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Abstract 

Field data measuring airtanker performance while fighting forest fires 
in the provinces of British Columbia, }1anitoba and Ontario, 1965 - 67 are 
analyzed. The data presented in this study were derived from individual 
airtanker evaluation reports of action taken by 141 airtankers on 491 forest 
fires. 

This was made to supply infonnation from "hich interested 
personnel could draw their own conclusions. Several of the more tant 
features have been examined in each question. 
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Airtanker Evaluation 1965 - 1967 
in three Canadian Provinces 

by 

B.S. Hodgson and E.C. little(l) 

INTRODUCTION 

The Associate Committee on Forest Fire Protection of the National 
Research Council of Canada is composed of representatives from the Federal, 
Provincial, educational and industrial segments of Canada '.Vho are concerned Hith 
forest fire control. 

In 1964 the recommendations of the Committee were: 

"That members of the Associate Committee cooperate '.Vith Droposals out 
forth by officers of the National Aeronautical Establishment for additional 
investigation into the use of aircraft for forest fire control - primarily as used 
in direct fire suppression." 
The principal requirements were: 

(a) provision of one or more officers from the provincial organizations, 
with one officer from the National Research Council and one from 
the Department of Forestry, to form a team to drm,; UD "Airtanker 
Evaluation Study Forms", for use by all forest protection agencies 
in Canada using aircraft for water bombing. 

(b) to assign at least one man per province and possibly tHO or three, 
to assist in the introduction and use of the ne,,; evaluation forms. 

(c) assistance in the quick completion of the forms and submission of 
them to central agencies. 

(d) assistance in arranging for a small investigation team to interview 
pilots, fire bosses and other forest protection personnel in a 
subjective study of the efficiency of airtankers. 

(e) assistance to this same team to observe going forest fires. 

Although most of the provincial off icials were in favour of using a 
national airtanker form, they felt that observers (as outlined in the requirements 
part lib"), should come from outside the provincial staffs. They indicated that 
this study would burden provincial field personnel with additional duties and on 
this basis, some provinc es declined to participate. 

(2) Sample airtanker report forms were produced by Mr. G.S. Chester and 

(l) Research Officer formerly with the Forest Fire Research Institute, no�" Assist-

(2) 

ant Fire Protection Officer, Forestry Commission, Hobart, Tasmania, Australia 
and Research Technician, Forest Fire Research Institute, Ottawa, respectively. 

Research Officer formerly with the Dep artment of Forestry & Rural Development, 
Ontario Region, Richmond Hill, Ontario, now with Canadian Forest Products Ltd., 
Beaver Cove, B.C. 
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"ere ci.rculated for C011lffient to forest protection organizations across Canada. 
these returns, �tr. Chester made changes to accommodate the users' 

a reasonable base, the forms ,,'ere to be filled out 
part for three flre seasons, 1']h1ch time sufficient data 

\.;ould be available for a On the basis of this 
a decislon \>1Quld be made to continue or terminate the use these reports. 

4-h and 

of Ontario, Nanitoba and Brtttsh Columbia 
and forms \Vere sent out for the 1965 and 

to 
Institute had received forms 
Columbia 1965-67. 

the spring of 1968 the Forest Fire Research 
from Ontario 1965-66 Manttoba 1965-67 and British 

It should be potnted out that many Here using evaluation 
reports of their mm in order to obtain Some measure of airtanker effectiveness. 

ASSESSMENT 

In the field of fire control the lack of standards for comparative 

purposes made measurements of ne,v techniques very difficult. As no Canada-Nide 
standards for airtanker use had been established in the past, measurements and 
comparisons of this ne,,] te c hniq ue against other fire fighting methods was difficult. 
Test pro c edur es that could be adeq ua t e ly used convenient statistical methods 
,vere minimal. 

Some of the information re ques t ed on the forms was subjective and 
presen ted a multitude of problems in reporting consistency. In COmmon ,vi th past 
attempts made elsewhere, analysis evaluations Here not too satisfactory. The 
Burning Index, based primarily on Heather var iables , came close to measuring the 
fire intensity (control difficulties). The factors that produced the fire control 
problems, Here dif f i cul t  to assess in rela tion to each other. The amount df 
influence one airtanker action had on one part of the fireline was difficult to 
relate to the overall change (or lack of change) in the fire behaviour or rate 
of spread. 

Airtanker evaluation forms Here printed in two formats: -
1- Airtanker Evaluation "AIR", to be filled out by the ai.r observer 

flying above the f ire (Appendix 4a. 4b, 4c). 

2- Airtanker Evaluation ItGROUN1)", to be fi lled out by the sector or 
fire boss on the ground (Appendix 4-d and 4-e). 

Both Hair" and "ground " reports were completed in the field by a large 
number of individuals, each man reporting the airtank er action from his o\vn 
particular position near the attack area. The degree of consistency was not 
entirely satisfactory and no u niform or complete assessment of the overall 
operation could be made from the report form alone. Some additional information 
,,,as obtained from the provinces making the survey and a fe,,; inconsistencies "ere 
evaluated. 

Unfortunately, some of the essential data on the original forms as 
designed by Chester (Appendix 4-11 and 4 -i) and necessary for air tanker distribution 
analysis, Here not al,,'ays included on all forms to all provinces. 

2 



e.g. Que s t ion #23 (Ai r tanker location at time of call) and Q-#24 (Getaway time 
from base) ,,,ere not asked on the Ontario and Manitoba "Aircr aft" forms. The 
subjective n ature of some questions of c our se received subjective answer s and 
precluded an accurate numerical valua t ion. This faul t probably lay in the 
,,,ord in g  of the question on the form. e.g. (Penetration); Q-II17 (Effective-
ness); Q-#19 (Attack significance). 

The general opinion was that the report questions were. very difficult 
to answer for general field personnel, unfamiliar with airtanker use on the 
fireline. If a trained and experienced special observer had been used, the 
questions could have been made more d etailed and pertinent. On the other hand, 
if the ques t ions were too few and too , much of the data would not have 
been recorded and thus would have been lost. 

CODING OF AIRTANKER REPORTS 

An a irtanker ac tion was defined as "the d istinct use of an airtanker 
at a particular time in a given locale". 

Each f ire was given an access ion number and all reports concerning 
this par t icular fire were g iven this number. If a fire con t inued for many days, 
all repor ts were coded under this same fire number. Separate entries were made 
for each air tanker type in order to faCilitate a compari son of types. If 
evaluation forms were returned by the air and the ground observer for a par t icular 
action as wa s expected in the original concept of the study, these data were 
combined to form a single entry. If a difference in recorded data was ev ident, 
then precedence was g iven to the data from the "Ground" form. During analYSis 
and evalua t i on, the more conserv a tive estimates were selected as opposed to those 
which were considered t o  be ove r l y  opt imistic -- when two repor ts were found 
to be in conflict. Only the most obvious inconsistencies were discounted. 

Data from the field were entered on a code worksheet in numerical form. 
Thes e  numbers were then p unched on I.B.M. cards and a simple computer p rogram was 
wri t ten to compile the inpu t  d a t a  and produce a p rintou t suitable for evaluat ion. 
Individual e r rors were discovered and corrected during cross checks but undoub tably 
some errors may still remain in the data. 

In a s tudy such as this one, the great diversity of answers, espeCially 
those that were subject ive, could not be readily handled by t abulation unless they 
were b roadly grouped. A considerable amount of tedious b ack checking to the original 
forms had to be carried out to achieve the required groupings. 

Below each ques t ion heading in the body of the report, the numeric figure 
is t he total number of valid returns received for that ques tion followed by the 
total possible answers that could have been received. e.g. Question #··1 Aircraft 
Type 678/716 (95%). 

The above means that of 716 p ossible answers, 678 were entered on the 
report form and 38 were left blank. 

It must be emphasized that all the f igures used in this report, unless 
indicated othenvise, were from action reports received for processing by the 
Forest Fire Research Ins t i tute, O t t awa from the three p articip a ting provinces of 
Ontario, Mani toba and British Columbia. 
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The writers of this report have made a conscien tious effort to remain 
unbiased. A probing attitude has been maintained regarding the reported success of 
an air attack. 

All answers or conclusions reached in this s t udy were based on data 
derived from the evaluation reports received from the cooperating provinces. It 
is realized that this study is not a complete coverage of airtanker use on forest 

fires during that period. 
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SUMMARY OF NUMBER OF AIR TANKERS - FIRES AND ACTION REPORTS BY PROVINCE AND YEAR 

--, 

! Total Airtanker Action Number of Action Reports Received 
- It Fires for i 

Year Provo If A.T. f! Fires If Fires % of all which reports I 
To & Provincial 

avai lable recorded fires were rec'd Grol1nd I{enorts 
-, " 

1965 Ont . 45 1218 4.7 38 10 -

Man. 2 225 6.7 10 -

B.C. 16 2685 7.0 94 23 
--I--- ----' .... 

Total 63 4128 6.3 142 33 

14% 
-

1966 Ont. 47 1921 5.3 21 

j 
14 3 

Man. 2 235 14.9 30 -

B.C. 13 1967 86 4.4 25 3 

Total 62 4123 223 5.4 76 118 94 

100% 80% 5% 

-- _. 

1967* Man. 2 638 73 1 1. 4 55 80 77 

B.C. 14 3216 353 11.0 218 276 106 
-- -

Total 16 3854 426 11.1 273 356 183 

100% 51% 1% 

r--- - -- ---

f---
1965/67 * 

;rand Total 141 12,105 908 7.5 491 716 386 

100% 54% 

'* 1967: no reports recei ved 
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TABLE 2 

Forest Fire Occurrence Frequency, Ontario, Manitoba and British Columbia 

1965-1967* 

Summary of the number of forest fires - 3 year period* 

Monthly 

if Fires 3 month 
% all fires (3 yea 

period 
period) 

r 

June 1958 23 . 5% 16.2% 

July 3484 41 . 8% 28 .8% 

Aug. 2885 34.7% 23.8% 
,� 

Total 8327 100.0% 68.8% 

Three year total 1965-1967* 

Year Ontario Manitoba B.C. Total 

If % 1/ % II % II % 
1965 1218 10.0 225 1.9 2685 22.2 4128 34 . 1 

1966 1921 15.9 235 2.0 1967 16.2 4123 34 . 1 

1967 * * 638 5.2 3216 26.6 3854 31.8 

Total 3139 25.9 1098 9.1 7868 65.0 12105 100.0 

* Ontario 1967 not included. 
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Question Number 

1 

2 

3 

4 

5 

6 

7 
8 
9 

1 0  

11  

12 

13 

14 

15 

1 6  

17 

18 

19 

20 

21 

22 
23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 
3S 
36 

37 

38 
39 

40 

41 
42 

43 

INDfuX TO QUESTIONS 

Topic 

Aircraft type 
Fire behaviour - before and after air action 
Size of fire at attack 
Method of attack 
Target 
Direction of at tack 

Retardant used 
Ground control started 
Any danger to men 
What is airtanker trying to do 
Length of line attempting to control 
Drop height above canopy 
Time of first drop 
Number of drops 
Round trip time 

Penetration of canopy 
Effect iveness of airtanker action 
Reason for stopping 
Was the a ttack significant 

Did airtanker return (to the same sector of 
the fire) 

Number of drops 
Reason for stopping 

Airtanker location at time of call 
Getaway time from base 
Distance from pick-up point to fire 
Distance to refuel 
Wind speed and wind direction 
Weather effect on operations 
Topography - slope 
Topographic effect on operations 
General remarks and comments 
Exposure 
Fuel type 
Tree species 
Height of tallest tree 
Diameter of tallest tree 
Stand density 
Regrowth and species 
Regrowth height 
Regrowth distribution 

Ground fuels 
Distribution of ground fuels 
Damage to vegetation 
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ACTUAL NO. RETURNS RECEIVED Table 3 
AIRTANKER EVALUATION FOR}iS 

ONTARIO, MANITOBA, BRITISH COLUMBIA, 
1965-6-7 

1965 1966 1967 GRAND % 

No. 0 H BC TOT N BC 0 N BC Answ. Answ'd Answer 

Airtanker Type 1 89 15 138 242 66 27 - 80 276 716 38 678 95 
Fire Behaviour 2 89 15 138 2/+2 25 66 27 - 80 276 716 16 700 98 
Size Fire Attack 3 53* 15 138 206 2 66 27 1 276 578 36 542 94 
Method attack 4 89 15 138 242 25 66 27 - 80 276 716 42 674 94 
Target 5 28 15 138 181 11 66 27 - 78 276 639 31 608 95 
Direction 6 28 15 99 142 11 66 23 - 78 193* 513 45 468 91 
Retardant used 7 28 15 99 142 12* 66 25* - 78 233* 556 9 547 98 
Gd. Control 8 89 15 138 242 25 66 27 - 80 276 716 30 686 96 
Any Danger Men 9 71 62 133 1 9 * 2* 7 5 135 301 24 277 92 
What Airtanker Doing 10 89 15 138 242 25 66 27 - 80 276 716 18 698 97 co 
Length Hne 11 89 15 138 242 25 66 27 - 80 276 356 716 262 454 63 
Drop height 12 89 15 138 242 25 66 27 - 80 276 356 716 52 66£1 93 
Time 1st Drop 13 89 15 138 242 25 66 27 - 80 276 356 694 132 562 81 
It Drops 14 89 15 138 242 25 66 27 - 80 276 356 716 55 661 92 
Round Trip Time 15 89 15 138 242 25 66 27 - 80 276 356 716 161 555 78 
Penetration 16 71 62 133 19* 1* 8* 28 5 137* 142 303 10 293 97 
Effectiveness 17 71 62 133 19;' 1* 7 27 5 142* 147 307 4 303 99 
Reason for Stopping 18 89 15 138 242 25 66 27 118 - 80 276 356 716 58 658 92 
Attack Signif . 19 71 15* 62 148 19'" 667< 9>� 94 5 188* 193 Ld5 25 410 94 
Did Airtanker Return 20 28 15 1* 4/+ 11 66 77 78 10* 88 209 25 18!, 88 
/I Drops (Return) 21 3* 2 0>'< 5 1 7* 8 - 16* 3:1< 19 LI8 16 32 67 
Reason for Stopping 22 3* 2 0''< 5 1 7"' 8 - 15'" 4* 19 48 16 32 67 
Airtanker Loc. at 

time c,al1 23 - 15 99 114 - 66 23 89 158 158 361 19 342 95 
Ge tfnvay Timf: 24 - 15 99 114 - 66 23 89 158 158 361 65 296 82 



---"-

QUESTION Question 
No. 0 M Be TOT 0 M 

-

Distance to pickup 25 28 15 100 143 11 66 
Distance to refuel 26 - 15 99 108 - 66 
Wind Dir. & Speed 27 2 15 1 18 1 66 

Weather Effect 28 28 15 99 142 11 66 

Slope 29 71 - 5 76 20 4 

Topographic Effect 30 28 15 11 54 17 66 
Remarks 31 89 15 138 242 25 66 
Exposure (Aspect) 3 2  7 1  - - 71 17 -

Fuel Type 33 89 15 10 114 25 66 
Species 34 71 - 2* 73 17 -

Ht. Tallest Tree 35 71 - - 7 1  17 1 

Tree Diam. 36 71 - - 7 1  17 1 
Stand Density 37 71 - 6 77 17 1 
Regrowth 38 71 - - 7 1  17 1 

Regrowth Height 39 71 - - 71 17 -

Distribution 40 7 1  - - 71 17 -

Ground Fuels 41 71 - - 7 1  18* 1* 
Distribution 4 2  71 - - 71 17 -

Damage to Veg. 43 - - 6 2  6 2  - -

"-�----" 

* 
Raised Total From Outside Forms or Inferred Data. 

BC TOT 0 M 

23 100 - 78 
23 89 - -

2 69 - 6 
23 100 - 78 

5 29 - 5 

1 84 - 78 

27 118 - 80 

1* 18 - 5 

3 94 - 80 
- 17 - 5 
- 18 - 5 
- 18 - 5 
- 18 - 6 
1 19 - 5 
- 17 - 5 
- 17 - 5 
- 19 - 5 

1* 18 - 5 
7 7 - 3* 

Table 3 

BC TOT TOTAL 

185 263 506 

158 158 361 

96 10 2 189 

158 236 478 
96 101 206 

21 99 237 

276 356 716 

90 95 184 

126 206 411+ 

6 11 101 

99 104 193 
1 6 95 

84 90 185 
- 5 95 
- 5 93 
- 5 93 
- 5 95 
- 5 94 

135 138 207 
_· ___ N_'�'�� 

GRAND 
TOTAL 17055 

% 100.0 

GRAND 

No TOT 
Anew. Answ'd 

37 469 
49 312 

3 186 
33 445 

7 199 
15 2 2 2  

197 519 
19 165 

6 408 

60 41 

51 142 
5 2  43 

51 134 

53 4 2  

73 20 
7 2  21 

20 75 

56 38 

LI5 162 

2088 14967 

12.2 87.8 

% 

Answer 

9':1 

86 

98 

93 

97 

94 

72 

90 

99 

41 

74 
45 

7 2  

44 
2 2  

23 
7 9  

40 

78 
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0 

Code Common Name Bu.Llt by 

_____ �_.��._� ____ n�'�",��_, ___ � ___ .�_.�� __ ". 

1 Canso Consolidated 
Catalina 

2 Avenger Grumman 

3 Beaver (1) DeHavilland 

4 Otter (2) DeHavil1and 

6 Mars Martin 

7 Super Canso Consolida ted 

10 Hel ter Bell 

11 Vertol Boeing 

13 Helicopter Not named 

14 He 1:i.co P ter Hiller 

AIRTANKER TYPES INCLUDED IN THIS STUDY 

Model No. 

PBY-S-A 
& -6-A 

TBM 

DHC-2 

DHC-3 

JRl1 

PBY-5-A 

47 

12-E 

Type 

Amphibian 

Wheeled 

Floats 

Floats 

(*) Carrving 
Capacity 
(Imp. Gals.) 

800 

500 

90/120 

160-180 

Flying Boat 6,000 

Amphibian 1,000 

Floats 45(3) 

Wheeled 275 

90 

(*) 1 Imperial gallon:- 1.2 U.S. gallons 
1+.5 11. tres 

10.0 pounds 

Table 4 

General or Former use aside from 
firebombing role 

Wartime sea patrol bomber. 
Freight hauling. 

l.Jartime Navv dive. bomber. 
Airspray application. 

STOL aircraft, bush flying 

STOL aircraft, bush flying 

Wartime military supply 

Same as Canso, with larger engines 

Fire scouting, moving men & material 

(1) The Heaver was :i.n the process of being converted from the Mark I i1ith a 450 hp, nine engine driving 
a three blade a two blade propeller to the Mark III Turbo-Beaver with a 578 shp, PT6A-6 turboprop engtne 

(Jane's 1966-67). 

(2) Tanks used during this period were belly mounted, roll-over type with capacity of 160-180 Later Otter 
models use enlarged floats that contain tanks havtng 230 gallons capactty. 

(3) All the lleltcopters listed carried buckets suspended beneath the fuselage. Bucket tv varied from 45 to 275 
on the available lift of the machine. 



Question Ifl 

678/716 

Canso 
Avenger 

Beaver 

Mars 

(95%) 

Aircraft type 

i.e. 678 reports received of a poss ible 716. 

Reports 

30.7 

2.4 

0.1 

x 

x 
x 

x 

British 
Columbia 

x 
x 

x 

x 

x 

During the time of the study there were 141 air tankers available to 
the participating provinces which were used on 908 forest fires indicating an 
average usage of 6.4 fires attacked per airtanker. This figure does not indicate 
the great range of airtanker use by the individual provinces in certain years, wh ich 
ranged from 1.3 to 36.5 fires attacked per airtanker. Airtankers were used on 7.5% 
of all forest fires in the participating provinces. 

The Canso, �illrs and Avenger Were used exclusively for fire bombing while 
the Beaver, Otter and helicopters had multi-purpose roles during the fire season 
and had a higher priority for transporting men and material or for fire 
scouting, than for fire bombing. This latter explanation ac'counts for the low 
utilization of some airtankers (1.3 and 2. 2 fires attacked per airtanker). 

An airtanker is primarily a support tool, forming part of an integrated 
fire control organization used to hold or retard the forest fire spread until 
crews are able to contain t�J fire on the ground. A common term used to d escribe 
this is -- "it buys time", Airtankers are not the complete answer to the 

fire suppression problem and probably never will be, but they are an effective 
weapon when used in the early stages of fire development. The range of 
effectiveness varies from extremely effective on small fires to ineffective on 
large fires (Linkewich, 1968). 

All three provinces sign contracts with private carriers for a m1n1mum 
number of hours for specific airtanker types for p reset time periods each year. 
These periods vary with the provinces but usually cover from middle June to the 
end of August. From the evaluation reports received, the earliest call was 7th May 
(Ontario) and the latest was 2nd November (B.C.). 

�Personal communications: British Columbia Forest Service, Victoria. B.C. ; 
Dept. }lines and Natural Resources, Winnipeg, }illnitoba: Dept. Lands and 
Forests, Toronto, Ontario. 
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Airtanker types operating under charter agreements 

x x 

x 

x x 

The original intent of the study '''as that "Air" and "Ground" airtanker 
evaluation forms were to be returned for each fire. However, more than one form 
was submitted for only 16% of the fires attacked. Of these 78 fires, 23 had two 
different types of air tankers in use during the course of the fire and 20 of these 
23 had air tankers of different types flying on the same day. Some airtankers worked 
on a fire for long periods -- up to ten continuous days in some cases. There were 
instances of air tankers apparently being kept on fires after the real threat had 
passed , but these were not common. Occasionally airtankers were called as a last 
resort (see Q-#3) and this decision could be traced to a probable lack of information 
about the tanker's capabilities, or to the "can ' t do any harm" type of action call. 

The multiple-action report fires fell into two categories: 

1 - The fire lasted more than one day but the same type of airtanker worked on that 

fire until released (71%). 
2 - The fire lasted more than one day and more than one type of air tanker worked on 

that fire until recalled. 

No single airtanker type could be scored above another as each had it's own 
advantages and disadvantages suited to the user's needs . No attempt was made here to 
rate airtanker types other than to list their load-carrying capacity. (Hodgson. 1967). 

See Appendix 5 for drop patterns of:
a - Twin Otter - drop #6 
b - Avenger - Phoschek - drop #13 
c - Canso - drop #2. 

It should be noted that the DeHavilland DHC-6 Twin Otter, having a drop 
capacity of 400 I. gallons was in service with the Ontario Department of Lands and 

Forests in 1967. No action reports were received for this airtanker. The Canadair 
CL-2l5 with a drop capacity of 1200 I. gallons was not available for fire bombing 

duties. The first d rop tests for this new airtanker were conducted in May. 1968. 

It was noted that a number of airtankers of the same type were used on the same 
fire. It has been found that two airtanker loads d ropped in close succession have a 
cumulative effect on fire behaviour and are often more than twice as effective as a 
single drop of the same total volume (Chester, 1965). The B.C. Forest Service makes 
use of this principle in the southern portion of the province. 

From the list below, it can be seen that flights of two and three air tankers 
are sent to a fire as routine procedure. 
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Columbia. 

II Airtankers 
Same Type 

2 

3 
4 
5 
6 

Perc ent 

57 
39 

2 
o 

The above figures represent 121 re ports and are mainly from British 

13 

Photo 111 

Martin Mars with side dumping doors. 
dropping 6 000 I. gallons 'vater/Gelgard 
mixture on a fire in Cowichan District, 
Vancouver Island, B.C. June. 1967. 
Photo courtesy MacMillan Bloedel Limited. 
Vancouver. Bri t ish Columbia. 

Photo f,!2 

800 I. 
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Photo 3 

Grumman Avenger 5 00 I .  
Bentonite retardant, British 

Columbia. 

Photo Il4 

DeHavilland Otter 160 I. 

from float-mounted tanks, 
Ontario. 

Photo 

Otter belly tank. Loading probes 
are not in position to load, Ontario. 
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Photo Ift6 

DeHavilland Beaver with in-float 
tanks, 140 I. gallons water. 
Ottawa, Ontario, 1967. 

Photo n 

Boeing Vertol with 275 I. 
gallon bucket, Ontario. 
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Photo 

Hiller 12 Ii 
bucket, Ontario. 

Photo #9 

Russian Antonov 2-N multi-use 

air tanker with in-float tanks 
220 I. • 1968. 

Photo courtesy J.C. Macleod, 
Canadian Forestry Service. 



Question 112 
700/716 ( 98%) 

Fire Behaviour, Before and After Air Action 

There were five levels of fire activity o utlined on the airtanker evaluation 
form. The observer checked the appropriate box at the time the air tanker arrived 
and at the time the airtanker was called away. The differences in these levels of 
fire activity were indicators of t he effectiveness of the airtanker actions. 

0- �",as equated to "little or no smoke seen". 
1- Smoldering 
2- Slow surface 
3- Fas t surface 
4- Flareup crown 
5 - Running crown 

In regard to 
(Van 1-,1agne r 
Code 3 fast 
Code 4 fas t  
Code 5 fast 

surface 
surface 
surface 

In order to follow the tables listed, a few examples are given:-
e.g. Before action fast surface fire 3) 

After action fire (rated 1) 

This was coded as 31 and represen ted a in fire activity of two levels (from 3 
to 1) in a downward direction, representing reduced fire activity. Conversely 23 
would represen t a one level increase in fire - slow surface to fast surface 
fire. Of the 700 valid returns, 82% indicated degrees of reduced fire 
activit y. Those reports in which the fire activity remained the same, e.g. 11; 2 2  
etc. indicated that the airtanker action did not have any effect in reducing the 
fire behaviour (17%) yet it must be noted that the situation did not worsen. These 
actions could be considered as "buying t ime" operations. 

Seven evaluat io n  reports (1%) noted an increase in fire activity. In 
these cases the airtanker was attempting to establish fire guards and to cool hot 
spots in coniferous areas. The very large amounts of heat emitted by these fires 
made the use of short term retardants ineffec t ive. 

Fire Behavi our in the Area the Air tanker was AttemEt ing to Control 

On Arrival On Departure 

Condition Code if Reports % Cum. % If Reports % Cum. 

Lit tle or no smoke 0 7 1.0 1.0 
Smoldering 1 16 2 . 3  2 .3 357 51.0 52.0 

Slow surface 2 2 6 5  37.9 40.2 2 6 0  37 . 1  89 . 1  

Fast surface 3 208 29.7 6 9 . 9 33 4 . 7  93.8 
Flareup crown 4 183 2 6.1 96.0 3 0  4 . 3  98.1 
Running crown 5 28  4.0 13 1 . 9  

17 

% 



If the fire condition after attack was noted as "little or no smoke" or 
"smoldering" , this part of the fire was considered to be under control. If the fire 
condition after attack was "slow surface" (code 2), this part of the fire was 
considered to be near ing control. The conditions in code 3. 4 and 5 should be 
considered as not under control. 

Photo #10 Surface fire with occasional torching 

Rating of f ire area under attack at time airtanker left drop zone:-

Fire und e r control 
Fire nearing control 
No control 

52.0% 

The successfulness of an airtanker attack should be attributed to the 
airtanker's efforts alone or to the combination of air and ground attack in the 

ratio of 55 to 45 (Q-#8). 
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% LEVEL CR.>\NGED 

1 2 3 4 5 TOTAL R.EPORTS 

REDUCED 47.0 25.0 8.9 1.0 0 81.9 573 
NO EFFECT 2.0 7.7 2.3 4.1 1.0 17 .1 120 
INCREASED 0.6 0.1 0.3 0 0 1.0 7 

TOTAL 100.0 700 

e.g. 47.0% of all reports indicated that the fire activity was reduced by one 

level. which could have been from a 4 to a 3 or a 3 to a 2 level. The 0.1% 
represents a two level increase in fire activity which could have been from a 3 to 
ill 5. 

Q - #2 FIRE BeHAVIOR BeFORE 
ANO AFTeR ATTACK 

700 Reports 

Cumulative Percent 

19 

FIRE ACTIVITY 
Level 0 - LVltle or No Smoke 

Le"e! 1 - Smoldering 

Le"e! 2 - Slow Surface 

Level" - F ""t Surf .. "e 
Le"el4 - F!J;tre ... p - Crown 

Leve! 5 ... Running Crown 



Photo fill Jump fire in heavy b1owdov."'Il --

75 feet diameter. 

Photo #13 Canso, Ontario, 1965 
Drop covers spot fire. 

Photo #12 Canso, Ontario, 1965 
Drop starting. 

Photo #14 Canso, Ontario, 1965 
Spot fire immediately after drop. 

20 
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Photo 

Otter, Ontario, 1965 target 

D:L:rect 

Photo 

Otter. Ontario, 1965 Turn away to 

avoid hilL 



Question #3 
542/578 (94%) 

Fire size at attack 

For the Provinces studied, 55% of all fires were smaller than 
area when extinguished and 89% were 10 acres Or less. 

Province 1965 ----

Ontario 
(10 yr. avo ) (135) 

(10 yr. avo ) (1458) (14 

(10 yr. avo ) (231) (228) (207) 

It can be seen that the annual averages are all well below the 
ten year averaged fire size. 

From the air tanker evaluation reports, the statistics 

aCre in 

Fire less than 1-5 6-10 11-50 51-100 101-200 201-500 501-1000 >1000 
Size 1 ac. 

----�-----�----�-,---�--" 

Total 30.1 33.2 8.3 1 1.1 3.1 4.8 1.7 1.3 6.4% 

,�-- -,�------�--,,--. -�-�"-----' 

Cum. 
Total 30 63 72 83 86 91 92 94 100% 

Fifty percent of the fires were 2.54 acres or less in size at the time of 
attack and 63% were 5.0 acres Or less, indicating optimum use of airtankers for the 
initial attack. 

For the surprisingly large (6.4%) number of fires greater than 1000 acres 
when attacked, several possible reasons for that attack are listed below: 

1- Work on hot spots and jump fires at and the main fire 

ac. 

2- Loaded airtanker to cruise ahead of the main fire to find and attack any jump fires, 
especially �hose that have crossed natural barriers such as lakes. swamps or rivers. 

3- Help in holding parts of the fire flank adjacent to value areas such as farm 
buildings, villages, bridges or forest plantations. 

4- Reduce the contracted number of flying hours on credit. 
5- To raise the morale of ground firefighters. 
6- Use as a last resort, "Can't do any harm" philosophy. 

7- Called in desperation by management wh en a fire is out of control. 

22 



The activ i t ies of air t ankers are examined in Q-H I O .  

23 

Photo 1118 

Por tal Lake f i re , Ontario , 1965 , s even 
hours a f ter d e t e c tion . Smoke he i gh t  
1400 fee t , area 16 acr e s . Otter a t  
lef t .  Five air tanker s  made 26 7 d r op s  
on this fire over a f our day p e r iod . 
Fire grew to >500 acre s . 

Pho t o  ff19 

Fire advance into wind 



Ques tion i/4 
674/716 (94%) 

Method o f  Attack 

Two me thod s  were used , the dire c t  and the indirect a t tack . N inety nine 

percent of the re turns indicated t hat the air tanker at tacked the f ire d irec tly and 
1% were indirect a ttacks . 

In talking to p il o t s  acros s  Canada , the indirect a t tack was favoured 
thos e  p i l o t s  dropping f ir e  retardant but this was not the case t o  the 
r e turns receiv e d . There seemed to be some doubt in the minds of the men o ut 
the air tanker evaluation f orm as to the meaning o f  the If the term 
"bombing the green II had been u s ed in the , and more 
representative number of indirect at tacks would have been 

Pho to 1120 Canso a t t ack 
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Question tis 
608/639 (95%) 

Targe t 

No clear choi ce of target was apparent to mos t  observer s  and a random 
selection of a ttack points was indicated . 

Nine teen percent o f  the returns indicated that the fire was less than 1/4 
acre . which compares favourably with Q-#3 which noted that 30% o f  the returns listed 
fires less than one acre in area . 

A single drop const ituted only 5% of the returns and the s tudy average was 
8 . 3  drops per report . Because many drops were made dur ing each action . it is apparent 
that the targe t varied as the at tack progressed . If the observer noted that the 
"head and flanks "  received airtanker action , there was no way that he could separate 
the s e  into "head" and int o  "flanks" o n  that repor t  form . This fact should be bourne 
in mind when examining the figures below .  

Distribution of Targe t s 

Targe t % 

Head & Flanks 24 . 0  

Head 21 . 4  
Small Fir e 19 . 2  
All Ways 17 . 3  
Flanks 12 . 8  
Flank & Rear 3 . 3  
Rear 1.8 
Head & Rear 0 . 2  

Tot al 100% 

It should be no ted that pilo ts take instruc tion from the ground or from 
bird dog o fficers and frequently have lit tle choice in the selection o f  a target . 
The only choice that the pilot can make independently is the direction of at tack 
(Q-#6 ) and the drop height (Q-#1 2 ) . 
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Photo 1121 

Fire e scaped f rom slash into green 

timbe r . 



Ques t ion #6 Dire c t ion of a t tack ( in rela t ion to wind d ir e c t i on ) . 
468/513 (91%)  

The previous question (Q-iI 5 )  indi c a t e d t ha t  the "head and f l anks "  target 
plus t he "head " represent 45% o f  t he direction o f  a t tack on t he t arget in relat i on 
to the f ir e  itsel f . Ques t ion ft6 shows tha t 46% o f  the a t t acks were " in t o "  and 
and acros s "  the wind , " h ich compare s favourably w i t h  

A n  airtanker d r o p  in t o  t h e  " ind tend s to hold t he ma in mas s  o f  the load 
t o ge t her muc h  be t ter , thu s  de l ivering a mo re compac t d r o p  p a t tern ( Ho d g s on ) . 
pilo t s  consid e r t hat i t  is safer to be able to f ly out int o  a rela t ivel y  smoke-f ree 
area after dropping but this a l s o  means tha t  the p i l o t  mu s t  app roach the f ire t hrough 
smoke prior to the drop . 

The personal preferences and te chni ques of the pilot have more to do wit h  
t he d i rec tion o f  a t tack t han t he fire con t r o l  o f f icer ' s  orders which , for example , 
could ask for "drop s a t  the head and on t he '.Je s t  f l ank" . The d i r e c t ion o f  a t tack 
wou ld be the p i l o t ' s  d e c is ion af ter cons ider ing the wea ther , topogr aphy , v i s ib i l i ty , 
esc ape route and aircraft f l ight characteris t ic s . 

Q-f! 6  

Into and Acro s s  
Acro s s  
Al l Hays 
Do'.Jm" ind 
Down and Acr oss 
Int o  and Down 
Calm 

Total 

16 . 7  
16 . 0  
11. 3 
10. 7 

9 . 2  

6 . 6  
0 . 2  

100% 
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Q-f! 5 

Target 

Head 

Small Fire 

All 
Flanks 
Flank & Rear 

Rear 

Head and Rear 

To tal 

21 . 4  

1 9 . 

1 7  . 3  
1 2 . 8  

3 . 3  
L 8  

0 . 2  

100% 



Question 117 
5 4 7 / 55 6  (98%) 

Retardant Used 

From the chart below it is app arent that for the 196 5-67 period , half the 
drops contained chemical . 

Water x 

x 

x x 

x 

x 

x 

Total 1 00 %  

In the chart below , t he percentage shown for Bentonit e  1967 is 
In earlier years , Ben toni te " as the used in 

but as new chemicals were introduced the term "Bentonite" has 
stayed the mind s of some as the word used for all re t ard an t mixtures . 
The below illustrate re t ardant vo lumes used in Bri tish Columbia , courtesy 
of the Bri t ish Columbia Forest Service , Vic toria , B . C .  

1967 (%) (%) 1969 GO 

Fire Trol 100 700 , 000 ( 5 6 )  196 , 300 (70) 480 , 000 (68 ) 

Phos Chek 202 133 , 000 (11) 60 , 000 (22) 218 , 100 (31) 

Ben tonite 4 2 1 , 5 00 ( 3 3 ) 23 , 000 ( 8 )  1 0 , 00 0  ( 1)  

Total gals . 1 , 25 4 , 50 0  279 , 300 70 8  

fI Fires (*)  3 , 21 6  1 :2 

(*) Airtankers wer e used on about 8% of a l l  fires in Bri tish Columbia 
(Table 1 ) . I t  is apparent that the introduct ion of long term retardan t s  and 
chemicals into aerial firefighting work is progressing a t a rapid pace . In Mani toba 

the use o f  Gelgard "F" has advanced from none in 1965 to 23% i n  196 7 . (1) . 
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(1 ) 

Photo #22 

See APPENDLX 1 for retardan t comp osi tion . 

Personal communication ) For e s t  Pro t e c t ion Divis ion 
Depar tment o f  Mine s and Natural Resources 
Winnipeg . Mani toba 

Photo #24 Gelgard from Canso drop . 
Cochrane Dis t ri c t , Ontario . 

Photo #23 Retardant coated f uels a s  seen 
from the air , • B .C .  
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Question #8 
686/ 7 1 6  ( 96 % )  

Has ground control s tarted 

The ques ti on wa s  a sked on the f o rm in this manner -
"Are ground c rews a t  the fire site  and are t hey working on the same sec t ion o f  t he 
fire which the aircra f t  i s  a ttacking ? "  

Thir ty-s ix percent o f  the returns indicated that n o  ground control measures 
had s t ar ted and thes e  air tanker a c tions can be called � in the t rue sense , init ial 
a ttack . A fur ther 19% indicated tha t  crews were on the fire but not working on tha t  
section o f  the perimeter that the airt anker was a t temp t ing t o  hold , making a t otal 
of  55% (no men in drop area) . 

Ground crews were working on the fire in the a ir t anker drop zone in 44% o f  
the repo r t s .  This informat ion gives rise t o  the que s tion o f  t he safety o f  the men 
working in the drop area and Q-#9 deals with this aspect o f  the problem . 

i! Returns 

250  
132  
268 

36  

36 . 4  
19 . 3  
39 . 1  

5 . 2  

1 00 . 0  

Photo #25 Ground control has s tar ted . 

No . 
Yes , ground crew not working on same sector . 
Yes . ground crew is working on the same sec tor . 
Yes (unqual ified) . 

T ot al val id returns . 

2 9  

Photo # 26 Small bulldozer in Jack P inel 
Labrador Tea area . 



Ques t ion tl9 
2 7 7 / 301 ( 92%) 

danger to men 

This que s t i on "va s  a sked on t he "Ground" fo rms in this manner : 
"\.Jas i t con sidered for men t o  work in the drop zone " (Ye s )  ) 
If , expl ain ___ ,_. 

The que s t ion could be in three ways : 

1 Men would have been hur t  ,vh il e in t he zone � a s  a consequence 
of air ac tion . 

2 - There was a c hance that i f  men had been '."orking in the 
have been hur t as a resu l t  o f  the air ac t ion . 

zone , 

3 - Even if a ir-tankers were no t it could have been for men to 
work in the zone due t o  t he f ire alone . 

It can be seen t ha t  1 1 %  o f  these returns have f a l len in to the 3rd 
i n terpre t ation o f  the que s tion . 

6 7 . 9  
16 . 3  

7 . 2 
2 . 9 
1 . 8  
1 . 4  
1 . 4  
0 . 7  
0 . 4  

100 . 0  

Two thirds 
one third no ted that 

on 
water i s  low . Some 
cause irritation t o  

contac t with the 

No 
Yes (unquali f ied ) 
Yes , tops or snags 
Yes , low a l t it ude impact of water 
Yes , flying deb r i s  
Yes , r ocky surface 
Yes , s l ippery conditions caused by retardan t  
Yes , f a s t spread ing f ire 
Yes , burning t rees f a lling continuous l y  

o f  t he observers rep o r ted t hat there was no danger to men while 
t here was (or could have been) some d ang e r to men in the drop 

appears to be from br eaking top s and snags ( see Q-#43) falling 
a low a l ti tude drop . The d anger to men from a falling mass of 
f ire retardant chemicals c on t ain ammonium const i tuen t s  tha t can 
the eye s , to cut s  o r  t o  the skin when this material comes in 
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Photo # 2 8  

Pho to 1/29 Canso d r op b roke o f f  top 
of white spruce chiko 5 0 ' 

above ground leve l .  Diame ter 
was 8 inches at b reak . 
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Jack 
air tanker 
diam .  

top broken off 
3 . 7 "  



Ques tion 1#10 
698/716 ( 97%) 

w�a t i s  the airtanker trying to do 

The air tanker was t rying to con t r o l  the fire with a combina t i on of "cooling 
hot spo ts " and "line holding ac t ion" in 65% of the reports . 

One percent o f  the re turns ind icated a complete wetting o f  a l l  visible 
fire by blanke ting the area . This i s  not a true concep t of air tanker use .  nor is i t  
prof itable . Perhaps t h e  p i l o t wa s ins t ruc ted to bomb a t  his discret ion and continued 
to do so because he was no t ordered to s top . This would represent a "won ' t do any 
harm" type of air ac tion . It could also mean tha t the p ilo t did not recognize that 
the fire was no l onger dangerous and tha t f ire sp read was not being changed by further 
air action . 

If a fire in black country has gone undergr ound in deep 
sphagnum , no amount of wa ter airtanker would penetrate down into the 
burning zone . In such cases the airtanker should be sent back to ba s e  and the 
ground crews should dig out the fire with hand tool s . 

Percent 

3 3 . 5  
18 . 6  
17 . 2  
12 .5  

9 . 2  
5 . 0  
1. 4 
1. 3 
1. 3 

Cool ho t spots and l ine hold ing a c t i on 
Take holding a c t ion a l ong s e c t io n  o f  line 
Hold smal l  fire ( 1 / 4  acre or less ) 
Cool ho t spo t s  
Hold spo t f i re and l ine ho ld ing a c t ion 
Hot spo t s , spo t  f i r e s  and line ho l d ing combination 
Hold j ump fire 
Coo l  hot s po t s  and j ump fires 
Wet all visible ground f ir e s  (bl anke t the area) 

To t al 

As was explained in Q-i1 5 (Targe t )  > there were seve ral poin t s  on the fire 
l ine tha t  the airtanker at tacked during the time of the air actio n . It was no t 
p os s ible to separate the 33 . 5 %  "cool ho t spo t s  and line ac tion" in to two 
part s .  This would only be p o s s ible if the obs e rver f i l led out one r eport form for 
each drop , which was not the case in this s t ud y .  

Photo 

f ire , 6 : 30 pm,  Otter � 
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Que stion #11  Length o f  l ine airt anker is a ttemp t ing to control ( feet ) .  
4 5 4 / 7 16 (63%)  

Sevent y-five percent of  the returns indicated a line length of less  than 
one quar ter mile ( 13 20 ' ) . The two highe s t  re turns (14% each) were 300 ' and 
100 0 ' • 

In Ontario and British Columbia . 5 0% o f  the at tacks were made to control 
a l ine l en g th of 500 ' or less whi le in ��ni t oba this was 1 000 ' or less . 

The great range o f  lengths in the answers re ceived be c on s t rued as 
a misunders t anding o f  the que s t ion . The 300 ' could be the e s tim a te o f  
laid down in one air tanker dro p  (Appendix 5 ) .  There were some answers 
lengths o f  over 1 0 , 000 ' ( 0 . 9%) . It appe ared that the obs erver s  
repor t s ,  overe s t imated t h e  effec tive length of control 
Some o f  the longer lengths may represen t  the ac tual 
that port ion of the fire that the airtanker was 
of the repo r t s  no ted that the ai r t anker was 
holding action . If t hese hot sp o t s  tvere thinly 
a l onger l ine l en g th would be reported by the obse rver . 

out the 

no t 
From • 65% 

and take line 
of f i re perimeter , 

The rate o f  increase in the p erimeter o f  a fire varies approximately as  
the square o f  the wind veloc i t y  and the fire will advance 3 t o  4 times as  f a s t  wi th 
the wind as agains t the wind . (Wright , 1 9 32 ) . 

Len8th o f  f ireline air tanker is  tr�ing to control 

Percent Len8th o f  line (feet) 

4 3 . 1  1 00 500 4 3 . 1  
30 . 6  600 - 1000 73 . 7  

5 . 1  1100 - 1500 78 . 8  
9 . 9  1600 - 2000 88 . 7  

1 . 7  2100 - 2500 90 . 4  
3 . 3 2600 - 3000 9 3 . 7  

1 . 3  3100 - 4000 95 . 0  
1 . 1 4 1 00 - 5000 96 . 1  

3 . 0  5 1 00 - 7 000 9 9 . 1  
0 . 9  1 0 , 000 and up 1 00 . 0  
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Pho to U 3 2  Sur face fire in foreground . 
��ite spruce at left 103 ' 
ht . x 29 . 4  dbh . 
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Pho to 1131 

Canso ho lding l ine in hea�ry b low

down . 

Photo U 3 3  Chikos are very hard to 
see and are a cons tant 

danger to low f lying 
air tankers . 



Que s t ion 1112 
664 / 716 (93%) 

Drop he ight above canopy ( fe e t ) 

Mos t  d ro p s  were made wi thin t h e  50 ' - 100 ' range and 90% o f  the d r o p s  
were carried out below 100 feet . During discus s ions in the fie ld .  i t  was s t a te d  
t h a t  the drop height i s  up to the individual pilo t ' s  To determine a safe 
drop hei gh t , the pilot mus t  consider the tallest local obs tacle and Beent topo
graphi c  fea tures .  The f l ight p a t h  to be f o llowed should no t cau s e  undue s train o n  
the pilot or airt anker . 

Some p i lo t s  fel t that a very low drop was a very good drop . Thi s  
supp o s i t ion i s  no t ne cessarily t ru e . If the fire bos s  wan t s  t o  have a load 
over a longer length o f  fireline in order to cover a maximum number o f  feet o f  f i re 
edge per d ro p , the pilot mus t  maint ain suf f i c ient height to allow the l o ad to breakup 
in the air f ir s t . It should be no ted that a l o ad dropped f r om a grea ter height will 
a l so erode and evaporate more and tha t l e s s  volume ",til l  f a l l on the ground . A very 
low drop wil l  produc e a high concentration (per f o o t  of f ireline )  but over a shor t e r  
leng th o f  fireline .  Low d rop a c t io n  air tanke r s  i s  good 
when used on small f ix e s  of one acre or l es s . The l o ad 
have a bearing on how high or l ow the drop i s  made . See 
tree) for further inf orma t ion . 

accuracy may al so 
(height o f  talles t 

A summary o f  air t anker 
The crash cause " airc raf t s truck 
recorded for f irebombing work . 

and o ther acciden t s  i s  tabled in APPEN�IX 2 .  
a tree" was a t t r ib uted to 11 
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Pho t o  

ters tend 
heights than fixed 

the 13 deaths 

from greater 
aircraf t .  



Ques tion 1113 
562/694 (81%) 

Time o f  f i r s t drop 

Airtankers began to t ake ini t ial a c tion on f ir e s  at a l l  hours of the day - 

from 5 am to 10 pm .  Fif ty three percent o f  the f i r s t  drop s were made between 1 2 : 31 
and 6 : 30 pm and 61% from 12 : 31 to 7 : 30 pm . A graph sho •. dng the hour at wh ich the 
air tanker made the firs t  drop indicated two definite peaks . A minor peak at 10 am 
was f ollowed by a noon low which gradually bui l t  up to a second p e ak at 5 pm . Half 
the ini tial ac tions had been made by 3 : 15 pm . 

1 2  

1 0  

6 
E ., 
� ., 
c 

<: 
'0 6 
C " 
� " 

tI. 
4 

2 

0 

4 5 ·  

A,M . 

Q - #13 TIME OF FtRST OROP 
Three- Provinces 1965 - 1967 

562 R eports 

6 7 8 9 1 0  11 1 2  

0600 0800 1000 1200 

Noon 

2 

1400 

Hour of the D ay 

:3 4 5 6 7 8 9 10 

P ,M ,  

1 600 1800 2000 

Hours 

The lowest r e l ative humidity and highes t  fire danger read ings wil l  occur 
between 2 : 30 and 4 : 00 pm each day , i f  rain has not f a llen . (Wri ght . 193 2 ) . 

There are many factors in fluencing the t ime o f  first If we do not 
consider that the f ire c ould have begun in the late a f ternoon and deal wi th air tanker 
func t ions after the call was received we no te the items : 

1 - (Q-#24 ) Get away time was 14 . 3  minutes or less for 50% of the repor ts . 
2 - (Q�/ 2 3 )  Airt anker was 5 3  mil e s  or l e s s  (27 min . )  from the f i r e  at the time o f  call 

in 5 0% of the rep o rt s .  
3 - (Q-# 2 5 )  Dis t ance from pickup point t o  f ire was 7 . 1  miles o r  less in 50% of the 

repo r t s , which breaks down to : 
-a- Search f o r  p ickup lake 10 min . 
-b- Approach and p ickup time 3 min . 
-c- Fly 7 . 1  mil e s  to f ire 4 min . 
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Summarized : Start engines and take o f f  1 4  minut e s  
F l y  t o  f ire s i t e  2 7  " 

Loca te pickup lake 10 " 

Approach and load 3 
Fly to fire 4 " 

T o t a l  " 

It can be s een that f o r  50% o f  the report s ,  the t o t a l  elapsed time f r om 
call to f ir s t  drop wou l d  be 58 minutes or le s s . To reach the 5 pm peak o f  ac t ivi t y ,  
the call would have been made a t  4 pm . 

The amount o f  t ime t aken from "fire 
from 5 to 3 0  minu t e s  o r  more . 

�Avenger e xcep t e d . 
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Que s t ion 1114 
661/71 6  ( 9 2 % )  

Number o f  d r o p s  (Fir s t  Ac t i on )  

The f igure u s e d  in t h i s  que s tion rep r es en t  the numbe r  o f  dro p s  o b served 
and may no t be t h e  t o t a l  ac tually d r opped on a f i r e . o r  f o r  a pa r t icular ac t i o n  
repo r t . This ques t io n  i s  divided in t o  two p ar t s . 

The numbe r  o f  d r o p s  r ep o r t e d  per ac t ion repo r t . 

The number o f  d r o p s  repo r ted per f ire f rom a l l  a c tion repo r t s . 

A 

T he se f i gu r e s  rep r e s en t  percen t age s o f  the number of d r o p s  p e r  a c tion 
repor t. e . g .  There were 58 rep o r t s  no t ing 6 d r o p s  wh i c h  r e p r e s en t  5 8  par t s  o f  t h e  
661 repor t s (8 . 8%)  a n d  s t ands a t  5 3 . 0% in the cumu l a t ive p er c en t ag e  t o t a l  number 
of r e p o r t s . 

The numbe r  o f  d r o p s  p e r  ac t ion rep o r t  var ie d  from 1 t o  5 2 . 

Dro p s  

1 
2 
3 

4 
5 
6 

7 
8 
9 

1 0  
11  
1 2  

1 3  
1 4  
1 5  

1 6  
17 
18 

1 9  
2 0  

21-30 
31-40 
41-5 0  

> 5 0  

The aver a ge 

P e r c e n t  
6 6 1  repo r t s  

5 . 1 
1 3 . 1  

8 . 6 

1 1 . 8  
5 . 6  
8 . 8  

5 . 4 
6 . 1 
3 . 3  

3 . 5  
2 .6 
3 . 0  

2 . 6 
2 . 0  
1 . 9  

1 . 7 
1 . 1  
1 . 8 

0. 9 
1.3 

6 . 6 
2 . 0  
1 . 0  
0 . 2  

p e r  r ep o r t  

Percent 

5.1 
18.2 
2 6 . 8  

38.6 
44 . 2  
5 3.0 

5 8 . 4  
6 4 . 5  
6 7.8 

7 1 . 3 
73.9 
7 6 . 9  

79. 5 
81. 5 
83 . 4  

85 . 1  
86 . 2  
88 . 0  

88 . 9  
9 0 . 2  

9 6 . 8  
9 8 , 8  
99 . 8  

1 00 . 0  

was 
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Part B 

This part o f  Q-#14 examine s the number o f  drop s per f ire f r om a l l  action 
repo r t s . The s e  f i gu r e s  inc lude d rops f rom all airtanker s  s end ing repo r t s  of act ion 
on a f i r e . 

Air t anker a c t i on s  have ranged from a s ingle to an extended period 
during wh ich three a i r t anker types made a t o t al o f  6 8  over a period of  6 7  days . 
The maximum number o f  drops repo r t e d  for a single a i r tanker on one f i re <vas 122 , 
(S uper C an so >  1967 ) . This a i r t anke r <va s requi red to hold 3 , 000 f e e t  o f  inacce s s ib l e  
flank ove r a four day p eriod . 

The wBximum number o f  drops p e r  f ire a i r  tanke r typ e s  are l i s te d  below : 

393 Can s o s  
1 2 2  Super C an s o  
1 0 8  Avenger s  

6 8  Ot ters 
40 Beave r s  
10 Hel icopter tvith bucke t . 

Seven f i r e s  were reported in which 100 o r  mor e  dro p s  were made per f ir e : -

Province Year Fire # If Days -----

5 1966 4 10 393 1 ,572 C ansos 
5 196 7 45 5 2 7 8  1 , 112 C an s o s  
8 196 7  9 7  4 122 610 Sup e r  Canso 

5 1966 23 4 131 524 C anso s 
4 1965 16 5 163 457 C an so s , O t te r s  
4 1965 3 5  4 1 50 3 8 2  Canso s , O t t e r s  
8 1967 13 9 108 2 70 Avengers 

The average number o f  repo r t s  per f i r e  \Vas 1. 3 5  
The average number o f  drops per f ir e  was 14 .5 
The average number o f  L gallons per d ro p  ,I1a s  648 .  

No . 
p e r  f i r e  t o tal no . f ir e s  perce n t  

0-4 4 0 . 3 2  40 . 3 2  
5-9 2 6 . 48 66 . 80 

10-19 17 .52 84 . 3 2  
20-49 11 . 61 95.93 

5 0-99 2 . 65 98 .58 
100 p l us 1 . 4 2 100 . 00 
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Que s tion tfl5 
555/ 716 (78%) 

Round trip t ime 

The round t r ip t ime i s  the t ravel t ime from l oading point t o  the fire and 
re turn , in minutes .  For water pickup aircra f t  i t  i s  the t ime t o  l oad f rom the lake . 
takeoff , fly t o  the fire , drop the load and return to the lake f o r  another scoop
loading . For land based aircraft (e . g .  Avenger) i t  is the time taken to  load with 
chemical re tardan t , takeof f , to  the rire , drop the load and r e turn t o  b ase . 

Fif ty percent o f  the re turns lis ted 1 0  minutes o r  less and the larges t 
single pe rcentag e  ) was f o r  5 minute round trip time . The t ime range varied 
f rom 3 minutes to 90 minutes .  With a lake one mile from the f ir e , an airtanker 
working with no d i f fi cul t ies such as terrain o r  weathe r , should have a cycle time 
o f  4 to 5 minu te s . 

Reports lis 3 minutes could be explained i f  the f ire was located 
be tween two lakes or very close to a lake . The 90 minute t imes were f o r  two aircraf t  
dropping i n  tandem o n  a 2 00 f t .  f ireline a s  p ar t  o f  a 7 acre f ire , the ter rain b eing 
extremel y  s teep . The observer noted that the air actio n  was not e f fective becaus e  
the hours be tween drops allowed the fire t o  rekindle . 

Average round t rip time from all rep o r t s  was 17 . 87 minutes .  The total reported 
round trip f lying t ime was 1 6 5 . 3  hours . 

100 

90 

80 

70 

60 

40 

30 

20 

1 0  

Q - #15 ROUND TRIP TIME (MINUTES} 
556 Reports 

o L-1.Ll_-'-_--L_-'-_.L-�'___--i. _ __'_ _ _'_ _ _'__ �'_____'__ ....J 
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 o 

M 1nute$ 
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Air tanker 

Canso 
Avenger 
Beaver 
O t ter 
Mars 
Super Can so 
Helicopters 

Minu t es 

1 0 . 5 6  
2 6 . 84 

6 . 21 
6 . 22 
8 . 00 

1 2 . 06 
5 . 89 

If the averaged number of drop s  per f ire was 14 . 55 (Q-IJ14B) and the 
averaged round trip time was 17 . 87 minutes (Q-#15) . it can be calcul ated that the 
average f ire would have air t ankers taking direct a c t i on f o r  a period of 4 . 3 3 hours . 

4 2  

Pho to 3 5  

Overmat ure whi te and black sp ruce s t and 
with thick balsam f i r  unders t o ry . 
Es t ima ted 50% o f  drop reached to tops 
of young g rowth , 10% to ground . Tal les t 
tree centre) . \vhi te sp ruce 9 9  
x 2 3 . 3" dbh . 



Que s tion 11 1 6  
293 / 303 ( 9 7 % ) 

Pene t r a t i on (of c anopy) 

The ans�vers were very subj e c t ive wi t h  only 7 %  o f  t he re turns g iv ing reasons 
to qualify the answer s .  

Good 
Fair 
Poor 

of t he 

8 3  
13 

4 

It c an b e  
observer , i t  

P ene tration 

Scat tered open t imber ; cutover s la sh ; 
Open crOtvn s ; young grmvt h .  
Dens e t imber . 

cover . 

seen t h a t  when the d rop pene tra t i on ,va s in the e s t imation 
,vas clo s e ly related t o  t he t yp e  of growth in the drop zone . 

wnen i s  compared t o  37 den s i t y ) , i t  c an be s ee.n t ha t  the s e  
ttyO are related , Good pene t r a t ion (83%) compares f avourably t o  plus "Hed ium" 

( 8 4 % ) s t and den s i t y .  

Q-# l 6  Q-11 3 7  
P ene t ra t io n  S tand Den s i t y  

Class Percent C l a s s  Percen t 

Good 83 Open 3 3  
Fair 13 
Poor 4 

From t e s t s  c onduc ted in Alber t a  i t  was not ed tha t the ad d i tion of a short-t erm 
ret ardant does no t s ignific an t ly inc rease the canopy capabilities of a 
dropped load over a l o ad o f  plain wate r . ( 1 )  

P er sonal c ommunica tion : J . E .  Grigel , Canadian For es t ry Service , Edmonton , 
Alb e r t a .  
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Ques t io n  H7 
303/307 (99 % )  

Ef fec t ivenes s  ( o f  a i r t anker action) 

This que s t ion was no t def ined on the rep o r t  f o rms and a s  a result many 
anS\>Jers were subj e c t ive . The maj ority indicated that t he p l acemen t accuracy o f  t he 
d ro p s  was the measure of e f f e c t iven es s .  

From the point o f  vie,. o f  t he o b server o n  the gro und , e f f e c t ivenes s  
,.;ras measured i n  te rms o f  hot-.' much the drop s r e duced the f ire a c t iv i t y . From the 
p i l o t ' s  or air o b s erve r ' s  point of view , drops made o n  the f i r e  at the poin t s  r eque s t e d  
by ground contro l o r  the B i r d  Do g Office r , ,.;rer e  repor ted as 100% e ffectiv e  i f  hit 
the target a s  instruc ted . 

Partially e f f e c t ive 
No t e f f e c t iv e  

70% 
24% 

6% 
c lo s e  to requ e s ted area 
in the \.;/Yang p lace , for a variety of reasons 

I f  the e f f e c t ivenes s  i s  compared to Q-# 2 ( Fire behaviour before and a f ter 
ac t i on ) , the abo ve p er c en t age s are r e l at ed t o  the s t a t e  of the f ire when the a ir tanker 
lef t the a re a .  

Q-n 

Reduced 82% 
No effect 17% 
Increased 1% 

Q-iIl7 

Effect ive 
Partly 
Not e f fective 

70% 
24% 

6% 

Under control 
Nearing 
No contro l 

Pho to 1136 

5 2 %  
3 7%  
11% 

To rching trees brough t t o  s ur face f ir e  
b y  a i r  ac tion , Mani toba . 
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Que s t ion 111 3 
658/ 716 

Reason for Stopping 

A wide range of answers wet'e received for this ques t ion and to 
consolida te these , they were reduced to nine groups . 

43 . 8  
3 . 5  

6 . 8  

6 . 1  
12 . 0  

1 . 8  

4 

Gained control 
Held fire con trol ) 
Ground crew took over 
Sent to o t her act ion 
These can be considered succes s ful ac t ions 

Lef t area to refuel 
Lef t due to darkness o r  weather cond i tions 
Poor visib i l ity , area too smoky 
Hechanical problems ; radio , engines , dropping equipment e t c . 
These are reasons appl ied to the air tanker functions 

No control 

There is  some que s t i on about the reasons for "Sent t o  o ther ac tion" , 
being included wi th the " successful" totaL A fetv repor t s  s t ated that the fire was 
out o f  control , and the airtanker wa s  s en t  awa y .  I n  t h i s  situa tion the report was 
en tered with the "No contro l "  group as this reason supercedes the "Sent to o t he r  
action" group . 

Tempo rary control (held fire ) , which is all tha t the airtanker i s  
a ttempti ng t o  achieve , f i t s  the concep t of ear ly initial a t t ack and holding ac tion 
but accounted for only 8 . 5 %  o f  t he rep l ies . 

The 4% no control a t tained was listed as non-effectiveness , a hopeless 
s i tuation . fire breaking away from con t ro l  or f ire out of contro l .  This percentage 
was much l ower than expe c ted . 

Weather problems (13 . 8% )  \vere as might be expec ted . From Q-fJl3 it can be 
seen tha t  the time o f  the first drop in 2% of the rep or t s  was a fter 8 pm . and dark
ness would be the reason for s topping in these cases . 

I t  is in teres t in g  to note that 85 . 5 %  of t he drops were made by aircraf t 
more than 20 years o ld .  This percentage when comp ared wit h  the 3 . 6%  mechanical 
breakdown . contrad ic t s  much recent specu lation about the expected life o f  some 
airtankers .  
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Que s t ion 1119 
4 1 0 /4 35 ( 94 % )  

Airtankers were 
o f  the ac tion repor t s , 
s topp ing fire spread to 

4 1 . 7  
1 8 . 3  
15 . 1  

1 4 . 4  
1 . 2  
0 . 2  
1 . 5  

82 . 2  

17 . 8  

\';as t he Attack Signif i c an t  

S ignif ican t  i n  help ing to cont ro l reported f ir e s  i n  8 2% 
coo l ing , s lowing f ire spread , s topping f ire spread , 

acent areas and enabling crew access . 

Yes (unqualif ied) 
Co oled f ire , enabling access 
Stopped o r  slowed spread , prevented spread ing 
in t o  adj acent high hazard area 

Helped in control of f ir e  

N o  (unqual i f i e d )  
D r o p  int erval too l ong 
Fire spread t o o  rapid 
Adve rse wea ther or f ir e  cond i t ions 

Airtanker of no help in controlling the f ire 

If Q-/1 1 9  is comp ared to Q-lf 2  (Fire behaviour as a r e s u l t  of airt anker ac tion) 
it is s een tha t these two percentage s are very c l o s e  when reduced to s imp l e  t o t al s . 

Reason 

Helped in control 
of fire 

No help in 

control o f  fire 

Percen t 

82 . 2  

17 . 8  

Reas o n  

Reduced f i r e  
ac tivi t y  

Did not reduce 
fire a c t ivi ty 

Percent 

8 1. 9 

1 8 . 1  

I t  sho ul d  be c o nc luded that the observer ' s  e s t imate o f  the signif icance 
o f  the air a t t ack was an accurate measurement o f  the change in f ire behaviour . 
Alt hough Q-#1 9  had only 4 1 0  rep l i e s  ( a s  comp ar e d  t o  7 00 f o r  Q-# 2 )  an accurate general 
p i c ture o f  the f ir e  state emerged in both c a s e s . 
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Ques t i o n  {f20 
184 (88%) 

D id the Air t anke r r e t urn to the same sec t o r  o f  the f ir e  

this que s t io n  c overs t h e  s i t u a t ion in which t he f i r e  is 
conside r e d  t o  b e  under contro l ,  the air tanker has le f t  and is called back because 
the f i re has again begun t o  spr e ad . The que s t ion a l s o  covers cases ,,,hen t he 
a i r t anke r was f or ce d  t o  l e ave t h e  fire due t o  d arkne s s  or '(\lea ther and i s  
t o  make e a r l y  d rops the f o l l m"ing (ove rnigh t call or reque s t ) , 

O f  the c a l l  back reque s t s ,  35% ,-"e r e  f o r  a c t io n  t h e  n e x t  

O f  

No 7 3 . 9  Next 3 5 . 4 %  
Y e s  16 . 9  Yes 64 ,, 6 ;{  
Nex t d ay 9 . 2  

I t  has been no t e d  in Q-H 18 (Reason f o r  s topping)  tha t the a i r  tanker 
l e f t  the f ir e  because of we a t he r  or darkne s s  in 1 2 %  o f  the repo r t s .  If  r ain 
did not ent e r  into t he s i t u a t ion to change the f i re advance , i t  i s  common f o r  f ir e
f ighting p ersonne l to l eave an "overnigh t reque s t "  f o r  ac t io n  by the air t anke r the 
f o l lowing morning . 
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Ques tion 1J2 1  
3 2 / 4 8  ( 6 7 % )  

Number o f  (made when air t anker re turned to the 

This que s t ion is par t o f  The rep o r t s  indica te that the ai r t anke r s  
ret urned 4 8  times and t hat 32 of thes e  re turns \.:rere valid . 

Fif ty percent o f  these re turns were f o r  1 1  or l e s s  
number of drop s  mad e on re turn so r t ies varied from 1 to 35 . 

if Drop s  fI Rep o r t s  

1 1 
2 3 
3 3 
4 2 
5 2 
6 1 
8 2 

11 2 

1 2  1 
1 3  2 
1 4  1 
1 5  1 
1 8  1 
1 9  1 
22 1 
2 5  2 58% o f  d rop s 

2 7  1 
2 8  2 
3 0  1 
34 1 
35 1 

See Q-/114 par t "B" for II d rop s / fi re .  

4 8  
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Que st ion fl 2 2  Reason Fo r Stopp ing ( o n  r e turn reque s t )  

This que s t io n  mus t  b e  considered ,\lith 2 0  and 
when compared 18 s to p p i ng ) , there does n o t  a pp e ar to b e  
any cre,\I took over "  gro u p . 

4 3 . 8  

8 . 5  

6 . 8  

13 . 4  

6 . 1  

1 2 . 0  

1 . 8  

3 . 6  

4 . 0  

2 5 . 0  

3 . 1  

9 . 4  
0 . 0  

1 2 . 5  

4 0 . 6  

0 . 0  

0 . 0  

9 . 4  

AIls,"er Group 

Gained c on t ro l  
Held f ir e  ( temp o r a ry cont ro l )  

Ground crew took over 
Sen t t o  o ther action 

Considere d  succe s s f u l  a c t ions 

Lef t a r e a  to r e fu e l  
Lef t due t o  d arknes s  o r  \<lea ther 

P o o r  v i s i b il ity , area smoky 
Mechanical p roblems , radio , engines e t c .  

Considered not successful a c t i on s  

No con tr o l  

A s  only 3 2  repLles wer e  rece ive d  f o r  thi s question , n o t  much weight should 
be attached to t he p ercentag e s  f o r  It a p p e a r s  that only 1 / 3  o f  the c al l  
back a c ti on s  we r e  successf u l  and mo r e  than were n o t suc ce s s f u l . I t  shou l d  b e  
n o t e d  tha t the answer " l ef t  to r e f u e l "  p l us " l e f t  b e c au s e  of d arknes s "  rated 1 8 %  

vs 5 3% (fo r  wh i c h  ind i c ate d that t he a i r  t anker p robably wa s r e c a l l ed 
l a t e  in the d ay ,,,hen the f ue l  " a s running lo�.;r and n i ght ,.;as f a s t  a p p r o a ching . 
As a rul e  a i r t anker p i lo t s  d i s l ike l and in g , e spec i a l ly on ,.;a t e r , a f t e r  
dark a s  ver t i cal h e i gh t  e s t imation i s  d i ff i cu l t . The u s e  of the a i r c r af t ' s  l an d ing 
l i gh t s  had been tried exp e r ime n t a l ly on f ir ebombing action s ,  but it was found that 
t a l l  t r e e s  wer e  d i f f icul t to d i s t inguish and the f l igh t s  were abando ned . 
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Que s ti o n  fl23 
3 42 /361 ( 9 5 % )  

Air tanke r  l o c a tion at the t ime o f  call 

Unfor t unately , thi s que s tion was a s ked only o n  f orms s up p lied to Nanitoba 
1965-66 and to Brit i s h  Co lumb ia in 1 9 65-66 - 6 7 ,  thus Ontario is no t represented . 

From sources o ther than this s tudy , i t  i s  knov,'n tha t Ontario tries t o  
operate i t ' s  airtankers �ifi thin a l im i t  o f  5 0  miles f rom base to f i re ,,,here p o s s ib le . 

Ther e  �ifas a great range o f  d i s tances recorded tha t varied f rom l e s s  than 
10 mile s ( 1 1 . 1%) to a s ingle case of an a i r tanker f lying 5 30 miles f rom base to 
a f i re . (*) 

The results indicate an even s p r ead o f  c a l l  d i s t ances from l e s s  than 10 
mi l e s  up to 95 mil e s . For call d i s tances greater than 95 mi les f rom base to f i re ,  
the percentages drop p e d  sharp ly . F i f ty p ercent o f  the cal l s  ,.,ere t o  f ires 5 3  miles 
or l e s s  f rom the airtanker base . 

(*) The 5 30 mi l e s  o c curred ",hen an a i r t anker was called f rom a main repair base t o  
the northern p ar t  o f  the Province to s ave a f ir e  crew c amp . Thi s  p a r ticular f i re 
grew f r om 1 , 000 acres to 15 , 00 0  acres in three days . The c amp was saved by air
tanke r action when all ten t s  and equipment were s o aked by air d r op s , (pers o na l  
c ommunication , E .  S te ch i shen . Canadian For e s try S ervi ce , O t tawa , Ontario ) . 

Q .  #23 AlRTANKER LOCATION AT TIME OF CALL 

342 R eports 

Distance (mHos) Base to Fi.re 
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Distance (Hiles) Percent Cum . Hiles Percent Cum . % 

10 I L l I L l 140 2 . 0 

20 8 . 5  1 9 . 6  150 2 . 3  9 2 . 5  

30 '" � " " <!' " .. ,. ,. • ,. '" "" " "' '" " 9 . 1 2 8 . 7  1 60 '" " .. ,. "' ..,. '" .. ..  ". '" � 2 . 1  

40 9 . 1  37 . 8  1 7 0  L 

5 0  9 . 9 4 7 . 7  1 80 0 . 3  

60 ,, "' ,.  .. *" " " "  "' .. ..  ,. .,  ... .. ..  '" 8 . 2  5 5 . 9  190 1 . 2 
70 6 . 1  6 2 . 0  200 .. ..  " .. .. ..  " "' '' '' ''  * 0 . 3  9 7 . 6  

80 8 . 4 7 0 . 4  240 0 . 6  

9 0  .. '" .. .. ..  ,. .. ,. .. � '" .. " " ,. ... " 8 . 2  7 8 . 6  270 0 . 3  

100 3 . 8 8 2 . 4  290 O .  
11 0  1. 7  400 0 . 9  9 9 . 

1 20 2 . 6  5 30 0 . 3  

1 30 1. 5  

Photo if 37 l-1artin HaTS flying boat anchored , Spro a t  Lake B . C .  
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Question 1124 
296 / 36 1  (82%)  

Ge t awa y  t ime f rom b a s e  

As no t e d  in ( a i r tanker loca tion a t  t ime o f  Nani toba 
1965-66 and Bri t i s h  Columbi a  196 5 - 6 7  ,,,e r e  asked thi s  

A cons i d e rable number o f  the reque s t s  f o r  a i r ta.nker a c t ion 
involved d iver s io n  o f  the a i r t anker wh ile in the air , on a f ir e  enrou te 
t o  a des t in a ti on . In the c a s e  of a diver s i o n , the air d i spatcher concluded that 
the cur rent a c t ion of t ha t  air t anke r  was no t abso lute ne ce s s a ry in the co n t l'ol 
o f  tha t f ire " A f t e r  t h e  s i t ua t ion > the then 
ordered the a i r t anker t o  ano t her fil'e whel'e air a c t i on could have a grea t e r  p o tent ial 
o f  e f f e c t ivenes s . 

percen t of the g e t a,,,ay t ime s were l e s s  than 15 minu t es , This 
r e f l e c t s  a n  a c t ive s t at e  o f  preparednes s  w i thin the aerial f 

sec t io n  of t he f o r e s t  protec tion a g enc ie s .  Several o f  the longer t ime s 
o f  the season" cal l s  t h a t  were made ,ve I l  in advance o f  the con t ra c t  s ta l' t  d a te , 
It is to the credi t  o f  the char t e r  comp ani e s  tha t every e f f o r t  wa s to a i d  the 
p rovin c i a l  forest f i r e f i gh t i ng s ta f f  at any t ime the f ire s eason 
o f  a i r tank e r  char ter date l imi t s . 

Ge taway time 
(minu t e s )  

5 or l e ss 
14 . 3  o r  less 

60 or less 

Cumula t ive % 
o f  a l l  c a l l s  

25 
50 

84 

A n  request (10%) was d e f ined as a call made la t e  in the for 
t he 
o f  

a i r  tanker t o  s t art a c t ion on a fire the following 
the c al l  tv-ould not a llow sorties t o  be mad e tha t 

mornin g . Of t en the l a t ene s s  
or that a ir t anker a c t ion 

and the pilot was reque s te d  on a f i r e  was t e rminated due to d a rkne ss or weather 
to resume dro p p i ng the following mo rning . 

Gen e r a l l y  the rea sons f o r  delay were l i s t ed as me chan i c a1 problems or 
aircr a f t  refuel l in g . The s e  delays were not f requen t l y  encoun te r e d . 

5 2  
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Q - #24 GETAWAY TIME FROM SASE 

296 R eports 

Photo #38  P ickup lake les s  than one mile from fire for Cans o  action. 
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Que s t io n  11 2 5  

4 6 9 / 50 6  

D i s t ance f rom pickup poi nt t o  f ire (mi l e s )  

The inc lusio n  o f  d i f f e re n t  a i r  t anke r type s wi thin t h e  same t o t a l  
comp l i c a t e s  a n y  de t e rmina t ion o f  l i ne a r  reductio n  o f  number of act ion s . 

Fi f ty n ine p e rc e n t  of the re turns indic a t e d  1 0  mil e s  or le s s . The 
averaged d i s t ance for a l l  a i r t anke r s  ,,,a s 1 7 . 14 mile s .  

The t ab l e  be lm" ind i c a t e s  the d i s t ance s ,  p ickup t o  f ire . 

Di s t an c e  (mil e s )  Percent Cumul a t ive 
1 - 5  39 . 4  3 9 . 4 
6 - 1 0  1 9 . 4  5 8 . 8  

1 1 - 15 7 . 1  6 5 . 9  
1 6 - 2 0  6 . 2  7 2 . 1  
2 1 - 3 0  8 . 1  8 0 . 2  
31-4 0 1 0 . 9  9 1 . 1  
4 1 - 50 1 . 7  9 2 . 8  
5 1 - 7 5  3 . 8 96 . 6  
7 6 -1 00 2 . 8  9 9 . 4  

1 0 1  plus 0 . 6  1 00 . 0  

Type 

% o f  a l l  r e t urn s 3 0 . 7  5 5 . 2  1 0 . 0  2 . 4 1 . 7 
Averaged d i s t ance 3 8 . 4  1 0 . 1 3 . 2  3 . 1  
Hax . d i s t ance reported 1 3 5  6 0  7 1 1  

Aver ag e d  d i s tance fo r 

50% o f  the re turns only 
(mil e s  o r  le s s )  33 . 0  5 . 3 2 .0 2 . 0  

1 00 . 0  
1 7  . 14 

1 3 5  

7 . 1 

I t  c an be seen that the firs t 50% o f the returns repres e n t  very low value s .  
The Avenger mus t  return to a base for each load and thus cann o t  make use o f  adj acen t 
lakes that coul d  b e  very clo se t o  the fire . The Avenger also was s e n t  to s ome 
d i s t an t  f ire s and this would make the dist ances as noted in Q-#2 3 (Air tank e r  
l o c a tion a t  t h e  time of call ) s imil ar to the dis t ances in Q-if25 . This s i tuation 
would not apply to air tankers .  
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Que s t i on 11 2 6  
3 1 2 / 36 1 (86%)  

Dis tance t o  r e f u e l  (mi l e s )  

Man i t oba 
B . C .  
B . C .  

Unfo r tunately the s e  r e t urns c ov e r  o nly : 

1 9 6 5 & 1 9 6 6  
1 9 6 5  & 1 9 6 7  
1 9 6 6  

Canso 
Cans o ,  Super Canso , Avenger , Mar s ,  O t t e r  
Super C an s o  only 

Fif ty percent o f  t he r e turns i nd ic a t e  4 0  mil e s  or l e s s  to refuel and 7 5 %  
indi c a te 7 0  mile s or l e s s . 

Averaged D i s t ance s to Refuel by AiT t anker Typ e s  (Man . and B . C . )  

Type Q-1I 2 6  

Canso 64 10 
Supe r  Cans o  4 5  
Avenger 4 2  3 8  
O t te r  1 0  3 
Har s  6 0  4 0  
All Re t urns 5 1 . 6  1 7  . 1  

I t  can b e  seen that the Avenger i s  c l o s e ly tied t o  the r e loading base , a s  
would have been e xp e c t e d  w i t h  t h i s  a i r t ake r . The o t her a i r t anker s being abl e  t o  
s co op-l oad , have demo n s t r a te d  that the p ickup p o in t / d i s t ance to b a s e  r a t io i s  qui te 
l arge . Ontario (whi c h  i s  not represented in the above data) has a t temp t ed t o  
maint ain a s  a maximum , a 5 0  mi l e  rad i u s  o f  ac t ion from bas e . It c an be seen tha t 
this f igure comp a r e s  f avourab l y  wi th the two province average of 5 1 . 6  mil e s . The 
number o f  hours f lying time between r e f u e l l in g  s t o p s  varies with the airc ra f t  t)� e s . 
Because o f  maximum " a l l  up wei g h t "  res t r i c t io n s , some a i r c r a f t  cann o t  fully load 
the drop t anks when all the fuel t anks are ful l . A t anker i n  this s ituat ion would 
have to f i l l  the t anks to 8 0% of c ap a c i t y  for the f ir s t  f ew drops and graduall y  
increase t h e  p ickup wei gh t  a s  the fuel w a s  consume d . 

The l o ng es t  d i s tance to refuel was 2 3 0  mile s , which involved an air t anker 
tha t b e g an f lying at 4 : 05 am to arrive at a fire 140 mil es from bas e .  Af t e r  working 
on this f i r e  ( 56 0  miles o f  f lying) the airtanke r was d iverted to a s econd f ir e  90 
miles f r om the f ir st . Af t e r  l og ging 215 miles the air t anker r eque s ted a retur n  t o  
ba s e  ( 2 30 mil es ) . To tal mil e s  f lown was 1 2 3 5 . To t a l  hour s f l ying i n  d i r e c t  f ir e
figh t i ng action wa s 6 and 4 : 15 hours were s p e n t  in ferry and r e connoi t e r  time . 

Refuel l ing dis t ance s grouped by 5 0  mile increment s  

Di s t an ce Percent o f  Cumul a t ive 
(mi l e s )  t o tal percen t 

1-50 6 2 . 6  6 2 . 6  
5 1- 1 00 30 . 2  9 2 . 8  

1 01-150 5 . 7  9 8 . 5  
1 5 1- 2 00 1 . 2  9 9 . 7 
over 2 00 0 . 3  1 00 . 0  

5 5  



Ques t ion 1127 
186/189 ( 98%) 

Wind Spee d  
1 6 9 / 189 (89%) 

I>lind D i r e c tion 
162 /189 (86%)  

Wind s p e e d  is o f  p rime imp o r tance in this a s  it is one o f  the 
de te rmining f a c t o r s  in load p la c emen t and d i s t r ib ution on the f irel ine . Wind 
can a l so d i c t a te , to a ce r t ai n  exten t , the s i z e  o f  l ake to be used '!;va t e r  scoo p in g  
a i r c r af t . 

one percent o f  t h e  returns show wind speeds o f  15 or l e s s  and 
t h i s  appear s to b e  the cu t-o f f  wind speed f o r  \Vat e r  l o a d ing a ir t anker s .  

From p er s onal obs ervation , t h e  au thor s  have seen sma l ler aircraft cease 
wa t e r  bomb ing when ,"h i tecap s d eveloped on the p i c kup lake . wh ile a Canso continued 
loading and d ropping . 'i.;rindspeeds in exc e s s  of 20 mph c ause h i gh ,,,ave s  that produce 
exce s s ive p ound ing f o r c e s  on the hul l ,  f lo a t s  and prob e s  during s c oop l oading . Ho s t  
p i lo t s  feel tha t con t i nued operat ions in t he face o f  thi s pound ing i s  an abus e o f  
the a i r c r a f t  and crew . It i s  common f o r  p i l o t s  to r eque s t  permi s s ion to d iv e r t  t o  
o ther ac t ivi t i e s  un til the wave swe l l  a n d  wind s trengt h  have sub s ided . 

Wind d i r e c t ion is o f  l i t tl e  impo r t ance in thi s s t ud y , (See , t arge t )  

lUnd Speed If Ret urns Cl k 
Calm 20 11 . 8  

5 65 38 . 5  
10 34 2 0 . 1  
15 18 10 . 7  
20 12 7 . 1  
25 13 7 . 7  

over 25 7 4 . 1 
169 100 . 0  

Cum . '" wind D ir e c tion I. 
1 1 . 8 N 
5 0 . 3  NE 
7 0 . 4  E 
8 1 . 1 SE 
88 . 2  S 
95 . 9  SW 

100 . 0  W 
N'<J 

Returns % 
2 3  14 . 2  

6 3 . 7  
12 7 . 4  
2 6  16 . 0  
1 7  1 0 . 5 
19 11. 7 
4 3  2 6 . 6  
16  

162 

I f  these related qu es ti ons a r e  compared , a close correlation appears . 

Q-HS 
Reasons for Stopping 

14% 

Darkness , smoke , 
weather . poor 
visibility 

Q-I!28 
Weather effect on 

opera t i on s  

17% 

High winds and 
turbulence 
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Q-fJ2 7 
Wind Speed 

19% 

Wind s in exces s  
o f  1 5  mph 



Que s t ion # 2 8  
445/478 ( 9 3 % )  

Wea ther e f fec t on opera tions 

Two-thi rd s o f  the returns indicated that weather had no effect on 
operations . 

The out s tanding weather e f f e c t  no ted was 17% f o r  high gust y  winds and 
turbulence ( se e  Q-27 ) . Smoke and p oo r  general visib i l i ty was lis ted in 6% of the 
replie s and load ing diff iculties  on wa ter pickup , a f ur ther 4 % .  Glare of the sun 
on the wat e r ,  or i t ' s  position relative t o  the drop area , had a minor e f fe c t  o n  the 
oper a t io n  of the aircraf t .  

T ype o f  weather e f f e c t  experienced Percent of t otal 

Yes (unqualif ied) 
Turbulence and high winds 
Ligh tning 
Smoke , p oo r vis ib ility 
Rai n , hai l  
Glare 
Fire heat * 
Load ing d i f f icul ties  

1 . 8 
17 . 3  

2 .5 
6 . 1  
0 . 9  
0 .9 
0 . 2  
3 .8 

* Fire heat caus e s  visib l e  dis tortions on the horizon and on the target making 
treetops , chicos and hills diff icult to d i s t inguish . in such conditions can 
become extremely dangerous . Exc e s s ive heat also causes reduced engine 
performance and should be t aken into ac count all pilot s . 

Pho to If39 \iind speed 28 mph over backing 
fire . Ontario . 
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Phot o  #40 \.Jind dropped at 8 pm . Note 
hOt., smoke is  drawn into the 
f i re centre before rising . 
Surface w�nd - calm .  



Ques tion If 2 9  
199 / 20 6  ( 9 7 % )  

Topography ( slop e )  

From the reports received , 86% of the f ires a t t acked by airtankers were 
on level , gentle or moderate slope s .  The 14% were fought on 

slopes gre ater than 60% ,  and were mainly in Brit ish Co lumb i a .  

Slope Cum . 

Gent le 2 8 . 6  54 . 7  

Steep 13 . 6  100 . 0  

Photo 35 
B . C ,  
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Ques t ion 1130 
222/ 237 ( 94 % )  

Topographic effec t on operations 

The land shapes had no e f f e c t  on three-quar ters o f  the operation s . 

Yes (unqualif i ed )  
Po s i t ion of fire 
S teep terrain 
High rocky hills 
Poor app roaches (moun t ainous )  

Percent age 
78 . 4  

5 .  
4 . 5  
6 . 8  
2 . 2  

No 78 . 4 %  
Ye s 2 1 . 6% 

Pho to 1142 The Avenger drop pe d  ret ardant forming a f ire line on the s lope 
parallel t o  the base o f  the grade and s topped f ire advance uphi ll 

f rom the base of the s lop e . 
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Que s t io n  1131 
519/ 71 6  ( 7 2 % )  

General Remarks and c omment s  

w�er e  c omment s  c o uld be free l y  g iven and o p ln l on s  
was p o o r l y  answe r ed . The 5 19 comme n t s  were coded i n t o  42 c l a s s e s . 
thes e  c l a s s e s  proved to be unwieldly and very s c attered in conten t  
were reduced t o  more meaningful group s . 

> thi s  que s t io n  
Unf o r t un ate l y  

and sub s equently 

Per cent 
80 . 8  
17 . 3  Ac t i on 

suc c e ss ful 

1 . 9 No drop s mad e , no a c t i on required . 

No e f f e c t  o r  
increased 18 . 1% 

The maj o r i t y  of the re turns s t a ted s imply e i ther "good e f f e c t "  or "good 
accuracy" or "no d i f f ic ul t i e s " . This type o f  c omme n t  was no t ve ry ins tru c t ive but 
i t  d i d  ind i ca t e  t ha t  air t anker p ilo t s  ar e c apable men . In s pi te o f  smoke , low leve l  
f l ying and o ther d i f f iculties , the p i l o t s  we re doing an e f f e ct ive j o b  i n  the face 
of mar g inal and o c c a si o nally d angerou s f ly i n g  cond i t i on s . 

4 1 . 0  
9 . 4  
6 . 9 
4 . 0  
3 . 7  
1 . 9  
6 . 6  
7 . 3  

80 . 8  

6 . 6  
3 . 9  
1 . 9 
1 . 7  
1 . 0  
2 . 2  

17 . 3  

1. 9  

Good effect ,  no d i f ficu l ti e s , accuracy 
Held the f ir e  under diff icult cond i t ions 
Held t he fire 
S to pped fire 
Coole d  hot spo t s  
Slowed rate o f  
Good effec t  in 
Miscel laneous 
T o t al 

access 
smoke 

of communications 
effect 

Poor r esul t s ,  l ac k  of f o l l ow up 
Hea t  and wind too h ig h  for e f f e c t ive control 
Fire too l arge , called away 
Difficul t t% r could not f ind rep or ted fire 
Refuel d i s tance t o o  grea t  o r  ceased d ropping too soon 
Mis c e l l aneous ( po o r )  e f f e c t  
To tal 

No ac t ion ne c e s s ary - no drops mad e . 
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Ques tion 1/ 3 2  
165/184 ( 90 % )  

For t y  percent o f  
( SW ,  s ,  SE) . Seven ty f ive 
through South t o  

t h e  repor ted f ir e s  were 
p ercen t of the reported 

slope s .  

fou ght o n  southerly facing slopes 
fires were located on t he Wes t  

Fire 

Per cent 

2 4 . 2  
18 . 2  
1 7 . 0  
10 . 3  

9 . 7  
7 . 3 
6 . 1  
3 . 6  
3 . 6  

6 1  

Exposure 

S 
E 

Sty 
N 
NE 
SE 
m.,r 
Level 

Photo #43 

Fuel t ypes that burned are b la ck . 

Fire advanced through b lack spruce 
slvamp a. t centre and across 

to Alfred Lake , a t  
Ontario . 

Pho to /144 

Fire path b lack spruce S'''BJnp 
moss (see to 143 ) . 



Que s t io n  If33 Fuel 

The d istrib u t ion percentage of fuel type reports \>las 
as no ted in t he table b elm" ; 

Percent o f  t o tal 

. 8  
10 . 3  

8 . 8  
1 1 . 3  

2 

39 
34 

Province 

Ontario 
Hanitoba 
British 
Col umbia 

even . 

Coniferous fuels formed the bulk of the fuels identified at 70% .  

Pho to 

fire tern 
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6 3  

Photo 

fue l s , w8 b 8 ;  j 
residual " hi t e  b i rch 
" s ai le r s "  that caused 
Ontario , 

P h o to 11 4 7  

Fuel type was coniferous s l ash , 



Que s t io n  1134 
41/101 (41%) 

Tree Species 

The mai n  fuels were ide n t i f ied and separa ted into 8 c lasses . As would 
be expected . conifers a ccoun ted f o r  78% of the species reported and deciduous trees 
made up the 2 2 % .  

2 2 . 0  
9 . 8  

Jack P ine 
Whi t e  P ine 
Bal sam Fir 
Coniferous t o t al 

Pop lar 
�.Jhi t e  Birch 
Yel low Birch 
Oak 
Dec iduous t o t a l  

The above sp ecies l is ting r e f l e c t s  the 7 1 %  of the re turns from Ontario . 
Eva l ua t i on repo r t s  l i s  t ree spec i e s  were r eceived from the Provinc e s  in the 
f o l lowing percentages : -

Percent o f  t o tal Province 

Photo #48 

19 I<funi t ob a  
1 0  Br i t i sh C o l umbia 

To tal 

Tallest tree i s  103 ' . S ur f ace fire 
in overmature s tand . 
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Ques tion 1135 
142/193 (74%) 

Height of talles t  t ree ( f ee t )  

The t al l e s t  tree was chosen because the airt anker obviously cann o t  f l y  
below this height wi thout r i sking a coll i s ion . 

The t hree P rOvince average t al l e s t  t ree heigh t was 71 . 4  f ee t . 

From (drop height above c anop y )  i t  was found that the drop height 
aver ag e  was 68 . 2  f ee t . In order to reach the ground , t he average air tanker load 
must fall 1 39 . 6  f ee t . The average talles t t ree height s  were : 

30 

50 
6 0  
7 0  

80-100 
over 1 00 
To tal 

On t o  . C .  

claSSeS 

/ ,. 0 
1 2 . 
12 
11 . 3  
18 . 3  

A l l  
f ee t . 

6 5  

Cum . 

2 . 1 

39 !+ 
50 . 
69 . 0  

100 



Question /136 
4 3 / 95 (45%) 

Diameter o f  the Talles t  or Larges t Tree (inches)  

Returns Received from Provinces 

Ont o 
88% 

Man . 
I n  

This que s t ion was no t aske d on the B . C .  forms .  

B . C .  
0% 

To t al 
100% 

It mus t  be no ted t hat mos t  of  the data b elow were from Ont a r io and only 
f ive rep o r t s  were from Mani t ob a . 

D . B . H .  up to and inc lud in g  1 2" 
D . B . H .  from 13 to 24" 

78 . 5 %  
2 1 . 5% 

The d iameter o f  the t a l le s t  tree did no t mean much to the s tudy , b u t  i t  
was an indicator of  the fuel l o ad i ng i n  t h e  drop zone . The average t a l le s t  t ree 
D . B . H .  was 10 . 2" and the average talles t tree height (Q-{!35)  was 71 fee t . Black 
spruce was the mos t  common species repor ted (Q-U34) at 44% o f  a l l  rep o r t s . 

Al though the s ingle tree s tud y l i s t e d  below comp ares t ree s larger t han 
the averaged trees in 35 and • these black s p ruce do a p ic ture o f  the 
probable f ue l  loading and the drop pene t r a t ion d if f icul t ies in the areas . 

D . B . H .  ( inches)  
Hei g h t  ( feet )  
Max. Crown wid th (feet) 
Max . crown area ( sq .  f t . )  

Fuel weigh t s  (gr een condi t� 
Branch and need le s (pound s )  
S tem ( pound s )  
To t al ( pound s )  

(*) Fores t  }hlnagement Ins t i tu t e , O t t awa . 

66 

1 1 . 7  
65 
21 
346 

5 3 4  
950 

1484  

Open s 

1 1 . 1 
50 
2 3 
415 

745  
6 1 6  

1361 



Ques t ion 11 3 7  

( 7  

Report Frequency 

Ont . 
28% 

Man . 
5% 

S tand Dens i ty 

Provinces 

B . C .  
6 n  

To t al 
1007, 

This was made up in three parts and i s  self e xp l anator y .  

Hedium 
Dense 

51 
16 

100 -

From (penetration of canopy )  it was shmvn that these two que s t ions are 
interrelated . 

Photo #49 Spo t  f ire i s  circled in this dense coniferous s tand , Ontario . 
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Question 11 3 8  
4 2 / 9 5  (4 4 % )  

Regrowth and species 

The grea t bulk of the r ep l i e s  ind ic ated that On tario made use o f  t h i s  
que s t ion mos t  extensive l y .  The s ingle r ep ly from Br i t i s h  C olumb ia ,>la s o b t ained from 
data on one o f  their ow� a ir t anker f o rm s . as thi s ques t ion wa s not a s ke d  on the B . C .  
forms supp l ied f o r  their u s e  by the Fede r a l  D ep a r tment o f  Fore s try . 

Ont . 8 6 %  

No 

Yes (unquali f i ed ) 

Ye s 
Spruce 
Fir 

\\Thite Pine 

Jack P in e  

Conifer to tal 

Birch & Poplar 

Hard Mapl e 

Total 

Rep o r t  frequency by Provinces 

Han . 1 2 %  B . C .  2 %  

unde r  t h e  main s tand 

6 8  

50 . 0% 

4 . 7%  

33 . 4% 

100 . 0% 

Pho to 1150 

1 4 . 3 %  
1 4 . 3% 

4 . 8 %  
0 . 0% 

9 . 5 %  
2 . 4 %  

Thick young g rmvth and scrub i n  a n  
o ld c utover area . Ver to l  h e l ic op ter 

I .  gallon bucke t in 



Ques tion 1139 
20/93 (22%)  

Regrowth height ( feet) 

Rep lies to Q-#3 9  were received in the fol 

Ont .  85% Han . 15%  

Question no t asked on B . C .  forms 

proport ion . 

B . C .  0 %  

The of regeneration under the main stand gained from these 
few replies was 1 1  fee t . 

o- S ( f t . ) 
6 -1 0  60 

11-1 5  30 
16-20 
2 1-30 S 
30 plus S 

Total 1 00 %  

Photo 1 

Young s topped f ire advance . 
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Que s ti on 1/40 
2 1 / 93 ( 

Regrow t h  d i s t r ibut ion 

t o  \;/ere rec e ive d in t h e  f o 11m;/ing p ro p o r t i ons . 

Ont . 8 6 %  

To t al 100% 

Que s t ion no t asked on B . C .  fonus . 

The d i s t r ib u t ion o f  the young 

Scat tered 
Dens e 
Clumps 
To t al 

r.1an . 1 4 %  B . C . 0 %  

wa. s :  

5 2% 
19% 
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Que s tion 1141 
9 5  ( 79 % )  

Rep l i e s  t o  

Ont o 

Ground fue l s  

,ver e  r e ce ived in t h e  f o ll owing proportions . 

Man . B . C .  0% 

asked on the B . C .  fo rm) 

The ground fuels \vere o riginally grouped into 9 c l a s s e s  but to simp l i f y  
c omprehens ion . the se 'vere redu c e d  to 4 c l a s s e s . 

Percent 

4 8  

1 5  
36 

1 
100% 

Fines 

Tvligs 
Logs 
Continuous 

Ma te r ia 

Needles , l eave s , d ry grass , d ry 
fern s , mo s s  
Twig s  and small s t icks 
Logs and b r an c hwoo d  4" or l arger 

I t  c an b e  seen that 63% of the ground fuels were o f  a read ily flammable 
type , excep t ing the On tario Sphagnum mo ss . The s e  fue l s  are capable of burning 
rapidly bu t are also more easil y  controlled b y  air t anker action . 

It wou l d  app e ar that prop er use o f  the a i r t anker was made by at tacking 
fores t  fires in these t yp e s o f  fuel , t aking into ac coun t the fuel ' s  high rate of 
spread cap abil i t y .  The air act ion would c e r tainly buy time for ground crews and 
reduce the resul t i ng t o t a l  area burned . 
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Question 1142 

t o  

asked 

d i s tribution on 

Sc at tered 

Piled 

D i s t ribution o f  fue l s  

1>rere rece ived 

\18 S 

It can be seen t ha t  no air t anke rs were called 
were cons idered to b e  p il e d  on the 

Pho to 2 

Ove r turned trees caused 
Canso • On tario . 

very 10yJ 

Photo li53 

Canso 

72 
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Ques t ion 1143 Damage t o  Veg e t at ion 

This que s t ion was a sked 
thi s que s tion were f rom B . C .  

o n  the B . C .  forms and 98% o f  the returns for 

4 . 3  Trees knocked over 
tops and snags 

t.Ja s  c onf ined to 
tops and snags cons t i t ut e  a 

(Danger t o  • C .  cons idered 
dangerous to men in the are a . 

To tal 

and 

(damage to vege t a t ion ) 
to men ) 

cases > 
in the 
,<Jer e > o r  

tree s . 

In Man i t oba and Ontario bl ack spruce country , t rees c an be overturned by very low 
level drop s . 

Pho to #/54 

More than 100 black spruce ove r turned 
low Canso drop s on spo t  f i r e  (see pho t o  
1149) 

Photo /155 

C a n s o  drop d amage to shallow-roo ted black 

s pruce . 
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SUMMARY 

The air t ankers examined in this s var ied in s i ze from the 6000 
gallon Yrar s  to the Bell 47-G " it h  a 45  gal lon bucke t . The smaller a i r  tankers 
received a p riority for t he transpor t o f  men and ma terial s t han for  f ir e  
bombing . Air tankers ,vere u s e d  to a t t ack 7 . 5  o f  al l t h e  f ire s i n  t h e  reporting 

(tva percen t o f  the ac t ions reduced the fire ac a 
amoun t and 1 7 /�  held the f ire a t  t he same leve l . The 
f ires t ha t  l;-I]ere. out of con t ro l  and airtanker ac tion O l d  l i t  

t o  change t he level o f  f i.re behaviour . 

At the t ime o f  a t tack , 6 3 %  o f  the fires were 5 acres o r  less 
and hal f  the fires >;,'ere 2 . 5 4  acres or smaller when 
use o f  air tanker s .  N ine p e rcent ,vere grea ter than 
percent age ) �vhich ind icated that the a i r t anker ,,,as called too late to 
effective in reducing the fire 

The use of a f light of two o r  t hree air tanker s  
succession was routi ne procedure i n  some areas . The targe t 
and " fire f l anks "  received an equal number of a t t acks . 

close 
head " 

area 

of the ac t ions were to "cool hot spo t s  and t ake l ine ac t ion . One third 
of t he p ilo t s  f avoured an " in to wind" dire c t ion of a t tack and 10% cho s e  
"dol..'Ilwind " .  Hal f  t he reports  noted the length o f  firel ine the airtanker was 
trying t o  con trol was 600 feet or less  but 25% l i s ted lengths in excess of 1 3 00 
fee t whi ch could indicate that the air t anker ,,,as a sked to pe rform in excess o f  
i t s  c apab i l i ti es . 

Fifty six percent o f  the f o rms noted t ha t  no men were working in the 
a t tacked sector of t he fire  at t he t ime of the f i r s t  This f a c t  indicated 
that a proper early use of t he airtanke r was carried out . The remaining 
4 4% of the f orms n oted that ground con t r o l  had s tar ted a t  the time o f  the first  
drop  but only 6 . 8% of t he repor t s  l i s te d  crews took over" > when the 
airtanker ceased This latte r  percentage is  low. Sixty 
eight per cen t o f  the indicated tha t it ,,"ould not have been dangerous for 
men t o  work in the crews were no t working on the 
same sec t o r  a s  the the report s . eight percent o f  the 
repor t s  l i s ted "no to a s  a resul t o f  air tanker ac tion . The 
daily mean time o f  the fir s t  3 : 15 pm but the o f  f ir s t  drop activity 
occurred from 4 : 30 to 6 : 30 pm . Fif ty six percent were made after 2 : 30 
pm and the averaged drop height was 68 fee t above the tree c anopy . 

For half the repor t s , the distance from base to the f i re was 5 3  miles and 
58  minut es to deliver the first drop . percent of t he ge t away t imes 

were les s  th an 15 minutes . Thi s  shor t per iod reflec t s  an ac tive s t a te o f  
within the aerial section o f  the fore s t  Several 
of the of the season" calls t ha t  were made in advance of 
t h e  contrac t t o  the credit o f  t he charter t ha t  
every effort was made to aid forest s ta f f  at any time 

the f ire season , o f  the airtanker char ter d a te l imi t s .  Ha l f  the 
reports showed that the dis tance from poin t to  t he fire was 7 . 1  mil e s  or le s s  
and that the dis tance to refuel was 40 miles or les8 from t he f ire . 

Two third s o f  the returns indicated that .. "ea ther had no effect  on operation s , 
that 70% o f  t he wind speeds were 1 0  mph o r  less  and t ha t  l and shapes had no ef fe c t  on 
three quarters of the operation s . 
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seven ty percent o f  the f ue l s  were coniferous and the ave rage t a l l e s t  t re e 
wa s 7 1  fee t high . The drop p ene t ra t ion was r e la t e d  t o  s t and 
three percent o f  the f o rms l i s te d  canopy pene t r a t ion to be 

The ave raged round t imes varied ai r tanker type s "'i th a of 2 9 . 4 5  
minutes f o r  t he Aveng e r  t o  a l ow o f  6 . 4 3  f o r  t h e  Beaver and an a ll-air t anke r  average 
o f  13 . 15 minutes . p e rcen t o f  the repo r t s  averaged 1 0  minu t e s  o r  less , round 
trip time . 

Hal f  the rep o r t s  n o t e d  six drops p e r  ac t i on and the number o f  per 
f ire 14 . 5  ( 9 , 400 1 .  ) .  Hal f  o f  all t he d rop s cont ained some t yp e  
o f  r e tardan t , a percen tage that i s  i n  Canad a . T he maximum number 
o f  drops a air tanker on one f i r e  ,vas 1 2 2 . The maximum number 
o f  t ons of f ire re tardant or wa t e r  on one f ir e  \..Jas 1 , 5 7 \vh i l e  the 
was a drop 

It mus t  be c onclude d  that airtanker a t t acks on f o r e s t  fires 
favourable resul t s  in a t  t he ac t i on s . T h i s  percen t age wou l d  

the 

Q -
Q 
Q - lf17  
Q - #19 
Q #31 

rise if air tankers ,vere more and were cal led to f ir e s  i n  the 
s tages of t h e ir 

From the air tanker eval ua t ion f o rms , i t  " as n o te d  tha t air a c t i..on had 
e f f e c ts : -

i\t ta ck 
At tack 
Attack 
Att ack 
A t tack 

r e duced the f ire ac l evel 
had no e f f e c t on the f ire 
,,;;a s  e f f e c t i..ve 
tv-as In 
was bene f i c ia l  t o  

t o  contro l t he fire 
81% 

The air tanker \'V,hen 
t ha t  had been a t t acked ear l i er 
were consi..dered suc ce s s f ul bu t 
On the re turn a t t ack , half t h e  

back to a f i..r e , r e tu rned to the s ame s ec tor 
Seven percent o f  a l l  the re turn a t t acks 

41% ,ver e  terminated due to d ar knes s  or b ad wea the r . 
air t anke r s  d ropped 11 l o ad s  o r  l es s . 

The func t ion o f  an a i r tanker i s  t o  aid i..n con t r o l l ing fores t  f ireS 
in conj unc t i on with ground c rew supp o r t . If c a l l e d  to action s o on a f ter a f ire i s  
repor ted ,  a ir t anker s  can o f ten a t tack and c on tain fore s t  f i..r e s  b e f ore they r each 
less w�nageable prop o r t ions . The ba s i c  advan t age o f  air tanker s a s  oppo s e d  to o ther 
f ire suppre s s i o n  t o o l s , i..$ r ap i d  r esponse capabi..l i t y . 

The air tanker i s  n o t  t he comp l e t e  answer t o  the f o r e s t  f ir e  suppr e s s ion 
prob l em ,  I t  i s  an e f fec t ive t o o l  when u s e d  on the r i..gh t fi..re a t  t h e  r i..g h t  t ime 
L e .  i..n the early s t ag e s  of f i..re d ev e lopmen t .  The range of e f fe c tiven e s s  var ied 
from very e f fec t iv e  on sma ll fires t o  ine f f ec t ive on large f ir e s . In the fu ture , 
new deve lopme n t s  can be expe c ted in ai..r tanker d e s ign , l oading and s y s t ems 
and in chemical f i r e  r e t ardan t s , t he air t anke r  an even mo re e f f e c t ive and 
pro f i t ab l e  f ire con t ro l  t oo l . 
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APPEND I X  1 

Fire Re t ar d an t  Chemi c a l s  c arr i e d  by a i r  t anker s  

In recent years the add i t i on o f  chem i c a l s  t o  t h e  
o f  ,,,a ter has b e e n  used in a e r i a l  f o r e s t  f ire c o n t ro l  in \;/et 

agen t s  to reduce sur f a ce tension p e rmi t t ing pene t ra tion "Jere ini t ially t ried . 
L a te r , \"i t h  their capac i t y  '(Je re added t o  r e t ardan t s  tha t 
coated the f ue l s  w i t h  a thick moi s t  l ayer . Nor e  fire retardan t  mixtur e s  
have b e en devel o p e d  t h a t  on chemi c a l  r at h er than me c han i c a l  me ans t o  s l m" the 
burning process es . 

The d ur a t i on o f  wa ter r e t e n t i on o f  the various chemic a l s  d epend s 
on the environmen t  in whi c h  are Thi s dur a t ion i s  mo d i f i e d  
t h e  r e tardan t ' s  vis c o s i ty and t he o ri g inal t h i ckne s s  o f  t he mo i s t ure layer . 

Sho r t  t e rm r e t ardan t s  lose their a s  s oon a s  the mo i s t ure level 
has been reduced t o  zero . Long term r e tardan t s  are s t i l l  e f fec t ive af ter a l l  t he 
mo i s t ure has evapo r a t ed , as the t hin l ayer o f  chemi c a l  continues t o  r e t ard burning 
o f  t he fuel . A l abo r a to r y  eva l u a t i on ind i ca t e d  that a long term r e t ardant when 
f u l l y  d r i e d  ou t ,  was ne arly twice as e f f ec tive in reducing the rat e of f ir e  spr ead 
t han was a short t e rm re t ardan t \"hen t,vo - t hird s o f  the o riginal mo i s t ure ,,,a s s ti l l  
pre s en t . (Hard y , 1 96 2 ) . 

WATER 

Wa ter is t h e  b a s i c  ingredient o f  a l l  f i re re t ardant mixe s . P lain or wit h  
Gel gard inj ected f r om a n  on-bo ard sys tem , i t  i s  mos t  f re quen t l y  used b y  probe-typ e  
air t anker s  making qui ck pick-up s from wa t e r  sur f aces near the f ir e . This u s e  o f  
wat e r  d oe s  allow air t anke r s  t o  make mo re drops per uni t  t ime and t hu s  ap p l y  a 
h igher volume per hour than mixtur e s  tha t require t he a i r t anker to re t urn to b a s e  
f o r  loading . I t  i s  however ,  the l ea s t  e f f e c t ive o f  the shor t  t e rm r e t ardan t s  a s  i t  
only temp o r a r i l y  coo l s  dm.TU the f i r e . 

GELGARD F (Imp roved ) 

A s yn t h e t i c  o rganic p olymer produced by Do,,, Chemi c a l  Company ) Gel gard i n  
t h e  insoluble p owd e r  f o rm ,  c an abso rb wa t e r  in amount s  100 t o  1 00 0  t imes i t s  own 
weigh t . I t  i s  no t a chemical re t ardant b u t  serves only to ho l d  wa t e r  in a vi scous 
two pha s e  mixture . Nixing r a t i o  i s  0 . 01 t o  0 . 04 p ounds per I . g a l l on o f  wa t e r  
depending o n  hardne s s  and temp e r a t ure . I t  i s  incomp a t ib l e  wit h  sa l t  wat e r  and thus 
cannot b e  u s ed on sea loading o p e r a tions . 

Gelgard powd e r  is c arried aboard the air t anker and c an be me t ered into t h e  
d ro p  t anks o f  p robe- t ype aircraf t a s  i t  skims and loads f rom t he wa ter sur f ace . 
Overmixing or high speed shear r educe s the Gel g ar d ' s  e f f e c tivene s s . 

For v i s ib i l i t y ,  a red dye is u sual l y  a d d e d  to the mixture , whi c h  is no t 
subj e c t  to bac te r i al de t e r i o ra t io n . The mixtur e is non-toxic and non a b ra s iv e  b u t  
i t  i s  however , v e r y  s li p p e ry and c an c r e a te a p o t e n t i a l  hazard t o  " a lking p e r s onnel 
on t h e  f i re l i ne . 

CLAYS : (Ben toni te , Nontrnoril l oni t e )  

Ben tonite c l ay s l urry i s  a sho r t  t e rm ret ardant in whi c h  e f f e c tJveness i s  
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the effect o f  
f o r  effective f ire c on t ro l . The r a t io i s  of  water . 

to obtain [he proper but once obtained , i t  
can Slurry preparation 6 minutes in a batch 
type mixer . It can cause corro s ion to me tal sur f aces and good 
washing dow"U aircraft , pump s , t anks and valves is essentia l . 

A red dye is commonly added to the mix ture for  bet ter aerial vis ib i l i ty . 

PHOS-GHEK 

Manufac tured the Mon s an to Company , Pho s -Chek contains 1 0% diammonium 
phosphate (DAP) by weigh t , thick ened with sodium carbox)'11le thyl cellulose ( CMC ) t o  800 
- 1 200 centipois e .  A 10% s o lution should contain 1 . 37 pound s o f  chemical per  I .  
gallon o f  water to produce the proper visco s i ty .  The manufac turers advise  tha t the 
specif ied concentrations be used to avo id adverse effect s .  Contamination by reSl0ue 
of o ther material may cause irreparable l o s s  o f  Red are added 
at the batch mixer for be t ter aerial visibili ty .  

COSTS (1969 p rices * )  

Iva ter $ 
Gelgard F Improved 3 . 75 
Ben toni te 3 . 00 
Fire-Trol 100 20 . 00 
Phos -Chek 2 0 2  20 . 00 

( Bri ti s h  Columbia Fore s t  Service , Handbook 
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DATE 

25-0 7 - 6 0  
2 2 -0 J- 6 0  

2 3-06 - 6 1  
2 6 -0 6 - 6 1  

14-06-62 

31-0 J - 6 3  
6 4  

2 3-0 6-65 

03-0 8 - 6 5  

1 2 - 0 8 - 6 6  

13-07-67 

1 6-0 7 - 6 7 

22-07-6 7 

2 6 - 0 7 - 6 7  
08-0 8 - 6 7  
06-08-67 

0 2 - 0 5 - 6 8  

08-0 8-6 8  

11-08 - 6 8  

01-03-69 

2 6 -0 7 -6 9  
03-08-69 

2 5 -0 8- 6 9  

1 8-0 7 - 6 9  

fatal 

APPENDIX 2 

Ten year r e co rd o f  C anadi an  a i r c r a f t  and crew l o s s e s , 1 9 6 0 - 1 9 6 9 . 

PROV o 

B . C . 
B . C .  

B . C .  
Out. 

B . C .  

B . C . 

N f l d . 

Al t a .  

Al t a .  

N . W . T . 

B . C .  

B . C .  

P . Q .  

B . C .  
B . C . 

B . C . 

B . C .  

B . C .  

Chile 

B . C .  
N . �V .  T .  

Sask . 

Sask . 

F 

1 *  

4 *  

1 

1 *  

A c e  I D E  N T S 

(Fores t  Fire P r o t e c ti on) 

TYPE OF AC CIDENT 

\�'he e l s  up l and ing 
C o l l is i on t rees 

Colli s ion trees 
Collisi on wa ter 

Engine failur e ,  co l l i ded 
w i t h  t r e e s  

C o l l i s io n  trees 
Ac ciden t free 
Overshoo t ,  h i t sho r e  

Col l i s i o n  trees 

Groundloop 

Engine f ailure . collided 
with trees 

2* Collision t rees 

Under shoot , tail ro to r  
struck log 

1 Collision trees 
1* C o l l i s ion r i s ing terrain 

Loss  o f  con t ro l , 
c on t a c t e d  rocks 

Landed with nose gear up 

2* C o l l i s i on t re e s  

3 

2 *  

Lande d  wi t h  l andi ng gear 
unl o cked 

C o l l i s ion terrain 

Midair col l is i o n  wi th 
Engine f a ilure , c o l l i sion 

,va t er 
C o l l i s ion , subme rged log 

C o l l i s i on trees 

AIRCRliFT MAKE & �IODEL 

Boeing B1 7 G  F o r t ress 
Boeing B75Nl S tearman 

Ha r tin JRl-J:-3 Har s  
de Havi l l and DHC ]  O t te r  

Cessna 1 9 5  

Grumman T BM-3 Avenger 

C onso l id a t e d  PBY5A 
Canso 

Boeing A - 7 S  S tearman 

A- 7 5Nl S tearman 

C e ssna 180H 

Conso lidated PBY 5A 
Super C anso 

Hiller UH1 2 E  
Helicop ter 

Ces sna l8GE 
G rumman TBM3 Avenger 
Bel l  4 7 G 3 B  

He l ic o p t e r  

Conso l i d a t e d  P BY5A 
C anso 

Conso lidated P BY5A 
C anso 

PA-24 
C omanche 

Conso l i da ted PBY SA 
Cans o  

B e l l  4 7  Hel icopter 
Havil land DHC ] 

O t t e r  
Cons o l ida ted P BY SA 

Canso 
de Hav i l l and DHC2 

Beaver 

F 
'* on f ir e  bombi ng wo rk 

I ssued by 
DEPARTMENT OF TRANSPORT 

Ai r c ra f t Accident Inves t igation 

Divi s i on 

7 8  



Pho t o  Ques tion 
NUTIlbe r  NUluber 

1 -9 1 

1 2-14 2 

15-17 2 
10 2 
1 1  2 

18-19 3 

2 0  

2 1  5 

2 2 - 2 4  7 

2 5 - 2 6  8 

27-29 9 

30 1 0  

3 1  1 1  

3 2 - 3 3  11 
34 1 2  

3 5  1 6  
36 17 

37 23 

38 25 

39 ,., �  t.. / 
4 0  2 8  

41 29 

4 2  30 

4 3-4 7 3 3  

4 8  3 5  

4 9  3 7  

5 0  3 8  
5 1  3 9  

5 2- 5 5  4 3  

APPENDIX 3 

Index to 

7 9  

Subj e c t  }Iat te r  

o f  air tankers 
Drop sequence . Cans o 

s equenc e . O t ter 
Sur f a ce f ir e  with 
Jump f i r e  
F i r e  s i ze a t  a t tack 
Canso a t tack 
Target f rom s lash to green s t anding 

t imbe r  
Re t ar d an t s , P h o s  C h e k  a n d  Ge lgard 
Ground control 

Danger t o  men f rom d rop forces 
Holding spo t f i r e  
Canso h o l d in g  l ine i n  b loHd O\,ffi 

Pene tration 
E f fec tive 

ove r s  tory 

}lart in 
l"akes 

trees 
boat base 

acent t o  fire area 
trip time 

Fire in 28 wind cond i tions 
l.Jea ther e f fec t 

causes 

round 

Top ograp hy d i c tates d i r e c tion of a t t ack 
Various fuel typ e s  and p a t t erns 
Talles t tree p r e sents p robl ems 
Dense s t and 
Regrowth can advanc e  or re t ar d  fire s p read 
Young g r ovJ th s topped f ir e  advance 
Damage to veg e tation as a result o f  

a i r  d rop s 



A.. GENERAL .. Fire 
Fire 
Di strict 

B .  FIRE BEILAVIOUR for area o f  a�r attack 

( Check 1:4},J l.cupriate 
Slov Fast 

condit ions 

sect ions ) 
Crown 

Smolderi ng Surface Surface Running Flare-up 
Before 
Act ion 
After 
Acti on 

C .  ATTACK 
l �  S i z e  o f  fire at 
2 .  Target : Head(_) Srnall fi re Cttnder 
3 .  Method of attack : 
4 .  Has 

If' 

5 .  wnat 

control 
i s /are the ai rt anker ( s )  

Establish 
Other ( specify 

'�����--�--��--�--�--6 .  Approximate 
control : ______ � _____ feet . 

7 �  Est imat e d drop height above canopy : Low ( QDder 50 
Medium ( 50 to 
High ( over 100 

8 .  Direction o f  attack : Into vind (_) 

to 

( Torchin g )  

acre 

9 .  E:ffecti vene s s : How many drops were made before the f i re "I-ras held o r  
action stopped on s ect ion of fire edge being attacked? 
Start of End of Nu,ube r o f  

Round Trip 
Reason for 

( achi eved control , other 
I f  dropping vas not continuous , 

10.  Did aircraft ret urn later t o  drop 
Yes (_) No 
Start o f  drop 

80 

Tot al : ________ __ 

on s ame section o:f fire 



- 2 -

ROUIld Time ( i f di ffe rent from above --------------------� 
Reason for 

( Achi eved , > 
I f  dropping was not cont i nuo us, please give reasons . 

NOTE : I l' "'hen t anker ret urns , weat he r > fuel or other condi t ions have changed 
please indi c ate on appropriat e  sect ion of another form and attach . 

If aIly porti on o f  the data reques t e d  below i s  i dent i c al with that 
already placed on forn� compil e d  for a previous act i on ,  pleas e 
i dent i fy  the act i on ( e . g . s e e  drops made at 10 . 30 )  and leave 
appropr i at e s ec tions below b la�� . 

D .  \-lEATHER ( tak e  at fire i f  pos s ible ) 
Wind spe e d  MPH \-lind 
Turbulenc e : Nil ( ) Light Moderat e 
Did ",eather c onditi ons exi s t  or develop e ither 
di fficult or impossible? ( t urbule n c e , ",ind speed or direc t i on , e t c . )  
Yes (_) No I f  !fYes H  de s cribe : ____________________ _ 

E .  TOPOGRAPHY ( in a r e a  o f  ai r attack ) 

F .  

D i d  topographi c  features ( po s i t i on o f  fi re on slope , s t eep o r  mount ainous 
t errain e t c . ) make dropping either d iffi c ult or impo s s ible ? 
Y e s  ( ) No 
I f  "Yes" 

Fu�LS ( in area of ai r attack ) 
Con i fe rous ( pine , spruc e , e t c . ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (_) 
Mixedwoods ( coni ferous and h ardwo o ds t ogetherl . . . . . . . . . . . . . .  ( ) 
Hardwoods . . . • . . . . . . . • . . • . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . . .  (-) 
Slash ( date of cutting i f  known 19 ) . . . . . . . . . . . . . . . . . . . . . . .  ( ) 
Burn ( date i f  known 19 ) . . . . . . . . .  -::-. . . . . . . . . . . . . . . . . . . . . . . .  ( -) 
Blowdown . . . . . • • • . • . . • •  -:-: . . . . . . . . . . . . . . • . . • • . . • . . . . . . • . . • . . . .  ( -) 
Brush • • • . . . • . . . . . • • . . • • . • . . . . . . . . . . . • . . . . . . . . . . • . . • . . . . • • . . .  ( -) 
Grass . . . • . . • . . . • . . . • . • . . • . • . • . • • • • . • . • . . • • • • . . . . . . . • . . . . . . • .  (=) 
SERVICE 
AirtaIlker r e a uested at ( Hr : Hin ) Departed ( Hr : Min ) 
Arr ived � ( H r : Min ) R ea s on f'or del-a-y--r(-=-i-f aIlY ) 
Loc at i on of' airtanker at t ime o f  
Di stan c e  from fir e  

------------------�.-�--��--�---------------------Re f'ueling : Loc at i on. __ �,-� __ � __ � __ �Di st anc e  from fire ____________________ __ 

Retardant us e d :  \-lat e r  ( ) Chellli c al ( sp ec i fy ____________________________ __ 

Pi ck-up point of wat e r  (� chemic al 
D i s t ance from fir e  

H .  GE!'i�RAL 
1 .  \-las the airt anker action s i gn i fi cant i n  the c ontrol o f  a fire ? 

Yes No __ ) 

2 .  Comment s on ac curacy o f  drop s , elap s e d  t ime s , d&�age t o  t ree cover , 
mechfu� i c al di fficult i e s , c o�n��i c at i ons , e t c � ) 
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ATTACK 
1. /1eth(;d of 
2 .  

) .  

6 .  Drops were � jd"'tere yr.)U wanu;Jd th¢m 
tJt:lu.ally l;frere you 
/{ot wnere you 'W'Mted them 

ft . 

£xplatn (it nec�nHHu'Y) __ "_� •• __ .��.�. __ �.�."""" ___ " __ " 

B .  



A I R  TlINKER EVALUATION FORM 
A i r c r a f t  

APPEN"'DIX 4 -c 

A .  G ENERAL T a r g e t  N umb e r  

F i r e  Name 

Dat e 

------------------
F i r e  Number 

Di s t r i c t  (o r Reg ion 

( fo r  o f  n i r  a t t ack 

A i rc r a f t  ( t y p e  & numb e r ) 

Map Lo c a t ion 

- vlo r s  t i t  Ions found ) 

F i r e  Char ac t er 

,-- '-,---.--' 
(Ch ec� app rop r i a t e  s ec t ionsl_ 

S low 
, 

Fas t Crown 
S urface S ur fac e RurminQ F l a r e-up (To rch ing ) 

f , r e  
11\(' I j , I I I  
�\ t t: e r  

---

I\C t: ion 

C .  ATTAC K 
1 .  S i ze o f  f i r o a t  a t t ack 

cad (_) Fl Small f i r e  ( undor k a e n: )  
,) .L a t tack : Ind i rec t ( ) 

con t ro l  s t a r t ed : ) No ('" ) 
i "Y e s "  i s  t he a i r  t an k e r ( s )  working on the s ame s ec t ion o f  t h e  

f i r e  a s  t h e  ground c rew? Y e s  (_) No (_) 
5 .  Wha t was t h e  a i r t a n k e r  t ry in g  to do : Ho l d  s mal l f i r e  ( und er � acre ) 

Coo l  ho t s po t s  ( ) Ho l d  jump ( s po t )  fi r e  (_) 
Es t n b l i s h  gua rd ;-ran g  s ec t io n  o f  f i r e  edge ( ) 
O t her ( s p ec i f y )  

-
(_) 

6 .  Leng t h  o f  f i r e  edge a i r  t an k e r  i s  at t empt in g  t o  con t r o l  f t . 
7 .  D rop h e i gh t  abov e c anopy : 

Un·, ( un d e l- c) () ft . )  Med i um (50- 1 00 ft . )  High (over 100 f t . )  (_) 
8 .  D i rec t ion o f  a t t ac k : to wi.nd (_) Cro s swind 
9 .  E f f e c t ivenes s : Ho,,,, many d rops were m<1d e  b e fo r e  f i n' w n ,' h d  r 

;1C t ion s to pp e d  on el ec t  i o n  0 f f i  re e d g e  b e ing .1t t nc k ed ? Dro p s . 
T i llH' 0 1  f i r s t  d rop Round t r i p  l i me n .  

i me o f  i n s t  d rop 
R e n son fo r s t opp ing 

.��--�----��--�------�------�--------�----------

D .  HEAT H EH ( a t  f i r e  o r  p ick-up po i n t  o f  wat e r  o r  r e t a r d en t ) 
D i d  weather con d i t ions wh i c h  mad e  dropp i n g  e i t h e r  d i f f i c u l t  or impo s s i b l e  
ex i s t  o r  d e v e l op ?  ( t urbu l en c e ,  wind s p eed o r  d i r ec t ion , e tc . )  Yes (_) No (_) 
J f "Y e s "  d es c r i b e 

. _------------------------------------------------------

E .  S ERVJ CI: 
A i r  t nn k e r  requ es t ed at H r :Min . Dep a r t ed Hr : l'hn . 

--;-----A r r i  ved Hr :Min . Reason fo r d e l ay (i f any 
U) c <1 t ion o f  a i r  tank e r  at t i me o f  r eques 
D i s t n n c e  from f i r e  
--------------------��--�-r--�:�·--------------------R e fu e l i n g : Lo c a t ion 

R e t axdant u s ed : Wa t
-
e

-
r

--;-�::-;----:--::--;-

Pic kup po i n t  o f  wa t e r  (o r 

t a n c e  f rom i r e  

F .  G EN ERAL REMARKS 
f , e 1 (,d t 

mec h an l c ,· l  d i  f fi c u l t i  es , commun i c a t i o n s , e t c . )  
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1. Was 

. .  

b .  
c .  
d. 

Steep ( __ ) 

in th(;! r,1;.and: (fuel t..ype .. 
o rder of importance: 

e. Ke"ro,mcClCHl 

f , 
( __ ) Clumps ( __ ) 

sign ificant in tnt) control of too tin'l 
Uo ,_) 

A. a.NERAL 

UR TMlK);R EVALUAnON FOIIII 
Aircraft 

fiN NUllIfrcr ______ _ 0&'" ______ 19 
IH.trict _______ _ Aircraft (Type) _______ _ 

B .. FIRE B£HAVlm1R. - For an)a of air attack only ..., ';forst oonditiof'U] /o\lnd .. 

G" ATTACK 

1. Tart;e t :  Hl'Jad {_) Flank ( __ ) Rear ( __ ) Small Fire (under 1 a.cre) ( ___ , 
2� Lot.hod (If attack: DirtJ¢t (_) Indiroct { __ l 

J .  Haa control JJtaJ"tod: 'fee ( ) No ( ) If is/are the air tanke-dB) woridn€ ontt;;; SAl'J'\e Mction of tho flro 
38- the ground crl)W'? Yea , __ ) NQ ( __ ) 

4.. c .. ;hat wam th� .air tanker- trying to oot fiN! (:4 ae:ru Ot'" UJ'Ider ) ( ) Gool hot "pottl ( ) 
aetion along section ol"'Ti're-edge , __ ) Holdj"'lli1lp firm ( __ ) 

5. Lengtn of fil'U cd�e tanker iB attempting to con t.r-()l ___ ft . 
6. Drop i1eight aU(lv$ canopy ; Lo\oI (under 50' ) High (.ver 100') hod. (50-100, )  (_) 

7 � ;Ji:t+�l-ction of attack : Into wind ( __ ) UO';l!llllnd l __ ) Cl"o8-!.1Wind ( __ ) 
n� Hi'edivenetHH HO'#i mAny drops W'(l�� made before thl;l fit'e \146 held or 

n.ctior. Hoppud on section of fiN edge being attacked? ____ Drops 

Tim of first:. dr-op __ fir/min . Round trip Time ___ bin� 

r:Jrpl,atn ______ • 

, . 

(1965) 

9� Did 
Yes 

l'tl turn later to crop again on lS,aJlle section of flre 1 No ( __ ) If "Ye1;lY nu.'Tlper of drops __ 'Time Qf' l$t <ll'op __ 

times, npacial problems, otrcCtlV-eO(H'S$ kound trip time (if dUfoEu'(lnt from above) ________________ _ 

�()'n,t I r '\Jhr.m tanker returns, weatt,cr, fut;!l ,or othf.1r conoHJol1$ r..ave changed 
ple.!HItl: indi.cate on appropl"iate 8!tctiQtlS oJ.' .\I.oot.her form and at.t1.lcli .. 

OliT (1965) 



A. CEN'OU.L 
AU IMiKER €\lAU:A71DN Fti'SJi 

Gro�d 

;��: ::-.�-:---------
Dt,stl"i<;:t (or u,'w,,, _____ _ 

£x;:>t"in _________________________ _ 
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AIRTAN K i.!:R EVA LUATION APPE1'i1)lX 4 -f 

Ai r Obl'>erve r 

Da tI) o f  Fi re ___ _______ � _____ _ 

�-------.--------- ------
Aircraft 

Lo c a ti on at time o f  

Time roquested ____ h rs . DBparted _____ hrs . Re ason for delay, i f  any 

Si ze o f  fire 

Airtanker is tryinp; to I Hold a smal l fire( __ ) Cool hot spots Hold jump 

fires ( ___ ) Hold fi re edf1,e section ( ___ ) 
Ground cont rol started Yos ( __ ) Is ai rtanker working; on the same s e ction o f  

the fire a s  the crew Y8S ( __ ) N o (  __ ) Ground control started N o C  __ ) 
Any danr;er to men Yes (  __ ) N o (  __ ) Line lenp;th ale trying to control ____ :.f,;;.t 

'rime of 1st drop ___ ,hrs . Number of drops ___ Round triu tille ___ --:min . 

Dis tance , lake to fire ____ mi . Retardant used Yes ( __ ) No( ___ ) Reason for 

stopni n g � _ _ _  , _ _ __ _ ___ _ • _ _ _  , _ ____________ _ 

weather , achieved contro l .  to othe r a ction etc . 

Was a cti on effe ctive ( __ ) Partly effective ( ___ ) Ineffective( ___ ) Reasons ____ _ 

Distance to refu�l ______ mi . 

Did ale return N o (  ___ ) Yes (  __ ) NU'1loo r of drops __ _ 

Weathe r - at flre o r  a t  10adinfS point 

Next day(_) 

Wind sneed mph . Air temp . _____ F Weathe r e ffe ct on ope rations :  High gusty 

wi nds C __ ) Smoke &: general visibi U ty( __ ) vIator nickup diffi culties 

- -----.-----------------�-,- --- -'- ----,- - - -- - - ----

Remarks & com:nents l Good effe ct , no di ffi culti e s (  __ ) Held fi re under 

difficult conditions ( __ ) Poor re sults , lack of foll ow-UD ei t he r by a / c C  __ ) 
or by ground crews ( __ ) Other ____ _ 

---- - - - - - - - - , ------- ---- - - -- - -- ---'- ---- - --- - - - . - ---------

Fuels - Standine: coni ferous {  __ ) Coni ferou s sl As h (  Standin� ti:nber( __ _ 
:'finor veO:0tat'ion ( ) 

:-1an1 toba 1969 ( ai rcraft) 

86 
obs e rver 



B.;i�;:;; 
Act10fl 
M[e;'� 
A£y.,;'.{"�1l 
} .  I�l"o\md C0Ylt}·O} 5tlJ.rto1 'I 

"YN;fJ ts. /nl"e tl")(� Iloi rt.anko:r{ 

1'1:ri3_h�""' " 
r"Ct'iif"t 

If. Drops "W�l'I!l l C._J Wh e'.lr€' YDU want�rl them 
'U:'Hw1 1 y  -wP..e1"e you wanb .. d 

(_,�) Not where you ""a'1t.o·') thW1; 
E'xp1 8in(:U' r1eCf}ssary) _ .... �_���_ � ��_+ 

Drnp heisht.. .Q'\xWf;l ClIr1cmy : l,()w(_�.) 
6� ltia01 n1 rt9:nkr�r JO)ction effe.t'tiwl( __ ) Part1y 

Inl�f(',,?di ¥>'!! ( ) 

1 969 (G rourd } 

1 2 �  



spruc e , , etc � ) 

( co n i  fers & hard\-Toods ) 

( A i r  Obs erver 

Act ion 

Fire : 

Head 
Di:�cect ion of 

I s  

Rate Fire 

Old [Y1J.rn 

Charact e r  t Check j 

Surface Sur fa.ce 

Ground Cre;.,rs 
Ground Crews 

Moderate 

88 

{4..C "  ) 

Cros s'¥7ind 

Advanc e  
o f  fire 

SlO1-t 



I f  !nor e  than 
DlLmbers ) 

Burned 

F18.J1ked 
pilot Error 
f'i r e  Intens i 

tlas a i r t anker 
If yes , please 

G ..  RE]\1.A.BKS 

3 
4 
5 

Diffi cult 
Turl)]Jlence 
Poor Vi s i b i l ity 
Obstruc t i ons 

.,-b 

8 
9 

Poor Com:mun i c at ions 10 

�"'le chan i c al Trouble l\ircraft 
of Aircraf't 

Ground Crew 

Other 

Yes No ( 

1 5  

s e c t ions o n  net.f corry· o f  form and attach ., 

( Coaments on ac curacy o f  drops , s p e c i al problems , t imes , e t c  .. ) 

89 



El evat i o n  

1 .  

drop scene ) -- Check one 

lv1ature or Overmature 
Irmnature 

BIO\{down ( date 

Sla s h  date 
Burn 
Brush 
Gras s 

date 

I n s e c t  Kill 

Character i st i c s " 
pre s ent In st and 

of import ance 

S t and i s : Dense 
under main s t and : 

If yes : 

D i stribut ion : 

Ground �1aterial 
Needles or Leaves 
Low Brush : 

( 4 " + )  
I f'  ye s : D i a'Llet e r  

D i s tribut ion : 

90 

Scattered 
Dense 

Gras s : 

S c attered 
CllllTlpy 

or 

1 9  

, et c . )  



rc raft 
11 

ai' aircraft 

r; / . 
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Anon 

RE FERE NCES AND B I B L I OGRAPHY OF A I RTAN KER PUBL I CAT I ONS 

19 5 8  Tes t ing three ne,,;>' air t ankers . Fire Control No t e s  1 9 . 2 .  
Arc ad ia Equipmen t Development Cente r . 

1 96 0  Air t ank er capab i l i t i e s  and opera t i onal l imi t a tions . 
Fire Control N o t e s  2 1 ,  4 .  

1960 Aircraft use f o r  forest  f ire control in B . C .  
C anadi an Fo r e stry As socia t io n .  

1 9 6 2  TBM air t anker f l ight evaluat i on . Arc adia Equi pmen t Deve lopme n t  
Cen ter . 

1 9 6 3  Glos s ary o f  f o r e s t  f i r e  control t e rms . National Res earch Counc i l  
o f  C anada NRC # 7 3 1 2 . 

1964 Fighting fore s t  f ir e s  with air t ankers -- 1 9 6 3  
Fire Contro l experimen t  #7 .  C a l i fornia D iv .  of For e s t ry . 

19 6 5  Air operation s  f o r  fore s t , brush and grass f ires . 
N a t i onal Fire Pro t ec t io n  Association , Bo ston , Mas s . 

1 9 6 8  Lat e s t  f i ref ight ing techniques s t r e s s  team approach by governmen t  
and indus t ry .  Sep tember 6 t h  i s sue . 
Pulp and P ap er Mag azine o f  C an ad a . 

196 8  Air t anke r  use : a f iv e  year app r ai sal . 
Fire Con trol N o t e s  2 9 , 4 .  

1969  A guide t o  e f f e c t ive u s e  o f  air t anker s f o r  fore s t  o f f i cer s . 
Fores t  P r o t e c t ion handbook #1 Br i t i sh C olumbi a  For e s t  S ervice . 

Beeman , R . M .  1 9 5 8  1 9 5 7  Aerial t anker p roj e c t  f o r  r egion 6 .  
Fire C on tro l N o t e s  1 9 , 2 .  

Campb el l ,  D . A .  1 9 59 Aer i al f i r e f ight in g . 
New Zealand Scien c e  Review Vol . 1 7 / 6 .  

Che s t e r , G . S . and J . P .  de Les tard 1965 Useful q ue s tions in a s s e ss ing the need for 
ai r t anke r s . C anada , D ep t . o f  Fore s t ry Mimeo 65 -0-5 . 

Ches ter , G . S .  1 9 6 5  Stud i e s  o f  the u s e  o f  aircraf t in f o r e s t  f i r e  con t ro l . 
C anad a ,  Dep t . o f  Fore s try Himeo 6 5 -0 - 2 . 

Cleave l ey , John K. , J .  D ivers and D .  Phi11ipi 
1965 Div i s ion Review Report o n  Fire 20-7 . Ontario Depar tme n t  o f  Lands 
and For e s t s ,  Ken o r a ,  Ont ario . 

Cobb , S . S .  1 9 6 1  P ennsylvani a ' s  ini tial air a t t ack ope rations . 
Fire Control No t e s  2 2 , 3 .  

Cobb , S . S .  1 9 6 7  Development o f  aircraf t u s e  f o r  f o r e s t  f ir e  control in 
Pennsylv ania .  Journal of For e s t ry 6 5  ( 6 ) .  

Countryman , C . H .  1 9 6 9  Use o f  air tanker s pays o f f  - a case stud y .  
U . S .  F . S .  Res earch No t e  P SW-1 8 8 . 
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Cuthber t ,  J . R . D . 
in B . C . 

1 9 6 2 An evaluation o f  aerial ,vater  bombing o f  fore s t  f ires 
thesis , o f  Bri tish Columbia . 

Davis , , B ,  and C , C .  Chandler 1965 Vor tex turbulence-its effect  on fire 
behaviour . Fire Control Notes 26 , 1 ,  

Deck , P . P , 1961 
Review of Canada ,  

in B . C . Hoodlands 

" J . B . & A  Jensen 1955 Air 
fire s .  California Forest & 

control brush and grass 
Statio n ,  Res .  No t e  

Field Avi a t io n  Co . Ltd , 1967  Fur ther in water bombing a ircraf t . 

Fo ster , i-J. T .  1962  Aircra f t  in fore s t  f ire cont ro l  in Canad a . Chroni.c le 
38 ( 1 ) .  

Fraser , D . G .  1964 Aircraf t for fores t  f ire control i n  Canad a . C anada 
Depar tment of  Fore stry , Mimeo 64-H-20 . 

Goul d , D . G .  1967  Aerial forest f ir e  c on t ro l . 
Woodland s Revi.ew , Pulp & Paper  }fugazine o f  Canad a  2 4 19 

, C . E  . •  R . C .  Ro thermel & J . B .  Davis 1962  Evaluation o f  forest fire  r e t a rdan t s  
-- a tes t o f  chemicals on l aboratory f i re s . Intermountain Fore s t  and Range 
Experiment Station , Res e arch Paper 64 . 

Hodg s on , B . S .  196 7  A procedure t o  evaluate  ground distribution pat terns for wa ter 
dropping aircraf t .  
Fore s t  Fire Research Ins t i tute , Info rma tion Rep ort  FF-X-9 . 

Kirk , A . J .  1961 Fighting fore s t  f ires .. "ith aerial tankers -- the princi.p1es 
involved in their use . Wood land s  Review . Pulp and Pap e r  Magazine o f  
C anad a , Jul y .  

Linkewich , A .  1 9 6 8  Pilot ' s  Notes for f ir e  bombing . 2nd Edi t io n  P . O .  Box 857 , 
Red Deer , Alber t a .  

McLean , D . L .  & M . R .  Lockman 1965 Fore s t  f ire losses  i n  Canada 
Department o f  Fores try and Rural Development ,  O t t awa . 

l'1cLean , D . L .  1966 Fore s t  fire los ses i n  Canad a . 

Lockman , M. R .  1967  Fores t f i re losses i n  Canad a . 

Maloney, J . E .  & F . E .  Greulich 1 9 6 6  A ma thematical model o f  the aerial airtanker 
fire r e t ardant delivery system o f  the Califo rnia Divis ion of Fores t ry .  
Fire Economics Working Paper Hll .  

McNamara , E . F .  196 7  Key to a success ful air a t t ack p ro gr am .  
Fire Control No tes 2 8 , 1 

Mil ler . H. R .  & H . P .  Reinecker 1 9 5 8  Airt anker Report  -- Califo rnia 1 95 7 . 
F ire Contro l Notes 1 9 , 2 .  
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, H .  . 1 9 69 a ir t anker s  i n  C anada 1 96 8 .  
Thes i s , ]3 . Sc . F .  o f  Br i t i sh Columb i a .  

F . R .  196 5 evalua t i on 
1 964 � Fire Con t ro l  

Reinecke I' , H . P . & C B .  1959 
1958-59 . Cal ifornia Div i s ion o f  

Renn i e ,  P . J .  1 9 6 7  l'1ea sure for Heasure . 

in tn Co a s t a l  C a l i f ornia 

fores t f i re s  t h  a i r  tankers 

C anada of and Rura l  Pub . # 1 1 9 5 . 

Shield s , H .  196 1 Imp a c t  s t ud ie s :  ha z ar d s  t o  
o f  f ire r e t ardan t s .  Arc ad i a  t 
TEB 7 1 1 . 

S t ad e , N. 1 9 6 6  Comp ara t ive c o s t  e f f e c t iven e s s  o f  ,va ter bombers in f o r e s t f ire 
contr o l . Canad a i r  Ltd Rep o r t  #ERR-CL-RAZ-O O -1 6 9  . 

• T . G .  & L . h1 •  C o o ley 1 96 7  Air tankers in Sou thern C al i fo rn ia f ir e s  --
e f f ec t iven e s s  in d e l ivering re t ardan t s  r a t e d . Pac i f i c  Sou t hwes t  For . & 
Range Exp t . S t a t ion Res . No t e  P SW 1 5 5 . 

1 9 6 7  J ane ' s  All The Wor ld ' s  Air c ra f t ,  1 9 6 6 -6 7 . 

Van Wagne r , C . E .  1 9 6 8  Fire behaviour mechani sms in a r e d  p in e  
f ie l d  and l abor atory evidence . Dep a rtmen t of and Rur a l  Dev . 
Pub l i c at ion # 1 2 2 9 . 

Wil s on , C . C .  1 9 58 Con t r o l o f  a i r cr a f t  on f o r e s t  f ir e s . 
F i r e  C ont rol Notes 1 9 ,  2 .  

l.Jinkwo r th , R . C . 1 9 5 8  Airc r a f t  suppo r t  o f  f ire control in Nor th C a r o l ina . 
Fire Con tr o l No t e s  1 9 ,  1 .  

Wright , J . G .  1 9 3 2  Fore s t  f ir e  ha zard r e s earch a s  devel oped and c onduc t e d  a t  
the P e t aHaHa For e s t  Expe r imen t  S t a t :i.o n . Rep r i n t e d  by : For e s t  Fire 
Research Ins t i t u t e ,  Dep a r tmen t o f  F o r e s t r y  and Rur al Dev e l opme n t  Inf o rmation 
Rep o r t  FF-X-5 . 

95 


	Table of Contents 
	Abstract
	Acknowledgements
	Introduction
	Assessment
	Coding of Airtanker Reports
	Table 1 - Summary of number of airtankers, fires and action reports
	Table 2 - Forest fire frequency
	Index to Questions
	Table 3 - Number of returns received
	Table 4 - Airtanker types included in this study
	Question Examination
	Summary
	Appendix
	1. Fire retardant chemicals
	2. Flight accidents 
	3. Index to photographs
	4. (a) Airtanker evaluation form, Manitoba, Air
	(b) Airtanker evaluation form, Ont./Man. Air
	(c) Airtanker evaluation form, B.C. Air
	(d) Airtanker evaluation form, Ont./Man. Ground
	(e) Airtanker evaluation form, B.C. Ground
	(f) Airtanker evaluation form, Manitoba 1969, Air
	(g) Airtanker evaluation form, Manitoba 1969, Ground
	(h) Airtanker evaluation form, First proposed Air
	(i) Airtanker evaluation form, First proposed Ground

	5. Airtanker drop patterns

	References and Bibliography



