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Particle levels are a principal concern in wildland fire smoke.
The size of particles in the air we breathe affects their
potential to cause health problems. Particle pollution may
contain substances like carbon, sulphur and nitrogen
compounds, metals and organic chemicals.



Particle size is usually measured in microns, which are units
of one millionth of a metre. Coarse particles range from
2.5-10 microns in diameter. Fine particles, with diameters
less than 2.5 microns are often linked to health effects.
Particles in this size range are slow to clear from the lungs

when they are inhaled.



Particles from smoke tend to be extremely small, with a
size range near the wavelength of visible light (0.4 to 0.7
microns). At this size range, smoke particles efficiently
scatter light and make it difficult to see, explaining why
people often become disoriented in smoke. It also explains
why some smoke particles can be inhaled deeply into the
lungs and why these are a greater health concern than
larger particles



Definitions:
Pm 2.5 - Particle size of 2.5 Microns or less

Micron - is a unit of measurement like inch or
mile

A Micron is 1,000,000t of a meter

There are 25,000 PM 2.5 particles in an inch

Concentration of Pm 2.5 in ug/m3
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Home / Models and Tools / Smoke

Smoke Models and Tools

BlueSky Framework Eis a model management system that facilitates the use of predictive models to simulate the cumulative impacts of smoke on air quality from forest, agricultural, and
range fires.

CONSUME &' Newest Version of Consume Found in the Fuel and Fire Tools (FFT). EFFT integrates FCCS with Consume and FEPS into a single user interface, and offers direct linkages
to the Pile Calculator and Digital Photo Series. The older stand-alone version of FEPS (v1.1) is still available for download but will not be updated and is no longer compatible with recent
versions of Windows (7 and higher).

FEPS (Fire Emission Production Simulator) &The latest version of the Fire Emissions Production Simulator (FEPS) is housed within the Fuel and Fire Tools (FFT). & FFT
integrates FCCS with Consume and FEPS into a single user interface, and offers direct linkages to the Pile Calculator and Digital Photo Series. The older stand-alone version of FEPS (v1.1) is
still available for download but will not be updated and is no longer compatible with recent versions of Windows (7 and higher).

HYSPLIT & links to current NOAA weather forecasts to project plume dispersion and downwind concentrations from fires or a variety of other sources, within the next 48 hours. The model
can be downloaded to a PC or run interactively on the Air Resources Laboratory’s READY & website.

The Simple Smoke Screening Model is a graphical tool created by the Southern High Resolution Monitoring Consortium (SHRMGC) that predicts the downwind smoke impact zone
based on the wind forecast direction, burn acres, fuel type, and ignition method. This tool is now hosted on our site.

VSmoke &' is a detailed planning tool that estimates downwind concentrations of particulate matter at 31 fixed distances, and how far and how well a person may see through the smoke
plume at each distance.

VSmoke-Web &'is a user-friendly tool which produces smoke plume overlays on a map or satellite image that represent expected downwind concentrations of particulate matter relative to
the Air Quality Index and potential health impacts.

Wildland Fire Air Quality Tools & is an integrated site with multiple tools related to forcasting smoke and air quality & designed especially for access in the Wildland Fire Decision
Support System (WFDSS).
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Epperson Burn July 12, 2017

e Conditions:
e Temperature around 90
e Rh 55-36
e Wind speed 8-10
e Wind direction Mostly SE



Simple Smoke Model
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Simple Smoke model

e Basically a trajectory model

e Darker color represents area of highest concern for public
safety.



Vsmoke Web
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About

VSmoke-Web is a web-based implementation of VSmoke (Lavdas, 1996) and is
designed to assist with planning prescribed burns in the Southern United
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Explanation

1. Location

Lat: 30.0374852429!
Lon: |-100.179576901
2. Fire Size

Acres: 300

Duration: |4 hours

Ignition Method:
Backing/Spot ¥

3. Fuel Load

Fuel Type:
Shrub - Mod

Tons/Acre: |8
4. Fuel Consumption

Fuel Moisture Scenario:
Dry v

% consumed:

70
5. Emissions

PM 2.5 Emission Factor:
27 Ibs/ton
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Vsmoke

* /Smoke-Web is a web-based implementation of VSmoke (

) and is designed to assist with planning prescribed burns in the
Southern United States. VSmoke is a simple gaussian smoke
dispersion model that calculates isopleths of surface smoke
concentration. Output from the model represents peak hourly
concentrations of PM2.5 or visibility (under development). Contour
values and their colors correspond to the PM 2.5 thresholds for the
Air Quality Index (AQl) and reflect potential health impacts ranging
from moderate to hazardous ( ).


http://www.treesearch.fs.fed.us/pubs/1561
http://www.airnow.gov/

Vsmoke concentrations Pm 2.5
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Transport Wind:
10 mph
AQl

SE

Levels of Hourly Stability Class:

Health AQl - oo s Meaning Moderately Unstable v
Value
Concern Conc.

7. Update Map
--- _ Run Model
Air quality is acceptable; however, for
some pollutants there may be a

8. Misc Options

Moderate 51to 100 39 to 88 moderate health concern for a very Background PM 2.5:
small number of people who are 5 ug/m3
unusually sensitive to air pollution.

ARty o ’ b:zrs of sensitive groups may I?E]ugn; Rise Fraction:
Sensitive 89 to 138 [TXPerience health effects. The '
e lgeneral public is not likely to be 9. HYSPLIT Info

Everyone may begin to experience Total Emissions:

Unhealthy | 151 to 200 health effects; me.mbers of sensi.tive 2.062e+13 ug
Broups may experience more serious
health effects.
Health alert: everyone may

Very Unhealthy] 201 to 300 experience more serious health

effects
Health warnings of emergency

Hazardous |301 to 500 conditions. The entire population is
more likely to be affected.
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7' NOAA HYSPLIT MODEL
Forward trajectory starting at 1200 UTC 12 Jul 17
GDAS Meteorological Data

Job 1D 154589 ' Job St Wed Aug 16 19.39: 2017
Source 1 lat.: 30.027500 lon.: -100.172300 ight: 50 m AGL

Trajectory Direction: Forward  Duration: 48 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 8 Jul 2017 - GDAS1




Hysplit every 6 hr trajectory

\'.J 149985_trj001.gif (588x730) - Google Chrome
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NOAA HYSPLIT MODEL
Forward trajectories starting at 1100 UTC 12 Jun 17
GDAS Meteorological Data

Job ID: 149985 Job Start: Tue Aug 22 16:30:57 UTC 2017
Source 1 lat.: 30.040000 lon.: -100.180000 height 500 m AGL

Trajectolr\x Direction: Forward  Duration: 24 hrs

Vertical Motion Calculation Method:  Model Vertical Velocity



Let’s go to the playground
Bluesky playground that is:

e Create an emissions scenario
* You can make changes to the inputs.

e Create a dispersal scenario


http://www.playground.airfire.org/

Bluesky components

FUELS INFORMATION DATASETS
e FCCS — Fuels Characteristic Classification System, U.S. Forest Service FERA
Team, esp. Dr. Don McKenzie

e LANDFIRE — U.S. Forest Service Missoula Fire Lab

CONSUMPTION MODELS

e CONSUME — U.S. Forest Service FERA Team, esp. Drs. Roger Ottmar, Susan
Prichart, and Clint Wright also many thanks to MTRI and Prof. Nancy French.

EMISSIONS FACTORS / MODELS
e FEPS — U.S. Forest Service FERA Team, esp. Dr. Sam Sandberg



Bluesky components

DISPERSION MODELS
e HYSPLIT — NOAA Air Resources Laboratory, esp. Dr. Roland Draxlar

e VSMOKE-GIS — U.S. Forest Service Southern Research Station, esp. Dr. Scott
Goodrick

METEOROLOGICAL FORECASTS

e National 12-km Forecast — from the National Weather Service NAM forecast
model

e PNW 4-km Forecast — from the Northwest Regional Modeling Consortium,
lead Prof. Cliff Mass, University of Washington

e California / Nevada 2-km Forecast — from the California / Nevada Smoke and
Air Consortium (CANSAC), led by Prof. Tim Brown, Desert Research Institute
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TEXAT Killeer| 30028170921
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Day 2
75 X
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|
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10, 0.1 |
12*I
8 {o.08 percent 10]
of total 81
64 +0.06 ) SJ
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0
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Size and Location | | Fuelsl | Moisturel |Consumption | |Timing | | Emissionsl | Notesl
Use Fuels From Fuel Loading Results
® FCCS Fuelbed #411 From Map 1-hr tons/acre Canopy tons/acre
' FCCS Fuelbed
' LANDFIRE Fuel Loading Models
1,000-hr tons/acre Litter 0.046| tonsfacre
>10,000-hr |:| tons/acre Total Above Ground 3.24 tonslacre
Total Sound Woody 1.60 tons/acre
Duff Depth inches Total Fuel Loading 7.26 tonsiacre
Discard Changes § Apply
View Totals Fuels and Emissions per Acre Diurnal Profile of % Total Consumption
10, r0.1 .
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8l lo.08 percent qq |
of total 81
64 t0.06 )
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tons/acre {
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Consumption Model Consumption Results
® Consume 3 Flaming 3.15  tons/acre Duff 0.00 tons/acre

Canopy Consumed ‘ 9%
Py - ’ Residual tons/acre

Total 3.41 tons/acre
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© FePs PM 5 tons CHy tons
PM1g tons NOx tons
co tons VOCs 24.52| tons
GOy tons NH;3 tons
GHGs 224854 tons COse SO, tons
Heat BTU/ft2
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some pollutants there may be a

Air quality is acceptable; however, for

51 to 100

Moderate

39 to 88 moderate health concern for a very
small number of people who are
unusually sensitive to air pollution.

Unhealthy for _ : b:ars of:enls::i::firc:up;hmay
Sensitive 89 to 138 | perence nea S
weneral public is not likely to be
Groups
affected.
Everyone may begin to experience
health effects; b f iti
Unhealthy [151to0 200[139 to 351 o " < oo Members of sensitive
groups may experience more serious
health effects.
Health alert: everyone may
Very Unhealthy] 201 to 300 experience more serious health
effects
Health warnings of emergency
Hazardous ]301 to 500 onditions. The entire population is
more likely to be affected.

7. Update Map

8. Misc Options

Background PM 2.5:

5w
Plume Rise Fraction:

9. HYSPLIT Info

Total Emissions:

e

Product of the Fire Consortia for Advanced Modeling of Meteorology and Smoke (FCAMMS).
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Assessing Air Quality

PM2.5
Category I-hr avg. concentration
(ug/nr’)

Visibility Range
(miles)

Divide the

Visibility Range
81-17

e 81-175 3 to 5 miles .
Groups by 2 for night

Unhealthy 176-300 1 1/2 to 2 1/2 miles )
Very Unhealth 301-500 1 to 1 1/4 mile time.

Over 500 3/4 mile or less

The procedure for using personal observations to determine the approximate PM»5
concentration for local areas without official monitors is:

1. Face away trom the sun.

2. Determine the limit of your visible range by looking for targets
at known distance (miles). Visible range is that point at which
even high contrast objects totally disappear.

Use the values above to determine the local forest fire smoke
category.




Developing a smoke

management plan using
Vsmoke-Web



Hypothetical smoke management plan

Today Tonight Thu

Cloud Cover Pcldy MClidy
Precip Type 0 0

Chance Precip (%) 0 0

Temp 91 71
RH % 39 90
20FtWnd-AM(MPH) 6-10 6-10
20FtWnd-PM(MPH) 6-10 6-10
Mixing Hgt(Ft-AGL) 6641 90
Transport Wnd (MPH) S7 SE 8
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Map Satellite [26 Search Box J La 1. Location

Lat: |30.0351175174:
Lon: -100.169963864

Mornlng BaCkflre | 2. Fire Size

Acres: [75

No major smoke issue on - Duration:
Ignition Method:

highway. Visibility | o et
greater than or equal to ' 3. Fuel Load

Fuel Type:

10 mlles. Grass - Lght ¥
Tons/Acre: |1.5

4. Fuel Consumption

Fuel Moisture Scenario:
Damp v

Map data ©2017 Google Terms of Use Report a map error

Download KML File % consumed:

80
About

5. Emissions

VSmoke-Web is a web-based implementation of VSmoke (Lavdas, 1996) and is PM 2.5 Emission Factor:
designed to assist with planning prescribed burns in the Southern United 27 Ibs/ton

States. VSmoke is a simple gaussian smoke dispersion model that calculates
Particulate Emission Rate:

76.70454545¢| grams/sec

isopleths of surface smoke concentration. Output from the model represents
peak hourly concentrations of PM2.5 or visibility (under development).
Contour values and their colors correspond to the PM 2.5 thresholds for the Air

Fon VAP [ S [P IR 1 W .. 1 L PSR [y [ R AU Iy SN [ SN '3 N U TR I PN S U [P S

Heat Release Rate:




Afternoon
Headfire

No major highway
problems. Visibility
greater than 10 miles.
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VSmoke-Web is a web-based implementation of YSmoke (Lavdas, 1996) and is
designed to assist with planning prescribed burns in the Southern United
States. VSmoke is a simple gaussian smoke dispersion model that calculates
isopleths of surface smoke concentration. Qutput from the model represents
peak hourly concentrations of PM2.5 or visibility (under development).
Contour values and their colors correspond to the PM 2.5 thresholds for the Air

1. Location

Lat: | 30.0351175174
Lon: |-100.169963864
2. Fire Size

Acres: |300

Duration: |6 hours

Ignition Method:
Head/Aerial v

3. Fuel Load

Fuel Type:
Grass - Lght v

Tons/Acre: |1
4. Fuel Consumption

Fuel Moisture Scenario:

Dry v

% consumed:

80
5. Emissions

PM 2.5 Emission Factor:
27 Ibs/ton

Particulate Emission Rate:

136.3636363€| grams/sec

Heat Release Rate:




Overnight

Possible visibility issue on the
highway.

Visibility potential of less than
.3 mile overnight.
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VSmoke-Web is a web-based implementation of VSmoke (Lavdas, 1996) and is

designed to assist with planning prescribed burns in the Southern United

States. VSmoke is a simple gaussian smoke dispersion model that calculates

isopleths of surface smoke concentration. Output from the model represents

peak hourly concentrations of PM2.5 or visibility (under development).

Contour values and their colors correspond to the PM 2.5 thresholds for the Air

Quality Index (AQl) and reflect potential health impacts ranging from moderate

to hazardous (Visit AirNow for mode AQI info). Burn location can be set by

rlicking an the man ar hv enterine the | atitude and | onaifiide. Notfe that the

>< Login - Paymode-X @ college station q

Lat: [ 3U.U34220860U3:
Lon: |-100.13786316€
2. Fire Size

Acres: 300

Duration: {12

Ignition Method:
Backing/Spot v

3. Fuel Load

Fuel Type:
Litter - Lght ¥

Tons/Acre: |2
4. Fuel Consumption

Fuel Moisture Scenario:
Damp v

% consumed:

70

5. Emissions

PM 2.5 Emission Factor:
27 Ibs/ton

Particulate Emission Rate:

119.31818181 grams/sec

Heat Release Rate:

129.49116161 MW
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Map Satellite

Lat: |30.0342258505!

Lon: |-100.13786316€

Change Plan?

Plan for a mixing height
with a minimum of 500’

2. Fire Size
Acres: (300
Duration: |12 | hours

Ignition Method:

and 10 mph transport oo BecknaeLT

@ State Natural Area = 3. Fuel Load

wind speed.

Fuel Type:
Litter- Lght v

Tons/Acre: |2

. . @ 4. Fuel Consumption
Night distance of 3-5 | i

. Go gle Rocksprings Map data ©2017 Google Terms of Use Report a map error Fuel Moisture Scenario:
miles? Damp v

Daownload KML Fila
Download KML Fil

About

% consumed:

50

5. Emissions

VSmoke-Web is a web-based implementation of VSmoke (Lavdas, 1996) and is PM 2.5 Emission Factor:
designed to assist with planning prescribed burns in the Southern United 27 Ibs/ton
States. VSmoke is a simple gaussian smoke dispersion model that calculates
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Spend some time developing a smoke
management plan. Hope you don’t

need one but remember you own
that smoke!
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