back-
firing of sny unburned surraee ed jJacent to the laner edge of
the control lines" (12). On lorge fires, when complete ex=

tidgulshment is.not poseible, the fire is céntrolled by hold-
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ing 1t.w§th1n eonstructed or nstursl barriers, the extinction
work ﬁeing.garried on only over the outer edge of the burning
gone, !nst&éd of over the whole‘area. The ou}pbse is to es-
tablish a bresk in the forest fuel and thue rob the fire of

| new material. The e¢enter portion of the Tire may remain ig-
nited, but eventually dies out on exhaustion sf the availabie_
fuels. "This may pcéur immediately after the edge of the fire
1s suppressed or 1t mey require weeks, dependent upon the for-
est conditions and the weather® (77). Osborne (108) mentions
thet control methods are used when s fire covers more than &
-acre or sb, suppression being then at first confined to a
narrow strip around 1ts.outer margin.

When fires are controlled in contrast to Being extin-
guished, a ¢ontrol line ie used ts s$ep the fire. Roads,
streams; lakes, bare rocks, wet swamps, ete. constitute nstu-
ral or construocted barriers fhat should be used whenever pPosge
sible, to hold the fire in check until it 1is comoletelyvapped
up. But, where natural or vermanent firebreaks are not avail-
able, control lines must be constructed. Four orincinal clas-
ses of control-line methods are quite generally recoenized
with respect to the distance of the control line from the edge
of tﬁe fire. The four methods defined by this stendard control-
line clesesification -are known ss: a) the Direct method; b) the
Two-foot method; c) the Parallel method; d) the Indirect meth-
od. The Two-foot end the Parsllel methods are modifications

~of etlther the Direct or the Indirect metﬁéda, and are not rec-
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ognized es distinct methods of control by several orgsniza-
tions or éuthors (k, 5, 6, 7, 10, 56), but the Direct and
the Indirect methods sra well differentisted. Other methods
of control-line construction are the Oblique, the Frontal,
and the Psint and Cut-off methods. There are other methods
of less éommon usage, snd comdbinations of the various above
methods mey be used on some fires to meet existing condil-
tions 1in different sectors or at different hours of the day.
The choice of e method of control-line construction is large-
1y dependent upon (8§, é, 14, 15, 108): a) the conditions of
the fire at the time of attagk; b) the probable changes in
the burning pondltions as the day advances; ¢) the probable
effectiveness of backfiring; d) the topography gna the nre-
gence of permanent bsrriers; e) the menace from snsgs and
crown fires; f) the relative amount of labor required eand -

avallasble.

e) Direct Method

The Divect method is “a method of suppression that
applies work immedistely et the edge of the fire" (12). As
the mame implies, it involves direct sctlon on the fire it-
self. It consist in digging out every spsrk along the burn-
itng edge, which may be done by scraping in, shdvelinz in, or
digeing out and throwing ont§ the burning zone, snd includes
building a control line, beating sut, cooling down or extlﬁ-

guishing with water or dirt, afgging out and shoveling in



burning meterial, cutting off and throwing in the burning ends
of poles and logs, etec. The fire line coincides with the sd-
vancing edgs of the fire. A i@ovel te generslly the best

tool to uee with this method as all material must be thrown

in {(108). 1t is absolutely necessary t5 dig down to the mine

ersl goill and to throw the burning meterisl back onto the fire.

The sdvantages of the Direct method are (U, 6, §, 103}
117): a) it takes sdvantage of the stretches which have gone
out throuzh lack of fuel or changes of burning conditions; b)
1t maintains the size of the fire to s mimimum and minimi#ea
the chances of escaps; c) it gives no opportunity to the fire
to gs'n momentum and develop into major eenflagations; 4) 1t
saves the time and expenses of backfiring; e) it eliminates
the uncertain element involved in backfiring.
| But, the Direct method also preeents the following
dissdvantages (9, 1208, 217): a) it is not spolicable on in
tengely hot fires, as the he:st and smoke make work impossi-
ble; b) it usually resulte in a more irregular snd, there.
fore, longer fire 1line than with elther the Parsllel or the
Tndirect metho@s; c) there 18 & grest dsnger that smoldering
spots on the outer msrgin of the fire line may be osverloosked,
thus making patr61 work more difficult; 4) fire-line cons-
truction is more difficult to supervise; e) there is a real
danger of firemen being injured by rellingvsnags.

The Direct method c=n be ﬁsed only on fires where the

rate of spreed is slow and the heat not too intense for the
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men to work on the burning edge. It 18 generally used when-
ever the fire can be caught in the smoldering stsge, and it

is eapeciall} recommended (2, 6, &, 9, 14, 15, 19, 77, 108):
a) on fires in lizht fuels, such as gress, leaves, or duff,
where the hest 1s not too intense far working close to the
flame; b) when considerable stretches of the fife sre extinct,
8o that the diggtng out of a few smoldering spots wiuld result
in gsining advontage of long stretches of deed 1ine (this con-
dition often prevaile in the esrly morning);: c¢) where there

is a danger for the fire to develop 1nto a crown fire later |
in the day; 4) on steep hillsides abovs the fire, s5 &s nst to
let 1t goin momentum; e) wherever‘it would be particulsrly
hsrd to control backfires on account of adverse winds, large
hesd, or excessive amount of debris and snsgs; f) when a fire
is burning againegt the wlnd g) on surface and ground flres,
as opposed to crown fires; h) whenever it ie possible to use

the meth>d s=zfely.

b) Two-Foot Method

The Two+foot method ls "= method of supnreseion in
whtch e fire 11ne 18 constructed not over two feet from the
edge of the fire" (12). The object 1s to leave Just as 1it-
tle material as possible to smolder out. It contemplstes no
back-flring, and-aims to lesve a minimum strip of unburned
material.} It differs frﬁm the Direct method in that 1t leaves

an edge of duff two feet wide to smolder out. The dietance
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from the burning edge permits safer use of hand to0ls. A
nsrrow trench from 12 to 1! inches is dug down t5 the minersl
8011, not more than two feet ahead of the fire, the materisl
being thrown onto the outer edge of the fire 1ine, snd the
fire ‘8 allowed to Burn out to the trench. The method is
particularly ueeful 1f mettocks, grub hoes, adz hoes, rakes,
or plows are the tools svailable for dlgging, since there 1is
a danger of scattering the burning material with these tools
if the actual edge of the fire is dug out (6, 77, 108). It
18 s substitute for tﬁe Direct method in those situstions
where there is & large amount of fuel at the edge of the fire,
a8 in the case of deep duff or peat bog, and when there is
a real danger of some uneeen burning embers being left out-
side the fire line, if the Direct meth?d were used. Speciﬁl
core should be given to removing small rooﬁa and pbckets of
rotted wond, since trhese sre apt to cerry smoldering fires
scross the fire line. There 15 no need to empioy this meth-
od, ﬁh!oh is » varietion of the Direct method, 1if tﬁe edge:of
the fire csn be extinguished without dtéglng 8 trench. If
the fire does not burn to the contfol line, it becomes neces-
ssry to shovel 811 intervening oombustible material onfO‘
the burned =2res, or to dig out intervening smoldering spots,
as in the Direct method;

The advsntages of the Two-foot me:ihod are (U, 77, 108,
117): a) it allow$ the firemen to utilize pulling tools and

to work sway from the fire st the distance that they can reéch
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with thsir tools, thue permitting to avoild excessive hest and
to build the fire line much fsster than showeling close to
the fire edge; b) 1t simolifies supervision, eliminotes the
dsnger of overlooking 6urn&ng apots on the outer edge of the
line, and facilitates the pstrol work; ¢) 1t insures more
safety and comfort to the men; 4) it permits the crew to
switeh instantly to the Direct method whenever the edge 18
extinét or to work-arounqltrees*and avold rocks and other re-
sistances to line construction; e) in digging the edge of a
amoldering fire, burning portions may possibly be oyerlooked,
which 1s not likely to happen 1f the fire line is dug & 1it-
tle ahead of the fire; f) 1t allows s straightening of the
. fire line where 1rregularities occur in the edge of the fire,

| The féllowing disedvantages are, however, chsracte-
ristic of the Two-foot method (9, 108): a) 1t foile to imme-
dl;tely rodb the fire of new fuel, leaving s strip of durf
which may hold the fire and endenger the control; b) the ine
creased duration of the patrol and incressed smount of mop-
up work often results in more work then the Direct method
would have involved; e¢) there 1s the dsnzer of the.t!fe line.
giving a false sense of security to over-confident rireden;
d4) there is the dsnger that the msn mey throw some embars
suteide the fire line. ‘

.~ The Two-foot method is particulsrly =<vissble in

sectors where the fire 1s smoldering in heavy duff. It is
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also used when the edze of the fire cannot be dug out with hoer
or mettocks, or when backfiring 18 difficult or imoossible.,

c¢) Parallel Method
The Parsllel method 1s "the method used in suppression

vhen a continuous fire line is conetruéted varsllel ts, but
withind 100 feet from the edge of the fire, snd the nter-
vening etrip is immeéiately burned out® (12). The osbject is
to keep Just far enough away from the firé to enable men to
work most efficiently. A fire line 5- to 10-fost wide is
construtted roughly parallel to the fire edge and at any dle- '
tance from the fire édge within & radius of 100 feet, and the
inflammable matertsl between the édvancing fire and the newly .
constructed fire line 1s burned out et once. There sre, how-
‘ever, some dlsagreements as to the distence between the.con-
trol line and the edge of the fire: some authors mentionirbd
reet (12, 19, 56), whereas others specify 50 feet (2, 8, 9,
14, 15, 108, 117), or even 30 feet (77). -

The basic prineiples are to stay relatively cldee to
the edge of the fire to allow latitude for dropping back far
ensugh to avoid intense heat and smoke, and to cut across
deep ringefe of the fire edge, thue decreasing the length aof
the line to be constructed. The Parsllel methosd enable one
to wepk somevhat away from the heat snd smoke, snd yet to
construct a fire line close enough, so that the area inter-
vening between the fire and the control line can be quickly

burned ous.
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The Parallel method differs from the Direct method
end the Twoéroot method in that s continuous fire line 1s
built and interior burning is done, and from the Indirect
method in that the fire line ie constructed close to the fire
regardlees of the topography and the presence of nstural or
permanent barriers.

The advantages of the Parallel method, ae compared to
the Direct and Two-foot methods, include (4, 77, 108, 117):
a) it can be used with hot fires and allows the men to work
out of the gzone of intense heat; b) it simplifies the super-
vielon, eliminates the danger of overlooking burtiing ppots;
outside the fire line, and fagilitates the patrol work; c)
it allows the use of plows, scrapers, hoes, Pulaski tools,
mettocks, etc., and permits ecutting acroes indentations and
encompsssing logs, thus facilitating and accelerating the
construction of the fire line; 4) the control line may em~
brace severs)l scéttered spot fires. )

In coﬁparison with the Indirecf method,‘the_Parallél
method pregents the foilowing advantageé.(9, 108): a).tne
burning out of the 1nterven1ég strip 1s easier than the back-
firing involved in the Indirect'method; b) the rlfemen'can-'
easily change to the Direct or the Two-foot methods if ﬁne'
fire dles down; ¢) the burned area 1s held to a smaller acre-
age.

But, the Parallel method also presents the fcllowing
disadvantages (9, 108, 117)¢ a) it fails to take advantage
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of the portions of the fire edge which may have gone out, and
calls for the re-establishment of a complete fire edge; b) it
is subject to the danger that the firemen feil in trying to
burn out the 1nter§en1ng strip between the control line and
the edge of the fire, or that ihe burning gets beyond cone
trol or develops into a crown fire; c) it delaye the issue of
the fire, thus involving more labor and expenses.

The use of the Parallel method is advisable when the
heat of the fire prevents the use of the Direct or the Two<
foot mgthdds,-but when the heat ie not 80 excesslvelas to
necessicate the use of thg Indirect methad. It ie particu-

. larly recommended (2, 6, &, 9,14, 15, 19, 77, 108): a) on
fast-running surface fires:; b) on the flanks of crown fires,
or on weak crown firee that qulet down st nlght;~c) when
using plows and troctora; ) on sectore where the litter is'
such ss it can be ignited essily and 1s likely to burn out
‘without special danger; e) on sectors where the contrdl 1line
can be shortened by making eut-offs; f) on steep sloﬁes be~
low the fire. The Parallel method is best. for holding a fire
down t0 a esmall size, but should not be depended on in &
heavy wind or with lerge fires. It should also never be used
when there is any danger of inability to burn out the inter-
vening atrip snd making tﬁe fire burn clean to the edge of

the control line.

d) Indirect Method
..The Indirect method, alse referred to as the Back-
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firing method, is the one in whioch "the control line is 18-
cated along favorable breaks in topdgraphy or natural fire-
breaks, and the intervening strip 1s backrlré&f (12). By
implication, any control line more than ioo feet from the
edge of the fire represents an application of the Indirect
method, even if the line is not located slong a break in the
topography (12). 1In this method, the fire fighters drop back
~ from the sdvaneing fire to a firebresk or to some good natu-
ral control line or fire line built as s vart of the suppres-
sion work, wher§ they aet backfires which are sllowed to run
toward the main fire. It consists, therefors, in completing
a continuous control 1line guite a distsnce in sdvance of the
fire, taking sdvantage of permanent firebreaks, such as roads,
streﬁms, lakes, open ridge tops, etc., and then backfiring as
soon a8 1t 1s safe to do eo. Backfires are usually not set
until the line across the entire edge of the fire s completed.
Extremely good Judgment and an unusual amount of skill
are required in setting backfires in such a way that they will
not get out of control. This method should not be used unless
the control line can be completed and bsckfired in the early
morning, before the hest of the day. The purpose ¢§ the In-
direct method is to starve the main fire, by burning out a
wide strip of areﬁ ahead of the fire. Backfires sre, howsver,
risky becauee they msy get across. the control line and develop
into uncontrolled fires. The method 13,‘§5erero£e, an emer-

gency one, snd should not be employed 4f apy of the other meth-
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ods described can be successfully spplied. Even running crown
fires frequently come to the ground, snd nearly alwsys do at
night, and cen then be fought by the other methods.

~ Succesa in using this method 1s lsrgely dependent upon
taking advantage of the indraft of the msein fire, or of slopes,
changes in wind direction, > te., to carry the backfire in
againgt the advancing edge of the fire. The baekfires should
be set close to the control line, so that the fire will have
| no opportunity to gain momentum in running toward the fire
line. If a fire is running uphill, the backfire should be
set Just over the highest ridge and sllowed to spread toward
the main fire. The setting of backfires on alopes sWeve an
sdvancing fire should be avoided. The two most importsnt
points in the applicatisn of the Indirect method are: #)
when the backfire first blazes up along the fire line; b)
wvhen the backfire meets the main fire. Firemen must be on
the watoh at these ‘times forMreakwovers or spot fires. It
i{e also recommended that the fire line be constructed as close
as praétlcable to the main fire, and that the backrifea be set
from three to six feet inside the cbntrol line, rather than
directly at thé edge of the fire line.

The Indirect method differs from the Parallel method
by the width of the 1nter§en1ng strip between ths control line
and the edge of the fire, snd by the faet that the backfiring
is not generally started before the line i1s completed across

the entire edge of the fire. The advantagee of the Indirect
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method are {9, 108, 117): a) it permits tsking sdvant=ge of
favorable breaks in tOpagraphy and natural or constructed
firebreaks; b) firemen sre not troubled by excessive heat or
smoke from the main fire, resulting in a much faster line-
construction work; c) it often calls for a much ahorter-con«'
trol line, thus ﬁpeeding the gonatruction of the control line;
d) 1t ailows oné to select more open country for easier and
rfester line construetion; e) 1t procures more safety to the
men.

But, the following d1sadvantages ars also encountered
with the Indirect method (9, 108, 117): a) 1t falle to take
sdvantsge of the portions of the fire edge which mey have
gone out, and calls for the re-establishment ofla new fire
edge; b) 1t is subject to the danger that the backfires can-
nﬁt be made to burn after the completion of the control line;
¢) there is also the danger that the backfires fsil to starve
the main fire, and cause disastrgus conflaggtiona by adding
1ts heat and momentum to that of the main fire; d) 1t igvolves
the burning out of a wide strip of area shead of the main fire;
e) it sometimes throws too much confidence upon the Judgment,
strategy snd skill of tscticians.

Ae alreédy‘mentioned, the Indirect method s a last
resort when the use of the other methodS‘bgs~proved a failure
or would be futile. Being an emergency mgthod it should sel-
dom be necessary. The conditions which @érrant the use of the

Indirect method are produced by extreme_tﬁgl drynese and high
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‘wind velocities, which have caused the fires to crown, or
may cause them to crown st any time, or which make 1t possi-
ble for the fires to generate such a terrific heat that the
use of other methods 1s humanly imposeible or would jeopard-
fze the 1lives of the men uorking'on the fires. Cases when
this method oould be sdvantageously utilized include (2, 6,
9, 10, 1k, 15, 108): a) on hot, fast-espreading fires re-
quifing éttack at s dlétance tovprovide the necessary work-
able conditions and time to set a control line around the
fire; b) when very low humidities, exoeedingly dry and com-
bustible fuele, high winds, precipitous slopes result in
running crown fires; o) when flres are-travelling fast in
0ld slashings or windfalls, where'controloline construction
is a'Very slow process; d) when spot fires are so numerous
and incresse 16 size 80 rapildly that the only oractical
method of control 1s to fall back for a safe distsnce ss to
include the spot fires with the main fire, construct a<coﬁ-
trol line, end then back fire the whole area; e) when natu-
ral or constructed firebreaks are available close to the

| edge of the fire; f) when control lines can be completed in
a relatively short time, and conditions sre esvecislly favo-
rable for bsckfiring; g) when fires neie'to be fbught in

rocky areas or on steep hillsides.

e) Other Control Methods
The other methods of control are hodirications of the
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Indirect method, in which the location of the contral line

is adepted to fit specigl conditions enc-ountered on 4iffer-
ent fires (7, 10). They all provide, as in the Indirect
aethod, for theiconetruction of a fire line at eritical points
and the backflfing of the 1nterien1ng gatrip between this con-
trol line ond the main fire.

| The Oblique method is used when a good-sized fire

is advencing with a falrly uniform front, thus vresenting no'
distriet points or tongués which mey be attacked separately.
Under such circumstsnees 1t would be decldedly dangerous ir
the main Pire would strike all points of the fire line or

the backfire at the same time. Using an oblique control liné;
the main fire comes up to the fire line or meets the back~
fire suceessively at different points 1nsteadaof gimultane-
susly over the whole head of the fire, and is more easily
handled, Otherw&se; there would be the dsnger that the simul-
taneous meeting of the wide head of the fire with the whole
baekfire may develop a tremendous heat resulting in whirling
drefts, and set apot fires seross the control line.

The Frontal method is a gquare-front method involving
the construetion of a fire line square across the hesd of the
fire, at right angle with the direetion Ar the spresd, and
eventually surrounding the whole fire. It 1s particulerly
useful in the case of long, nerrow fires with.no oronounced
points or fingers. '

The Point snd Cut-Off method is used on irregulsrly-
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shaped fires with eeveral advancing points or fingers. Fire
lines are built in front of each point to cut off these fin-
gers. The scheme is to emphasize the concentration of the

attack at the most critical points, with provision for later

line conetruetion to cut off the flanks.

CONTROL-LINE SPECIFICATICHS

Success in controlling fires 1s leargely dependent
uoon the locstion, stze and other characteristics of the fire
line. Line location, one of the most important considerations
in controlling fires, was alresdy referred to in describing
the various methods of control-line construction with refer-
ence to the distance of the fire line from the edge of the
fire. The designation of the most advantsgeous location is
anert reouiring nice Jjudgment on the part of the fire boss
in considering the values at stake, the method of sttack, The
rapidity of construction, the presence of berriers, etc. (7).
Important points to keep in mind in connection with line loca-
tion 1nc1ude.(6, 17, 9, 10, 77, 108, 117, 121, 124): a) stay
as close to the fire as heat permits; b) avoid areas of dense
underbrush sné heavy fuels where fire-line construction is a
aloﬁ snd costly process, and where control lines are hard to
hold§ ¢) run lines around stumps, logs, snags, ete., which
are hard to remove and may be a source of danger; d) make no
sharp angles in the fire line; e) avoid extreme slopes, lines

on level ground being far easier to hold than those on slopes;
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f) avold lines running straight up snd down & hill; g) avold
hillsides where rolling conesg and burs =osre a source of dsnger;
h) catch fires on the downhill side of slopes, and do not let
them cross the bottom of s hill and get h start on the uphill
opposite slope; 1) before dropping back to a natural fire-
‘break, be sure that there is no chsnce of constructing a safe
control 1line nesrer the fire; j) be sure that thevline is
sufficlently awsy from the fire to sllow ensugh time to con-
struct the line and backfire before the main fire comes in;

k) the lee side of a ridge is preferable to the windward side;
1) take advantage of all availlable features: m) make the most
efficient use of all avallable mschinery; n) locate the fire
line so that rolling embers cannot croess; o) mke fires lines
as short as possible snd as free as practicable from tortu-
ous windings; p) take advantage of all dead sectors on the
fire edgé; q) glve an uphill start to the backfires; r) elimi-
nate high-hazsrd types where possible; s) locate fires lines
far enough to enclose falling snaéa and catch sparks; t) se-
lect the most open locations; u) provide for.safety to the
men: v) encircle areas where spot fires are eo numefoue g8 to
make impracticable to handle them s individual fires.

The width of the fire line has a direct bearing upon
both its erfectlﬁeness in controlilng fires and the ease, ra-
pidity and cost of ite construction. Since the object is to
get the most efficient line in the shortest time and st the

lesst cost, the size of the control line should be as small
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as contingent with the conditions to be encountered and the
values st stzke. The width of the control line varies with
(7, 10, 117): a) the type of fuel and cover: b) the wind ve-
loeity; c) the character of the slopes; d) the condtﬁion~or
the fuels; e) the sctual and expected burning conditions. As
a general rule, the tendency is to build strips 6 to 12 feet
wide with bare soil over practically the entire width (.
One reglon of the U. S. Forest Service (9) has published a
table of gpecifications for line construction, in which it
is shown that, for different fuel types, the totsl width of
the fire line may vary from 1 to 8 feet, and that the width
of the area cleaned to mineral soll ranges from % to 2 feet.
Another region of the U, S. Forest Service (iEH) has also
published a table indicating, for different fuel types, the
total width to be cleared, which rangees from 1 to 60 feet,
and the width to be cleaned to the mineral g01l, which va-
ries from 1 to 10 feet. Most control lines involve the. |
clearing of a strip of from a few feet up po 15 or 20 feet
through the fuels, the digging of a narrow trench through
the duff, humus and other vegetable matter, down to the
mineral soil, and the removal of any such threat as snags
inside the fire line, which may fall across the 1ine (19).
Other considerations of importance in connection‘
with line construction include (5, 8, 9, 14, 15, 117, 12U)3
a) clean 211 lines to mineral soil for all or & part of the

width; b) dispose of the material so as to faclilitate back-
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firing and not to interfere with the mopping up; c¢) protect
undercut linee agsinst rolling embers; 4) scrape or throw all
burning or charred fuel into the line; e) ﬁne effectiveness
of a given width of line can be increased by using dirt or wa-
ter to cool down adjacent fire and cover fuelas on the outeide
of the control line; f) use temporary lines to slow dovn the
fire when sdditional time is needed for the constructibn of
the main control line; g) as little fuel as poseible should
be left inside the fire line; h) the debrie removed in digging
the fire line may be thrown either inside or outside the line,
depending on whether it will be useful in the burning-out pro-
cees or will fooem a mensce by smoldering or throwing sverks;
i) the fire line cannot be considered safe until it has beoﬁ

burned out clean to the edge of the fire.

MAN-POWER ORGANIZATION

Man power plays an important role in- fire suppression,
so that the planning of man-power organization has a direct
bearing upon the autcame of a fire. The objective in line
construction 1is to accbmpliah as much effective work as pos-
sible per man-hour. The size of the crew and the placement of
the men on the fire line has muech to do wjth the osutput of ef-
ficient work. _ |

| " The size of the esuporession crew has already been dis-
cussed in connection with the dispatching a§tion and the
strength of sttack. Ae in any other production management,

fire-contrbl plenning requires the highest possible output
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per man per hour. This point of highest vroduoction leads to

the most rapid and economical standerd of line construction.
For each different fire there is a size of orew which shows
the most eftiéient guporession work. This optimum size of
crew and ite highegt output wvary orimarily with the resist-
ance to line construction, or "the relative dirficulty of
constructing control line as determined by tﬁe charscter and
density of fuels, soil conditions, and topography" (12). The
rate of line construction may be'expreased in chains of held
line per man-hour, or in msn-hours per chain of held line.
Hornby's (85) study of fire-control oplanning indicates a
rangd of from 0.2 to 10.8 man-hours per chaln of held line.
One region of the U. S. Férest Service (9) hss published a
table 1nd1cating the rate of output per number of men, which
shows that the sutput decreazses as the number of men increases.
The ssme findings.were reported by Yatthews (94) snd Haneon
and Abell (76), who also indicste that the outout per mane
hour decreases as the size of the crew incresses. The lstter
suthors (76) show that a S5- to 6-man crew was most effictent |
on northern California fires from 1925 to 1937 in extreme
dry periods, and that crews of from 3 to 4 men made up the
most efficlent size for period of lower inflammability.
Experience also reveals that, on normal fire-suppres-
slon work, one crew lesder cannot give effective suvervision
to more than & to 10 firemen performing a single function,

and that crewvs of from 25 to 30 men under the supervision of
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a crew boss, and gubdivided into thre2 smaller crews under
the direction of straw bosses, makg very.efficient men-power
unite (8, 14). Likewise, the perimeter of lsrge fires is
very often divided by topographical festures or fuel types
into several sectors, which can be most efficlently managed
and suvervised as more or less independent units by a sector
boss in chsrge of from 2 to 5 crews totalizing between 50 and
125 firemen (8, 14). Sector bosses sre supervised by division
boesges having charge of two o5r more sectors, wherees tﬁe fire
boss, also referred to as the foreman, 18 in charge of and
responsible for all the operations or sctivities of the sup-
pression work.' The sigze of erews ghould not be lsfger than
the boss can supervise adequately. |

Such an organization of lsrge crews into small units
may have a very worth-while effect in decreasing the non-pro-
ductive time due to waitihg, resting, loafing, and other inef-
ficiencies that tend to increamse ss the sige of the crew in-
creases and supervision is spread thinner and thinner. Sev-
eral methods of organiging lsrge crews sccordipig to specisl
vatterns were deviged as a way to ma1nta1n fire-Tighting ef-
ficlency to a maximum. They include: a) the Sector method;
b’ the Squad method; ¢) the Tunctionsl-crew-unit method; a)
theASpeciaiized-group method; e) the Indivﬁdual;assigndent
method; f) the One-lick method; g) the Variable-lick métnod;
h) the Man-passing-man method; 1) the 10- to 15-foot method;
J) the Progressive method; k) tne-Progressive-eet-up méthod;

1) the Austin-rotary method; m) the Torch-and-flapper method.
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A) Sector Method

The Sector method (77) is the method in vhich the
man piwer engaged for line construction on large fires is
divided into small crews, a short sector being assigned to
each. Each unit works under the direction of a straw bose
who 18 himself supervised by the crew boss or the fire boss.
When a crew unit has finisheg 1ts sllotment, it steps for-

word psst the rest of the men, and starts another sector.

B) Sgquad Method

The Squad method 1s a refinement of the Sector meth-
od in which "the men are usually split into groups according
to the tools they have, and work st the edge of the fire
wherever work is most needed" (4). This method has vrobably
evoiwed from the time when a crew wes sssembled with 1ittle
orvﬁolorganlzation or ovefhead, for combating fires. When a
plece of line is completed, the firemen move ahead fo another
location that appears to néed attention. |

According to Schroeder (117). thie 18 orobably the
most common éygtem, sllowing for very definite euperviélon
and being very flexible. Each man ysually has at least two
tools, one for digging and one for cutting, using any of
them as the necessity arises. A squad usually consists of
from 6 to 10 men under the direction of a straw boss. From
4 to 10 sqhade may form a crew under the supervision of a
crew boss, who may aleo be the fire boss. Attempts have been:

made to systematize this method with vanﬁing degrees of suc-

cess.
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One advantage of this method 1s that there 1s little

chance of the fire ocutting across between the men snd splite
ting the crew (4). Other sdvantasges of thie method include
(117): a) the esqued leader hes such a direct sunervision
over his small crew that he is able to direct his men erri-v
ciently; b) the constant association of the squad members

add to their efriciency; ¢) sousd units mey be organized be-
forehand and funection as a regular fire~-fighting organiza-
tion; 4) the method allows for the relief of individual units
and thelr replacement without disruption of the sunervision
work.

But, the Squad methsd presents very serious disad-
vantages (4, 117): a) 1t is one of the slowest methods of
1ine construction; b) a zreat desl of work is entsiled in
vacking extre tools and discarding one tool for another; ¢)
men sre continuslly in each other's way, resulting in a gen-
eral confusion; d) there is nothing to force the men to ex-

ert themselves beyond their ordinsry rate of work.

C) Funetionsl-Crew-Unit Methsd

The Funétional-crew—unit method (9) ie another av- |
plication of the Sector method, based on the 61ld crew-unit
scheme, by which each crew has but one function to perform.
It is the most common method used in the Northern region of
.the U. S. forest Service. The first crew carries axes or
Pulaekl tools, and clears the line of the smaller fuels suf-

ficiently to permit trench.conetruction; the next orew is
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the digging unit, using Pulaski tools, hoes or shovels, and
building the trench; next comes the clean-up crew, burning
out lines with torches or felling snags ani cutting the
punky logs from across the line with saws, and the patrol
and mopping~up crews with shovels or back-pack pumps. The
rstio of men in the various units has to be adjueted to meet
the character of line-constructisn work.

Best use of this method 1s made where the resistance
to 1line construction 1s extreme, snd where the amount of
work involved is so considerable as to permit functionale
1zing eagh crew unit without loss of time or energy. The ad-
vantages of the method mey be summarized as follows: a) each
member of the functional crew units is under the constsnt su-
pervision of his straw boss; b) 1t permits =ssigning esch
man to the tool with which he is mogt skilled; c) 1t limits
the number of tools to but one per man: d4) it mkes an en-
tire organized-crew unit available for action on hot spots
or break-overs; e) it promotes competition between the units,
in that each one tries to keep ahead of the others.

The Funetionsl-crew-unit method also presents disad-
vantages: a) men are bunched up, and lose much time in crawl-
ing around each other when one moves up to a new section of
the line; b) greater chance for sccidents results from the
crowding of men on the fire line; c¢) constant shifting of
men from one functional arew unit to snother is necessary as

fuel types change; d) it lacks flexibility for pulling out
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crews for spot fires, etc., the entire unit hsving to be re-
organized each time; e) there is the dnnger that the fire

may get scross when one orew unit gets too far shead of the
next unit; f) working in group makes 1t hard to measure the

output of held line construction per individual,

D) Specialired-Group Metihd
The Specialized-group method (117) is a methsd of

managing man power on line-~constructio work, by nlscing 211
Tiremen in their respective class of lobor for which they
are most proficient. It 1s also a modification of the Sec-
tor method, in which an attempt is made to take advantage
of special ability in handling tools, by allowing the fire-
men to use the tool with which they are most familtar, and
by grouping together in special units a2ll men most skilful |
in handlihg any psrticular tool. There msy be as mény
groups as needed for performing such functions ss felling
timber, bucking logs, clearing the way, digging the trench,
poliehing up and regularizing the fire line, etc. The nuﬁ-
ber of men in esch group vsries aceording to the difficulty
o9f the particular sssignment. Each unit is under the direct-
ion of a leader, who is answerable to the crew boss or the
fire boss.

The adventeges of the Specialized-group method in-
clude: a! the total work dane may be increased by sllowing
each man to do the work for which he is best fitted; b)
firemen are stimulated in their work by their pride of their
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ability; o) the method eliminates the confusion which results
from crowding a whole crew in the asme sector. | |
Disadvantagee are algo encountered: a) the difficulty
of adapting the men to a change in routine arfer they have
been maintained at a pa:ticular Job far which they were most
fitted; b) the difficulty of reorgahizlng the grouvs along
different lines, to take over other duties which may need to

be performed.

E) Individusl-Assignment Method

The Indi§1dual—assignment method, also referred to
as the Station method (4), 1s & system of man-power organi-
gation in which "men are assigned individually to designated
lengths of fire edge, the task of esch man being to hot spot
the fire as needed, construct control 11né, snd procees with
backfiring and mop up" (12). This method was developed for
use in lighter-type fuels or on slow-spreading fires (9).
The underlying principle e the aseignment, to esch indivi-
dual man, of a specific piece of line, the liﬁits of which
are definitely determined. Other men are-appointed:as-sawyers,
as in the Squad method, or for such épecial Jobs a8 scout-
ing for spot fires or hot spotting shead of the control line.
The objective of the metﬁod is to obtain maximum output of
held-line construetion through "the emotional stimulus from
a sense of individual responsibility for a specified plqoe
of line and for measurable accomplishment in control-line

construction® (12). The men are assembled at the beginning
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of the control line and shown the type of line-construetion
work to be done. Esch men 18 sssigned a definite strip, the
length of which vsries according to the size of both the
fire and the crew, - Ench man 48 provided with a shovel, a
mattock, an axe or a Pulaski tool. When a man has completed
his section of line, he may elther proceed with backfiring
or mop-up work, or help his neighbors on line-construction
work. After completion of the line portion assigned to a
crew, the main crew 1s moved ahead to a new sector, leaving
Just 2 few men for beckfiring snd mopping up. In order to
place individusl responsibility on each man, the same length
of line will be assigned to every one, thus preventing the
men from interfering with each otﬁer, and stimulating effort
and ovride of accomplishment. The Individual-agssignment meth-
nd 18 especially suited to the Direct method of attack, but
it 18 also practicable on any other method of control.

The chief ndvantages of this method are (4, 9): a)
1t takee advantage of one's pride of accomolishment, by plac-
ing responsability on each individual for output; b) it per-
mits the simultsnesus attack on a lerger portion of the fire
edge than any other known method; ¢) men are not in esch .
othef's way, and much confusion and waste of time 1s elimi-
nated in moving men forward to a new sector; d) it decreases
the chances of injury by spacing the men.

But, it also presents the following dissdvantages

(4, 9): a) 1t requires the individual training of ecch crew



member in all phases of line construction and holding; b) most
meabers of the crew are a part of the time out of the sight

of their boss; 6) it scatters man power to the extent that

- temporary concentration of forces to strike a hot spot is dif-
ficult, snd that there is & possibility of the fipe cutting
across between the individuals; &) the men being scattered,
more tools are needed to provide them with the necessary eauip-
ment; e) it doee not provide an avenue of escspe as a ssfety

factor for the men.

F) One-Lick Hethod

The One-lick method, also referred to ss the Procres-
sive method, is a system of man-power organization in whioh
“an entire orew of line-construction men moves forwsrd withe
out changing their relative nositions in line" (12). It wss
devised for typical brush fires, but varilationa snd adapta
tisns have been apolied in various locations and fuel types.
This method is diractly the ppposite in prihclple to the
Individusl-aseignment method, no fireman being responsible
for any ons piece of line. The crew is 11neé'up and moves
forward, each mgin contributing a pert to the finished line as
he goes (4). The whole crew moves forward progressively, leas-
ing a finished fire line in 1té wake. No single member of the
crew does a complets Job of fire-line cénstrubtlon, but esch
member performs a single Operation.and.nQves'on quickly, loay-

ing the next man behind to perform another gtrtp in the pros-
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esg, and so on until the l28t msn in the crew hee verformed
the lest sot necessary to comolete thst nortion of the line '
(%). There is no stop in the forward motion. Theileader mereQ
ly msrks the line of progress; the succeeding men with gawe or & xes
open up the line and clean %t out, no man stopping in an at-
tempt to complete an operation, but contributing only as much
as he can without holding up ih’a;.crew (4). The method reauire'e
that the leader be very proficient in lsying out the line, and
very energetic in speeding the work. As men move forward, tﬁey'
do one 1lick of the work, theh advance one or more steps, the
number of steps being contfolled primsrily by the number of
men and@ the consequent proper spascing of licks 1n.order that
the control line may be completed when the lmat man hae passed
over 1t (12). |

The One-1ick methodiis merely an adaptation of mses-
production lndustrial nethode to the fire-suppression job. "The
principle is that a fire line should be buillt about as fast as
a man con advsnce through thick brush, occasionslly hscking
off limbe in hie way, and should be imoroved a little by esch
succeeding man* (77). The emotionsl stimulus which comes from
whythm, continuous forward movement, and feeling of great ac-
complishment, largely contributesi, obtain maximum output of
line-~construction work.

The kind of tools needed, the spacing of men, and the
rapidity of the forward motion depend 6n the number of men in

the crew, the fuel tyve, etc., wheress the kind of tool aseign-
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ed to the members of the crew depends on thelr relative posi-
tion in the line, the axes coming first, followed by the hoes,
then the enag-fellers, the shovels, the torches, etc; One re-
gion of the U', S. Forest Service (9) describes the Cne-1ick
method as made up of standard 25-man crews, including one crew
boss, three straw bosses and twenty-one firemen distributed
into three units and equipped as follows for medium-fuel type:
a) first unit: 5 axes and 2 Pulask}l tools; b) second unit: 1
water bag, U Pulaeki tools, (2nd 2 brush throwers without eéﬁip—
ment); ¢) third units 2 saws, 1 axe and 2 shovels. The prin-
ciples involved ¢en be applied to any size of orew from 5 to
100 ﬁen& Importent features in connection with the use of
.thie method include (L) the class of labor available end the
selection 8f the right tools for the job st hand. Provision
has to be done for burning out: beckfiring, patrolling and‘
mopbing up. ’ o

McReynolde (97) end Cgimpbell (39) revort s signifficant
increase of almost 200 per cent in the amount of fire line
built per man-hour under the One-lick method ar contrasted to
Yhe Sector method or other conventional methods. The advan-
tages of the method may be summnarized as follows (39, 97, 117):
a) a decided increase in speed of line construction per man-
hour; b) s naticeable decrease in the smount of time used in
shifting men; c)»a reduction in the number of accidents caused
by tools, due to the elimination of the crew members pessiné

each other while working; d) there is no opportunity for the
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members of the craw to feel that they yield more than they
receive, and to lean or sit down, every one b=ing lined up
and compelled to keep up with the rest of the crew: f) indi-
vidual training of the crew memovers 18 not 8o important as with
the Individual-assiznment method. ‘

The disadvantsges of the method include (4, 31, 97,
117): a) crews must Le tralned more thorsughly than for some
other method, although revorts (106) indicaste that the method
was used to advantage with untrained civilian fire fighters;
b) 1t 1s difficult to keep the men moving 2nd working at the
same time; e¢) 1t 1s hard on the men. But, the lstter diffi-
culty could be obviated by working in shorter shifte, Indeed,

it 18 believed that Y-hour work is the maximum & crew csn ef=-

ficiently produce by this method (31, 39, 117).

G) Variable-Lick Method

The Variable-lick method (96) is another orogressive
method of menaging men through regimentation t5 obtain maxi-
mum output of control line per man engaged. Its essential
features sre described as follows: a) the entire crew of fire-
men moves forward slong the fire line without changing the
relative position of the men in the 1line; b) a fixed percent-
age of the avallable man power is assigned to a particulsr
Job and 1e equipped for that purpose; c) the spacing of men
within ech unit is a variable which must be kept above & mi-
nimum as a safety measure snd below a maximum for the sake

of efficiency; d) the clearing crew of exmen worke aes indi.
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vidusls in a progreesive line, but not by the Individual-as-

signment method, under the direction of a straw boeas; e) a
Pulegki-tool crew directed by a straw boss scts as an emer-
gency unit which functions in both clesring and digging as
the need arises; f) the digging crew of hazel-hoe men headed
by a straw bose works as a unit, step by step, blow by blow, .
regimented by a‘count spoken sloud which results in a step
forward or a digging blow performed simultaneously by all the
members of the crew.

. Fleld testrshow that the method can be used efficlent-
3¥ with crews ranging from & to 48 men. Every man of a crew
1s a worker contributing his bit to> the finished job. Provi-
siong must be made for bucking out, burning out, backfiring,
oatrolling, holding and mopping up. after completion of the
control 1ine. The varigble-lick method is not applicable to
~the Direct method of attack, but may well be applied with the
Tﬁo-root, Parallel and Indifect methods of control.

The Variable-lick method presents the following adven-
tages: a) the maximum output in the minimum time and with the
lesst affort 18 obtained from the digging crew by using thé
counting system; b) the stimulus and thrill produced by the
feeling of great'accompliahment resulting from cooperative ef-
fort builds up a high morale and zest for the obstacles shead;
¢) the accident rste per man engaged 1s msintsined to a minimum
by the rigid spa®ing.

The dissdventsges of this method sre: a) since it 1s
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a highly technical method, it cannot be successfully used by
inexperienced fire bosses; b) certain people sdapt themselves
father poorly to this method, feeling that their production

18 above the rats of pay received; e) inexperienced crews

soon become leg and tool wesry (which can be obviated by short-
ening the shift duration); 4) the method msy affect seriously

the physical condition of c¢rew members.

H) Man-Pagsing-Man Method

The Man-passing-man method (12) is a system of man-
aging man power on a fire, in which "after completing.a stretch
of clearing or fire-line-construction work, 8 msn pssses by
other men in moving to his next tsgk™®. As compared with the
Indlvidual-essignment and One-lick methods, the Man-passing-
man method provides, in certain 1nffequent buf important si-
tuations, a bgtter chance for a fast retreat, and must, there-
fore, be used as a safety measure.

This method is not designed with any particulsr refer-
ence to the emotional response by the membere of the crew, or
to the speed of line construction. It can be used with less
advanced planning and training than in the case of the Indi-
vidnal-sesignment and One-lick methods, and under certain con-
ditions it must be resosrted to.in clesring with the One-11ck

method..

I) 10- to 15-foot Method
The 10~ to 15-foot method (86) was devised for manag-




ing large crsws of fire fighters for fire-line construction
in tangled hesvy fuels. It differs only slightly from the
One-1ick method. It:was:develdped tp cope with the extremely
heavy fuels encountered in a blowdown ares. The preaence
of tangled heavy fuels made it necessery for the men to work
in vlace end take several 1iégs rather than juet one, and
then to step shead as in the One-lick method. To regulate
the forward speed of the crew, the men were instructed to
work o ntinuously as they vroceeded taking as many licks as
possible, but never getting closer or farther than from 10
to 15 feet to or from the next man. A space of at least 5
feet was thus provided for each man to work intensively
whenever a hold-up prevented ferward progress.

Crews sveraged 135 men, but varied from 90 to 175
men. Varying the size of the crews did not msterially af-
fect the oroduction per man-hour. The largest orews were
approximately constituted as followas: a) 1 fire boss and
1 asetstent; b) 1 head scout and 3 assistants; c) 1 clear-
ing-crew boss, 1 assistant, U straw hoases and 4" firemen
divided into U sections; d) 1 digeing-crew boss, 1 assist-
ant, 5 straw bosses and 5" men distributed gpto 5 units;

e) 1 patrol-snd mop—ﬁp—crew boss, 1 assistant, 3 straw
bosees and 30 men divided into 3 groups; f) 1 communicetisn
boss and 5 men; é) 12 water boys; h) lﬁ time-keepers, clerks,
packers, etc.; 1) total: 175 men. The three éreﬁe (clearing,
digeing and patrol and mop-up) worked individually, the

clearing crew, for example, advancing as fast as it could
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and not wsiting for thedigging crew to keep giace. The mem-
bers of the patrol and mop-up erew served a: dlggers until
each msn w-s assigned to his 3~chein patrol and mop-up best.
The men once on the fire line were spread over a distsnce
varying from 1,200 to 1,80C feet.

" Hulett (86) reports that the aversge time worked on
the line varied froﬁ 4 hours and a half to 5 hours and two
thirds, and that under normal conditions from one third to
one half of a c¢chain of line ver msn-hour, in extremely
hesvy-fuel type, csn be cleared and dug for esch hour the

crews are actually on the job.

J) Procressive Method

The‘Pfoqressive method (U0, 118)‘of line construc-
tion is enother varietion of the One-1lick method. Besigeé
taking advéntage of the merits of the One-1lick me thod witp'
‘reference to the elimination of‘thg time lost by men vDsss-
ing each other in the line, and thé enthugiasm and unity of
effort resulting from the fapid progress. The Progressive
method is claimed to be "superisr to the Cne-lick method in
that men do more- effective work by taking & etance .and com-
pleting a unitvof work, and each man can be held accounta-
blé for A given segment bf line" (40). FEach man ig aesign~;
ed to a.jobkaccording to hie aptitude and ffaining. The
eyétem'ﬁaa Qxberienced on a 40-man crew orgahized‘as fol-

lows (40): a) 1 scout; b) 1 line Yacator; c) 1 cleering-
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squad straw boss and 8 axmen; d) 1 digging- and clearing-squad
straw boss and 10 Pulasgki-tool men; e) 1 digging-squad straw
boss and 10 hoe men; f) 1 backfiring- and line~holding-squad
straw boss and 3 shovel men; g) 2 ssw men, for felling and
‘bucking; h) 1 water man. The crew leader controlled the move-
ment of the squads in such a way as to effect the highest rate
of held-line construction. Each man of the crew was given a
numgber, which he kept throughout the season. The crew occa-
sianally:was split into two units, even-numbered men going

one way and odd-numbered men snother way. This resulted in

a saving of time devoted to wslking, and in sllowing the crew
to start the line st the head of the fire, end to oroceed on
both sides of the hesé towsrd the resr. The disadvantage,
however, wss the difficulty of aiving adequate sucpsrvieion.
Fach man 18 given a segment of line of sbout 15 fget, and,

if one member of the crew éompletes his section before the
men ahesd of him, he and the othere move ub one segment,

there being no passing in the line (118).

Cliff and Anderson (LC) report an average rate of
held-line construction of 1.CU chains per maq-hour by the
Progressive method, as compared %0 a standsrd production of
0.51 chein per mnn-hodr in the North Pacific region of the
U. S. Forest Service. For a three-year period, the sccom~
plishments of this Progressive crew indicste s held-line
production of 0.34 chain ver man-hour, as compared:to 0.07

chain per man-hour for other crews in the ssme region. The
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Progressive method develops among the members of the crew a
nride of thelr work which drives them to unusual accomolish-

ments (118).

K) Progressive-Set-Up Method

The Progressive-set-up method (G, 30) 1s & methoad of
menaging msn power on line construetion, which borrows from
the One-lick method, the 10~ to 15-foot method, the Individu-
al-sssignment method, ané the Progressive mét:hodo The system
differs from the Functionel-crew method in that the entire
crew progresses forward with each member occuvying the same
relative vosftion through the work period. The orinciple 1is thét
each member of a unit has a definite sssignment of work to
sccomplish and will work on this section until it is complet-
ed, or until some other member of ‘the unit finished the work
in his section; then the whole créw moves ahead. Ordinsrily
the crew consists of three 7-man squads with a straw boss 4in
oﬁéfge of each squad, and of one or more saw units ststioned
at the resr of thé crew. The first squsd 1s a clesring unit
sqdipped with axes; the second 1s s loosening unit equipped
with grub hoes; the third 1s a digging unit eculooed with
shovels. The lsat two or three men of the clesring sgusd
may?be equipped ﬁitb‘?pfaskl tools instead qf axes. The'crew
members gpace-thémsélves about 15 feet svart slong the fire
line. Esch man 1is giéen a number -and 1s required to com- ‘
plete the work in his section, unless snother man Sehind,

number 4, for example, has slready completed his section, in
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which esse firemln number 4 snd sll those befsre him move up
to the point where the msn ahead was working, while fireman
number 1 in the squad steps 15 feet forward. *hen, 28 anoihor
- exsmple, firemen number 7 completes his section, then .fire-
man number 7 and 81l those befsre him move 15 more feet for-
ward, except firémsn number 5, who moves 30 feet forward, be-
cause the 15 feet of fire line next to his section had been
completed before by fireman number 4, The straw boss is the’
key to a smpoth working squaed, snd 1t is extremely ‘mportant
that he be slert at all times. |

It is Selieved that the Progressive-set-ub method has
definitely proved noticeably superior to many other methods.
The sdvantages claimed in its fsvor are} a) it speeds up the
1ine production; b) 1t assures a finishes job when the last
men vessed any point; ¢) the output of esch msn is evident at
all times; d) there 1s no opportunity for soldiering or maiin—
gering on the Job; e) it insures adequate safety to the men,

who never pass esch other snd never get close together.

L) Austin-Rotary Method

The Austln-ﬂotary.method (9, 21, 127), sleo referred
to as the Spinning-Firemen method (89), was developed as a
way fo speed up line construction on fast-spreading fires in
light gress fuels. It was devised for knocking down fires
with dirt, sand does not work where mineral soil 1s not readi-
ly available. It has proved very effective for small crews
on ch;at grass fires. It is a orogressive method, eliminating

eny lost motion if properly managed. Four or five men are
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about the maximum that can verform efficledt wOrk on one part
of the line at a time (%3), four being an sdequate number
where digging is not too difficult.

The men are equipped with a shovel, and are organized
88 follows, assuming a four-man grew (9, 21): a) the first
man fills his shovel, stepe close to the fire and whips his
load of 4irt as far as possible up the fire edge, throwing
~ the dirt while moving forward; he then moves ahesd varallel
to the fire edée'about three times the distance covered by
his shovelful of dirt, and sbout one or two steps away from
the fire, loads his shovel sgesin, and stsrts the nrdcedure
all oier sgain; b) the second msn stevs to fhe fire edge.
whers the first man's dirt swath ended, whips his shovelful,
and-moves quickly ahead df the first man; ¢) the third man
releases his shovelful of dirt where the second man's dirt
ewath ended, and follows the same pattern se the first 9ond
second men; d) the fourth man follows behind, shoveling and
extinguishing persistant tufts of mstted grass which wers
not compietely knocked out. Tach man maintains constsnt his
relative position in the crew. The'movement of the crew
gives the appearance of a three-man ﬁheel rollihg uo the edge
of the fire (9, 21), each men rotating clockwise when throw-
ing his shovelful of dirt onto the fire, snd anticlockwise
when stepping aside to £111 his shovel with fresh dirt (39).
When dift is plentiful, & four-man crew-mo?es forward about

es fagt as the men would simply walk.
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M) Torch-and-Flspper ethod

The Torch-and-Flapper method {Q) is an adaptation of
the Cne-~lick method to meet the conditions on grass f1fes. It
is al80 & progressive system in that the entire crew move
forward slong the line with each member maintalning a constant
relative position in the lineup. It 1s particularly valuable
on large grass fires where the Indirect methad of sttack is
applied, but it can be used to excellent advantége with the
Direct, Two-foot or Parallel methods of sttsck. It reoulresd
a crew of 15 men or more distributed ss follows: a) 1 crew
boss; b) 1 line loeator; c¢) 1 torch man, basckfiring the line
selected by the locator: d) 5 flapper men, knocking out the
edge of the backfire on the side opposite from the main fire;
e) 3 Pulaski-tool men, using One-lick tactics in cutting off
etrips .of smoldering fuel left by flspoers; f) 3 shovel men,
shoveling in smoldering matérial; g) 1 weter man; enulpved
with a back—pack can of drinking water, with a hand pump at-
tached, to put out any spot fire beyond the backfire. The
entire crew moves forward continuously, adjusting its speed
on the crew boss, who maintains a central poaifion a few
feet away from the crew.

The advantages of this method are: a) it eliminates

all lost motion, each man working on e§ery stép ahesd; b)
it keeps the whole crew intact for concentration on hot
spots, if necessary; o) it provides an assortmeﬁt of tools

sd justable to meet sll variety of problems on grass fires;
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d) 1t permits the use of backfire to straighten and shoften
the fire line. Its disadvanteges are that: a) flappers be-
come almost useless when the fire gets into c¢liffs, rocks or
heavy fuels; b) there 1s the danger that the backfire "may be
swept sway from the flappers on steep ground, or when flank-

ing around head of fire counter to wind® (9).

FIRE~FIGHTIYG ECUIPMENT

"Efficiency in suppression work devends largely upon
the adequacy and proper distribution of suitable tools and
equipment for the particuler job in hand' (108). Firemen
work effectively only as they sre egquipped vroperly and aé
their equipment 1s meintained 3in a2 serviceable con3ition. Fire-
- suppression equipment. therefore, 1is é subject in which every
man is interested, and one demand&ng careful attention. Tools
and equipment should be resdy for tmmediate use at all times,
and upon return from a fire all should be oromptly recondi-’
tioned, and losses and breakages replaced. !loreover, they
should be inspected périodically to assure their usability.
Care should also be taken to avoild placing tools and other
eéulpment where they would be endangered by the svread of the
fire. .

The distribution and storage of fire-fighting equip-
ment are lafgeiy dependent upon the source of man power, the
transportation facilities, and the relative fire hazerd. Fire-
men travelling in automobiles in roreated'areas are expected

to carry at least a clearing tool, a digging tool, and a back-



pack water can ﬁrovided with a hand pump. Besides, forest
protective organigzations should always have a reserQe supoly
of fire-fighting equipment to meet emerzencies.

The principal items of the fire-fighting equipment
may be classified as follows: a) hand tools; b) watér equip-
ment; ¢) mechanicsl equipment; d) miscellaneous equipment_and

supplies.

A) Hand Tools

"In spite of our developments in the way of mechanic-
al equipment and use of water, fully 30 to 90 per ceni of the
work on fires still has to be accomplished with the humble
hand to;Is” (108). No less important than an adequate force
of well trained men 1s a vroper supply of the right kind of
tools. A wide variety of hand tools has been develoved to
meet all_borts of conditlons on s fire. The objective should
be ts select the tools that will be most serviceable in the
hande of the average crew. It 1s, therefore, adventageous
to have a clear idea of the principal use to which each
tool may be put, and of the conditions under which some other
‘tools may become more effective. Standard tool caches s&re
pfepared which contain en assortment of basic fire-~fighting
tools suited to a wide variety of conditiosns. The selection
»f the right kind of tools for the oarticular fuel tyne 1s an
imoortent feature of fire-control technioue (%), The fuel

type and local customs influence to a great extent the cholce

'
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of thelhand tools. Experience in fire suppression 1s essen-
tial to a proper selection of hand tools. It is very impor-
tsnt st a fire that there be the right number of each tool |
needed to equlp a well-balanced crew for sny methsd of éup—
preesion. The proper condition of the tools 18 slso impor-
‘tant, and, if 8 fire is 1likely to extend beyond the first
work period, arrangements must be made to sharven snd recon-
dition tools which have been dulled-or broken on the job. w
In small crews, esch fireman is usually responsible for his
own tools and their reconditioning.

For seversl years, the shovel, sxe, hoe snd rake, the‘
bssic hand tools developed by msn through centuries of manual
lsbor, were accepted by fire fighters ss they were, wherever
they could be picked up, and little'tnought was given to size,
weight and belance. "But, gredually it became apparent that
more caraful selection was essential to efficient work and
labor conservation. Careful study, design and test have re-
sulted in standards of shape, balance and quality which will
orobably stand for many years to come” (72). Hand tools are
claesified in three classes on the baéis of their used, as
follows: a) clearing tools; b) digging tools; c) besting-out
'and raking toois. But, a wide variety of combinstion tools
have been devised which may serve for the dual ourpose of

clearing snd digeing, dieeging and raking, =tec.

a) Clearing Tools.

The clesring toole (13, 77, 109) include @ wide vs-
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riety of instruments used for bsth cuffting and felling the
materisls in clearing o fire line, The axe, the princioél
clesring tool, 18 one of the most important hand weapon of
the fire fighter. Several tyoves of axes are used ir fire
supnression, such as: a) western-p-ttern double-bitted axe;
b) Young‘sfpattern-dduble-bitted axe; cﬁ cruiser-pettern dou-
ble-bitted axe; A) single-bitted axes; e) belt sinzle-bitted
axe; f) standard fireman's axe; etc. Axes may be obtained
in different veights. Saws msy be important tools in fire
fighting. They also present seversl types, as followse: a)
crosscut saw; b) Swedish buckeaw; ¢) power-driven saw (50),
ete. Other clesring tools include: a) brush hook; b) brush
knife; c¢) Brown tool, or J axe, a combinatlonjof axe snd
brush hook (35);d) Pulaski tool, a lightvcombination of axe
end grub hoe; e) mattock, or cutter mottock, & heavier com-
bination of axe and grub hoe; f) Rich or Couﬁcil.toéi, a
combination of & cutting, digeing and roking tool; g) sledge
hemmer; h) steel or hardwood wedges; 1) snag-toring mechine;(13);

J) Holst tool, & combined cutting and digging tool (1).

b) D;gging,fool

The dieging tools (13, 77, 109), as their nsme im-
plies, are used for dlgging control 1lines 1§ fire supores-
sion. The shovel, the most important digeing tosl, is also
smong the outstsnding iteme of fire-fighting equipment. Only
round-po2int shovels are used, with bath short handles or long

hendles. The long-handled shovel is particul-rly indievensa-
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ble in using dirt as a fire extinguiaher.' Shovels are also
employed for beating out smothering spsrks, spreading and
tending backfires, etc. Hoes are next in importsnce to the
shovel for digging out fire lines. They are obtainable in a
great variety of types, namely: a) grub hoe; b) hazel hoe; o)
dde hoe; d) mattock, or cutter mattock; e) Pulaski.tobl; )
Md‘eod tool, a sturdy combinstion of rake and hoe (46); g)
Kortik tool, another comblnation of rake and hoe; h) Rich dr
Council tool; 1) Koch tool, a combination of shovel and hazel
hoe; }) Holst tool; etc.

Hoes sre also used for cutting weeds shd light brush,
scraping off debris, tesring off the humus, small roots, ete.,
1oosen1ng'the mineral soil, arading the fire lire, etc. Os-
borne (109) ciaims that hoes are the best tools for digging
any fire line located 2 feet or more away from the fire edge'’
The hazel hoe, the &dz hoe and the Pulaski toosl seem to offer

particular sdvantages for digging a fire line.

c¢) Beating-Out snd Raking Tools

The fire swztter (13, 138), a flall designed for beat-
ing out fires in grase-tyoe and other similsr light fuels, has
proved a very effective tool in fire suppression.

Different types of rakes have been devised for use in
fire fighting. They include (13, 77, 179) ¢ a) aephslt rake;
b) Eich or Council tool; c¢) McLeod tool; df steel broom; e)
Kortik tool; f) potato hook;‘g) weed cutter; h) garden rake;

1) rosd rake; J) lawn-comb rgke; etc. They msy be used either
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for raking, pushing or sweeping, and may be useful on vrsc-

tically ell but deep-duff or pest fires (77). They are most-

1y employed for raking up the thin lsyer of grass, 1loosae 11tt‘r
- snd pine needles, to stop or check fires, or for scotter-

ing backfirea(13).

B) Water Ecuipment

As already mentioned, the use of water in forest-fire
fizhting 18 slmost entirely déoendent upon the develspment of
the waber equipment. A wide variety of water-using devices
’have been developed in the last twenty years, which have
greatly improved the methods used in fire agbpreaaion. Tinned>
'steel psils and canvas buckets were among the first wster con-
tainers used‘at a fire} aéd are still employed to a great ex-
tent, especislly where an ample suoply of both wster and man
power 1s aveilable, bucket brigades being organized and water
brought in by hand. Backe-pack water bags or cans of approxi-
mately S-gallon capacity snd provided with hand pumpse sre
standard ecuipment wherever water 1s emoloyed in fire fight-
ing. They furnish s mobile means sof suporession, snd prove
very succegsful in direct ~ttack °nd mop-up work. Hand pumps
ere obtainsble in a wide variety of styles. But, the most
aatisractory seems to be the trombone type dischsrging during
both the dswn and the'up strbke,.and thus ﬂiving off 2 ateadi-
ey stream without tendency to drOp'orf between strokes (109).
The csns and bags sls0 vary considerably in regsrd to shspe,

the best types beéing those which csn be csrried comfortably
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on one's back, leaving his hands free to operste the pump and
direct the water spray where it is most needed. Canvas bags
are advantegeous because of their light weight snd their abil-
ity to collapse in a very small volume, but otherwise the met-
al cans sre on . the whole considered oreferable. |
When an sbundsnt supvly of weter is available near a

fire, portsble power pumos using 13-inch hose have been brought
to carry a strong stream of water on thousands of feet even in
rough country. These portable gas-engine pumps, referred to
a8 vumpers, have been osne of the outstanding developments in
the 1ine of fire suppression. Present~day pumps are proving
dependable for long and continuous eervlcé, and capable of de-~
livering from 35 to UO gallons of water per minute under high
pressure. Reference was already made to the use of power
pumps in relays. The efficiency of these pumps has been egreat-
1y increessed and the weight sporeciably reduced. Buck (36)
claims that one portable power pump 18 worth 75 men at a fire.
Models of various capacities of volume and pressure are now
aveilable for different conditions, very light pumps for rbugh,
inaccessible regions, end hesvier, more powerful units for lo-
cations reached by rosds (20, 108, 109). Portable power oumps
are, indeed, available for use on oractically any fire where
water itsslf is availsble.

) Four types of power pumps have been designed for use
in forest-fire suppression, hamelys a) rotary vumps; b) piston

pumps; ¢) plunger pumpe; d) centrifugsl pumos. Stewsrt (131)
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reports that piston, plunger snd centrifugal pumps »re to be
preferred to rotary ﬁumpe, although the lstter type is highly
efficient and useful where cleasn water is svallable, and is
sdaptable to light-weight units when portability is the de-
sired feature. The same suthor (131) mentions that, except
in the moet isolated and insccessible regions, relisbility
and sturdiness are more desirsble festures than portability.
Some portable power pumps are light enough for back-pscking
(20, 98): others can be carried by two or more men, or by
pack animals. Heévyuduty units may be mounted on trailers
(13, 16, 18), or on a trsctor (13). Fan-belt-driven power
take-off vumpe (13, 20, 56) have been plsced on the market,
"which sre intended to be driven by a V-belt énd sn suxile
iary pulley which is driven by the fan belt of the motor"
(13) of sutomobiles or trucks.

Automobile trucks vrovided with water tanks and pump-
ing apperatus, generally known as tankers, do mést effective
work on fires which csn be reached from roads (13, 47, U8,
56, 59, 92, 100, 11k, 129, 143).  Tank assemblies (14, 51)
have been improvised which are mede up of four common 55-
gallon'oll drums mounted on cradles in series, and which can
be csrried with a power nump—ib a truck or a trsiler. -Water
tanks or water barrels are also mounted on trailers for fire-
fighting uses (13, 16, 134). Lerge railroad-tsnk care usu-
ally. furnished with steam- or gaa-;ngine pumﬁs are common

~equioment in most logging cemps in the Pacific NVorthwest. One






-113-

. of the most outstanding developments in fire fighting has
been the eculipment of trnctors with a water tank, a power
ounp and a hose reel, resulting in a combined trsctor-bull-
dozer-tanker (7“, 03). Stickel (137) describes a brush-break-
er fire truck provided with a water tank and pumping équ1p—
ment. Hend-opersted pumos (13, 16, U5) have been adepted to
replace power pumps on tankers.

There are two types of hose used in connection with
power oumpst a) rubber-lined cotton hose; b) unlined llﬁen
hoee (13, 20, 109). With linen hoses, the vressure and the
volume of water obtained is somewhat reduced on account of
the increased frictlon and seepage loss, but they are much.
1ighter, and, as a result of seepage and swesating, they dd
not burn so readily as rubber-lined hoses, wheun used on burn-
ed-over areas. Hose back-pack sacke (13, 20, 109) are sold
-whiech hold 400 feet of 1}-1nch linen hose, and vermit the
laying out of the hose line a= fast as a man can welk.

Other important developments in connection with the
water eqﬁipment include: a) the use of dry ice as & cressure
medium or source of power for use on » water tenker (52, 53);
b) the equipment used for sinking shal'l.ow‘we.'!.le in pervious
eoilf (13, 18, 131, 132, 133); c) the use of verforst=d 1ron
nozzles about four or five feet long for extinguishing ground
fires by getting the waﬁer doﬁn to the burning pest underneath
the surface (17, 22). | |
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C) Mechanlcs)] Egquipment

Mechanization of the fire-fighting eoutprent has
made a most important contribution to forest protection. The
lsst twenty-flve yeare_have wistnpaeed,the greatest nrogress
in mechanized equipment. The following mechenical devices
have alresdy been mentioned in cbnnection vith the hand tools
ﬁbﬂ the water equipment: a) power-driven saws: b) ansg-boring
machines; ¢) portable poﬂér pumps;'d) heavy~duty power pumps
mounted on trucks, trallers or tractors; e) tank trucks or
tankers; etc. Another mechanlical s2id to forest protaction
was provided by trucks and csrs for the t rsngportation of
men, suppliéa and equipment. Mechanical transport has al-
most completely supplsnted the horse snd the mule in fire-
righting organizations, slthough pack animals are still iery
imoortant earriers in remote areas. This 1ncorporatioh, in
the fire-control gystem, of motor-driven carriers for the
trensportation of men and egquipment has revoiutlonlzed the
‘effectiveness of forést'protection. Thousands of trucks are
nov at the servicé of fire control. They include: a) suppres-
sion-squad trucks compactly srranged for the accomodetion of
the firemen snd their equivment (13); b) as slready referred
to, so-~called tankers carrying firemen, water, puaping appg-
ratus, small tools and supvlies; ¢) lightowoight pick-up
trﬂcki; 4) hesvy-duty stook trucke; e) also mentioned Lefore,
brush-breaker trucks carrying men, water, pump, tools .and

suppliea; f) trailmobiles (115), minlature automobiles with
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a 35~inch tread, adaptéd to operate on treils with a load
canacity of 2,"@ pounds.

The transportation of water and pumping apperatus by
" trsctor-tsnkers has already been referred to. Another devel-
opment in the use of tractors for fire-fighting transporta-~
tion is provided by the trail tractor (41, 81, 115), a light-
weight tractor with a 36- to BO-inch blade and drawing a spe-
cial type of traller of 1l- or 2-ton cspacity. Light, fast-
moving tractore are regularly used in rough roads for fire-
fighting transporgftion.

Other devices developed in connection with mechanic-
/81 trangport for fire-~fighting purposes 1nc1ude.(13): a) trail-
ers for fire-fighting tools and supvlies; b) camp-kitchen
trailers convertible for use as a table; c) horse trsilers; 43)
horee and plow trailers; e) water-barrel trailers; f) pump and
water~barre1'tra11ers; g) water-barrel and back-psck-outfit
tratlers; h) water-tank trailers; 1) hesvy-duty trailers, for
oerrying'tractors, plows,and other heavy equipment; J) tilting-
‘bed trailers especlally designed for transporting trsctors,
trenchers; bulldozers, etc.

Anothef important group of fire-fighting machines in-
clude the verious mechanicel devices for constructing fire |
1ines Withh.power toole. Numerous machines for clearing; digg-
ing or scraping fire lines have been conceived, tested and per-
fected. "Most designs or tryoute utilize the tractor ss the

power unit, which either pushes or oulle some hesvy attachment
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that digs, ripe, knocks over, or shoves aside the material
that must be removed® (72). lReferénce was already made, in
discussing the mechanicsl transport, of: a) tractor-tankers

. {74, 90), o combinstion of tractor, trallbuilder and tanker,
equipped with a front blade for bu1lding fire lines; b) trail
tractors, also eoculpped with a bulldozer and which may be
used for fire-line construction in country which is not too
rough. Tractors with trailbuilder, bulldozer, or brushbuster
attachments have received wide acceptsnce, and have proved
very efficient (75, 116) on the fire line. Yew methoés of:
handling them are continuvally introduced, and the blade at~
tachment snd 1ts uses recelve importent improvements. Bhis
technological development hes given rise to a variegsted ar-
ray of bulldozers, trailbuilders, brushbusters (13), rosd
graders (95), snag-felling mschines (13, 90), etc. Several
types of heavy scrapers, drags; plows, ditchers, and tfencho
ers have been designed for fire-line construction with a
trector. They include several models of tractarudrawn'plowe
(13, 23, a4, 56, 104, 108), or tractor-pushed plows (13, 25),
of etther the rolling-disc typve, the middle-buster type, or
the combined rolling-disc and middle-buster type. Another
tyﬁe of power-driven fire-line-building maohihe, known as the
Boewsrth trencher (3%, 13, 14k), differs considerably from
the other mechanized diggers. "“The frame has the appearance
of a wheelbarrow with tws handles behind and é bicycle wheel

in front. The engine,-mauntedl1n the center, drives & drum
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of small, swifty-whirling hammers which, strikine the ground,
carve out to minerzl soil a shallow trench ebout fourteen
Anches wide" (72).

| As already mentioned in connection with the use of
ernd as fire extinguisher, the Vichigsn Foiest Fire Experi-
ment Station hss developed a power-driven sand-throwing ma-
chine, elso of wheelbarrow type snd operated by one msn do-
ing the work of several firemen.

Wershing (143) mentions the use of a chain mesh and
an asbestos mat, dragged by a rire_truck, for the control of
grass fires in the U. S. Western Plains, the drags being
heuled directly over the fire line, with the truck on the
outside of the fire.

Aircraft has become an important mechanical ald in
forest-fire fighting. Besides helping to discover forest
fires, airplanes are employed more snd more extensively for
fire-Tizhting purposes. They "have bscome 2 mesns of trang-
porting men and supplies with s degree of speed and flexi-
bility oulite unsttainable by any other means" (79).. The
transportation of material to be dropped where needed in
remote locations seems the mejor fiels of usefulness of air-
craft for fire control.. The unloading of supplies and equip-
ment from the air by the use of-looée sacking and cheap and
essily-made parachutes has oroved a&very satiefsctory means
ér delivering goods to firemen on going fires 1in locations
diffieult of sccess (13, 26, 61, 62, 80, 83, 101, 113, 119,
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141, 142). Reporte indicate the successful drospping of such
supplies as hot food, fresh water, canned food, fregh meat,

dr& food, fresh fgjits, butter, pickles snd preserves in glasse
Jars, ecgs, mess equipment, gaaqline snd 011, ehovels, Pulaski
tools, saws, baok-pack cane, radlo sets, portable power pumvs,
etc. Bf the use of this technique, hundreds of thsussnd pounds
of cargo hsve beén delivered to remote fire caamps.

The prseticability of perachuting men to fires was Quc*
cessfully demonstrated (27, 73, 80), and the technique and
equipment have been developed for the safe dropping of firemen
within a few yards from a land mark in isolated, roalless, for-
ested areas. The potentialities of the usé of sircrsft for dl-h
rect stteck on a flre from the sir by means of chemicels or |
sther extinguishers is still in the experimentai atage (71, 72),
slthough the scattering of caustic soda from a plane hss nrov:
ed very successful in flgntlng steppe fires in Russia (28). The
serial scouting of lerge fires has proved very valuable in keép—
ing the grouﬁd forces informed as to the progress 5f the fire,
either by means of the radio, or by dropping aerial victures
from the plane to the fire boss (iU, 72, 80, 99). The suto-
giro, Sue to 1ts ability to land snd take off in very restrict-
ed arese, and ite capacity of hovering et low altitudes and at
a reduced speed, gives promises of grest develobments in the
use of rircraft for fire-fighting purpoesé. It s belleved
that the sirplsne will eventually be recognized a2s a tool for

the suporession of forest fires, which will be conesidered as
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esgential ss the trsctor, the power pump, a2nd even the bsck-
pack can.

The telephone snd the rsdio are two technicsl instru-
ments of great importsnce in fire fichting, in that they ena-
ble the fire bose to keep in touch with the dispatcher, the
lookout men, the fire camp, the division or sector bosses,
the scouts, etc. These devices msy be of vsrticular assist-
ance: a) in helpinz the smokechaser t5 locste 2 fire on the
qround;'by contseting the towermen (87); b in keeping the
dispatcher readlly informed as to the needs 5f msn power,
equipment and suvplies (29); e¢) in coordinsting the work of
the fire boss, the divislon or sector bosses, and the scouts
(29). Reference was already msde of the use of the radio for
communication between the fire boss snd plsnes scbuting large
fires from the alir. The use of the telephone, however, is
1imited to the extent of the wire line, but the rsdio vrovides
a reliable supplehent where telephone communicetion cannnt be
utilized. The development of light portable instruments has
greatly improved the usefulness of the radie for fire-right-
tng purposes (13, 125, 126), snd it is believed that in @
near future radio sets will be tsken slong to any fire and
congidered just as imoortant as the regulsr fire-fighting

equipment.

D) Miecellaneous Fquipment ond Suonlies

The use of sdecuste ecuipment for bsckfirinz is of

prime importence in fire fighting. Skilful thinking and ex-
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perimentstion hsve greatly imnroved the technique of this
method of control through the achievement of rellsble devices
and suiteble tools. Several tyvee 2f liguid-zss torchee have
been cdeveloped using either liquified petroleum gos (13), or
kerosene oil or gasoline (108, 109) under pressure. The best-
known torch, the so-called Hauck torch (108, 109), is ecuipp-
ed with pasck straps and hose, and burns eiiher kerosene oil
or gasoline. But, the most effective device appears to be
the development of g flame thrower using kerosene 2il, saw
o211, or Diesel oil. This instrument conasists in an attach-
ment replacing the nozzle of the trambode~type.pump of 8 §
standard back-pack can (13, 57). The flame-thrower sttech-
ment 1e s tube terminsted by s cheeck velve through which, on
the onressure stroke of the pump, & highly aerated'atream of
the fuel 1s elected across a lighted wicking. Larger and.
more newerful flame throwers using ° power pump have been
devised to oroduce 8 constant stream of an intense flame (58,
112). Other devices used for setting bsckfirees include: a)
fuseg backfiring torches (13); b} fire-starting bombe (13);
¢) gravity-feed torches (57).

The development of lighting ecuipment for night fire-
fighting wdrk mekes it possible to csrry on fire-suppression ‘
sctivities at nizht just as in daytime. Miners' carbide lamos
(13) were first employed, but they are rspidly being repliced
by electric hesdlights (13, 129). These individual electric

hesdlizhts contaln s reflector, two 2-cell batteries snd a 25-
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volt bulb. Csbtorne (108) clsims thst they "ars considered
best for most types of nizht work". A suitsble tyne »f bat-
tery floodlight (13, <4, 77, 83) has been developed which
uges & ragulsr sutomobile hesdlamp mounted on a rod or a tri-
pod. The power is suprclied etther by a standald 6-volt, 13-
plate storsge battery, or by eight 6-volt dry cells. Otﬁer
1ighting devices for night work in fire fighting include (13,
109): a) candle lsnterns msde from tin cens, referred to as
valousgers or bugs (12); b) electric lenterns using 2 twin-
six battery; ©) standard two-cell fleshlichts; d) zasoline
lanterns of the Coleman tyne; etc.

The equipment and supvolies of mejor importsnce for
fire-fighting ovurposes also comprise such items as (13, 109):
a) fire-camp eoulpment, including cooking &nd mess outfits;
b) gripding end sHerpening tools; c¢) subsistence suovlies;

d) medicine kits snd first-asid equipment.

YOPPING UP

An important phase of fire supnression is the mop-up
work, or “"the act of making a -£ire ‘safe after it Ls . ccntrolled, such
as extinzulishing or removing burning materisl 2lone or near
the control 1ine, felling snsgs, etc." (12). After the fire
line hes been constructed snd the advence of the fire stopped,
the next step is ﬁmake i1t vermsnently secure and to out it
out completely. The moopling up should progress along with the

building of the fire line, or, if all the avsilable men are
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needed for line construction, it should be stsrted immediate-
ly following the completion of the control line.

A fire 18 not safe s long se there is snything burn-
ing, and mopping up consists in comnletely extinguishing s1l
fire on a gzone one L0 seversl hundred feet wide salong the in-
side of the control line. The mopoing up is the cohpletion
of the supnression Job, involvine the cleaning up of interior
hazards after the immediste sdvance hse been stopped, and the
fire 1ine hes been completed. "In general, by the time lines
sre comnleted the duff ~nd lieht litter inside the lines will
have burned themselvee osut, leaving only scsattered firea 4in
the hesvier materisl, such se bark, voles, loze =nd ensgs,
The objective of the mop up 1s t2 hasten the going-out peri-
od, or to eliminzte hszsrds until there 1& 1ittle or no pos-
eibility of their causing fires to become estavlished across
the line as = result of creeping fires, olowing spsrks, fall-
inz snegs, rolling materisls, reburns, etc., even under the
most sdvarse condition that mizht arise" (108).
| Moppiﬁg up pertains to 8ll work done slong the con-
trol line to reduce hazard, deaden fire, fell snsgs, complete
the extinction of smolderinz fire; prevent further escepe and
render fire increasingly ssfe. ‘The orsctice 2f mopning up
tncludes not only the extinguishing of fires with water, dirt,
etc., but slso the act of simply making them go out by sevarst-
ing and scstter‘ngz msterials, shoveling away hot embers, burn-

ing out unburned spots batween the control line end the edge
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of the fire, removing enage and other dangerous fusls, etec.
Mopping up, tﬁérerorc, coneists in going aver the area, sys-
tematically felling and suppressing the fire in all buming
snege, snd puttine sut completely all smoldering fires.
Mopping up also involves extinguishing or quietinz down any
burning stumps, loge or other material which may threaten
the f're 1line, 3nd extinguishinz mstertal burﬁing sround the
base of mogs-covered trunks and undef singed, Iow;nénging
branches and reproduction, or rempving the latter material
throuzh lopping snd scattering.

The amount of work to be done for mopping up & fire
depends upon s number of fngtors, ingluding the time of the
day, the fuel ¢ond'tions, the charadter of the fuel, the
quality and width of the fire line, the wind ¥velocity and
weather conditions. Powir pumps an& beck-pack oans with
hand pusps are particularly adapted for mop-up work, and no
opportunity for the use ofithic equipaent should be missed
by the firemen. Yater, 10deed, 1s the quickest, cheapest
and hest quenghing ageat in mop-up work. 9ﬁon earrectly
used, dirt s also en effective wdp-up 2gent faor cooling
down dangersus spots, kanocking S5wn flaszea, ste. Likewise,
cooling down by scetterine the burning fuel is on efficient
mopping-up npractice. .

Iuﬁortont oonsiderations ia connection vith nooﬁ )

ping-up activities msy be sunmarized es follows (4, 9, 12k):

a) 4o not leave partislly-burned ¢lumps of brush sr repro-
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duction close to the fire line; b) separate masses of lsrge
fuel to reduce heat snd dsnger of spotting; c) eliminate all
snags that eould under most adverse conditione throw eparke
or rall over the control 1line; 4) on steep slaopes, turn logs
and chunke so that they lle parallel to the direction of the
slope, to eliminate the danger of rolling; e) feel with hands
for possibly smoldering spote; ) use water wherever possible;
g) employ dirt to reduce heat, retard spotting or smother fire;
h) look far snd dig out burning roats near the control 11ne;‘
1) spread, rather than bury, smoldering fuel that cannot be
put out; }) base the sige of the orew on the condition of the
fire snd the probable rate and direction of epréad of any fire

which might become establiehed across the line.

PATROL

By patrolling a fire is meant "moviag back and forth
over a length of control iine during or after line construc-
tion, to prevent bresake, discover spot fires, and, when times
permits, do mop-up work" (12). No matter %hat method is used,
some fires are apt to befome established across the control
line. Continuous observation ia, therefore, necessary to in-
sure the detecti‘“ and suppreseion of all breaks in the fire
line. All constructed lines should be patrolleq even if this
means the retention of the eniire crew. 8ince patrol also
ihiolves mop-up work, every patrolman shauld be- kept busy
cooling down and putting out the fire, strehgthening the fire

line where needed, looking for the existence of burning or
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snoldering material within sight or blowing distance from
the line, etec. _

Patrol is essential at night jJust as in daytime, but
the intensity of the patrol varies greatly during the 24 hours
of the day, being lightest at night and heaviest in the after-
noon. The size of the patrol crew varies with the length of
the line, the weaéher conditions, etc., and decreases &g the
danger itself decreases.

Patrol is psrticularly important (9, 124): a) imme-
distely fo;lowing the setting of backfires:; b) on steep slopes
where rolling embers are likely to cross the fire line; c¢) to
search for spot fires outside the control line; d) to guard
sgainst bregks where heavy-fuel bosdies are burning inside the
line: e) on lines adjacént to dengerous snags likely to thtow
goarks end set spot'tires.’ Patrol 1§ continued after the
mepping up to assure a check on the adequacy of the mop-up
work, and to add assurance ageinst the vossiblility of faulty
mopping up. On any lsrge fire, where there hes been a big
volume~of'heat or dense smoke, close watch for svot fires
shaquld ﬁe maintained for seversl days up to twd mlles or more
beyond the control line. At least one men should be kept on
patrol for from two to ten days after the last spark of fire
was discovered, depending upon the fuel type snd the proba-

bility of hang-over fires.

AGANDONING THE FIRE

No fire should be abandoned before it is completely
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out. Only after the fire boss has made = fingl, carsful ine-
pection of the control line, and assumed the responsebility
of declearing the fire auf, will men then be released. As

the number of amokes detected decreases, the crew may be grad-
ually leid off. . But, only sfter the lost spark or smoke has
been ssen, and the last vestige of danger has been eliminated,
then the fire boss mey have satiefied himself that the fire
is absolutely safe. Only at this stege the fire should be

completely abandoned.

CONCIUSION

Success in forest-fire fighting 1s dependent uvon the
degree of preparedness, leadershlp and asaressive applicstion
of the best-known methods of fire suppression and men-power
organization. Fire 1s a chemicel action, and a thorough know-
ledge of fire behavior is essential to understand the princi-
rles of the methods used in fire~-fighting technique. Success
in fire fighting also hingee to a considerable extent upon
the rapidit&, accurécy and adequacy in rulrlllihg all the nec-
essary steps from the discovery of the fire to the last spark
or smoke. Then, the application of the right method of st-
tack, the use of the best method of man-ﬁower organization,
-and the employment of the most suitable and adequate equip-
ment for the type of fire and the kind of fuel, are necessary

to reach the standard,ébjectiyes of fire suppression.
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