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and water-enhancers in black spruce stands at specific flight parameters. 
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BACKGROUND 
A recently renewed interest in water-enhancing products resulted in Alberta Agriculture and 

Forestry’s (AAF) Wildfire Management Branch (WMB) contracting two externally tanked heavy 

helicopters (Sikorsky S-61N) with on-board injection and mixing systems. A research objective of 

the WMB is to use these heavy helicopters to understand the relative performance of water, 

foam, and water-enhancers in the context of aerial wildfire suppression.  

One component of this research objective is to conduct drop testing in different fuel 

environments. Drop footprint mapping is standard practice carried out by practitioners involved 

in aerial operations in the wildfire space. The purpose of drop footprint mapping is to obtain a 

quantitative understanding of the distribution and intensity of a drop from an aircraft at specific 

flight parameters. This data helps inform tactics and operations during aerial wildfire suppression 

activities. 

To obtain baseline data, drop tests were conducted in an open field using water, foam, and a 

water-enhancer at specific flight parameters (Refai & Hsieh, 2021). Data from the drop tests 

showed that a water-enhancer at 0.25% and foam at 0.3% had the greatest drop lengths and 

footprints but compromised on drop intensity as measured by coverage levels. 

As a next step in mapping drop footprints, this study focused on drop tests in forested stands, 

specifically in boreal spruce stands that are representative of fuel types found in northern Alberta 

(Figure 1). This report outlines the methodology followed, data collection process, and results 

from open-field drop tests using heavy helicopters. 

 

 

Figure 1. Drop testing in boreal black spruce using heavy helicopters. 
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RESEARCH SITE 
A research site 43 km north of Slave Lake, Alta. was selected as the drop test location (Figure 2). 

Two fairly similar research plots, named East plot and West plot, were setup on either side of 

the resource road, shown in Figure 3. Both plots were relatively flat, and approximately 0.72 ha 

(120 m x 60 m) in area each, sufficiently large to capture data from drop tests.  

 

Figure 2. An aerial view showing the location of the research site, 43 km north of Slave Lake, Alta. 

 

 

Figure 3. West and east plots used for drop testing. 
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Stand characteristics 

The two stands selected for drop testing were categorized as boreal black spruce (C-2) fuel 

types. The stands were primarily composed of black spruce (Picea mariana) (90%), with minor 

components of tamarack (Larix laricina), lodgepole pine (Pinus contorta), aspen Populus 

tremuloides), and birch (Betula papyrifera) (Figure 4). The surface fuel layer consisted of almost 

100% feather moss (Hylocomium splendens), with occasional scattered Sphagnum moss. The 

primary shrub species was Labrador tea (Ledum groenlandicum). Little to no dead and down 

fuels existed. A visible percentage of standing dead fuel (5%) was found in each stand.  

The east plot was found to be slightly less dense (2150 stems/ha) than the west stand (2400 

stems/ha), (Figures 5, 6, and 7). Crown closure on the east plot was estimated to be 60% while 

the west plot was estimated to be 75% closed (Figure 8). The average height of trees in the east 

stand was 11.1 m, while the west plot had trees with an average height of 12.1 m. Average 

diameter at breast height in the east plot was found to be 10.9 cm, while in the west plot was 

10.3 cm.  

 

 

Figure 4. Sample photo of plot with dominant black spruce among minor components of other tree 
species. 
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Figure 5. Representation of stand density and surface fuel layer in the west plot. 

 

 
Figure 6. One instance of a small opening in east 
plot. 

 
Figure 7. Another instance of a small opening in 
the east plot. 
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Figure 8. Representation of 75% crown closure in the west plot. 

 

TEST METHODS 
This section details different components of the test methods followed in this study. 

Flight parameters 

The aircrafts used in this study were two Sikorsky S-61N helicopters with modified Isolair tanks. 

Prior to drop testing, researchers met with the heavy helicopter pilots to inform them of the 

project objectives and outline the flight parameters. The pilots were requested to maintain the 

following parameters: 

1. Direction of flight: Only north-south or south-north runs were recommended since these 

cardinal directions aligned itself well with the length of the drop area of interest. Pilots 

were given discretion between the two options based on wind conditions. 

2. Flight altitude: Pilots were asked to maintain a flight altitude of 200 feet above ground 

level (AGL) during the drops. 

3. Flight speed: Pilots were asked to maintain a flight speed of 50 knots during the drop. 

4. Drop volume: Pilots were asked to drop salvo ‘operational loads’ i.e., loads that would 

normally be used in suppression operations. Based on recommendations from the pilots, 

a payload between 600 and700 gallons was selected.  

To confirm that parameters were adhered to within reasonable limits of target flight parameters, 

a Bad Elf GPS Pro+ GLONASS receiver and barometric sensor was placed in the helicopters to track 

flight path, altitude, and speed. 
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Suppressants 

Three suppressants were studied in this study. Water, foam at one mix ratio, and one water-

enhancer product at two mix ratios were selected in accordance with the qualified product list 

(U.S. Forest Service, 2019). Table 1 presents the mix ratios selected for the different suppressants 

tested: 

Table 1. Suppressants and their respective mix ratios used in this study. 

Suppressant Mix ratio 

Water N/A 

WD818C (foam) 0.3% 

Firewall II (water-enhancer) 0.25% 

Firewall II (water-enhancer) 0.5% 

 

Prior to every drop, pilots were informed of which suppressant and mix ratio to use. Suppressants 

that required mixing were done using the GS-61 on board mixing system. The Lesser Slave Lake 

served as a water source for all drops. 

 

Data collection 

To collect data, the cup-and-grid method (Suter, 2000) was adopted for both plots. This method 

involves having an aircraft fly over a marked grid consisting of equally spaced cups. When an 

aircraft drops a load within the bounds of the grid, the cups capture the dropped suppressant. 

This captured suppressant is measured and is used to quantify the intensity and spatial 

distribution of the drop. Modifications to the cup-and-grid method were made to streamline the 

data collection process and resource requirements. The key modifications made were as follows: 

1. Placement of cups on the ground as opposed to elevated one metre off the ground. 

2. Suppressant measurements were done by volume instead of weight (Thomasson, 2012). 

3. No increased cup density at the center of the grid. 

Drops were alternated between the two plots to improve the speed of the data collection 

process. 

 

Grid layout 

The grid size selected for this study was 90 meters long and 42 meters wide, with a 3-meter cup 

spacing, as shown in Figure 9. The grid was setup with compasses to ensure proper alignment. 

Both grids were identical in size and layout. 
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Figure 9. Grid structure used for in-stand drop tests. 

 

Cup setup  

The cup setup at each point on the grid consisted of a cup holder with three screws to help hold 

the cup in place against the impact of a drop (Figure 10). An elastic band further secured the cup 

against any lateral movement.  A total of 465 cups were placed in the grid, each representing a 

data point with an area of 9 m2.  

 

Measurement from cups 

The volume of suppressant present in each cup following a drop was recorded using a 

measurement template (Figure 11). This method of visually assessing cup volumes was developed 

by Thomasson (2012). Coverage level categories ranged from 2 to 25 as shown in Figure 11. 

Coverage level values less than 2 were considered trace (T), and those greater than 25 were 

categorized as 25+. Intermediary values were rounded down.  To minimize suppressant losses due 

to evaporation from the cup, data collection was carried out immediately after a drop with the 

help of helitack and unit crew members as well as FPInnovations researchers on site.  

90 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 31

87 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 30

84 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 29

81 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 28

78 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 27

75 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 26

72 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 25

69 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 24

66 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 23

63 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 22

60 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 21

57 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 20

54 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 19

51 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 18

48 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 17

45 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 16

42 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 15

39 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 14

36 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 13

33 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 12

30 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 11

27 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 10

24 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 9

21 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 8

18 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 7

15 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 6

12 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 5

9 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 4

6 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 3

3 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 2

0 ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ ⃝ 1

Meters 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42

Cup # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Drop testing grid
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Figure 10. A cup placed in a cup holder. Each cup 
served as a 9 m2 data point. 

 
Figure 11. Cup volume measurement template. 
Coverage level abbreviated to ‘CL’. 

 

Data processing 

Volumetric data collected from all drops was entered into a database to generate distribution 

maps wherein spatial distribution as well as intensity are presented. Recovery rate data from 

open- field drops are presented in a separate report. 

 

Weather 

A Campbell Scientific weather station with an ATMOS 41 sensor was placed in a relatively open 

area near the drop site. This weather station was used to log instantaneous temperature, 

relative humidity, wind speed and direction data during drops. Key weather thresholds required 

for drop testing to be allowed were zero precipitation and wind speeds less than 20 km/hr (10.8 

knots).  

 

RESULTS 
A total of 28 drops were conducted over 2 days – 6 water drops, 6 WD881C drops at 0.3%, 10 

Firewall II drops at 0.25%, and 6 Firewall II drops at 0.5%. Of the 28 drops, 3 Firewall II drops at 

0.25% (Drops 14, 17, and 18) were discounted from the data set due to only a partial drop load 

landing in the test grid. The remaining 25 drops were mapped for spatial distribution and 

coverage level measurements.  
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Spatial distribution 

Table 2 presents the average maximum drop length and width of suppressants estimated from 

the drop test data from both plots. Both drop length and width were based on a threshold of 

coverage level 2 or greater. Coverage level one and below were excluded due to the reduced 

accuracy of small drop volumes as well as trace amounts landing outside the test grids.  

Table 2. Average maximum spatial distribution of suppressants based on CL2 threshold. 

Suppressant Water 
WD881C 

(0.3%) 

Firewall II 

(0.25%) 

Firewall II 

(0.5%) 

Average drop 

length (m) 
40.5 44.5 53.6 49.0 

Average drop 

width (m) 
15.0 24.5 17.1 18.5 

Drop length 

standard 

deviation (m) 

8.6 10.3 4.7 7.9 

Drop width 

standard 

deviation (m) 

2.4 7.6 4.2 2.1 

 

Spatial distribution differences between stands 

Spatial distribution data was further broken down based on East and West plots to understand 

the influence of differences in stand characteristics on drop lengths and widths. Table 3 presents 

the average drop lengths and widths based on plot selection.  

Table 3. Spatial distribution differences between East and West stand. 

Suppressant Water 
WD881C 

(0.3%) 

Firewall II 

(0.25%) 

Firewall II 

(0.5%) 

East 

plot  

Average drop length 

(m) 
34.0 45.0 53.3 51.0 

Average drop width 

(m) 
15.0 23.0 18.0 18.0 

West 

plot  

Average drop length 

(m) 
47.0 44.0 54.0 47.0 

Average drop width 

(m) 
15.0 26.0 16.0 19.0 
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Average coverage level 

Drop intensity, represented by coverage level was calculated for all 25 drops. Average coverage 

level estimates were based on a threshold of coverage level 2 or greater. Table 4 presents the 

average coverage level estimated for each suppressant.  

Table 4. Average coverage levels of suppressants based on CL2 threshold. 

Suppressant Water 
WD881C 

(0.3%) 

Firewall II 

(0.25%) 

Firewall II 

(0.5%) 

Average 

coverage level 

(U.S. gallon/100 

ft2) 

6.1 6.5 5.3 5.7 

 

Coverage level differences between stands 

Coverage level data was segregated based on East and West plot to understand the impact of 

differences in stand characteristics on coverage levels. Table 5 presents the average coverage 

level differences between the two plots.  

Table 5. Coverage level differences between East and West stand. 

Suppressant Water 
WD881C 

(0.3%) 

Firewall II 

(0.25%) 

Firewall II 

(0.5%) 

Average 

coverage 

level (U.S. 

gallon/100 

ft2) 

East 

plot 
5.5 6.9 5.4 5.3 

West 

plot 
6.7 6.2 5.2 6.2 
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Sample drop footprints 

One sample representation of each suppressant’s drop footprint and associated coverage levels 

are presented in Figures 12 to 15. All drop footprints and their respective instantaneous 

weather conditions during the drop can be found in the Appendix of this report.  

Water (Drop 6) 

 

Figure 12. Drop footprint of a sample water drop (Drop 6). Coverage levels shown in individual grid inset. 
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WD881C (Drop 8) 

 

Figure 13. Drop footprint of a sample WD881C drop (Drop 8). Coverage levels shown in individual grid 
inset. 
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Firewall II at 0.25% (Drop 19) 

 

Figure 14. Drop footprint of a sample Firewall II drop at 0.25% (Drop 19). Coverage levels shown in 
individual grid inset. 
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Firewall II at 0.5% (Drop 21) 

 

 

Figure 15. Drop footprint of a sample Firewall II drop at 0.5% (Drop 21). Coverage levels shown in 
individual grid inset. 
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DISCUSSION 
1. Variation between drops – The drop footprints presented in this report show that no 

two drops are alike. Variables such as temperature, relative humidity, wind speed and 

direction, pilot error, etc. are all likely to impact the outcome of drop footprints. 

Variation between drops can be overcome by increasing the number of successful 

drops, thereby having a larger data set to even out variances.  

2. Thresholds of coverage level – In this report, coverage level 2 was selected as the 

threshold below which data was discounted. Suppressant volumes below coverage level 

2 (i.e., coverage level 1 and trace volumes) may offer suppression abilities, albeit in a 

limited capacity. For the purpose of this study, the inclusion of coverage level 1 or trace 

volumes in the data set offers two issues: 

a. Such small volumes increase the possibility of user error when collecting data, 

especially when multiple people are assisting with the data gathering process. 

b. Trace volumes are often carried outsize the test grid, rendering them 

uncollectable data. The option to increase the size of the test grid may be 

considered; however, anecdotal evidence suggests that even with a larger grid 

size, the drifting of trace volumes is still likely to occur. 

3. Spatial distribution – Water was used as a baseline to compare drop lengths and widths 

of suppressant products. The data showed that WD881C at 0.3% and Firewall II at both 

0.25% and 0.5% had better spatial distribution than water. Firewall II at 0.25% had the 

greatest drop length of all suppressants (53.6 m); however, the relative increase in drop 

width compared to water was minimal. WD881C at 0.3% had the greatest drop width 

among the different suppressants (24.5 m). In general, both Firewall II mix ratios had 

greater drop lengths than water and foam at 0.3% at the compromise of drop width.  

4. Spatial distribution differences between stands – Data showed that differences in 

stand characteristics between the two stands had minimal impact on spatial distribution 

for all suppressants. This can be attributed to the minor differences in stand 

characteristics. Only the drop length of water was found to noticeably differ between 

the west and east stand. Therefore, combining spatial distribution data from east and 

west stands into one data set was justifiable. 

5.  Average coverage level – WD881C at 0.3% had the greatest average coverage level 

value followed by water (CL 6.5 and CL 6.1, respectively). Firewall II at both 0.25% and 

0.5% had the least average coverage levels (CL 5.3 and CL 5.7, respectively). This result 

may be attribute to the ability of foam and water to penetrate through the canopy 

better than Firewall II due to their relatively lower surface tension. Firewall II at 0.25% 

and 0.5% both have greater viscosity than water and WD881C. It can be theorized that a 

portion of the drop load from Firewall II drops is caught in the canopy due to its greater 

resistance to flow. Average coverage level, as a measure, does not account for the 

differences in spatial coverage. Two products with the same average coverage level can 

have drastically different spatial distribution. Therefore, inferences from average 

coverage level should be made with the context of spatial distribution data. 

6. Coverage level differences between stands – Noticeable differences in coverage level 

were found between the east and west plots for water and Firewall II at 0.5%. On 
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average, 0.75 coverage level difference was observed between the two plots. This 

difference in coverage level was not consistent with one plot i.e., one plot did not 

consistently have a greater coverage level than the other. Since differences in coverage 

level did not conform consistently to one plot, coverage level data sets from both plots 

were aggregated to minimize random variables by increasing the size of the data set.  

7. Consistency of drops – While analyzing drop footprints, it was qualitatively observed 

that some Firewall II drops had less consistent coverage. Drop footprints of Firewall II at 

0.25% and 0.5% were found to have gaps in their coverage distribution. This was 

observed for 3 drops for both mix ratios. It may be speculated that a combination of 

canopy closure as well as suppressant sticking to the canopy may lead to less consistent 

coverage. A by-product of less consistent coverage results in the over-estimation of 

drop lengths and widths. All drop footprint maps can be found in the Appendix. 

CONCLUSION 
Drop footprint mapping of water, foam, and a water-enhancer product at two mix ratios 

successfully took place in the boreal spruce fuel type. A modified version of the cup-and-grid 

method was used to collect data on spatial distribution and drop intensity (coverage level). Drop 

tests were restricted to specific flight parameters and environmental conditions to minimize 

variability in footprints.  

Spatial distribution data showed that Firewall II at 0.25% was found to have the greatest drop 

length among the suppressants tested, but at the compromise of drop width. WD881C at 0.3% 

was found to have the greatest drop width among the suppressants tested with greater drop 

lengths than water and Firewall II at 0.5%. Furthermore, coverage level data showed that water 

and foam were found to have the greatest average coverage levels from the tests. Drop 

footprint maps were presented to provide information to aid tactical decision-making in aerial 

suppression operations. 
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APPENDIX 

In-stand drop footprints 
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WD881C at 0.3% 

 



26 
 

 



27 
 



28 
 

 



29 
 

 



30 
 

 

 

 

 

 

 

 

 



31 
 

Firewall II at 0.25% 
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Firewall II at 0.5% 
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