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PURPOSE

The purpose of this appendix is to provide some basic fire behavior
information that will enable a person with a moderate level of fire
behavior training (Introduction to Wildland Fire Behavior
Calculations, S-390) to predict and calculate some basic elements of
fire behavior and fire size.

Information in this appendix will provide the qualified user with the
means to:

e Predict rate of spread (ROS) and flame length (FL) for each Fire
Behavior Fuel Model based on the 1-hour timelag dead fuel
moisture, live fuel moisture for Fuel Models 2, 4, 5, 7 and 10,
midflame windspeed and percent slope.

«  Estimate the area and perimeter of a fire, given inputs of spread
distance (rate of spread x time) and midflame windspeed.

¢ Predict maximum spotting distance and probability of ignition.
*  Provide worksheets for fire behavior prediction.

The Fire Behavior Worksheet is on page B-5. Other worksheets that
help track fire behavior input and output date (Fine Dead Fuel
Moisture/Probability of Ignition, Wind Adjustment, Slope, Map-
Spread, Size, Spotting, and Map-Spot) are provided on pages B-6
through B-9. Pages B-10 through B-37 go over the six required

input items on the Fire Behavior Worksheet and B-38 through B-55
cover the output items.

It is imperative that the user of information contained in this
appendix know the assumptions, limitations, and appropriate
uses of fire behavior prediction models and is able to recognize
how environmental factors and processes affect fire behavior
predictions and safety.
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FIRE BEHAVIOR WORKSHEET

NAME OF FIRE FIRE PRED SPEC

DATE TIME

PROJ PERIOD DATE PROJ TIME FROM TO

INPUT

0 PP PROJECTION POINT o

1 MODEL# FUEL MODEL NUMB (1-13) o

2 1H-FDFM FINE DEAD FUEL MOIST, % -

3 LFM LIVE FUEL MOISTURE, % _

4 MFWS MIDFLAME WINDSPD, mi/h _

5 SLP SLOPE, % o

6 EWS EFFECTIVE WNDSPD, mi/h -

OUTPUT

1 ROS RATE OF SPREAD, ch/h .

2 HA HEAT PER UNIT AREA, o
Btu/sq ft

3  FLI FIRELINE INTENSITY, o
Btu/ft/s

4 FL FLAME LENGTH, ft o

5 SD SPREAD DISTANCE, ch o
MAP SPREAD DIST, in

6 PER PERIMETER, ch o

7 AC AREA, ac o

8 SPOT MAX SPOTTING DIST, mi

MAP DIST SPOT, in
9 PIG PROB OF IGNITION, %
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FINE DEAD FUEL MOISTURE/PROBABILITY OF IGNITION

INPUT
0 PP
1 D

2 DB
3 wB
4 DP
5 RH
6 RFM
7 MO
8 SH
9 T

10 CH
11 ASP
12 SLP
13 FMC
OUTPUT
1 1H-

2 PIG

WORKSHEET

PROJECTION POINT
DAY TIME CALCULATION _D
DRY BULB TEMP. °F

O
o

WET BULB TEMP. °F

DEW POINT, °F

RELATIVE HUMIDITY, %

REFERENCE FUEL
MOIST, % (TABLE 2)

MONTH

UNSHADED (U) us uUs us
SHADED (S)

TIME
ELEVATION CHANGE B/L/A BI/L/IA BILIA

B =1000' to 2000' below site
L = +1000' of site location
A =1000' to 2000' above site

ASPECT, (N, E, S, W)
SLOPE %

FUEL MOIST CORRECT, %
(TABLE 3, 4, OR 5)

FINE DEAD FUEL MOIST, %

FDFM (line 6 + line 13)

PROB OF IGNITION, %
(TABLE 12)




WIND ADJUSTMENT WORKSHEET

INPUT

0 PP PROJECTION POINT

1 20w 20-FT WINDSPEED, mi/h
2 MODEL # FUEL MODEL # (1-13)

3 SHLTR WIND SHELTERING

1=Unsheltered
2=Partially Sheltered
3=Fully Sheltered, Open
4=Fully Sheltered, Closed

4 WAF WIND ADJUST FACTOR
(TABLE 7)

OUTPUT
1  MFWS MIDFLAME WNDSPD, mi/h
(line 1 x line 4)

SLOPE WORKSHEET
INPUT
0 PP PROJECTION POINT
1 CON INT CONTOUR INTERVAL _
2 SLC MAP SCALE _
3 CF CONVERSION FACTOR,

ft/in

4 #INTVLS # CONTOUR INTERVALS
5 RISE RISE IN ELEVATION .
6 MD MAP DISTANCE, in

(Between Points)

7 HZGD HORIZ GROUND DIST, ft

OUTPUT
1 SLP% SLOPE, %
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INPUT
0 PP

1 ROS
2 PT

3 SDCH
4  SDFT
5 SCL
6 CF
OUTPUT
1 MD
INPUT

0 PP

1 ROS
2 EWS
3 PT

4 SD
OUTPUT
1 PER
2 AC

MAP-SPREAD WORKSHEET

PROJECTION POINT

RATE OF SPREAD, ch/h

PROJECTION TIME, hr

SPREAD DISTANCE, ch

(line 1 x line 2)
SPREAD DISTANCE, ft

(line 3 x 66 ft/ch)
MAP SCALE

CONVERSION FACTOR,

ft/in (See Map Scale Conversion)

MAP SPREAD DIST, in

(line 4 divided by line 6)

SIZE WORKSHEET

PROJECTION POINT

RATE OF SPREAD, ch/h

EFFECTIVE WINDSPD, mi/h

PROJECTION TIME, hr

SPREAD DISTANCE, ch

(line 1 x line 3=1line 4)

PERIMETER, ch

AREA, ac




SPOTTING WORKSHEET

INPUT

| TORCHING |:| R
TREE
HEIGHT (1) Gy (2—) =

(S

HEIGHT
3 TORCHING NOM. 2 TO FLAME]
TREE : HEIGHT
DBH (in)
DURATION
4 AVERAGE
IFFORESTIS
TREE OPEN, DIVIDE BY
cov ~{E —
P;EIGHT HEIGHT EFFECTIVE TREE
(ft) COVER HEIGHT (f)

w

WINDSPEED
AT 20 FT | I_
HEIGHT I:' F) — F)x273

(emph) WINDSBEED
(mph)
MAP-SPOT WORKSHEET
INPUT

0 PP PROJECTION POINT
1 SPOTMI SPOTTING DISTANCE, mi
2

SPOTFT SPOTTING DISTANCE, ft
(line 1 x 5,280 ft)

3 SCL MAP SCALE

4 CF CONVERSION FACTOR,
ft/in

OUTPUT

1 SPOT  MAP DISTANCE SPOT, in
(line 2 divided by line 4)

B9

o]

C) (BXC=E)

TORCHING B L A)
TREE (
SPECIES NOM. 1
FLAME rATIOOF NOM. 3
HEIGHT()  TREE



COMPLETING THE FIRE BEHAVIOR WORKSHEET

INPUT 0: Projection Point (PP)

Assign a number or letter to designate the projection point location
and enter as Input 0 on the Fire Behavior Worksheet on page B-5.

INPUT 1: Fuel Model (Model #)

Using the guidelines below, proceed through the fuel model key
and descriptions which follow and select a fuel model and enter
as Input 1 on the Fire Behavior Worksheet on page B-5.

Determine the primary carrier of fire.

Determine which stratum of the surface fuels is most likely to
carry the spreading fire (grass, needle litter, leaves, logging
slash, etc.).

Determine the appropriate fuel group/general vegetation type;
i.e., Grass (Models 1-3), Shrub (Models 4-7), Timber Litter
(Models 8-10), or Logging Slash (Models 11-13).

Using the fuel model key, determine the appropriate fuel model.

Go to the fuel model description and determine if it fits.

If yes, use it and enter into Input 1 on the Fire Behavior
Worksheet.

If no, find another that more closely fits your situation.

The fuel models used here are those used by Albini (1976)! to
develop the nomograms published in his paper Estimating
Wildfire Behavior and Effects. There are 13 models which are
called the Fire Behavior Fuel Models.

L Albini Frank A.; Estimating Wildfire Behavior and Effects.
Gen. Tech. Report INT-30; 1976.
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They are tuned to the fine fuels that carry the fire and thus
describe the conditions at the head of the fire or the flaming
front. These models are designed to give predictions for fire
spread at a steady rate. It is important to recognize that rate of
spread (ROS) and flame length (FL) predictions are estimates
and the actual ROS and FL may vary considerably from the
predicted.

Assessment of fire behavior is simpler if a single fuel model is
used to describe the fuels in the area. In fact, as experience is
gained by observation of fires and estimating their behavior, it
is possible to pick the fuel model not only by its description of
physical vegetation, but also by its known fire behavior
characteristics.

Examples: The fire may be in timbered area, but the timber is
relatively open and dead grass, not needle litter, is the stratum
carrying the fire. In this case, Fuel Model 2, which is not listed
as a timber model, should be considered, or

In the same area if the grass is sparse and there is no wind or
slope, the needle litter would be the stratum carrying the fire
and Fuel Model 9 would be the better choice.

Determine the general depth and compactness of the fuel. This
information will be needed when using the fuel model key.
There are very important considerations when matching fuels,
particularly in the grass and timber types.

Determine which fuel models are present and what their
influence on fire behavior is expected to be.

Example: Green fuel may be present, but will it play a
significant role in fire behavior? Large fuels may be present,
but are they sound, or decaying and breaking up? Do they have
limbs and twigs attached or are they bare cylinders? Look for
the fine fuels and choose a model that represents their depth,
compactness, and to some extent, the amount of live fuel and

its contribution to fire. Do not be restricted by the model name
or the original intended application.
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FIRE BEHAVIOR FUEL MODEL KEY?

.  PRIMARY CARRIER OF THE FIRE IS GRASS. Expected
rate of spread is moderate to high, with low to moderate fireline
intensity (flame length).

A. Grass is fine structured, generally below knee level, and
cured or primarily dead. Grass is essentially continuous.
SEE THE DESCRIPTION OF MODEL 1.

B. Grass is coarse structured, above knee level (averaging
about 3 ft.) and is difficult to walk through. SEE THE
DESCRIPTION OF MODEL 3.

C. Grass is usually under an open timber or brush overstory.
Litter from the overstory is involved, but grass carries the
fire. Expected spread rate is slower than Fuel Model 1
and intensity is less than Fuel Model 3. SEE THE
DESCRIPTION OF MODEL 2.

1 Richard C. Rothermel; How to Predict the Spread and Intensity of
Forest and Range Fires. Gen. Tech Report INT-143; June 1983
(NFES 1574).
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PRIMARY CARRIER OF THE FIRE ISSHRUB or LITTER
BENEATH SHRUB. Expected rates of spread and fireline
intensities (flame length) are moderate to high.

A. Vegetative type is southern rough or low pocosin. Shrub
is generally 2 to 4 ft. high. SEE THE DESCRIPTION OF
MODEL 7.

B. Live fuels are absent or sparse. Brush averages 2 to 4 ft.
in height. Brush requires moderate winds to carry fire.
SEE THE DESCRIPTION OF MODEL 6.

C. Live fuel moisture can have a significant effect on fire
behavior.

1. Shrub is about 2 ft. high, with light loading of brush
litter underneath. Litter may carry the fire, especially
at low windspeeds. SEE THE DESCRIPTION OF
MODEL 5.

2. Shrub is head-high (6 ft.), with heavy loadings of dead
(woody) fuel. Very intense fire with high spread
rates expected. SEE THE DESCRIPTION OF
MODEL 4.

3. Vegetative type is high pocosin. SEE THE
DESCRIPTION OF MODEL 4.
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PRIMARY CARRIER OFTHEFIRE ISLITTER BENEATH
ATIMBER STAND. Spread rates are low to moderate, fireline
intensity (flame length) may be low to high.

A.

Surface fuels are mostly foliage litter. Large fuels are
scattered and lie on the foliage litter, that is, large fuels are
not supported above the litter by their branches. Green
fuels are scattered enough to be insignificant to fire
behavior.

1. Dead foliage is tightly compacted, short needle (2
inches or less) conifer litter or hardwood litter. SEE
THE DESCRIPTION OF MODEL 8.

2. Dead foliage litter is loosely compacted long needle
pine or hardwoods. SEE THE DESCRIPTION OF
MODEL 9.

There is a significant amount of larger fuels with attached
branches and twigs, or it has rotted enough that it is
splintered and broken. The larger fuels are fairly well
distributed over the area. Some green fuel may be present.
Overall depth of the fuel is primarily below the knees, but
some fuel may be higher. SEE THE DESCRIPTION OF
MODEL 10.

PRIMARY CARRIER OF THE FIRE IS LOGGING SLASH.
Spread rates are low to high, fireline intensities (flame lengths)
are low to very high.

A. Slashisaged and overgrown.

1. Slash is from hardwood trees. Leaves have fallen and
cured. Considerable vegetation (tall weeds) has
grown in amid the slash and has cured or dried out.
SEE THE DESCRIPTION OF MODEL 6.

2. Slashis from conifers. Needles have fallen and
considerable vegetation (tall weeds and some shrubs)
has overgrown the slash. SEE THE DESCRIPTION
OF MODEL 10.
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B. Slash is fresh (0-3 years) and not overly compacted.

1.

Slash is not continuous. Needle litter or small
amounts of grass or shrubs must be present to help
carry the fire, but primary carrier is still slash. Live
fuels are absent or do not play a significant role in fire
behavior. The slash depth is about 1 ft. SEE THE
DESCRIPTION OF MODEL 11.

Slash generally covers the ground (heavier loadings
than Model 11), though there may be some bare

spots or areas of light coverage. Average slash depth
is about 2 ft. Slash is not excessively compacted.
Approximately one-half of the needles may still be on
the branches but are not red. Live fuels are absent, or
are not expected to affect fire behavior. SEE THE
DESCRIPTION OF MODEL 12.

Slash is continuous or nearly so (heavier loadings than
Model 12). Slash is not compacted and has an
average depth of 3 ft. Approximately one-half of the
needles are still on the branches and are red, OR all
the needles are on the branches but they are green.
Live fuels are not expected to influence fire behavior.
SEE THE DESCRIPTION OF MODEL 13.

Same as 3, EXCEPT all the needles are attached and
are red. SEE THE DESCRIPTION OF MODEL 4.
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FIRE BEHAVIOR FUEL MODEL DESCRIPTIONS?
e Grass Group

Fuel Model 1 (1 foot deep) Fire spread is governed by the fine
herbaceous fuels that have cured or are nearly cured. Fires are
surface fires that move rapidly through cured grass and
associated material. Very little shrub or timber is present,
generally less than one-third of the area.

Grasslands and savanna are represented along with stubble,
grass-tundra, and grass-shrub combinations that meet the above
area constraint. Annual and perennial grasses are included in
this fuel model.

Fuel Model 2 (1 foot deep) Fire spread is primarily through
the fine herbaceous fuels, either curing or dead. These are
surface fires where the herbaceous material, besides litter and
dead-down stemwood from the open shrub or timer overstory,
contribute to the fire intensity. Open shrub lands and pine
stands or scrub oak stands that cover 1/3 to 2/3 of the area may
generally fit this model but may include clumps of fuels that
generate higher intensities and may produce firebrands. Some
pinyon-juniper may be in this model.

Fuel Model 3 (2.5 feet deep) Fires in this fuel are the most
intense of the grass group and display high rates of spread
under the influence of wind. The fire may be driven into the
upper heights of the grass stand by the wind and cross over
standing water. Stands are tall, averaging about 3 feet, but
considerable variation may occur. Approximately one-third or
more of the stand is considered dead or cured and maintains the
fire.

2 Anderson, Hal E.; Aids to Determining Fuel Models for Estimating
Fire Behavior. Gen. Tech Report INT-122, 1982.
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Shrub Group

Fuel Model 4 (6 feet deep) Fire intensity and fast spreading
fires involve the foliage and live and dead fine woody materials
in the crowns of a nearly continuous secondary overstory.
Examples are stands of mature shrub, 6 or more feet tall, such
as California mixed chaparral, the high pocosins along the east
coast, the pine barrens of New Jersey or the closed jack pine
stands of the north-central states. Besides flammable foliage,
there is dead woody material in the stand that significantly
contributes to the fire intensity. Height of stands qualifying for
this model vary with local conditions. There may be also a
deep litter layer that confounds suppression efforts.

Fuel Model 5 (2 feet deep) Fire is generally carried in the
surface fuels made up of litter cast by the shrubs and the
grasses or forbs in the understory. Fires are generally not very
intense as surface fuel loads are light, the shrubs are young with
little dead material, and the foliage contains little volatile
material. Shrubs are generally not tall, but nearly cover the
entire area. Young, green stands with little or no deadwood
such as laurel, vine maple, alder, or even chaparral, manzanita,
or chamise are examples. As the shrub fuel moisture drops,
consider using a Fuel Model 6.

Fuel Model 6 (2.5 feet deep) Fires carry through the shrub
layer where the foliage is more flammable than Fuel Model 5,
but require moderate winds (>8 mi/h) at midflame height. Fire
will drop to the ground at low windspeeds or openings in the
stand. Shrubs are older, but not as tall as shrub types of Model
4, nor do they contain as much fuel as Model 4. A broad range
of shrub conditions is covered by this model. Typical examples
include intermediate stands of chamise, chaparral, oak brush,
low pocosins, Alaskan spruce taiga, and shrub tundra. Cured
hardwood slash can be considered. Pinyon-juniper shrublands
may fit, but may overpredict rate of spread except at high
winds (20 mi/h at the 20-foot level).
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Fuel Model 7 (2.5 feet deep) Fire burns through the surface
and shrub strata equally. Fire can occur at higher dead fuel
moisture contents due to the flammable nature of live foliage.
Shrubs are generally 2 to 6 feet high. Examples are Palmetto-
gallberry understory-pine overstory sites, low pocosins, and
Alaska Black Spruce-shrub combinations.

Timber Litter Group

Fuel Model 8 (0.2 foot deep) Slow burning ground fires with
low flame heights are generally the case, although an occasional
“jackpot” or heavy fuel concentration may cause a flare up.
Only under severe weather conditions do these fuels pose fire
problems. Closed-canopy stands of short needle conifers or
hardwoods that have leafed out support fire in the compact
litter layer. This layer is mainly needles, leaves, and some
twigs since little undergrowth is present in the stand.
Representative conifer types are white pine, lodgepole pine,
spruce, true fires, and larches.

Fuel Model 9 (0.2 foot deep) Fires run through the surface
litter faster than model 8 and have higher flame height. Both
long-needle conifer and hardwood stands, especially the oak-
hickory types, are typical. Fall fires in hardwoods are
representative, but high winds will actually cause higher rates
of spread than predicted because of spotting caused by rolling
blowing leaves. Closed stands of long-needled pine like
ponderosa, Jeffrey, and red pines or southern pine plantations
are grouped in this model. Concentrations of dead-down
woody material will contribute to possible torching out of
trees, spotting, and crowning activity.
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Fuel Model 10 (1 foot deep) The fires burn in the surface and
ground fuels with greater fire intensity than other timber litter
models. Dead-down fuels include greater quantities of 3-inch or
larger limb wood resulting from over-maturity or natural events
that create a large load of dead material on the forest floor.
Crowning out, spotting, and torching of individual trees are
more frequent in this fuel situation leading to potential fire
control difficulties. Any forest type may be considered when
heavy down materials are present; examples are insect or
diseased stands, wind-thrown stands, over-mature situations
with deadfall, and cured light thinning or partial-cut slash.

*  Logging Slash Group

Fuel Model 11t (1 foot deep) Fires are fairly active in the slash
and herbaceous material intermixed with the slash. The spacing
of the rather light fuel load, shading from overstory, or the aging
of the fine fuels can contribute to limiting the fire potential.
Light partial cuts or thinning operations in mixed conifer
stands, hardwood stands, and southern pine harvests are
considered. Clear-cut operations generally produce more slash
than represented here. The <3 inch material load is less than 12
tons per acre. The >3 inch material is represented by not more
than 10 pieces, 4 inches in diameter along a 50-foot transect.

Fuel Model 12t (2.3 feet deep) Rapidly spreading fires with
high intensities capable of generating firebrands can occur.
When fire starts, it is generally sustained until a fuel break or
change in fuels is encountered. The visual impression is
dominated by slash and much of it is <3 inches in diameter.
These fuels total less than 35 tons per acre and seem well
distributed. Heavily thinned conifer stands, clear-cuts and
medium or heavy partial cuts are represented. The >3 inch
material is represented by encountering 11 pieces, 6 inches in
diameter, along a 50-foot transect.

1 When working in Fuel Model 11 or 12 with significant “red”
needles attached to limbs, consider using the next heavier model.
For example: Fuel Model 11 with “red” needles, use Fuel Model 12.
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Fuel Model 132 (3 feet deep) Fire is generally carried by a
continuous layer of slash. Large quantities of >3 inch material
are present. Fires spread quickly through the fine fuels and
intensity builds up as the large fuels start burning. Active
flaming is sustained for long periods and a wide variety of
firebrands can be generated. These contribute to spotting
problems as the weather conditions become more severe.
Clear-cut and heavy partial-cuts in mature and over-mature
stands are depicted where the slash load is dominated by the >3
inch material. The total load may exceed 300 tons per acre, but
the <3 inch fuel is generally only 10 percent of the total load.
Situations where the slash still has “red” needles attached, but
the total load is lighter like a Model 12, can be represented
because of the earlier high intensity and faster rate of spread.

2 |f “red” needles are attached consider using a Fuel Model 4.
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TABLE 1: Description of Fuel Models
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INPUT 2: Fine Dead Fuel Moisture (1-H FDFM), %

Fine Dead Fuel Moisture Content is an important input to fire
behavior predictions. Fuel moisture measurements are difficult to
make in the field; however, estimates can be made from measured or
predicted values of dry bulb temperature and relative humidity.

Due to solar radiation differences that exist between aspect, time of
year, shading, and the adiabatic difference between position on the
slope, it is necessary to calculate an estimate of fuel moisture. This
is necessary as the National Fire Danger Rating System (NFDRS)
tables used here were developed for “worst case” conditions
(summer, 1400, SW aspect, open conditions). These predictions are
for fine, dead forest fuels. Heavier fuels can be estimated by other
means as needed.

Temperature and humidity are predicted for a specific site
(projection point) in relation to a site (site location) where dry bulb
temperatures and relative humidity are measured. Since temperature
and relative humidity change with elevation, it is necessary to
estimate these changes between the projection point and the site
location. There are tables to correct for elevation changes of 0 to
2000 feet above or below the site location, but a new site location is
needed if the elevation difference between the site location and the
projection point exceeds 2000 feet.

Time corrections cannot be made. Temperature and relative
humidity must be obtained for the time in question.

The tables may be used to adjust the moisture of fuels in valley
bottoms from conditions measured on the slopes above, but do not
use weather data taken beneath a valley inversion and attempt to
interpolate fuel moistures at drier sites upslope. The corrections are
too large and uncertain, and you may get meaningless results.

To use the Fine Dead Fuel Moisture/Probability of Ignition
Worksheet on page B-6, complete the following input/output items.
Enter the fine dead fuel moisture as Output 1 on the Fine
Dead Fuel Moisture/Probability of Ignition Worksheet and as
Input 2 on the Fire Behavior Worksheet on page B-5.
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INPUT

0

(Projection Point)—Record the number of the projection point
for which a fire behavior prediction is to be made.

(Day Time Calculation)}—Only day time calculations will be
considered.

(Dry Bulb Temperature)—Dry bulb temperature is determined
for the time period in question, either by measurement or
forecast. The site location may or may not be at the projection
point. Record temperature in degrees Fahrenheit.

(Wet Bulb Temperature)—Wet bulb temperature is determined
for the time period in question, either by measurement or
forecast. The site location may or may not be at the projection
point. Record temperature in degrees Fahrenheit.

(Dew Point)—Record dew point for the time period in
question.

(Relative Humidity)—Record relative humidity for the time
period in question.

(Reference Fuel Moisture)—Go to Table 2 and determine the
reference fuel moisture percent from the intersection of
temperature and relative humidity (Inputs 2 and 5). Record as
a percent.

(Month)—Record the appropriate month.

(Unshaded or Shaded)—Circle “U” if fine dead fuels ahead of
the projection point are unshaded (<50% shading) from solar
radiation due to cloud cover and/or canopy cover. Circle “S” if
fine dead fuels ahead of the projection point are shaded (>50%
shading) from solar radiation due to cloud and/or canopy cover.
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9 (Time)—Record the expected time when the projection point
will be used to estimate fire behavior. The temperature/RH
forecast or measurement must be the same time period as the
projection time period.

10 (Elevation Change)—Record the elevation difference between
the location of the projection point and the temperature/RH
site location and circle:

“B” if the projection point is 1000 to 2000 feet below the site
location.

“L” if the projection point is 0 to 1000 feet above or below the
site location.

“A” if the projection point is 1000 to 2000 feet above the site
location.

If the projection point is more than 2000 feet above or below
the site location, get a new forecast or reading.

11 (Aspect)—Record the aspect of the projection point location
(north, south, east, or west).

12 (Slope)—Record the slope in percent (%) at the project point.
(See pages B-35 and B-36 for determining percent slope.)

13 (Fuel Moisture Correction)—From Input Values 7 through 12
and the appropriate Daytime Correction Tables (Tables 3, 4, or
5) determine fuel moisture correction. Record in percent.

OUTPUT

1  (Fine Dead Fuel Moisture)—Determine the fine dead fuel

moisture by adding Input Item 6 and Input Item 13. Record as
a percent.
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TABLE 4: Dead Fuel Moisture Coment Corrections, Day
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TABLE 5; Fine Desad Fuel Moisture Content Cormections, Day
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INPUT 3: Live Fuel Moisture (LFM), %

Live fuel moisture (foliage moisture) is required for Fire Behavior

Models 2, 4, 5, 7 and 10. If data are unavailable for estimating live
fuel moisture, the following rough estimates (Table 6) can be used.

Enter the live fuel moisture for Fire Models 2, 4, 5, 7 and 10
as Input 3 on the Fire behavior Worksheet on page B-5.

TABLE 6: Live Fuel (Folinge) Mosiure Conteni {Percent)

Misty -
E.ML;“ '{:H Stape of Vegetative Development
00 Fresh foliage, anneals developing early in the
growing cyvecle,
20 Mlaturing Foliage, still developing, with full
urgor
10 Sature foliage, new growih complete and
comparable 1o older perennial folinge.
50 Entering dormancy, coloration staring, some
leaves may have dropped from stem.
ki) Completely cuned, treat as dead fuel.
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INPUT 4: Midflame Windspeed (MFWS), mi/h

Midflame wind is the wind which acts directly on the flaming fire
front at the level of one half the flame height. Fire generated
convective winds must be ignored.

You may take wind readings directly with a handheld anemometer or
other measuring device; however, the readings must be taken far
enough upwind of the fire to ensure that the wind is not influenced
by convective indrafts.

If you choose to use a weather forecast to estimate windspeeds, you
must determine whether the forecast is for 20-foot windspeeds or
midflame windspeeds.

When midflame winds are forecast, enter them directly in Input 4 of
the Fire Behavior Worksheet.

If the 20-foot winds are forecast (which they usually are), the
midflame windspeed must be calculated. Use the Wind Adjustment
Worksheet on page B-7 and complete the following Input and
Output Values.

Enter midflame windspeed as Output 1 on the Wind

Adjustment Worksheet and as Input 4 on the Fire Behavior
Worksheet on page B-5.
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INPUT

0  (Projection Pint)—Record the number of the projection point
for which a fire behavior prediction is to be made.

1  (20-foot Windspeed)—Enter the 20-foot windspeed provided
in the Special Weather Forecast.

2 (Fuel Model Number)—Enter one of the 13 FBPS fuel models.

3 (Wind Sheltering)—Using Diagram 1 on page B-32, determine
whether fuels are: 1) unsheltered, 2) partially sheltered, 3)
fully sheltered (open) or 4) fully sheltered (closed).

4 (Wind Adjustment Factor)—Using Table 7 on page B-33, select
the appropriate adjustment factor for the specific fuel and
sheltering condition.

OUTPUT

1 (Midflame Windspeed)—Multiply Input 1 x Input 4 on the

Wind Adjustment Worksheet for the midflame windspeed.

Remember, for basic point source predictions the wind
should be blowing within + 30 degrees of upslope.
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DIAGRAM 1: 20-Foot Windspeed Adjusted to Midflame

Windspeed Based on Overstory
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TABLE 7: 'Wind Adjustment Table

Fuel Aaljustment

Fuel Expasure Madel Factor
UNSHELTERED FUELS; 4 03
Fuel exposed directly to the 13 0.5
witd. Mo or sparse
overstory. Fuel beneath [, 3 5, 6, 0.4
timber that has lost its 11,12 0.4
fnlinge; fuel beneath timber 7 04
near clearings or clearcuts; | (R, 9, 10)° 0.4
fuel on high ridges where
trees offer little shelber
fiorm the wind,
PARTIALLY
SHELTERED FUIELS:
Fuel beneath patehy timber | All Fuel 0.3
where it is not well Models
sheltered; fuel beneath
stanufing timber at midslope
or higher on 3 mountain
with wind Blowing directly
at the shope.
FULLY SHELTERED Cipen Stands
FUELS: Fuel sheltered All Fuel 0z
beneath standing timber on Maodels | Dense Stands
Mt or gentle slope or near .1
base of mountain with sieep
slopes.
"Fuels usually partially
sheltered

TFuels vsndly fully
sheliered.
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TABLE & Muodified Beaufon Scale for Est. 20-Foot Windspeed

Range of
peeds mith Momenclature

=3 Wery Light—Smoke rses nearly vertically.
Leaves of quaking aspen in constant mofion; smeall
bramches of bushes sway; slender branchlets and
twigs of frees move gently;: @l grsses amd wesils
dway and berd with wind: wind vane basely
IV,

4-7 Light—Trees of pole size i othe open sway gently;
winad felt distinetly on face: boose scraps of paper
move; wined flutiers small flag,

#-12 Cientle Brewse—Tree of pobe stz in the open
sway very noticeably; large branches of pole-size
tress in the open toss; tops of trees in dense sands
swiny; wind extends small Aags o fow crested
winves form on lakes.

13-18 Moderaie Bresze—Trees of pole size in the open
swity visdently; whole trees in dense stands sway
noticeable; dust &5 rapsed in the moad.

19-24 Fresh—Branchlets are broken from trees;
incomvenience i fell in walking againgt wind,

25-31 Sirong—Tree damage increnses with secasional
breaking of exposed tops ard branches: progress
Impeded whan walking spadist wind; Hzht
structural damage bo buildings.,

32-38 Moderate Gale—Severs damage o thee Tops; very
diffbeult to walk into wind; significant structural
damaps oecurs,

=39 Fresh Caale—Surfaced stromg Santa Anas fense
stress on all exposed ohjects, vegetation,
haildings; canopy offers vinually no protection;
wind flow is systematic in digurbing evenything in
its path.
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INPUT 5: Slope (SL), %

Slope Determination Process

To use the Slope Worksheet on page B-7 complete the following
Input and Output Items. Enter slope as Output 1 on the Slope
Worksheet and as Input 5 on the Fire Behavior Worksheet on
page B-5.

INPUT

0

(Projection Point)—Record the number of the projection point
for which a fire behavior prediction is to be made.

(Contour Interval)—Determine the contour interval from the
map; i.e., 40 ft. This is the elevation change between contour
lines.

(Map Scale)—Determine the map scale; i.e., 1:24,000. This is
the number of units on the map to ground distance in the same
units; i.e., one inch on the map equals 24,000 inches on the
ground.

(Conversion Factor)—Determine how many feet are in one inch
of map distance; i.e., 1 inch = 2,000 ft. To determine this,
measure the distance between section lines (east to west) in
inches and tenths of an inch. Divide the number of feet in a
mile (5,280) by the measured map distance for the mile in
inches.

Choose an area with uniform contour line separation. From the
lowest point on the slope, Point A, draw a line up the slope
with the contour lines intersecting at right angles, to Point B.

(# of Contour Intervals)—Count the number of contour
interspaces crossed between Points A and B.

(Rise in Elevation)—Determine vertical change in elevation by
counting the contour interspaces between Points A and B.
Multiply by the contour interval (Input 1); i.e., 40 ft x 11
contours = 440 ft.
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6 (Map Distance)—Measure horizontal distance with a ruler in
inches to the tenth of an inch.

7  (Horizontal Ground Distance)—Multiply the Map Distance
(Input 6) by the conversion factor (Input 3); i.e., 0.5 in x 2,000
ft/in = 1,000 ft.

OUTPUT

1  (Slope)—Calculate slope by dividing rise (Input 5) by run

(Input 7) on the Slope Worksheet and multiplying by 100; i.e.,
rise (Input 5) divided by run (Input 7) x 100 or 440 ft divided
by 1,000 ft x 100 = 44%.

RISE _ Ver.tlcal Dlstgnce x 100 =% Slope
RUN Horizontal Distance

TABLE 9: Map Scale Conversion Faciors

Representative blap bap  FuMap

Scale Fraction in/mi infich in
1:253 440 233,44 25 03l 11,120
1:126,720 126.72 50 0a3 10560
1:63,360 63,56 1 nol2s 5280
1262500 62,50 1.0 noz7 5208
130,680 ELN 2 0025 2,640
1:24,000 24,00 264 0,033 2,000
121,120 2112 3 0,038 Tl
1:15.840 1584 4 005 1320
1:7.520 7.492 ] 0.1 Gl

This table allows the selection of conversion factors for different
map scales.
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INPUT 6: Effective Windspeed (EWS), mi/h

Effective windspeed is determined using the lower left quadrant of
the nomogram of the fuel model being used. Enter slope (Input 5) on
the horizontal axis, and the midflame windspeed (Input 4) from the
Fire Behavior Worksheet on the right axis.

Interpolation between the midflame windspeed line may be
necessary. Read the effective windspeed on the left side of the
graph. Enter effective windspeed as Input 6 on the Fire
Behavior Worksheet on page B-5.

B-37



FIRE BEHAVIOR OUTPUTS

Determine the Fire Behavior Output Items (1-9) listed below
and enter them on the Fire Behavior Worksheet on page B-5.

OUTPUT 1: Rate of Spread (ROS), ch/h
Using the upper right quadrant (left vertical axis) of the nomogram
and input items recorded on the Fire Behavior Worksheet, determine

rate of spread. Tables 15 through 78 can also be used to
approximate rate of spread.

OUTPUT 2: Heat per Unit Area (HA), Btu/sq ft

Using the upper right quadrant of the nomogram, determine heat per
unit area from the lower axis.

OUTPUT 3: Fireline Intensity (FLI), Btu/ft/s

Using the upper right quadrant of the nomogram, determine fireline
intensity along the curved lines.

OUTPUT 4: Flame Length (FL), ft

Using the upper right quadrant of the nomogram, determine the
flame length along the curved lines. Flame length can also be
approximated using Tables 15 through 78.

OUTPUT 5: Spread Distance (SD), ch

Rate of spread (Output 1) on the Fire Behavior Worksheet,
multiplied by the hours in which a fire spreads at that rate, equals

spread distance. Convert to map distance using the Map-Spread
Worksheet as outlined on page 39.
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Map-Spread Worksheet

Use the Map-Spread Worksheet on page B-8 and complete the
following Input and Output Items to determine map-spread
distance. Enter the map-spread distance as Output 1 on the
Map-Spread Worksheet and as Output 5 on the Fire Behavior
Worksheet on page B-5.

INPUT

0

(Projection Point)—Record the number of the projection point
for which a fire behavior prediction is to be made.

1  (Rate of Spread)—Fire Behavior Worksheet, Output 1.

2 (Projection Time)—Hours or part of an hour in which a fire has
spread.

3 (Spread Distance, ch)—Input 1 multiplied by Input 2.

4  (Spread Distance, ft)—Input 3 multiplied by 66 ft/ch.

5 (Map Scale)—Table 9 on page B-36.

6 (Conversion Factor)—Table 9.

OUTPUT

1  (Map Spread Distance)—Input 4 divided by Input 6.
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OUTPUT 6 and 7: Projected Fire Perimeter (PER),
ch and Fire Area (AC), ac

Use the Size Worksheet on page B-8 and complete the following
Input and Output Items to determine fire perimeter and area. Enter
perimeter as Output 1 on the Size Worksheet and as Output 6
on the Fire Behavior Worksheet on page B-5. Enter area as
Output 2 on the Size Worksheet and as Output 7 on the Fire
Behavior Worksheet on page B-5.

INPUT

0  (Projection Point)—Record the number of the projection point
for which a fire behavior prediction has been made.

1  (Rate of Spread)—Output 1 from the Fire Behavior Worksheet.

2 (Effective Windspeed)—Input 6 from the Fire Behavior
Worksheet.

3 (Projection Time)—The time in which a fire has spread.
4  (Spread Distance)—Input 1 multiplied by Input 3.
OUTPUT

1 (Perimeter)—From Table 10 using the spread distance (Input 4)
and effective windspeed (Input 2) determine perimeter.

2 (Area)—From Table 11 using the spread distance (Input 4) and
effective windspeed (Input 2) determine area (acres).
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TABLE 10; Perimeser Estimations for Point Source Fires
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Distaneey 1] 3 | 5 7 o 11 13| 15 17
Chains Chains.
1 iq 3 2 2 2 2 2 2 2 2
2 T & 5 5 5 4 4 4 4 4
k | 1 ] 7 ? 7 7 £ ] ] [
4 14 11 11 k] o 9 ] 9 ] B
5 18 14 12 [+ i (NN RN 1]
[ 21 17 13 14 14 13 13] 13 13
7 5 19 ) 16| 16 15 15] 15 15
# g n 2 L el I I
9 zy s 22 21 2| 20 191 14 4
L] E L . ] 25 23| 1 1) 1| | N
1 kL ] ¥ | 14 4| M| 2| H
12 43] 13 ki B 27| 26 26 26] 25
13 46| 36 il M| 0| 20| M| IR) I7
14 S| 39 ii | x il M| M| 3
15 531 4 7 I M i3 2| 33| 32
I 5T M 4l | 5 H oM M
17 6| 47 i1 40 | 3 i7 iT| M| 3
1B 64 50 15 42| 41 4 w| 3IE| 3B
L& 6T 32 a7 44| 43 42 41| 41 #)
M 71| 55 k11 47| 45| M 43| 43) 42
21 ™ 58 51 9| 47 46 | 45| 45| H
n TE| 6l i3 S| 3| 44| 48] 47) 46
3 B2] &4 57 54 | 52 5l 50| 490 49
4 B3 &b | bb | 6| 34| 53| s 51| 5
25 Be| B9 62 50| 56 55 54| 53| 53
i 2| T 5 6l | 549 57 56 55| 55
] L T b6 | &3] 62| 6l o0 3
H Io&| E3 i M| &R 66 | 65| &4 &3
i 7. 13| ER " 7| 12 M| 69| &R) &R
H ] - B4 | RO| TT| TR | TA| T3| W2
L] 1281 o9 B B4 | ®I Fis M| 7| T
3H 135 105 U BY | ®6 B4 B2 | %1 Bl
Hi 142] 110 b a4 | R At | R3] B4

B-41




TABLE 1 Perimeter Estimations for Podal Source Fires

{continued)

Spread Effective Windspeed mi/h

Distamcr | 0 | 3 | 8 1 Y[ & [0 [ a3 Jasfv] 19
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TABLE 10; Perimeter Estimations for Point Source Fires

(comtimued )
Spnea v Wi
[ristance
Chairs

125
130
135
145

143
150
155
15l

164
170
'
180

183
I
195
el

210
220
230
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IS0

260
2
280
2590
k11

4 |3E3 O |STE |30 [565
516 ps05 |59T |59 [5ET

fsso leds low [esd [szo

This table can be used to estimate the perimeter of a fire in chains
from estimates of total spread distance (rate of spread x time) and
effective windspeed. When the effective windspeed is an even
number or when spread distance is not broken out, estimations can be
made or interpolation may be necessary.
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TABLE 11: Area Estimations for Poinl Source Fires

Spread Effeciive Wi mi'h
Distance [ | | 3 T 7T o T [asT 8T a7 [ is
Chaing ALTes
1 N | A =1 <.1 <1 <.1 =1] =l =1 <.1
2 4 2 Z A A A A N | A M |
3 B 4 3| Al a2l af =z oz| af oa
4 1.6 2 M 5 A | ] 3 Z x
5 2l a8 s S| 5| 4| 4| 3
& 1A ie| 14 ] | 8| 3| & 2| &
7 |8 2.7 1.9 1.5 1.2 1.1 A E 7 T
# e | 33| 23 20 1| 14|02 | G| &
q g0 4.4 il 1.5 2.1 1.8 | 15 14 12 1.1
IL1] E 54 R il 2.5 22119 1.7 1.5 1.4
i | ee | 47 a7 30| 26| 23| 20| 1% 17
12 141 T8 56 | 4.4 3T il 17 24 22| 20
13 66| %2 . 52 4.3 v I 18 26| 23
4 192 108 T | G0 S| 43| A7 1% 3o | LT
15 221 122 B.T .9 8.7 49 | 43 1K 34 31
16 2511 139 LR T8 | 65 56| 49 4.3 9| 36
17 284157112 .8 7.3 hi | 335 449 44 | 40
18 JILE|ITS | 116 L] B.2 0| 62 55 49 | 45
19 354 es | ida || w2 vales| 61| 35| 50
. || 303 2T | IES ) 122 |02 BT | 76 6 Bl 55
z1 A33 | 39170 [ 135 | 112 | 96 | B4 TS 67 | 6l
2 lara| ez ms |48 123 | s | ez | &2 74| w7
] 52 s Il 16 13 ] IL1} EQ Bl T3
4 57 31 n 18 15 [ 11 QT a% &0
25 1] 4 M L] 113 4 12 1046 o g7
6 s | 37 B Il 17 15 13 114 | 103 | %4
Ik T | 42 M 14 i 17 15 13 12 ] ]
] % | 49 15 I i} i} 17 15 12 1
32 ol | 55 40 11 pBé I % 17 16 14
- 113 | &3 45 35 pe 5 ) 20 18 &
] X7 | ™0 o] 4 3 et 25 22 20 |&
] 142 | 7B il 44 E? 3 I7 24 22 n
40 lisr |87 |6z [49 N E NN
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TABLE 11: Area Estimations for Poini Source Fires

B-45

{comtinued }

Sprenl | Effcctive Wind i Ty

Dismnee| | | 3 | 5 | 7 ] i3 fas a7 | e
Chains Aores

il 73 |96 | &3 |54 |45 |38 |34 |30 |27 |24
4 90 (105 (75 [ se |40 |42 |37 |33 |3 |27
46 |mm& [m15 [ ®2 | &5 | a4 |46 |40 |36 |32 |29
48 |26 [n2s (@0 |71 | SR |50 |44 | W |35 (32
k1] 45 | 135 | 9% ) LE 54 |48 |42 |34 |33
51 w3 (046 (105 [ &3 (&0 |5 |30 |48 |4 |38
54 w6 (158 (113 [ g8 [ 74 |63 |55 |49 |44 |40
i s [0 (122 | Bn [ B0 (6B (60 |23 |48 |43
S8 [330 [ee2 i1 [mo3 [®s |73 |ed |57 | S |47
6 [ 333 (005 |40 [0de |9 | TR |6R | &1 |55 |40
[ ] ATT |08 | 140 (418 | B B4 |73 | &S | 3% |33
i doz (222 [1se [125 |nod4 | R | 7R | &9 | &2 |57
66 |43 (236 [1a0 |33 |11 |05 |83 |74 |66 |60
68 [454 [2s0 [0BD |42 |M17 |00 |8 | TR | 70 |64
0 (481 (265 (1o [1s0 (124 [1oe |e3 | E3 |75 |6E
7 bl e T T N e O I O O O B
4 |s3% (207 (213 [seR [030 |[ne |l |ex | B |76
% [s567 [313 (224 [177 (047 [125 1m0 | 9K | HH | RO
b 6T | X290 | R3G [OBG | 154 132 [1E6& |05 [ 93 )84
Br 628 |47 (248 [196 [062 [13% |12z |10R | 9H |RO
B2 660 [364 (261 [206 |17 |146 |12 |14 |02 |83
84 68 (3R [ ZP4 | 206 [ 079 153 |13 |19 |08 |9
B6 [ 726 (401 287 [226 |0EE |16l |14 |125 |13 |0a
hh 0| 419 |3 [ 237 (197 168 |14F |13 (118 10T
g [ 7es (438 (315 [248 |206 [178 [154 |1%7 |123 Lz
a2 B3 458 [328 |25% (715 |1B4 |1s1 |43 [139 |17
g AT | 470 |43 (271 [ Z24 192 ek 040 [135 123
o6 |o0s (499 (358|282 |23d |2000 [175 |156 140|128
i |43 (520 (373 (204 |zeq |2ov |1E3 |0a2 | 146 133
| oEr [543 |3RR | 306 | 254|217 |1e0 |69 (152 [13e
05 |1082 597 |428 |38 | 2B0 |4300 (200 186 | 168 [153
[ (1182 (655|470 | 370 |37 |263 (230 (205 184 [168
(15 |12e& (706 | 304 | 405 | 336 |zRY |250 |22 (202 |13
120 [1414 | 7RO [ 559 | 441 | 366|313 (274 (344 219|200



TABLE 11: Arca Estimations fior Point Sowrce Fires

{eontinued)

Spread Effective Wi mi‘h

Distamee| 1| | 3 | & | 7 | ¢ J U B[] IT] W
Chains 5

125 |8%8| Rea | 60T | 4TE | 30T | 330 | MT| 264 XM | 217
130 I659| 915 | 657 | 517 | 4X9 | 347 | 321 | 2B&| 258 | 234
135 ITER| QBT | 708 | 538 | 443 | 306 | M6 08| 278 | 253
140 1524 DDG1) P61 | 600 | 497 | 426 | 373 | 331 M9 272
145 064 | D139F BIT | Gl | 534 | 457 § 400 356| 320) 202
150 2000 N21%) B4 o8% | 571 4RU | 428 381 343 32
I55 1359) 1301) 933 | 736 | 600 | 522§ 457 406 366 | 333
Lo 1] 2513| 1366) 995 | TR4 | 650 | 554 | 4B7| 433 39| 355
1as 26TA| 14T4) 1053 H34 | 691 | S0 ) SR | Se0| 415 374
I70 IETT| IS65) 1123 BES | T4 | &2R | 5S40 | 4RO 440 | 401
I75 07| 65U 1190 W3 | TTT| 6A5 | SBI| SI18| 467 | 425
[E1] JIR1| NT55) 1259 o9 | EF2| T4 | 606 | 543| 494 | 449
185 J350| DES4) 1330 IDE| 269 | TH3 | 651 5| 572 495
(£ 1) A54E| D955 JR02| 1108) 916 | TR | BRE| 611 S50 S0
195 ATIZ] J050F 147T| 1164 | SES5 | E26 | TI3| 643| E ) 527
i} 39ZT| 2166) 1554 1225 1005| B69 § ToD| 676| &10 ) 553
210 4331 I3RE} 1713 1350 LN09| 954 § 38| T46| 672 | 612
XM 4TE2| BA21) IRAD| 1483 1220 1051) 920 | RIS T38| &71
130 SI93| IB6S| 2055 1620 1343 114%) I006] EO5| B06 ) 734
440 JERE) F109) Z23E) 16| 1462 B2E1 ] 10RE] 94 RTR | Tow
50 GIEG| IZRS| 2428 1914 1386| 1358 LIER| 1057 952§ BG6T
2l G437 | 3661 2626 | 2070 ITI6| 1469 {1285 | 1143{ 1030 | 938
X TUET| Fdo) 33| 2233 1230) 1384 1358 1233]““ 1o
pril TEAT| 4246 J0ubG | 2400 | 1990 | ET03 J1490 | 1326 1195 | 10ET
251 BI56| 4555| 3267 | 2573 2033 DEZT 15399 | 1422 1250 | 111G
300 HELA| JRT4) 3496 | 2756 | 2XEL| 1955 JITI0 | 152 1371 | 124%

This table can be used to estimate the area (acres) from estimates of
total spread distance (rate of spread x time) and effective windspeed.
When the effective windspeed is an even number or when spread
distance is not broken out, estimations can be made or interpolation
may be necessary.
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DIAGRAM 2—Approximate Fire Shapes for Various Effective
Windspeeds
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OUTPUT 8: Maximum Spotting Distance (SPOT), mi

The Spotting Worksheet is used to predict the distance a
firebrand will travel from the originating torching tree. It does
not apply to firebrands resulting from a running crown fire,
but may be considered as a first approximation in such
situations. Use the Spotting Worksheet and Nomograms 1
through 4 to determine Maximum Spotting Distance. Enter
Maximum Spotting Distance on the Spotting Worksheet and
as Output 8 on the Fire Behavior Worksheet on page B-5.

INPUT

1 (Torching Tree Height)—Actual height of torching tree.

2 (Torching Tree Species)—When species is not provided,
select species based on crown shape and knowledge of
firebrand production.

3 (Torching Tree DBH)—Diameter at breast height.

4  (Average Tree Cover Height)—Estimate average tree
cover height downwind from the torching tree.

5 (Windspeed at 20-foot Height)—Use the forecasted 20-

foot windspeed. When gusts are indicated, using the
maximum gust would provide the worst case distance.

OUTPUT

(Maximum Spotting distance)—Enter maximum spotting
distance on the Spotting Worksheet.

Convert spotting distance to map distance using the Map-
Spot Worksheet as outlined on page B-49.



Map-Spot Worksheet

Use the Map-Spot Worksheet on page B-9 and complete the
following Input and Output Items to determine map-spot
distance. Enter the map-spot distance as Output 1 on the
Map-Spot Worksheet and under Output 8 on the Fire
Behavior Worksheet on page B-5.

INPUT

0

(Projection Point)—Record the number of the projection
point for which a fire behavior prediction is to be made.

1  (Spotting Distance, mi)—Record the Output from the
Spotting Worksheet.

2  (Spotting Distance, ft)—Multiply mile distance in Input 1
by 5,280 to obtain feet.

3 (Map Scale)—Record the map scale taken from the map
being used; e.g., 1:24,000.

4  (Conversion Factor)—See Table 9 on page B-36 for
correct conversion factor; e.g., 2000.

OUTPUT

1 (Map Distance Spot)—Input 2 divided by Input 4.
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NOMOGRAM 1—Flame Height
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From Nomogram 1, determine flame height by using DBH and
torching tree species. Enter flame height in Box B on the
Spotting Worksheet.
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NOMOGRAM 2—Flame Duration
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From Nomogram 2, determine flame duration by using DBH
and tree species. Enter flame duration on the Spotting

Worksheet.
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NOMOGRAM 3—Ratio of Lofted Firebrand Height to
Flame Height
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From Nomogram 3, determine ratio of lofted firebrand height to
flame height. Use flame duration and ratio of tree height to
flame height as inputs. Enter ratio of lofted firebrand height
to flame height in Box C on the Spotting Worksheet.
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NOMOGRAM 4—Maximum Spotting Distance
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On the lower right-hand edge of Nomogram 4, locate the
firebrand height. Proceed vertically to the effective tree cover
height. Move left horizontally until you reach the treetop
windspeed; move vertically down to the bottom axis and read
the maximum spotting distance. Enter the maximum spotting
distance on the Spotting Worksheet.
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OUTPUT 9: Probability of Ignition (P1G), %

Use Table 12 on page B-55 and the dry bulb temperature
(Input 2), shading (Input 8) and the fine dead fuel moisture
(Output 1) from the Fine Dead Fuel Moisture/Probability of
Ignition Worksheet to determine probability of ignition.

Enter probability of ignition as Output 2 on the worksheet.

Also record it as Output 9 on the Fire Behavior Worksheet
on page B-5.
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TABLE 12: Probability of Ignition Tabke
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TABLE 13—Fire Severity Related to Fuel Moisture Chart

Helmlve
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DIAGRAM 3—Fire Behavior Characteristics Chart (Light Fuel)
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DIAGRAM 4—Fire Behavior Characteristics Chart (Heavy Fuel)
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TABLE 14—Fire Suppression Interpretations?

CAUTION: These are not guides to personal safety. Fires can be
dangerous at any level of intensity. Wilson (1977) has shown that
most fatalities occur in light fuels on small fires or isolated sections
of large fires.

Flame Fireline
Lengih Indensiny
(fil {Biw'fi's) Interpretations
-4 - [ Fires can generally be attacked at
the head or flanks by persons
using hand iools,

Handline shauld hold the fine.
4-8 100500 Fires are too intense for dinect
attack o the hesd by persons
using hamd tools.

Handline canned be relied on o
hold fire. Equipment such as
diozers, engines, aind recandam
aircraft can be effective.

H-11 S400-1, D) Fires may presem secious contrd
problems — torching o,
crowning, and spoiting

Caomtroel efforts ot the bead of ihe
fire will probably be inelfociive.
I+ I AR Crowning, spotting, and major
FUAS 02 SO,

Conirel efforis at the head of the
fire are ineffective,

1 Help in Making Fuel Management Decisions, 1975; Research
Paper NC-112, USDA: Forest Service.
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SAFETY AND FIRE BEHAVIOR

Probably the most important aspect of predicting fire behavior
is to identify potentially dangerous fireline conditions.

Be alert to all potentially dangerous situations and
communicate the danger to all affected personnel.

Know, remember, and use:

— THE STANDARD ORDERS (Inside Cover)

— THE 18 WATCHOUT SITUATIONS (Inside Cover)

— THE FOUR COMMON DENOMINATORS OF FIRE

BEHAVIOR ON TRAGEDY AND NEAR-MISS FIRES
(Inside Cover)

— DOWNHILL/INDIRECT LINE CONSTRUCTION
GUIDELINES (Chapter 4)

— THE 9 URBAN WILDLAND “WATCHOUTS”

— LCES (LOOK OUTS, COMMUNICATIONS, ESCAPE
ROUTES, AND SAFETY ZONES)

— LOOK UP, LOOK DOWN, LOOK AROUND
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FIREENVIRONMENT

FACTORS INDICATORS
Fuel Characteristics Continuous fine fuels CARRIER!
Assess Heavy loading of dead and down

Ladder Fuels

Tight crown spacing (<20 ft.)

Special Conditions:
Firebrand sources
Numerous snags
Preheated canopy
Frost and bug kill
Unusual fine fuels
High dead-to-live ratio
Urban/Wildland

Fuel Moisture Low RH (Dangerous <25%)
Feel & Measure Low 10 hr FMC (Dangerous <6%)
Drought conditions
Seasonal drying

Fuel Temperature High temps (above 85 °F)
Feel & Measure High % of fuels with direct sun
Aspect with increasing fuel temps.

Terrain Steep slopes (>50%)
Scout Chutes
Saddles

Narrow canyons
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FIREENVIRONMENT
FACTORS

Wind
Observe

Stability
Observe

Fire Behavior
Watch

INDICATORS

Surface winds above 10 mi/h
Lenticular clouds

High, fast moving clouds
Approaching cold front
Cumulonimbus development
Sudden calm

Battling winds

Clear visibility

Gusty winds and dust devils
Cumulus clouds

Castellatus clouds in the a.m.
Smoke rises straight up
Inversion beginning to lift
Thermal belt

Leaning column

Sheared column

Well developed column
Trees torching

Smoldering fires picking up
Small firewhirls beginning
Frequent spot fires

Remember to Expect Diurnal Changes!

RHe

eTemperaturee

*Windse
«Stabilitye

« Indicators may vary in different regions and fuel types.
e Ask questions in unfamiliar situations.

B-62



Tables 15 through 78—Rate of Spread and Flame Length Tables by
Fuel Type and Percent Slope

NOTE: Tables 15 through 78 for ROS and FL (Output Items 1
and 4) on the Fire Behavior Worksheet reflect slope classes 0, 30,
45, 60 and 90 percent. You may use the slope class closest to the
actual slope recorded (for Input Item 5) or interpolate between the
slope class.

TABLE 15: FUEL MODEL 1—0% SLOPE

Fuel Ml idame Wind, mih
Molsure
(I-Hourp [ 0. L, 4. f, B. 10, 12,
Rate of Spread/Chains per Hour
0 ] 22 17 172 w7 =i =ikl
G0 4 18 Gl 135 242 370 2T
B0 3 13 45 1l «136 =136 136
12,04 ] ] 1] 0 L 0 ]
Flame Length/Fest
il 1.3 2.5 4.5 L 824 100 «100
6.0 1.1 2.1 38 34 71 *7.5 =75
LX) ] (IR 1.7 30 4.3 =30 50 5.0
120+ o bk 00 i 0. Oy (111

MEANS YO HIT THE WIND LIMIT.
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TABLE 16 FUEL MODEL 1—3%s SLOFE

Fuel Midlame Wind, mih
Mupisture
{1-Hour) | 0. 2 4, 6. 8. 10, 12,
Rate of Spread'Chains per Hour

0 25 42 @ 191 3T 446 446
6.0 L1 EE] Th 151 257 270 270

Wl 15 25 57 112 134 | 3 136

1 2.0+ 0 0 0 ] /] 1 0
Flame Length/Feet

il iy 34 4.9 [ % 26 10.0= 10101

&l 23 2B 42 5.7 13 1.5 7.5
pE L& 23 i3 46 5w S S.0e
| 2.0+ o o 00 oD 0.0 0 L

sMEANS YOU HIT THE WIND LIMIT.

TABLE IT: FUEL MODEL 1—45% SLOFE

Fuel Midflame Wind, mih
Muoisture
{1-Hour} [ D, 2. 4. 1, &, 1. 12.
Rate of Spread'Chains per Hour

ER 50 6T 122 e 352 446 b6
6.0 % 53 H ITe 270« X 270
Ll 9 39 7l 127 136e I 36 136
12,0+ 0 L] 1 o 1] 4] 4]

Flame Lengih/Feet

in EE 5.5 7.1 B.5 1= 0=
6. il 35 4.6 .0 7.5 7.5 7.5
iy 25 R iz LR 5.0 5.0 5.0
1 2.0+ O 00 ] LX) LX) LX) X1

SMEANS YOU HIT THE WIND LIMIT.
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TABLE 18 FUEL MODEL 1—60% SLOFE

Fuel belidilame Wind, mi'h
Muoisture
{1-Hewr) | 0, 2, 4, [ 8. 1. 12,
Rate of Spread Chains per Hour
10 4 1 156 231 386 d44be 446
6.0 iy &0 123 197 270 27= 270
Q.0 L 59 ol 15t 136= 136 156=
1L+ 1] 0 1] ] 0 ] ]
Flame Length/Feet
3.0 4.0 5.0 [ 9 .7 9.3 1A= 10,0=
B.0 3% 43 52 6.5 T 5 7. 5. 7.5
Q.0 ER 34 4.1 50 5= 5.0 5.0
L+ LLE | B 0.0 . 0.0 .0 0.
MEANS YOU HIT THE WIND LIMIT.
TABLE 19: FUEL MODEL 1—90 SLOPE
Fuszl blidflame Wind, emi'h
biisture
(1-Hour) [ 0 2 4, 1. A L8 12.
Rate of Spread'Chains per Houwr
in 183 200 253 251 349 Has 446e
6.0 144 137 00 197 27 IT= 270
o.0 17 17 13 13 13 136« 136-
120+ 1] 1 1] 1] 1] 1] 1]
Flame Length'Feet
30 66 6.9 1.7 509 100 100 10u0=
6.0 36 58 6.5 75 15 7.5 7.5
Q.0 4.5 4.7 S S S0 5.0 5.0=
12+ 0o 00 0.0 0.0 0.0 0.0 LT

SMEANS YOU HIT THE WIND LIMIT.
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TABLE e FUEL MODEL 2—0% SLOPE

Fuel Mid flame Wind, mih
Miisture
L . ra 4, . 8 I, 11
{1-Haour)
Rate of Spresd/Chains per Hour
I e 1 11 2831 56-62 ©92-102 138-152 191-211
6.0 12000 2 9 23135 4550 75-B3 112-124 156172
Q.0 120-00( 2 0 20-22 40-44 6673 100 137-151
12,0 120-90) 2 [ 16 30-33 49-34  73-El 102-102
15,0 120-901 | +0 o0 *3 =3 =3 *3 =3
TR0+ 120:00) O i ¥ 0 i LU L1
Flame: LengthFeet
3012050 20 3R 6.2 B4 1.7 12.8 14.9
6,0 12050 1.8 32 53 1.2 @l 1.0 128
Q.0 12000 1.7 30 48 bbb B (11T1] 1.6
120 120-90) 1.3 23 a7 52 L% T8 Wl
150 12050 =02 =03 «04 D5 .5 .5 «0.5
18,0+ 120-90| 0.0 0.0 00 LX) L] LX)
SMEANS ¥OU HIT THE WIND LIMIT.
TABLE 21: FUEL MODEL 2—30% SLOPE
Fuel MidHlwme Wind, mith
Msistune
Y ik X 4. . 8 10, 12
{1-Hour}y
Bate of Speead Chalis per Hour
F00 12090 ¢ 1517 34-37 6l1-68  OR-100  144-150 197218
6.0 120-90| 8 14 2730 50-3%  BO-BE  117-129 161-177
9.0 12090 T 12 24227 44-4%  T0-78 103-113 141-156
12.0 12050 5 9 18Dy 3336 5257 T6-84 105115
1500 1205 =1 = =2 L L L) Ers
18.0+ 120-90 | O i 1] L] 1] ] i
Flame LengthFeet
300 1200 35 4.7 6.7 BB [L15] 1300 151
Al 12090 30 40 58 1.5 g 1.2 129
Q0 12090 28 A7 53 69 B 12 1.8
1200 120-90| 22 29 4.1 34 6.7 8.0 3
150 12090 =03 =03 =05 +DL5 =5 =5 =05
180+ 12000 o0 00 00 0D [1T)] [1T1] oo
SMEANS YOU HIT THE WINID LIMIT.
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TABLE 23: FUEL MODEL 2—43% SLOPE

Fuel Midflame Wind, mi‘h
Peloisture
5% 13 2. 4, . B o, 12,
{1-Huiwer)

Rabe of Spresd/Chams per Hour

300 120800 17 Z3-25 41-45 69-Th 103117 131167 2M4-216
ol 120-00( 14 20 3337 5662 BA-OS 123136 167-184
G0 120-901 12 16-18 20-32 49-54  Te-B3  1OR-119 147-161
1200 12090 9 13 I224 537-40 62 BO-ERE 109-129

150 120-90) =] | «2 2 iz 2 2
150 120-80) 0 0 [ [ 0 i LU
Flame Length/Feet

il 1 47 560 50 B3 1.3 3.4 15.3
Gld 12090 4.0 4.8 6.3 T8 9.7 114 13.2
Gl 1200 37 44 58 73 59 105 124
20 12090 29 34 48 57 6.4 a2 04
I50 120-%00=0,3 04«05 «l3 .5 #.5 #.5
180+ 12090 0.0 00 00 0O 0.0 LA 00
SMEANS YOU HIT THE WIND LIMIT.

TABLE 23: FUEL MODEL I—&%: SLIFE

Fuel Midflame Wind, mi'h
Wbivi s lure
Y . 2. 4. [} B 11, 12
{1-Haour)
Rate of Spread Chains per Howr

30 120-00026-28 33-36 S51-56 T9-ET 116-128 161-178 214-237
G0 120-0021-23 27-30 4246 64-T1  M-104  130-145 175-193
SO 1Z0-0(18-20 2426 3740 57-62 0 B3-01 0 115-127 154-169
120 120-%0 15 17-19 2730 4246  62-68 8684 114-126

150 120490 =1 L 2 =2 wl =il =(]
18.0+  120-%0 i i ] 0 0 i i
Flame Length/Feet
301 59 [T Bl 99 11.8 13.8 15,7
adl 1 51 57 ] 85 10.1 1.8 13.5
O 120 4.6 52 6.4 7.7 9.3 1.8 12.3
1200 120 16 4.1 3.0 6.1 7.2 g4 9.6
1500 120-%0( =04 =05 =05 =05 (.5 =05 .5
18.0+ 120 oo [1X)) oo 0.0 o0 [1X)) 0.0

+MEANS YOU HIT THE WINI LIMIT.
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TABLE 24; FUEL MODEL 2—40% SLOPE

Fuel Midflame Wind, mi'l
PMelgisture
U 0, 2. 4, 6, g, LI 12.
{1-Huawr)
Rate of Spread Chains per Hour

3.0 12090 [ 55-60 6368 BO-88 108119 144=160 1210 243-269
6.0 1090 (4549 50-56 65-72  BRAT 118130 155171 194210
9.0 1903043 44-49 57-03  TT-B5  104-114 136-150 175-192
12,0 1390|2532 33-36 4347 5763 77-B5 101-101 130-142

15012090 2 2 2 2 2 2 2
IBOFI12090] 0 0 D0 0 0 0 0
Flame Length/Feet

30 12090 84 S 100 114 13.1 48 1646
60 12490 7.2 76 8BS .8 1.3 127 142
9.0 1H-90| 6 65 TR G 0.3 e 130
120 120:90| 51 33 6d o B0 &l 10.2
150 120-90f 0.5 «h5 0.5 s(.5 #0.5 #0l.5 #l.5
180+ 1390 0 D0 0D LR 0.0 L] LR

*MEANS YOU HIT THE WIND LIMIT.

B-68



TABLE 25: FUEL MODEL 3—0% SLOPE

“uel s Tarme Wind, mih

Mivisture

{1-Houry | O 2 4, . 8. 10. 12

Pare of SpreadChains per Hour
A0 s 52 121 | 290 38T 4490
6.0 5 39 & 148 214 286 361
4.0 4 32 T3 122 176 234 296
120 3 28 B 7 154 206 260
150 k3 25 57 45 137 182 213
18.0 X 20 47 19 114 131 191
21.0 2 14 12 53 7 103 130
Flame Length/Feet

kR KR 11 148 18T 2xx 353 282
6.0 30 2.0 1.8 14% 17.7 M2 225
4.0 2.6 7.4 03 130 154 1746 194
1.0 2.4 6.5 9.5 2.1 143 163 18.2
15.0 22 a0 RO 1.2 133 15.2 16,9
18.0 20 53 1.7 9.8 18 1332 147
21.0 1.4 LR 36 1.1 g4 Wi 10.7
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TABLE 26: FUEL MODEL 3—30% SLOPE

Fuel Midflame Wind, mi‘h

eloisture

{ 1=Huur) 13 2. i, . K. 1. 12,

Rabe of SpreadChains per Hour
30 26 72 140y 221 0 47 5l
L] 19 53 103 163 219 ELLY 376
@10 16 43 5 133 187 it 1 308
120 14 38 15 17 16% Ha |
15.0 1z 34 Bl 104 1446 192 240
8.0 n 28 3a af 121 139 155
1.0 7 19 7 a9 B2 1] 135
Flame Length/Fest

30 7.3 1.y 15% 194 25 259 3RT
6,0 58 9.3 126 156  IEZ 2046 229
9.0 50 &1 e 138 159 150 199
12.0 4.7 T 1  12s 147 187 185
15.0 4.4 T 8.5 1y 137 155 172
18.0 3R fi,l B3 2 1 135 150
210 2.7 4.4 LX) 7.4 8.6 o8 0.2
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TABLE 27: FUEL MODEL 3—43% SLOPME

Fuszl Midflame Wind, mi'h

Moisture

{1-Hewr) | 0. 3 4. . B 1. 1%,

Rate of Spread'Chains per Hour
10 S0 ] 165 243 334 431 M
6.0 ET) 71 122 181 247 ENE 304
Q.0 0 1] L] 145 2 2al 313
120 Ff) 3 f5 130 178 229 284
5.0 4 45 EL] 116 158 203 252
8.0 20 38 2] L] 131 168 20
214 13 o 44 i3 ) 115 142
Flame Length/Feet

30 DA 134 1T 205 25T 264 I94
6.0 THO1s 134 163 18R 212 I34
Q.0 £ 0.3 Ny 142 164 185 M4
120 B4 L e 132 152 171 189
150 55 &0 2 123 142 159 176
18.00 5.2 7.0 24 nm7 124 139 153
2148 1.7 5.1 6.5 T.H 9.0 10,1 11.1
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TABLE 28; FUEL MODEL3—6{s SLOPE

Fuel Midflame Wind, mith
Muoisture
(l-Hour) | 0. 2. 4. 6. 5. 14, 12,
Rnte of Spread’Chains per Hour
30 B4 131 199 LrL 3469 465 568
6.0 62 e 147 LT 2 M3 419
Q0 51 T4 120 169 3 281 344
12.0 45 GY 1 149 196 247 302
15.0 40 62 a4 132 174 119 ZGE
15.0 LE] 5l T8 104 144 152 n
21.0 X2 35 53 74 98 124 151
Flame Length/Feet
30 126 154  I&7 118 248 16 302
6.0 g 122 148 173 197 119 M0
X 57 10,7 1249 151 172 141 Al
12.0 &1 9.9 120 140  15% 177 194
15.0 1.5 8.2 1.2 150 148 1635 18I
180 6,6 B0 0Te 114 129 144 15E
21.0 4.5 LR 7.1 5.2 9.4 1114 11.4
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TABLE 29: FUEL MODEL 3—%0% SLOPE

Fuel Midilame Wind, mi‘h

Maizure

{1-Hour) 0. L. 4. B, g, 10, 1.

Rate of Spresd Chaing per Hour
30 182 23 297 37T 46T 563 pa6
G0 134 168 20% 278 34 415 49
.0 1 138 1™ 228 282 341 403
2.0 a7 121 18 201 248 299 354
154 B 108 1 178 220 266 ald
18.0 kil B 116 147 183 22 a0
210 4% ] TG 100 | 24 150 177
Flame LengthFeet

30 178 199 24 250 2T6 300 325
6.0 143 138 1TE 199 220 2319 259
.0 24 138 136 174 192 208 124
1.0 s 128 144 0161 177 194 209
1500 .7 1% 134 15.0 16.5 15.0 19.5
180 43 w4 1T 130 144 157 170
210 .8 1.5 B3 .5 o4 114 123
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TABLE M FUEL MODEL 4—{a SLOPE

Fuel Midflame Wind, mi/h
Ml oisiure
Y 0, 2. 4, b, B 1, 12
i 1-Hiwr'§
Rabe of Spresd Chains per Hour
30 12050 5 2429 -T0 9T7-120 143178 195243 232313
Gl 120-0 4 21-25 4061 B5-104 126-155 171-211 231272
S [ 20-%0 4 1923 4e-56  TO-96 117-143 160-194 206-250
12,00 | 20-%0 4 1822 43-533 T4-90 1 10-134 [49-183 192-235
15,00 1 20-540 31219 2846 4778 7116 96-158 124-204
18,04 1205} 1 6 11=13 1923 2934 Mdh 51-60
20 12090 1] { 1] ] 0 1] 0
Flame Length/Teet
01209 5.7 1213 1820 2325 2731 3235 3540
60 120903 501 11=12 I6=18 2023 2527 IMR.32 3235
o0 (2090 48 10-11 1517 1921 2326 X730 30-33
12200 120-%0) 46 10-11 14-16 1820 22-24 2528 28.32
1500 120-80) 34 610 14 12-18 1522 1725 1928
18,04 12054} | 3 &5 i T -] ]
210 12090 0 0 ] ] 0 0 0
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TABLE 31: FUEL MODEL 4—30% SLOPE

Fued Madsture Midilame Wind, mih
%
{1-Hour) o, . 4, f, 8 11, 12,
Rate of Spread Chains per Hour

A0 1X-90) 1518 34-42 67-E3 107-133 154-191 206-3Se  263-326
6.0 130-90) [3-16 30-37 38-72 94-116 135-1e6 180-X22 230-283
9.0 120-90) 12-14 28-34 55-66 88-107 126-153 168-205 215-161
120 120901 11-14 26-32 51-62 82100 118-144 157-192 200-245
150 1390 7-12 17-28 33-54 5387 Te=115 10M-167 120213
180+ 120-90 3 B 1316 2225 3137 4149 53-62
2.0 190 L] 0 0 0 1] 1] 0

Flame Length/Feet

A0 13-90) 10-10 14-16 19-F2 3437 2832 33-3s 3640
60 12090 9 1314 1719 2124 2528 3032 32-36
90 12090 B9 12-13 1618 2022 24-26 IR0 31-34
120 12090 B 11-13 16-17 1921 2315 2619 2932
150 1290 5B =11 10-15 13-19 15-22 1826 He29
2 4 5 & T 8 9

20 12090 L] 0 0 0 1] 0 a0
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TABLE 32: FUEL MODEL 4—45% SLOPE

Fusel MidMame Wind, mih
Moksture
] 0. 2 4. . & 1. 12
{1-Hour)
Rare of Spread/Chains per Hour
3.0 120-90 | 27-34  47-38  BOM99 120-149  167-207 219-272 275-342
G0 120-90 | 24-30 41-51  TO-B6  103-130  1446-180 192-236 241-257
9.0 12090 | 23-27 3847 6579 98119 137-166 179218 215-274
120 120-00 [ 21-26 36-44 61-T4  92.112 127156 167-204 21{0-257
150 120-90 | 14-22 2338 30-65 3097 E2-135 109177 135223
1804 1 20-80 T80l 1619 2429 3440 4452 55-65
21.0 120-80 0 0 0 0 1] 1] 0
Flarme LengihFeot

30012090 ) 13-14 16-18 21-23 0 2528 2933 3337 37440
G0 12090 | 12-13 1516 1921 23-2F  16-2% 3033 3337
9.0 120-50 | 11-12 1415 1820 21-24 3528 2831 3135
12,0 12090 | 1W=11 1315 17-19 Hk13 2420 2730 30-33
150 12090 | T-10 9-13 1117 14-20 16-23 1826  20-28
1804 120-80 3 4 5 B T ] B
210 120- 0 0 0 0 ] 0 0
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TABLE 33 FUEL MODEL 4—&0f4 SLOPE

Fuel Midflame Wind, mih
Muisture
% 0, 1. 4. . 8, LI 3 12.
(1-Haur)
Rate of Spresd/Chains per Hour
0 12090 26-37 63<B1 98121 138-172 1B5-23) 237-25%4 2593-363
G 120-90 d0-49 5770 BE-105 131-149 162-200 207-256 257316
Qi 120-90 3745 32365 BO-9T 103-138 131-184  194-Z36  240-292
120 12090 3543 30-61 7591 106-12% 141-173 181-221 224-274
1500 12090 22-37 32-53  48-7%  G6B-112  91-150 116-192 144-238
18,0+ 1240 Se11 13=15 223 28-33 3Tadd 48506 39T
210 12090 1] i} 1] 1] 1] 1] 1]
Flame LengthiTFeet
30 12080 16-18 1921 2326 2730 334 34349 3843
6.0 12090 ld=16 17-19 2023 2427 28.31 31-34 34-38
90 120-90( 14-15 16-18 20-22 23-2% 26-20 20-32 3236
120 12090 13-14 15-17  18-20 22-24 25-28 28-31 31-34
150 12090 913 115 12-18 15-21 17-24 1927 21-30
T804+ 1201 4 5 i T B 9 o
200 120-940 1] 0 ] ] 0 1] 1]
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TABLE 34: FUEL MODEL 4—90% SLOPE

Fuzl Blidiame Wind, mi'h
Muolsture
% 0. 2 4. [ £ 10. 12
{1-Hour}
Raite of SpreadChains per Hour
300 120-900 SR-121 117-146 150-186 190-236 237-204 238-330 345429
6.0 120-90  B&-105  103-126 131-162 167-20F 20E-236 233-312 302-373
o0 120-900  BO0T 0 96-117 123-149  13G-1EG 194236 23T-2ET IR3-344
12,00 12090 7591  90-109 104-140 145178 181-221 221270 Z44.323
150 120-90  48-79 SR-95 T4-122 0 93-154 116-192  142-234 1 T0-2R0
180+ 120900 20- 2428 30360 3B-45 0 4836 5R-60 TO-E2
210 120-90) L] 0 0 1] L] L] 1]
Flame Length/Feet

30 12090 2326 1528 2831 31-3% 0 3430 3842 41-46
6.0 120-90  20-23 1225 2528 2831 31-M 43R 374
o0 120-90  20-22 21-23 426 26-2% 2931 3235 3E3E
120 120-900 1520 He22 2325 2528 2831 30-3 3337
150 120900 12-18 14205 15-22 17-25 1927 20-30 2233
180+ 120-90 [ f 7 & L] &0 -1
210 120-90) L] 0 0 1] L] L] 1]
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TABLE 35: FUEL MODEL 5—0% SLOPE

Fuel Midflame Wind, mi'h
Ministure
% 0, 2, 4, f, g, 1a, 12,
{1-Haouir}
Rate of Spread Chains per Hour
30 12004 1 T-10 1623 2839 42.38 56-78 72-100
a0 120.00] 1 4-8 020 15834 24.30 32.67 4287
Q0 120-00] 1 25 6-13 10-22 14-32 19-44  «20-58
120 120-%0( O 23 260 9-11 13-16 «]8-21 «)8-22
1500 120-00( 0 2 4-5 B0 1114 «]2-15 «12-15
18,0+ 120« dF | 3 = ] wi =4
210 120-90] 0 1] ] i 0 I {0
Flame Length/Feet

30 12084 12 3ad Sy T Bl S]] MD=1Z
Gk 120-% 1 2udd -fa g7 o =10 =11
O 120-90] 1 1-2 24 1.5 b 37«57
1200 120-%0] 1 I 2 2 3 *3 =54
150 120-%0] 1 I z 2 3 3 L]
18,0+ 120-0dp| =<1 1 | =1 =] =1 =1
210 120-90) O 1] ] 0 (1} 0 i}

= MEANS YOU HIT THE WIND LIMIT
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TABLE 36: FUEL MODEL 5—30% SLOPE

Fuel Midlarme Wind, mi'h
Mlodztare
] . 2 4. . ) 1. 12
{1-Hour) _
Rate of Spread Chains per Hour
300 120-90) 45 10-14 1927 3143 4462 20-BX 7104
G0 120-90)  2-5 612 11-23 18-37 D653 34-T1 4390
S0 190 1-3 3B T-15 124 15-3F 226 «20-59
124 1290 1-2 34 6B 112 1417 «1B-22 «]B-22
150 120-90 1 3 56 910 #12-15 «12-15 «12-15
8.0+ 120-90 1 I 34 4 =4 4 ]
_21.0 12080 L] 00 D0 0 ]
Flare Length/Feet
30 12090 i 45 6T TE 0 BID 10 113
G0 1280 2.3 24 k6 47 58 610 611
9 1390 1-2 2-3 2.4 35 ey =57 5.5
2.0 12090 1 1-2 2 3 i 3 3
150 120-90 1 1 2 2 k] k] 3
18,0+ 120-90 1 1 | | | | |
2.0 1290 L] 1] 0 0 ] 0 0

« MEANS YOU HIT THE WIND LIMIT
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TABLE 37: FUEL MODEL 5—45% SLOPE

Fuel Midflame Wind, mi'h
Ploisture
%% {13 2. 4, i, B, m, 1L
{1-Howr)
Rate of Spread/Chains per Hour

30012050 B<11 13«19 2332 35-4F 48-67 63-B7 79-109

6 120-90) 4-9 B-16 1328 20-42 3858 36-T5 450

G 120-90) 3-8 510 S-1B 12-2T7  16-3T «20-49 <2061
120 120-90) 2-3 45 79 101-14  15-1% «18-22 «18-22
150 120-80) 2-3 4 6B 10-17 =12-15 #12-13 #12-]
18,0 120-p 1 2.3 =] =i =i =i i
210 120-90 (] 1] L[] LI} LI} ] ]

Flame Length/Feest

34 120-54) 4 i 67 T8 BAD 11T 1113

6l 120-90) 24 3-5  d-p  deH 50 610 611

O 120900 1-3 23 24 35 R S s
120 120-590 I 2 2 i i LX] 3
1500 120-540 1 2 2 2 1 2 o2
18,0 120-p 1 1 =] =] =] =] =]
210 120-90 1] (] 1] [i] [i] ] ]

* MEANS YOU HIT THE WIND LIMIT
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TABLE 38: FUEL MODEL $—a0% SLOPE

Fuel MidMame Wind, mi'h
bloisiure
% 0. . 4. i, S 1. 12
{1-Hour) _ _
Rate of Spread Chains per Hour

30 120-00 13-18  19-26 28-30 40-55 33-74 oE-04 B4-117

G0 120200 7-15 11-22 16-34 2548 3|64 3G-R] 48-101

B 129 410 Geld 10-22 1331 [B-4] 2053 =20-65

120 13490 d-5 G=T 911 13-16 [17-21 =1E-22 =18-22

150 12090 34 S B9 11-13 =12-15 «12-15 =12-15
180+ 120-9) 2 =4 =4 =4 =4 =4 +4
_21.0 1M L L. 00 L] i

Flame Lengih'Feet

im 6 3T T-l0 B-10 811 112 10-13

6.0 ] 3-5 6 47 58 5100 611 T-12

B0 13 2-3 4 5 B J6i =37 =3

1201 2 b I 5| 3 = = =4

1501 1-2 2 B i =3 =3
180+ 1 1 1 | | =1 | *
210 120 L 0 0 0 0 0 LU

= MEANS YO HIT THE WIND LIMIT

B-82



TABLE }%; FUEL MODEL 5—590% SLOPE

Fuel blidflame Wind, mi'h
Muoisture
] i, 2. 4, G, B 1, 12,
( 1-Hour)
Rate of Spread Chains per Hour

30 120-50| 27-38 3346 43-59 376 6894 B3-115 B9-]137

G0 120-90| 16-33 1940 25-51 31-65 30-851 4500 57-118

O0 120590 21 11-26 14-33  |B-42 «20-53 «20-pd «20-77
120 120-%0) %101 M1-13 14-17 I7-Z0 =18-22 «18-22 =]8-I2
15,0 120-540 T8 B ] el2-14 #]2-15 #]2-15 1215 =12-15
1BAk- 1 20-F LE] LE L =i} wi} nd =
20.0 120-90 ] i i 1] 1] 1] 0

Flame Length/Feet

3.0 120-54p 78 T4 B=10 WD =12 D013 12-14

.0 120-5 4= -5 589 510 &=11 f=12 =13

Q.0 120-%k 25 3-5 3-h 36 #2370 «5-F <30
1200 120-5%0 2 2-5 3 =4 4 =4 w4
15,0 120-540 2 2 o3 3 3 =3 *3
1RAM 120-F =1 = =] = =] =] =]
20.0 120-%40 i ] i i} i} 1 L]

* MEANS YOU HIT THE WIND LIMIT
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TARLE 40a: FUEL MODEL 6—0f% SLOPE

Fuel Midilame Wi, mith

Moisture

(1-Hour) | . - 4 [ K. 10, 13,

Rate of Spread'Chains per Hour
3.0 2 15 L] S il 1o 138
6.0 2 11 25 41 (¥ L LU=
9.0 | q ]| 35 52 69 BH
120 i ] £ ]| 45 6] 1”7
154 I 7 17 25 41 55 i
1840 I ] 15 24 35 47 i
21.4r I [a] 11 19 28 a7 47
Flame Length/'Feet

3.0 1.9 45 6.5 8.3 o8 1.3 12.6
6.0 1.6 37 54 fi, & Bl 2 10.3
9.0 14 32 47 6D 7.1 e 0.1
120 153 30 44 5.0 .64 T4 8.5
1540 12 2% 4.1 iz 6.2 .1 .9
18.4 1.1 2.4 38 4.8 57 .5 T.2
214 0.9 2.1 ER| 19 4.7 53 (X1}
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TABLE 40b: FUEL MODEL 6—30% SLOPE

Fuel Midflame Wind, mih

Muoisture

[ D=Houry L r i, fi. K. 11, 12,

Raie of Spread'Chains per Hour
30 ] Il 4 ) BE 15 143
6,0 L] [ My 47 67 BE 111
L0 5 13 15 kit 55 73 9w
12.0 5 il n 33 44 G &l
15.0 4 {1} 0 3l 44 58 T2
18.10 4 o 17 27 ] A0 63
21.00 3 T 14 21 a0 40 57
Flame Lengih'Feet

30 4 33 7.1 BB 3 1.6 129
.0 1B 4.3 55 7.2 B4 9.5 10,6
L0 25 1R 5.1 63 T4 54 43
12.0 23 13 48 58 6.8 7.8 o
15.0 1z 313 4.5 5.3 6.4 7.3 8.1
18.10 0 30 4.1 a0 35 6,7 74
21.00 1.6 F 54 4.2 4.9 5.5 6.1
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TABLE 41: FUEL MODEL 6—45% SLOPE

Fuzl Midflame Wind, mi'h

Pl

{1-Howr) 1. 2 4. . B 1, 12.

Rate of Spread Chaing per Howr
3.0 15 28 47 i 94 122 151
6.0 12 21 ki 53 72 93 115
9.0 1] 18 30 4 & 7 L1
1240 o 16 20 45 53 L] 85
1540 B 14 23 35 47 il Th
1 8.A¥ T 12 20 Hh 41 53 6
210 % 0 16 24 3z 42 52
Flame Length/Feet

3.0 4.6 6.0 7.6 g1 LI 11.% 13.1
6.0 R 49 6.1 15 57 9.7 108
Q. 33 4.4 55 . Th B4 9.5
1240 il 4.0 b | 6.2 71 8.0 8.8
1540 2.9 38 4.8 38 6.7 T.5 83
1 8.A¥ 2.6 35 .4 5.3 .1 6.5 7.5
210 22 28 i6 4.3 50 5.4 6.2
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TABLE 42: FUEL MODEL 6—&0% SLOPE

Fuel M Marre Wind, mith

Mii=ture

{1-Haour) 0, 2, 4. 6. &, 10, 12,

Rate of SpreadChains per Hour
30 26 k] 57 79 105 112 161
&.0 ] 29 43 Gl Bl 101 11
2.0 (1] 24 36 50 i B4 103
120 14 21 32 4 a9 74 a1
15.0 13 1% 29 a0 53 i) B
180 11 17 25 3% 46 54 T
210 9 13 19 27 i 45 e
Flarme LengthFeet
30 58 0 %4 Q8 1.1 123 115
&.0 48 57 6.9 8.0 4.1 ([N} .1
2.0 42 50 Gl 7.1 2.0 R 9.8
120 i 47 54 6.6 T4 8.3 9.1
15.0 aT 4.4 53 6.2 40 T4 8.5
180 K 40 48 A6 6.4 R 74
Il 28 33 4.0 4.4 52 iH 6,3+
*MEANS YOU HIT THE WIND LIMIT.
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TABLE 43; FUEL MODEL 6—9% SLOPE

Fuszl Miditame Wind, mi'h
Poisture
(1-Howr) | 0, 2, 4 6 B 10, 12,
Raite of SpreadChains per Howr
30 35 &7 B 104 134 16l 191
.0 42 il ] K] 102 123 146
9.0 35 43 53 il BS 103 121
124 EN a8 di al 5 Uil a7
5.0 H 34 43 55 &7 B o]
ER] 4 9 38 47 55 T B3
210 19 33 29 3 4 P S
Flame Length/Feet
30 B2 90 100 113 124 153F 0 140
.0 68 T4 B3 9.2 2 1Ll 12D
9.0 60 66 T3 B2 2.0 9.8 1.6
120 55 6l .5 7.6 B .1 4R
5.0 52 37 6.4 EA | ] 85 92
ER] 47 52 iE 6.5 7 1.8 B4
PRI i% 43 4 53 59 & A3
*MEANS YOLU HIT THE WIND LIMIT,
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TABLE 44: FUEL MODEL T—0fs SLOPE

Fuel Midflame Wind, mi/h

Moisture

% 0. 2. 4. G, 8 10, 12.
{ 1=Haur)

Ruite of SpresdChains per Hour
I00120-80( -2 10-01 23-26 3844 E56d T4-EE -0
6.0 12050 1 900 23 3338 4855 6473 HI1-83
9.0 120-5) 1 E=O 1T7-20 29:33 d42-48 56-65 TI-H2
120 120-90 1 T-& 16-18%  26-30 344 5150 6E-T4
150 120-%0 | -7 15-17  24-28 3540 47-54  60-69
18,0+ 1 20-50 1 6-T  14-16 23-26 33-38 45-51 57-64
21,0 1209 1 & 13=15 22.25 1236 42-45 S5d-i]
Flame Length/Feet

30012050 2 4 f T-8 89 o 112
6.0 12050 1 14 5 6T ] o 1
9.0 120-50 1 i 5 [\ 7 -1 4
120 120-90 1 3 4-5 -6 67 T8 &9
150 120-90 | 3 4 b -7 7 g
180+ 120-%0 1 3 4 3 fi 7 L3
21,0 120<5) 1 k] 4 k] [a] 7 T=H
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TABLE 45: FUEL MODEL T—3M%s SLOPE

Fue| Midilame Wind, mi‘h
Maisiure
B o, 2 4 [ K. 1k |
( 1-Hour)
Rate of Spread'Chains per Hour
30 120-90| 56 1d4-16 27-31 42-49 50-p8 TE-G0 98-113
6.0 120-50 5 12-14 23-26 1642 51-59 67-TT B4-97
Q0 120-580(  4-5 10-012 20-23 32-37 4332 59-6B T75-Eh
1200 120-540 4 1011 1821 %33 41-47 54-62 68-TT
150 12050 F=d  Su@fd 1720 2731 3E-43 5037 HIT2
IR0+ 120-90) 34 &9 16-18 25-29 36-41 47-33  59-67
1.0 120-540 3 B0 15-17 24-27 34-38 45-30 S6-63
Flame Length/Feer
30 12000 3 d-5 1] -5 4 o10-11 11-12
6.0 120-50 3 4 &h 7 8 9-10 1]
Q.0 120-50 2 4 3 6 T8 BO 910
1200 120-540 2 4 3 ] 7 B o
150 120-594) 2 i &5  5A &7 TR B
LRAH 12000 2 3 4 35-61 41 7 B
210 120-50 2 3 4 k] ] 7 T-8
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TABLE 46: FUEL MODEL T—45% SLOFE
Fuel Moisture Midflume Wind, mi‘h
Yo
(1-Hoar) 0. 2 4 6 % 10 1%
Rate of Spread/Chains per Hour
A0 TS| 10=12 1922 3237 4754 6d=Td EIS0 1061 1%
B0 THRG| 910 16-19 27-31 40-47 55-64 TI-82 RO-102
QO 1X-90) 89 D614 2428 36-41 49-56 63-7X 0 TE-90
120 120-90f 7-8 13-15 22-15 33-37 44-51 3766 TI-8]
150 1H-90 T 1214 20253 30-34 4147 3361 66-T5
IHAM THRSD| 67 11=13F 1922 2532 3%4d k57 62T}
200 1:-90) 6T 11-12 1820 27-30 3742 47-54 59-67
Flame LengthFeet
0 1x-9a) 4 56 &7 B 910 =11 11-12
Gl X090 4 5 & T8 B0 %90 10-11
o 1X-90) 3 4 56 &7 T 85 90D
120 190 3 4 5 & T 8 o
150 1He90| 3 [ ] 5 [ T T8 B0
180+ 1390 3 4 5 56 6T T8 &
210 1290 3 34 45 5 [ 7 &
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TABLE 47 FUEL MODEL 7—60% SLOPE

Fuel Midflame Wind, mi‘h
Bloasiure
% i, . H. 11, 12,
i 1-Howr)
Rate of Spresd/ Chakns per Hour
30 120-90]17-20 26-3 I8-44 54-62 T1-E1 O0-104 109127
6.0 120-90]15-17 22-25 33-38 46-53 61-70  TT-89  95-109
9.0 120-90]13-15 20-22 209-34 4147 54-61 68-79  B4-96
120 §20-90112-14 18-20 27-30 37-43 49-36  62-71 Th-8T
150 120=90101=13 1619 25-28 315-36 46-52  5H-06 Til-E0
180+  120-90|10-12 15-18 23-26 32-37 4340  S4-01  B46-T73
210 120-90)10-11 13-17 22-25 31-35 4146 51-58  63-T1
Flame Lengih/Fzet
30 120-90 TE B9 10 11 ]
6.0 120-90 67 T8 B9 90 La-11
9.0 120-940 f 7 B 9 a-10
1200 120590 56 67 T8 20 ]
150  1XL90 Sa6 f T B B0
180+ 120-90 L] i 7 7-8 B0
210 190 5 h BT 7-8 &
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TABLE 48: FUEL MODEL 7—%0% SLOPE

Fuel Midflame Wind, mi'h
Muoisture
%% 0. 2. 4 6 8. 10. 12.
{ 1-Hour)
Rate of Spread/Chains per Hour
3.0 120-90[37-42 45-51 58-67 73-85 90-105 109-126 129-149
6.0 120-90|32-36 39-45 50-58 63-73 78-90 94-109[11-128
9.0 120-90[28-32 35-40 44-3]1 56-064 69-79  B3-96 99-113
12.0 120-9025-29 31-36 40-46 51-58 63-72  76-87 90-102
15.0 120-90(24.27 29-33 37-42 47-54 58-66 T0O-80 B3-94
18.0+ 120-90(22-25 27-31 3540 44-50 55-62 06-T75 TE-89
21.0 120-90(21-24 26-29 33-38 4248 52-59  63-T1  74-84
Flame Length/Feet
3.0 12090 7-8 8 5 10 11 12 12-13
6.0 120-90| 67 7 g8 9 910 1011 11-12
9.0 120-90 6 67 7-R 8 9 910 10-11
12.0 120-90| 5-6 6 67 78 B9 9 10
15.0 120-90 5 6 67 7 g 89  9-10
18.0+ 120-90 3 56 f 7 T8 B 9
21.0 120-90 5 56 6 67 T8 8 5-9
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TABLE 49:

FUEL MODEL 3—0% SLOPE

Fuel Midflame Wind, mih

Moisture

(1-Houry | 0. 2. 4. & B, 0. 12

Rate of Spread/Chains per Hour
3.0 0 1 2 3 3 7 g
6.0 0 1 2 3 4e 5 5e
9.0 0 1 1 2 3 3= kD
12.0 0 0 1 2 3s 3+ 3e
15.0 0 0 1 2 2 2 2
18.0 ] 0 1 1 2 2e 2s
21.0 0 0 1 1 2 e 2
Flame Length/Feet

3l 05 08 12 15 18 21 22
6.0 04 07 10 1.2 1.5 16+ lbe
9.0 04 06 08 L1 13 1.3 1.3
12.0 03 035 08 10 12+ 12« 12
15.0 03 05 07 09 1.1« Ll Lle
18.0 03 05 07 09 1.0« 1.0« 1.0e
21.0 03 04 06 08 09 09 005

*MEANS YOU HIT THE WIND LIMIT.
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TABLE 50: FUEL MODEL 8—=30% SLOPE

Fuel Midflame Wind, mi‘h

MMoisture
(I-Hour) | 0. 2. 4. & B 10, 12,

Rate of Spread/Chains per Hour

30 1 1 2 4 5 T B
6.0 1 1 2 3 4 5= 5=
9.0 0 1 1 2 3. 3- 3=
12.0 0 1 1 2e 3 3e 3
15.0 0 1 1 2» 2. 2. 2.
18.0 0 1 1 2 2 2 2«
21.0 0 {0 1 1 2+ 2e 2e
Flame Length/Feet

30 07 10 13 1le 19 21 232
6.0 06 08 10 1.3 15 Lo lbe
9.0 05 07 09 11 13 13 13
12.0 035 06 08 10 12+ 132 2
15.0 04 06 08 10 LI= L1= [I.l-
18.0 04 06 07 09 1.0« 1.0 10w
210 04 05 07 08 059 05 09

*MEANS YOU HIT THE WIND LIMIT.
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TABLE 51: FUEL MODEL 8—45% SLOPE

Fuel Midflame Wind, mith

Maoisture

(1-Hour} | 0. 2. 4. & (A 0. 12,

Rate of Spread/Chains per Hour

30 1 2 3 4 [ He B
6.0 1 | 2 3 5 b1l 5
9.0 1 1 2 3= 3 3= 3=
12.0 1 1 2 2 3 3e 3
15.0 | 1 1 2= 2= 2 2=
18.0 1 1 1 2e 2 2 2
21.0 (1] | 1 s 2e s 2s

Flame Length/Feet

30 09 1.1 14 1.7 19 23 23
6.0 08 0% 1.1 14 16 1.6 Lo
9.0 07 08 10 12 13 13- 1.3
12.0 06 07 09 1.1 12« 1.2« 1.2
15.0 06 07 09 10 Ll= LI= LIl
18.0 05 06 08 1.0 1.0 1.0- 1.0
21.0 05 06 07 0% 09 05 09

*MEANS YOU HIT THE WIND LIMIT.
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TABLE 52: FUEL MODEL 8—60% SLOPE

Fuel Midflame Wind, mi‘h
Moisture
(lI-Howr) | 0. 2. 4. & 8. 0. 12,
Rate of Spread/Chains per Hour
30 2 3 4 5 7 B Be
6.0 1 2 3 4 ge 5 3e
9.0 1 2 2 3- 3= 3 3=
12.0 1 1 2 3 3 3 3.
15.0 1 1 2s 2= 2s 2 2.
18.0 1 1 2« 2s  Is 2o 2
21.0 1 1 1 2s 2 2s 2
Flame Length/Feet
3.0 1.2 13 15 1.8 21 22» 22
6.0 09 1.1 13 15 16 lé= 16
9.0 08 09 1.1 1.3 13 13 13-
12.0 0.7 08 10 1.2« 1.2« 12« 12e
15.0 07 08 09 1.1« Ll= Ll= 1.1+
18.0 07 08 09 1.0~ L0 1.0 1.0+
21.0 06 07 08 09 08 09 089
*MEANS YOU HIT THE WIND LIMIT.
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TABLE 53: FUEL MODEL 8—=90% SLOPE

Fuel Midflame Wind, mi/h

Moisture

{1-Hour) | 0. 2, 4. . B 0. 12,

Rate of Spread/Chains per Hour

30 4 5 ] 7 g8 8- 8
6.0 3 3 4 5= 5= e 5=
9.0 2 3= 3s 3= 3= 3s 3=
12.0 2 2 3s 3s 3s 3s s
15.0 2 2e 2s 2s 2= 2s Is
18.0 2= 2s 2s 2s 2s 2s 2s
21.0 | 2 2o 2 2 2e 2

Flame Length/Feet

30 le 1.7 19 21 22+ 23« 220
6.0 1.3 14 1.5 1.6 16 Lo~ 1.be
o.0 L1 1.2 13 13- 1.3 13- 1.3
12.0 10 1.1 12« 12« 12+ 12+ 12s
15.0 .o 10 L1= L1= LI« 1LI= LlI=
18.0 0.9 1.0« 10+ 1.0« 1.0« 1.0« 1.0
21.0 09 09 0% 05 09 09 059

*MEANS YOU HIT THE WIND LIMIT.
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TABLE 34 FUEL MODEL 9—0% SLOPE

Fuel Midflame Wind, mi‘h

Moisture

(1-Hour) | 0. 2. 4. 6 & 10. 12.

Rate of Spread/Chains per Hour
3.0 1 3 8 16 25 6 49
6.0 1 2 ] 12 19 27 37
9.0 1 2 5 10 15 22 30
12.0 1 2 4 ] 13 19 26
15.0 1 2 4 7 12 17 23
18.0 ] 1 3 6 10 14 19
21.0 1] 1 2 4 7 11y 13
Flame Length/Feet

3.0 1.3 21 32 42 52 &2 71
6.0 1.0 16 25 34 42 49 57
9.0 09 14 22 29 36 43 50
12.0 0.8 1.3 20 27 34 40 486
15.0 08 1.2 19 25 31 3T 43
18.0 0.7 1.1 1.7 22 27 33 3.7
21.0 0.5 0.8 1.2 e 20 24 2.7
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TABLE 55 FUEL MODEL 9—30% SLOPE

Fuel Midflame Wind, mi‘h

Moisture

{1-Hour) | 0. 2, 4. f. B 10, 12

Rate of Spread/Chains per Hour
3.0 3 3 w17 27 3% 51
6.0 2 4 7 13 20 28 38
9.0 2 3 [ 11 6 23 3]
12.0 1 3 5 9 14 w0 27
15.0 1 2 5 g 13 18 24
18.0 1 2 4 7 11 15 20
21.0 1 1 3 5 7 11} 14
Flame Length/Feet

3.0 1.9 25 34 44 354 63 72
6.0 1.5 20 2.7 35 43 50 58
9.0 .3 1.7 24 31 37 44 350
12.0 12 16 22 28 35 41 47
15.0 .1l L5 21 26 32 38 43
18.0 1.0 13 1.8 23 28 33 38
21.0 07 10 13 1.7 21 24 28
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TABLE 56: FUEL MODEL 9—45% SLOPE

Fuel Midflame Wind, mi‘h

Moisture

{(I-Howr) | 0. 2 4 & & 10, 12.

Rate of Spread/Chains per Hour
3.0 3 7 12 19 29 40 33
6.0 4 3 9 14 21 30 39
9.0 3 4 7 12 17 24 32
12.0 3 4 4] [ 21 28
15.0 2 3 6 9 14 19 25
18.0 2 3 5 8 11 1] 21
21.0 | 2 3 2 B 11 14
Flame Length/Feet

i 24 29 37 46 36 65 74
6.0 1.9 23 30 37 44 52 59
9.0 1.7 20 26 32 39 45 Al
12.0 e 1.9 24 30 36 42 47
15.0 1.5 Ly 22 28 33 39 44
18.0 13 15 20 24 29 374 39
21.0 0e 11 14 1.8 22 25 28
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TABLE 57: FUEL MODEL 9—60% SLOPE

Fuel Midflame Wind, mih

Muoisture

{1-Hour) | 0. 2, 4. . B, 10. 12

Rate of Spread/Chains per Hour
3.0 8 o 15 22 32 43 56
6.0 4] 7 11 16 23 32 41
2.0 5 6 9 14 19 26 34
12.0 - 5 8 12 17 23 30
15.0 4 5 7 11 15 20 26
18.0 3 4 G 9 12 17 22
21.0 2 3 4 ] 9 12 15
Flame Length/Feet

3.0 300 34 41 49 38 6T 75
6.0 24 X7 33 39 46 533 6.0
2.0 21 24 29 34 40 46 52
12.0 1.9 22 28 32 37 43 49
15.0 1.8 20 25 30 35 40 45
18.0 e 1.8 22 26 30 35 40
21.0 1.2 1.3 16 19 22 26 29
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TABLE 58: FUEL MODEL 9—%0% SLOPE

Fuel Midflame Wind, mi‘h
Moisture
{1-Houry | 0. 2, 4, . . 10. 12,
Rate of Spread/Chains per Hour
3.0 16 18 23 30 40 51 64
6.0 12 13 17 22 29 38 47
9.0 10 11 14 18 24 3l 39

12.0 8 10 12 1s 21 27 34
15.0 7 9 11 14 19 24 30
18.0 ¢ 7 9 12 16 20 25
21.0 4 3 b B 11 14 17

Flame Length/Feet

30 42 45 50 57 65 72 8O
6.0 34 36 40 45 51 58 64
9.0 29 31 35 40 45 50 56
12.0 27 289 32 37 42 47 52
15.0 25 27 30 34 39 43 48
18.0 22 23 26 30 34 38 42
21.0 e 1.7 19 22 25 28 3.0

*MEANS YOU HIT THE WIND LIMIT.
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TABLE 5% FUEL MODEL 10=—0% SLOPE

Fuel Midflame Wind. mih
bdoisture
% i S 4, i, S LI 12.
{ 1=Houwr]
Raie of SpreadChains per Hour
300 120-%0 1 4 & 11-13 16-20 22-27 28-35
6,0 12050 1 3 T 012 1417 1923 24-30
9.0 1200 1 3 G W10 1315 17-21 22.27
120 120-90 | 3 G 10 12-14 16-1% 21-2%
150 120-%0 | 2 5 9 10-13 1518 19-23
18,0+ 120-5 1 . 5 #1012 14-16 18-21
20.0 120} 1] 2 4 G Eall} 10=13 14«17
Flame Length/Feet
0 o1zo-%p) 200 35 50 64 Y BE 10O
60 12093 1.7 31 45 56 &R TR g5
90 120-%F) 146 2% 42 53 a2 72 B2
120 12090 1.5 27 40 51 &0 69 T8
150 12090 15 246 38 48 57 66 15
180+ 120-%0) 14 24 35 44 53 60 6,8
20,0 120-504 1.2 20 28 37 44 5l 3B
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TABLE 60: FUEL MODEL 10=30 SLOPE

Fuel Midflame Wind, mih
Mfoisture
% . 1 4, i 3, [ {1 T
{ 1=Hour]
Raie of Spread/Chains per Hour
30 1290 3 5 E-10 12-15 18-21 23-29 30-36
Gk 1290 2 4 B 10113 15-18 20-24 2631
Ay 120490 X 4 71012 14=17 1822 23.28
120 120-90 2 3 G 911 13-15 17-20 22-24
150 120-90 2 3 G 10 12-14 16-19 20-24
180+ 1290 2 3 5 B 11-13 1517 1920
2148 1240 1 2 4 T Bl 11«14 14=1E
Flame Length/Feet
30 1290 30 42 546 68 B0 92 103
60 12080 27 37 49 &0 T 81 on
Oy 120 25 34 45 S0 .6 7.5 B3
120 120-90( 23 32 43 353 w2 0 79
150 120-90( 22 30 41 350 3% &7 15
180+ 1290 21 28 38 47 55 62 T.0
2040 12080 1,7 24 32 3% 46 53 5.9
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TABLE 61

: FUEL MODEL 10=—45% SLOPE

Fuel Midflame Wind, mivh
Moksture
a 0, 2. 4. . S 14, 12,
{ 1=Huour)
Rate of Spread'Chains per Hour
30 12090 5 T 912 1417 1%-23 25-31 31-38
6.0 12040 4 6 Bl 12-15 16=20 2126 27-33
9.0 1490 i f T 11=13 15=1% 19=23 24.70
120 120-90 i 5 g 10-12 14-17 18-22 23.27
15.0 12090 3 i 68 11 1316 17-20 20-25
18,0+ 120-90 3 4 T 10 13-14 1618 20-23
2010 THE90 2 i i} Tl ]2 12«15 15«14
Flame LengihFest
30 O1X90) 39 48 60 T2 B3 93 14
60 12X-90) 34 42 53 &3 T3 RE3I 4.1
90 1HM90) 32 1% 4% 58 a%  To B4
120 12090 30 37 46 355 64 72 B0
150 1290 29 36 44 53 &1 689 T4
180+ 120-90) 27 33 41 4% 57 64 1.1
21,0 T340 2.2 2.7 1.4 4140 4.7 50 a4
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TABLE &2 FUEL MODEL 10—a0%4 SLOPE

Fuel Miudflnme Wind, mih
Beloisture
£ [ 2 4 A, B M 12
{1-Howr)
Bate of SpreadChains per Hour
10 120-90 T B-10 12-14 16-20 21-26 17-33 3d-41
6.0 120-90 ] B L0-12 14-17 [8-22 23-28 29-33
a0 120-90 6 6-8 910 13-15 17-20 21-26  26-32
120 12-90 5 710 1214 1619 20-24 24-79
154F 12490 5 T 9 11=13 1517 14922 2327
180+ 12090 4 6 79 1012 13-16 17-20 21-2%
210 1390 4 3 7 B-10 10-13 12-17  16-20

Flamse LengtlFeet

0 1Xe0| 49 A8 b6 Te BT 9T 10T
60 12090 43 29 28 AR T HEE 094
G0 1M 39 46 34 63 T0OTH BT
120 X890 38 4232 51 5% 6T T3 L
1540 THR90| 36 4.1 48 57 64 T2 Th
8.0+ 13e00)| 33 38 45 521 60 &7 73
200 1H-90) 27 3 38 44 30 33 6l
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TABLE 63: FUEL MODEL 10=—5%% SLOPME

Fuel Midflame Wind, mih
Moksture
a . 1 4. . & L1 |
{ 1=Hour)
Raie of Spread'Chains per Hour
30 1390 )13-15 15-18 18-22 23-28 28-34 34-41 4049
6,0 12090 11-13 13=15 1619 20-24 2420 LR35 34-47
0.0 12090 (1012 11=14 14=17 1821 22-26 =32 3]-3%
120 120290 9-11 11-13 13-16 17-21 20-24 25-20 20.35
150 120-90( 10 10-12 12-15 16-18 19-23 23-27 27-32
180+ 120-90 G 90l 11-13 14-17 17-20 21-25 25-29
20,0 T4 =B T4 S]] 10=14 1317 16=201 124
Flame Length/Feet
01X 68 T3 OBL 90 REIDT 116
6,0 1290 60 63 71 TH KT 94 103
9.0 13490 5.5 59 6.6 T3 B0 - 1] 9.4
120 12090 33 57 62 6% 76 83 Q9.0
150 12090 30 34 60 66 0 T2 7.9 B
180+ 12090 446 350 55 &1 67 73 149
20,0 1M=80( 3% 40 446 51 56 6.l 6.6
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TABLE 64: FUEL MODEL 11—0% SLOPE

Fuel Midflame Wind, mith

Moisture
{1-Hour) | 0. 2, 4, f. 8. 1. 12,

Rate of Spread/Chains per Hour

3.0 1 i @ 9 12 16 19
6.0 1 2 7 13 16
9.0 0 2 4 [ 9 11 14
12.0 0 2 i 5 7 9 11
15.0 0 1 2 3 4 =5 =5
18.0+ 0 0 0 0 0 0 ]
Flame Length/Feet
3.0 1.3 26 36 43 50 56 6l

6.0 1.2 23 31 38 44 49 54
9.0 .1 21 29 35 40 45 50
12.0 09 18 24 29 34 38 42
15.0 ns 10 14 1.7 19 22«23
18.0+ 0o o0 00 00 00 00 00

* MEANS YOU HIT THE WIND LIMIT.
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TABLE 65: FUEL MODEL 11—=30% SLOPE

Fuel Midflame Wind, mi‘h

Moisture
{1-Hour) | 0. 2. 4, 6. 8. 10. 12,

Rate of Spread/Chains per Hour

30 2 4 7 w13 17 20
6.0 1 3 6 8 1114 17
9.0 1 k 5 7 1o 12 15
12.0 1 2 4 t B m 12
15.0 1 1 2 3 4 -5 -3
18.0+ 0 0 0 0 0 0 0
Flame Length/Feet

30 21 30 38 46 52 58 63
6.0 L8 27 34 40 46 51 55
9.0 LY 24 31 37 42 47 5l
12.0 14 21 246 31 35 39 43
15.0 08 1.2 1.5 1.8 20 22 23
18.0+ 00 0o o0 00 00 00 00

+MEANS YOU HIT THE WIND LIMIT.
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TABLE &6 FUEL MODEL 11—45% SLOPE

Fuel Midflame Wind, mi‘h
Moisture
i{1-Houry | 0. 2, 4, (i &, 11, 12.

Rate of Spread/Chains per Hour

3.0 3 f 8 1115 18 22
6.0 3 5 o 12 15 18
9.0 2 4 [ & 11 13 16
12.0 2 3 5 7 8 10 12
15.0 1 2 3 3 4 *5 =5
18.0+ 0 0 1] 0 0 0 0
Flame Length/Feet

3.0 27 35 42 48 34 6.0 6.5
6.0 24 30 357 42 48 52 5.7
9.0 22 28 34 319 44 48 52
12.0 1.8 24 29 33 37 4.1 4.4
15.0 10 13 168 19 21 <23 23
18.0+ 00 00 00 00 00 00 00

*MEANS YOU HIT THE WIND LIMIT,

B-111



TABLE 67: FUEL MODEL 11—60% SLOPE

Fuel Midfame Wind, mi‘h
Moisture
(l-Hour) | 0. 2. 4. & 8. 10 12,
Rate of Spread/Chains per Hour
30 5 7 0 13 17 20 24
6.0 4 [ 9 - 14 17 19
9.0 4 5 ) 10 12 14 17
12.0 3 4 ] & 10 1 13
15.0 2 2 3 4 5 *5 "5
18.0+ 0 0 0 0 0 0 1]

Flame Length/Feet

3.0 33 40 46 52 57 63 67
6.0 29 35 40 46 30 55 59
9.0 27 32 37 42 47 51 55
12.0 23 37 31 35 39 43 46
15.0 13 15 1.8 20 22 23 23
18.0+ 00 00 00 00 00 00 00

*MEANS YOU HIT THE WIND LIMIT.
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TABLE 68: FUEL MODEL 11—90% SLOPE

Fuel Midflame Wind, mi‘h
Moisture
{l1-Hour) | 0. 2. 4 & ) 0. 12,
Rate of Spread/Chains per Hour
30 11 13 16 19 22 26 29
6.0 9 11 13 16 18 21 24
9.0 8 9 11 14 16 18 21
12.0 6 7 9 11 13 15 17
15.0 3 4 *5 =5 *5 5 =5
18.0+ 0 0 0 0 0 0 0

Flame Length/Feet

3.0 47 51 56 61 66 T0 0 T4
6.0 4.1 45 49 54 38 61 6.5
9.0 38 41 45 49 53 57 6.0
12.0 32 35 38 42 45 48 5l
15.0 1.8 20 22 23 23 23« 23
180+ | 00 00 00 00 00 00 00

*MEANS YOU HIT THE WIND LIMIT.
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TABLE 6. FUEL MODEL 12—0% SLOPE

Fuel Midflame Wind, mi‘h

Muoisture

(1-Hour) | 0. 2. 4. & B 0. 12,

Rate of Spread/Chains per Hour

30 2 7 13 20 27 i4 42
6.0 1 6 11 16 22 27 33
9.0 1 5 9 14 19 24 29
12.0 1 4 8 12 17 21 26
15.0 1 4 7 11 15 19 23
18.0 1 3 & ) 11 15 18
21.0 0 2 3 3 7 9 11

Flame Length/Feet

3.0 33 63 B3 O103 1LE 132 144
6.0 28 54 73 BE 1001 113 124
9.0 6 50 67 H1 93 103 113
12.0 24 47 63 T4 8.7 97 106
15.0 22 43 57 6% 7% B9 97

18.0 1.9 35 47 57 66 T4 81
21.0 1.2 23 31 37 42 47 52
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TABLE T0: FUEL MODEL 12—30% SLOPE

Fuel Midflame Wind, mi'h

Muoisture

(I-Howr) | 0. 2. 4. 4. 8. 10. 1%

Rate of Spread/Chains per Hour

30 4 9 6 22 29 37 44
6.0 3 8 13 18 24 29 33
9.0 3 7 11 16 21 26 31
12.0 3 6 10 14 18 23 27
15.0 2 5 9 12 16 20 24
18.0 2 4 7 10 13 16 19
21.0 1 2 - B B 9 11

Flame Length/Feet

30 51073 92 109 123 136 148
6.0 43 63 79 93 106 117 127
9.0 40 57 72 BS 97 107 1.6
12.0 37 54 68 B0 S0 100 109
15.0 J4 49 62 T3 83 92 101
18.0 28 41 52 61 69 76 83
21.0 1.8 26 33 39 44 4% 53
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TABLE T1: FUEL MODEL 12—45% SLOPE

Fuel Midflame Wind, mi‘h

Muoisture

(1-Hour) | 0. 2. 4 . 8. 10. 12,

Rate of Spread/Chains per Hour

3.0 T 13 19 s 33 40 47
6.0 6 10 15 21 26 32 I8
9.0 5 09 13 g 23 28 33
12.0 5 8 12 6 20 25 29
15.0 4 7 10 14 18 22 26
18.0 i 3 g i1 14 17 20
21.0 2 3 5 7 8 10 12

Flame Length/Feet

3.0 6.5 83 100 115 129 141 153
6.0 6 72 86 99 111 1201 131
9.0 50 66 79 91 100 111 120
12.0 48 62 74 8.5 95 104 113
150 |44 56 64 78 &7 95 103
180 |36 47 56 64 72 79 85
210 |23 30 36 41 46 51 55
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TABLE 71 FUEL MODEL 12—60% SLOPE

9 13 16 20 24 28
7 13 16 19 22
4 b 8 9 1 13

18.0
21.0

Fuel Midilame Wind, mi‘h
Muoisture
{(1-Hour) | 0. 2. 4 & B, 0. 12
Rate of Spread/Chains per Hour
30 12 17 23 30 37 44 52
6.0 10 14 19 24 30 k1 42
9.0 B 12 16 21 26 31 36
12.0 7 11 15 19 23 28 32
15.0 [i]
5
3

Flame Length/Feet

0 81 95 1L1 124 137 149 160
6.0 00 82 95 107 1L7 127 137
0.0 64 75 BT 98 107 117 115
12.0 60 70 B2 92 101 109 118
15.0 535 65 74 84 92 100 107
18.0 45 54 62 69 76 B3 8O
21.0 29 34 40 45 4% 53 57
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TABEL 73 FUEL MODEL 12—90% SLOPE

Fuel Midflame Wind, mih
Moisture
(l-Hour) | 0. 2. 4 & 8. 10, 12,
Rate of Spread/Chains per Hour

30 25 3 30 43 30 57 o4
6.0 20 24 29 34 40 46 32
9.0 17 21 25 30 35 40 45
12.0 15 19 23 27 31 36 40
15.0 13 16 20 23 27 il 35
18.0 m 13 15 18 21 24 28
21.0 i) 8 9 11 13 15 17

Flame Length/Feet

30 11.3 124 135 146 157 167 170.7
6.0 9.7 106 116 125 134 143 151
4.0 8.9 97 1046 115 123 131 139
12.0 B4 91 100 108 116 123 13.0
15.0 76 B3 91 9% 105 112 119
18.0 6.3 69 75 82 BB 9.3 9.9
21.0 41 45 49 53 58 60 63

B-118



TABLE T4: FUEL MODEL 13—0% SLOPE

Fuel Midlame Wind, mi‘h

Moisture

(1-Hour) | 0. 2. 4. 6. 8. 10. 12

Rate of Spread/Chains per Hour

3.0 29 16 24 33 42 51
6.0 27 13 19 26 i3 40
9.0 2 6 11 16 22 25 34
12.0 1 3 10 14 20 25 30
15.0 1 5 9 13 18 22 27
18.0 1 4 8 12 16 20 24
21.0 1 3 ] 9 13 17 21

Flame Length/Feet

30 46 84 112 135 155 173 189
6.0 39 71 95 115 132 147 16
a.0 35 64 B85 103 118 132 144
120 (3.2 59 7% 96 110 123 134
150 |31 56 75 90 104 116 127
180 |29 52 70 8B5S 97 108 119
210 |26 47 63 T6 BT 97 106
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TABLE 75: FUEL MODEL 13—30% SLOPE

Fuel Midflame Wind, mi/h

Moisture

(1-Hour) | 0. 2. 4. &, 8, 10. 12,

Rate of Spread/Chains per Hour

3.0 [ 1219 27 36 45 54
6.0 4 9 15 22 29 k1 43
9.0 4 8 13 18 24 30 36
12.0 3 7 12 16 21 27 iz
15.0 3 il 10 15 19 24 29
18.0 3 & 9 13 17 22 26
21.0 2 5 # 11 15 19 22

Flame Length/Feet

3.0 6.8 9.7 122 143 162 179 193
6.0 58 82 103 121 137 152 165
9.0 52 74 92 109 123 1346 148
12.0 4% 69 H6 101 115 127 138
15.0 46 65 82 96 108 120 13.1
18.0 43 61 T6 0 90 101 112 122
21.0 38 54 68 BD 91 100 1089
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TABLE 76: FUEL MODEL 13—45% SLOPE

Fuel Midflame Wind, mih

Moisture

(1-Howr) | 0. 2 4, &, 8. 10, 12,

Rate of Spread/Chains per Hour

3.0 1 16 23 31 40 49 58
6.0 8 13 19 25 32 39 46
9.0 6 11 16 21 27 3k 3
12.0 6 o9 14 19 24 29 35
15.0 5 9 13 17 22 26 31
18.0 5 8B 11 15 19 24 28
21.0 4 7 10 13 17 20 24

Flame Length/Feet

3.0 8.8 1.1 133 152 17.0 186 20.1
6.0 75 94 113 129 144 158 171
a.0 6.7 B4 1001 116 129 142 153
12.0 62 79 94 108 108 132 143
15.0 39 74 89 102 114 125 135
18.0 55 69 83 95 106 117 126
21.0 49 62 74 8BS 9.5 104 113
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TABLE 77:

FUEL MODEL 13—60% SLOPE

Fuel Midflame Wind, mih
Moisture
(l-Hour) | 0. 2. 4. & 8. 10. 12
Rate of Spread/Chains per Hour
30 15 21 29 37 46 34 63
6.0 1217 23 29 36 43 a0
9.0 m 14 19 25 31 7 43
12.0 9 13 17 22 27 32 38
15.0 8 12 16 20 25 29 34
18.0 7 14 13 22 26 31
21.0 1] Q 12 15 19 23 26
Flame Length/Feet
30 109 128 147 164 181 196 210
6.0 92 108 124 139 153 166 178
9.0 83 97 1.1 125 137 149 160
12.0 77090 104 116 128 139 149
15.0 73 85 98 110 1201 131 1411
18.0 68 80 92 103 113 123 132
21.0 61 71 B 92 1001 110 118

B-122



TABLE 78: FUEL MODEL 13—%0% SLOPE

Fuel Midflame Wind, mi'h
Moisture
il-Hour) | 0. 2. 4. . -3 10. 12,
Rate of Spread/Chains per Hour

30 31 37 45 55 a2 T0 79
6.0 25 3 36 42 49 56 63
9.0 2125 3 3% 4] 47 53
12.0 19 22 27 32 37 42 47
15.0 17 20 24 29 33 38 43
18.0 s 18 22 26 30 34 38
21.0 13 16 19 22 26 29 i3

Flame Length/Feet

30 152 165 179 94 207 221 233
6.0 12.9 140 152 164 176 187 198
9.0 1.5 125 136 147 158 168 177
12.0 10,7 117 127 137 147 156 163
15.0 10.2 1.1 120 130 139 148 156
18.0 95 103 112 121 130 138 146
21.0 5 92 100 109 116 124 131
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