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Smoke Modeling from Forest to
Plume Workshop

 Load FFT as needed 1200-1300 Prichard/Ottmar
« Welcome/Introduction 1300-1315 Prichard




Introductions and Other Information




Smoke Modeling: FFT and BlueSky
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https://depts.washington.edu/fft/

Version 1035
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Natural Fuels Photo Series

Fire and Environmental Research Applications Team
USFS Pacific Northwest Research Station
Seattle, Washington

Website: www.fs.fed.us/pnw/fera



® Hawaii Grasslands

@ Hawaii Shrublands

® Hawaii Woodlands

® Hawaii Forests
Interior PNW Mixed-Conifer
Interior PNW Western Juniper
Interior PNW Sagebrush
Interior PNW Grassland
Alaska Black Spruce
Alaska White Spruce

Alaska Hardwoods

O Rocky Mt. Lodgepole Pine

O Rocky Mt. Gambel Oak

O Rocky Mt. Quaking Aspen

® SW U.S. Pinyon-Juniper

® SW U.S. Chaparral

® SW U.S. Sagebrush
Midwest Red and White Pine
Northern Tallgrass Prairie
Mixed Oak
Jack Pine

@ SE U.S. Hurricane

SE U.S. Longleaf Pine
SE U.S Pocosin-Woodland
SE U.S. Pocosin-Shrub
SE U.S. Marshgrass
SE U.S. Sandhill
SE U.S. Sand Pine Scrub
SE U.S. Hardwoods
@ Oregon White Oak
@ California Deciduous Oak
@® Mixed-Conifer w/ Shrub
@ Oak/Juniper Woodland

@® NE Hardwood

@ Pitch Pine

@ Red Spruce/Balsam Fir
Ponderosa Pine-Juniper
Sagebrush w/ Grass

@ Sage Grouse Habitat

@ Spotted Owl Habitat

M East Bay Grassland

M East Bay Shrubland

M East Bay Woodland

M East Bay Eucalyptus




Digital Photo http://depts.washington.edu/nwfire/dps
Series

 Web Application
 Database
* Interface
* English or Metric
« Searchable
= Location
= Vegetation type
= Species
* Fuel and stand data

Example - Search for sites
with ‘oak’ in Washington:
7 sites in the Oregon White
Oak series in Volume VIi



Pile Calculator

e Machine and hand piles
e Biomass and emissions
e smoke management
e biomass management
e regulatory compliance
e Batch processing function
e Export inputs/outputs
e Online and desktop

http://depts.washington.edu/nwfire/piles




Fuel Characteristic

Classification System (FCCS)



Simple

Complex




Fall

Seasonality

Spring



Natural Change Agents



Human Change Agents



Treatment Effectiveness



Trees
Shrubs
Grasses
Woody
Litter
Duff

Carbon Accounting



The Fuel Characteristic
Classification System (FCCS)




Because other fuel systems are
designed for specific output

requirements, the systems often :




What are the specifics of the FCCS?

Fuel Characteristic Classification System is:




What is a Fuelbed?

= Measured or averaged
physical characteristics of
a relatively uniform unit on
the landscape that
represent a distinct fire
environment

= At any scale and precision
of interest



Fuelbed Organization

Stratum Category
Snags Ladder fuels

Shrub
The fuelbed was designed to include
Secondary all fuelbed components that could
burn. It allows users to include,
combine or exclude as much detail as
Herbaceous needed for an application
Primary Secondary
Woody

Rotten Stumps

Litter-lichen-moss

Litter-lichen-moss

Ground fuels ! ﬂ m

Duff Basal accumulations Squirrel middens



FCCS Fuelbeds

e FCCS data base contains 500+ reference
fuelbeds internal to software




FCCS Fuelbed Map

(Includes Agriculture)







How does FCCS translate a
Fuelbed to Fire Behavior

and Fire Effects?




FCCS Fire Potentials




FCCS Fire Potentials Flow Chart

Reacti(_)n Spread Flame Iepgth Crown Crownto Crown fire Flame Smoldering Residual
Potential Potential Potential fire crown spread Available Available Available

| | | initiation transmissivity Fuel Fuel Fuel

l | l | | l |

Fire Behavior Crown Fire Available Fuel
Potential Potential Potential
[Surface]

4606

4 = modest surface fire (8 ft. flame, 4000 BTU/ft?-min)
6 = above average crowning potential (6 on scale of 10)
6 = above average (60 tons per acre consumed)






FCCS Fire Potential:
657

FCCS Fire Potential:
213



How does FCCS translate a

Fuelbed to Fire Behavior
and Fire Effects?




Reformulated surface fire behavior equations
calculates heat sink and source by shrub, grass,
small woody, and litter components allowing the

use of measured fuelsl!




Reaction Intensity Equation

Reaction velocity
Fuel loading

Heat content
Mineral damping
Moisture damping
Rothermel (1972)

Reaction Intensity (Ig) =7’ w,_ h n.n,

FCCS Shrubs
Reaction Intensity (Ig) = % [17,,,, 15 W, h 7,77, Woody
\ J ) LLM
Y

Efficiency Reactive load



Reaction Intensity (conifer forests)

2 Western hemlock - western redcedar - Douglas-fir forest

4 Douglas-fir / ceanothus forest

5 Douglas-fir - white fir forest

8 Western hemlock - Douglas-fir - western redcedar / vine maple forest
9 Douglas-fir - western hemlock - western redcedar / vine maple forest
10 Western hemlock - Douglas-fir - Sitka spruce forest

11 Douglas-fir / western hemlock - Sitka spruce forest

12 Red fir - mountain hemlock - lodgepole pine - western white pine...

13 Mountain hemlock - Pacific silver fir forest

15 Jeffrey pine - red fir - white fir / greenleaf - snowbrush forest
17 Red fir forest

18 Douglas-fir / oceanspray forest

19 White fir - giant sequoia - sugar pine forest

20 Western juniper / curl-leaf mountain mahogany woodland
21 Lodgepole pine forest (young)

22 Lodgepole pine forest (mature)

23 Lodgepole pine forest (beetle attack)

24 Pacific ponderosa pine - Douglas-fir forest

25 Pinyon - Utah juniper forest

26 Interior ponderosa pine - limber pine forest

27 Ponderosa pine - two needle pinyon - Utah juniper forest

29 Interior ponderosa pine - Engelmann spruce - Douglas-fir forest
32 Ponderosa pine / pinyon pine - Utah juniper forest

34 Interior Douglas-fir - interior ponderosa pine / gambel oak forest
37 Ponderosa pine - Jeffrey pine forest

47 Redwood - tanoak forest

52 Douglas-fir - Pacific ponderosa pine / oceanspray forest

53 Pacific ponderosa pine forest

54 Douglas-fir - white fir - interior ponderosa pine forest

59 Subalpine fir - Engelmann spruce - Douglas-fir - lodgepole pine...

61 Whitebark pine / subalpine fir forest
67 Interior ponderosa pine - Douglas-fir forest

70 Subalpine fir - lodgepole pine - whitebark pine - Engelmann...

75 Slash pine / New Caledonia pine forest
76 Slash pine / molasses grass forest
85 Black spruce / lichen forest

® Shrubs

B Herb
Woody

| | jtter



How does FCCS translate a

Fuelbed to Fire Behavior
and Fire Effects?




FCCS Fuelbed/Fire Behavior

Crosswalk (suggested by NFC)
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Validation

 Anecdotal evidence
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Models total fuel consumption and total emissions by
combustion phase

Accommodates diverse fuel characteristics since it is
directly linked to the FCCS

Requires:
« 10hr FM
« 1000-hr FM
 Litter FM
 Duff FM
 Shrub %
« Crown %
 Days since rain
* Length of ignition
 Wind speed
* % pile consumption



- At
Fire and Environmental
Research Applications



FFT Current and Next Steps

 Add additional FCCS fuelbeds




Black Area

Fuel Loading

Fuel Consumption

Emission Production

Dispersion/Concentration







