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INTRODUCTION .
‘The .use of helicopters to apply water on.wildfires is a well-

. R R
established practice in western Canada.  Water from rivers, lakes and
sloughs is usually abundant; .and ‘the subsequent short between-load
interval makes the helitanker an effective fire .suppression tool.

. Using long~term retardants increases the effectiveness of the
‘helitanker.,. Portable mixing systems permit the establishment of
retardant stations many miles from permanent bases (Davis, 1963; Anon.
1967). These mixing stations ‘can be established at or near wildfire
‘gites (Grigel, 1971).

This use of the helicopter has promoted the development of

numerous application devices. These 1nclude tanks secured inside or

onto the bottom of the helicopter and "buckets" suspended by cables

from the cargo hook of the helicopter. The latter, which permlt easy

_."dip—loading", are the moegmyige;y;used applicators in western Canada.
The original 45~gallon barrel 'monscon buckets have been replaced by

spec1ally de51gned buckets constructeé_of fiberglass, alumlnum, polyn
_urethane or fabrics.. Portability 1s essentlal, and several de51gns

‘are collapsible to permlt easy transport w1th1n the helicopter. Theee
.containers range in size from 45 to more than 350 gallons and may employ
one of several types of drop mechanisms. Drop gates are actlvated |
electrically and are operated elther mechanically, hydraullcally or
pneumatically,

Published information on the ground distribution patterns of

the various buckets tested is not available. Drop patterns and



concentrations of material vary not only with the bucket size and design
Eut with different drop height and speed combinations. Also, use of fire
retardants is likely to affect the ﬁatterns.

A study to gather quantitative information on several helicopter—
bucket combinations used in western Canada was .conducted by the Northern
Forest Research Centre in 1972, The objectives were: (1) to ce%}krgteu

the ground dlstribution patterns of helicopter/bucket combinations using

both water and long—term retardants, and (2} to compare the drop charac~
teristics of water and retardants with varied drop height and speed. The
number of drops made limited the results. However, sufficient data were

obtained to allow a discussion of the various buckets and retardants and

their application.

EQUIPMENT AND MATERIALS

Helicopters and Buckets

The helicopters used were a Sikorsky SSBT @ Bell 2043, and a Bell

206B (see table I for helicopter characteristies), A 370-gallon Chadwick

fibreglass bucket was ueed with the Sikorsky helicopter, a 300-gallon

Alberta Forest Service (alumlnum) Monsoon Bucket and a 330wgallon Grifflth

-~y et
et e e Tl e

Blg Dipper polyurethane bucket with the Bell 2043 and a 120«ga110n Sims

fibreglass bucket with the Bell 206B Detailled descriptions of the
buckets follow. These buckets are the slingmtype, which attach to the

helicopter's cargo hook.



Chadwiclc1

The EZB:EE}EPH capacity Chadwick bucket is made of flberglass.
It is 49’1;ches in diameter and 51 inches in helght The bucket is
’tapered from top to bcttom to. permit easy dip—loading ”if'ﬁeighs
?300 pounds empty (Figure 1) ¥ | . : |

Three 20-inch diameter docrs (942 sq' in ) located 120 apart
.in Ehe'bottcm are opened and closed by three electric actuators sealed
[iﬁfthei; oen housing and connected to the doors by push-pull rods. The
vdocfe;'ehich have a 5-inch stroke, may be opened or closed all together,
or oce‘dcerfﬁay be opened or closed independent of the othef two. Open-
f ing and closing can be regulated; a full-open position is" obtained in

]3 seconds. The doors can be closed during the release procedure to

permit mcregphan;one drop from a bucket load.

AFS Monsoon2 o

The 300—gallon capacity Alberta Forest Serv1ce (AFS) Mbnsoon
W‘—”

Bucket is_made of aluminum. The unit is 42 inches in diameter and 80
'iﬁcﬁes in height; it can be transported externally.or in the passenger
_]eection of a medium size helicopter like the Bell 204B. It is sloped at

3;fhe bottom to permit'easy dip~loading. The bucket weighs 330 pounds

f;empty (Figure 2).

‘&Sccrce: Fact'sheet supplied'By Okanagan HelicoctErs Ltd., Vancouver,B.C.

ZZSoﬁrcef'dFact sheet supplied by Equipment Development Centre, Alberta
o Forest Service, Edmonton, Alberta,
T6H 385



th the

iberglass bucket wi

ick £
in background.

ity Chadw

gallon capac
korsky S$58T hel

The 370
S

Figure 1

ter

icop

i

ing retardant and one of the three

Inserts show the S558T dropp
20-inch diameter drop doors.



The 300-gallon capacity AFS Monsoon Bucket attached to a Bell

Figure 2.
204B helicopter. Insert shows the two semi-circular doors.



The gate area of the AFS bucket is a 32-inch cirecle with a 5~
inch bar across the center for hinging and mounting the mechanism. Two
semi-circular gates, hinged back-to-back on their straight sides, provide
an orifice totaling 644 sq. in., An electrically-operated hydraulic
system opens and closes the two doors eiooltaneously. The doors open in
three seconds. -

Removable caps in four'oniochidiaoeter drain holes at four load

levels permit control of the materielooeffied.

Griffith Big Dipper3

The 330~ge£iggwpapacitxmgziffiEEmEig'Dipper Model 400 bucket is
made of "double bond" polyurethane. The upnit is 51 inches in diameter
at the top and 43 inches at the bottom; it is 55 inches in height and
'collapses' to less than one-half its extended height. The bucket weighs
225 pounds empty (Figure 3)

The drop gate is 25 inches in diameter (491 sq An. ) and has ‘a
:Aninch stroke or vertical 1ift. It is operated by motorized 1inear
;actuators To enable 1t to hold varying loads, the bucket is equipped
;with threaded self locking plugs An aluminum collar is available which

.iettaohes-to the top'of the bucket to make 1t rigid for dip—loading.

j?}séureé: Technical Data Sheet supplled by Griffith Polymers, Ino.,'
e Portland, Oregon. The ”Big Dipper" is a registered trademark
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Sims Rainmaker™

TheMIQOngallon cag§c1ty Sims Rglnmaker Mbdel SF150 bucket is

made of flberglass. The unit is conical in shape with a top diametef

of 47% 1nches and a bottom diameter of 241 1nches helght 1s 30 3/4 1nches.

The bucket welghs 68 pounds empty (Flgure 4)
The drop gate is 18% 1nches in dlameter (269 sq 1n ) and is
electrically actuated. The degree offdbdr opening can be controlled.

Removable plastic plugs control the capacity.

Figufe 4. Sims Rainmaker fiberglassﬁbucket ana Bell 206B helicopter.

% Source: Technical Data Sheet supplied by Sims Fiberglass Co., Jefferson,
" Oregon.



Description of Helicopters

The helicopters used in the drop tests represent the medium
and small turbine rotary-winged aircraft (Sikorsky S58T/Bell 204B, and
w
Bell 206B, respectively) now commonly used as helitankers in western

Canada. A brief description of the helicopters is présented in Table 1,

PROCEDURES
Drop Sites :

A series of drop tests was carried out at eaeh:of three separate
locations. One serieslinvolved a single drop site; the others each used
two sites. Several cooperators worked with the research team at each
site (see Acknowledgements).

‘Series 1: Sikorsky S$58T/Chadwick bucket, Vancouver, B.C.

The drop site was an open field at the Vancouver International
m

Airport. A grid system GQQMEE;migggﬁgnd 100 ft. wide was established;
éﬁntainers to collect the retardant were arranged in 10-ft. longitudinal
aﬁd 5-ft. lateral spacings.
Series 2: Bell 204B/AFS Monsoon and Griffith
Big Dipper Buckets = Edson,'Alberta
Two drop sites were used: (1) an open fieid;.énd (2) a maturé
§e11~stocked stand of lodgepole pine. The stand hadian average tree °
héight of 63 ft., an averagé dbh of 5.9 inches aﬁd?a crown closure of
_about 45 percent. There were 1250. stems per acre. OQ;EEEEmEEEELWE;grid
sf§Egmw25wax@m;ggghéggmlgﬂﬂﬁt*_uidgpwas establiShéd; containers were
afranged in 10-ft. longitudinal and 5-ft. lateral.spaéings.

Series 3: Bell 206B/Sims Rainmaker SF150 bucket, Whitehorse, Yukon.
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Two drop sites were used: (1) an immature lodgepole pine
v/‘-‘_‘—-.'—_'m
stand with trees averaging 6 feet in height and having 4120 stems per

acre (referred to in the text as an'open area); and (2) a mature lodge-

pole pine stand of 2660 stems per acre with tree crown height averaging

42 feet and dbh 3.5 inches, and with a crown closure of 40%. A grid

system 200 ft. long and 50 ft, wide.was established in each site, with

containers arranged in 5-foot by 5-foot.spacings.

At each site a paper cup Wagwpléced in each container, which
consisted of an open-topped can attached to a metal stake, to collect

the water or retardant. Each containerfénd paper cup was marked to

identify its exact position within the grid system. After each air drop,

the cups contalning-retardant were capped to prevent evaporatlon, collected

s

and welghed The weight.of the cup and cap was subtracted for each
retardant net weight calculation. Figure.5 shows an open field drop
site; Figure 6 shows a stand drop site. The drop sites wvere delineated

by colored markers to permit ecasy identification from the air,

Preparation of Retardant Solutigns

The retardant solutions were prepared and supplied by either

the manufacturers or the cooperating Forest Service. Phos~Chek 259

R ——

and XA and Fire-Trol 100 and 931 were mixed according to manufacturers'’
___________ bt

speclfications. Combinatlons of Phos—Chek 259 and XA were prepared to
obtaln predetermined viscosity levels. With the ‘exception of Fire-~Trol

. 100, all retardants were mixed at the drop sites. Water drops were

.colored3to permit easy VlBlbility of the drop dimen51ons. Thé'viscosity

of e huload.was_measgredfwi;h;a;Bropkfield ViscqmeterxﬂodelfLVF, No, 4




CRRNRASN BRUCSRE BE £

A drop with the Sikorsky S58T and Chadwick bucket onto an

Figure 5.
open field.

A drop with the Bell 204B and AFS Monsoon bucket onto a

Figure 6,
lodgepole pine stand.
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spindle, 60 rpm. -
<A brief description of the retardants 1s presented in Appendix -

Table A-1%. . .

Drop Specifications

Fiftynfoﬁf éiédrofshwéré.ﬁéde; épecificétioﬁs éhd oﬁéfafionél
data for the drﬁps are pfesented in Tables B-1, Bué, B;ﬁ of Appeﬁdix.B;

The amount of water and retardant dropped Qafiéd wifh fﬁe life
é;pébiiitiéé of ea&h.ﬁéiicobfér. Since the.rétardéntsﬂaii welghed
appfbximétély'ib% mére than ﬁater,.the volume deliveréd ﬁiﬁh eéch
bucket was thaé'whicﬁ.wouldubé used.én éctual.ﬁildfiré oﬁérétions;
Drops made with the Sikorsky SS58T were 325 gal. of retardant or 360-gal.
of watér; tﬁé Bell 2043, 235Jgallons With the Monsoon Buéﬁet and.
250 gal. with the Big Dipper; and the Bell 206B, 90 gal.

.:Tﬁé.épééd aﬂd ﬁéigﬁt of each 6;6p ﬁere pfedeﬁérmined;. Drbp

speed“f{ﬁaiédféd aif.épeéd) was céﬁtfolied By the'pilot...Exact bucket
height'waé.eéfaﬁliéhéd ffom.fhe gfdun&:for Eoth thé opeh aﬁa.stana

drops using two Haga altimeters.

Source: Unpublished data, Northern Forest Research -Centre,
Edmonton, Alberta.
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ANALYSIS OF DATA
For Drop Series 1 and 2, the retardant weights measured for
each drop were pleotted on a scaled grid and isolines representing > 0",
. 005", .o1", .02", .04", .07, .10", .15" and .20" retardant depth

7 A planimeter was used to measure the area of each of

were drawn.
the retardant contour levels. Three readings of each level were taken,
averaged, then multiplied by a conversion factor to obtain the area in

square feet for each interval.

The amount of retardant reaching the ground was calculated for

each.dfop, with.the éséumption that the amount in each cup in the grid
system repreéented coverage of an area extending one-half the distance
to adjacent céntainers; i.e., 5 % 5=foot spacing = 25 square feet.
From this, the total weight of the retardant collected in grams was
converted to gallons and the amount recovered on the ground calculated.
Since portions of.several drops fell outside of the established grid
'systems, the areas and lengths of theée contours were extrapolated.

This directly affected the caleculation of percent ground recovery,

7pA retardant weight of 2.2 grams represented the .02" contour level
for water, 2.4 grams for Phos-Chek 259 and XA, 2.5 grams for Fire-
Trol 100 and 2.4 grams for Fire-Trol 931, indicating the difference
in the specific gravity of the materials., The retardant depths
correspond to the following gal./100 sq. ft. values:

Gal./100 sq. ft.
Retardant Depth
(inches) Tmperial U.s.

.005 0.2
.01 0
.02 1
.04 2
.07 3.
5
7
0

-

.10
.15
.20 1

.

NOOMNEENEHEOO
- L N 3
LwrRnP~uhD W

=
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For Drop Series 3, a line plotter and computer program were
used ;to .analyse the data, The ground distribution patterns were prepared
by the line plotter, while the area and peréentagé'ground recovery for
.each contour interval were calculated by computer.

‘For .all series, the length of individual contour levels was
measured along the direction of flight to a minimum width of ten ft.
This was considered the minimum required for an effective fire-line.

A mean width was measured for each contour,

The .04 inch level (2.1 Imp. gal./l00 sq. ft.) was used as the
main basis for analysis of area covered effectively. The application
rate commonly considered effective in most fuel types 1s 2 - 4 Us gal,

it g -

(l 6 - 3 2 Imp

L.) per 100 sq. ft. (Anon. 1967).

ot gt s St

Minimal replication seriously hampered analysis and caused much
of the evaluation to be subjective., However, it was possible to make
the following statistical tests for significance:

1. Analysis of variance of Chadwick bucket at 20 and 40 knots

only for effects of retardant viscosity, air speed, and drop height on
area covered by > .04 inch depth of retardant, and length and mean
width of that area.

2. Analysis of variance for Chadwick and A F S Monsoon buckets
using Phos~Chek 259/XA (400 cps.) for effects of bucket, air speed, and

R

drop height on area covered by > .04 inch of retardant.

e

3. "t" tests of AFS Monmsoon bucket against Griffith Big Dipper

as to line length and mean width.
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RESULTS

~In all, 54 experimental drops were made, but only 43 yielded
T
results suitable for analysis. So much retardant from the other 11
drops fell ocutside the collection grid that complete data on the effec-
tive portion was not available, Tables 2, 3, and 4 summarize the

results.
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TABLE 2

COVERAGE BY DROPS TN THE OPEN IN RELATION TO TYPE OF
. BUCKET, RETARDANT USED, AIR SPEED AND DROP HEIGHT:
AREA COVERED IN SQUARE FEET AT > .04-INCH DEPTH

AIR

WATER 1 cps.,

PHOS-CHEK 259 XA

OTHER AS

NOTED
SPEED - 400 cps.,
(kt.) Low!  High' Tow! = migh! Low! High!
Chadwick 20 2,438 1,521 1,564 2,086 2,670%2  2,760%
g 40 3,387 2,167 - .2,952° 3,202 2,582% 2,987%
60 ‘ .2,578% o
AFS Monsoon. 20 1,771 2,133 2,541 1,836
20 : : 2,182°
40 | 1,881 1,908
Big Dipper 20 1,222 2,007 1,244% 2,0017
20 : : : 1,3465
Sims 20 436 814%  1,105°"
20 970°
20 1,105°
20 1,175%0

Except as noted "Low" = 50 ft. for Sims bucket, ~ 100 ft. for all

others, "High" = 100 ft. for Sims, =~ 200 ft. for all others.

2 Phog-~Chek 259, 100 cps.

3 Drop height 50 ft.

*  Phos-Chek XA, 1560 cps.

5 Fire-Trol 100, 2400 cps.

® Drop height 130 ft.

7 Phos-Chek XA, 1,450 cps.

® Phos-Chek 259, 1400 cps.

9_ Fire-Trol 931, 50 cps.

10 phos-Chek 259, 220 cps. .,
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TABLE 3

COVERAGE BY DROPS IN TRE OPEN IN RELATION TO TYPE OF BUCKET,
RETARDANT USED, AIR SPEED AND DROP HEIGHT: LENGTH AND MEAN
WIDTH IN FEET OF AREA COVERED AT > .04~INCH DEPTH

BUCKET AIR  WATER 1 cps PHOS-CHEK 259/XA OTHER AS NOTED
: SPEED 400 cps.
(kt.) Low! High! Low? High!' Low! High!

Length of >10-ft.wide line:

Chadwick 20 178 99 .- 150 147 18272 1802
40 280 165 - 240 190 2152 2222

60 370°

AFS Monsoon 20 130 200 180 178"
20 1625
40 180 170

Big Dipper 20 200 230 180° 2107
20 190%

Sims 20 25 348 388
20 333
20 100°

20 37-2210s11

o Mean Width:
Chadwick .20 35 38 22 ¢ 35 282 272

40 26 28 25 35 28?2 352
60 173 '

AFS Monsoon 20 25 C 22 32 224
20 30°
40 22 30 :

Big Dipper 20 10 24 12 177
20 15°

Sims 20 10 128
20 o 11°
20 _ 10°
20 L. 13’_1210 511

! Except as noted "Low" =~ 50 ft. for Sims bucket, ~ 100 ft. for all others;

"High" = 100 ft. for Sims, ~ 200 ft. for all others.
3

2 Phos-Chek 259, 100 cps. Drop height 50 ft,

*  Phos-Chek XA, 1,560 cps. ® Fire-Trol 100, 2,400 cps.
® Drop height 130 ft. 7 Phos~Chek XA, 1,950 cps.
: Phos~Chek 259, 1,400 cps. ® Fire-Trol 931, 50 cps.

® Phos~Chek 259, 220 cps. 11 Line consisted of two segments
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 TABLE 4
 RESULTS OF DROPS IN LODGEPOLE PINE STANDS
RETARDANT . DROP AREA (£t* ) LENGTH WIDTH

with > .04 in. . 2(fe.) 0 2(£t))
height' 20 kt. 40 kt. 20 kt.40 kt. 20 kt.40 kt.

AFS Monsocon bucket:

Water ' 601 AT 364 - 52 - 10 -
Phos~Chek "259/XA, . SRS S DU _
400 cps. " 346 315 - 82 40 15 12
Big Dipper:
Water Mo 00193 0 - 25 oy 10 —
Sims bucket - R . R R IS : :
Water TT 814 0 20-20 0° 10-11 03
Fire~Trol “931,- -~ ~ = . uroooooon L _
50 cps. " 782 - 20 - 10 -
Fire~Trol 931, - ST - R _
50 cps. " 605 - 5 - 10 -
Phos~Chek - 259 : . S a L
220 cps. " 459 - 15 - 16 -
Phos-Chek 259, « = "0t an Lo o o -
220 cps. 60 AT 392 - 30 - 10 -
Phos—Chek/Xa, - ~ TT ' 541 '~ =" . 720 = .10 -
1,400 cps.
Phos~Chek /XA, I R S I RTINS S : _
1,400 cps. 50 AT 5 - 0 ~ 0 -
Phos~Chek 259/XA;" B IS . s _ .
1,000 cps. 20 AT 717 - 0 - 10 -

1__ AT = above trees, TT = tree top level (5 - 15 ft. above trees).

2 Line with > ,04-in. coverage b 10 ft wide Hyphenated flgure
denotes segmented lime.": :

-3 A few spots:
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SERTES 1: SIKORSKY 8587 HELICOPTER/CHADWICK BUCKET
Drop speed, bucket helght and retardant viscosity all influenced
ground distribution patterns. A typical pattern 1s shown in Figure 7

(drop 11). Further results are presented in Appendix C.

Drop Speed

Drop speed had the greatest single effect. A faster drop speed

e ——

il S

s

tration of the retardant within the pattern (Drops 1, 3, 6 and 8).
However, a corresponding increase in the drop speed from 20 to 40 kts.
did not double the length of the resultant patterns. The 20-knot drops
were released in 6.5 seconds, the 40-knot'drops in 7.5 seconds.

At the .04-inch contour level, drops made at 20 kts. covered
a mean area of 2,173 ft.2?, those at 40 kts. 2,879 ft.2, a difference of
257 of the larger figure. The difference was not statistically
significant (F=5.07 < 5.59), but an increase of negrly 25% between
application techniques would be of operational importance; Line length
at 20 kts. was only 156 ft., significantly less (.0l level, F = 15.90 >
12.25) than the 210 ft. produced by flying at 40 kts. Drop No. 7
{(Phos-Chek 259 from 100 ft. at 40 kts.) produced a smaller pattern than
would be expected, possibly because of the higher-~than average wind
(10 kts.). Use of more drops under closely compafable conditions should
demonstrate a significant affect for drop éﬁeed.

Sizable contour areas and increased lengths at higher concentra-
tions (>.07") were noticeably absent for the high drop speeds (40 kts.).
For example, a comparison of Drop 2 {(made against a strong headwind and

therefore at a ground gpeed of about 10 kts.) and Drop 4 (made at a
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ground speed of 40 kts.) shows the slow drop distribution pattern
to be circular and much shorter than the fast drop. With a headwind,

contours were closer and more concentrated at the front of the pattern.

- Bucket Height

' Bucket height had a marked influence on the overall pattern.

R g e

Both;water’and'fétardéht'disperééd’more in the 200 ft. dropé (4, 6, 8 and
B s s TR R e T

-

12) than in the 100 ft. drops (3, 5, 7 and 11). The dispersion produced’

larger areas in the lower contours and smaller areas in the higher contours
for the high drops. The lengths of the contours for the 1low and high
drops followed a’similar trend.

At the';OA#inch"cdntbur'level,ldrops madé at 100 ft. averaged
2,599 ft:% as against 2,455 ft.? from 2,000 ft. This 6% difference was
not significant either statistically or operationally. Line length for
drops from 100 °ft. ‘was 199 ft., 16% greater than the 167 ft. for drops
from 200 ft. The difference closely approached statlstical significance
(.05 level, F = 5.52 < 5.59) and would be considered borderline.as to
operational importance. Mean line width ranged from 22 to 35 ft., with
2 general mean of 30 ft. Height of drop had the strongest apparent
affect (33 ft. for high drops vs. 27 ft. for low drops), but the

difference was not significant (F = 3.90 < 5.59),

Retardant Viscosity

Retardant viscosity at the levels tested (100 and 400 centipoises
(cps.) did not influence the patterns obtalned for the drops at 20 kt.
and 100 ft. (Tables C~2 and C~3 of Appendix C). However, the effect

of viscosity on the distribution patterns of the high drops was notice-
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able (drops 4, 8 and 12). Larger contour areas and greater lengths were
produced by the viscous retardants at the higher concentrations for the
drops made at speeds of 40 kts. and heights of 200 ft. In contrast,
water drops appeared to erode and disperse more than the two slightly
viscous retardant materials.

At the .04-inch contour levels, mean area covered was 2378 ft.?
for water, 2451_ft.2 for Phos-Chek 259/XA and 2750 ft.? for Phos-Chek
259. The least coverage was 90% 6f the gfeatest; the difference was not
significant statis;ically (F < 1.0)_and would not be considered
important ope:ationally. Results for line length at .04-inch depth also
showed no difference among materials. Means for the three retardants
were; Water -~ 168 f£t.; Phos~Chek 259/XA - 182 ft.; Phos-Chek 259 - 200 ft.
Combined effect of drop speed and height had a significant effect on the
distribution patterns (drops 4, 8 and 12). For example, a fast drop speed

and low drop height combination produced a long, narrow pattern.
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FLIGHT ' DIRECTION

WIND
NW 10 MPH

MARCH 8,1972

§587 HELICOPTER °

TEMP. 40°F

REL.HUMIDITY 60% . .
BUCKET ALTITUDE 100 FT.
AIRSPEED 40KNOTS
GALS, DROPPED 325 [MP,
VISCOSITY~400 CPS

Ofer 0.5 imp. goi.

100 sq.f1 =360 % 45" -
02610 imp. gal. R .
S =320 %05 -

100 sg.Ft. 3
. ,0&or2.1 imp. gal. " R
it T ®
100 5q.4. 240725
07'0r3.6imp. gcl.= 160° % 10°

100 3q.ft.

.02

.O’.

N L i S by i J i

20 30 40 50 60 70 B8O FEET

Ground distribution pattern for the open area with the
Chadwick bucket using Phos-Chek 259/XA.
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SERIES 2: BELL 204B HELICOPTER/AFS MONSOON
AND GRIFFITH BIG DIPPER BUCKETS

AFS Monsoon
Bucket height, retardant viscosity and to a lesser degree drop
speed all affected the ground distribution patterns. Results are

presented in Tables D-1 and D~2 of Appendix D,

Drop Speed. Drop speed had 1ittié éfféét. The eircular drop gate
permitted release of the retardant wiéﬁin'ﬁzéeconds. This fast exit rate
reduced the erosion effectifhat an iﬁﬁfgéséd drop speed had on the falling
retardant, although a faster drop speed did cause greater load erosion
This resulted in smaller contour areas and lengths in the higher con-
centrations for the 40~knot drops than:ﬁor the=20-knot drops (drops 3

and 5, 4 and 6).

Bucket Height. Bucket heightfhad a limited effect, There was little

difference between the low (100 ft.) and high (260 ft.) drops, although
the higher drops dispeféed more. = At thé'faét'drOp speed (40 kt.), the
high drops tended to have ‘larger contour areas and greater lengths in

the lower cphcentratidﬁSI(drops S'andzﬁj;. :

Retardant Viscosity. The effect of retﬁfdaht ﬁiséosity'was evident,
The two viscous airtahkéf retardants, Phos~Chek XA and Fire-~Trol 100,

produced patterns with ‘larger contour areas and greater lengths in the

higher conceq&gggggps (drops 9 and 10, Figure 8). These retardants

PR, - S N——

dispersed much 1ess than did water and low viscosity material (drops 1
and 3). The amounts of material recovered on the ground for the various
drops in the open fileld did not differ greatly and approached the 90

percent or greater recovery rate for all drops.



- 27 -

Too few data were available for making solid comparisons or
etatisfical teste, bhut lnspection strongly suggests the game results
.as for the Chadwick bucket The analysis of variance of area at the.
.04~inch contour level for the two buekets with Phos~Chek 259/%A gave
a non-significant effect (F £1.0) for air speed, with the lower.
‘speed giving 25% greater coverage.. The Chadwick bucket gave only 16%
greater coverage than the AFS Monsoon (2451 ft.? ws. 2110 ft.2), not
significant statistically (F < 1;6) and operationally. - The greater
average coverage with the Chadwick bucket was less than half of its
38% superiority in capaeity as used In this study. Line length .and
widths for'the .04 inch contour differed so little between the AFS
Monsoon and the Chadwick that no: comparisons were made.

In: the lodgepcle pine stand drops, the 400 ¢ps. Phos-Chek
solutiondropped at 20 kts. from 60 ft. above the trees .produced
larger contour areas -and greater lengths in the higher concentrations .
than did similar drops with water (drops 2 and 7, Figure 9). The

thickened material retained its mass during the fall to.the canopy and

e, R o EmE

was able to penetrate - the tree crown better ‘than water. However,

the high speed (40 knot) drop with 400 ©ps. Phos—Chek did not penetrate

the Crown canopy ‘nd:produced a pattern similar to that for water at

20 kts. (drop ‘8). The interception by the tree canopy reduced the

length of “the water drops at the .02, .04 and .07-inch concentrations

by -37%, 60% and 100% {(drops 1 and 2), while the length of the Phos-Chek

259/XA drop was reduced by 20%, 50% and 50% respectively (drops 3 and 7).
The ground recovery rates -for the stand drops were-considerably

lower than those for the open field, indicating that much of the material
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dropped was retained by the tree crowns. For drbps made 60 ft. above the
tree canopy, the ground recovery rate was 42% for water and 517 for Phos-

Chek at 20 kté. and 297 for Phos-Chek at 40 kts.

Big Ddipper -

Difficulties with the electrical activating system on the Griffith
Big Dipper bucket limited the results obtained from this drop series.
However, drop speed, bucket height and fetardant viscosity all affected
the ground distribution patterns obtalned. Results are presented in
Tables D-1 and D~2 of Appendix D.

The restricted drop gate opening (4~inch stroke) and the time
requlred to open the gate produced rather lengthy, light and discon-
tinuous distribution patterns. Time interval for release of the 250-gal.
load was 8 seconds. All patterns were characterized by large contour
areas and greater lengths In the lower concentrations in contrast to small,
digcontinuous contour areas and reduced lengths in the higher concentra-
tions (Figure 10). However, viscous materials produced a more concen-
trated pattern than did water (drops 15 and 16, Fig. 11).

Drops made at speeds of 40 kts. extended well beyond the 200 ft,
grid system and could not be calibrated. .Furthermore the concentration
of these patterns was much less than for the drops at slower speeds.
Patterns produced for all drops in the lodgepole pine stand were charac-
terized by small contour areas and reduced lengths in the high concentra-
tion levels (Fig. 12).

The obvious features of the Big Dipper performance were the apparent
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lesser area coverage and greater line 1éngth than for the preceeding
two buckets. Coverage was significantly less (.05 level, t = 2,31-< 2,28)
than for the AFS Monsoon {(therefore, also less than for the Chadwick),

but line length was not significantly gfééter (t ='2.21 < 2.90).
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DAY 2
HAME OF RETARDANT FIRE-TROL 100
DROP HELGHT (FT) 10
RIRCRAFT SPEED <KPH) 23
CROSSHIND VEL (HPR) B
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FLIGHT ORIENIATION {180 DEG
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FIGURE 8. THE GROUND DISTRIBUTION PATTERN FOR THE OPEN AREA WITH THE
AFS MONSOON BUCRET.
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DAY 21

HAME OF RETARDANT PHOS-CHEK 259/XA

DROP HEIGHT (FT) 65
ALRCRAFT SPEED (HPH) 23
CROSSHIKD VEL (%PH) 0

FLIGHT CRIENTATION (180 DEG)
VISCOSITY (CPS) 500

SALT COMTENT (SPEC GRAV) 1.0%0

TEMPERATURE (DEG F.) 12
RELATIVE HUNIDITY 4
GALLONS/DROP (1KP) 2315

THE GROUND DISTRIBUTICN PATTERN FOR THE LODGEPOLE PINE STAND

WITH THE AFS MONSGON BUCKET.
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THE GROUND DISTRIBUTION PATTERN FOR THE OPEN ARFA WITH THE
GRIFFITH BIG DIPPER BUCKET.
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AIRCRAFT SPEED (MPH} 25
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FLIGHT CRIENTATIOX (180 DEG)
YISCOSITY {(LPS) 400

SALT CONTENT (SPEC GRAY) 1,090

TENPERATURE (DEG £} 66

RELATIVE HUMIDITY 52
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»

- FIGURE 12. -THE GROUND DISTRIBUTICN PATTERN FOR THE LODGEPOLE PINE STAND
WITH THE BIG DIPPER BUCKET. -
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SERIES 3: BELL 206B HELICOPTER/SIMS BUCKET

.fhe.efféct of drop speed, bucket helght, and retardaﬁt.viéu
coéity wéfe eﬁident.iﬁ.the drop tests with the Béll 206B helicopter
and Sins bucket, Tébleé E-1 and E-2 of Appendix E., However, the
criteria,.i.e., é.ﬁinimum ﬁi&th of 10 ft., used to establish the
.léngth of éach contour ?re&ented a more éomﬁlete presentation of thesé
effects. Many areas, éspeciaily thbse in the high concentration levéls
were less tﬁan ib féet.in wi&th for most.uf their length and consequently

were not measured.

Drop Speed

The effect of drop speed was evident for the water drops. Most
40-knot drops extended well beyond the established 200-foot grid systems.
~In the open area, concentrations at the .04~inch and greater contour
levels were measurable at 20 kts. but not 40 (drop 1), With 90-gallon
water loads the effect of gpeed was also evident in a comparison of
drops made into the lodgepole pine stand (3 and 53). At the .02-inch
‘contour level, for the fast (40-knot) :drop, only spots occurred but
-larger areas ard greater lengths were present at the .04~inch contour
level in the slow (20-knot) drop. The length of the .02-inch contour
level was 118 feet for the 20-knot drop compared to "spots'" for the
-40-knot drop.  Recovery of material from the slow drop was 46% on
the ground, compared to 30 percent for the fast drop (Table E-1}, The
digcharge from the Sims bucket was restricted sufficilently teo permit

erosion of the falling water at the fast speed.

Bucket Height

Most high (100-ft.) drops fell partially outside the establighed
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grid systems and prevented a quantitative comparison with the low drops.
Still,.the effect of heighe'was noticeable‘...E The high.droﬁs wich water,
and with Fire~Trol 931 dispersed more than the low (SO—ft ) drops. As
a result smaller concentrations occurred et the O&—inch contour level
for the high dro.ps... Similarly Phos-Chek 250 disﬁersed ﬁore in the higher
drops, but to a mucﬁ lesser degree than either water or Fire—Trol 931
Drops 6 and 8 show the effect of drop height on the resulting
pacterns over open areas (Figuree 13 and 14) For the low drop, dis-
persal was less and larger contour areas with greater 1eﬁéths in.the
higher levels of concentration occurred. The high drop produced larger
contour areas and greater lengths in the lower levels of concentration.
Specifically, at the ,04~inch contour level the 25-ft. .drop was 100 ft.
long while the 50-ft. drop.was 33 ft. long. Seventy-eight percent of the
low drop was recovered compared to 707 of the high drop. A considerable
portion of the retardant not recovered was retained by the 6-foot high
lodgepole pine trees in the open area.

. /The influence of drop height on a thickened material (Phos-Chek XA)
was different .than on an unthickened .one (drops 16 and 17). Although the
total area and length of the ,04-inch contour level was greater for the
high (100-ft.) drop than the.low (60-ft,) drop, the retardant line was
irregular or broken at several points (Figure 15). The width of the .04~
inch line was less .than 10 ft., therefore, the total length of 115 ft.

for the low drop and 140 ft. for the high drop was not measured.

Retardant Viscosity

On the Sims bucket, the drop gate opening was not large enough to

permit highly-thickened material, e.g. 1400 cps., to discharge freely
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and resulted in a pulsating flow from the bucket, However, the
thickened products did resist the effect of height and wind to a mhch.
greater degree than did the unthickened products. The 90-gallon
loads of water,'Fire~Trol 931 and Phos-Chek 259 were digcharged from
the bucket in fivé seconds while Phos-Chek XA was discharged in six
seconds.

A comparison of the open area d;dps at 20-kts. speed and 50-ft.
height (drops 1, 6, 12 and 16, respectively) indicated that for this
speed and Height, the best ground distribution patterns were obtained
with Phos-Chek 259 followed by Fire Trol 931, Phos-Chek XA and water.
As drop speed and height increased, the unthickened products produced
less concentrated patterns than did'fhe:thickened ones.

In the mature lodgepole pine stand, the best tree canopy
penetration and ground distribution patterns for the slow (20-kts.)
drop speed and treetop height were cobtained with Fire-Trol 931 followed
by water, Phos-Chek 259 and Phos—Chek XA (Figures 16 and 17, drops 9,
11, 3, 14 and 19 respectively). Material recovered on the'ground was
56%9, 53%, 52% and 52% respectively. However, as the drop speed or
bucket height, or both, increased, the best tree canopy penetration and
ground distribution pattern was obtained with Phos-Chek blended to a
viscosity of 800-1,000 cps. At this viscosity level, the retardant
load discharged quite evenly, resisted erosion following exit from the
bucket and retained enough mass to penetrate the tree crowns (drop 22 and

drops 18 and 21 - not included). For the 1,000 centipoises Phos-Chek

8 Average ground recovery rate for Fire-Trol 931 drops 9 and 11.
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drop at_40 Rts. and at 2b féet gbove the treetops, 62% of the material
was recovered on the grouﬁd (Figure 18).

.The effect of the tree caﬁopy on the ground distribution patterns
varied with_thé matériai dropped. .A comparison of the water drops onto
the‘opeﬁ area aﬁd.iédgepole pine étand showed that the lengths of the
.02 and . 04-inch contour levels were similar. However, the inter-
ceétion of the retardants by the tree.crowns was apparent in a compari-
son of the retardant drops.at 20 ktsf aﬁd 50 feet (also treetop level).
The treé canopy.feduééd thé lenéth.of the .02 and ,0O4-inch levels by 28%
énd 402pfor Fire-Trol 931;: by.lZ%.énd 60% for Phos-Chek 259 (220 cps.)

and by 37% and 407 for Phos-Chek XA (1,400 cps.)
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FIGURE 13, THE GROUND DISTRIBUTION PATTERN FOR THE OPEN AREA WITH
THE SIMS BUCKET. '
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FLIGHT DIRECTION
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'FIGURE 15.- THE GROUND DISTRIBUTION PATTERN FOR THE OPEN AREA WITH -
THE SIMS BUCKET. e E IO S
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FLIGHT DIRECTION
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FLIGHT DIRECTION

" FIGURE 18." A GROUND DISTRIBUTION PATTERN FO

WITH THE SIMS BUCKET.
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Figure 19.

- 45 _

An air drop with the Bell 2068 and Sims bucket. Note the
off-centre bucket caused by correction for wind and flight
path. Also note the pulsating flow of the retardant.
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DISCUSSION OF RESULTS

COMPARISON OF THE BUCKETS

The length and width of fire-~line varied at each.appliééfiﬁn rate
for the different buckets. To compare the buckets on a félétivé basis,
the length of fire-line per gal%on to a.ﬁinimum width of 10 ft. was
calculated for each bucket in open aréé'&fo§s ﬁade at 20 kts. and 100 ¢,
At the .02 inch application rate, fire—iiﬁe length per gallon was greatest
for the Sims bucket followed in decreésihg order by the Big Dipper, AFS
Mongoon and Chadwick buckets; at the ;Oﬁ:iﬁch application rate the Big
Dipper, followed by the AFS Monsoon, Chadwick and Sims; and, at the ,07
inch application rate, the AFS Monsoon, féiibwed by the Chadwick, Big
Dipper and Sime (Figure 20). S

These data refer only to full—opé#'drop gate positions for drops
at 20 kts. and 100 feet, and would chaﬁée'considerably with different drop
gspecifications. With a controlled raté.of door opening, the length of
fire-line per gallon at the lower appiication rates would greatly increase
for the larger:buckets, e.g. Chadwick. Also, an increase in the drop
speed from 20 ﬁ6'40 kts. with the Chadwick bucket increased the fire-line
length per-galidn for the contour levels < .07'inch (drop 7, Table 9).

At 40 ks, speed and 100 f£t. height, the fire-line length per gallon at
the .O4-inch depth was 0. 66 ft /gal. compared to O 55 ft /gal, at 20 kts.
and 100 fe. (Figure 20). At 60 kts, speed and 50 ft height, the fire—
line length per gallon at the_.04-1nch depth was l 15 ft /gal (Appendix

Table C—2 drop 13)

Sr0E CMACTERISTICSEE{TQE BUCKET

The design of the bucket controls to a great degree the extent to
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FIGURE 20 FIRE-LINE LENGTH PER GALLON TO A MINIMUM WIDTH OF
- _ 10 FEET FOR FOUR HELICOPTER BUCKETS. DROP SPEED 20 KNOTS;
2255 BUCKET HEIGHT 100 FEET. - R . :

SIMS: Phos-Chek XA {1400¢ps) -

;o o CHADWICK: Phot-Chek
. 100 cps.

025

APPLICATION RATE - INCHES

N, M., _AFS MONSOON: Phos—Chek 259/XA{400¢ps) -
\ e
\
\
\
~eLn *,

§59
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which each of the recorded drop variables affects the ground distribu-
tion pattern. Each bucket had different drop characteristics. These

were partially predetermined by the dimemsions of the bucket (height,

shape and volume), and the drop gate design (slze and type and rate of
door opening).

Addi;ional wo;k is needed to improve the drop characteristics of
the buckets. Sigﬁifiéénf amounts of tﬁe ?eté£dah£ 1oadé are wasted as
light spray and "puddles". A drop mechanism which provides a ﬁonstant
rate of release at a particular setting is regquired; in combination with
varying drop speeds and bucket heights;.this-will allow the.length of
fire~line established per gallon droppéd to be greatly increased for all

levels of application.

Chadwick Bucket

The three 20-inch circular dooré on the Chadﬁick bucket took three
seconds to reach their full-open position. The 325-33115n load was
released in 7 seconds, or at an averagé rate of 46 gallons pef seéond.
However, most of the materilal was not released until the dooré.wgre fully
_opened. As the doors started to open,gthe material squirted 6ut and
. reached a maximum exit rate just after‘they weré.fully opened: The exit
rate decreased as the pressure from the head of the material decreased.
Thus, the higher concentration levels were fouﬁd'toward the ffont of the
ground distribution pattern: the .04-inch contour was found in the front
two~thirde of the paﬁtern while the .07-inch contour was found in the

front half of the pattern (Figure 7).
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The rate of discharge appears to be satigfactory. With the
doors fully opened, a higher drop speed distributes the material over
a longer swath on the ground, and tends to break the material into
smaller droplets, resulting in a wider pattern with lower concentra-
tion levels. Also, a higher drop height provides both a longer and
wider, but less concentrated, distribution pattern. A viscous
material, on the other hand, resists erosion and decreases the effect
of drop speed and height. The direction of the wind in relation to
the helicopter's flight path influences the dispersion of the retar-
dant, particularly in the lower contour levels (Figure 7).. |

Since the pilot can control both the opening and cloéiné of
fﬁé.gates, ground distribution patterns can bé varied; By controiling
extent of opening, drop speed and bucket heighﬁ,.the length, width
.and concentration of the pattern can be fegulated.' The sizeable

volume permits more than one drop per load.

AFS Monsoon Bucket

The two semiciréular doors on the AFS Monsoon bucket required =
three seconds to reach their full-open position. The 235-gallon load
was released in four seconds, or at an average rate of 60 gallons per
gecond., Only a spray of material was released in the initial second;
.the bulk exiting during the 2~4 second interval. The higher con~
centration levels were found toward the front of the pattern (Figure 8).

The rate of discharge appeared to be too great — at least
for fire-line construction with retardant: The -broad, short

patterns obtained with the bucket are highly concentrated and provide
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an excessive overkill of chemical retardant. Modification of the drop
gate to permit variable door opening would greatly improve the drop
characteristicg. Perhaps a rectangular rather than a circular door
would provide a more regulated exit rate. In addition, a screen-like
device to delay the load's exit until the door is opened would likely
improve the drop characteristics. However, the presenf drop mechanism
should not be modified to the extent that water application becomes

ineffective.

Griffith Big Dipper Bucket

The 25-inch circular door on the Big Dipper bucket required
approximately 4 seconds to reach its full-open position. The 250-gallon

load was released in 8 seconds, or at an average rate of 30 gallons peri

second. Once the door was opened, thgfexit rate appeared to be limited
by the four-inch stroke. The slow opeﬁing of the door and the limited
LR :

stroke produced a patch§!ground distriPution pattern, with the higher
concentration levels towards the front%of the pattern (Figure 10). The
slow rate of opening provided only a l&ghtﬁé;scharge during the first
4 geconds and the limited stroke appea;ed ééfcreate a pulsating exit
for the remainder of the load. |

The rate of diacharge provided by the present 25-inch circular
door drop mechanism In the Big Dipper'is unsatilsfactory. A larger linear
actuator may improve the discharge rate; however, the location of the
mechanism (at t%épbottom of the bucket) makes it susceptible to'preakdowns.
A larger door opening might improve the discharge rate, providedtthe area
between_the_door_and the edge of the.Pugket is large enough to provide

an even flow of material.




= 51 -

Sims Bucket

The 18.5-inch circular gaté.on'the Sims bucket required
approximétély 3 seconds to reach its full-open position. The 90-gallon
loéd was réiééséd'in'S to 6 seconds, or at an average rate of about 16
gallons per second. The wvertical 1ift pate initially restricted the
flow of material. Thé'ground'distribﬁtion patterns had isolated patches
of material at the front and rear.

The rate of discharge of the Sims bucket could be increééed;'
perhafs by uéing a bﬁtterfly~type drop gate. Hoﬁever, the small capacity

of the bucket 1limits its fire-line building effectiﬁenéss.

ACCURACY

The accuracy of the drops with the .small helicopter was partly
affected by the drop altitude; a high bucket height greatly decreased
the accuracy of the Bell 2068 drops. The majority of drops from 100
feet in the open area and from 60 feet above the treetops in the stand
area partially or fully missed the established grid system. In addition,
.the stability of the Bell 206B appeared to be affected by the retardant
load to a greater degree than that of the larger helicopters. An increase
in-the drop height did not greatly affect the accuracy of drops made with

the Sikorsky 358T and Bell 204B helicopters.

APPLICATION OF RESULTS
The length and width of fire-line established at each aﬁpli—'
cafibﬁ:réte for tﬁé different &rop conditions encountered in this study
can be.determined for each helicopter/bucket combination'in the Appendices.

The Bell 206B helicopter/Sims bucket combination has limited line-building
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capability when compared to the other two helicopter/bucket combinations
uged, Howevgr, the Bell 206B can be effective on fires in lighter fuels
and_op small slow*movipg spot fires. A cost/effectiveness comparison of
the vari§95 si;e_categorigs of helitankers ﬁill not be presented in this
report.. . iy _ . | |

B The 1ength and width of rétardant.line establishéd ét thei.bé;
inch application rate with the Sikorsky SSST/ChadWick bucket and Bell
204B/AFS Monsoon bucket compare quite favorably with the length and
width of fire-line gstablished with either the TBM (285 gal.), Thrush
(310 gal.), PBYSA_Céqso (400 gal.) or Bw26.(45ﬁ:gél.) fixed-wing air-
tankers (see Appendix F for detailed.compafisons). For example, at the.
.04~inch application rate, the S58T/Chadwick combination constructs 182
feet of retardant fire-line (20 kts; 100 £t), the Bell 2OAB/AES_Monsoon
combination 200 f£t. (20 kts; 95 ft.), the TB&»IBO ft., the Thrush 101 ft.,
the PBYS5A 165 ft. and the B~26 180 ft. These ‘helicopters establish a
greater length of continuous fire-line at the .07-inch application rate
than do any of the airtankers. However, the fixed-wing alrtankers, with
the exception of the Thrush, are dropping only one-hslf of their retardant
‘1oad. The effect that the additional drop speed of the airtankers has
'6n the amount of fire-line established at .04 inch ie shown in a comparison
of the smaller (225 gal,) and larger (450 gal.) B-26 drops, and in a
comparigon of the thickened (Fire—Trol:loo) and unthickened (Fire-Trol
931) B-26 drops | | |

The results indicate that medium helicopters like the Sikorsky

SSBT and Bell 2048 may equal or surpass the 11ne-building capabilities of

fixed-wing airtankers releasing between 285 and 450 gallons per drop. Of
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course, the fast speed and sizeable load of most airtankers must be
taken into consideration. The airtanker is an effective initial

attack tool. 8till, helicopters such as the Sikorsky S58T and Bell

204B can be utilized effectively for retardant delivery., The slow

speed and logistics assoclated with the helicopter limit the use of

the helitanker to primarily the suppert role. This implies utiliza-
tion on larger fires, where time is not as critical as it is with
initial action and where retardant statlons can be established at or
near the fire site. Initial attack with helicopters is dependent on the
distance from an established retardant base to the fire, as well as the
availability of airtankers and ground crews, the number of fires reported

and their accessibility,






unthickened ‘or ‘th cki
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. APPENDIX A - DESCRIPTION OF RETARDANTS

~ Phos~Chek XA and 259 are manuféctured-by Monsénﬁo Canada

Limited, Abbotsford, B.C. Fire Trol 100 and 931 are manufactured

by Chemonics Industries Ltd., Kamloops, B.C. A brief description

of each retardant is presented in Table 1
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APPENDIX B - OPERATIONAL DATA FOR AIR DROP TESTS
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APPENDIX C - GROUND DISTRIBUTION PATTERNS WITH SIKORSKY 5587/ CHADVICK

BUCKET
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TABLE €-2

CONTOUR LERGTRS AND AVERAGE WIDTHS FOR GROUND DISTRIBUTION PATTERNS
WITH SIKORSKY 568T RELICOPTER/CHADWICK BUCKET.

VANCOUVER, B.C., HARCE 7 - &, 1978

) RETARDANT DRO?  BUCKET Contour” {depth in inchon)®
§0.  AND VISCOSTTY SPEED  RETGHT
(Khota)  (feot) 5673008 T.at T.07 .06 5.07 .10 515 5.0
Langth and wideh in faot

leagth 255 245 225 215 178 140 130  90%  s28
} Watar, 1 epo. 20 100 Jfath 50 45 40 38 35 30 22 15 10
length 145 125 [i5 105 99 8% 68 &0 50
2 Wster, 1 cps. 20 00 iden 55 50 42 40 38 35 3¢ 28 2%
_ lesgth 470 440 410 360 230% 200 20 # -
3 Water, 1 epa. 46 100 qdeh 47 45 40 35 26 10 1 - -
longth 540 505 470 335 1ésk 15 - - -
& Water, 1 cpo. 4o w0 LUER ST T Yl B w1 I C -
longeh 355 245 236 205 182 130 100 50 t
5 F¥C-259, 100 cpa. 20 100 Lisen 42 38 35 32 28 22 15 10 -
. . 20 soo  lmsth 335 260 2108 200 180 140 60t 10 10
width 50 40 35 32 27 25 15 1 10
, " w0 oo  lemgth 405 310 280 265 215+ 155 80 208 &
width 50 45 4D 32 28 15 12 10 -
longth 418 360 337 270k 222 75 % = -
8 ) 40 00 LAtk 60 s3 48 ‘40 35 12 - - -
length 250 200 170 16¢ 150 130 120 110 80s
§  Bo-259/XA, 400 cpe. 20 75 Laden 40 30 21 25 22 17 15 14 12
10 " 20 ,00  lensth 235 200 178 170 147 135 110 104 100
wideh 55 S0 47 42 35 25 23 1§ 10
length 430 400 360% 3204 240% 160 - - -
o L M0 wageh 60 47 45 35 - -
length 350 330 308 260 190 SOk & - -
12 " 40 W0 jaen S5 50 40 37 35 20 - -
" length 600 580 520 450 370 22 1OM = -
13 350 cps. 60 S0 darh a5 35 28 23 17 1+ 10 . -

! PC = Plios-Chel, quantities were 360 gal, for water, 325 for ratardant.

2

* 4 4nddicsyen wony ainilar ppots alopg flight line.

% Indicates additional spots not joined to main body of contour interval,
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APPENDIX D - GROUND DISTRIBUTION PATTERNS WITH BELL 204B HELICOPTER/

AFS MONSOON AND GRIFFITH BIG DIPPER BUCKETS.



- PABLE D=1

CONTOUR AREAS AND PERCENTAGE GROUND RECOVERY FOR GROUNWD DISTRIBUTION PATTERNS WITH
EELL 204B HELICOFTER/AFS MONSOON AKD GRIFFITH BIG DIFFER BUCKETS.

i,

EDSCNt, ALBERTA.

JUNE 20-28, 1873,

RETARDANT! DROP  BUCKET? . Contour {(depth in inchea)’ CROUND
Ko. AND VISCOSITY SITE SPEER  HEIGHT : RECOVERY
(¥aote) (feet) 0 5.005 2.00 >.02  ».06 3.07 ».10 >.15 .20 %
Area in squars feat
A¥S Monsoon 235 gal.
1 Water, 1 ¢pa. Open 20 100 7758 4928 4052 13126 1771 933 470 184 - 25
2 Water, 1 cpa. Pinv 20 GO#R 276+ 46914+ 3715+ 16834 364+ 31 - - 42
3 PC~259, 400 cpn. Open 20 95 9257 606% 5251 4150 2113 125 265 a0 - 98
4 " Qpen 20 180 6686+ 5758+ 5132+ 4078 2541 250 18% 30 - 95
5 " Open 40 100 7525+ 5750 4831 3589 1881 6l8 97 - - 88
] * Cpen 40 200 9804+ 3982 43950 1777 1908 B2z 217 12 - 9%
7 " Pine 20 65Rk  SABM+ 4060+ 3132+ 2192 6 261 42 - - 5t
8 " Pino 40 B0k* 5145+ 3060+ 2240 1172 315 40 11 - - 29
9 PC~XA, 1560 cpa, Open 20 100 7345 4738 3932 azn 1836 878 144 11 - 92
10 #7-100,2400 cps. Open 20 104 6491  4B83 4089 3242 2182 675 217 107 48 86
Big Dippor 25G gal.
11 Water, [ cpso. Open 20 100 12633+ - B592+ 6921+ 4772 1222 61 - - - a5
12 Water, 1 cpa. Pine 20 60%* {0693+ 58094 3BB2+ 1461 193 - - - - 39
13 PC-259, 400 cps. Upen 25 130 1144%+ 9023+ 7035+ 3528 1244 209 16 - - 87
14 " Open 20 110 10450 7835 6485 4498 2007 562 116 16 - .98
i5 PC-XA&, 1950 cps. Gpen 20 100 12E53 - 7228 5631 3795 2001 662 106 - - 93
16 ¥r-100,2400 cps. {Open piv] 110 11143+ 7821+ G406+ 4149 1346 169 - . - 78

! PC = Phoa-Chek,

FT = Pire-Trol

2 A% indicates height obove troess .
¥ 4+ fndiceces coverage eatimated for purt of pattarn that foll outside grid.
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TABLE D-2

CONTOUR LENGTHS AND AVERAGE WIDTHS FOR GROUND UDISTRIBUTION PATTERNS WITH
BELL 2048 BELICOPTER/AFS MONSOON AWD GRIFFITH BIG DIFPER BUCKETS

EDsoR, ALBERTA.

JUNE 20-22, 1873.

: 1
DROY RETARDANT' DROP BUCKET? Contour (depth in inchea)
wo. AND VISCOSITY SITE SPEEDS HEIGHT
(Knota) (feet) 50 2,005 >.01 2.02 .04 2.07 210  >15 >.20
AFS Mouscom 235 gal. *
) length 250 215 200 190 136 80 56 35 25
1 Water, i cps. Open 20 00 Lageh 60 . 45 40 37 25 20 15 10 5
length 280 230 220 120 52 - - -
2 Warer, % cpa, Pine 20 [-OLe width 58 a5 30 20 10 . _ _ _
~ length 370 272 250 230 200 160  63% - -
3 PC-259/%A,400 cpa, Open 20 95 width 50 45 40 35 22 12 7 _ "
" length 272 244 -238 21z 180 100 25 10
4 Open 20 180 ath 56 45 40 37 32 20 19 7
" Jeagth 255 260 225 220 180 120 10 - -
5 : Open 46 100 Ciaey ss so &7 40 22 10 8 - -
" ' lesgth 330 302 280 238 170 128 21 - -
6 Open - 48 200 _i4en 50 45 40 35 30 15 10 - -
y lengeh 260 240 218 180  B2% 86 30 - -
7 Plan 20 63%%  Ltden 40 35 28 24 15 8 5 - -
; length 262 200 180 120 40+ 10 - -
8 Ploe 40 GO4%  gath 40 30 22 20 12 10 - -
s length 263 220 216 200 178 122 ft0  30% -
5 PO-RA, 1360 cpa.  Open 20 M0 Ly 55 so 45 35 22 12 10 7 -
. length 284 260 224 190 162 100 40%  25%  LOA
16 FI-100, 2400 cps. Opes 20 100 e Tso 40 35 32 30 20 1¢ 1o 7
Big Dipper 250 gal.
1L vacer, 1 cpe open 20 109  lesth 435 420 330 360 2008 - - - -
, .
width 50 40 32 25 10 - - - -
: length &10 340 280 160% 25 - - - -
12 Water, 1 cpo. Pina 20 QAR width 50 8 30 17 10 .~ _ . _
_ length 465 430 405 302 180 - - -
I3 PC-259/XA,400 e¢ps. Open 20 130 width 45 22 38 a2 12 - - n
" : length 440 400 390 330 230  62% 10 - -
14 Opem 20 M0 uen 45 4D 35 31 26 10 1o - -
; leogth 450 392 370 326 2108 134 - - -
15 PC<XA, 1950 cpe.  Open 20 100 width 50 a0 37 10 17 1o . _ -
length 510 440 410 316% 190 4oh - - -
16 ¥1-100, 2000 cps. Opea 20 w0 EER TT 4R G838 1K -l - N

1 p¢ = Phoa-Chek,

FI = Fire-Trol

2 #n indicates height above trees
indicates additional spote not Jeined to main body of contour interval

Y
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APPENDIX E ~ GROUND DISTRIBUTION PATTERNS WITH BELL 2OBBIHELICOPTER/

SIMS BUCKET.
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TABLE E-2

CONTOUR LERGTHS ARD AVERAGE WIDTHS FOR GROUND DISTRIBUTION PATTERNS
WITH BELL 2068 HELICOPIER AND SIMS BUCKET
WHITEFORSE, YUKON. SEPTEMBER 12-14, 1872

Fu

G

DROP  RETARDANT® DROP BUCKET? Centour (depth in imches)
WO,  AND VISCOSITY stTE?  SPEED  HBIGHT
{Knota) (feet) 7,005 2.01 F.02  >.04 .07
1 Water, 1 cps. Opan 20 50 ::ﬁi:h 2;3 lgg 112 i; -
3 Hator, 1 cps. Ping 20 T i::ﬁ;h 1;2 "Tg lig fg;i? -
5  Water, 1 cpa. Pine 40 1T i:g’g;h "i; ?z 'POE’ - -
&  FI-931, 50 cps. open 20 so  leesth 197188 1 3 seets
. o woowome W@ oEomo e
e eoomoom ol O R OB
W T S B T
12 PC-259, 220 cpa. dpen 20 so  lessth 200 18 0o e
W e mom lme o owmoomooaow -
. e m e R Y H T B ew
leagth 218 207 132 35 -
16 PC-¥A, 1408 cpa. Open 20 60 width 21 18 45 12 .
v N T T
s e w ow Mme ow @ oom
20 " Pina 20 soee  lesarn o 178 ns . - -
22 PC-259/%A, 1000 cpa.  Pinma 40 20%8 iﬁgﬁ“ ‘g; “;’; ”;Z 10 spota -

T"PC » Phos~Chek, FT = Pire-Trol
% Open = fmmeture lodgepole ping; pite = matura lodgepola pina
3 77 = tree top height (f.e¢. 42' + 5-15'); %* indicotes hedight sbove traes
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APPENDIX F - ESTABLISHED RETARDANT FIRE LINES
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TABLE F-1

RETARDANT FIRE-LINE ESTABLISHED WITH A DIFFERENT HELICOPTER/BUCKET
COMBINATIONS AND FIXED-WING AIRTANKERS

DROP DROP DROP Contour (depth in inches)
VOLUME BPEED HEIGHT
AIRCRAFT RETARDANT {gal.) {¥nota} (fant) 201 02 B4 .07
Helicopters -
Sikoraky S58T/ length 410 360 230 210
Chadwick WHater 350 4G 100 sidth 40 35 26 10
" Phoo-~Chek 259 length 230 205 182 130
{100 cps.}) 325 20 100 width 35 32 28 22
v Phoa-Chak 2597XA length 178 170 147 135
(400 cps.) 325 20 200 width 47 42 35 25
" Phicu-Chak 259/XA length 520 450 30 2
{350 cpa,) 325 60 50 width 28 23 17 15
" Bell 2048/ Fhos-Chek 259/XA leagth 250 2390 260 160
A5 Meonsoon (400 cpa.} 235 20 95 width 40 35 22 12
" Fhoo~Chek Z5%/XA Topgth 280 738 170 1Z8
(400 cpu.) 235 40 200 width 40 15 30 15
" Phos-Chek XA length 216 200 178 122
(1560 ¢pa.) 235 20 100 width 45 15 22 12
Bell 2048/ Fire-Trol 931 length 190 155 EX] spola
$ims bucker (30 cps.) . 90 20 50 width 14 14 11 -
" Phos=Chek XA laogth 173 145 38 10
{1400 cpa.) jixt] 20 100 aidth 15 13 12 1Q
Fixed~wing Adrtankers®
Thrush Fire-Trol 100 longth 203 141 1M 70
Compander (2083 cpa.) 316 85 a5 widrch 50 4% 35 25
langth 225 250 165 95
PBYSA Cango Gelgard 400 85 90 width 50 40 30 15
length 150 122 10 -
8~26 {6-door)  Firo—Trol 931 225 120 g0 width 67 as 10 -
Tength 320 750 170 10
B-26 (4-door) Fire-Trol 931 450 120 30 width 64 42 20 10
Pire-Trol 100 j Tlength 224 142 S0 12
B-26 (4-door} (2600 cps.} 225 120 fit] width &4 31 20 10
Fire~Trol 100 lengch 270 220 180 78
B~26 (4~dovor} (2600 cps.} 450 120 80 width 42 k] 30 15
Phog=Chek XA length 330 260 200 450
TBY (1250 cpu.) 285 110 140 width 38 30 25 15

} gourca: HNortharn Forest Research Centre
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