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TRACTOR-PLOW TACTICS

R. J. RIEBOLD

Supervisor, Florida National Forests
Tractor-plow fire suppression units have been in use in the
South since about 1942. At present there may be as many as
2,000 units in use by Federal, State, and private forest fire control
forces. Although these units are used to fight several thousand
fires each year, relatively little has been written about the tactical
use of tractor-plows in fire suppression. Hartman has described
the development of the tractor-plow and early results from its
use. He gave a typical crew organization used with a plow unit in
1947 and emphasized the desirability of attack by two plows
rather than by one. In 1956 the writer mentioned the common
practice of stopping the forward movement of the head of the
fire by plowing a line in front of it, backfiring, and holding the
plowed line.

Distinction has been made between ordinary fires and high-
intensity fires and the characteristics of high-intensity fires are
being studied. However, it appears that there has been no attempt
to set forth any statement of the theory and practice of tractor-
plow tactics in the suppression of ordinary fires. Yet, each year;
there are enough fires which get away from tractor-plow crews to
justify the belief that something could be gained in fire suppres-
sion technique by understanding the theoretical relationships
that exist between the movement of the fire and the movement of
the plow, and considering the practical applications which result.

One of the principal theoretical relationships is that of the rate
of forward movement of the head of the fire to the rate at which
fireline may be plowed, fired, and held. It is common practice to
regard the fire as having three parts, the head, the right flank,
and the left flank, Fires, like rivers, name their own flanks. Hart-
man observed that “on bad windy days heads run rapidly and
produce 2 long cigar-shaped burn.” Since the head moves more
rapidly than the flanks, it is desirable to focus attention on the
control of the head of the fire.

For this purpose, it is useful to consider the head of the fire
as a straight line. In unpublished material used at Region 8 fire
behavior training sessions the following appears, “QOrdinary Fires
—Behavior Factor: Advance of Head. More or less uniform line
of fire or wall of flame, with wind or upslope.” This line of fire
may be regarded as the base of a right triangle and designated
the Width (W). The Rate of Forward Spread ( RFS) is the other
leg of the triangle. The Rate of Held Line (RHL) is the hypot-
enuse. The relationship of rate of forward spread to rate of held line
is that of the cosine of the angle they form (fig. 1).

The distance the head of the fire will run while a line is being
plowed across the front of it, is called the Forward Spread (FS).
It is the cotangent of the angle theta times the width. The dis-
tance the plow will have to travel to cross the head of a fire
having a certain width and rate of forward spread is called the
Plowing Distance (PD). It is the width divided by the sine of the
angle theta. In table 1, which is for illustration only, the rate of
held line is constant at 60 chains per hour.
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FIGURE 1.—Relationship between movement of the head of the fire and
_ movement of a tractor-plow unit.

TABLE 1.—Forward Spread (FS) and Plowing Distance (PD) for
single plow, angle attack, at rate of held line of 60 chains per
howur, by width of fire head and rate of forward spread

Rate of for- Width of fire head in chains is—
ward spread |
por howr |10 ? 20 30 - 40
(chains) “¥s | PD | Fs | PD | FS | PD | FS | PD
Chains|Chains |Chains |Chains |Chaing|Chaing| Chains Chains
b K1 R—— 1.6 10.1 3. 20,3 5.0 304 6.7 40.6
b1 T B 757 10.6 _ 7.0 21.2 10.6 31.8 14.2 42.4
W0 57 1115 1 1015 | 231 | 173 | 346 | 231 | 462
. 1 O —— 8.9 13.4 17.9 26.8 26.8 40.3 35.8 23.7
L9 J— 5 | 18.1 30.2 36.2 45.3 54.4 60.4 725
50 60 70 80
FS PD FS PD FS PD FS PD
b L T— 8.4 30,7 10.0 60.8 11.8 710 13.5 81.1
21 T 17.7 53. 21.2 63.7 l 24.8 T4.3 28.3 84.9
11— 28.8 27.7 34.6 69.3 40.4 80.3 46.2 | 924
40 ] 448 67.1 A3.7 80.5 62.1 94.0 71.6 | 1074
510 "5 90.6 90.6 108.7 i 105.8 | 126.8 | 120.% 145.0

‘1 Chain = 66 feet; 10 chains per hour is a speed of 11 feet per minute.

For example, with a rate of forward spread of 40 chains per
hour, a width of 20 chains, and a rate of held line of 60 chains,
a single plow attack will require 26.8 chains of held line (Plow-
ing Distance). The farther side of the head will run 17.9 chains
(Forward Spread) while the line is being plowed. The area
burned during the attack will be 17.9 acres. With two plows, at-
tacking simultaneously -from opposite sides of the head, the for-
ward spread (in the center of the head) is only 8.9 chains. Al-
though the length of line plowed by both plows is still 26.8 chains,
the area burned during the attack is only 8.9 acres... :

If the rate of forward spread equals or exceeds the rate of held
line, an ‘“angle attack” cannot be made successfully. Advantage
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#3 ken of the fact that tractor-plow units can plow about
A,-;:go‘fl;csltbg;a they can travel. The tractor-plow unit should move
-ahead, plowing but not firing and holding, to a Lead Distance
far eﬁough ahead of the fire to enable the crew to plow, fire, and
‘hold a line across the head of the fire. The relationship and the’
¥ ealculation of the lead distance are shown in figure 2.

= _RFS —>

RHL—>

- RP ——

A B

Lead Distonce(AB):(;_'L)( :gf 2:‘: )

o Figure 2.—Relationship of a Lead Distance and a width of held line to the
' forward movement of the head of a fire.

Table 2 shows lead distances thus calculated for various widths
of head and rates of forward spread.

TABLE 2.—Lead Distances, where rate of held line is 60 chains
and rate of plowing 240 chains per hour, by width of fire head and
rate of forward spread

=3 Rate of for-

,‘- wardh spread Width of fire head in chains is—
K2 Uchains) 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80
- Chains|Chains |Chains|Chains | Chains|Chains! Chains| Chains

3.7 114 171 22.8 28.5 34.2 39.9 45.6

8.0 16.0 24.0 32.0 40.0 48.0 56.0 64.0
10.5 211 31.6 421 52.6 63.2 73.7 84.2
13.3 26.6 39.9 53.2 66.5 79.8 93.1 | 106.4
20 40 60 80 100 120 140 160
40 80 120 160 200 240 280 320

o Taking a lead distance involves trading space for time and
R - sacrifices area. For example, if RFS=60 and W=20, the lead dis-
E © ° tance to be taken is 26.6 chains, the area burned during the at-
L tack would be 53.2 acres. However, it must be borne in mind
i - - that this fire cannot be cut off by angle attack by a tractor-plow
y unit making held line at 60 chains per hour; 53.2 acres is the
least area that will be burned by any method of attack with a
N single tractor-plow unit. Obviously if the rate of forward spread
A exceeds the rate of plowing, even greater lead distances must be
r%’ .taken by falling back to roads, plow lines, or other barriers.
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That these theoretical relationships have practical applications
may be shown by the following illustration. It is not unusual for
a fire to start along a road and burn away from it. The tractor-
plow on a transport arrives along the same road and is unloaded
at the fire. All too often the crew begins to plow, fire, and hoid
line on one of the flanks, moving toward the head of the fire, un-
aware of the relation between the rate of forward spread and
their rate of held line. The effect of the head start of the fire is
found simply by dividing the length of the flank from point of
attack to the head by the difference between the rate of held line
and the rate of forward spread.

In the illustration, it would take the crew one hour just to
reach an anchor point at the head of the fire from which a line
could be plowed across the head. In that time the fire head would
have advanced an additional 40 chains. The preferred method of
attack is to plow along the flank to the anchor point, where flank
fire becomes head fire, there estimate the rate of forward spread
and decide on an “angle attack” or a “lead distance” attack

(fig. 3).

Wind

Ro a_-(!

RHL = 60 chs. per hr.
RFS = 40 chs. per hr.
Head Start = 20 chs.

FlGUREkS.—Tram)r-plow action to overcome a head start and make an angle
attack.

In this case, with a width of 10 chains and a rate of forward
spread of 40 chains, an angle attack can be made. The crew would
plow and backfire a line 14 chains across the head. Meanwhile, the
head of the fire would advance about 9 chains.

After the head is stopped either flank may be worked. In this
case the line along the right flank may now be fired and held. If
the line holding crew can be divided the tractor-plow and part of
the crew could take the left flank at the same time. Since most
wind shifts are clockwise, it might be a good rule (in the ab-
sence of actual forecast) to secure the south flank first. :

The calculations made in the tables are, of course, theoretical.
According to them the plow and the fire would reach the far side
of the head at the same time. They do not allow for a Backfire
Distance. To do so would complicate the presentation of the

+
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inei without adding anything of practical usefulness. It is,

JEF é‘c‘,"‘l',’;;i, necessary to allow a backfire distance. ‘
"~ As stated in a previous article, the meeting of head fire and
backfire should take place at least 14 to 1-14 chains from the plow
* line, under ordinary conditions. The rate of movement of back-
"-‘:ﬁre'is so low (about 1 chain per hour) that this cannot be ac-
2 3 complished by time alone, Parallel backfiring by a man and drip
#torch is the best means now avatilable for increasing the width of
the burned-out strip. Igniters have been tried but did not produce
= narallel backfire as satisfactorily as a man and a torch. Parallel
ackfiring requires two men. The man setting parallel backfire
.".should be from 14 to 1 chain inside the plow line and about the
* same distance ahead of the line firer. .

It appears from the information available that the rate of line
holding is generally about one-fourth the rate of line plowing.
Considering the relationship of rate of held line in the formulas,
: - it is evident that the largest opportunity for improvement in
tractor-plow suppression is by increasing the rate of held line. In
addition to parallel backfiring, the most useful device for in-
.. creasing rate of held line seems to be the tractor-tanker. The

- tractor-tanker is a light crawler type tractor carrying two 50-gal-
lon tanks and a separate pump and engine capable of pressures of
about 200 p.s.i. The tractor-tanker can follow a tractor-plow
where a truck tanker cannot go. It can replace 5 to 10 men in line
holding. Of course, it requires a suitable truck transport.

The tractor-tanker should be at or near the point where back-
fire meets head fire, since it is there that most simple breakovers
occur. One, two, or more men should follow along the line help-
ing with line holding. Where the woods are open enough, both
tractor-tanker and line holders can work better back of the plow
line, but if undergrowth is thick they have to move and work in
the plow line.

b In 1926, The Fire Code called for “Immediate attack—day or
S night—at the apparent point or points of greatest danger” “Scout-
ing Fire: Going around it; checking probabilities; recalculating
the job to be completed before the next ‘burning hour,’ deter-
. mining its critical points.”
R With modifications to suit the conditions of rapidly moving fires
bar, in the Coastal Plain, these principles are still applicable. To ac-
k> complish a successful attack with a tractor-plow team the crew
e chief should know (1) the width of the head, (2) what’s ahead of
iz the fire, (3) what’s ahead of the plow, (4) the rate of held line,
and (5) the rate of forward spread. With fast moving surface
9 fires, he needs to obtain this information en route to the fire or
S immediately after arrival at it.

The width of the head can best be determined by scouting air-

craft, but, unfortunately, planes are usually not available with
the initial attack force. However, a scout in a 4-wheel drive
vehicle, on the far side of the fire, with radio communication, can

.. often supply information as to width of head. Aerial photos can
gt often help tell what is ahead of the fire and what is ahead of the
plow. An unplowable swamp may lie ahead of the plow, making it

»: -1mpossible for one plow to complete a line across the head of the
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fire. However, aerial photos need to be supplemented by local -
knowledge and recent information. For example, the photos may

‘show a swamp ahead of the fire but they will not show if the

swamp is wet or dry. They will also not show a recent prescribed
burn which may be of equal importance. ‘
It is suggested that the rate of held line for various types and
fuel conditions could be predetermined. It is also suggested here
that rates of forward spread can be estimated satisfactorily by

.one-minute observations of the forward movement of the head,
‘the ‘distance being expressed in feet. In four training fires on the

fire training strip on the Apalachicola National Forest, Novem-
per 24 and 25, 1958, rates of forward spread of 30 chains per
hour were measured. This rate occurred in mature longleaf pine
timber, 3-year rough of wire grass and needles, under’ weather
conditions as follows:

Time 1:00 p.m Nov. 24 Nov. 25
Fuel moisture.. percent 13.5 10.2
Wind (NNE) m.p.h 4.5 4.5
Burning Index (8-100 meter) .. 4 5
Danger Class 2 2
Build-up Index 47 51
Relative humidity. percent 68 - 50 -

Twenty fire control men of various degrees of experience found
they could approximate the rate of forward spread to the degree
of accuracy here required by estimating in feet the distance trav-
eled by the head of the fire in one minute. Estimates were checked
Ly marking the position of the head at one-minute intervals with
steel can markers. The distances in feet per minute correspond
approximately to chains per hour.

It was also found by timing and measuring that tractor-plow
crews at the four training fires produced held line at about 60
chains per hour in the type and under the burning conditions
given above. ‘

The efficient execution of fast-moving tractor-plow attacks on
fast-moving surface fires calls for a degree of skill and coordin-
ation that can be reached only by trained crews. Often fire oc-
currence is at a low.level and it is not possible to give crews ex-
perience on a large number of actual fires. A good device for giv-
ing training in tractor-plow tactics appears to be the “fire train-
ing strip,” first used, so far as the writer knows, on the Apala-
chicola National Forest, November 24, 1958:

1. Location and installation.

1. A strip 10 chains wide by 1 mile long.

9 Secure both sides and ends by a road, by plowing, or by
prescribed burning.

Orient length of strip to prevailing wind. :

Locate in mature timber to avoid excessive damage.

More than 1-year rough ; preferably an area to be prescribed
. burned. .. ‘ -

6. Stake both sides at 2-chain intervals.

This strip, fired on the windward end, represents the head of a
fire 10 chains wide. The flanks are eliminated by the sides of the
strip. Fires may be set and plowed out repeatedly in a number of
demonstrations or tests. o e

T 00




FIRE CONTROL NOTES

’ he fire training strip. o
Ug?atogiie to the windward end and time it. )
5 Estimate the rate of forward spread by one-minute sample.
" Take a suitable backfire distance, or a lead distance.
" Plow across strip, fire and hold line and time it. Use parallel
- backfiring. ' . .
. 5. Measure the forward spread to check the one-minute esti-
mate. . .
;6. Measure the plowing distance. .
*i7. Obtain the average rate of held line. ) -
. Hold discussion of the execution of the operation and the
results. . .. .
Four training fires were used on the fire training strip on
November 24 and 25 with a group of 20 trainees. The one-minute
%7 estimate of rate of forward spread proved reliable and usable by
4! the whole group. Rates of plowing checked between 240 and 300
S35 chains per hour. Rates of held line were close to 60 chains per
‘hour in each test. Parallel backfiring was successfully executed
" by man-and-torch but not by igniters. The effect of parallel fir-
ing—pulling the backfire away from the line and moving the
. meeting point of backfire with head fire away from the line—
was adequately demonstrated. The tractor-tanker, which is not yet
standard equipment in all fire control units, demonstrated its
ability to hold line. In addition, the realism-of the training fires
may have had a beneficial effect on the less experienced trainees.
Both theoretical and practical considerations of what is to be
accomplished in the suppression of fast-moving fires in the
Coastal Plain lead to the concept of an Initial Attack Force of
sufficient strength and proper composition for the task. The
initial attack force should be instantly and constantly available.
The following is suggested: one tractor-plow, on transport; one
tractor-tanker, on transport; one truck, for line holding crew,
with handtools; one scout car (4-wheel drive) ; one truck-tanker
(4-wheel drive). e
In addition to serving as “‘nurse tanker” for the tractor-tanker;
the truck-tanker is useful for holding along roads, or for ex-
tinguishing spot fires it can reach, and for mopping-up.. - .
Without attempting to be comprehensive, 8 number of points_of
theory and practice can be summarized as follows: BN
1. Fires should be thought of as having three sides: Head, right
flank, left flank. Control of the head should be the first operation.
2. The principal method of control is the removal of fuel by
burning, not by plowing. The principal function of the plow line is
.= to make a fuel separation sufficient to hold the backfite.
: 3. The principal function of the line holding crew is to prevent
the backfire from crossing the plow line. _ .
4. The meeting of head fire and backfire should be far enough
(Y2 to 114 chains ordinarily) from the plow line 5o as to cause no
reakovers and no great exposure of men to heat and flames. The
distance can be increased by parallel backfiring; which should be
standard practice.
5. The relation between rate of forward spread-of the head and
- Tate of held line by the tractor-plow crew in an angle attack is
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the cosine of the angle they form. The distance to be plowed £

cross the width of the head is the width divided by the sine of D
the angle. The distance the head will run while under attack isi%g R
the width times the cotangent of the angle. :

6. If the rate of forward spread is less than two-thirds the rate“f’
of held line an angle attack can be made from one anchor point to”
the other across the width of the head.. . .

e Two plows, attacking the head from both sides, can cut the
time for control in half and reduce the area burned during the:
attack by half. .

8. If rate of forward spread equals or exceeds two-thirds of th
rate of held line, a lead distance should be taken sufficient to
make and hold line across the width of the head before the fire’
reaches the line. g

9. If fires must be approached from the rear, the time required
to overcome the head start of the fire should be realized. Ad-:
vantage should be taken of the present great difference between
the rate of plowing and the rate of held line. Plow along the flank
to the head of the fire, but do not fire and hold. . .

10. The tractor-tanker is the “sister” of the tractor-plow and 132 O
affords the best opportunity now available for increasing rate of 3F5#l
held line. sz -

11. In the few minutes between arrival and attack, the fire boss "3
needs to find the answers to the following: (a} What is the width 3
of the head? (b) What is the rate of forward spread? (¢) What |
is ahead of the fire? (d) What is ahead of the plow? He should
know the capability of his crew in rate of held line.

12. Rate of forward spread can be obtained satisfactorily by es-
timating the forward movement in feet for one minute and con-
verting feet per minute to chains per hour. .

13. Doing the job of fire suppression quickly and reliably re-
quires the existence and dispatch of an initial attack force of suf- 54
ficient strength and proper composition. This force is suggested "3
as consisting of (a) tractor-plow, with transport; (b) tractor-
tanker, with transport; (c) truck-tanker (4-wheel drive); (d)
truck, for line holding crew and handtools; and (e) scout car
(4-wheel drive).

14. Tractor-plow tactics can be taught successfully on fire train- 3 |
ing strips, which give repeated head fires in little acreage and CvhE
without time consuming flank control work.
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.NGES IN THE HELITACK TRAINING PLAN

JAMES L. MURPHY )
California Forest and Range Ezperiment Station!

ECE 5 rbo-jet helicopters made their debut as a part of the
‘ﬁr:ncgr?giltgeam? The small helicopter dropped paracargo from a
remote-controlled release for the first time. For flexibility on

;]arger forests, ground crews as well as especially trained Helitack

Yerews were fitted into the Helitack fire plan. Fire fighters from

idaForest Service Regions 1, 2, 3, 4, and 5, the California Division of

‘Forestry, the Los Angeles County Fire Department, and the U. S.

{oPark Service, Yosemite National Park, were introduced to heli-
tactics. The new techniques and the expansion of operations re-

: Z’q‘uired changes in both the organization and the training for
4-Helitack.® o _

‘New trends in Helitack organization.—The Heht_ack crew con-
tinued to be the backbone of the helicopter operation, but on the
larger forests the Helitack foreman and his 3- to 4-man crew were
".x not able to handle the whole job. Additional crews were necessary
«“to maintain the flexibility of Helitack operations. Tanker Crews,
v “hotshot” fire crews, brush creivs, timber stand improvement
Terews, and smokejumpers were all trained as reinforcement crews
‘to round out the Helitack organization.
How the Helitack organization operated.—When a fire was re-
ported, the Helitack foreman and possibly one of his crewmen
responded in the helicopter. The rest of the Helitack crew went to
a previously located and improved reinforcement base heliport
near the fire. The neavest reinforcement crew was also sent to the
reinforcement base. When the helicopter had placed the Helitack
crew on the fire, it flew immediately to the reinforcement base.
The reinforcement crew was ferried to the fire. Helicopter ac-
cessories such as the helitank and hosetray were available there,
too, and as a result, the fire often was manned by adequate man-
power and equipment many hours before a ground crew could
reach it. However, the most important part of this kind of opera-
tion had to come before the fire occurred. The new organization
had to be trained.

Who was trained.—Helitack training of different intensity was

given to most of the Forest organization, to fire-going personnel

(Helitack crews and Helitack reinforcement crews : Tanker, hot-

shot fire, timber stand improvement, and brush crews and smoke-

Jumpers) and to non-fire-going crews {engineering and timber

survey) who might use the helicopter for administrative projects.

Where they were trained —A week-long training schoo! was held

In each Forest Service Region for all Helitack foremen. Each fore-

man returned to his home unit where he was responsible for or-

"Maintained at Berkeley, Calif., by the Forest Service, U, S. Department
of Agriculture, In cooperation with the University of California. Much of the
work included in this report was conducted under terms of a cooperative
%il:iient-ald agreement between Utah State University and the Experiment

on.

See Training the Helitack Crew, Fire Control Notes 19 (2) : 91-93, illus.
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ganizing and carrying out his own Helitack training program.
Most units held a school during the early fire season for all forest
personnel. Helitack training was included as a part of this fire
school (fig. 1)."An outline of the revised training plan follows:

Training for Helitack Crews

II.
II.

Crew organization.
Tour of duty.

Ground operations—preparation for flight. Establishing the base heli-
port, alternate base heliports, and reinforcement base heliports.

"A. . Location principles.

Iv.

B. Heliport facilities.
€. Safety regulations.
D. Assembling Helitack equipment. .
E. Helicopter operations map.
F. Flight and other records.
Training the Helitack crew.
A. Pilot training.
1. Helicopter use policies and working instructions.
2. Fundamentals of fire behavior.
B. Crew training.
1. Helitack safety.
2. Job familiarization.
a. How the helicopter works.
b. Maintenance and use of Helitack equipment.
3. Development of skills.
a. Physical conditioning.
b. Refresher course in fire behavior, use of tools, and line
construction.
Map reading and use of compass.
. Ground-to-air visual signail code.
Use of radios.
Helijump training with protective suit.
. Hover-landing techniques.
. Helispot location and construction.
. Fire suppression procedure.
(1) Initial attack.
(2) Large fires.
j. Heliport management.
k. Helicopter ]oa.din% principles.
1. Standby duties: Prevention patrols, helispot networks, insect
and disease control, search and rescue, aerial seeding.

TR P e

Training for Helitack Reinforcement Crews

I-
II.
III.

The place of the Helitack reinforcement crew in the Helitack operation.
Designating an air officer in charge and heliport management. '
Crew training.
A. Helitack Safety.
B. Job familiarization.

1. How the helicopter works. .

2. Assembling, maintenance, and use of Helitack equipment.
C. Development of skills.

1. Ground-to-air visual signal code.

2. Use of radios.

3. Helijump training with protective suit.

4. Hover-landing techniques.

- Helispot 1ocation and construction.

6. Helicopter loading principles.
7. Fire suppression procedures.

=,

Training for Non-fire-going Crews

I.
IL.
IL

How the helicopter works. -
Helitack safety.
Helicopter loading principles.
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: s’:'d‘r'f\"c;mund-|:o-:1ir visual signal code.

“‘V: "Helispot location and contruction.

Helitack, during 1958, spread to many new areas throughout
‘the West. New areas presented new problems; flexibility of heli-
copter attack was a major one. To supplement the regular Helitack
érew, other ground umits were used as Helitack reinforcement
¢rews. Training the old crews in new methods and the new crews
Jin‘all methods became the key to the successful Helitack operation.




CARGO DROPPING FROM SEAPLANES ON THE
SUPERIOR NATIONAL FOREST

L. J. McDoNALD ) |

Superintendent, Ely Service Center, Superior National Forest

The fire which starts in an inaccessible area usually resuits in
a difficult problem for Service of Supply. How to service crews in
such areas, provide adequate supplies and equipment so that men
can work with a reasonable degree of efficiency, has always vexed
fire control officers. .

The Boundary Waters Canoe Area, 1,800,000 acres in the
Superior National Forest lying just south of the Canadian bhorder
in northeastern Minnesota, is just such an area. There are no roads
and surface travel is slow and arduous by canoe and portage, The
Superior, however, has had an “ace in the hole,” its seaplane,
because this part of the forest is studded with thousands of lakes
and waterways. But even with the seaplane, which landed “hot-
shot” crews at the neavest lake, pumpers, hose, handtools, gasoline,
and supplies had to be packed, sometimes miles, to the fire, This
slowed down the fire fighter and he, more times than not, arrived
at the fire physically tived and too late.

The speed and effectiveness with which a fire is attacked usually
determines the ultimate size of the burned area. Obviously then,
any improvement that increases the speed of attack can be ex.
pected to reflect a corresponding degree of efficiency in fire sup-
pression. This then was the problem on the Superior National
Forest: (a) To get fire fighting personnel to fires in inaccessible
areas as fast as possible; (b) to have them arrive in good physical
condition; (c) to have fire fighting equipment and supplies ready
for their use upon arrival at the fire.

Ely Service Center personnel decided that dropping equipment
and supplies from the air offered the most practical solution to the
third part of the problem. The dropping of cargo, one way or
another, had been done almost from the time the airplane was
invented. Reasons varied but usually dropping was the quickest
way to get material and equipment into an area and to people in
an emetrgency.

At that time, 1950, the Superior had three seaplanes, a Norduyn
Norseman with a 27-inch belly hatch and two smaller Stinsons.
Experimental work was started that year and material and sup-
plies, packaged to fit the 27-inch hatch opening of the Norseman,
were dropped both by parachute and free-fall. This proved success-
ful even though only one drop could be made with each pass of the
plane over a given area. It meant strong back and arm museles for
the droppers who had to hold the materials and containers in the
hatch during the dropping run. But this was not nearly as arduous
as if the supplies had to be packed to the fire and it allowed the fire
fighters to arrive on the fireline comparatively fresh. Through
the ensuing years considerable work has been done in determining
proper type of container, contents and packaging, size of para-
chutes, and packaged weight of containers.

The acquisition of a DeHavilland Beaver seaplane for the 1957
fire season and the loss of the Norseman through trade-in pre-
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RN ifferent problem. The DeHavilland Beaver had only a
. %ni‘gﬂhahggﬁ, whigh meant that many of the cargo containers
‘-'u]d not pass through. It was not practicable to drop cargo
Eomugh the door because of the danger of cargo or chute becoming
snagged on the pontoons. It was then decided to experiment with
@cargo dropping of supplies and equipment from the pontoons
themselves. If this proved feasib