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EXECUTIVE SUMMARY
PROJECT FUSE AERIAL SUPPRESSION EXPERIMENTS

M.P. Plucinski®?, M.G. Cruz'2, J.S. Gould"?, E. Pastor?, E. Planas®, Y. Perez?, G. McCarthy*?

'Bushfire Dynamics & Applications, CSIRO Sustainable Ecosystems and CSIRO Climate Adaptation Flagship,
Canberra, Australia

ZBushfire CRC, Melbourne, Australia

3Department of Chemical Engineering, Centre for Technological Risk Studies, Universitat Politécnica de
Catalunya, Barcelona, Catalonia, Spain.

“School of Forest & Ecosystems Science, University of Melbourne, Orbost, Australia

Three experimental fires were conducted to demonstrate the effectiveness of different fire suppression
chemicals delivered by aircraft in March 2008. The fires were conducted in mallee heath fuels in Ngarkat
Conservation Park, South Australia, at a site being used for an existing fuel and fire dynamics research
project. Each fire was started from a long ignition line and allowed to fully develop before being attacked
by suppression. The only suppression applied to these fires came from two single engine air tankers
(Airtractor AT-802F) dropping a single suppressant type in each experiment. A water enhancing gel was
directly applied to the fire edge in one experiment, while a foam suppressant was applied in another. The
third experimental plot involved a fire burning into a pre-laid retardant line.

The different suppression chemicals used in the experiments could not be directly compared. This was
because the time taken for fire to burn through most of the drops could not be determined as they were
breached by spotting or burnt around and because of the range of conditions experienced for the different
drops.

The aerial suppression experiments presented here allowed for the development and testing of aerial
suppression assessment methodologies and have produced data that can be used to develop training
material. This data highlights the importance of drop placement with regard to fire behaviour and
location. Footage captured using a hand held airborne infrared camera in an aerial platform demonstrated
some important aerial suppression tactical issues, such as drop coverage, drop accuracy and drop
placement. Fire burning through one of the retardant drops highlighted the importance of adequate
ground coverage levels for stopping fire propagation.
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1) INTRODUCTION

Aerial suppression field experiments were conducted at a site west of the private in-holding (Kirra Station)
along the Bordertown-Pinnaroo Road (35° 45 S, 140° 51 E) within the Ngarkat Conservation Park, South
Australia (Figure 1.1) on 3, 4, and 5 March 2008. The main aim was to demonstrate the effectiveness of

different fire suppression chemicals delivered by aircraft on fire behaviour.
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FIGURE 1.1. Location of Ngarkat Conservation Park and Kirra experimental site.

The aerial suppression experiments resulted from an offer from the South Australian Country Fire Service
to use aircraft on an existing project (Project FuSE) involving experimental fires in mallee-heath
vegetation that was being run by CSIRO and the Bushfire CRC. Project FUSE conducted experimental fires
to develop fire behaviour models for a prescribed burning guide for mallee and heath fuel types for the
South Australian Department of Environment and Heritage, who manage Ngarkat Conservation Park and
other conservation areas with similar vegetation. Details of Project FUSE are given in Cruz et al. (2010).
Three large plots (>40 ha) at the Kirra experimental site were made available for combined fire behaviour
and aerial suppression experiments. Combining the aerial suppression experiments into an existing fire
experiment program allowed them to be prepared and conducted in a shorter time period and with fewer
dedicated resources than would have been required if they were conducted alone.
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1.1) SUPPRESSION CHEMICALS

Suppression chemical additives fit into three classes: foam surfactants, water enhancers and long term
retardants, as defined by the US Forest Service (USDA Forest Service 2010). One product from each of the
three classes was trialled in the experiments. Foam surfactants and water enhancers are called
suppressants as they are primarily designed for direct attack and are only effective while wet. Foams aid
the wetting of fuels by lowering the surface tension of the water and assisting saturation. Water
enhancing gels contain substances that slow evaporation and increase adherence to fuels. Long term
retardants are designed to be applied ahead of the fire as they remain effective after the water they
originally contained has evaporated. They work by inhibiting flaming combustion. Class A foam (for fires
burning solid fuels) and long term retardants are commonly dropped on bushfires from aircraft in Australia.

The effectiveness of suppression chemicals depends on the coverage level (depth) required on the critical
fuel. The more intense the fire, the greater the depth is required (Loane and Gould 1986). Coverage
levels vary across drop footprints with the heaviest concentrations located in the centre of the drop and
areas of lighter coverage found around the edges. The dimensions of aerial suppression drops vary with a
number of factors including the volume, viscosity, aircraft speed and height, delivery system and wind
speed and direction. Most of the work investigating effective drop coverage levels has focused on
retardants. A range of coverage levels have been recommended for different vegetation (George 1985).
These vary from 0.5 mm (0.5 | m?) for grasslands to 2.5 mm for thick shrubland vegetation. Coverage
levels recommended for vegetation similar to the mallee-heath burnt in these experiments would be
around 1.5 mm.

The effectiveness of fire retardant formulations has been studied using analytical laboratory tests and
flame spread tests in the laboratory and field. Agueda et al. (2008) provide a comprehensive review of
these studies. Analytical tests have focused on understanding the pyrolytic behaviour of retardant coated
fuel samples. Laboratory based fire spread tests have been used to evaluate the behaviour of controlled
fire fronts burning into sections of fuel coated in retardant. The general aim of laboratory experiments
has been to make comparisons between different retardant formulations based on measurements of fire
spread, rate of weight loss and fuel consumption. Fewer retardant fire spread experiments have been
conducted at a field scale. Field evaluation of manually applied retardant solutions on experimental fires
in shrublands (e.g. Pastor et al. 2006a, Vega et al. 2007) have found retardant applications to reduce fire
spread rates and severity. Large scale experiments using aerially dropped retardant on high intensity fires
in eucalypt forests were used to determine effectiveness thresholds based on fire intensity (Loane and
Gould 1986). Loane and Gould (1986) reported upper fire intensity limits of 3000 kW m™" and 2000 kW m™’
for retardant drops in stringy-bark forests with and without ground crew support respectively. Beyond
these limits drops were breached by spotting.

Research into the effectiveness of suppressants have mainly been through ground applications on
experimental fires (e.g. Dando et al.1988), small scale laboratory tests of foams on stationary fires (e.g.
Schlobohm and Rochna 1988), or investigations of their adhesion to fuels (e.g. Stechishen and Murray
1990). Some field experiments involving the aerial application of foam suppressants on experimental fires
have been conducted by Plucinski et al. (2006), though this work was limited in scope due to the fuel, fire
and weather conditions. Gel suppressants have been in operational use in recent years and their
effectiveness has received very little attention in the way of field testing to date. One study conducted in
Queensland (Taylor et al. 2005) trialled a gel product on fires in pine litter and understorey grass fuels in
direct and indirect applications and found it to be potentially useful, though stated that further evaluation
work is required.

Evaluations of suppressant drops during wildfire operations are difficult to undertake due to the chaotic
nature of wildfire events. Reports of such evaluations have yielded limited results (George 1990, Plucinski
et al. 2007) as it is virtually impossible to obtain an adequate data set suitable for a detailed analysis from
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operational fires. The planned nature of aerial suppression field experiments allow for detailed
measurements of suppression drop characteristics as well as related information on fire behaviour,
vegetation and weather variables affecting drop effectiveness. The aerial suppression experiments
presented here allowed for the collection of information on drop effectiveness with a level of detail that
cannot be reasonably attained from wildfire operations. The basic experimental procedure was first
developed during field experiments investigating helicopter drops on stubble fires (Plucinski et al. 2006),
however the current experiments are the first to involve comparisons of all three suppression chemical
types on fires representative of wildfire conditions.
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2) METHODS

2.1) EXPERIMENTAL SITE

The Kirra experimental site had 27 6.25 ha fire behaviour plots prepared with 10 m wide fire breaks for the
fire dynamics projects. Three large plots were prepared specifically for the aerial suppression
experiments. These were labelled AS1 - AS3, and were 52, 49, and 93 ha respectively. A buffer strip on
the southern side of Kirra road was burnt in the spring of 2009. The layout of the site is given in Figure
2.1.
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FIGURE 2.1. Layout of Kirra experimental site showing the location of the aerial suppression (AS) plots.
The shading indicates the year of the last fire.

The Kirra experimental site has a characteristic dune and swale system comprising large flat areas with
relatively small dunes intermixed and an approximate elevation of 130 m above sea level. Soils in Ngarkat
are aeolian sands of varying depth, overlying deep alluvial soils of the old River Murray delta (Specht &
Rayson 1957).

The aerial suppression plots were covered by a 22-year old mallee fuel complex (last burnt in 1986)
characterized as open woodland with Eucalyptus calycogona, E. diversifolia, E. incrassata and E.
leptophylla as dominant overstorey species and an understorey of Astroloma conostephioides, Adenanthos
terminalis, Babingtonia behrii, Calytrix involucrata, C. tetragona, Daviesia benthamii, Dillwynia hispida,
Leptospermum coriaceum, L. myrsinoides and Phyllota pleurandroides. A ground layer of mixed grasses

and sedges was also present.
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The fuel complex on the aerial suppression plots had an open mallee overstorey component with cover <
20% and height between 2.2 and 2.8 m (Table 2.1). A shrub component approximately 1 m tall comprising
a large variability of sclerophyll shrubs species had a cover between 33 and 37%. A lower layer (0.1 to 0.3
m) of grasses, ephemeral herbs, low sedges, low shrubs and dead suspended material comprised the near-
surface layer and occupied about 20% of the area. Overall fuel cover averaged 81%. Other significant
component of the fuel complex were the long strands of bark suspended along the stems that constituted
ladder fuels that facilitate the transition from a surface to a crown fire and were observed to be the main
source of firebrand material that caused short range spot fires in this fuel type. Overall fuel loads, ranged
between 3.8 and 5.5 t/ha, and were comparable to other semi-arid mallee-heath environments (see.
Specht 1966, McCaw 1997).

TABLE 2.1. Summary of main fuel complex characteristics present in the aerial suppression plots (Cruz et
al. 2010)

AS1 AS2 AS3
Mallee cover (%) 6 13 18
Overall fuel cover (%) 81 82 81
Fuel load (t/ha) 5.5 3.8 4.4
Near-surface PCS 1.8 1.2 1.4
Near-surface FHS 2.9 3 3
Near-surface height (m) 0.26 0.22 0.22
Elevated PCS 1.7 1.7 1.9
Elevated FHS 1.7 2.1 2.1
Elevated height (m) 0.7 0.9 0.9
Mallee height (m) 2.8 2.2 2.3

2.2) SUPPRESSION CHEMICALS AND DELIVERY

The suppression chemical additives used in these experiments were the water enhancing gel Thermogel
200L", the long term retardant Phoschek D75R' and the Class A foam Phoschek WD881'. Each of these
products was applied on separate experimental fires. All three additives are have been tested by the US
Forest Service and have been approved for inclusion on their list of qualified products for use in wildfire
suppression (USDA Forest Service 2010). Australian fire agencies have a policy of only using fire
suppression chemicals on this list. The retardant and foam used here are regularly used in Australia. The
gel is a relatively new addition to the qualified products list and has been trialled operationally in some
Australian states during recent fire seasons.

The suppressants were delivered by two single engine air tankers contracted to the National Aerial
Firefighting Centre for the fire season and operated by South Australian Country Fire Service. The air
tankers were Airtractor AT-802F'. models, with longitudinal drop doors fitted. These are the most
commonly used model of fixed wing fire suppression aircraft used in Australia. Drop patterns, flow rates

" The use of trade names is for information and convenience to the reader. Such use does not constitute an official
endorsement or approval by the Bushfire CRC or CSIRO for any products or services to exclusion of any other that may
be suitable.
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and coverage lengths for this type of aircraft have been characterised by Solaraz and Jordan (2000) and
examples relevant to the settings used in these experiments are given in Figure 2.2.
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FIGURE 2.2. Drop patterns for AT-802F with the coverage level setting 4 (4 gal/ 100 ft?, 1.63 L/m?) from
the US Forest Service Technology and Development Center (see: Solarz and Jordan (2000)). a) water, b)
foam, c) retardant.

An airstrip was built 1 km east of plot AS1 on the Kirra property (Figure 2.1). All aircraft used in the
experiments operated from this strip. Temporary airbase facilities were set up on the eastern end of the
airstrip. The airbase included water storages, mixing facilities for the foam, gel and retardant, supplies of
suppressants and fuel, and a communications base. The short distance between the plots and airbase
allowed rapid turn-around times between drops during the experiments. Suppressants were mixed
according to the manufacturer’s specifications prior to being loaded on the aircraft. A refractometer was
used to calibrate the concentration of the retardant (refractive index ~12.8). Foam was prepared at a
concentration of 0.3%. A blue vegetable dye was added to both the gel and foam suppressants so that they
could be more easily identified by ground observers. All drops made were full loads. Gel and foam
suppressants were applied directly on the active fire edge, while retardant was laid out in lines prior to
ignition. Drops were directed by an Air Attack Supervisor (AAS) positioned in a separate aircraft circling
the fires. The AAS and pilots had been instructed to deliver drops to head fires in preference to other
parts of the fire in order to impact on the most intense flames. The retardant drops were laid in an “L”
shape, with one of the lines parallel to and downwind of the ignition line, so that it would be hit directly
by the head fire. The other line was impacted by a flank fire. The retardant drops were made more than
half an hour prior to ignition in plot AS3. The aerial suppression drops were the only form of suppression
applied during the experiments.
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2.3) EXPERIMENTAL FIRES

2.3.1) Weather measurements

An automatic weather station (AWS) was placed within an area of low heath in plot C (Figure 2.1) for the
lead up and duration of the experiments. The AWS logged air temperature, relative humidity, wind speed
and direction (measured at 10-m in the open) which were logged as averages over 10 minute intervals.

For each experimental fire, detailed wind measurements were conducted at two locations in the vicinity of
the burn. A 10-m tower with two 2-D sonic wind sensors (WindSonic 1, Gill Instruments Ltd; located at 2
and 10-m heights) was placed 50 to 75 m along the side of the burn plot (Figure 2.3). A smaller tower with
one 2-D sonic wind sensor at 2-m was placed 50 to 75 m in the windward side of the ignition line centre.
Both towers were located in areas of fuel structure representative of the experimental fire. The 10-m

tower with two anemometers provided a rough characterization of the vertical wind profile close to the
vegetation.

Long-term fuel dryness measures were collected at Bureau of Meteorology weather stations located in
Keith (57 km SW of experimental site) and Lameroo (58 km NW) (Figure 1.1). The Keetch Byram Drought

Index (Keetch and Byram 1968) was around 150 and the drought factor (McArthur 1967) was 10 for the time
of the aerial suppression experiments.
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FIGURE 2.3. Experimental fire layout depicting pre-fire fuel moisture sampling area, wind sensor

locations, ignition line and thermologger grid. Red lines depict fire growth isochrones extracted from
infrared imagery (Pastor et al. In Press).




