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ABSTRACT 
Fire, weather, and dispatch data from the Whitecourt Forest, 

1961-1969, provided the basis for developing an intital attack simulation 
model. A study team from the Alberta Forest Service, the Northern Forest 
Research Centre, and the University of Alberta collectively designed the 
model, extcacted data, and analyzed results during workshop sessions. 

Six suppression methods used for initial attack in Alberta were 
run against 485 actual fires, and success and associate d costs were tabu­
lated. Thirteen four-man handcrews, the normal complement in the Whitecourt 
Forest, were 64% successful, a 204 B helitanker was 59% successful, an amphibi­
ous P BY- Canso was 5 2% successful, a B- 26 was 46% successful, a land-based 
P BY-Canso was 30% successful, and a 206B helitanker was 18% successful. 
Expenditures are summarized for each method. 

RESUME 
On a elabore un modele de simulation de lutte initiale contre Ie 

feu, fonde sur des donnees relatives aux incendies, aux conditions atmos­
pheriques et provenant de depeches de la foret Whitecourt pour les annees 
1961 a 1969. Un groupe d'etude conjointement forme par l'Alberta Forest 
Service, Ie Centre de recherches forestieres du Nord et l'Universite de 
l'Alberta a con�u Ie modele, extrait des donnees et analyse les resultats 
au cours de session de travail. 

On a utilise six methods de lutte initiale en Alberta contre 485 
incendies reels et les succes obtenus, de meme que les couts y relatifs sont 
presentes sous forme de tableaux. Treize equipes de quatre hommes chacune 
(utilisant des methodes manuelles), soit l'effectif complementaire normal 

pour la foret de Whitecourt, ont obtenu un succes de 6 4%; un helicoptere 204 B 
a reservoirs a obtenu 59% de succes; un appareil amphibie P BY-Canso a reussi 
dans une proportion de 5 2%; un B- 26 obtenu 46% de succes; un avion ordinaire 
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P BY-Cans o en a obtenu 30% et enf in un hel i c o ptere 206 B a reserv o irs a reuss i 
dans une pr o p ort i on de 18%. L'art icle resume les depenses inherentes a 
chacune des meth odes em ployees. 
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INTRODUCTION 
. 

Efficient and vigorous initial attack operations, which min-
imize damage and sup�ression expenditures, are the aim of all fire 
control organizations. Planning for improved initial attack requires 
current information relating complex suppression methods to economic 
guidelines. 

A co-operative study was designed and implemented by the 
Northern Forest Research Centre ( N FRC) and the Alberta Forest Service 
(A FS) to provide basic information for future initial attack strategy. 
A study team was organized to represent A FS headquarters and field 
personnel, N FRC, and computer expertise from the University of Alberta; 
and their objective was to utilize computer technology and simulation 
modelling to systematically assess the performance and economics of 
selected suppression methods. The team collectively designed and devel­
oped a simulation model and analyzed computer runs during workshop 
sessions. Statistics from a large population of fires in the Whitecourt 
Forest were used as inputs for the model to test the performance of 
handcrews, airtankers, and helitankers. 

The study developed in well-defined steps to ensure the full 
involvement of research and operational personnel. Initial workshop 
sessions dealt with the philosophy and written policy of the initial 
attack operation in Alberta, the role of research in traditional opera­
tional problem areas, and finally, the objectives of this study. Many 
early workshop sessions were informal and unstructured to allow open 
discussion among field, headquarters, and research representatives. 
These initial forums established a solid line of communication among 
the agencies and disciplines involved, and the dividends were reaped in 
later technical sessions. 

Simulation modelling is often used to duplicate a "real world" 
system which is either too complex or unwieldy to feaSibly study by more 
traditional means. The performance of initial attack forces is one such 
case. Fire control staff cannot afford to experiment with alternative attack 
strategies while fires potentially threaten lives and commercial resources. 



The simulation technique provides a means of testing and refining 
resource performance without associated 'risk; however, there are 
acknowledged constraints. 

This model does not attempt to optimize the allocation of 
resources in individual or multiple fire situations. It will act as 
a decision-making aid for operational planning functions at the head­
quarters level. The principal output is information on the fire-line­
building capabilities of six initial attack methods for five regional 
fuel types over a range of fire spread rates. Fuel and fire parameters 
are fixed, while fire-line productivity rates, dispatch times, and 
operational costs vary according to the attack system. 

METHODS 

DATA  SOUR C E  

The Study Area 

The Whitecourt Forest is situated in Central Alberta at the 
southern extreme of the Boreal Forest Region (Rowe 197 2). The district 
is approximately 160 x 240 km and averages 8 7  fires per year (Miyagawa 
1974). It was selected for this study on the basis of its representa­
tiveness of other forests, its suitability to the common initial attack 
methods, and the availability of data. 

Almost the entire eastern boundary fronts the agricultural 
zone and is accessible by road, while a dense network of gas- and oil-
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well roads exists in the interior. Water sources for amphibious air­
tankers and helitankers are adequate and the forest is serviced by major 
airtanker bases at Edson, Whitecourt, and Fox Creek. Figure 1 identifies 
the handcrew, airtanker, and helitanker bases used in the simulation model. 

Weather 
Records from 14 weather stations within and adjacent to the 

Whitecourt Forest Boundary ( Fig. 1) provided weather readings for May to 
September, 196 1-69. Years 196 1-65 required manual extraction from station 
records while years 1966-69 were available on magnetic tape. The l 200-h 
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observations of temperature, relative humidity, wind velocity, and 
precipitation were used t:) calculate the' Fire Weather Index ( F W I) 
(Anon. 1970; Van Wagner 1974) for each day of the 10-yr period. 

Days with one or more fires were then referenced back to the weather 
tape and the Initial Spread Index ( lS I) (a component of the Fire 
Weather Index Tables derived from wind and fine fuel moisture) as a 
Eeans of estimating fire spread rates. ( A  more complete discussion 
of fire spread is given under Fire Growth Model.) 

" Fires 
A total of 775 fires was recorded through the Whitecourt 

office during 196 1-69, with 599 of these occurring between May and 
September. The 1 14 fires located in the agricultural zone were 
excluded, leaving 485 as the basis of this study. Location, start 
�ime, detection time, slope, aspect, and fuel type were documented 
Ior each of the 485 fires. 

Fire occurrence is illustrated in Fig. 2 for the 10-yr 
�eriod in the Whitecourt Forest. Fires were well distributed geo­
graphically, providing a good range of travel distances from handcrew, 
airtanker, and helitanker bases. The lack of fires in the southern 
extreme of the forest was a result of an interim boundary change. 

'RESOUR CES 
Initial attack resources common to the central and northern 

�orest districts in Alberta include handcrews , airtankers, and heli­
tankers. Handcrews are normally available in all forests throughout 
�he fire season and contract aircraft are rotated according to fire 
�nazard. In this study 1 3  four-man crews were assumed to be the typical 
�nning level in the Whitecourt Forest. It is normal procedure to com­
�ine aircraft and men during initial attack; however, the first model 
run was designed to assess performance of available manpower in the 
�orest relative to a basic aircraft unit. The model is currently being 
£xpanded to consider operational combinations of men and aircraft. 

The initial attack period was defined as the interval between 
�irst suppression contact and 10:00 a.m. the following day for all 
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suppression methods. A method was successful if fire line built exceeded 
fire perimeter during the initial attack' period. 

The individual methods are discussed in detail below: 

Handcrews 
Seven dispatch centers were used as initial attack crew bases 

in the Whitecourt Forest. Field staff involved in the study calculated 
ground travel times and distances to each fire for the closest and 
second closest dispatch center, using existing roadways and trails. The 
seven dispatch centers are: 

No. of Crews 

1- Judy Creek 5 
2. Cold Creek 3 
3. Whitecourt 1 
4. Ft. Assiniboine 1 
5. Fox Creek 1 
6. Lodgepole 1 
7. Edson 1 

Dispatch rules listed below were developed by experienced' field 
staff familiar with the Whitecourt district: 

(1) The five standby centers were to be used as realis­
tically as possible, i.e., crew nearest to fire 
dispatched automatically unless it had been committed 
to an earlier fire for more than 8 h. 

(2) Crews would work continuously until 10:00 a.m. the 
next day. 

(3) If all crews were committed to fires, new starts were 
not considered lost until 10:00 a.m. the next day, 
since returning crews would be reassigned if they 
had worked less than 8 h. 

Handcrew production rates used in the model were derived from 
experienced field personnel estimates and recent data from Study NOR-128, 
on file at N FR C. These rates reflect optimum production conditions and 
consist of the scratch line and hot spotting technique and the trenching 
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technique, which arc c omm only c omb ined during thl' initial attack period. 

Average pr oducti on f or the first h our is .listed in Table 1. After the 
first h our a reducti on of 10% per h our was a p plied u p  t o  the fifteenth 
h our, when pr oducti on was assumed t o  be a c onstant 2 3% of the first h our. 

Helitankers 
Five crew centers were designated as helic o pter bases f or the 

204 B and 206 Jet Ranger with 1067- and 409-l buckets res pectively. Water 
s ources were identified f or all fires in the 10-yr peri od, and once the 
helic o pter was dis patched it w orked directly frum the water s ource t o  
the fire, returning only fur fuel and night overlays at the nearest base. 
O perati onal data f or the tw o helico�ters are given in Table 2. Airdr o p  
patterns fr om Grigel et al. ( 1974) were m odified f or the five fuel types using 
an ap plicati on level of 1.80 mm of water (equivalent t o  1.00 mm of 

long-term retardant) as an effective fire-line criteri on ( Pers onal 
c ommunicati on, R. Newstead and R. Liesk ovsky) ( Table 1). 

Helic o pter bases are: 
Whitec ourt 
F ox Creek 
C old Creek 
Judy Creek 
Ft. Assinib oine 

Airtankers 
The Whitec ourt, Eds on, and F ox Creek airstri ps were used as 

dis patch bases f or the airtankers loading long-term retardant. The P BY 
Cans o w orked as a land-based tanker fr om the three bases and, in a 
separate run, as an am phibi ous tanker fr om nine lakes. In the land-based 
o perati ons tanker loads were adjusted below actual ca pacity based on field 
ex perience. O perati onal data f or the airtankers are given in Table 2. 

Cruise s peed, endurance, and dis patch and refuel times are fr om 
AFS field pers onnel and Simard and F orster ( 197 2). Flying rates and 
retardant prices are 1974 figures and accuracy percentages are fr om the 
NFRC. Dr o p  patterns are m odified fr om Grigel ( 197 2) and un published data 
at the NFRC. 
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Table 1. Fire-line pr oduct i on rates by fuel typ� 

i'u",l type 

Su p press i on meth od S pruce P ine Hard w o odl Muskeg Slash 

Handcrew metres/m inute 2.0 2.5 2.8 0.6 0.6 
(4 men) 

B- 262 metres/dr o p  2 2. 3  20.0 3 3.5 26.6 49.7 

P BY Cans o2 metres/dr o p  18.0 16.0 26.9 20.8 3 3. 3  
-land based 

P BY Cans o3 metres/dr o p  20.0 17.8 30.0 2 3.1 37.1 
-am phibi ous 

206 B3 metres/dr o p  1.0 1.0 1. 2 1. 2 3.0 

204 B3 metres/dr o p  7.6 6.4 8.9 8.1 20. 3 

S pr ing or fall c ond it i on assumed 

2 1.0 mm a p pl icati on level--long-term retardant 

3 1.8 mm ap plication level--water 



Cruise s peed 

Table 2. O perati onal data f or fixed and r otary wing aircraft 
based on estimated use in the Whitec ourt F orest 

Aircraft 

P BY Cans o P BY Cans o 
B- 26 -land based -am phibi ous 20 4B  

km/h 17 4 90 90 65 

Endurance all owed in m odel h 3 10 10 2 

Retardant/water ca pacity 45 46 36 37 36 37 1068 

Actual l oad all owed 36 37 3182 36 37 1068 
in model 

Accuracy (%) 75 80 80 100 

Dis patch time (min) 30 30 30 15 

Flying rate $ 200/h + $180/h + $180/h + $6 40/h + 
$750/day $750/day $750/day $9 20/day 

Retardant c ost on $/9.- 0.165 0.165 
b oard air tanker 

Refuel time (min) 8 8 8 5 

206 B 

65 

2 

409 

409 

100 

15 

$ 300/h + 
$900/day 

5 



FIRE GROWTH MODEL 

No mathematical model exists that is ca pable of du plicating 
the exact growth of �ildland fires. Wildfires do, however, follow 
general geometric sha pes, one of the most common being an eli pse. An 
eli ptical fire growth model (Van Wagner 1968a) was used in this study 
to provide the dynamics of fire growth from discovery time to control 
time or 10:00 a.m. the day following detection. Perimeter and area 
could be readily calculated from headfire and backfire s pread rates 
for any given day of the fire season. Available fire behavior data 
(Van Wagner 1968b; Telitsyn 1969; Quintilio 197 2; Lawson 197 3; Kiil 

1975) and the collective judgment of the study team were used to 
develo p headfire s pread rates and pro portional flank and rear s pread 
rates. The headfire s pread tables were derived for five fuel ty pes 
( A p pendix I) as a function of the lS I. 

The basic s pread figures were subsequently adjusted for each 
fire to account for slo pe, aspect, and the diurnal change of fine fuel 
moisture ( A ppendix I I). Headfire s pread rates (Vi) are read from 

I (I 

A p pendix I using a p pro priate fuel ty pe, wind, and fine fuel moisture, 
while backfire ( Ui) and flankfire rates are read from fuel ty pe and fine 
fuel moisture along the 0.0 wind row. 

Fire growth for a time increment is illustrated in Fig. 3 and 
the formulae for area ( A) and perimeter ( P) are given below: 

A = 7T (X + Y) Z ....................................... (1) 
2 

P = 7f (X + y + Z) (1 + !:!2) • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ( 2) 
2 4 

where M = (X + y Z) 
2 ................................ ( 3) 

(X + y + Z) 
2 

X is distance that the headfire has advanced from the 
starting point 

Y is distance that the backfire has advanced from the 
starting point 
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FIG. 3. ELLIPTICAL FIRE GROWTH FOR TIME PERIOD 6t 
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/, i�; di.L;l;IIW(· til;lt [ltv fl;lnkfirl' IlilS aJV<lI1l'l'J from till' 
starling point. 

Fire gr owth pri or to  c ontact by initial attack forces was cal­
culated h ourly. Gr owth after c ontact was calculated for 6t increments 
acc ord ing t o  the t im ing of su p press i on o perat i ons us ing the f ollow ing 
f ormulae s pec if ic t o  the kth t ime increment: 

X + V i  M k-l ( 4) 

Xk_l + V i  6t . . . . . . . . . . . . . . . :' . . . . . . . . . . . . . . . . . . . . . . . .  . (5) 

Zk Yk if \ < 4 Yk . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . .  (6) 

Zk . 2 5 � if Xk > 4 Y k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (7 ) 

The t ime increment 6t is .1 h f or hand crews and the length of 
one cycle (t otal t ime f or one dr o p) f or a ircraft. 

were 
Area and per imeter as influenced by the su p press i on o perat i on 

calculated us ing the f oll ow ing f ormulae: 

Ck � Ck_ 1 + L -( ��= �) ] ( P  k - P k-l) . . . . . . . . . . . . . . . . . . .  (8 ) 

Sk_ 1 + C -( ::=� ) J ('\ - '\- 1) . . . . . • . • . . . . . . . . • . •  (9) 

Fk = Fk_l + Lk . . . • . . . • . • . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . .  ( 10) 

Where Pk = Theoret ical per imeter of the f ire at the end 
of the kth t ime increment if there were no  
in it ial attack 

� Theoret ical area of the f ire at the end of the 
kth t ime increment if there were no  in it ial 
attack 

Ck Actual per imeter of the f ire ( includ ing f ire 
l ine) at the end of the kth t ime increment 

Sk Actual area of the f ire at the end of the kth 
t ime increment 

Lk F ire l ine c onstructed dur ing t ime increment k 



Fk T otal fire line c onstructed at the end of 

the increm;�nt k. 

It was rec ognized that when the fire line c onstructed by initial 
attack f orces was much less than the gr owth in perimeter of the fire there 
w ould be substantial losses in the am ount of effective fire line. In 
these cases fire advancement was assumed t o  f ollow the classical fire 
gr owth m odel even th ough fire c ould well burn ar ound the ends of line pre­
vi ously c onstructed. 

One further adjustment was made t o  the fire gr owth m odel as a 
result of initial attack. When the fire line exceeded 40% of the t otal 
perimeter of the fire it was assumed that the headfire s pread was st o p ped 
(i.e., Vi = 0). Subsequent gr owth was then a functi on of flank and rear 

s pread rates. Flank s pread was, at that time, equated t o  rear s pread. 

S I MULAT ION MOD E L  
Simulation exercises can be b oth time-c onsuming and ex pensive and 

there are inherently many o p p ortunities t o  deviate fr om the "real w orld". 
The task of the m odeller is theref ore t o  strike a balance between the c om­
plex realities of a pr oblem and a s oluti on t o  that pr oblem, and results 
must be inter preted in light of the philos o phy and in put of the particular 
m odel. A general a p pr oach t o  develo ping a simulati on m odel is illustrated 
in Fig. 4 by Dent and Anders on (1971). 

The c once pt of w orksh o p  m odelling is described by H olling et al. 
(1971), and this a p pr oach was ad o pted as the best meth od of develo ping an 

initial attack simulati on m odel that w ould satisfy b oth research and field 
pers onnel. 
pr o p osal. 

A study team was therefore assigned at the ince pti on of the 
Tw o A FS Fire C ontrol Officers pr ovided firsthand kn owledge of 

the Whitec ourt F orest o perati on, tw o A FS o perati ons and planning pers onnel add­
ed the pers pective and f oresight of the headquarters level, and a research 
team assembled the data and built the m odel. Detailed w ork was c ontributed 
independently by team members but the pr oblems of simulating a large c om-
plex system were dealt with in w orksh o p  sessi ons. The central objective 
thr ough out the exercise was t o  simplify en ough t o  ex pedite the pr ogramming, 
yet maintain relevance in critical areas. 
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The initial attack m odel f or this study was pr ogrammed under 
c ontract by the sec ond auth or and run at the University of Alberta. The 
m odel c onsists of tw o c om puter pr ograms which were written in m oduler 
styles i.e., the maj or ste ps in the pr ocedure were defined as pr ogram 
m odules or subroutines and these were linked t ogether using an executive 
pr ogram. Fl ow charts of the executive pr ograms of the m odel are sh own 
in Fig. 5. The present m odel uses hist orical data but pr ovisi on has been 
made in the c om puter pr ograms f or future use of pr obability functi ons t o  
generate weather and fires. A descri pti on of the m odel variables is given 
in A ppendix I I I. 

The first c om puter pr ogram, used only once in the pr oject, devel­
o ped a weather ta pe which describes tire weather data f or 14 weather l oca­
ti ons. The subr outines in this pr ogram perf orm the f oll o wing ste ps: 

a) Reading int o the c om puter the descri pti on of the 
weather stati ons and tables f or FW I  calculati ons 

b) Daily calculati ons f or the f oll owing: 
i) Reading int o the c om puter the weather observa­

ti ons f or one day f or each weather stati on 
ii) Calculating the FW I  parameters f or each of the 

14 stati ons 
iii) Writing a record of all weather data f or the 

14 stati ons f or that day on c om puter ta pe f or 
use by the next pr ogram. 

The sec ond pr ogram was used t o  gr ow each fire and t o  simulate the 
o perati on of the initial attack f orces, and the ste ps in the pr ogram were 

a) Reading int o the c om puter the descri pti on of the 
tactical res ources and fire c ontrol ca pability 

b) Daily calculati ons f or the f oll owing: 
i) Reading int o the c om puter the fire weather f or 

that day (from pr ogram I) 
ii) Reading int o the c om puter a descri pti on of the 

fires f or the day (u p t o  30) 
iii) Calculati on of fire gro wth until detecti on f or 

each fire 



Fig. 5 fl otvchart of Executive Program ior llliti:tl ,\tLll'k SlUlltl.lt"l". 

Phase I. Gene':2.t(� Daily fire Heather Tape. 

Initial 

H odel Setu p 

Seas on 

Seas on start 
data 

Weather 

Daily Weather 
Calculati ons 

Reads the inf ormati on f or calculati on 
of fire weather fr om cards 

Reads the beginning fire weather f or 
each year 

Reads one day's weather data f or all 
weather stati ons and calculates the 
fire weather data for each stati on. 
Then the fire weather f or all stati ons 
f or the day is written on a ta pe f or 
Phase II. 



Initial 

H odel Setup 

Seas on 

Seas on start 
data 

lveather 

Daily fire 
�veather 

Fires 

Daily f ires 

Attack 

Da ily in it ial 
attack 

Tabulate 

Gather 
statist ics 

Pr int Seas on 

Print Seas on 
stat ist ics 

-

-

I 1 

Reads the basic data on water 
s ources, land descri pt ion, etc. 

Reads the starting fire weather 
and tactic res ources f or the 
seas on 

Reads the daily f ire weather f or 
all stat i ons created in Phase I 

Reads the new fires for the day 
and adds them t o  the list o f  f i  res 
attacked 

Calculates the pr ogress of init ial 
attack f or one day 

Tabulates the results of one days 
initial attack eff orts 

Print S imulation � yes 
End? �a-__ � ____ ��� Print s imulati on St o p  

stat istics 



iv) Calculati on of the im pact of fire c ontr ol 
eff orts thr ough the day' on each fire 

v) Accumulati on of statistics f or fires that 
have reached a terminal p oint during the 
day (i.e. c ontr olled or the end of the 
initial attack peri od) 

c) Seas onal calculati ons f or: 
i) Printing tables summarizing the results of 

initial attack eff orts f or the seas on 
ii) Accumulating statistics on the initial 

attack eff orts f or the t otal simulation 
run 
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d) Printing tables summarizing the results of initial attack 
systems 

The variety of initial attack tactics required that several subr outines be 
altered f or analysis of each tactic. 

The m odel was pr ogrammed using FO R T R A N. The sequence of the m odel 
was c onceived by regarding initial attack as a waiting line pr ocess. Dis­
c overy of fire placed it int o the waiting line where it increased in size 
acc ording t o  the fire gr owth m odel and the fuel and weather parameters. An 
initial attack meth od was dis patched t o  the fire and began fire-line c on­
structi on. Fire gr owth and accumulated fire line built were calculated 
iteratively (i.e. in time-unit increments which varied de pending on tactic) 
until the fire line built equaled or exceeded fire perimeter or until 
10:00 a.m. on the day f oll owing detecti on. The fire than left the system 
as either c ontr olled or unc ontr olled with the statistics f or the fire merged 
with the statistics describing the perf ormance of the initial attack tactic. 
In multi ple-fire situati ons, s ome fires might be l ost (n ot attacked) because 
of a lack of res ources. These fires were tabulated as n ot attacked and the 
rati o of fires attacked t o  t otal fires is one measure of the perf ormance of 
each tactic. F or all systems, perf ormance statistics are summarized by sea­
s on and f or the c om plete lQ-yr peri od. 



RESULTS 

A t otal of 485 fires was availah:� f or attack by 
the six suppressi on meth ods. Fires actually attacked ranged from 
317 by the 206 B helitanker t o  447 by the 1 3  handcrews. Handcrews 
attacked 447 fires and successfully c ontr olled 287 (64%). The 
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204 B helitanker attacked 36 2 fires and c ontr olled 21 3 (59%), which 
was the highest perf ormance figure f or aircraft. The 206 B helitanker 
attacked 317 fires but contr olled only 56 (18%), which was the w orst 
perf ormance figure f or aircraft. The P BY-Cans o l oading water fr om 
lakes was 5 2% successful; the B- 26 and P BY Cans o, l oading l ong-term 
retardant fr om airstrip bases, were 46% and 30% successful, respectively. 

Table 3 summarizes perf ormance and ass ociated �xpenditures 
f or the six suppressi on meth ods. T otal c osts include a fixed sum f or 
c ontracting res ources plus a variable c ost calculated f or each fire. 
The land-based B- 26 and P BY-Cans o dr opping l ong-term retardant had the 
highest t otal c osts, since the variable c ost of l ong-term retardant 
c ontributes significantly t o  the t otal. The l owest t otal c osts were 
th ose of the amphibi ous P BY-Cans o. 

Figures 6 to 11 illustrate the perf ormance of each 
suppressi on method by fuel type and lS I. Fire incidence is n ormally 
distributed ar ound the m oderate values of lS I, with decreasing fire 
occurrence at l ower and higher levels. Blanks in the hist ograms 
indicate n o  fires attacked in that particular lS I categ ory. The increase 
of unc ontr olled fires at higher lS I's is evident in all six graphs. 

Slash fuels are ass ociated with the highest fires spread rates 
and hence with the greatest number of escape fires. Aircraft dr op 
lengths are l ongest in the open slash fuel; h owever, the high fire 
spread rates outdistance fire-line pr oducti on m ore often than in any 
other fuel type. 



Suppressi on 
meth od 

.+ + ._" 

Handcrews 

204 B 

P BY Cans o 
- amphibious 

B- 26 

P BY Cans o 
- land 

206 B 

T otal N o. N o. of fires 
of fires attacked 

485 447 

485 36 2 

485 3 24 

485 3 2 3  

485 354 

485 3 17 

Table 3. Summary of simulati on results 

N o. of fires Fires c ontr olled Fires c ontr olled 
c ontr olled 

Fire t otals Fires attacked 

287 59% 64% 

2 1 3  44% 59% 

169 35% 52% 

148 3 1% 46% 

106 2 2% 30% 

56 1 2% 18% 

Expenditures 
1-----

Total C ost/ T otal Cost/No. o f  
C ost No. o f  fires fires 

attacked 

$ 2,7 35,87 3 $5,64 1 $ 6, 1 2 1  

3,9 3 1,0 2 2  8, 105 10,859 

1,467,9 37 3,0 27 4,530 

4, 385,6 30 9,04 3 13,578 

4,008,94 1 8, 266 11,325 

2, 1 36, 1 3 1  4,404 6,739 

! 

I 
i 
, 
I 
, 

; 

C ost/Fi 
c ontr oll( 

$ 9,5 3 3 

18,456 

8,686 

29,6 3 3  

'37,8 20' 

38, 145 

N 
o 



o 
w 40 � 
u 
CC 
I--
I--
CC 
(f) 
W 
0:::: 
LL 

30 

LL 20 
o 
0:::: 
W • 
en 
:L 10 ::J 
Z 

N UMBER OF CONTROLLE D AN D UNCONTROLLED FIRE S 

by 

SUPPRESSION METHO D, INITIAl. S PREAD INDEX (I .  5.1.) 

AND FUEL TYPE 

UNCONTROLLED 11 
CONTROLLED • 

0.0-0.5 0.6-1.0 1.1-2.5 2.6-5.5 5.6-7.5 7.6-10.0 10.1-13.5 13.6-15.0 >15 

FIG. 6. HELICOPTER 2068 I S I 



I 
I­
f­
a: 
(J) 
w 
0::: 
LL 

30 

LL 20 
D 
a:::: 
W 
CO 
L� 

10 ::J 
Z 

0.0-0.5 

FIG.7 

UNCONTROLLED 0 
CONTROLLED II 

0.6- 1.0 1. 1-2.5 2.6-5.5 5.6-7.5 7.6- 10.0 10. 1- 13.5 13.6- 15.0 > 15 

P.S.Y. CANSO-LAND lSI r .) 



o 
w 40 � 
U 
a: 
r-
l-
a: 

30 (J) 
W 
0:: 
I-t 

LL 

LL 20 
c:J 
0:: 
W 
en 
� 10 

Z 

N UMBER OF CONTROLLED AND UNCONTROLLED FIRES 

by 

S UP P R ES S ION METHOD, INITIAL S PREAD INDEX (I.S . I.) 

AND FUEL TYPE 

UNCONTROLLED 0 
CONTROLLED • 

0.0-0.5 0.6-1.0 1.1-2.5 2.6-5.5 5.6-7.5 7.6-10.0 10.1-13.5 13.6-15.0 >15 

F IG.8 B - 26 lSI 



o 
W 40 � 
LJ 
a: 
l-
I-
a: 

30 (f) 
W 
0:::: 
LL 
LL 20 
a 
0:::: 
W 
co 
� 10 

z 

N UMBER OF CONTROLLED AND UNCONTROLLED FIRES 

by 

S UP PRES S ION MET HOD, INITIAL SPREAD INDEX (I. S .I.) 

AND FUEL TYPE 

UNCONTROLLED 0 
CONTROLLED . 

0.0-0.5 0.6-1.0 1.1-2.5 2.6-5.5 5.6-7.5 7.6-10.0 10.1-13.5 13.6-15.0 >15 

f1G.9 P. B. Y. CAN SO - AMP H I B IOU S lSI 



o 
W 40 :::s::: 
U 
eI: 
r­
r­
eI: 

30 (J) 
w 
a:::: 
LL 
LL 20 
o 
a:::: 
w 
en 
� 10 

z 

NUM BER OF CONTROLLED AND UNCON TROLLED FIRES 

by 

SUP P RESSION METHOD, INITIAL SPREAD INDEX (I. 5.1.) 

AND FUEL TYPE 

UNCONTROllED 0 
CONTROll ED . 

0.0-0.5 0.6-1.0 1.1-2.5 2.6-5.5 5.6-7.5 7.6-10.0 10.1-13.5 13.6-15.0 >15 

FIG.l0 HE LlCOPTER 2048 151 



o 
W 

40 � 
U 
a: 
f- .  
f-
a: 

30 (f) 
W 
0:::: 

LL 

LL 20 
o 
0:::: 
W 
OJ 
� 10 

z 

N UMBER OF C ONTROLLED AND UNCONTROLLED FI RE S 

by 

S UPPRESS ION METHOD, INITI AL S PREAD INDEX ( I. 5.1.) 

AND F UEL TYPE 

UNCONTROLLED 0 
CON TROLLED • 

0.0-0.5 0.6-1.0 1.1-2.5 2.6-5.5 5.6-7.5 7.6-10.0 10.1-13.5 13.6-15.0 >15 

FIG.ll HANDCREWS I S I 



:'7 

The 485 fires available for attack during the 10 fire seasons 
. 

provided a variety of detection times, fire s pread rates, travel dis-
tances and fuel ty pes to sufficiently te�� performance of the six 
su p pression methods. Although aircraft would not operationally attack 
all fires in any one fire season the simulation model is the ideal tool 
to examine both actual and theoretical su p pression tactics. A full 
run of all six methods against the total 485 fires provided good 
reference data for future runs which will consider combinations of men 
and aircraft, and current cost figures. 

Expenditures were sim ply a total of fixed and variable costs 
with no attem pt to optimize. The large additional ex pense for land­
based aircraft was for long-term retardant only, without incorporating 
capital costs for retardant bases and airstrips required to su p port air­
tankers. Inflating retardant prices and the single- pur pose use of land­
based airtankers are serious economic factors which must be weighed 
against the merits of high airs peed and large ca pacity. A study is 
currently underway at the NFR C  to determine the relative effectiveness 
of long-term retardant, short-term retardant, and water under operational 
conditions. The effectiveness data will assist in com paring the expendi­
tures of land-based and am phibious airtankers and helitankers using 
retardants, water, and thickened water. 

The success of a normal district com plement of handcrews as 
illustrated in the model is reassuring. Men and handtools are still the 
basis of most fire control o perations; and assuming that they will perform 
at a high calibre during the day and also through the night, their per­
formance and economy is an incentive for em phasizing vigorous initial 
attack with crews wherever possible. 

The high performance of the 204B helitanker is possible partly 
as a result of the short travel distances in the Whitecourt Forest, since 
airs peed can limit the role of the helitanker over long distances. Turbo 
fuel cost and sup ply could also be critical in more remote areas. 

The exercise of develo ping a simulation model, particularly an 
interagency effort, is rewarding in itself. Both research and o perational 
personnel benefited through the continuous exchanges, and in the research 
area four to pics received increased priority: 

(1) A major effort is under way at N FR C  to standardize 



data for large regions. 
(2) Airtanker accuracy was assessed under o pera­

tional conditions to provide better estimatc� 
of line building rates. 

(3) The effectiveness of retardant, water,and 
thickened water will be studied on actual 
drops during high hazard burns. 

(4) The o perational performance of a 204B heli­
tanker is being carefully monitored by the 
AFS. 

The model is currently being re programmed to run handcrews 
and helitankers simultaneously, which requires adjusting fire growth 

28 

on two fronts according to su p pression activity. New cost data, accuracy 
data, and fire-line production data are available for future runs, and 
comparisons will be made to the benchmark results presented here. The 
initial work has served to relate common suppression methods to costs in 
one small, operational area; as well, the results can be used at the 
provincial planning level. 
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A P P E N D IX I: Fire spread rgtes for five fuel types by fine fuel 
moisture code and wind c1as!?es (meters per minute) 

,. 

F I N E  F U E L  MO IS T UR E  COD E  
F U E L  W IN D  
TYP E km/h 60.0 70.0- 80.0 85.0 90.0 95.0 99.0· 

0.0 0.0 3  0.0 3 0.0 3 0.0 3 0.09 0.61 0.91 
8.0 0.0 3 0.0 3 0.0 3 0.06 0. 30 1.5 2 3.05 

16.0 0.0 3 0.0 3 0.0 3 0.09 0.61 1.5 2 6.10 
S PR U C E  24.0 0.0 3 0.0 3 0.0 3 0.1 2 0.91 6.10 1 2.19 

3 2.0 0.0 3 0.0 3 0.0 3 0.15 1.5 2 9.14 21. 34 
40.0 0.0 3 0.0 3  0.0 3 0. 24 2.44 1 3.7 2 3 3.5 3 
48.0 0.0 3 0.0 3 0.0 3 0. 30 3.05 18. 29 36.58 

0.0 0.0 3 0.0 3 0.0 3 0.06 0.15 0. 30 0.91 
8.0 0.0 3 0.0 3 0.0 3  0.15 0. 37 0.91 3.05 

16.0 0.0 3 0.0 3 0.06 0. 24 0.5 2  1. 37 4.57 
P IN E  24.0 0.0 3 0.0 3 0.06 0. 30 0.79 9.14 1 3.7 2 

3 2.0 0.0 3  0.0 3 0.09 0.40 3.05 15. 24 2 2.86 
40.0 0.0 3 0.0 3 0.1 2 0.5 2  7.6 2 2 2.86 36.58 
48.0 0.0 3 0.0 3 0.15 0.76 15. 24 30.48 54.86 

0.0 0.0 3 0.0 3 0.0 3 0. 30 0.46 0.91 1.5 2 
8.0 0.0 3 0.0 3 0.15 0.76 1.5 2 2.44 3.66 

16.0 0.0 3 0.0 3 0. 30 1.50 3.05 5.49 7.6 2 
HAR D WOO D 24.0 0.0 3 0.0 3 0.61 2.1 3 . 4.57 7.6 2 1 2.19 

3 2.0 0.0 3 0.0 3 0.91 3.05 6.10 10.67 18. 29 
40.0 0.0 3 0.0 3 1. 2 2  3.64 7.6 2 1 3.71 24. 38 
48.0 0.0 3 0.0 3 1.5 2 4.57 9.14 15. 24 27.4 3 

0.0 0.0 3 0.0 3 0.0 3  0.15 0. 30 0.46 0.46 
8.0 0.0 3 0.0 3 0. 24 0. 24 0.91 2.44 4.57 

16.0 0.0 3 0.15 0.46 0.91 4.57 6.10 9.14 
MUSKEG 24.0 0.0 3 0. 30 0.91 3.64 7.6 2 10.67 15. 24 

3 2.0 0.0 3 0.46 1.5 2 6.10 1 2.19 24. 38 36.58 
40.0 0.0 3 0.1+6 1.5 2 7.6 2 15. 24 30.48 54.86 
48.0 0.0 3 0.46 1.5 2 8.5 3  2 2.86 5 3. 34 56. 20 

0.0 0.0 3 0.0 3 0. 30 0.61 1. 2 2  2.44 3.05 
8.0 0.0 3  0.0 3 0.91 3.05 6.10 1 2.19 24. 38 

16.0 0.0 3 0.0 3 2.1 3 6.10 1 2.19 24. 38 36.58 
S L ASH  24.0 0.0 3 0.0 3 3.66 9.14 18. 29 3 3.5 3 4 2.67 

3 2.0 0.0 3 0.0 3 6.10 15. 24 27.4 3 45.7 2 57.91 
40.0 0.0 3 0.0 3  7.6 2  24. 38 39.6 2 57.91 70.96 
48.0 0.0 3 0.0 3 9.14 36.58 54.86 76. 20 91.44 

Actual fuel moisture can be derived by sub,tracting the Fine Fuel 
Moisture Code from 101. 

Jl 
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A P P E N D IX I I  : Fire Spread Adjustments_ 

(a) Diurnal rate of s pread adjustment. 
. 

Hour % Adjustment Relative to 1600 h 

0100 55 
0 200 55 
0 300 55 
0400 50 
0500 50 
0600 50 
0700 55 
0800 60 
0900 65 
1000 70 
1100 78 
1 200 82 
1 300 90 
1400 95 
1500 97 
1600 100 
1700 90 
1800 80 
1900 75 
2000 68 
2100 65 
2 200 60 
2 300 58 
2400 55 

(b) Slope and aspect adjustment. 

AS PE C T  

Slope South & West North & East 

% Adjustment 

0 100 100 
30 200 150 
60 400 300 

100 800 600 



APPEN DIX lIT: Model Variables 

Uncontrolled Variables 
The uncontrolled (fixed) variables are those of weather and 

fires. The take on a relatively wide range of values and are quantit­
ative measures on inputs to the system. 

a) Weather ( Daily) 
1. Wind 
2. Temperature 
3. Relative humidity 
4. Precipitation 

b) Fire descriptors 
1. Location 
2. Scart time 
3. Discovery time 
4. Slope 
5. Aspect 
6. Fuel types 
7. Nearest water source location 

Decision Variables 
Decision variables are those that the manager can control, 

altering them to obtain more desirable values for his measures of 
performance. In this model they are the parameters describing the 
initial attack system: 

a. Tactic base locations 
b. Tactic unit performance in each of five fuel types 
c. Travel speed 
d. Roundup time 
e. Dispatch time 
f. Cycle time 
g. Costs of operation 
h. Suppression units located at each base. 

3 3  
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Intermediate Variables 
Certain variablE:;' are designated as intermediate variables 

because they are relatively significant in the model. Usually they 
are measures of the individual units processed. 

a) Fire behavior 
1. Backfire spread rate = f (fuel type, fine fuel 

moisture code at nearest weather station, slope, 
aspect) 

2. Headfire spread rate = f (same as (1) plus wind 
at nearest weather station) 

3. Discovery area = f (backfire spread rate, head­
fire spread rate, start time, detection time) 

4. Discovery perimeter = f (same as 3) 

b) Final fire measurements 
1. Final fire acreage = f (discovery area, discovery 

perimeter, contact time, headfire spread rate, 
backfire spread rate, unit productivity of tactic) 

2. Contact time = f (location of fire, location of 
tactic base, travel speed, roundup time, dispatch 
time, discovery time) 

' ''' 

3. Final fire perimeter = f (discovery perimeter, contact 
time, headfire spread rate, backfire spread rate, unit 
productivity of tactic) 

4. Control time = f (discovery perimeter, contact time, 
discovery time, start time, headfire and backfire 
spread rates, unit productivity of tactic) 

5. Final fire cost = f (time of control, time of detec­
tion, contact time, tactic costs) 

6. Final fireline total = f (contact time, control time, 
unit productivity of tactic) 

Measures of Performance 
These variables are used by the system manager to rate the per­

formance of the system-given values selected for the decision variables. 



The change in these variables also indicates the sensitivity of the 
system to individual decision variables. 

Performance was summarized under the f"Jllowing categories: 
a ) Controlled fires 

1. Average final fire acreage by lS I grou p 
2. Number of fires by lS I grou p 
3. Average length of fire-lirie per fire by lS I grou p 
4. Average cost per fire by distance grou p 
5. Number of fires by distance grou p 
6. Number of fires by time grou p 

b ) Uncontrolled fires 
1. Average fire acreage at loss by lS I grou p 
2. All of 1 to 6 above inclusive 

c ) Fires not attacked 
This is simply a count of the number of fires that could 
not be attacked with the available resources. 

; , 
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