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CHAPTER 1

What is the SIS Model?

The Smoke Impact Spreadsheet (SIS) model is a simple-to-use, screening-level modeling system for calculating PM2.5 emissions and airborne concentrations downwind of natural or managed wildland fires.  As a screening model, SIS provides conservative (that is, higher than actual) predictions of the downwind air concentrations at user-selected receptors for comparison with appropriate federal or state air quality standards for PM2.5. 

The SIS model has four main components: a graphic user interface based on a series of Excel spreadsheets for easy data entry and model execution, an emissions module based on the Emissions Production Model (EPM 3.5), a dispersion module based on the CALPUFF dispersion model (version 5.5), and graphical output for presenting the results.  As an alternative to EPM, the SIS model can utilize emission data generated from the First Order Fire Effect Model (version 5, FOFEM5).

The SIS model can evaluate the impacts for up to 10 co-located burn units, each with different sizes and start times, under a single set of meteorological conditions (wind speed, ambient temperature, stability class, mixing height).  The model can be run assuming either flat terrain or a simple terrain profile. 

CHAPTER 2

Installing SIS

Installation File

The SIS model is distributed via CD or website in a self-extracting ZIP file titled “SIS01282002.EXE.”  The installation file name contains the version number (in this case, the embedded string “01282002” designates the version created on January 28, 2002).  Note that the version number—and consequently the installation file name—will change each time a modification is made to the model.  Please contact Ann Acheson (406-329-3496) for information on the most recent version of SIS.

Installing SIS on Your Computer

To load the SIS model on your computer, navigate to the “SIS01282002.EXE” file using Windows Explorer and double-click on the file.  A “WinZip Self Extractor” window will appear asking you to name the folder where you wish the model to reside.  After naming the folder, click on the “Unzip” command button and the model will be extracted to that location.  When the extraction is finished, click on the “OK” button, and then “Close” the WinZip Self-Extractor window.

Note that once you select the destination folder, a “SIS” subfolder will be created to store the model files.  For example, if you selected “C:\” as the destination folder, the model files will actually be stored in “C:\SIS”.

Also note that you may also load the model on a network drive as long as the network drive is mapped to a local directory.

SIS Folder Structure

The SIS model is a Microsoft Excel file with the title “SISmodel.xls”.  The component processes in SIS are run using embedded macros.

The SIS folder structure is shown below.
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DEMO Folder

The DEMO folder is a “Project” folder that contains the input and output files for the demonstration project provided with the model (which we named “DEMO”).  A “Project” is simply a collection of scenarios, and may be given any name (not to exceed 8 characters) by the user.  All of the scenario inputs and outputs reside in subfolders with the scenario name.  This DEMO project contains two scenarios (subfolders): a scenario named A1 (a set of demonstration input and output files using the EPM emissions model), and a scenario named F1 (a set of demonstration input and output files using the FOFEM5 emissions model).


EXEC Folder

The EXEC folder contains all of the executable programs that SIS uses, including the CALPUFF and EPM models but not the FOFEM5 model.  

FOFEM5 Folder

The FOFEM5 directory contains all of the FOFEM5 input, output, and executable files.   

Additional Installation Help

If you have trouble in loading SIS and need help, please call Kent Norville, Air Sciences Inc., Portland, Oregon, at (503) 525-9394, ext. 14.  All other questions should be directed first to Ann Acheson, Regional Air Program Manager, USDA Forest Service, Northern Region, Missoula, MT, at (406) 329-4396, or to Mark Schaaf, Air Sciences Inc., Portland, Oregon, at (503) 525-9394, ext. 11.

CHAPTER 3

Running SIS

Starting Up the Model

To start up SIS, navigate to the working folder and click twice on the “SISmodel.xls” file.  Immediately, the following window will appear:
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To continue, ALWAYS click on the “Enable Macros” command button (middle option).  In Microsoft Excel, there is no simple way to automate the enabling of macros; the user must deliberately choose it.

After making this selection, the main program form will appear (see picture below).  The version number of the model (in this case, Version 01-28-02) is shown at the beginning of the second line of text.  The version number will change each time a modification is made to the model.  Please contact Ann Acheson (406-329-3496) for information on the most recent version of SIS.
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Overview of SIS Worksheets

As soon as SIS is started up, a minimum of three worksheets are activated (shown as tabs at the bottom of the screen).  The worksheets are:

· Main worksheet

· EPM worksheet

· FOFEM worksheet

The Main worksheet is the sheet that is shown by default whenever the model is first called.  It contains some “header” input information and five input groups (described later).  The inputs entered on the Main worksheet are additional inputs required to run the CALPUFF and CALMET models that are not input or calculated using one of the two available emissions models, either EPM or FOFEM5.  The fields on the Main worksheet will be described in more detail later.

The EPM worksheet contains the inputs required to run the EPM Version 3.5 model (reference).  The fields on the EPM worksheet will be described in more detail later.

The FOFEM worksheet contains links designed to allow the user to either run FOFEM5 from within SIS (if the user has a non-Windows NT-based operating system), or to browse to FOFEM5 output files that have been produced outside of SIS.  The fields on the FOFEM worksheet will be described in more detail later.

If the SIS model has been run, or if a previously run scenario has been called up (via the “Load Existing Scenario” command button at the top of the Main worksheet), then additional worksheets will be shown, including:
· Run Inputs worksheet

· Emissions Table worksheet

· Concentration Table worksheet

· Charts worksheet

· Puff Chart worksheet

The fields on these additional worksheets will be described in more detail later.

Input Worksheets

Main

Six input groups are shown on the Main worksheet. They are:

· “Header” fields

· Scenario Group

· Fire Spread Group

· Meteorological Group

· Burn Unit Group

· Terrain Group

Header Fields

The Main worksheet header fields are shown at the top right-hand-side of the form:
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The “Load Existing Scenario” command button allow the user to navigate to a previously created SIS project and scenario.  Pressing this command button will display a browser box for the user to select the desired project/scenario combination.  If you wish to load just the existing scenario inputs and outputs, first make sure that the box entitled “Rebuild Output Displays” is checked.  If you only want to display the existing scenario inputs, then uncheck the box before you press the “Load Existing Scenario” button.

The “Run SIS!” button is depressed after all of the other inputs described below have been properly entered.  Depressing this button will execute the CALPUFF model using the emission generated either by the EPM model or the FOFEM5 model (user selection).

The last model run is displayed in the tan-colored field at the bottom of the group.

The model version is displayed at the bottom of the group.  “V01-28-02” is the model version created on January 28, 2002.

Scenario Group

In this group, the user is required to enter (see figure below): the working directory name (automatically detected by the model); the project name (any string up to 8 characters in length); the scenario name (any string up to 8 characters in length), the burn month, day, and year; the run duration in days, and the emissions model on which the concentration predictions are to be based (either EPM Version 3.5 or FOFEM5). 
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The burn date is for documentation purposes only.  Changes in the burn date will not affect the emissions or dispersion calculations.

The model will run for the duration shown on line 7 or until the model-predicted emission rate drops to zero, whichever occurs first.  The user is advised to iteratively set the run duration to be longer than the actual model-predicted duration.

The user must select one of two models available from the drop-down menu on line 8: EPM 3.5, or FOFEM5.  EPM model is the appropriate choice in the Pacific Northwest including western Idaho, and the FOFEM5 model is appropriate anywhere in the continental United States.  Note, however, that the FOFEM5 model has not been officially released for general use.  Only the beta version is available, which may contain errors and may undergo considerable change before the next version is released.  Caution is advised in using the FOFEM5 model.

Fire Spread Group

The model inputs required in this group (see screen capture below) are used to establish the fireline depth (in feet), which is in turn used to establish the initial puff dimension for the CALPUFF dispersion modeling calculations.   To automatically compute the fireline depth, the user must select a National Fire Danger Rating System (NFDRS) fuel model that best describes the fuel bed being modeled.  For more information on the available NFDRS fuel models and their physical characteristics, read Cohen and Deeming (1985).  For users that are more familiar with the Fire Behavior Prediction System models, Figure 3 of Anderson (1982) presents a crosswalk between the 20 NFDRS fuel models and the 13 fire behavior fuel models. 
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Under most circumstances, the fireline depth computed for one of the 20 available NFDRS fuel models would provide a reasonably accurate assessment of the initial puff dimension.  However, if the user wishes to change any of the default values, then the following equations should be used to calculate the fireline depth (FLD; line 4) as a function of the residence time (minutes), the spread component maximum (SCM; line 2), and the average fuel-element diameter (ED; line 3):
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If the user modifies any one of the values in lines 2, 3, and 4, then all of the values for lines 2, 3, and 4 must be entered in the spaces now occupied by “DEFAULT.”  Note, however, that only the fireline depth on line 4 is actually used by the model.  Lines 2 and 3 should be entered for documentation purposes only. 

Meteorological Group

The meteorological inputs required by the user are shown in the screen capture that follows:
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Most of these inputs are self-explanatory and well understood by fire management personnel, with the possible exception of the wind direction offset angle (in degrees) on line 2.  The SIS model computes the centerline PM2.5 concentration assuming that sensitive receptors are located directly downwind of the fire.  However, if the sensitive receptors are located away from the centerline of plume travel, then an offset angle ranging from 0 to 90 degrees may be entered.  The greater the wind direction offset angle, the lower the predicted concentration at all downwind distances.  Note that the same offset angle must be applied to all receptors.  If there are different sensitive receptors with different offset angles, multiple runs of the model will be required (one for each receptor-offset angle combination).

Burn Unit Group

The user may distribute the burn unit into a maximum of 10 subunits, each with different start times and ignition durations (see form below).  The reason for defining subunits is to more accurately reflect the distribution of emissions over time.  A subunit may be a different burn unit in a project, or a portion of the lighting sequence.
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Terrain Group

d

To define a subunit, enter the subunit fire size in column 1 of the form shown above.  Remember, the total of all subunits must equal the total burn unit acreage.  There is no “total acreage” shown on this form, so the user must manually add up the subunit fire sizes. 

Next, enter the start time for the ignition of the subunit in column 2.  For example, if the ignition is to begin at 8 am, the ending hour is 8.  If the ignition is to begin at 2 pm, the ending hour for the start is 14.  

Finally, enter the ignition duration for each subunit in column 3.  If no ignition duration is entered, SIS will use the default ignition duration shown in column 4 (gray colored column on right-hand side).  The default ignition durations (in hours) are based on the rules used in the Simple Approach Smoke Estimation Model (SASEM) (Sestak and Riebau, 1988):
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Terrain Group

The terrain group input form is shown in the screen capture below.  The CALPUFF/CALMET modeling system that generates the concentration predictions in SIS does not modify the wind fields or puff trajectories based on local terrain information.  It does, however, allow users to place receptors on elevated terrain.  This will produce a conservative estimate of the ground-level PM2.5 concentrations because it assumes that the terrain is transparent to the puff trajectory.  In reality, the puff will not travel through the terrain but rather will be channeled over or around the terrain and produce a lower, more accurate ground-level concentration.  The current version of SIS does not have this capability.
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First, specify the maximum downwind distance within the modeling domain.  The maximum allowable distance is 50 miles (80 km).

Step 2 is to specify whether elevated terrain receptors are to be used.  If terrain receptors are desired, enter a “Y” on line 2.  Otherwise, enter an “N.”  If a “Y” is entered, the air concentrations will be evaluated at terrain elevations input by the user.  If an “N” is entered, the air concentrations will be evaluated on the same plane as the fire (flat terrain).

Step 3 is to specify the base elevation of the fire.  If multiple burn units are included in the run, enter the average base elevation for all the units.  Note that terrain elevations below the base elevation of the fire may be entered.  This feature allows users to simulate the air concentrations that result from down slope, down valley flow conditions.

Step 4 is to enter the receptor distances and elevations in the straw-colored form below line 4.  Enter a set of downwind distances from the fire in column 1 (in miles) and the elevations at each downwind distance in column 2 (in feet above mean sea level).  Single or multiple downwind distances may be specified.  To specify multiple receptors, we recommend that the user select a smoke transport direction, and then use a ruler placed on a topographic map to locate distances and elevations along that line.  There is no limit on the number of downwind points that may be selected.  

EPM

The EPM input worksheet contains the same input fields and descriptions are those used in the stand-alone EPM 3.5 executable program.  Appendix A contains a description of the EPM model and the required fields, as well as some limited guidance for operating the model.  The information presented in Appendix A is from the course materials for a smoke emissions and dispersion modeling short course presented in Sacramento in March 1999 for the USDA Forest Service.  There is no users guide for the EPM model.

FOFEM5

Appendix B contains a description of the FOFEM5 model, as well as some limited guidance for operating the model.  The information presented in Appendix B is from the course materials for a smoke emissions and dispersion modeling short course presented in Sacramento in March 1999 for the USDA Forest Service.

Output Forms

Once a scenario has been run, the model will automatically display the output worksheet for the scenario.  The output forms include the following:

· Run Inputs

· Emissions Table

· Concentration Table

· Charts

· Puff Chart

Each of these worksheets is described below.

Run Inputs

An example Run Inputs worksheet is shown in the screen capture (partial) below.
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The inputs in this group are exactly those shown in the Main form that was previously described.  If default values were specified, the actual default values are shown in this worksheet.  Also note that the head information contains the SIS model version and the run date and time.   

Emissions Table

An example of the Emissions Table worksheet is shown in the screen capture below.  Note that the header information contains the scenario name, the emissions model used in the run scenario (either EPM or FOFEM5), the SIS version number, and the run date and time.
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The table shows the emissions (in kilograms, each hour) and heat production (in Joules, each hour; conversion is 1 Btu=1,055 Joules) for each ending hour starting from midnight on the day of the burn.  In this example, the burn was ignited at 9 am (ending hour 9) and was completely extinguished by 1 pm (ending hour 13).

Concentration Table

An example of the Concentration Table worksheet is shown in the screen capture below.  Note that the header information contains the scenario name, the emissions model used in the run scenario (either EPM or FOFEM5), the SIS version number, and the run date and time.
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This table shows the 24-hour average (midnight to midnight) PM2.5 concentration at 0.1- mile intervals downwind of the fire the maximum distance specified in the Terrain Group.    

Charts

An example of the Charts worksheet is shown at the top of the next page.  The first chart is a plot of PM2.5 emissions over time, beginning at midnight of the first day of the burn and continuing until the burn is extinguished (i.e., heat production drops below 1 Btu).  The second chart shows the 24-hour average PM2.5 concentration as a function of downwind distance (out to the maximum distance specified, which in this case is 50 miles) with the current 24-hour average PM2.5 standard of 65 g/m3 shown as a dashed red line.  To view the data used to build this graph, simply hold the cursor on the blue line for a few seconds and a message will appear in a tool tip box:

Series “PM2.5 Concentration “ Point X”  (X, Y)

where X is the downwind distance in miles and Y is the PM2.5 concentration in g/m3. 

Note that the header information in both charts contains the scenario name and the SIS version number only.  The user should refer to either the Emissions worksheet or the Concentrations worksheet for information on the emission model used and the run date and time.
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Puff Chart
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An example of the Puff Chart worksheet is shown below.  This chart shows the top and bottom of the plume at any downwind distance, with the top measured as the [mean puff centerline + 1 standard deviation] and the bottom measured as the [mean puff centerline – 1 standard deviation].  This particular example shows the plume configuration at the end of hour 9, which is one hour after the start of the fire.  The ending hour may be advanced by successively pressing the       in the upper left corner of the screen, and reversed by pressing the       button.   The selected hour will be displayed in the legend bar under the graph.
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Note that the header information in both charts contains the scenario name and the SIS version number only.  The user should refer to either the emissions worksheet or the concentrations worksheet for information on the emission model used and the run date and time.

References

Anderson, H.E.  1982.  Aids to determining fuel models for estimating fire behavior.  USDA For. Serv. Gen. Tech. Rep. INT-122.  Intermountain For. and Range Exp. Stn., Ogden, Utah 84401.  22 pp.

Cohen, J.D., and J.E. Deeming.  1985.  The National Fire-Danger Rating System: Basic Equations.  Gen. Tech. Rep. PSW-82.  Berkeley, CA: Pacific Southwest Forest and Range Experiment Station, Forest Service, U.S. Department of Agriculture. 16 pp.

Sestak, M.L., and A.R. Riebau.  1988.  SASEM: Simple Approach Smoke Estimation Model.  Technical Note 382 (BLM/YA/PT-88/003 + 7300), U.S. Department of the Interior Bureau of Land Management, Wyoming State Office, Cheyenne, WY  82001.  
31 pp.

Appendix A
Guidance for Emissions Production Model (EPM)
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[image: image38.jpg]EPM - Emissions Production Model
Overview

Type of Model

» Fuel consumption and emissions model

» Does not include dispersion or visibility

Developer

= EPM was developed by the USDA Forest Service Pacific
Northwest Experiment Station in 1984 to assess emissions
from prescribed burning of clearcut logging slash in
Oregon and Washington

= Component of Tiered Smoke/Air Resources System 3
(TSARS3 = SASEM + EPM + VALBOX|
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EPM - Emissions Production Model
Overview (cont)

Intended Application

* To estimate emissions from clearcut logging slash fires in
Oregon and Washington

= SASEM, when combined with emissions from EPM, gives a
quick go/no go decision on prescribed burning in Oregon
and Washington forests

Domain

» Oregon and Washington

SECTION V 3

151170.5B.ZZ (Missoula) 2/99 PDX





[image: image41.jpg]EPM - Emissions Production Model
Technical Description

Mode of Operation

» |Nnteractive; Nnot menu driven

Minimum System Recommended

» 286 CPU, 360 KB disk storage, 640 KB memory,
DOS v3.2 or better, any monitor, dot matrix printer

" Program also compiled in formats suitable for
minicomputers, mainframes and Macintosh
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EPM - Emissions Production Model
Technical Description (cont)

Pollutant Types
= TSR PM,,, CO

Fuel Types

= Seven general categories: Douglas-fir’hemlock, true fir,
ponderosa pine, lodgepole pine, hardwood, short-
needled conifers, long-needled conifers

= Transfer of information to SASEM will default fuel type to
“wood”

SECTION V 5

151170.5B.2Z (Missoula) 2/99 PDX





[image: image43.jpg]EPM - Emissions Production Model
Technical Description (cont)

Fuel Setting”

» Clearcut, partial cut (underburn)

— The fuel setting is one factor in the determination of default fuel
loadings for burns in Western Washington and Western Oregon

» Transfer of information to SASEM will default fuel
- setting to “broadcast”

Number of Burn Units

= Single unit

* Note: Fuel setting is referred to as fuel category by FOFEM, fuel arrangement»
by SASEM and harvest method by EPM.

SF7TION V , A

)

151170.58.ZZ (Missoula, .. -9 PDX





[image: image44.jpg]) )

EPM - Emissions Production Model
Technical Description (cont)

Input Requirements

SOURCE
PARAMETERS OPTIONS UNITS
Ownership* Forest Service, other public land, private —
Location™ Western Oregon, Eastern Oregon,

Western Washington, Eastern Washington —
Fire unit size Range: 1-500 acres
Ignition time — hours
Fuel setting* Clear-cut or partial cut —

* Used to determine default 1- and 10-hour fuel loadings
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[image: image45.jpg]EPM - Emissions Production Model
Technical Description (cont)

Input Requirements

SOURCE
PARAMETERS OPTIONS UNITS
Fuel type Douglas-fir/fhemlock, true fir, ponderosa pine,

lodgepole pine, hardwood, short-needled
conifers, long-needled conifers —

Summer cured fuels?* | yes/no —_

Rainfall** (days since Range: 1-100 days
more than1/2 inch rain)

Fuel moisture:
10-hour Range: 5-30 (defaultis 10) percent
1000-hour Range: 10-45 (default is 32 percent

* Used to adjust residual “live” fuel moisture
** Used to adjust duff moisture
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EPM - Emissions Production Model
Technical Description (ont)

Input Requirements

SOURCE
PARAMETERS OPTIONS UNITS
1000-hour fuel National Fire Danger Rating System 1000-hour —
moisture method (NFDRS-TH), adjusted NFDRS-TH (NFDRS-TH x 1.4),

oven dry samples (ODS)
Diameter of largest fuel | Range: 1-24 (default is 8) inches

elements left on the site

Fuel loading:*

100-hour (1-3 inch) Range: 1-50
1000-hour (3-9 inch| Range: 1-120 tons/acre
10,000+-hour {9+ inch) | Range: 1-180
Rotten** Range: 1-50

* Fuel loadings are set internally based on location, ownership and fuel setting (1- and 10-hour
loadings are fixed)

** Default based on location and ownership
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Appendix B
Guidance for First Order Fire Effects Model Version 5 (FOFEM5)

For online information on the FOFEM5 model, including software downloads and documentation, see:

http://www.fire.org/cgi-bin/nav.cgi?pages=fofem&mode=1
Section VI

FIRST ORDER FIRE EFFECTS MODEL
(FOFEM5)

Overview

Technical Description

Notes

Strengths

Weaknesses

Common Misuses

Operational Hints
 Type of Model
· Emissions production model

· Does not include dispersion or visibility
· Also evaluates tree mortality (limited to western coniferous tree species and aspen greater than 1 inch in diameter), fuel consumption, and soil exposure

Developer

· Developed by the USDA Forest Service Intermountain Research Station, Fire Sciences Laboratory, in the early 1990’s for purposes of calculating quantitative fire effects relationships.

· FOFEM 5.0 (beta version) completed in 2001.

Domain

· U.S. is divided into four geographical regions: Pacific West, Interior West, North East, and South East

· Evaluates vegetation cover types found throughout the United States

Intended Application

· Assess single fires on a unit-area basis

· Designed to help fire managers assess the probable impacts of wildland fire by providing predictions of emissions, fuel consumption (including soil exposure), tree mortality, and soil heating based on a specific burn prescription.

Mode of Operation

· Interactive, Windows based

Minimum System Recommended

· Windows 95, 98, NT

· 32 MB RAM

Pollutant Types
· PM2.5, PM10, CO, CO2, CH4 (methane)
Fuel Types
· Uses Society of American Foresters/Society of Range Management (SAF/SRM), National Vegetation Classification System (NVCS), and Fuel Characteristic Classes (FCC); available fuel types vary by region

Fuel Category

· Natural fuels and activity fuels (e.g., piles and slash) 

Number of Burn Units

· Single unit; emissions computed on a unit-area basis

Input Requirements

	SOURCE 

PARAMETERS
	OPTIONS
	UNITS

	Geographic Region
	Pacific West, Interior West, North East, South East
	(

	Vegetation Cover Type
	Default SAF/SRM, NVCS, and FCCs available by region
	(

	Fuel Category
	Natural, piles or slash
	(

	Dead Fuel Adjustment Factor*
	Typical, light, heavy, or user specified
	(

	Moisture Conditions**
	Very dry, dry, moderate, wet
	(


*  Affects default loadings for all fuel bed components

**Affects default 10-hour, 1,000-hour, and duff moisture contents
Input Requirements

	SOURCE

PARAMETERS
	OPTIONS
	UNITS

	Tree Crown Biomass Loading (Foliage, Branch)
	Typical, sparse, abundant, user-specified
	(

	Vegetation Density

    Herbaceous

  Shrub  
	
Typical, sparse, abundant, user- specified

Typical, sparse, abundant, user-specified
	(

	Season of Burn
	Spring, summer, fall, winter
	(


Input Requirements

	SOURCE

PARAMETERS
	OPTIONS
	UNITS

	Fuel Loadings

    Litter

    0-1/4 inch (1 hour)

    1/4-1 inch (10 hour)

    1-3 inch (100 hour)

    3+ inch (1,000 hour+)

    Duff

    Herbs

    Shrubs

    Crown foliage

    Crown small branchwood
	
(
	
tons/acre


Input Requirements

	SOURCE

PARAMETERS
	OPTIONS
	UNITS

	Fuel-Moisture Method:

   Duff

  
	


National Fire Danger Rating System 1000-hour (NFDR), Adjusted NFDR (Adj. NFDR = NFDR x 1.4), measured samples from lower or entire duff layer
	


percent



	Weight Distribution for 3+ Woody Fuel 
	Right, left, even, end, center
	(


Input Requirements

	SOURCE

PARAMETERS
	OPTIONS
	UNITS

	Fuel Moisture:

    Duff

    ¼-1 inch wood (10 hr)

    3+ inch wood (1,000 hr)
	(
(
(
	percent

percent

percent

	Crown Foliage and Fine Branchwood That Will Burn
	(
	percent

	Percent Down Woody Fuel That is Rotten
	(
	percent

	Preburn Duff Depth
	(
	inches


Output

· FOFEM Smoke Option—Tables: Fuel consumption (tons/acre) for each fuel component and size class, mineral soil exposure (%) and duff depth reduction (inches), emissions (lbs/acre) for each pollutant type (flaming, smoldering, total), total consumption (tons/acre; flaming, smoldering, total).  

· FOFEM Smoke Option—Graphs: Emission rate (lbs per second per acre) by pollutant type (choose one of five species), or fire intensity (kilowatts per square meter of fire).

· Reports may be saved in a file by selecting Report, Save Report to File on menu.  Graphs may be saved in a file by selecting Graph, Save to File on menu.

Note:  FOFEM5 saves graphs in a file with an emf (enhanced metafile) extension.  This file format is not recognized by many applications, but can be imported into a Word document via the Insert, Picture, From File menu item in Word 2000.

· “First order fire effects” refers to the immediate effects of a fire, not the long-term impacts.

· Assumes that the entire area of concern experiences fire (no mosaic of burned and unburned areas).

· “Burnup” model used to predict woody fuel and litter consumption.

· Duff, herbs, shrubs, and crown consumption are based on set of predictive equations that vary by vegetation type and moisture conditions.

· Default fuel loadings available for multiple SAF/SRM, NVCS, and FCC vegetation types.

· Emission factors are computed based on combustion efficiency; each fuel size component has a combustion efficiency assigned for flaming and smoldering consumption.

· Current version of FOFEM creates a file that may (in future) be used as input to NFSPUFF3.

· Easy-to-use, Windows-based application

· Applicable to entire United States, and includes vegetation types specific to each region

· Default loading values available for different cover types, or user may enter specific values

· Default moisture contents available for four different moisture regimes, or user may enter specific values

· Uses state-of-the-science model (Burnup) for woody fuel and litter consumption

· For duff, herb, shrub, and crown foliage consumption, decision key selects the best available algorithm for the conditions specified by user

· Built-in error checking for invalid entries (for example, no 10-hour fuel moistures less than 3 percent accepted)

· Not all fields have easy-to-interpret labels (some are missing altogether!)

· Some minor bugs exist in forms.  For example, when the user opens FOFEM5 for the first time and selects the Smoke option, the form displays multiple loading adjustment fields (i.e., typical, light, heavy, user) under the fuel size classes even though the cover type classification option is “FCC”; these fields do not apply to FCCs.  To refresh the screen, simply reselect the FCC cover type option.

· Menu-based Help system is currently inactive.

· Season of burn has no effect on fuel consumption or emissions.

· Summary report does not correctly summarize emissions, nor does it summarize all pollutants (missing CO2 and CH4).

· Using to predict fire effects for patchy or non-uniform burns.

· Incorrectly matching FOFEM default fuel profiles to site.

· Help screens are available for each screen by clicking mouse in desired field, then pressing F1 function key.

· No help is currently available on the menu.

Hands-On Session #1

FIRST-ORDER FIRE EFFECTS MODEL
(FOFEM5)

Present Training Objectives
Review Data Requirements
Define Modeling Scenario

Prepare Data Inputs and Generate Reports

Student Exercise

 General
To learn to use the FOFEM5 model for predicting smoke emissions from wildland fires.
Specific
A. To compute PM10 and PM2.5 emissions on a 1,000-acre spring underburn of natural fuels in an open-grown ponderosa pine stand in the Swithins Drainage, California.

B. To determine the minimum 1,000-hour fuel moisture content that will limit total PM10 emissions to 100 tons or less.

	SOURCE 

PARAMETERS
	OPTIONS
	SOURCES

	Geographic Region
	Pacific West, Interior West, North East, South East
	See map on next page

	Vegetation Cover Type
	Default SAF/SRM, NVCS, and FCCs available by region
	(

	Fuel Category
	Natural, piles or slash
	(

	Dead Fuel Adjustment Factor*
	Typical, light, heavy, or user specified
	(

	Moisture Conditions**
	Very dry, dry, moderate, wet
	(


*  Affects default loadings for all fuel bed components

**Affects default 10-hour, 1,000-hour, and duff moisture contents
Geographic Regions for Specifying Site Location

[image: image47.jpg]EPM - Emissions Production Model
Technical Description (cont)

Input Requirements

SOURCE
PARAMETERS OPTIONS UNITS
Green fuel? yes/no; yes if more than 1/2 ton/acre | —

Is green fuel a heat source? | yes/no m—

Duff depth Range: 0-24 (default is 3) inches
Yarded unmerchantable yes/no —
material (YUM]) pile burning

Number of YUM piles Default is 1 pile per 5 acres number
Volume of YUM piles Default is 2,500 ft
Firewood collecting yes*/no —

* Reduces 3- to 9-inch and 9+ inch fuel loading by 2/3 on user-specified percentage
of total area or YUM piles.
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	SOURCE

PARAMETERS
	OPTIONS
	SOURCES

	Tree Crown Biomass Loading (Foliage, Branch)
	Typical, sparse, abundant, user-specified
	(

	Vegetation Density

    Herbaceous

  Shrub  
	
Typical, sparse, abundant, user- specified

Typical, sparse, abundant, user-specified
	(

	Season of Burn
	Spring, summer, fall, winter
	(


	SOURCE

PARAMETERS
	OPTIONS
	SOURCES

	Fuel Loadings

    Litter

    0-1/4 inch (1 hour)

    1/4-1 inch (10 hour)

    1-3 inch (100 hour)

    3+ inch (1,000 hour+)

    Duff

    Herbs

    Shrubs

    Crown foliage

Crown small branchwood
	
(
	
(


	SOURCE

PARAMETERS
	OPTIONS
	SOURCES

	Fuel-Moisture Method:

   Duff

  
	

NFDR, Adj_NFDR, 
lower, entire
	

(


	Weight Distribution for 3+ Woody Fuel 
	Right, left, even, end, center
	Default is “Even”


	SOURCE

PARAMETERS
	OPTIONS
	SOURCES

	Fuel Moisture:

    Duff

    ¼-1 inch wood (10 hr)

    3+ inch wood (1,000 hr)
	(
(
(
	(
(
(

	Crown Foliage and Fine Branchwood That Will Burn
	(
	Wildfire default is “50%”

	Percent Down Woody Fuel That is Rotten
	(
	(

	Pre-burn Duff Depth
	(
	(


· Spring burn in open-grown ponderosa pine stand in the Interior West Region (SAF 237, Interior Ponderosa Pine)

· Understory burn in natural fuels; overstory crowns are not expected to burn.

· Unit is 1,000 acres in size.

· Assume “moderate” moisture conditions, except assume 12 percent 10-hour fuel moisture content (measured with fuel sticks).
To initiate program, click on Start, Programs, FOFEM5 or click on Desktop Icon.  This is the first screen that appears.  Note that the upper left set of “radio buttons” defaults to “Fuel.”  In this class, we will only deal with the “Smoke” option:

[image: image48.jpg]) ) )
EPM - Emissions Production Model
Technical Description (ont)

Output

» Heat release rate (BTU/s) and emissions rates of TSP PM,,
and CO (g/s) over time

» Fuel consumed (tons) and TSP emitted (Ibs) for individual
fuel components

= Jotal fuel consumption (tons)

= Total TSP emissions (Ibs)
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Now, let’s examine each of the fields on the input section of this form.

Some fields are not labeled. For a description of the field at A, click inside the field and review the description on the gray bar at B.

[image: image49.jpg]EPM - Emissions Production Model
Notes

= One of the first emission models to include live fuel
loading in prescribed burning emission estimates

= Emissions are calculated for different fuel bed components
(duff, rotten, wood) based on the proportion of the total
available fuel consumed.

= Burning period is divided into flaming and smoldering
phases (times).

» Fuel consumption is calculated based on element size and
fuel moisture.
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Help can be obtained for individual fields by clicking inside the field and then pressing the F1 key.  This illustrates the help text for the “Percent of Tree Crowns That Burn” field at A.

[image: image50.jpg]) ) )

EPM - Emissions Production Model
Notes

» EPM results may be used by SASEM or VALBOX:

— SASEM uses mass of emissions, heat release rates integrated over time,
fuel type (always wood), fire area and duration from EPM to calculate
plume rise and ground level concentration.

— VALBOX uses mass of emissions and fire duration from muiltiple runs of
EPM to calculate pollutant concentrations in valleys.

= Aversion of EPM called NFSEPM is used by NFSPUFF to
calculate emissions.
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Now, let’s examine the items on the menu.  The Project menu options include:

[image: image51.jpg]EPM - Emissions Production Model
Strengths

» Minimal data input requirements
» Minimal computer hardware requirements
= Useful, easy-to-read output parameters

» Detailed burn diagnostics (e.g., fire duration, proportion
of fuel consumed after flaming)
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Saving a project (*.prj) saves only the inputs, not any of the outputs (reports and graphs) that have been generated. 

Report menu options include:

[image: image52.jpg]) ) )

EPM - Emissions Production Model
Weaknesses

= No users manual

» Somewhat simplistic treatment of fuel consumption
and emissions
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The report contents are as follows:

	~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

 TITLE: Results of FOFEM model execution on date: 3/8/2001 

                         FUEL CONSUMPTION CALCULATIONS

 Region:     Interior_West

 Cover Type: SAF/SRM - SAF 237 - Interior Ponderosa Pine

 Fuel Type:  Natural 

 Fuel Reference:  FOFEM 011 

                                     FUEL CONSUMPTION TABLE 

 Fuel                   Preburn   Consumed  Postburn  Percent   Equation      

 Component              Load      Load      Load      Reduced   Reference    

 Name                   (t/acre)  (t/acre)  (t/acre)    (%)     Number     Moisture

 ___________________________________________________________________________________

 Litter                     1.40      1.40      0.00    100.0     999

 Wood (0-1/4 inch)          0.07      0.07      0.00    100.0     999

 Wood (1/4-1 inch)          0.63      0.63      0.00    100.0     999        12.0

 Wood (1-3 inch)            0.80      0.53      0.27     66.1     999 

 Wood (3+ inch) Sound       4.50      0.34      4.16      7.5     999        20.0

       3->6                 1.12      0.18      0.94      0.2     

       6->9                 1.12      0.09      1.03      0.1     

       9->20                1.12      0.05      1.08      0.0     

       20->                 1.12      0.02      1.11      0.0     

 Wood (3+ inch) Rotten      0.50      0.10      0.40     19.8     999        20.0

       3->6                 0.12      0.05      0.08      0.4     

       6->9                 0.12      0.03      0.10      0.2     

       9->20                0.12      0.02      0.11      0.1     

       20->                 0.12      0.01      0.12      0.1     

 Duff                       5.00      2.05      2.95     41.1       2       100.0

 Herbaceous                 0.20      0.20      0.00    100.0      22

 Shrubs                     0.40      0.24      0.16     60.0      23

 Crown foliage              6.00      0.00      6.00      0.0      37

 Crown branchwood           0.70      0.00      0.70      0.0      38

 ___________________________________________________________________________

 Total Fuels               20.20      5.56     14.64     27.5

 FIRE EFFECTS ON FOREST FLOOR COMPONENTS

 Forest Floor           Preburn   Amount    Postburn  Percent   Equation

 Component              Condition Consumed  Condition Reduced   Number

 ___________________________________________________________________________

 Duff Depth (in)             0.6       0.2       0.4     30.8       6

 Min Soil Exp (%)             .0      21.9      21.9     21.9      10

 ___________________________________________________________________________

Note:

  'Duff' (tons/acre) and 'Duff Depth (in)' burned are computed using

  different equations, sometimes this may cause an inconsistency in 

  the 'Percent Reduced' shown on this report.

  Duff (tons/acre) consumed is best suited for predicting smoke production,

  while Duff Depth (in) may be better related to fire severity and soil heating

                     Emissions  -- lbs/acre

                    flaming      smoldering      total

 --------------------------------------------------------------

 PM 10                 12              196           208 

 PM 2.5                10              166           176 

 CH 4                   3              101           104 

 CO                    25             2216          2241 

 CO 2                6725             9018         15743 

 --------------------------------------------------------------

                                  Consumption     Duration

                                     tons/acre    hour:min:sec

                         Flaming:         3.39       00:01:00

                         Smoldering:      5.85       00:22:15

                         Total:           9.24




A Summary Report summarizes the fuel consumption and
emissions data from multiple Reports: 

[image: image53.jpg]EPM - Emissions Production Model
Common Misuses

= [ncorrectly matching EPM default fuel profile to burn site.
This is especially problematic for burns in natural fuels,
burns in non-timber types, or burns in timber types
outside Oregon and Washington
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The order of operations for Creating and Reviewing a Summary Report is as follows:

1. Click Y on “Summaries” radio button (middle right side of form).
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2. Provide a summary name in the blank field to the right of “Summaries.”  Choose a name that reflects the parameter(s) being changed and compared. For example, “25% TH FM” for “25% 1,000-hour fuel moisture content.”

3. Create report.

4. Change the parameter (in this case, we will change the 25% 1,000-hour fuel moisture to 30% 1,000-hour fuel moisture.

5. Rename the summary.  In this case, we chose “30% TH FM.”

6. Create a new report.

7. Repeat Steps 4 – 6 as often as needed.

8. Create the summary report.  Note the summary names on the report.
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9. Note that the program will query the user whether they want to clear the stored totals.  Press “yes” if you want to delete the summary information; press “no” if you want to keep the totals and create updated summaries with more reports:
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10. To stop creating summaries, click on the N radio button to the right of Summaries, and blank out the summary name field.

11. To save the report, click on Report, Save Report to File.  The following browser box will appear; note that clicking on the icon that the arrow is pointing to allows the user to create a new folder (we called this one “Reports.”):
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12. Note that saving a file saves everything displayed on the lower half of the screen.
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Graph menu options include (select one of five pollutants, or
fire intensity):

The View menu allows the user to toggle between the most recently created graph and report:
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The Options menu contains many options that the average user will never need to exercise:
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The Help menu contains “Help” and “About”, but only the “About” feature is currently active:


Now, it’s your turn!  To document your work, use the Create Report and Create Summary Report features, then save the results to a separate file.

Assume 

Same unit characteristics and fuel profile as already entered.  

Determine 

The minimum 1,000-hour fuel moisture content required to cap total PM10 emissions at 100 tons.

Hint: Remember, this is a 1,000-acre unit and FOFEM5 generates per-acre results.
100 tons is the same as 200,000 lbs, which is 200 lbs per acre for a 1,000-acre unit.  Find the 1,000-hour fuel moisture content that produces 200 lbs per acre of PM10. 

Solution:

	~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

 TITLE: Results of FOFEM model execution on date: 3/8/2001 

                         FUEL CONSUMPTION CALCULATIONS

 Region:     Interior_West

 Cover Type: SAF/SRM - SAF 237 - Interior Ponderosa Pine

 Fuel Type:  Natural 

 Fuel Reference:  FOFEM 011 

                                     FUEL CONSUMPTION TABLE 

 Fuel                   Preburn   Consumed  Postburn  Percent   Equation      

 Component              Load      Load      Load      Reduced   Reference    

 Name                   (t/acre)  (t/acre)  (t/acre)    (%)     Number     Moisture

 ___________________________________________________________________________________

 Litter                     1.40      1.40      0.00    100.0     999

 Wood (0-1/4 inch)          0.07      0.07      0.00    100.0     999

 Wood (1/4-1 inch)          0.63      0.63      0.00    100.0     999        12.0

 Wood (1-3 inch)            0.80      0.53      0.27     66.1     999 

 Wood (3+ inch) Sound       4.50      0.34      4.16      7.5     999        20.0

       3->6                 1.12      0.18      0.94      0.2     

       6->9                 1.12      0.09      1.03      0.1     

       9->20                1.12      0.05      1.08      0.0     

       20->                 1.12      0.02      1.11      0.0     

 Wood (3+ inch) Rotten      0.50      0.10      0.40     19.8     999        20.0

       3->6                 0.12      0.05      0.08      0.4     

       6->9                 0.12      0.03      0.10      0.2     

       9->20                0.12      0.02      0.11      0.1     

       20->                 0.12      0.01      0.12      0.1     

 Duff                       5.00      2.05      2.95     41.1       2       100.0

 Herbaceous                 0.20      0.20      0.00    100.0      22

 Shrubs                     0.40      0.24      0.16     60.0      23

 Crown foliage              6.00      0.00      6.00      0.0      37

 Crown branchwood           0.70      0.00      0.70      0.0      38

 ___________________________________________________________________________

 Total Fuels               20.20      5.56     14.64     27.5

 FIRE EFFECTS ON FOREST FLOOR COMPONENTS

 Forest Floor           Preburn   Amount    Postburn  Percent   Equation

 Component              Condition Consumed  Condition Reduced   Number

 ___________________________________________________________________________

 Duff Depth (in)             0.6       0.2       0.4     30.8       6

 Min Soil Exp (%)             .0      21.9      21.9     21.9      10

 ___________________________________________________________________________

Note:

  'Duff' (tons/acre) and 'Duff Depth (in)' burned are computed using

  different equations, sometimes this may cause an inconsistancy in 

  the 'Percent Reduced' shown on this report.

  Duff (tons/acre) consumed is best suited for predicting smoke production,

  while Duff Depth (in) may be better related to fire severity and soil heating

                     Emissions  -- lbs/acre

                    flaming      smoldering      total

 --------------------------------------------------------------

 PM 10                 12              196           208 

 PM 2.5                10              166           176 

 CH 4                   3              101           104 

 CO                    25             2216          2241 

 CO 2                6725             9018         15743 

 --------------------------------------------------------------

                                  Consumption     Duration

                                     tons/acre    hour:min:sec

                         Flaming:         3.39       00:01:00

                         Smoldering:      5.85       00:22:15

                         Total:           9.24

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

 TITLE: Results of FOFEM model execution on date: 3/8/2001 

                         FUEL CONSUMPTION CALCULATIONS

 Region:     Interior_West

 Cover Type: SAF/SRM - SAF 237 - Interior Ponderosa Pine

 Fuel Type:  Natural 

 Fuel Reference:  FOFEM 011 

                                     FUEL CONSUMPTION TABLE 

 Fuel                   Preburn   Consumed  Postburn  Percent   Equation      

 Component              Load      Load      Load      Reduced   Reference    

 Name                   (t/acre)  (t/acre)  (t/acre)    (%)     Number     Moisture

 ___________________________________________________________________________________

 Litter                     1.40      1.40      0.00    100.0     999

 Wood (0-1/4 inch)          0.07      0.07      0.00    100.0     999

 Wood (1/4-1 inch)          0.63      0.63      0.00    100.0     999        12.0

 Wood (1-3 inch)            0.80      0.52      0.28     65.6     999 

 Wood (3+ inch) Sound       4.50      0.28      4.22      6.2     999        25.0

       3->6                 1.12      0.16      0.97      0.1     

       6->9                 1.12      0.07      1.05      0.1     

       9->20                1.12      0.04      1.09      0.0     

       20->                 1.12      0.01      1.11      0.0     

 Wood (3+ inch) Rotten      0.50      0.09      0.41     17.2     999        25.0

       3->6                 0.12      0.04      0.08      0.4     

       6->9                 0.12      0.02      0.10      0.2     

       9->20                0.12      0.01      0.11      0.1     

       20->                 0.12      0.00      0.12      0.0     

 Duff                       5.00      2.05      2.95     41.1       2       100.0

 Herbaceous                 0.20      0.20      0.00    100.0      22

 Shrubs                     0.40      0.24      0.16     60.0      23

 Crown foliage              6.00      0.00      6.00      0.0      37

 Crown branchwood           0.70      0.00      0.70      0.0      38

 ___________________________________________________________________________

 Total Fuels               20.20      5.49     14.71     27.2

 FIRE EFFECTS ON FOREST FLOOR COMPONENTS

 Forest Floor           Preburn   Amount    Postburn  Percent   Equation

 Component              Condition Consumed  Condition Reduced   Number

 ___________________________________________________________________________

 Duff Depth (in)             0.6       0.2       0.4     30.8       6

 Min Soil Exp (%)             .0      21.9      21.9     21.9      10

 ___________________________________________________________________________

Note:

  'Duff' (tons/acre) and 'Duff Depth (in)' burned are computed using

  different equations, sometimes this may cause an inconsistancy in 

  the 'Percent Reduced' shown on this report.

  Duff (tons/acre) consumed is best suited for predicting smoke production,

  while Duff Depth (in) may be better related to fire severity and soil heating

                     Emissions  -- lbs/acre

                    flaming      smoldering      total

 --------------------------------------------------------------

 PM 10                 12              192           204 

 PM 2.5                10              163           173 

 CH 4                   3               99           102 

 CO                    25             2170          2195 

 CO 2                6725             8833         15558 

 --------------------------------------------------------------

                                  Consumption     Duration

                                     tons/acre    hour:min:sec

                         Flaming:         3.39       00:01:00

                         Smoldering:      5.73       00:22:00

                         Total:           9.12

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

 TITLE: Results of FOFEM model execution on date: 3/8/2001 

                         FUEL CONSUMPTION CALCULATIONS

 Region:     Interior_West

 Cover Type: SAF/SRM - SAF 237 - Interior Ponderosa Pine

 Fuel Type:  Natural 

 Fuel Reference:  FOFEM 011 

                                     FUEL CONSUMPTION TABLE 

 Fuel                   Preburn   Consumed  Postburn  Percent   Equation      

 Component              Load      Load      Load      Reduced   Reference    

 Name                   (t/acre)  (t/acre)  (t/acre)    (%)     Number     Moisture

 ___________________________________________________________________________________

 Litter                     1.40      1.40      0.00    100.0     999

 Wood (0-1/4 inch)          0.07      0.07      0.00    100.0     999

 Wood (1/4-1 inch)          0.63      0.63      0.00    100.0     999        12.0

 Wood (1-3 inch)            0.80      0.52      0.28     65.2     999 

 Wood (3+ inch) Sound       4.50      0.24      4.26      5.4     999        28.0

       3->6                 1.12      0.14      0.99      0.1     

       6->9                 1.12      0.06      1.06      0.1     

       9->20                1.12      0.03      1.09      0.0     

       20->                 1.12      0.01      1.11      0.0     

 Wood (3+ inch) Rotten      0.50      0.08      0.42     15.3     999        28.0

       3->6                 0.12      0.04      0.08      0.3     

       6->9                 0.12      0.02      0.10      0.2     

       9->20                0.12      0.01      0.12      0.1     

       20->                 0.12      0.00      0.12      0.0     

 Duff                       5.00      2.05      2.95     41.1       2       100.0

 Herbaceous                 0.20      0.20      0.00    100.0      22

 Shrubs                     0.40      0.24      0.16     60.0      23

 Crown foliage              6.00      0.00      6.00      0.0      37

 Crown branchwood           0.70      0.00      0.70      0.0      38

 ___________________________________________________________________________

 Total Fuels               20.20      5.44     14.76     26.9

 FIRE EFFECTS ON FOREST FLOOR COMPONENTS

 Forest Floor           Preburn   Amount    Postburn  Percent   Equation

 Component              Condition Consumed  Condition Reduced   Number

 ___________________________________________________________________________

 Duff Depth (in)             0.6       0.2       0.4     30.8       6

 Min Soil Exp (%)             .0      21.9      21.9     21.9      10

 ___________________________________________________________________________

Note:

  'Duff' (tons/acre) and 'Duff Depth (in)' burned are computed using

  different equations, sometimes this may cause an inconsistancy in 

  the 'Percent Reduced' shown on this report.

  Duff (tons/acre) consumed is best suited for predicting smoke production,

  while Duff Depth (in) may be better related to fire severity and soil heating

                     Emissions  -- lbs/acre

                    flaming      smoldering      total

 --------------------------------------------------------------

 PM 10                 12              190           202 

 PM 2.5                10              161           171 

 CH 4                   3               98           101 

 CO                    25             2140          2165 

 CO 2                6725             8711         15436 

 --------------------------------------------------------------

                                  Consumption     Duration

                                     tons/acre    hour:min:sec

                         Flaming:         3.39       00:01:00

                         Smoldering:      5.65       00:21:45

                         Total:           9.04

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

 TITLE: Results of FOFEM model execution on date: 3/8/2001 

                         FUEL CONSUMPTION CALCULATIONS

 Region:     Interior_West

 Cover Type: SAF/SRM - SAF 237 - Interior Ponderosa Pine

 Fuel Type:  Natural 

 Fuel Reference:  FOFEM 011 

                                     FUEL CONSUMPTION TABLE 

 Fuel                   Preburn   Consumed  Postburn  Percent   Equation      

 Component              Load      Load      Load      Reduced   Reference    

 Name                   (t/acre)  (t/acre)  (t/acre)    (%)     Number     Moisture

 ___________________________________________________________________________________

 Litter                     1.40      1.40      0.00    100.0     999

 Wood (0-1/4 inch)          0.07      0.07      0.00    100.0     999

 Wood (1/4-1 inch)          0.63      0.63      0.00    100.0     999        12.0

 Wood (1-3 inch)            0.80      0.52      0.28     65.1     999 

 Wood (3+ inch) Sound       4.50      0.23      4.27      5.2     999        29.0

       3->6                 1.12      0.13      0.99      0.1     

       6->9                 1.12      0.06      1.06      0.1     

       9->20                1.12      0.03      1.10      0.0     

       20->                 1.12      0.01      1.12      0.0     

 Wood (3+ inch) Rotten      0.50      0.07      0.43     13.7     999        29.0

       3->6                 0.12      0.04      0.08      0.3     

       6->9                 0.12      0.02      0.11      0.1     

       9->20                0.12      0.01      0.12      0.1     

       20->                 0.12      0.00      0.12      0.0     

 Duff                       5.00      2.05      2.95     41.1       2       100.0

 Herbaceous                 0.20      0.20      0.00    100.0      22

 Shrubs                     0.40      0.24      0.16     60.0      23

 Crown foliage              6.00      0.00      6.00      0.0      37

 Crown branchwood           0.70      0.00      0.70      0.0      38

 ___________________________________________________________________________

 Total Fuels               20.20      5.42     14.78     26.8

 FIRE EFFECTS ON FOREST FLOOR COMPONENTS

 Forest Floor           Preburn   Amount    Postburn  Percent   Equation

 Component              Condition Consumed  Condition Reduced   Number

 ___________________________________________________________________________

 Duff Depth (in)             0.6       0.2       0.4     30.8       6

 Min Soil Exp (%)             .0      21.9      21.9     21.9      10

 ___________________________________________________________________________

Note:

  'Duff' (tons/acre) and 'Duff Depth (in)' burned are computed using

  different equations, sometimes this may cause an inconsistancy in 

  the 'Percent Reduced' shown on this report.

  Duff (tons/acre) consumed is best suited for predicting smoke production,

  while Duff Depth (in) may be better related to fire severity and soil heating


                     Emissions  -- lbs/acre

                    flaming      smoldering      total

 --------------------------------------------------------------

 PM 10                 12              188           200 

 PM 2.5                10              160           170 

 CH 4                   3               97           100 

 CO                    25             2128          2153 

 CO 2                6725             8663         15388 

 --------------------------------------------------------------

                                  Consumption     Duration

                                     tons/acre    hour:min:sec

                         Flaming:         3.39       00:01:00

                         Smoldering:      5.62       00:21:45

                         Total:           9.01

                            Fuel Consumed Totals - (t/acre)

          Name    ______   Wood    Wood    Wood    Wood    ____    ____   _____   Crown   Crown

           Id     Litter  0->1/4  1/4->1   1->3      3+    Duff    Herb   Shrub   Folge   Brnch

      20% Th FM    1.40    0.07    0.63    0.53    0.44    2.05    0.20    0.24    0.00    0.00

      25% Th FM    1.40    0.07    0.63    0.52    0.37    2.05    0.20    0.24    0.00    0.00

      28% Th FM    1.40    0.07    0.63    0.52    0.32    2.05    0.20    0.24    0.00    0.00

      29% Th FM    1.40    0.07    0.63    0.52    0.30    2.05    0.20    0.24    0.00    0.00

                              Smoke Emission Totals

          Name      Ave Combust    PM10 Emission  PM2.5 Emission CO Emission

           Id        Efficiency     (lbs/acre)     (lbs/acre)     (lbs/acre)

      20% Th FM        0.00               0.0             0.0           0.0

      25% Th FM        0.00               0.0             0.0           0.0

      28% Th FM        0.00               0.0             0.0           0.0

      29% Th FM        0.00               0.0             0.0           0.0

                   ----------------------------------------------------------

         Totals        0.00               0.0             0.0           0.0




Appendix C
Supporting Technical Memoranda
TECHNICAL MEMORANDUM 
[image: image6.png]AIR SCIENCES INC.




Smoke Impact Spreadsheet: Conversion of FOFEM5 Emissions File to EPM Equivalent Emissions File 

	PREPARED FOR:
	Mark D. Schaaf/Air Sciences

	PREPARED BY:
	Kent Norville/Air Sciences

	COPIES:
	 FILE

	DATE:
	February 18, 2002


This brief technical memorandum outlines the algorithms used to convert a First Order Fire Effects Model (version 5, FOFEM5) emissions file to an Emissions Production Model (version 3.5, EPM) emissions file used in the Smoke Impact Spreadsheet (SIS).  A conversion routine is needed because a FOFEM5 model emissions file describes the emissions and heat intensity behavior on a unit area basis (e.g. one square meter), whereas an EPM emissions file describes the emissions and heat intensity behavior for the total area burned.  Thus, the conversion routines takes the unit area data from FOFEM5 and creates the composite fire emissions and heat behavior data file for use in SIS.

The conversion routine steps are:

1. Group the FOFEM5 fire record into one-minute increments.

2. Determine the area burned on one minute (hereafter referred to as the sub-area) and the number of sub-areas needed to burn the entire area

3. Talley the emissions and heat rate into 20 minute increments assuming that a new sub-area starts burning every minute and that each sub–area continues to burn following the one–minute FOFEM5 fire record.  Output the 20-minute total area emissions and heat recorded into an EPM style file.

Each of these steps is described in more detail below.

1. Group the FOFEM5 fire record into one-minute increments.

A FOFEM5 model emissions file describes the emissions and heat intensity behavior of the fire on a unit area basis (e.g. one-square meter) on a regular time interval.  An example FOFEM5 emissions file is provided below.  The top ten lines are header lines that explain the data in each of the columns.  After the header lines are the data lines, with the time in seconds being in the first column.   After the first 60 seconds, FOFEM5 reports the emissions and heat intensity every 15 seconds. 

------------------------------------- FOFEM5 Emissions File ----------------------------------

  Column  1: Time since ignition, seconds

         2: Intensity  kw/msq

         3: Emission  PM 2.5   g/msq

         4: Emission   PM 10   g/msq

         5: Emission     CH4   g/msq

         6: Emission     CO2   g/msq

         7: Emission      CO   g/msq

         8: Flame Weight       kg/msq

         9: Smoldering Weight  kg/msq

  60   448.7829    4.4141    1.5642   18.7547 2566.5334    5.2087    1.4218    0.0314

  75    25.9550    0.4922    0.2990    6.5584   26.6951    0.5808    0.0000    0.0217

  90    21.4668    0.4126    0.2507    5.4983   22.3800    0.4869    0.0000    0.0182

 105    19.1552    0.3682    0.2237    4.9062   19.9701    0.4345    0.0000    0.0163

 120    17.1906    0.3304    0.2007    4.4030   17.9219    0.3899    0.0000    0.0146

 135    15.9840    0.3073    0.1867    4.0940   16.6639    0.3626    0.0000    0.0136

 150    14.9448    0.2873    0.1745    3.8278   15.5805    0.3390    0.0000    0.0127

 165    14.0069    0.2692    0.1636    3.5876   14.6028    0.3177    0.0000    0.0119

 180    13.1174    0.2521    0.1532    3.3598   13.6754    0.2975    0.0000    0.0111

 195    12.2470    0.2354    0.1430    3.1368   12.7679    0.2778    0.0000    0.0104

 210    11.3734    0.2186    0.1328    2.9131   11.8572    0.2580    0.0000    0.0097

 225    10.4774    0.2014    0.1223    2.6836   10.9231    0.2377    0.0000    0.0089

 240     9.5553    0.1831    0.1112    2.4400    9.9315    0.2161    0.0000    0.0081

 255     8.7574    0.1683    0.1023    2.2430    9.1300    0.1986    0.0000    0.0074

 270     8.0831    0.1554    0.0944    2.0703    8.4269    0.1833    0.0000    0.0069

 285     7.4297    0.1428    0.0867    1.9026    7.7443    0.1685    0.0000    0.0063

 300     6.7410    0.1293    0.0786    1.7235    7.0154    0.1526    0.0000    0.0057

 315     6.2279    0.1197    0.0727    1.5951    6.4928    0.1413    0.0000    0.0053

 330     5.9194    0.1138    0.0691    1.5161    6.1712    0.1343    0.0000    0.0050

 345     5.6711    0.1090    0.0662    1.4525    5.9123    0.1286    0.0000    0.0048

 360     5.4476    0.1047    0.0636    1.3953    5.6793    0.1236    0.0000    0.0046

 375     5.0557    0.0972    0.0590    1.2949    5.2708    0.1147    0.0000    0.0043

 390     4.7678    0.0916    0.0557    1.2212    4.9706    0.1081    0.0000    0.0040

 405     4.5260    0.0870    0.0529    1.1592    4.7185    0.1027    0.0000    0.0038

 420     4.2976    0.0826    0.0502    1.1007    4.4804    0.0975    0.0000    0.0036

 435     4.0901    0.0786    0.0478    1.0476    4.2641    0.0928    0.0000    0.0035

 450     3.8925    0.0748    0.0455    0.9970    4.0580    0.0883    0.0000    0.0033

 465     3.7002    0.0711    0.0432    0.9477    3.8576    0.0839    0.0000    0.0031

 480     3.5102    0.0675    0.0410    0.8991    3.6596    0.0796    0.0000    0.0030

 495     3.3195    0.0638    0.0388    0.8502    3.4607    0.0753    0.0000    0.0028

 510     3.1248    0.0601    0.0365    0.8003    3.2577    0.0709    0.0000    0.0027

 525     2.9216    0.0562    0.0341    0.7483    3.0459    0.0663    0.0000    0.0025

 540     2.7052    0.0520    0.0316    0.6929    2.8203    0.0614    0.0000    0.0023

 555     2.4868    0.0478    0.0290    0.6369    2.5926    0.0564    0.0000    0.0021

 570     2.2701    0.0436    0.0265    0.5814    2.3667    0.0515    0.0000    0.0019

 585     2.1225    0.0408    0.0248    0.5436    2.2127    0.0481    0.0000    0.0018

 600     1.9676    0.0378    0.0230    0.5039    2.0513    0.0446    0.0000    0.0017

 615     1.8354    0.0353    0.0214    0.4701    1.9135    0.0416    0.0000    0.0016

 630     1.7352    0.0334    0.0203    0.4444    1.8090    0.0394    0.0000    0.0015

 645     1.6390    0.0315    0.0191    0.4198    1.7087    0.0372    0.0000    0.0014

 660     1.5477    0.0298    0.0181    0.3964    1.6135    0.0351    0.0000    0.0013

 675     1.4219    0.0273    0.0166    0.3642    1.4824    0.0323    0.0000    0.0012

 690     1.3172    0.0253    0.0154    0.3374    1.3732    0.0299    0.0000    0.0011

 705     1.2221    0.0235    0.0143    0.3130    1.2741    0.0277    0.0000    0.0010

 720     1.1299    0.0217    0.0132    0.2894    1.1779    0.0256    0.0000    0.0010

 735     1.0426    0.0200    0.0122    0.2670    1.0869    0.0236    0.0000    0.0009

 750     0.9582    0.0184    0.0112    0.2454    0.9990    0.0217    0.0000    0.0008

 765     0.8754    0.0168    0.0102    0.2242    0.9127    0.0199    0.0000    0.0007

 780     0.7928    0.0152    0.0093    0.2030    0.8265    0.0180    0.0000    0.0007

 795     0.7090    0.0136    0.0083    0.1816    0.7392    0.0161    0.0000    0.0006

 810     0.6230    0.0120    0.0073    0.1596    0.6495    0.0141    0.0000    0.0005

 825     0.5326    0.0102    0.0062    0.1364    0.5553    0.0121    0.0000    0.0005

 840     0.4353    0.0084    0.0051    0.1115    0.4538    0.0099    0.0000    0.0004

 855     0.3393    0.0064    0.0039    0.0856    0.3483    0.0076    0.0000    0.0003

 870     0.3063    0.0059    0.0036    0.0785    0.3193    0.0069    0.0000    0.0003

 885     0.2811    0.0054    0.0033    0.0720    0.2931    0.0064    0.0000    0.0002

 900     0.2589    0.0050    0.0030    0.0663    0.2699    0.0059    0.0000    0.0002

---------------------------------------------------------------------

The current form of SIS uses the time (column 1), heat intensity (column 2) and PM2.5 emissions (column 3).  The SIS model reads the file and groups the data into one-minute bins.  For PM, the values within a minute are summed.  For example, the first 3 one-minute groups of the emissions record would be,


E(minute 1) = PMt= 60s
E(minute 2) = PMt= 75s + PMt= 90s + PMt=105s + PMt=120s

E(minute 3) = PMt=135s + PMt= 150s + PMt= 165s + PMt= 180s
where E holds the one-minute summed values, and PM is the FOFEM5 PM2.5 input data.    For the heat term, the intensity (I, in kw/m2) is multiplied by the time step to obtain the total heat released (H, in kw-s/m2). Therefore, the first 3 one-minute groups of the emissions record would be,


H(minute 1) = It=60 s*60 s

H(minute 2) = (It= 75 s + It= 90 s + It=105 s + It=120 s)*15 s


H(minute 3) = (It=135s + It= 150 s + It= 165 s + It= 180 s ) *15 s.

The SIS model is dimensioned to hold up to 5,000 one-minute intervals (3.5 days), which should be more than adequate for a unit area burn.    

2. Determine the area burned on one minute (here-after referred to as the sub-area) and the number of sub-areas needed to burn the entire area

The SIS model assumes that the sub-unit area is square and that the fire moves across the area at a constant speed, which is based on the maximum spread component (SC) specified on the MAIN sheet.   Thus, the time for the fire to move across the area is given by:
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where ABT is the time to burn across the area in minutes (rounded to the nearest minute), A is the burn area in square feet from the MAIN sheet, and SC is the spread component.  The sub-area (SA), which is the area burned in one minute, is given by
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Since the SIS model is working at one-minute intervals, ABT is both the number of sub-areas needed and the time in minutes.

3. Talley the emissions and heat rate into 20 minute increments assuming that a new sub-area starts burning every minute and that each sub–area continues to burn following the one–minute FOFEM5 fire record.  Output the 20-minute total area emissions and heat recorded into an EPM style file.

The SIS model assumes one sub-area starts burning every minute and continues to burn following the one-minute FOFEM5 fire record in subsequent minutes.   Thus in the first minute, the only the first sub-area is active.  In the second minute, the fire moves into the second sub-area and continues to burn in the first.  In the third minute, the fire moves to the third sub-area and continues to burn in the first two sub-areas.   For any given minute, the total emissions and heat release are just the sum of their values at the active sub-areas.  These values are then tallied into 20-minute increments for output.  This process is illustrated below for a example case in which the FOFEM input has 5 one-minute records (with values of 10, 4, 3, 2, and 1) and eight sub-areas.

	
	Sub-areas
	
	

	Time (min)
	SA(1)
	SA(2)
	SA(3)
	SA(4)
	SA(5)
	SA(6)
	SA(7)
	SA(8)
	V(t)
	Cum. V

	1
	10
	
	
	
	
	
	
	
	10
	10

	2
	4
	10
	
	
	
	
	
	
	14
	24

	3
	3
	4
	10
	
	
	
	
	
	17
	41

	4
	2
	3
	4
	10
	
	
	
	
	19
	60

	5
	1
	2
	3
	4
	10
	
	
	
	20
	80

	6
	0
	1
	2
	3
	4
	10
	
	
	20
	100

	7
	0
	0
	1
	2
	3
	4
	10
	
	20
	120

	8
	0
	0
	0
	1
	2
	3
	4
	10
	20
	140

	9
	0
	0
	0
	0
	1
	2
	3
	4
	10
	150

	10
	0
	0
	0
	0
	0
	1
	2
	3
	6
	156

	11
	0
	0
	0
	0
	0
	0
	1
	2
	3
	159

	12
	0
	0
	0
	0
	0
	0
	0
	1
	1
	160

	13
	0
	0
	0
	0
	0
	0
	0
	0
	0
	160

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	20
	0
	0
	0
	0
	0
	0
	0
	0
	0
	160


SA – sub-area

Each SA column shows the values occurring at each of the sub-areas as a funtion of time.    At each minute step, a new sub-area becomes active, starting at the top of the FOFEM burn sequence and working its way down as time proceeds.  Each row shows the values of the sub-areas at a particular time, with the sum shown in the second from the right column.  A cumulative total is carried in the last column.    At the end of 20 minutes, the cumulative total would be used in the output.  When additional time records are needed, the cumulative values would be zero-ed and the next 20-minutes processed in a similar fashion.  The cumulative total represents cumulative unit area emissions (in g/m2) and heat release (kw-s/m2), and still need to be multiplied by the sub-area size.  For the emissions, the final conversion is given by 
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Where Etot is the final emission value, Ecum is the 20-minute cumulative unit emission, SA is the sub-area size (in ft2) and the constants are conversion factors.  

For the heat released, the final conversion is given by 
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Where Htot is the final heat value and Hcum is the 20-minute cumulative heat released.

The outputs are:

Time (sec), Heat Released (BTU/s), TSP (g/s), PM10 (g/s) , and PM2.5 (g/s)

where TSP = PM2.5/0.6 and PM10 = PM2.5/0.8.  Note, however, than EPM places CO emissions in the last column.  SIS uses the PM10 value for determining the PM2.5 emissions.
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Click this to create a new folder





Answer:


Entering a1000-hour fuel moisture of 29% produces 200 lbs/acre of PM10. This is the same as 200,000 lbs, or 100 tons, from our 1,000-acre unit!








� Training Materials Presented in Smoke Emissions and Dispersion Modeling Course, March 15, 2001, Clovis, California.  USDA Forest Service, California Region.


� Training Materials Presented in Smoke Emissions and Dispersion Modeling Course, March 15, 2001, Clovis, California.  USDA Forest Service, California Region.
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