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Introduction
In Alberta an important part of fire safety

awareness, training, and operational practices
is LACES. This simple acronym reminds fire-
fighters to establish Lookouts, work from
Anchor points, and establish Communica-
tions, Escape routes and Safety zones
(Thorburn and Alexander 2001). Escape
routes and safety zones are key to firefighter
safety on the fireline. Escape routes are pre-
determined pathways used by firefighters to
reach a safety zone, which offers a safe refuge
from burn-over when threatening fire behav-
iour occurs (Beighley 1995). The ability of a
wildland firefighter to reach this safety zone
in enough time to ensure personal safety re-
quires investigation.

The speed at which firefighters travel on
foot through various fuel types and terrain
conditions has received little research atten-
tion from the scientific community even
though it is a critical factor in firefighter safety
(Figure 1). Case studies of travel rates of fire-
fighters have been done following fire trag-
edies (e.g., the 1994 deaths on Storm King
Mountain in Colorado), and travel rates have
been re-enacted (e.g., the 1949 Mann Gulch
fire in Montana where 16 smoke jumpers
perished) (Butler et al. 2000). However, lit-
tle or no research has been carried out to pro-
vide firefighters with operational guidelines
for determining travel rates for ground crews
under different environmental conditions. It
should be noted that the studies done by
Butler et al. represent rates of travel in panic
situations—not a controlled exit.

This study is investigating travel rates
under a variety of fuel and slope conditions,
and crew characteristics. The results can be
used by fire personnel to identify when fire-
fighters may be at risk due to working too
far from their safety zone. This report de-
scribes the first year results. Although the
study will continue, the interim information
is of value to firefighters as they approach
the 2002 fire season. However, the results
should be used with caution as more data
need to be collected.

Ground rates of travel by fire crews
using escape routes: an interim report
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Figure 1.
Firefighter
travelling through
grass fuel type on
level terrain.
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Objectives
The objectives of this project are to

document the travel rates of various types of
Alberta fire crews in four common fuel
types1 and on two slope classes. A fireline
field guide will be produced upon completion
of the project. This field guide can be used by
firefighters and fire bosses to assist in deter-
mining the time required to reach a given
safety zone, and therefore when firefighters
are at risk due to working too far from that
zone.

The following questions were posed:
� At what rate does a fire crew travel?
� Do travel rates vary depending on crew

type?
� Do travel rates differ for individuals with

and without equipment and packs?
� Do travel rates differ between an im-

proved route and a natural escape route?
� How does slope influence travel rates?
� How closely do test results reflect an

individual’s maximum physical per-
formance?
Fieldwork in the fall of 2001 addressed

the first four questions and further work is
scheduled to fully address all project objec-
tives in 2002.

Methodology
Travel routes were established near

Whitecourt within fuel types representative
of those found in Alberta (Appendix I). The
fuel types selected for study and their Cana-
dian FBP equivalents are:
� Black spruce2 stand: FBP System Fuel

Type C-2 (Boreal Spruce)
� Grass: FBP System Fuel Type O-1b

(Standing Grass)
� Mature lodgepole pine3 stand: FBP Sys-

tem Fuel Type C-3 (Mature Jack or
Lodgepole Pine)

� Lodgepole pine and white spruce log-
ging slash: FBP Fuel Types S-1 (Jack or
Lodgepole Pine Slash) or S-2 (Spruce/
Balsam Slash).
Improved and natural routes, each 250

metres in length, were established within the
same representative stands or areas. Improved
routes had trails cleared and marked with
flagging tape while natural routes were as
found.

Four crew types were selected and repre-
sent fire crews commonly used in Alberta:
� Type I: Rappel crews (rappel-capable

crews, initial attack specialists)
� Type I: Heli-attack crew (non-rappel

crews, initial attack specialists)
� Type II: Contract crews (short-term con-

tracts, sustained action specialists)
� Type III: Emergency firefighters (hired

as required, sustained action on large
fires) 4

Each firefighter made four runs through
each fuel type: on each of the two routes
(improved and natural), with and without
packs (i.e., four specific situations). The runs
were made in random order. A standard issue
pack with 6.8 kg of gear, and a fire shovel
were carried as an equipment complement.
Travel times were measured at 100 and 250 m
and radioed back to the starter who recorded
the data. Only one person was on the course
at a time.

1 Defined by the Canadian Forest Fire Behaviour
Prediction (FBP) System (Forestry Canada Fire Danger
Group 1992; DeGroot 1993; Taylor et al. 1997).

2 Black spruce, Picea mariana.
3 Lodgepole and jack pine, Pinus contorta and banksiana.
4 The four crew types have different fitness requirements.

Rappel crews: shuttle run; upright row; pump/hose/
carry/drag. Heli-attack crews: 4.8 km, 20.4 kg walk in
45 minutes; upright row; pump/hose/carry/drag. Type
II: 3.2 km, 11.4 kg walk in 30 minutes; upright row;
pump/hose/carry/drag. Type III: 3.2 km, 11.4 kg walk
in 30 minutes.
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Results
Table 1 shows the number of trials com-

pleted during 2001, by fuel and crew type.
Data collection should be completed in 2002
for all types of Alberta fire crews and the slope
categories.

The slowest, fastest and average times (in
seconds) for crew types I and II in the four
FBP fuel types are presented in Figure 2. These
graphs show the range of times experienced
by the crews based on the course they ran.
Only crew type I Heli-attack and crew type
II are presented in this report as crew types
III and I Rappel did not complete all courses.

Discussion
A consistent pattern is clear in Figure 2

(a-d). When mean travel times are compared
for each crew, the fastest overall times occur
in the improved/no pack courses, followed
by improved/pack and then by natural/no
pack and finally (the slowest travel rates) the
natural/pack courses.

Mean times for the improved/no pack
trials are almost half that of the natural/pack
trials. This provides strong evidence that in
these selected fuel types if firefighters had to
retreat to safety zones, their safety would be
much improved if they travelled on improved
escape routes (Beckley 2001) and abandoned
their tools and pack. Anderson (2001) has
suggested that a firefighter can increase rate
of travel by 15–30% by dropping tool (s)
and pack.

Other findings from this study are:
� Rating the fuel types in order of ease of

travel (from hardest to easiest): black
spruce stand (FBP System Fuel Type C-
2) was the hardest; the mature lodgepole
pine stand (FBP System Fuel Type C-
3) intermediate in difficulty and the
standing grass (FBP System Fuel Type
O-1b) and lodgepole pine logging slash
(S-1) tied as the easiest.

� Dropping hand tools and packs allowed
firefighters to travel 1.2 times faster re-
gardless of fuel type or trail condition.

� Type I and II fire crews had similar travel
rates in all fuel types.

� The range of times (difference between
fastest and slowest times) on improved
routes was narrower than the range on
the natural courses, suggesting that im-
proving a trail would allow the slower
members of the crew to keep up with
the others.

Conclusions and
implementation

Any work done to improve the escape
routes, even as simple as marking or flagging
a route, decreases the time required to reach
the safety zone.

Running with a pack will slow the fire-
fighter whether on an improved escape route
or running through standing timber. Drop-
ping packs to reach the safety zone will im-
prove travel rates.

These results are released as an interim
report to make the information available
before the 2002 fire season, with more com-
plete results available for the 2003 fire sea-
son. The results of this study can be trans-
ferred to firefighters and fire managers
through training courses or conferences
(Dakin 2001), the circulation of this report
in hard copy or via the website (http://
fire.feric.ca). The trials will be completed in
2002 and the final report on travel times will
be published in early 2003. A field guide will
also be prepared in 2003.

FBP System Fuel Type(s) Type I crew Type II crew

C-2 boreal spruce 44 28
O-1b standing grass 36 32
C-3 mature pine 40 32
S-1/S-2 pine/spruce slash 28 32

TTTTTable 1able 1able 1able 1able 1. The number of trials by fuel
and crew type
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Figure 2 a-d. The
range and mean
times for crew
type I and II by fuel
type. Times are for
250 m courses.

d) Slash (S-1/2) fuel types for Type I and II crews.

c) Mature Lodgepole Pine (FBP System C-3) fuel type for Type I and II crews.

b) Grass (FBP System O-1b) fuel type for Type I and II crews on level terrain.

a) Black Spruce (FBP System C-2) fuel type for Type I and II crews on level terrain.

Type I crew (Heli-attack) Type II crew

0

50

100

150

200

250

Pack
Natural
course

Pack
Improved

course

No pack
Natural
course

No pack
Improved

course

Ti
m

e 
(s

ec
on

ds
)

0

50

100

150

200

250

Pack
Natural
course

Pack
Improved

course

No pack
Natural
course

No pack
Improved

course

Ti
m

e 
(s

ec
on

ds
)

0

50

100

150

200

250

Pack
Natural
course

Pack
Improved

course

No pack
Natural
course

No pack
Improved

course

Ti
m

e 
(s

ec
on

ds
)

0

50

100

150

200

250

Pack
Natural
course

Pack
Improved

course

No pack
Natural
course

No pack
Improved

course
Ti

m
e 

(s
ec

on
ds

)

0

50

100

150

200

250

Pack
Natural
course

Pack
Improved

course

No pack
Natural
course

No pack
Improved

course

Ti
m

e 
(s

ec
on

ds
)

0

50

100

150

200

250

Pack
Natural
course

Pack
Improved

course

No pack
Natural
course

No pack
Improved

course

Ti
m

e 
(s

ec
on

ds
)

0

50

100

150

200

250

Pack
Natural
course

Pack
Improved

course

No pack
Natural
course

No pack
Improved

course

Ti
m

e 
(s

ec
on

ds
)

0

50

100

150

200

250

Pack
Natural
course

Pack
Improved

course

No pack
Natural
course

No pack
Improved

course

Ti
m

e 
(s

ec
on

ds
)



5April 2002

Vol. 3 No. x
Advantage

References
Anderson, L. 2001. Your fire shelter, 2001

edition. National Wildfire Coordinating
Group, National Fire Equipment System
(NFES), Boise, Idaho. Publication NFES
1570. 30 pp.

Beckley, B. 2001. Flagging for firefighting
escape routes and safety zones. USDA For-
est Service, Missoula Technology and De-
velopment Center, Missoula, Mont. Tech
Tip 0151-2399-MTDC. 2 p.

Beighley, M. 1995. Beyond the safety zone:
creating a margin of safety. Fire Manage-
ment Notes 55(4): 21-24.

Butler, B.W.; Cohen, J.D.; Putnam, T.;
Bartlette, R.A.; Bradshaw, L.S. 2000. A
method for evaluating the effectiveness of
firefighter  escape routes. Pages 42-53 in
B.W., Butler and K. Shannon (eds.). Proc.
2000 Int. Wildfire Safety Summit (Oct.
10-12, 2000, Edmonton, Alta.). Int.
Assoc. Wildland Fire, Montana City,
Mont.

Dakin, G. 2001. The determination of
ground rates of travel by fire crews using
escape routes in variable fuel types and ter-
rain factors. in Proc. 2001 International
Wildland Fire Safety Summit (Nov. 6-8,
2001, Missoula, Mont.). Int. Assoc.
Wildland Fire, Montana City, Mont. 6 pp.
[see: http://www.umt.edu/ccesp/wfs/
proceedings.htm]

De Groot, W.J. 1993. Examples of fuel types
in the Canadian Forest Fire Behaviour Pre-
diction (FBP) System. Forestry Canada,
Northern Forestry Centre, Edmonton,
Alta. Poster with text.

Forestry Canada Fire Danger Group. 1992.
Development and structure of the Cana-
dian Forest Fire Behavior Prediction Sys-
tem. Forestry Canada, Ottawa, Ont. Inf.
Rep. ST-X-3. 63 p.

Taylor, S.W.; Pike, R.G.; Alexander, M.E.
1997. A field guide to the Canadian For-
est Fire Behaviour Prediction (FBP) Sys-
tem. Can. For. Serv., North. For. Cent.,
Edmonton, Alta. Spec. Rep. 11. 60 p.

Thorburn, R.W.; Alexander, M.E. 2001.
LACES versus LCES: Adopting an “A” for
“anchor points” to improve wildland fire-
fighter safety. in Proc. 2001 International
Wildland Fire Safety Summit (Nov. 6-8,
2001, Missoula, Mont.). Int. Assoc.
Wildland Fire, Montana City, Mont. 13
pp. [see: http://www.umt.edu/ccesp/wfs/
proceedings.htm].

Acknowledgements
Gary Dakin is seconded to the Wildland

Fire Operation Research Centre by Alberta
Sustainable Resource Development.



6 Advantage
Vol. 3 No. x

April 2002

Appendix IAppendix IAppendix IAppendix IAppendix I

Representative photos ofRepresentative photos ofRepresentative photos ofRepresentative photos ofRepresentative photos of areas used for the timed trialsareas used for the timed trialsareas used for the timed trialsareas used for the timed trialsareas used for the timed trials

Black Spruce (FBP System Fuel Type C-2)

Fuel type characteristics a

Forest floor: continuous feather moss: and/
or Cladonia: deep, compacted organic
layer; wet.

Surface and ladder fuels: continuous shrub;
low to moderate downed woody fuels.
Tree crowns extend nearly to ground,
flaky bark.

Stand structure: moderately well stocked
black spruce stands.

Surface fuel loading: 1.31 t/ha.

Standing Grass (FBP System Fuel Type O-1b)

Fuel characteristics a

Forest floor: continuous dead grass litter; or-
ganic layer absent to shallow and moder-
ately compacted. Solid ground.

Surface and ladder fuels: continuous stand-
ing grass; sparse or scattered shrubs and
downed woody fuel.

Stand structure: open area, no stand struc-
ture.

Surface fuel loading: information not yet
available.
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Fuel characteristics a

Forest floor: continuous feather moss; dis-
continuous needle litter; moderately
deep, compacted organic layer. Solid
ground.

Surface and ladder fuels: continuous slash,
moderate loading and depth; high foli-
age retention; absent to sparse shrub and
herb cover.

Stand structure: slash from clearcut logging;
mature lodgepole pine stands to one log
depth.

Surface fuel loading: 38.93 t/ha.

Fuel characteristics a

Forest floor: continuous feather moss; mod-
erately deep, compacted organic layer.
Solid ground.

Surface and ladder fuels: sparse conifer
understory, sparse down woody fuels: tree
crowns separated  from ground.

Stand structure: fully stocked lodgepole pine
stands; mature.

Surface fuel loading: 32.37 t/ha.

Mature Lodgepole Pine (FBP System Fuel Type C-3)

a fuel characteristics from Forestry Canada Fire Danger Group (1992) and DeGroot (1993).

Lodgepole Pine Logging Slash (FBP System Fuel Type S-1)


