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REPORT CON PIRE BEHAVICUR STUDIAS IN JARRAH
FUEL  TYPES
DWELLINGUP, VWESTBRN AUSTRALIA,
APRTI, 1GHBG,

Preliminery fire behaviour siudies were carried ous
in a 25 year old Jarrah fuel type during the pericd
7t ~ 10%h April, 10590 WYhis fuel type carries the heavies
guantity of fine fuel per ascre so Tar encountered in Austrgi;a
gnd the 15 e&pefﬂmeﬁta fires burnt D”CViQeQ valuable data cn
the effect of this fuel guantity varisble on fire behaviour
characteristics,

The ftechnigues used in the experimental bukglpg and in the

enalysis of the data were identical to those develoned in similsr
work in the A.C.T. .

The close similarity of the correlations beitween rate of
spread and Weteoro"Ofﬁcal factors in this Jarrah fuel type
compared to relatloﬂsnzns established from a large number of
burnings in evcalypt fuel types in the A.C.T. enabiea an

turapolu ion of the Jarrah dsta %o cover v¢r+ually the entire
range of conditions which might be expected in the Bwellingup

EERALCHZ N

The forwsrd progress, perimeter and sres of fires burning in
varioug heazard classes for varicus time infervals is @iven, Thni
dateay, together with an estimste of rate of line construct ion,
enabled sn estimate to be given of the initial atiack force necded
to control fires in the various hazard classes within certain time
limits. information such as this would form the basis of state of
preparsdness guides,

The flame height and height of leef scorch which may be expected
under various hazard conditions is given, and this information would
enable control burning specifications o be drawn Ul

A5 this 25 year old fuel type is fortunately nob typlecal of the
present day Jarrven bush, experimental studies in say b, 10 and 15
vesr old fuels would he necess ey before complete date could be
furnished on fire behaviour characteristics of the Jarrah forest,

A prediction greaph is provided mhich wild enable a reassonsbly
accurate forecast of hazsrd stick moisturse contents to be made from
meteorological 1ofeca st

s..h
£
¥

Hazard sticks provide a good estimete 0¢ fuel moistufe content
8 climate and their contained use in any system of ©ire danger or
e of spresd rating is strongly recommerde&, It is stressed,however
t the use of wwga VG¢OCth in conjunction with a fire hazard feulnr
essential in order to give the ;1elﬁ Forester s true indication
fire behaviour under 21l conditions.



REPORT BEHAVICUR STUDIES U
IN JARZS TYFES, D#ﬁL?IEGUP,WESiﬁﬂh AUSTRALIA,

L. INTRODUCTION,

During a visit to Ve . 1959, Tacilities
were made available by the boﬁest y Bevurbﬁeng 10 cafrv out scme
preliminary fire behaviour studies in 25 year oid Jarrsh fuel tyoes.

This fuel type carries the lsrgest cuantity of fine fuel per
acre sc Isr encountersd in Australis, and so experimentzsl Tires in
this type orovided some very valusble date as to the efifect of fuel
guantity on rate of spread and genersl fire behaviour characieristics,

¢t
In aGéition, the genersily flat topography and very even Tuel
distribution on the area meke this fuel tyge idezlly suited
experimental studies,

}.J
ey

As was not originally intendsed to carry out eXDer*ﬁextal
burning on this inspection of Fire contrel sctiviities in VWestern
Austrslia, certain eguipmen rmally used in guch studies was not
availsble Conseguently, many measurements normally made on such worxg

<
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O

T
were not tagen. Despifte thesm limitsticns, the small number of Pires
burnt provided excellent dats on rate of spresd in this perticulsr fuel

GO

guantity class. Tsken in iunction with previous work in dry sel 1O$“'11
5y fuel types in the A.C. it was possiblie Io 8th&§01abb

Qata 80 as to cover the range of burning conditions which may be

W e A i

fee g &

AUSLTaLlls.

This is pariticulariy important as it would be physicszlly impossibl
to burn and control experimental fires in such heavy fuel under dangerous

conditions,

the willing cooperation and help afforded me by Tield
of the Dwellingup Division and the facilities made aveilable by
Australiisn Forestry Dep8rtment coniributed lsrgely towards the
achieved in tohis preiiminsry study.

1

REA,

2. LOCATTON OF

All SEDS ings were carried out in Jompt.l
Section. The ﬂeneful 07 7 the zarea and the position of
fires is shown "“ =~ {%. Humbered pegs were placed
point of origin

Fifteen individuel fires were burnt over the Four day periocd,
7th - 10th April, 1959. ‘'he burning time on each fire ranged ffOW 22 to
L8 minutes with an average b&?LlnG pericd of 3 minutes. The Four day
seguence of bhurning fol lig ﬁ ain which fell overnight on i

B A !
April, and provided conditions w*zcn zave some indication of
rainfall in this fusl type, and the eifect of changing synoptic
situations following the more or less normal weexly cycle of pressur

systenms.
b, COHMPOSITION OF TR STAND AND PURL TYPES.

An unevenaged stand of Jarrah conprising old dead topped over-
mabure trees sround 100 -~ 120° in he;”ﬂt S stocked stand of
Jarrsh pole sizes around 25-30 years old and LG~ 9u in height., A
Tairly dense understory of Banksis SDD occurred in patches, with o

o 7
ground cover of Blackboys (Xanthorrhoea spp) and vearious Protesceous
shrubs, Typicsl fuel bWUQS o the experimental area are shown in
3hato¢“uﬁms 1-l. The heaviest fuel concenirstions occur under thne denss
patunes of Seﬁns$ag wiere Bankslia leaves form a high proportion of the
total fuel volume., The biac&gcys burn very fiercely and have a major

‘x’

influence on fire behaviour in this type of Lush. The Dark cherscteristics

e
of Jarrah and the high proportion of dead tops in the over-mature trees
crcatn a very high poter tial for spotting,wn *ch makes experimental
burning in thls fuel fzirly hazardous, even under relstively mild
meteorological conditions,
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¢ by 1lilght rein vassed over +the
area on the e« ril. Burning commenced the following
morning, an inue our days. Temperaturss rose
hradua?lg end fusl mo dropped during the weck, Eonday,
5th April, was z day ire danger, and npumsrcous forest
fires were burning in the Lan undaring area. Conseguently, both
iight end heavy fuels were in a dry condition, angd i
evening of the 6th, ¢id not have any apprecisble e
the full fuel leysr. Another cold front accnlpanie
yieldinr cver 100 podints, passed over the burning

Aopril 10th snd 12th. TFurther burning was impossible
Hondsgy and Tuesdsy, whilst fires would just run on ¥
Verigtions in air tempersture, helative hwmidity an
the burning period is given in Table 1.

Table 1, Heteorologicel Conditions 7-10th Aoril,1959., at
KRenmedy 10, Dwellingup.
Date. Time, &ir Temp., Relstive ind Velocity  Fuel ioisture Fazard
nrs, oF, Humidity. dlrectlom. Content. Stick.HC,
% Wells Tower, Y {open
(Beaufort Scale) exposed),

7.4.59, 1200 69 Bl S L5
1500 67 43 SW L-b
8.L4.59. 1200 6l L7 a3E  2-3
L50C 69,5 57 SWooZ2-3
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2.4.59, 1200 77 h2 S 2 o
1560 3 36 SR 3 . .
10.4.5b%. 1200 82 L3 Wi L « iC,
1500 8y &0 W3 3 . -

Diurnal veristicns in air temperat: vre,relative humidity z2nd fusl
moisture contents are shown in Figure -7. The interesting effect of a
total eclipse of the sun can be seen in Figure 5,

5.

The technigque of meaSJreuVMt and recording on these Pires was
1aeut¢ca* to that developed in vxmpréweptal vurning in the 4.0 Brielly,
the rate of Forward ororres and perimeter svread at 2 minute TPV SLS
throughout the course of each fire is LLX@d by wooden marikers 38
markers are SlJSvGUETtL] surveyed and the perimeter of the fire drawn
for each 2 minute per The rate of forward progress perimeier and
area spread cen then be ca'“ur%uud, qucLW:e;tiy with the progress of the
fire, wind messurements are taken Dy a sensitive % cup snemometer. Sotes
on flame nheight, varying fuel cuantities, spotting, cclour snd direction
of the Smoke column, together with any factor considered significant during
the course of the fire are noied. Erior to the commencement of esch fire,
fuel moisture samples are coliected, and readings of air temperature and
relative humidity teken. Tuel moisture contents were SﬁDS°CuBLuly
determined by oven drying et Dwellingup. Hazerd rod and other meieoro-
logiesl readlrgs taken i 7 also used in the “e“E”al study,
The dets Teesdale fire towers was szlso
noted,

7 ANALYSIS COF A
Individual fire data were anslysed in the same menner as

develicoped Tor similar experimental fires in the A.C.T.  Briefly, the
maAiwuw rate of spread on esch Pire is plotted against né VLLOCitE in the

orest and the average Tuel molisture content during the : ing period.
The number of fires burnt in the 25 year old Jsrran Tusl - pe were in-
sufficient for this type of analysis, gspecially as only = limited “ahbc
of conditions vexe sampled, MOWever; due to the very good rate of spread,
Tuel molisture znd wind weloci Ty correlations established in the 7-15%.
fuel molsiture COﬂtu“t range ant the almost exact parrelism beitwesn the

Jarreh data and relationships established from over 156 experimental
fires burnt in sucalypt rfuel types in the A.C.T. an EYEfEBOLa+’On of the
data tTo cover the " range of conditions which mey be expecied in
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the Jarrash bush was considered reascnsble until such time as furthep
daeta can De cbtained. The rates of spresad Tigures should thus be
accepled as very lLentative, but are oroduced so =8 & give Tfield
persoamel an indicstion of Fire behav1our in this specific fuel itype.
Te extrapolated data has been checked sgainst recorded rates of spresd
of wvarious wildfires in the Swellingup area, and appears to give a
reasongbly good compsrison.

Fire behaviocur information anuear ng in this report musi only
te applied to the heavy Jarrash fuel itype bu for 20 years or mors.
in lighter fuels, the rate of spread, flame heights and height of leaf
scorch would be considerably lower for a given set of metecrological

cenditions,
&  RESULIS.
{2} Rate of Forward Spresd.

ate of forward »rog
n to doubt, Hirstly,
o

(0]
1= l"'

3
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n

A

0ol & o
of 5 miles per hour near the floor of ch
may be expecied in this forest tjuv, aed of
approximalely 25 miles per hour in I of
30~35 occur on an average of twice pe i i st er tates, and
it ie thought such velocities may oo ¥

re coentent of

Secondly, it is sssumed thet a fuel mcl 0 by

is is bagsed on dats

i Dable
I

will De reached under worst possible condiitiocns.
derived from more cpen stands in the 4.C.7., and ¢t
the lowest possible valus of fuel moisture content resched in Jarran
would be around 3%,

The meximum caleculated rate of forward progress at 2%, F.i.0.
wind speed of 25 1 mpr in the open 1s 190 chains yper hour. 4% =
of 3%. and a wind speed of 30 mph. in the open, the calculaied
um rate of forward progress is around 130 chains per hour. The
?er sopears to he a more rbasoeable~f;gureo
The relationship beltween air temperature, relative numidlty
and fuel moisture content 1s shown in PFigure 8, and the relatio cnghilp
between wind velocity in the Torest and in the cpen is shown in Figure 9,

(b) Rate of Perimeter Spread.

FPerimeter spread for varicus ¢
end el molsture content is given in Pigu

i e T
wossible conditions of %4. F,H.C. and 30 moh. wind veloczty, the raue
chalns

of perimeter increase is ““@f@ 1“abeiy 270 chains per hour. It should be
neted that under the same hazard conditiocns, but under near calm
conditions, the rete of perimeter increase is between 520~60 chains per

hour,

{¢} Areas Spread.

A separste analysis of area suread has not been maées buat
the area of small fires up to one or two hours from comnencement can De
readlily calculated from perimeter spread on the basis that %erlhuuer is
that of a circle corresponding with the area,

It is important to recognise the fact that whilst both rats

of Torwerd progress and perimeter spread increase in Girecet proporiion

to the time from commencement of a firs, the ares increases as the sguare
of time in other words, the ares of a Tire at 2 hours from commencemnent
is 4 t;mes tiie area at 1 hour, whilst gt 4 hours from com eﬂﬂﬂmeAu it is

times the area at 2 hours, and 16 itimes the area at 1 nour. Thus, if
burnt srea is %o be kept to a minimum, fast initial attack and prompt
control is fundamental.



(&)  Fleme Heipht and Leight of Lesf Scorch.

Fleme height is almost directlsy related to fuel moisture
content for a given fuel quantity class. The relationshin for 25 year
old Jarrsh fuel is shown in Figure 4. Data on height of leaf scoreh
was insufficient to give a2 clesr out indication, and the scorch height

igures given also in Pipure 4 mey be somewnat high at the higher fuel
moisture contents. It is interesting to note that the two iines nmest
at a height of 12¢ Teet, which is the approximate height of the dominants

in this stand.

such relationships should form the basls of centrol burning
Specifications, and a simple specification could be drawn up which
defines the meteorological conditions under which contrel burning could
De ?arried out 80 as to give a maximun height of leaf scorch of soy i5
feet.

it is Tairly elear that in this heavy fuel type, conitrol
burning could not be carrisd out until after fairly heavy ra&in, when the
lower fuel layer iz too moist to burn. The effect of g moist lower
Litter layver means that the fuel guaentity is reduced from say 15 tons
per acre to around 5-~7 tons,

Fuel quantity plays a very sign
all faciors of Tire veheviour, and fuel »

-~

ificant part in influencing
eduction is, of course, the
o this hesvy fuel, it is
t would cceur st a fuel moisture
content of around 5 per cent. In 1 ghter fuels running at around 6-8 tons
per acre in the A.C.7. crown fire develomment does not ocour until a
molsture content of asround 3.64, is reached, whilst at 2-L tons Der acre,
crown Tire development is virtuelly impossivle.

1

o

basis of most control purning polic
estimated that crown fire developme

iL

£
Lo
3.
£}
i

9. APFLICATION OF THE DATA TC WASTERS AUSTRALIAN HAZARD CLASSIFICATION.

L

Rate of spread figures given in this report relate to the
moisture conitent of fine fuels on the floor of the forest, Thess

moisture contents can be cslculated From & forecast of maximae alr
temperature and relative humidity by reference to Pigure 8, However, as
the use of P. radizta hazard sticks was piloneered in Western Australisg
over 25 years ago, and their use conti%%gg toc this day as a measure of
fire hazard, i1t spoeared desirable to i Tfuel molsture content of
the Tine fuels to the corresponding hazerd sitick moisture content and

hazsrd clasas,
The appr
content and the moi

Teble 2,

Zimate relationship bebween haz
L

zar ick @
ture content of eucalypt lsaf litier is givern ir

n o

TABLE 2, Helagtionship betwsen Hazerd 3tick Moisture Content
and the moist content of eucsliypt litter.
Hazard Classification, Uorresponding Hean
Xange of Fuel FLH.LC.

Dangercus 3,2 - L,2 2.6 - 3,2 3,0

Severe L.2 - 5,3 3.2 - 3,6 3.5

High Summer 5.3 - 6,5 h,1 - 6.5 L,5

verage Swmmer 6.5 - 7.8 5.1 - 8.0 5,0

Moderate 7.8 - 11.0 5.1 = ©,5 &.C

Low 11.0 -~ 16.9 10.8 - 18,0 1.0

Using the fuel moisture conbent corresponding to the mean of esch hazard
class, the forward spread perimeter and srea of Pires at 1, 2 and It hours
from commencement is shown in Table 3,
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The Tigures given in Table 3 disregard the establishment
period of the fire which will very from 6-~20 minutes, vo“seouv“"lyﬁ
actual fire spresd will be sliightly less than that shown by these
Lables,

Using the rate of spread figures given in Table 3, the manpower
reguirements neeQEu to control fires within certein siloweble periods
can be obtained from the Formulas=

N = R + R wWheres: -
20 T

I = the number of men (or fire units) needed to
control the fire,

E = rate of spread in chsins perimeter psr hour.

$ = resistance ito control in chsns per hour.

Tt = elaopsed time, in noufs, from origin to srrivail,
T = elapsed time, in hours, from errival to control.

Before this dispatcher formuls cen Qe gecurately appli
it is necessary to have conerebe values of Y"OU, For the pur:
this report I have estimated certain values oasea partly on th
iimited experimentsl burnings in this fuel type and partly on aoﬁual
line construction figures cbtained in the A.C.T. These estimstes of
HO" for the 25 year old Jarrah fuel ere gilven in Teble L, and should
be accepted with extreme reservation.

TABLE I, Estimate of Rate of time construction by
manual methods in 25 yesyr old Jdarran fuel
type. (Fireline constructed and held in
chains per msnhour ).

Hazard Class. ngd vVelccity (moh!l.

1 2 _5 i 5
Dangerous 2. 2 4 1 L
Severe I i 3 2 1
.l..lJ..gh 6 6 5 é—{- 3
Aversge 8 8 6 5 b
ioderate 10 O 8 6 5
Low 10 10 10 10 &

Using the formuls given above, the assumed values of "CU" and
rates of spread given in Table 3, the initial attsck force needed
to control a fire in one hour, assuming arrival of the gang® one
hour sfter commencement of the Tire, is given in Table 5.

TARLE B, Initial attack force needed to control a fire,

ar 1v1ng onie hour after commencement {number of
men using manual tocls).

Hazard Class. Wing velocity (mph).

1 2 3 i 5
Dangerous 30 38 100 140 190
Severe 11 ib 29 56 152
High 5 7 10 19 3l
Average 3 3 & 10 i8
Hoderate 2 2 3 5 S
Low 1 1 1 2 3




It should be realised that, if mechaﬁioal methods of fire
trail construction are used,the “G“ figure would be much higher
and so the nuxmber of men regulred moula e less,

Simileriy, if initial ettack can be made in 30 minutes from
commencenment of the fire, the pumber of men recuired will zlso be
less, :

vespite any inherent errors in the assumpiions made in the
use of this maﬁyORVr Lor“uLag the relative suporession effort
regulred for a particulsr combination of hazard and wind velocity
will remain sgimilsr, Tables simiiar to the example given should form
the Dasis of opersiiocnal orders simed at ensuring proapt end efficient
suppression of fires. It is obvious thaet st low and modterate Tire
hazerds, an ini t‘ 1 sttack fTorce of one geng can essily suppress flres
within 30 - 60 minutes of arrival. At dangerocus or severe nazards, it
is appasrent that zn initisl sttack force of cne snd even tTwo gerngs
cannot control suech Tires within one hour of arrival, znd the fire Doss
mast realise thaet prompt snd efficient mobilisstiob of cutside forges
will e necessary Ifor control by say sunset or 10 a.m. the next morning.

ey 3
Lo rapie

stimste is given

4Oy

s e
should be possible by fhe ;g;T;fL attack gz &1 nit
may Tail and control a: wld 2 ac:; ved Y 8u ., and situatic
wiere ogulck mobilisal Wy “arcs and mechanical eculpment
will be necessary fo thie next morning.
TARLE 6, Probebility of control of fires in 25

yesr oid Jarrah fTuel.

Hazard Cless. Wind Velocity (mph).
1 P 2 L 5
Dangerocus Y N4 Z & Z
Severe Y Y (¥ Z Z
High % {33 ¥ ¥ (¥
Average X X A Y Y
ifoderate X X X X (X}
Low £ # A X X
Symbels, X = control within 30-60 minutes sfter
arrival, DY inlitisl attack force of 1 gang.
Y = idnitisgl astitsck by 1 gang will fsil,
ITwo gengs or more plus dozen
eguipment needed {or control by sunset.
Z = Guick mobilisslticn of emergency gangs
wius at leasst four vullidozers needed for
control by 10 a.m. the next morning.
{(x) borderline case,

From rate of syread Tigurss and the provsebiliiyv of control
within the limits given in Teble 6 above, an estimate ig made of
the finsl size of the fires in each hezard and wind veloceity class.
These estimates are given on Table 7. Unce agein, even 1F specific
gssumpticons are incorrect, the relgtive final size of eszch fire
should remain in much the same proporiion.
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TABLE 7. Hstimates of final Ffire size (in acres)
assuming the fire starting =2t 1 p.m.

Hazard Llass, Wind Velocity (mph)

5 1 2 3 L )
Dangerous 4Co 8CC 2000 ilelele: 80C0
Bevere 200 Lo 1500 ACO LOCO
High 20 BG 250 600 1000
Average & 15 30 200 HTe)
YWoGerate 3 & 10 20 Lo
Low 1 2 2 8 10

A prediction graph has been prepared which will ensble
field foresters to estimaete hzzard stick molsture content and
so Tire hazard from meteorological forecasts and 7 a.m. hazard
stick readings. This graph and the method of use is shown in
Rigure 10, It has been produced frop a Llimited amount of data
and undoubtedly could be improved., However, it should give 754,
of forecasts to within ¥ 0.5%., m.c. and 95%. of forecasts to
within * 1.0%. m.c.

Hazard stick readings relaste very closely to the fusl

- molsture content of eﬁCalny litter on the flcor of the forest,
and conseqguently, L would ¥ery strongly recommend the continued
use of hazard sticks in any system of Lire danger or rate of
spread index which may Dbe @erlved for ¥est Austrslien conditions,

The inccorporation of wind velceciiy in any such system is,
however, of fundamental importance in order to give Tfield foresters
g reasonably accurate forecast of fire behaviour in s given fusl
type, As wind movement in any high forest is very low, the
necessity for extreme accuracy on the part of the forecaster in
egtimating free air movement becomes less, and Little practical
grror is invelved between a forecast of say 20 and 25 knots or 25
and 30 knots. The necessity for an sccurate forecast of wind
direction and winé changes ig, however, essentisl for the plamming
of successiul Tire suppression tactics. ALl estimetes of rate of
spread must, of necessity, sssume a constant wind dirsction, nd
will be grossiy underestimated if & sudden wind charnge iszkes the
whole fece of & fire gwaey in & new direction,

" Conclusion,

Rates of spread and variousg Tire behaviour characterisiics
have been given for the heaviest type of Jarran fuel, together
with estimstes of manpower reguirements, and final fire sizes which
may reasonably be sexpected.

The fuel is, however, not typical of the Jarrsh bush, and
further work 1ls necessary botb in this fuel type and in lower
fuel guantity classes before an overall picture cof Iire Denaviour
in Jarrah can be zssessed,

_ ¥ire behaviour studies in say four fuel gusntity classes
representing 5,10, 15 and 20-25 year old fuel should give data
sufficient tc cover the full range of fuel and meteorological
conditions which would be experienced by the field foresi&r and,
enagble practical operational orders and control burning
specifiications to be drawn up for 8ll combinations of fuel types,



I am convineced that work of this nsiture would be of
gredt help to the field forester, and should enable him to
improve sn already extremely efficient fire suppression and
control burning organisation. With the help of reletionships
already established from a large number of experimental fires
in similar eucalypt fuels in the A.C.T., it should not be
necessary to carry cut more than 30 -~ 4O experimental burnings
in each fuel guantity class in order to access the fire
behavicur characteristics of the complete range of fuel itypes
“in the Jarrsh bush.

In coneclusion, I would like to eXpress my sppreciation
to Hessrs, Beggs, Rutherford, Vaen Hoort, Hatch and Smart
of the Vest Ausitralisn Forestry Department for their enthusiasstic
nelp in carrying ocult ithe experimentasl burns and for advice given
‘Guring the analysis of the data presented in this repori.

(A.G. Hchrthur)
Senior Foregstry Officer.
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 FIRE BEHAVIOUR STUDIES IN JARRAH

LOCATION OF EXPERIMENTAL BURNS

(A) GENERAL LOCATION PLAN
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(B) POSITION OF INDIVIDUAL FIRES
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- (1). Overmature Jarrah bush with a high
proportion of dead ftops.

{(2). 25 year old Jarrsh fuel type.Banksia leaves
contrivute greatly towards the heavy build up of
fuel.

25 year old Jarrah fuel type.
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