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Abstract

This publication presents tables on the behavior of fire and the resistance of
fuels to control. The information is to be used with the photos in the publi-
cation, "Photo Series for Quantifying Forest Residues in the Coastal Douglas-fir--
Hemlock Type, Coastal Douglas-fir--Hardwood Type" (USDA For. Serv. Gen. Tech. Rep.
PNW-51, 1976, by Wayne G. Maxwell and Franklin R. Ward).

KEYWORDS: Fire behavior (forest), fire management, fire spread.

~Metric Conversion

To change to multipiy by:
Mites per hour kilometers per hour 1.6093
Chains meters 20.12
Feet meters 0.3048
Acres hectares 0.4047

Species List

Douglas- fir Pseudotsuga menziesii (Mirb.) Franco
ponderosa pine Pinus ponderosa Dougl. ex Laws.
western hemlock Tsuga heterophylla (Raf .) Sarg.




Timber harvest and silvicultural practices— aswell as natural phenomena, such as
windthrow, ice damage, ana wiidfire- -often leave undesirable amounts of forest
residues. The forest manager must set [imits on the amount of residues and fire
hazara tnat are consistent with resource management objectives.

Photo series have been pubiished as an inventory tool to assess fuel ioadings by
size cliass in several forest types. The photos are used to translate visual images
to quantities (tons per acre) so the manager can describe the residue that should
be retained to meet environmental concerns and goals of a particular specialty.
The photos also proviae a starting point for assessing fire hazard.

This publication presents tables for predicting rate of fire spread, flame length,
and resistance of fuei to control for each residue condition depicted by the photo
series for the coastai Douglas-fir--hemlock and coastal Douglas-fir--hardwood
types (Maxwell and Ward 1976). Fire behavior estimates are based solely on
measured fuel ioadings in the 1/4- to 3-inch diameter range. All other inputs to
a wathematical fire spread model (Rothermel 1972), including depth of fuel bed

ana l-nour timelag (0- to l/4-inch diameter) loading, are generated by assuming
similarity of tne fuel bed to a stylized fuel model. Packing and surface-to-volume
ratios were derived by interpolation between models. Foliage and litter loadings
are reflected 1n the i-hour timelag fuel loading. No live or coarse (greater than
3-inch diameter) fuels are considered.



Two sets of ruel models are in widespread use for fire planning and hazard
appraisal--Northern Forest Fire Laboratory (NFFL) and National Fire-Danger Rating
(NFDR) models. Tne NFFL models (Aibini 1976) are also used for forecasting
behavior of wildfire. Generally, the slash fuel models reflect an average of
typicaLr fuei conaitions in Douglas-fir and ponderosa pine slash. The NFDR models
(Deeming et al. 1977) differ from the NFFL series mainly in that a greater
proportion of i-hour timelag fuels are present relative to '10- and 100-hour fuels
(i/4 inch vo 3 inches). Packing ratios are similar, but NFFL models have more
nearly optimum packing. Because of these differences, predictions for spread and
intensity of fire for fuels with properties of the NFDR slash models will be
siightly greater at low windspeeds--ana much greater at high windspeeds — than
fuels with the physicai properties of NFFL slash models.

A choice between using the NFFL or NFDR series of models to represent the fuel
bed in a photo from Maxweil ana Ward (1976) was based on the proportion of fine
fueirs present ana on the believabiiity of the output on fire behavior. Residues
from secona-growth timber and rea slash, because of' a greater amount of 1-hour
fuei loading, are better represented by NFDR models. Old-growth or overwintered
stasn has characteristics similar to NFFL models.

Rothermel's (1972) fire spread model is the basis for estimates of fire behavior.
The aigorithm used to estimate flame lengths for photograpns judged similar to
NDR fuel models is the same usea in the NFDR system. The fire spread model,
nowever, depends on a continuous and homogeneous fuel bed, and adjustments are
needed if those conditions do not prevail. Several fuel beds depicted in the
photo series by Maxweil and Ward (1976) were treated by fire or mechanical
crushing. Where a treatment drastically reduced depth or continuity of the fuel
ped, outputs of the model were adjusted accordingly.



Tables i-42 provide a means to quantify relative differences in fire potential
between fuel beds in a manner consistent with, but more precisely than, stylized
fuel models. The user should not expect predicted values to be exact estimates of
fire behavior on an actual fire on a specific unit. Deviations from one-half to
two times the predicted values can be expected. Even values one-fourth to four
times the actual value may occur. Deviations are also possible if the fuel
inventory is inaccurate or if the character of the fuel bed is substantially
different from the stylized fuel model.

Spread of fire is amplified by wind and slope. Effective wind (Albini 1976) IS
the windspeed that alone would produce the same amplification as the combined

effects of wind and slope. The tables show effective wind at midflame height.
Figure 1 can be used to determine effective midflame windspeed.

Fuel moisture content s calculated by combining the three fine fuel classes so
that:

Moisture content = 0.76 X (1-hour timelag moisture)
+0.18 X (10-hour timelag moisture)
+0.06 X (100-hour timelag moisture).

Fire perimeter, area, and resistance to control are other parameters useful for
fire plannlng. Formula and graphic aids (Fire Behavior Officer's Field

Referencel) for determining perimeter and area are presented in appendix 1.
Fuel resistance to control rating, slope, and flame length adjustment factors,

'National. Interagency Fire Training Center, Marana, Arizona, 1978,
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and conversion of resistance to control rating :values to chains per hour of line
constructed by one person are presented in appendix 2.

For the approximate potential fire behavior and resistance of fuel to control for
a particular area and given weather conditions, determine the following:

. Which photo nearly matches, or which photos bracket, the area.
Rate of spread of fire and flame length (tables 1-42).
Perimeter and area of fire (from graphs and formulas in appendix 1).
Resistance of fuel to control (from tables in appendix 2).

W p

For example, if the area was represented by photo 2-DF-4-CC in Maxwell and Ward
(1976) and there was a 5-mi/h wind at midflame height, a fine fuel moisture of
4 percent, and the area was on a 20-percent slope, the following conditions would

exist:

Effective midflame wind (miles per hour)--6
Rate of spread (chains per hour)--7

Flame length (feet)--U

Perimeter growth at 1 hour (chains)--20.5

Area at 1 hour (acres)--2.6
Resistance to suppression (chains/person-hour)--1.7

If the area was bracketed by two photos, interpolate by using the respective
tables.
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Douglas-fir—-—Hemlock

Size Class 4
Clearcut

Tables 1 Through 10

(Corresponds to Photo Series 1-DF-4-CC to 10-DF-4-CC in
Maxwell and Wad 1976)
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TABLE 2-~FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 2-DF-4-CC
(FIRE BEHAVIOR INFURMATION SCALED FROM NFFL MODELS)

RATE OF SPREAD FLAME LENGTH

FUEL EFFECTIVE MIDFLAME WIND : EFFECTIVE MIDFLAME WIND
MOISTURE (MI/H) (MI/H) :
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

PERCENT CHAINS PER HOUR FEET

2 1 3 5 811 15 18 23 32 1 2 3 4 5 5 6 6 7
3 1 2 5 710 13 15 20 27 1 2 3 4 4 5 5 6 7
4 0O 2 4 6 9 11 14 18 24 1 2 3 3 4 4 5 5 6
5 0O 2 4 6 8 10 12 16 22 1 2 3 3 4 4 4 5 L]
6 0 2 4 5 7 10 12 15 21 1 2 2 3 3 " 4 4 5 5
7 0o 2 3 5 7 9111420 1 2 2 3 3 4 4 3 5
8 0 2 3 5 7 91114109 1 2 2 3 3 4 4 4 5
9 0O 2 3 5 6 8101318 1 2.2 3 3 3 4. 4 5
10 0O 1 3 4 6 7 91216 1 1 2 2 3 3 3 4 5
11 01 2 4 5 6 81014 11 2 2 3 3 3 3 4
12 01 2 3 4 5 6 8 11 1 1 1 2 2 2 3 "3 3
13 01 1:2 3 3 4 5 7 "0 1 1 1 1 2 2 2 2
14 0O 0 0 1 1 1 1 2 2 0O 0 0 0 O 1 1 1 1
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TABLE 4-=FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 4-DF-4-CC
(FIRE BEHAVIOR INFORMATION SCALED FROM NFFL ®ODELS)

e S o e " s W T e iy Y S iy > - - — > G . S " T e o T T e e Y e U R e A S D S . T L B D D S T S . — —— ————— -

RATE OF SPREAD FLAME LENGTH
FUEL ~ EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND
MOISTURE (MI/H) (HI/H)
0 2 4 6 8 10 12 14 16 0 2 &4 6 3 10 12 14 16
PERCENT CHAINS PER HOUR . FEET
2 1 4 8 12 16 20 25 32 44 2 4 5 6 7 a 8 9 11
3 1 3 7 1014 17 21 27 30 2 3 4 5 6 7 7 010
4 1 3 -9 12 15 19 24 33 1 3 4 5 6 6 7 8 9
5 1 3 5 811 14 17 22 30 1 3 4 4 5 6 6 7 8
6 1 3 5 8 10 13 16 21 28 1 3 4 45 ° 6 4 7 8
7 1 2 5 710 12 15 19 27 1 3 3 4 5 5 6 7 8
8 1 2 4 7 9 1°2 14 16 26 1 2 3 4 5 5 6 6 7
9 0O 2 4 6 9 11 14 18 24 1 2 3 4 4 5 6 6 7
10 0 2 4 6 8 11 13 16 23 1 2 3 4 4 5 5 6 7
11 0O 2 4 6 8 10 12 15 21 1 2 3 3 4 4 5 5 6
12 0 2 3 5 7 8 10 13 18 1 2 3 3 ¢4 4 4 5 b
13 0 1 3 4 5 7 8 11 15 1 2 2 3 3 3 4 4 5
14 0 1 2 3 4 5 6 710 1 1 2 2 2 2 3 3 3
15 0O 0 1 1 2 2 3 3 5 0 1 1 1 1 1 1 1 2
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TABLE 5-=FIRE BEHAVIOR AND CUNTROL INFGRMATION FOR PHOTO 5-DF-4~CC
(FIRE BEHAVIOR INFORMATION SCALED FROM NFFL MODELS) °
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RATE OF SPREAD FLAME LENGTH
FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND
MOISTURE (MI/H) (MI/H)
0 2 &4 6 8 10 12 14 1lo 0 2 4 6 8 10 12 14 16
PERCENT CHAINS PER HOUR FEET
2 1 3 5 8 10 13 16 21 29 1 2 3 . 4 4 5 5 6 7
3 0O 2 4 7 9 11 14 18 25 1 2 3 3 4 4 5 5 6
4 0O 2 4 6 8 10 12 16 22 1 2 2 3 3 4 4 5 5
5 0 2 3 5 7 9111520 1 2 2 3 3 4 4 4 5
6 0 2 3 5 7 91114109 1 2 2 3 3 3 4 4 5
7 0 2 3 5 7 8101318 1 2 2 3 3 3 4 4 5
a 0 1 3 5 6 0101217 1 1 2 2 3 3 4 4 5
9 0O 1 3 4 6 7 91216 11 2 2 3 3 3 4 4
10 0 1 2 4 5 7 01014 1 1 2 2 3 3 3 3 4
11 0 1 2 3 4 6 7 912 1 1 2 2 2 2 3 3 4
12 0o 1 2 2 3 4 5 7 9 o 1 1 1 2 2 2 2 3
13 0O 0 1 1 2 3 3 4 6 0 1 1 1 1 1 1 1 2
14 0O 0 0 0 O 0 0 1 1 0O 0 0 0 O 0 0 0 0
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TABLE 7=--FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 7-DF-4-CC
(FIRE BEHAVIOR INFORMATION SCALED FROM NFFL MODELS)

RATE OF SPREAD FLAME LENGTH
FUEL EFFcCTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND

MOISTURE (MI/H) (MI/H)
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

PERCENT CHAINS PER HOUR FEET
2 1 4 8 12 16 21 25 33 45 2 4 5 6 7 8 "9 1011
3 1 3 7 10 14 1% 22 26 39 2 3 4 5 6 7 8 910
4 1 3 6 9 12 16 19 25 34 2 3 4 5 4 6 7 8 9
5 1 3 5 811 14 18 23 31 1 3 4 5 5 6 7 7 9
6 1 3 5 811 13 16 21 29 1 3 & 4 5 b 6 7 8
7 1 2 5 7 10 13 16 20 27 1 3 4 4 5 5 6 7 8
8 1 2 5 7 9 12 15 19 26 1 3 3 &4 5 5 6 7 8
9 1 2 4 7 9 12 14 18 25 1 2 3 4 5 5 6 6 7
10 0 2 4 6 8 11 13 17 23 1 2 3 4 4 5 5 6., 7
11 0 2 4 o 8 10 12 15 21 1 2 3 4 4 5 5 6 7
12 0o 2 3 5 7 9111429 1 2 3 3 4 4 5 5 b
13 0 1 3 4 6 7 91115 1 2 2 3 3 3 e - 4 5.
14 0 1 2 3 4 5 6 8§11 1 1 2 2 2 3 3 3 4
15 O 0 1 1 2 2 3 4 5 0 1 1 1 1 1 1 2 2




TABLE B=-=FIRE BEHAVIOR AND CONTROL INFORMATION FCR PHOTO 8-DF-4-CC
(FIRE BEHAVIOR INFORMATION SCALED FROM NFFL MODELS)

HATE OF SPREAD FLAME LENGTH
FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND

MOISTURE (MI/H) : (MI/H)
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

PERCENT CHAI NS PER HOUR FEET.
2 1 3 7 10 14 17 21 27 38 2 3 4 5 6 6 7 8 9
3 1 3 6 9 12 15 18 23 32 1 3 4 4 5 6 6 7 8
4 1 3 5 & 10 13 16 21 29 1 2 3 4 5 5 6 6 7
5 1 2 5 7 9 12 15 19 26 1 2 3 4 4 5 5 6 7
6 0O 2 4 6 9 11 14 18 24 1 2 3 4 4 5 5 6 7
7 0O 2 4 b 8 11 13 17 23 1 2 3 3 4 4 5 5 6
8 0O 2 4 6 8 10 12 16 22 1 2 3 3 4 4 5 5 6
9 0O 2 4 6 8 10 12 15 21 1 2 3 3 4 4 5 5 6
10 0 2 3 5 7 9 11 14 19 1 2 3 3 4 4 4 5 6
11 0 2 3 5 6 8101217 1 2 2 3 3 4 4 4 5
12 01 2 4 5 7 81014 1 1 2 23 3 3 4 4
13 0 1 2 3 4 5 6 811 1 1 1 2 2 2 3 " 3 3
le 0O 1 1 2 2 3 3 4 6 0 1 1 1 1 1 "1 2 2
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TABLE
(FIRE BEHAVIOR
RATE OF SPREAD
FUEL EFFECTIVE MIDFLAME WIND
MOISTURE (MI/H)
0 2 4 6 3 10
PERCENT CHAINS PER HOur
2 1 4 7 11 15 19
3 1 3 6 10 13 17
4 1 3 6 3 12 15
5 1 3 5 8 11 13
b i1 2 5 7 10 13
7 1 2 4 7 9 12
8 o 2 4 7 9 11
9 0O 2 4 6 8 11
10 0 2 4 6 8 10
11 0 2 3 5 7 9
12 0 2 3 4 6 8
13 0 1 2 4 5 6
14 0O 1 2 2 3 4
15 0o o 1 1 1 1
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9-=FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 9-DF-4-CC
INFORMATION SCALED FROM NFFL MODELS)

- — . ———— - —————— . — ——— - T T - D > - — > . —— - > W - . . - Sy W - -

FLAME LENGTH

EFFECTIVE MIDFLAME WIND
(MI/ZH)
2 4 6 8 10 12 14 16

FEET
3 5 6 7 7 8 910
3 4 5 6 6 7 8 9
3 4 5 5 6 6 7 8
3 4 4 5 5 6 7 8
2 3 4 » 5 6 6 7
2 3 4 5 5 6 b 7
2 3 4 4 5 5 6 7
2 3 4 4 5 5 6 7
2 3 4 4 5 5 6 6
2 3 3 4 4 5 5 6
2 2 3 3 4 . 4 5 5
1 -2 2 3 3 3 4 4
1 1 2 2 2 2 - 3 3
0 0 1 1 1 1 1 1
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TABLE 10--FIRE BEHAVIOR AND CONTROL INFORMATION FUR PHOTO 10-DF-=4-CC
(FIRE BEHAVIOR INFORMATION SCALED FROM NFFL MODELS)

- - - - —

- —— T - Dy - D > D = — - — i ———— - -

FUEL EFFECTIVE MIDFLAME WINO EFFECTIVE MIDFLAME WIND
MOISTURE (MI/H) (MI/H)
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
PERCENT CHAINS PER HOUR FEET
2 1 4 7 1115 19 23 29 40 2 3 6 5 6 7 8 910
3 1 3 6 9 12 16 19 25 35 1 3 4 5 5 6 7 8 9
4 1 3 5 a1ll 14 17 22 31 1 3 4 4 5 6 6 7 8
5 I 25 710 13 16 20 28 1 2 3 4 5 5 6 b 7
6 1 2 5 7 9 12 15 19 26 1 2 3 4 4 5 S 6 7
7 0 2 4 7 9 11 14 1bv 25 1 2 3 4 4 5 5 6 7
8 0O 2 4 6 9 11 13 17 24 1 2 3 4 4 5 5 6 7
9 0 2 4 6 8 10 13 16 22 1 2 3 4 4 5 5 6 6
10 0O 2 4 5 7 10 12 15 21 1 2 3 3 4 4 5 5 6
11 0 2 3 5 7 9111319 1 2 3 3 4 4 4 5 b
12 0 1 3 4 6 7 9 1116 1 2 2 3 3 3 4 4 5
13 0 1 2 3 4 6 7 91 2 1 1 2 2 2 3 3 3 4
14 61 1 2 3 3 4 5 7 0 1 1 1 2 2 2 2 3
15 0O 0 0 0 1 1 1 1 2 0O 0 0 0 O 0 0 l 1
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Douglas-fir-—Hemlock
Size Class 4

Partial Cut
Tables 11 Through 10

(Corresponds to Photo Series 1-DF-4-PC t0 9-DF-4~pPC in
Maxwerl and Wara L976)
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TA3LE 12--FIRE BEHAVIOR AND CONTROL

INFORMATION FDR PHOTD 2- DF-4-PC

(FIRE BEHAVIOR INFORMATION SCALED FROM NFDR MODELS)
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TABLE 14--FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 4=DF=4-P(
(FIRE BEHAVIOR INFORMATION SCALED FRUM NFFL MODELS)

RATE OF SPREAD FLAME LENGTH

FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME  WIND

MOISTURE (MI/H) (MI/H)

0 2 4 6 3 10 12 14 16 0 2 4 6 8 10 12 14 16

PERCENT CHAINS PER HOUR. FEET
2 1 3 6 912 16 19 25 34 1 3 4 45 6 6 7 8
3 1 3 5 811 14 17 21 30 1 2 3 45 5 6 6 7
4 1 2 5 7 9 12 15 19 26 1 2 3 4 4 5 5 6 7
5 0 2 4 6 9 11 13 17 24 1 2 3 3 4 4 5 5 6
6 0 2 4 6 8 10 13 16 22 1 2 3 3 4 4 5 5 6
7 0O 2 4 6 8 10 12 15 21 1 2 3 3 4 4 4 5 6
8 0 2 3 5 7 9111520 1 2 2 3 3 4 4 5 6
9 0 2 3 5 7 91114109 1 2 2 3 3 4 4 5 5
10 0 2 35 6 8101317 1 2 2 3 3 4 4 &% -5
11 0 1 3 46 7 91115 112 2 3 3 3 4 4
12 0 1 2 3 4 6 7 9 12 112 2 2 3 3 3 4
13 0 1 1 2 3 4 5 €& 9 01 1 1 2 2 2 2 3
14 00 1 1 1 2 2 3 4 001 1 1 1° 1 1 1




INFORMATION FER PHOTO 5-DF-4-PC

TABLE 15--FIRE BEHAVIOR AND CONTROL

FLAME LENGTH

RATE OF SPREAD

EFFECTIVE MIDFLAME WIND

EFFECTIVE MIDFLAYE WIND

FUEL

(MI/H)

(MI/H)

MOISTURE

10 12 14 16

8

8 10 12 14 16

6

- - -

FEET

CHAINS PER HOUR

PERCENT
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TABLE 16--FIRE BEHAVIOR AND CONTROL INFORMATIUN FUR PHOTO 6-0F-4-PC
(FIRE BEHAVIOR INFORMATION SCALED FROM NFDR MODELS)

———— - —— - . . T T T o o g b T . 0 " S e s W T e R " e S > e - "

FLAME LENGTH

FUEL EFFECTIVE MIDFLAME WIND
MCISTURE (MI/H)
0 2 4 o 8 10 12 14
PERCENT CHAINS PER HOU!?
2 1 5 1117 24 31 38 50
3 1 5 9 15 21 27 34 44
4 1 4 8 13 19 24 30 40
5 1 4 8 12 17 22 27 36
6 1 3 711 15 20 25 33
7 1 3 6 10 14 19 23 30
8 1 3 6 913 17 22 23
9 1 3 6 913 16 20 27
10 1 3 5 912 16 19 26
11 1 3 5 8 11 15 19 24
12 1 2 5 8 11 14 18 24
13 1 2 5 8 11 14 17 23
14 1 2 5 710 13 17 22
15 1 2 4 7 10 13' 16 21
16 1 2 4 7 9 12 15 20
17 0O 2 4 6 9 11 14 19
18 0 2 4 6 8 11 13 17
19 0O 2 3 5 7 10 12 16
20 0O 1 3 5 7 8 11 1420
21 0 1 2 4 6 7 91 2
22 0 1 2 3 4 6 7 9
23 o 1 1 2 3 4 5 7
24 0o o0 1 1 2 2 3 3

OCQOOFRPRRPRRERPRRPRERPFEENNNNNDNDNDOLDWWW

EFFECTIVE MIDFLAME
(MI/H)
2 4 6 8 10 12
FEET
6 9 11 13 14 16
6 8 10 11 13 14
5 7 910 12 13
5 7 8 10 11 12
4 6 3 9 10 11
4 6 7 O 9 10
4 5 6 8 9 9
4 5 6 7 8 9
3.5 6 7 7 8
3 4 5 6 7 8
3 4 5 6 7 7
3 4 5 5 6 7
2 3 4 3 6 6
2 3 4 5 5 6
2 3 4 4 5 5
2 3 3 4 4 5
2 2 3 3 4 4
2 2 3 3 3 4
1 2 2 3 3 3
1 2 2 2 2 3
1 1 1 2 2 2
1 1 1 1 1 2
0 0 1 1 1 1

e
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TABLE 17--FIRE BEHAVINR AND CONTROL INFOKYATION FOR PHOTO 7-DF-4-PC
(FIRE BEHAVIGR INFORMATION SCALED FROM NFFL MODELS)

- - —— ——— - —— - ——— - -~ ——— . D - ——— - T —— - D W W - = . —— " -

RATE OF SPREAD FLAME LENGTH
FUEL EFFECTIVE MIDFLAME WIND ’ EFFECTIVE MIDFLAME WIND

MOISTURE (MI/H) (MI/H)
0 2 4 6 8 10 12 14 16 0 2 &« 6 8 10 12 14 16

PERCENT CHAINS PER HOUR FEET
2 1 3 7 10 14 18 22 28 39 2 3 4 5 6 7 7 8 9
3 1 3 6 912 15 19 24 33 1 3 4 5 5 6 6 7 8
4 1 3 5 8 11 14 17 21 29 1 3 3 4 5 5 6 7 8
5 1 2 5 710 12 15 19 27 1 2 3 4 4 5 5 6 7
6 0 2 4 7 9 12 14 18 25 1 2 3 4 4 5 5 6 7
7 0 2 4 6 9 11 13 17 24 1 2 3 4 4 5 5 6 7
a 0O 2 4 6 8 10 13 16 23 1 2 3 3 4 4 5 6 6
9 0O 2 4 6 8 10 12 16 21 1 2 3 3 4 4 5 5 6
10 0 2 3 5 7 9111420 1 2 3 3 4 4 4 5 6
11 0 2 3 5 & 8 10 13 18 1 2 2 3 3 4 4 5 5
12 0 1 3 4 5 7 8 11 15 1 2 2 2 3 3 4 4 5
13 0 1 2 3 4 5 6 & 11 1 1 2 2 2 3 3 3 4
14 o1 1 2 2 3 4 5 6 0 1 1 1 1 2 2 2 2
15 0O 0 0 0 O 0 0 0. 1 0O 0 0 0 O 0] 0 0O .0



TABLE 18--FIRE EEHAVIOR AND CONTROL INFORMATION FOR PHOTO 8-DF-4-PC

FUEL
MOISTURE

D 10— — —— — —— — - - - - ————

PERCENT

N UOIThwWN

10

12
13
14

clelolololololoNokol ol i

EFFECTIVE MIDFLAME WIND

HFEREERENNNDNDNDNDNNNDOW W

(FIRE BEHAVIOR INFORMATION SCALED FROM NFFL MODELS)

FLAME LENGTH

EFFECTIVE MIDFLAME WIND

{MI/H) (MI/H)
4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

CHAINS PER HOUR FEET
7 10 14 17 21 27 38 2 3 4 5 6 6 7 8 9
6 9 12 15 18 23 32 1 3 4 4 5 6 6 7 8
5 810 13 16 21 29 1 2 3 4 5 5 6 6 7
5 7 9 12 15 19 26 1 2 3 4 4 5 5 6 7
4 6 9 11 14 18 24 1 2 3 4 4 5 5 6 7
4 6 8 11 13 17 23 1 2 3 3 4 4 5 5 6
4 6 8 10 12 16 22 1 2 3 3 4 4 5 5 6
4 6 8 10 12 15 21 1 2 3 3 4 4 5 5 6
3 5 7 91114109 1 2 3 3 4 4 4 5 6
3 5 6 8101217 1 2 2 3 3 4 4 4 5
2 4 5 7 81014 1 1 2 2 3 3 3 4 4
2 3 4 5 6 811 1 1 2 2 2 2 3 3 3
1 2 2 3 3 4 6 0O 1 1 1 1 1 2 2 2
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RE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 9-DF=-4-=P(

FLAME LENGTH

EFFECTIVE MIDFLAME WIND
(MI/R)
2 4 6 8 10 12 14 16
FEET
2 3 3 4 5 5 6 6
2 3 3 4 4 4 3 6
2 2 3 3 4 4 4 5
2 2 3 3 3 4 4 5
2 2 3 3 3 4 4 5'
1 2 2 3 3 3 4 5
1 2 2 3 3 3 4 4
1 2 2 3 3 3 4 4
1 2 2 2 3 3 3 4
1 1 2 2 2 3 3 3
1 1 1 2 2 2 2 3
1 1 1 1 1 1 1 2
0O 0 0 O 0 0 0 0

TABLE 19--FI
(FIRE BEHAVXOR INFORMATION SCALED FROM NFFL MODELS)
RATE OF SPREAD
FUEL EFFECTIVE MIDFLAME WIND
MOISTURE (MI/H)
0 2 4 6 8 10 12 14 16 ]
PERCENT CHAINS PER HOUR
2 1 2 5 710 13 16 20 28 1
3 0 2 4 6 9 11 14 18 24 1
4 0 2 4 6 8 10 12 16 22 1
5 0 2 3 5 7 9111420 1
6 0 2 3 5 7 8101319 1
7 0 2 3 5 6 8101318 1
a 0 1 3 4 6 8 91217 1
9 0 1 3 4 6 7 91116 1
10 0 1 2 4 5 6 810114 1
11 0 1 2 3 4 5 7 912 1
12 0 12 2 3 4 5 6 9 0
13 0O 01 1 2 2 3 4 5 0
14 O 0 0 0 O 0 0 0 0 0
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Douglas-fir-—-Hemlock
Size Class 3

Partial Cut
Tables 20 Through 25

(Corresponds to Photo Series 1-DF-3-PC to 6-DF-3-PC in
Maxwell and Ward 1976)
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TABLE 20--FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 1-DF-3-PC
(FIRE BEHAVIOR INFORMATION SCALED FROM NFFL MODELS)

RATE OF SPREAD FLAME LENGTH
FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND

MDISTURE (MI/H) (MI/ZH)
0 2 4 & 8 10 12 14 16 0 2 4 6 8 10 12 14 16

PERCENT CHAINS PER HOUR FEET
2 0 2 3 5 7 9 11 1% 26 1 1 2 2 3 3 3 4 4
3 0 1 3 4 6 8101217 1 1 2 2 2 3 3 3 4
4 0 1 3 4 5 7 91115 1 1 2 2 2 2 3 3 3
5 0 1 2 4 5 6 8 10 14 0 1 1 2 2 2 2 3 3
6 0 1 2 3 5 6 71013 o 1 1 2 2 2 2 3 3
7 0 1 2 3 5 6 7 9 13 2 1 1 2 2 2 2 3 3
a 0 1 2 3 4 5 7 91 2 o 1 1 2 2 2 2 3 3
9 0 1 2 3 & 5 6 8 11 0 1 1 1 2 2 2 2 3
10 O 1 2 2 3 4 5 710 o 1 1 1 2 2 2 2 2
11 0 1 1 2 3 3 4 6 8 0 1 1 1 1 1 2 2 2
12 0 0 1 1 2 2 3 4 5 0O 0 1 1 1 1 1 1 1
13 O 0 0 0 1 1 1 1 2 0O 0 0O OO 0 0 3 1
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TABLE 21--FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 2-DF=3-PC
(RATE OF SPREAD ESTHN MATES ARE ONE—HALF OF NFFL CONTENUOUS
SLASH MODEL)

- - —cn O - - - -

RATE OF SPREAD FLAME LENGTH

FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND
MOISTURE (MI/H) {MI/H)
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
PERCENT CHAINS PER HOUR FEET
2 0 1 2 3 4 5 6 812 1 1 2 2 2 2 3 3 4
3 0 1 2 3 4 5 6 710 o 1 1 2 2 2 2 3 3
4 o 1 1 2 3 4 5 € 9 o 1 1 2 2 2 2 2 3
5 0 1 1 2 3 4 5 b 0 0o 1 1 1 2 2 2 2 3
6 0O 1 1 2 3 3 4 5 8 0o 1 1 1 2 2 2 2 3
7 o 1 1 2 3 3 4 5 7 o 1 1 1 2 2 2 2 3
d O 1 1 2 2 3 4 5 7 0o 1 1 1 2 2 2 2 2
9 o 1 1 2 2 3 4 5 6 0 1 1 1 1 2 2 2 2
10 o o0 1 1 2 3 3 4 6 0 1 1 1 1 1 2 2 2
11 0O 01 1 2 2" 3 3 5 0 1 1 1 1 1 1 1 2
12 0o 0 1 1 1 1 2 2 3 0o 0 1 1 1 1 1 1 1
13 O 0 0 0 O 1 1 1 1 0O 0 0 0O 0 0 0 1
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TABLE 22--FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 3-Df=3-P(C
(FIRE BEHAVIOR INFORMATION SCALED FROM NFFL MODELS)

RATE OF SPREAD FLAME LENGTH
FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND

MOISTURE (MI/H) {MI/H)
0O 2 4 6 8 10 12 14 16 0O 2 4 6 8 10 12 14 16

PERCENT CHAINS PER HOUR FEET
2 O 2 4 6 8 11 13 17 24 1 2 2 3 3 4 4 4 5
3 0O 2 3 5 7 9111520 1 1 2 2 3 3 4 4 5
4 0 2 3 5 6 8101318 1 1 2 2 3 3 3 4 4
5 0 1 3 4 6 8 91217 1 1 2 2 2 3 3 3 4
6 0 1 3 4 6 7 91116 1 1 2 2 2 3 3 3 4
7 0O 1 3 4 5 7 81115 1 1 2 2 2 3 3 3 4
8 0 1 2 4 5 6 81014 1 1 2 2 2 2 3 3 4
9 0 1 2 3 5 6 7 91 3 1 1 1 2 2 2 3 3 3
10 0 1 2 3 4 5 6 811 O 1 1 2 2 2 2 3 3
11 O 1 2 2 3 4 5 7 9 O 1 1 1 2 2 2 2 3
12 o 1 1 2 2 3 4 5 7 0 1 1 1 1 1 1 2 2
13 0O 0 0 1 1 1 2 2 3 0O 0 0 0 1 1 1 1 1




TABLE 23--FIRE BEHAVIOR AND CONTROL INFORMATION FUR PHOTO 4- OF- 3- PC
(RATE Of SPREAD ESTIMATES ARE ONE-HALF OF NFFL CONTINUOUS
SLASH MODEL)

RATE OF SPREAD FLAME LENGTH

FUEL EFFECTIVE MIDFLAME WINO EFFECTIVE MIDFLAME WIND
MOISTURE (Ml /1) {MI/H)
0O 2 4 6 8 16 12 14 16 0 2 4 6 8 10 12 14 16
PERCENT CHAINS PER HOUR FEET
2 0 1 3 4 5 7 91113 1 2 2 3 3 3 4 4 -5
3 0 1 2 3 5 6 7 913 1 1 2 2 3 3 3 4 4
4 0 1 2 3 4 5 6 8 12 1 1 2 2 3 3 3 3 4
5 O 1 2 3 4 5 6 8§ 11 1 1 2 2 2 3 3 3 4
4 0 1 2 3 4 5 6 710 1 1 2 2 2 3 3 3 4
7 0 1 2 2 3 4 5 7 9 112 2 2 " 2 3 3 4
8 01 2 2 3 . 4 5 6 9 11 2 2 2 2 3 3 3
9 o 1 1 2 3 4 5 6 8 1 1 1 2 2 2 2 3 3
10 0 1 1 2 3 3 4 5 8 o112 2 . 2 2 3 3
11 0 1 1 2 2 3 4 5 6 0 1 1 1 2 2 2 2 3
12 0o o 1 1 2 2 3 4 5 o1 1 1 1 1 2 2 2
13 0O 0 1 1 1 1 2 2 3 0O 0 1 1 1 1 1 1 1
ls 0O 0 0 0 O 0 0 0 1 0O 0 0 0 O 0 0 0 0




TABLE 24--FIRE BEHAVIOR AND CONTROL INFORMATION EOR PHJTO 5-DF=3=PC
(FIRE BEHAVIOR INFORMATION SCALED FROM NFFL MODELS)

- —— - " - — - - - - . ——— ——— - - ——

RATE OF SPREAD FLAME LENGTH
FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND

MOISTURE (4I/H) (MI/H)
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

PERCENT CHAINS PER HOUR FEET
2 1 5 9 13 18 23 28 36 50 2 4 6 7 0 9 10 11 13
3 1 4 8 12 16 20 24 31 43 2 4 5 6 7 8 91011
4 1 3 7 10 14 18 22 28 36 2 35 ' 6 7 7 8 910
5 1 3 6 9 13 16 20 25 35 2 3 4 5 6 7 7 810
6 1 3 6 912 15 18 23 32 2 3 4 5 6 6 7 8 9
7 1 3 5 38 11 14 17 22 30. 2 3 4 5 6 6 7 8 9
d 1 3 5 a1l 13 16 21 29 1 3 4 5 9 6 7 7 9
9 1 3 5 710 13 16 20 28 1 3 4 5 5 6 6 7 8
10 1 2 5 710 12 15 19 26 1 3 4 4 5 6 6 7 8
11 1 2 4 6 9 11 14 18 24 1 3 3 4 5 5 6 7 8
12 0O 2 4 6 8 10 12 16 22 1 2 3 4 4 5 5 6 7
13 0O 2 3 5 7 9 11 14 19 1 2 3 3 4 4 5 5 6
14 0 1 3 4 7 81115 1 2 2 3 3 3 4 4 5
15 0 1 2 3 3 4 5 7 9 1 1 2 2 2 2 3 3 3
16 0011~ 1 2 2 2 3 0O 0 1 1 1 1 1 1 1

- - - g —— - — — - - — - —— - i~ - — - — ——— -




34

14 16

12

(MI/H)
10
FEET

FLAME LENGTH
EFFECTIVE MIDFLAME WIND

0

le 16

12

EFFECTIVE MIDFLAME WINO
10

RATE OF SPREAD
{(MI/H)

CHAINS PER HOUR

TABLE 25=<FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 6=DF=3=PC
PERCENT

FUEL
MOISTURE
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Douglas-fir-—Hemlock
Size Class 1
Precommercial Thinning
Tables26 Through 20

(Corresponds to Photo Series 1-DF-1-TH to 4-DF-1-TH in
Maxwell and Ward 1976)
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TABLE 26~-FIRE BEHAVIOR AND CONTROL INFGRMATION FUR PHOTO 1-DF-1-TH

(FIRE BEHAVIOR

FUEL
MOISTURE

PERCENT

Ce®~NOoOvVhowrN

10
12

elei=lolelicjolojolole)

- > —— —— ——— - 2 —— o ——— — g

EFFECTIVE MIDFLAME WIND
(MI/H)
2 4 6 8 10 12 14 16

CHAINS PER HJUP

QOCOO0OQCOOrREr
CorFRRFRRRRER
ORHPRPRHERNNNN
OFR™NNNNNNWW
RPRRPNNDNODNWWWWN
PRONWWWWWNDNO

- - - —— - - —— - ———— .} I S W = i S e > S - - - G - - . — - -

—— . - - —— - —— . —— —— - - -~ —— —— —— -

INFORMATION SCALED FROM NFFL MODELS)

EFFECTIVE MIDFLAME WIND
(MI/H)
2 4 6 8 10 12 14 16

FEET
0O 1 1 1 1 1 1 2
0O 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0O 0 1 1 1 1 1 1
0 0 1 1 1 1 1 1
6 0 1 1 1 1 1 1
O 0 1 1 1 1 1 1
0O 0 o0 1 1 1 1 1
0O 0 0 O 1 1 1 1
0O 0 0 O 0 0 1 1
0O 0 0 O 0 0 0 0
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10 12 14 16
FEET

8

FLAME LENGTH

(MI/H)

EFFECTIVE MIDFLAME WIND
6

INFORMATION FUR PHOTI 2-DF-1-TH
16

(FIRE BEHAVIOR INFORMATION SCALED FROM NFOR MODELS)

" 14

12

10

RATE OF SPREAD
(MI/H)
CHAINS PER HOUR

EFFECTIVE MIDFLAME WIND

TABLE 27--FIRE SEHAVIOR AND CONTROL

FUEL
MOISTURE
PERCENT
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TABLE 28=-FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 3-DF-1-TH
(FIRE BEHAVIOR INFORMATION SCALED FROM NFDR MJJELS)

RATE OF SPREAD FLAME LENGTH
FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND

MOISTURE (MI/H) (MI/H)
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

PERCENT CHAINS PER HOUR FEET
2 1 4 81318 24 29 39 55 2 5 7 8 9 11 12 13 15
3 1 4 711 16 21 26 34 49 2 4 6 7 9 10 11 12 14
4 1 3 610 14 19 23 30 43 2 4 5 7 8 9101113
5 1 3 6 913 17 21 28 39 2 4 5 6 7 8 91012
6 1 3 5 812 15 19 25 36 2 3 5 6 7 7 8 911
7 1 2 5 811 14 18 23 33 2 3 4 5 6 7 8 910
8 1 2 5 710 13 17 22 31 1 3 4 5 6 6 7 8 9
9 1 2 4 710 13 16 21 29 1 3 4 4 5 6 7 7 9
10 0O 2 4 7 9 12 15 20 28 1 2 3 4 5 6 6 7 B
11 0 2 4 6 9 12 14 19 27 1 2 3 4 5 5 6 7 8
12 0O 2 4 6 8 11 14 18 26 12 . 3 4 4 5 5 6 7
13 0 2 4 6 8 11 13 17 25 1 2 3 3 4 5 5 6 7
14 0 2 4 6 8 10 13 17 2« 1 2 3 3 4 4 5 5 6
15 0 2 3 5 8 10 12 16 23 1 2 2 3 3 4 4 5 6
16 0 2 3 5 7 9121522 1 2 2 3 3 4 4 4 5
17 0 1 3 5 7 9111420 1 1 2 2 3 3 4 4 5
18 0 1 3 4 6 81013109 11 2 2 3 3 3 4 4
19 0 1 3 4 o6 7 91217 1 1 2 2 2 3 3 3 4
20 0 1 2 4 5 7 81115 1 1 1 2 2 2 2 3 3
21 0 1 2 3 4 6 7 913 0 1 1 1 2 2 2 2 3
22 01 2 2 3 4 5 710 0 1 1 1 1 1 2 2 2
23 0 1 1 2 2 3 4 5 7 0 0 1 1 1 1 1 1 2
24 0 0 1 1 1 2 2 3 4 0O 0 0 0O 1 1 1 1




TABLE 29=--FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 4-DF-1-TH
(FIRE BEHAVIOR INFORMATION SCALED FROM NFDR MODELS)

RATE OF SPREAD FLAME LENGTH
FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND

MOISTURE (MI/H) (MI/H)
60 2 &4 6 3 10 12 14 16 0 2 4 6 8 10 12 14 16

PERCENT CHAINS PER HOUR FEET
2 2 6 13 20 28 36 45 59 34 3 6 8 10 11 13 14 16 19
3 1 5 1118 25 32 40 52 75 3 5 7 910 12 13 14 17
4 1 5 10 16 22 29 36 47 67 2 5 6 8 9 10 12 13 15
5 1 4 9 14 20 26 32 42 60 2 4 6 7 9 10 11 12 14
6 1 4 8 1318 24 29 39 55 2 4 5 7 8 9101113
7 1 4 81217 22 27 36 51 2 4 5 6 7 8 91012
8 1 3 7 1116 20 26 33 48 2 3 5 6 7 8 81011
9 1 3 7 1115 19 24 32 45 2 3 4 5 6 7 8 910
10 1 3 6 10 14 18 23 30 43 2 3 4 5 0 7 7 810
11 1 3 6 10 14 18 22 29 41 1 3 4 5 5 6 7 8 9
12 1 3 6 9 13 17 21 28 40 1 3 4 4 5 6 6 7 9
13 1 3 6 913 16 20 27 38 1 2 3 4 5 5 6 7 8
14 1 3 5 912 16 20 26 37 1 2 3 4 4 5 6 6 7
15 1 3 5 8 12 15 19 25 35 1 2 3 4 4 5 5 6 7
16 1 2 5 8 11 14 18 23 33 1 2 3 3 4 4 5 5 6
17 1 2 5 710 14 17 22 31 1 2 2 3 3 4 4 5 6
13 1 2 4 710 13 16 20 29 1 2 2 3 3 3 4 4 5
19 0 2 4 6 9 11 14 19 26 1 1 2 2 3 3 3 4 5
20 0 2 3 5 8 10 13 16 23 11 2 2 2 3 3 3 4
21 0 1 3 5 7 9111420 1 1 1 2 2 2 2 3 3
22 0 1 2 4 5 7 81116 o 1 1 1 2 2 2 2 3
23 0 1 2 3 4 5 6 811 o 1 1 1 1 1 1 2 2
24 o o0 1 1 2 3 3 4 6 0 0 0 o0 1 1 1 1 1
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Douglas-fir—--Hardwood
Size Class4

Cfearcut
Tables 30 Through 36

(Corresponds to Photo Series 1-DFHD-4-CC to 7-DFHD-4-CC
in Maxwell and Wad 1976)
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14 16

12

(MI/H)
3 10
FEET

FLAME LENGTH
6.

EFFECTIVE MIDFLAME WIND

lé6

14

EFFECTIVE MIDFLAME WIND
12

10

RATE OF SPREAD
(MI/H)

CHAINS PER HOUR

TABLE 30--FIRE BEHAVIOR AND CUNTROL INFGRMATIUN FOR PHOTO 1-DFHD-4-CC
PERCENT

MOISTURE

FUEL
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TABLE 31--FIRE BEHAVIOR AND CONTRGL INFORMATION FUR PHATO 2-DFHD-4-CC
(RATE Of SPREAD ESTIMATES ARE ONE=HALF OF WNFFL COCNTINUGUS
SLASH MOaDEL)

RATE CF SPREAD FLAME LENGTH
FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND

MOISTURE (MI/H) (MI/H)
0 2 4 &6 8 10 12 14 16 0 2 4 6 3 10 12 14 16

PERCENT CHAINS PER #3JUR FEET
2 0 1 2 4 5 6 81014 11 2 2 3 3 3 4 4
3 0 1 2 3 4 5 7 g 12 1 1 2 2 2 3 3 3 4
4 0 1 2 3 4 5 6 710 1 1 2 2 2 2 3 3 4
5 0 1 2 2 3 4 5 7 9 1 1 1 2 2 2 3 3 3
6 0O 1 2 2 3 4 5 6 9 0 1 1 2 2 2 2 3 3
7 o 1 1 2 3 4 5 6 8 o 1 1 2 2 2 2 3 3
8 0 1 1 2 3 4 4 €& & 0O 1 1 2 2 2 2 3 3
9 0o 1 1 2 3 3 4 5 7 o 1 1 2 2 2 2 2 3
10 O 1 1 2 2 3 4 5 7 0O 1 1 1 2 2 2 2 3
11 0O 0 1 1 % 3 3 4 e 0 1 1 1 1 2 2 2 2
12 0 0 1 1 1 2 2 3 4 0 1 1 1 1 1 1 1 2
13 0O 0 0 1 1 1 1 2 2 0O 0 0 1 1 1 1 1 1

- - - - — ————— i > " T — — —— — ————— . — ]~ — — .~ —— - Y . . W A > s ——— —
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FLAME LENGTH
EFFFCTIVE MIDFLAME WIND
(MI/H)
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PERCENT

TABLE 32=-=-FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTU 3-DFHD-4-CC

MOISTURE

FUEL
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TABLE 33~--FIRE BEHA

VIOR AND CONTROL INFORMATION FOR PHOTO 4-DFHD-4-CC
(FIRE BEHAVI

OR INFORMATION SCALED FROM NFFL MODELS)

RATE OF SPREAD FLAME LENGTH

FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND
MOISTURE (MI/H) (MI/H)
0 2 4 6 B 10 12 14 16 0 2 4 6 8 10 12 14 16
PERCENT CHAINS PER HOUR FEET
2 1 3 b 313 16 20 26 36 1 3 4 5 5 6 7 7 9
3 1 3 5 & 11 14 17 22 31 1 2 3 4 5 5 6 7 8
4 1 2 5 710 13 15 20 27 1 2 3 4 4 5 5 6 7
5 0O 2 4 7 9 11 14 18 25 1 2 3 4 4 5 5 6 6
6 0 2 & 6 8 11 13 17 23 1 2 3 3 4 4 5 5 6
7 0 2 4 6 8 10 12 16 22 1 2 3 3 4 4 5 5 6
8 0O 2 4 p 8 10 12 15 21 1 2 3 3 4 4 4 5 6
9 0 2 3 5 7 9111420 1 2 2 3 4 4 4 5 6
10 0O 2 3 5 7 8 1013 18 1 2 2 3 3 4 4 5 5
11 0O 1 3 4 6 7 91216 1 2 2 3 3 3 4 4 5
12 0 1 2 3 5 6 71013 1 1 2 2 3 3 3 3 4
13 0O 1 2 2 3 4 5 7 9 O 1 1 2 2 2 2 3 3
14 c 0 1 1 2 2 3 3 5 0O 0 1 1 1 1 1 1 2




TABLE 34-=-FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 5-DFHD=4=CC
o (FIRE B8EHAVIOR INFORMATION SCALED FROM NFDR MODELS)

RATE OF SPREAD FLAME LENGTH

FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND
MOISTURE (MI/H) (MI/H)
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
PERCENT CHAINS PER HOUR FEET
2 1 5 10 16 22 29 37 48 68 5 9 12 15 17 19 21 24 28
3 1 4 9 14 20 26 32 42 60 4 8 1113 15 18 19 22 26
4 1 4 8 13 18 23 29 38 54 4 7 10 12 14 16 18 20 24
5 1 4 7 1116 21 26 34 49 3 6 9 1113 15 16 18 22
6 1 3 7 1015 19 24 31 45 3 6 810 12 13 15 17 20
7 1 3 61014 18 22 29 41 3 6 8 9 11 12 14 16 18
8 1 3 6 9 13 17 21 27 39 3 5 7 910 12 13 15 17
9 1 3 5 912 16 20 26 36 3 5 7 810 11 12 14 16
10 1 3 5 8 11 15 19 24 35 2 4 6 8 9 10 11 13 15
11 1 2 5 8 11 14 18 23 33 2 4 6 7 8 9101214
12 1 2 5 8 11 14 17 23 32 2 4 5 7 8 9101113
13 12 5 710 13 17 22 31 2 4 5 6 7 8 91012
14 1 2 4 7 10 13 16 21 30 2 3 5 6 7 8 81011
15 1 2 4 7 9 12 15 20 28 2 3 4 5 6 7 8 910
16 0 2 4 6 9 12 14 19 27 2 3 4 5 6 7 7 810
17 0 2 4 6 8 11 14 18 25 1 3 4 4 5 6 7 7 9
18 06 2 3 6 8 10 13 17 24 1 2 3 4 5 5 6 7 8
19 0o 2 3 5 7 9111521 1 2 3 4 4 5 5 6 7
20 0 1 3 4 6 81013109 1 2 2 3 4 4 4 5 6
21 0 1 2 4 5 7 91116 1 1 2 3 3 3 4 4 5
22 0 1 2 3 4 5 7 913 1 1 2 2 2 3 3 3 4
23 0 1 1 2 3 4 5 6 9 o 1 1 1 2 2 2 2 3
24 0O 0 1 1 2 2 3 3 5 0O 0 1 1 1 1 1 1 1
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TASLEL 35--FIRE BEHAVIOR AND CONTEOL INFORMATION FOR PHOTU 6-DFHD-4-C{
(FIRE BEHAVIOR INFORMATION SCALE3 FROM NFDR MQDELS)

RATE OF SPREAD FLAME LENGTH
FUEL : EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND

MOISTURE (MI/H) . (MI/ZH)
0 2 4 6 38 10 12 14 1lo 0 2 & & s 10 12 14 16

PERCENT CHAINS PER HOUR FEET
2 2 8 17 26 37 48 59 78 111 8 14 19 24 25 32 35 40 47
3 2 7 15 23 32 42 %2 69 98 7 13 13 22 25 23 32 36 42
4 2 6 13 21 23 38 47 61 37 6 12 16 20 23 26 29 33 33
5 2 612 19 26 34 42 55 79 6 11 15 14 21 24 27 30 35
6 1 5 11 17 24 31 39 51 72 5 10 14 17 20 22 25 28 33
7 1 510 16 22 29 34 47 o7 5 913 16 18 20 23 26 30
a 1 5 3 15 21 27 33 44 62 5 8 12 14 17 19 21 24 28
9 1 4 9 1419 25 32 42 59 4 8 11 13 16 13 20 22 26
10 1 4 813 19 24 30 40 56 4 710 1315 17 18 21 24
11 1 4 ada 1318 23 29 38 54 4 710 12 14 15 17 19 23
12 1 4 a 12 17 22 28 37 52 4 6 911 13 14 16 13 21
13 1 4 7 12 17 22 27 35 50 3 6 81012 14 15 17 20
14 1 4 711 16 21 24 34 48 3 & 8 10 11 13 14 16 19
15 1 3 711 1520 25 32 46 3 5 7 910 12 13 15 17
16 1 3 71014 19 23 31 44 3 5 7 8 9 11 12 13 16
17 1 3 610 14 18 22 29 41 2 4 6 7 9 10 11 12 14
18 1 3 6 913 16 20 27 38 2 4 5 7 8 9101113
19 1 3 5 811 15 19 24 35 2 3 5 6 7 8 91011
20 1 2 5 710 13 16 22 31 2 3 & 5 6 7 7 8 10
21 1 2 4 6 9 11 14 18 26 1 2 3 4 5 6 6 7 8
22 60 2 3 5 7 9 11 14 21 1 2 3 3 4 4 5 5 6
23 0 1 2 3 5 6 8 10 15 1 1 2 2 3 3 3 4 5
24 o1 1 2 3 3 4 5 a 01 1 1 1 2 2 2 2




TABLE 36--FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 7-DFHD-4-CC
(FIRE BEHAVIOR INFORMATION SCALED FROM NFDR MODELS)

- - -

RATE OF SPREAD FLAME LENGTH

FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND

MOISTURE (MI/H) (MI/H) .
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

PERCENT CHAINS PER HOUR FEET

2 2 918 28 39 51 63 83 118 9 17 24 29 34 39 43 49 57
3 2 8 16 25 34 45 56 73 104 9 16 22 27 31 35 39 44 52
4 2 7 14 22 31 40 50 66 93 8 14 20 24 28 32 36 40 47
5 2 b 13 20 28 36 45 59 84 7 13 18 22 26 29 33 37 43
6 2 6 12 18 25 33 41 54 77 7 12 17 21.24 27 30 34 40
7 1 5 11 17 24 31 38 50 71 6 1115 19 22 25 28 31 37
8 1 5 10 16 22 29 36 47 67 6 10 14 18 21 23 26 29 34
9 1 5 91521 27 34 44 63 510 13 16 19 22 24 27 32
10 1 4 9 14 20 26 32 42 60 5 912 15 18 20 22 25 30
11 1 4 9 1419 25 31 41 58 5 8 12 14 17 19 21 24 28
12 1 4 8 13 18 24 30 39 56 4 8 1113 16 18 20 22 26
13 1 4 8 1318 23 29 38 53 4 7 10 13 15 17 18 21 24
14 1 4 81217 22 28 36 51 4 7 9 12 14 15 17 19 23
15 1 4 7 1216 21 26 35 49 3 6 9 1113 14 16 18 21
16 1 3 7 1115 20 25 33 47 3 6 81012 13 15 16 19
17 1 3 7 1015 19 24 31 44 3 5 7 9 11 12 13 15 18
18 1 3 610 13 18 22 29 41 3 5 7 8110 11 12 13 16
19 1 3 6 912 16 20 26 37 2 4 6 7 8 9101214
20 1 2 5 8 11 14 18 23 33 2 4 5 6 7 8 91012
21 12 4 7 9 12 15 20 28 2 3 4 5 6 7 8 910
22 0 2 3 5 7 9121522 1 2 3 4 3 5 6 7 8
23 0 1 2 4 5 7 81116 1 2 2 3 3 4 4 5 6
24 o 1 1 2 3 4 4 6 a o 1 1 2 2 2 2 3 3
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4%

Douglas-tir--Hardwood
Size Class 4
Partial Cut

Tables 37 Through 42

(Corresponds to Photo Series 1-DFHD-4-PC to 6-DFHD-4-PC
in Maxwell and Ward 1976)
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INFORMATION FOR PHOTO 1-DFHD-4-PC
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TABLE 37-=-FIRE BEHAVIOR AND CONTROL

FUEL
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TABLE 38=-FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 2-DFHD-4-P(C
(FIRE BEHAVIOR INFORMATION SCALED FROM NFDR MODELS)

RATE UF SPREAD FLAME LENGTH
FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND

MOISTURE (MI/H) (MI/H)
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

PERCENT CHAINS PER HOUR FEET
2 1 51117 24 31 39 51 72 2 5 6 8 9 10 11 13 15
3 1 5 91521 27 34 45 64 2 4 6 7 8 9101214
4 1 4 81319 25 31 40 57 2 4 5 6 8 9 91113
5 1 4 a 1217 22 28 36 52 2 3 5 6 7 8 91012
6 1 3 711 16 20 25 33 47 2 3 4 5 6 7 8 911
7 1 3 61014 19 23 31 44 2 3 4 5 6 7 7 8 10
8 1 3 61013 18 22 29 41 1 3 4 5 5 6 7 8 .9
9 1 3 6 913 17 21 27 39 1 3 4 4 5 b 6 7 9
10 1 3 5 912 16 20 26 37 1 2 3 4 5 5 ) 7 a
11 1 3 5 812 15 19 25 35 1 2 3 4 4 5 6 6 7
12 1 2 5 811 15 18 24 34 1 2 3 4 4 5 5 6 7
13 1 2 5 811 14 18 23 33 1 2 3 3 4 4 5 6 6
14 1 2 5 710 14 17 22 31 1 2 3 3 4 4 5 5 6
15 1 2 4 710 13 16 21 30 1 2 2 3 3 4 4 5 6
16 1 2 4 7 9 12 15 20 29 1 2 2 3 3 3 4 4 5
17 0O 2 4 6 9 12 14 19 27 112 2 3 7 3 4 4 5
18 0 2 4 6 8 11 13 18 25 11 2 2 3 3 3 4 4
19 0 2 3 5 7 10 12 16 23 1 1 2 2 2 3 3 3 4
20 0 1 3 5 7 9111420 1 1 1 2 2 2 2 3 3
21 O 1 3 4 6 7 9 12.17 0 1 1 1 2 2 2 2 3
22 0 1 2 3 4 6 7 913 0 1 1 1 1 1 2 2 2
23 0 1 1 2 3 4 5 710 0O 0 1 1 1 1 1 1 1
24 0 0 1 1 2 2 3 4 5 0O 0 0 0 O 1 1 1 1




TABLE 39=--FIRE BEHAVIOR -AND CONTROL INFORMATION FOR PHOTO 3-DFHD=-4=-PC
(FIRE BEHAVIOR INFORMATION SCALED FROM NFDR MODELS)

RATE OF SPREAD FLAME LENGTH

FUEL EFFECTIVE MIDFLAME WIND © EFFECTIVE MIDFLAME WIND

MOISTURE ) (MI/H) (MIZH)

0 2 4 6 8 10 12 14 16 .0 2 4 6 8 10 12 14 16

PERCENT CHAINS PER HOUR FEET
2 1 5 10 16 23 30 37 44 69 4 7 10 12 14 16 18 20 24
3 1 4 9 14 20 26 33 43 61 3 6 9 1113 15 16 18 21
4 1 4 8 1318 23 29-3b 55 3 6 8 10 12 13 .15 17 20
5 1 4 17 12 16 21 26 35 49 3 5 7 9 11 12 13 15 18
6 1 3 7 1115 19 24 32 45 3 5 7 810 11 12 14 17
7 1 3 6 10 14 18 22 29 42 2 5 6 8 9 10 11 13 15
8 1 3 6 913 17 21 27 39 2 4 6 7 9 10 11 12 14
9 13 5 9 12 16 20 26 37 2 4 6 7 8 9 10 11 13
10 1 3 % 8 12 15 19 25 35 2 4 5 6 7 8 9 11 12
11 1 2 5 8 11 14 18 24 34 2 3 5 6 7 8 91012
12 1 2 5 8 11 14 17 23 32 2 3 4 6 6 7 8 911
13 1 2 5 710 13 17 22 31 2 3 4 5 6 7 8 910
14 1 2 4 710 13 16 21 30 1 3 4 5 6 6 7 8 9
15 12 4 7 9 12 15 20 29 1 3 4 4 5 6 7 7 9
16 0 2 4 6 12 15 19 27 1 2 3 4 5 5 6 7 8
17 0246811141826 1 2 3 4 4 5 5 6 7
18 0 2 4 6 8 10 13 17 24 1 2:3 3 4 4' 5 6 7
19 0 2 3 5 7 9121522 12 2 3 "'3 4 4 5 6
20 0 1 3 4 6 81013109 1 1 2 3 3 3 4 4 5
21 0 1 2 4 5 7 9111686 1 1 2 2 2 3 3 4 4
22 01 2 3 4 6 7 913 11 1 2 2 2 2 3 3
23 0l 1 2 3 &4 5 6 9 01 1 1 1 2 2 2 2
24 0 0 1 1 2 3 3 S 00 1 1 1 1 1 1 1




TABLE 40--FIRE BEHAVIOR AND CONTROL INFORMATION FOR PHOTO 4=DFHD=4~-PC
(FIRE BEHAVIOR INFORMATION SCALED FROM NFOR MODELS)

RATE OF SPREAD FLAME LENGTH

FUEL EFFECTIVE MIDFLAME WIND EFFECTIVE MIDFLAME WIND
MOISTURE (MI/H) (MI/H)
0 2 4 6 8 10 12 164 16 0 2 4 6 8 10 12 14
PERCENT CHAINS PER HOUR FEET
2 2 8 16 25 36 46 58 76 108 5 913 16 18 20 23 26 30
3 2 7 14 22 31 41 51 67 95 4 8 11 14 16 19 21 23 27.
4 2 6 13 20 28 37 46 60 85 4 8 10 13 15 17 19 21 25
5 2 6 1118 25 33 41 54 77 4 7 10 12 14 16 17 19 23
6 1 5111723 30 38 49 70 3 6 9 1113 14 .16 18 21
7 1 51015 21 28 35 46 65 3 6 810 12 13 15 17 20
8 1 5 91420 26 33 43 61 3 5 8 911 12 14 15 18
9 1 4 9 1419 25 31 41 58 3 5 7 910 11 13 14 17
10 1 4 8 1318 24 29 39 55 3 5 7 a 9 11 12 13 16
11 1 4 812 17 23 28 37 53 2 4 6 8 9 10 11 13 15
12 1 4 8 12 17 22 27 36 51 2 4 6 7 8 9101214
13 1 4 7 1216 21 26 34 49 2 4 5 7 8 9101113
14 1 3 7 1115 20 25 33 47 2 4 5 6 7 8 91012
15 1 3 7 11 15 19 24 32 45 2 3 5 6 7 8 0 9 11
16 1 3 6 10 14 18 23 30 43 2 3 4 5 6 7 8 910
17 1 3 6 913 17 22 28 40 2 3 4 5 6 6 7 8 9
18 1 3 6 912 16 20 26 37 1 3 3 & 5 6 6 7 8
19 1 3 5 8 11 15 18 24 34 1 2 3 4 4 5 6 6 7
20 1 2 4 710 13 16 21 30 1 2 3 3 4 4 5 5 6
21 0 2 4 6 8 11 14 18 25 1 2 2 3 3 4 4 4 5
22 0o 1 3 5 7 9 11420 11 2 2 2 . 3 3 4 4
23 0 1 2 3 5 6 81014 o 1 1 1 2 2 2 2 3
24 o 1 1 2 2 3 4 5 7 0O 0 1 1 1 1 1 1 2




TABLE 41--FIRE BEHAVIOR AND CONTROL
tFIRE BEHAVIOR

INFORMATION FOR PHOTO 5=DFHD=4=-PC
INFOKMATIDN SCALED FROM NFDR MODELS)

RATE OF SPREAD

FLAME LENGTH

EFFECTIVE MIDFLAME

FUEL EFFECTIVE MIDFLAME WIND WIND
MOISTURE (MI/H) (MI/M)
0 2 4 6 8 10 12 14 16 0 2 & 6 8 10 12 14
PERCENT CHAINS PER HOUR FEET
2 2 6 12 20 27 36 45 58 83 5 9 12 15 17 20 22 25
3 1 5 1117 24 32 39 52 73 4 8 1114 16 18 20 22
4 1 5 10 15 22 28 35 46 65 4 710 12 16 16 18 20
5 1 4 9 1413 25 32 42 59 4 7 91113 15 17 19
6 1 4 8 13 18 23 29 30 54 3 6 81012 14 15 17
7 1 4 71216 22 27 35 50 3 6 8 1011 13 14 16
8 1 3 7 1115 20 25 33 47 3 5 7 9 10 12 13 15
9 1 3 7 10 15 19 24 31 44 3 5 7 8 10 11 12 14
10 1 3 6 1014 18 23 30 42 2 5 6 8 9 10 11 13
11 1 3 610 13 17 22 28 41 2 4 6 7 9 10 11 12
12 1 3 6 913 17 21 27 39 2 4 6 7 8 91011
13 1 3 6 912 16 20 26 38 2 4 5 6 7 8 911
14 1 3 5 812 16 19 25 36 2 3 5 6 7 8 910
15 1 3 5 8 11 15 19 24 35 2 3 4 5 6 7 a 9
16 1 2 5 8 11 14 18 23 33 2 3 4 5 6 7 7 8
17 1 2 5 710 13 17 22 31 1 3 4 5 5 6 7 8
18 1 2 4 7 9 12 15 20 29 1 2 3 4 5 5 6 7
19 0O 2 4 6 9 11 14 18 26 1 2 3 4 4 5 5 6
20 0 2 3 5 8 10 12 16 23 1 2 3 3 & 4 5 5
21 0 1 3 5 6 81014109 1 2 2 3 3 3 4 4
22 0 1 2 4 5 7 8 115 1 1 2 2 2 3 3 3
23 0 1 2 3 4 5 6 811 o 1 1 1 2 2 2 2
24 o 0o 1 1 2 2 3 4 6 0 0 1 1 1 1 1 1
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TABLE 42--FIRE BEHAVIOR AND CONTRJL INFORMATION FOR PHOTO 6-DFHD=-4-PC
(FIRE BEHAVIOR INFORMATION SCALED FRGM NFFL MODELS)

Y " - - - - - T — T P e - " . - — T T - Y T T ——————— — —— — — —————— —— Y — - — -

RATE OF SPREAD : FLAME LENGTH
FUEL EFFECTIVE MIDFLAME WIND - EFFECTIVE MIDFLAME WIND

MOISTURE (MI/H) (MI/H)
0 2 4 6 8 10 12 14 16 U 2 4 6 v 10 12 14 16

PERCENT . CHAINS PER HOUR FEET
2 1 3 6 9 12 15 19 24 34 1 3 4 4 5 6 6 7 8
3 1 3 5 & 10 13 16 21 29 1 2 3 4 4 5 5 6 7
4 0 2 4 7 9 12 14 18 26 1 2 3 3 4 4 5 6 6
5 O 2 4 6 8 11 13 17 23 1 2 3 3 4 4 5 5 6
6 0 2 4 6 8 10 12 16 22 1 2 3 3 4 4 4 5 6
7 0 2 4 5 7 10 12 15 21 1 2 2 3 3 4 4 5 6
8 o 2 3 5 7 9111420 1 . 2 2 3 3 4 4 5 5
9 0 2 3 5 7 9101319 I ¢ 2 3 3 4 4 4 5
10 0 1 3 4 6 8101217 1 2 2 3 3 3 4 4 5
11 0.1 3 4 5 7 8 11 15 1 1 2 2 3 3 3 4 4
12 0 1 2 3 4 5 7 912 1 1 2 2 2 3 3 3 4
13 o 1 1 2 3 4 5 6 8 0 1 1 1 2 2 2 2 3
14 0 0 1 1 1 1 2 2 3 0O 0 0 I |1 1 1 1 1
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Appendix 1
Fire Perimeter and Area Calculation Graphs and Formulas

(Adapted froni Fire Behavior Officer's Field Reference,
National Interagency Fire Training Center, Marana,
Arizona)
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Effective midflame windspeed

(miles per hour)

P = Perimeter
(chains)

P =

K.D

= K:(RxT)

A = Area (acres)
A=KD |

K.(RxT)

WHERE:

Kz = Perimeter factor

R = Rate of spread (chains per hour)
T = Time (hour); 1-hour maximum
Ka = Area factor

D = RxT; spread distance (chains)

0.12
0.11
0.10
0.09
. 0.08
g 0.07
g 0.06
< 0.05
0.04
0.03
0.02
0.01
0.00

P -

Effective midflamewindspeed
(miles per hour)

0.05
0.04
0.03
0.02
0.01

01234567809101112130410%°
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Appendix 2

Resistance to control ratings, flame length adjustment
factor, slope adjustment factor, and conversion of
resistance to control rating values to chains per hour

of line constructed by one person
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The resistance to control rating (table 43) times flame length adjustment factor
(table 44) times slope adjustment factor (table 45) equals the adjusted rating.
Use table 46 to convert adjusted rating to actual resistance to control.

Table 43--Fuel resistance to control ratings by photo auaber!

PHOTO NUVERR ~ RATING PHOTO NUVEER RATING
1-DF-4-CC 4 1-DF-1-TH 6
2-DF-4-CC 7 2-DF-1-TH 18
3-DF-4-CC 6 3-DF-1-TH 7
4-DF~4~CC 13 4=DF-1-TH 19
5=DF=4=CC 11
6-DF-4-CC 9 1-DFHD-4-CC 4
7-DF-4-CC 20 2-DFHD~4-CC 4
8-DF-4-CC 21 3-DFHD-4-CC 6
9-DF-4-CC 31 4-DFHD-4-CC 6
10-DF-4-CC 27 5 ~DFHD—4~CC 12

6-DFHD-4-CC 13
1-DF-4-PC 4 7-DFHD-4-CC 13

2-DF~4-PC 5
3-DF-4~PC 4 1-DFHD-4-PC 3
4-DF-4-PC 9 2-DFHD=4-PC 6
5=DF=4~PC 8 3-DFHD-4-PC 7
6-DF-4-PC 11 4-DFHD-4-PC 9
7=DF-4-PC 15 5-DFHD~4~PC 12
8-DF-4-PC 25 6-DFHD=4=PC 15
9-DF-4-PC 18
1-DF-3-PC 4
2-DF=3=PC 7
3-DF-3-PC 7
4-DF-3-PC 23
5-DF-3-PC 17
6-~DF-3-PC 18

lRatings derived from matrix by Wayne G, Maxwell (on file at Pacific Northwest
Forest and Range Experiment Station, fortland, Oregon).



Table 44--Flame length adjustment factor

Flame length (feet) | 0-4 5-8 9-12 13+
Adjustment factor 1 1.5 2.0 3.0
Table 45--Slope adjustment factor

Slope (percent) 0-30 31-60 61-75 75+
Adjustment factor 1 1.2 1.5 1.9
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Table 46--Conversion of rating values to chains per
hour of line constructed by 1 person

Adjusted Chains Adjusted Chains

rating per rating per
values hour values hour
1 12.00 13 0.92
2 6.00 14 aB86
3 4,00 15 a80
4 3.00 16 ar5
5 2a40 17 a7l
6 2.00 18 a67
7 1.70 19 a63
8 1a50 20 .60
9 1.30 25 48
10 1a20 30 240
11 1.10 35 34
12 1000 40 230

% GPO 797-500



The Forest Service of the US. Department of
Agriculture is dedicated to the principle of multiple
use management of the Nation’s forest resources
for sustained yields of wood, water, forage, wildlife,
and recreation. Through forestry research,
cooperation with the States and private forest
owners, and management of the National Forests
and National Grasslands, it strives — as directed by
Congress — to provide increasingly greater service
to a growing Nation.

The U.S. Department of Agriculture is an Equal
Opportunity Employer. Applicants for all Department
programs will be given equal consideration without
regard to age, race, color, sex, religion, or national
origin.
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