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For many years, firefighters in Alaska have been using sprinkler treatments for point protection without
fully knowing the limits of effectiveness. Our results in feathermoss fuel beds in lowland spruce forests
indicate that bringing the top 5 inches of duff to saturation requires 20 mm (0.8 inches) of sprinkled water.
This amount was delivered in 7 hours of sprinkling, consuming 2 gallons of gasoline using a Mark 3 pump
operating at a very low throttle. We estimate that treated fuels resist ignition by firebrands and surface
spread for 3 days under typical summer conditions.

In early July 2013, the Stuart Creek 2 fire led to a 13-day evacuation watch that affected about 600 people in the
Chena Hot Springs area of Fairbanks. On July 2, emergency firefighters (from left) Chris Huesman, Chris Weingarth,
and Alex Kebernik set up sprinkler protection for the Bussdieker residence on Hipas Road (about 25.5 miles out
Chena Hot Springs Road). On July 7, the area was evacuated for 26 hours. No lives or structures were lost; the final
fire perimeter was 87,000 acres. Note that the type of tripod sprinkler shown in this photo is not the same as that
used in this study. Photo by Sam Harrel, courtesy Fairbanks Daily News-Miner.
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Introduction

Methods

Sprinklers are commonly used as a value protection tactic in
wildland fire management, particularly for cabin protection on
remote, Limited Option wildfires in Alaska. Although there has
been a long history of sprinkler use in structure protection, few
studies have attempted to quantify changes in fuel moisture content. Large (2010, personal communication) found that running
sprinklers for as little as 20 minutes was enough to stop surface
fire spread and its accompanying crown fire. One of the recommendations following the 2007 Ham Lake Fire in Minnesota was
further research into the amount of water needed to prevent home
ignitions (Johnson et al. 2008). This research gap was addressed in
Alaska by quantifying the effects of sprinkler treatments in feathermoss fuel beds in lowland spruce forests near Fairbanks, Alaska
(Barnes 2017, Barnes et al. 2017).

Moisture changes were measured at 6 lowland boreal spruce
(Canadian Forest Fire Behavior Prediction System Fuel Type
C-2) sites around Fairbanks, Alaska, between early June and
early August 2013. At each site 2 sprinkler systems were operated (Figure 1). Each system had 4 Rain Bird brass deluxe impact
sprinklers receiving 50 psi of water pressure arranged in a loop.
A Mark 3 pump set to throttle step 4 (i.e., 1 step per sprinkler)
pressurized each loop. Treatment durations were between 1 and
14.5 hours, using between 0.5 and 4.5 gallons of gasoline. Each
treatment had 4 sprinkled plots that were measured 4 times
through the afternoon. Samples of the forest floor were extracted
and separated into the “Moss” (0-2 inches) and the “Upper Duff ”
(2-5 inches) layers. Samples were sized to fit into tared, screened,
plastic containers designed to allow vertical moisture movement.
These samples were replaceable in the ground to allow repeated
measurement (Figure 2). Containers were weighed daily before
and after treatment to determine changes in gravimetric moisture
content. Rain gauges were also installed to measure the amount of
water applied. Each site had a control treatment that was identically sampled but not sprinkled.

We looked at several questions:
1.

How much water should be delivered?

2. How much time and fuel does it require?
3. What was the spray pattern from the
sprinkler?
4. How long does the sprinkler effect last?

An additional experiment was set up in an open (unvegetated) area to determine the rate of fuel consumption and the spatial
distribution of water from the sprinkler head. Complete methods
are detailed in Barnes (2017).

Figure 1: Experimental design. Each site sampled 2 sprinkler treatment levels and an unwatered control. Each treatment had 4
plots that contained 4 time sets to produce 48 sample locations per site. More details in Barnes (2017).

Figure 2: In situ moss and duff sampling methods. A section of duff was placed in a removable container with an open,
screened bottom. Containers were set on either side to measure sprinkled water by weight.

1.

Amount of water needed

Lasting protection occurs when the duff is brought to its saturated
moisture content or field capacity. Bringing the moss and duff to
field capacity prolongs upward moisture migration from lower
duff layers to sustain the sprinkler effect. Sprinkling water beyond
field capacity merely results in runoff or percolation into lower
soil layers. Identifying this threshold would be useful information.
The field capacity of moss and duff layers has been reported
in the range of 387–706% for Pleurozium schreberi and Hylocomium splendens, the most abundant feathermosses in Alaska (Skre et
al. 1983, Allen and Jandt 2001, Beck and Armitage 2004, AWFCG
2017). Miller (unpublished data) experimentally measured field
capacities of 536–572%, therefore a reasonable estimate is 550%.
While it is common for fire managers to think about
moisture content gravimetrically (by weight), it is clearer
to think about sprinkler effects in terms of millimeters
of water1. For example, how many millimeters of rainfall
could be absorbed by a column of perfectly dry duff?
1. Conversion of gravimetric moisture content to rainfall
equivalent is accomplished by multiplying by the soil bulk
density to obtain volumetric moisture content or the volume of
water occupying a volume of soil space (mm3/mm3). Fractional
volumetric moisture content is equivalent to millimeters of
precipitation (Hanks and Ashcroft 1980).

This sprinkler experiment focused on only the top two soil
layers defined as the “Moss” layer (0-2 inch) and the “Upper
Duff ” layer (2-5 inch). The Moss layer would correspond roughly
to the combined Live Moss and Dead Moss layers as recognized
by the interagency fire management community in Alaska (Jandt
et al. 2005). The Upper Duff layer is synonymous and roughly
the same depth. These are the layers corresponding to the Fine
Fuel Moisture Code (FFMC) and the Duff Moisture Code (DMC)
of the Canadian Forest Fire Danger Rating System, respectively
(Stocks et al. 1989, Cole and Alexander 2001). Table 1 estimates
bulk densities and depths derived from agency data to estimate
field capacities in the top two layers. These layers contribute to
ignition, spread, and the onset of smoldering combustion.

Table 1: Properties of the top two organic layers as defined in this
sprinkler experiment. Data are derived from the Alaska Wildland Fire
Coordinating Group fuel moisture database and assume a saturated
gravimetric moisture content of 550%.
Layer

Bulk density
(g/cm3)

(cm)

(in)

(mm)

(in)

Moss

0.025

5

2.0

6.80

0.27

Upper Duff

0.037

8

3.1

16.2

0.64

13

5.1

23.0

0.90

Total

Thickness

Field capacity

The Moss and Upper Duff layers are saturated at 23 mm
2.
Time and fuel consumption
of equivalent rainfall or just under an inch. However, it is not
The sprinkler heads were pressurized to 50 psi and delivered 1/8
necessary to sprinkle this entire amount of water because the duff
already contains some moisture. On a typical fire day the moisture inch/hour (3.1 mm/hour; Table 2). It took 3 hours and 26 minutes
to bring the Moss layer to saturation and 7 hours and 4 minutes to
content in the Moss layer is likely to be about 20% or 0.25 mm,
saturate the Upper Duff layer.
and the Upper Duff layer is likely to be about 50% or 1.47 mm.
Therefore it will require adding 6.6 mm and 14.7 mm to the moisWe found that the pump sprinkled 10 mm of water per gallon
ture already present to saturate the Moss and Upper Duff layers,
of gasoline. Saturating the Moss layer would therefore take 1.0
respectively. These values are similar to, and confirm, those Barnes gallon of gasoline and both layers would require 2.0 gallons.
(2017) identified in Figure 3 and recommended in his thesis: 10 56
Table 2: Rates of water delivery and gasoline consumption.
and 20 mm (0.4 and 0.8 inches). Saturating the Moss and Upper
Duff layers would require 20 mm (0.8 inches) of water.
Rate
Sprinkler-watering
Curve

Metric

Water delivery

3.1 mm/h 19 min/mm

Gas consumption

2.6 mm/l

0.38 l/mm

English
0.12 in/h

8.2 h/in

0.39 in/gal

2.5 gal/in

Moss

Upper Duff

Figure 3: Diminishing effect of sprinkling on moisture change in Moss (upper panel) and Upper Duff (lower panel) layers.
At approximately 10 mm for the Moss and 20 mm for the Duff (green dots), further sprinkling no longer increases the water
Figure
25. The sprinkler-watering curve estimates fuel moisture changes
content of the duff. (Figure 25 in Barnes 2017).

according to equivalent rainfall, circles show WUE and recommended treatments.
Equation 17. Sprinkler-watering curve for moss (0-5 cm) samples
Moss (%) = 364.156 + (

− 1476.139
)
Rain + 3.872

Figure 4: Spatial pattern of spray in lowland spruce forests and in the open (Figure 19 in Barnes 2017).

3.

Spray pattern

4.

A last consideration is the duration of the sprinkler effect. Once
the duff has been brought to saturation, how long can the site resist firebrands and surface flame impingement? In order to quantify the duration of the sprinkler effect, two thresholds require
definition: probability of ignition and the moisture of extinction.

500

The ignition threshold relates to the ease of ignition by a
settling firebrand thrown ahead of the flame front. A FFMC of
& Barnes
75, corresponding toMiller
about 28%
moisture content, is considered
resistant to ignition by spotting (B.M. Wotton, personal communication, deGroot 1987, Cole and Alexander 2001). This threshold
is fairly low, often exceeded during nighttime humidity recovery
and distillation from lower duff layers (Stocks 1970, Samran et al.
1995, Carleton and Dunham 2003). An hour or two of daytime
conditions, however, may quickly render the Moss layer ignitable
again, due to its low bulk density and high surface-volume ratio.
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Figure 5: Moisture loss
in the Moss layer at 2
sites following 4 levels of
sprinkling. The regression
line (dotted) crosses the
moisture of extinction
threshold at 2.7 days and
the ignition threshold at 3.3
days, suggesting the duration
of treatment effectiveness.

Moisture of Extinction=76%
Ignition Threshold=28%
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One important consideration in the use of sprinklers is the spatial
pattern of water distribution. We found that a sprinkler in the
open had a very even distribution from the sprinkler head out
to about 10 m (33 ft) (Figure 4, right panel). This pattern did not
hold in the forest because water was deflected and intercepted
by the canopy and understory vegetation (Figure 4, left panel).
There was much variation between the 6 sites sampled, but water
delivery
declined with
from the
sprinkler head. Points 10
Quantification
ofdistance
Sprinkler
Effects
m away received approximately 15–25% of the water received at 1
m. Complete saturation of the sprinkler system radius would thus
require overlapping coverage of the spray pattern.
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Figure 5: Duff moisture loss in the Moss layer at four sites following sprinkling. The

Moisture of extinction is the threshold at which surface
spread is stopped. It is a higher moisture content than the ignition
threshold. A review of 12 prescribed and wildfires in feathermoss
fuel beds in Alaska suggests that fire is able to spread at moisture
contents up to 76% (Unpublished fire reports on file at the BLM
Alaska Fire Service, Fort Wainwright, Alaska).
Moisture content was sampled at 2 sites for up to 3 days
following treatment, applying 4 levels of sprinkling. A regression
of moisture content versus time for the sites brought to saturation
indicates a loss of 122% in moisture content per day in the Moss
layer (Figure 5). This rate of drying suggests treated Moss would
resist flaming surface spread (at the 76% moisture content threshold) for 2.7 days and resist ignition by firebrands (28% moisture
content) for 3.3 days. These estimates represent typical summer
weather, however; the duration of the sprinkler effect could be
shorter under windier and drier weather conditions.
The duration of the sprinkler effect in the Upper Duff layer
was relatively steady over the 3 days of monitoring and declined at
a much slower rate. This stability is probably due to the insulating effect of the overlying Moss layer and the greater absolute
reservoir of water that the Upper Duff layer is capable of holding.
Evaporation of moisture from the Lower Duff layer may also contribute to moisture changes between organic layers, but this effect
was not specifically considered in this study

Conclusions and Recommendations
Firefighters have been using sprinkler treatments in Alaska for
many years without fully knowing the limits of effectiveness. Our
results indicate that bringing the top 5 inches of duff to saturation
requires 20 mm (0.8 inches) of sprinkled water. This amount was
delivered in 7 hours of sprinkling consuming 2 gallons of gasoline
using a Mark 3 pump. We estimate that treated fuels resist ignition
by firebrands and surface spread for 3 days under typical summer
weather conditions.
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To learn more about wildland fire and its
management in Alaska, visit:
Alaska Wildland Fire Information:
https://akfireinfo.com/
Alaska Interagency Coordination Center:
fire.ak.blm.gov
Alaska Division of Forestry, Wildland Fire &
Aviation:
http://forestry.alaska.gov/wildland
Alaska Fire Science Consortium:
www.akfireconsortium.uaf.edu
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