
Smoke: What is it? 

• Soot 

• Tar 

Presenter
Presentation Notes
Smoke consists of 2 substances:SOOT consists of particles of carbon (all hydrogen is already oxidized) that are not yet completely burned. The orange part of a flame consists of glowing soot particles. Particles that escape the flame without being oxidized cool to black.TAR consists of pyrolized fuel (cellulose) that did not burn completely. As it escapes the hot fire environment, it condenses.



How do we describe it?  

                                      
“can’t breathe…” 

                                      
“can’t  see…” 

Presenter
Presentation Notes
There are lots of descriptors for smoke:“I can’t breathe…” is a description in terms of its effect on our lungs.“I can’t see…” is a description in terms of visibility.There are also quantitative ways to describe smoke.



sand 

flour,  largest PM10 
largest PM2.5 

µg/m3 of particles  
     <10 (or 2.5) µm in diameter 

PM10 (or PM2.5) 

Presenter
Presentation Notes
One quantitative measure is the weight of tiny particles per volume of air—micrograms of particles per m**3How tiny? We use 2 indicators: particles <10 micrometers, orless than 2.5…Called PM10 and PM2.5.These drawings show the relative sizes of a common particle of sand, the largest PM10 (the size of a typical grain of flour), and the largest PM2.5



~5 µg/m3 of PM10 

Presenter
Presentation Notes
Here’s how PM10 affects visibility.5 micrograms is a lovely day…



20 µg/m3 of PM10 

Presenter
Presentation Notes
20 micrograms is still a beautiful day, AND it produces a camper trailer too!



40 µg/m3 of PM10 



60 µg/m3 of PM10 

Presenter
Presentation Notes
At 60 micrograms, the mountains are hard to see.



90 µg/m3 of PM10 

> 80 µg/m3: Stage 1 Air alert 
400-500 µg/m3: Missoula’s worst 

Presenter
Presentation Notes
At 90, they are nearly gone. At 80, health officials declare a “stage 1” air alert.Missoula’s worst smoky air, recorded in 2000, was between 400 and 500 micrograms.



How do we measure it? 
 
(1)  µg/m3 of particles  
(2) weight of particulates produced 
      based on fuel consumed 
      and moisture content 

Presenter
Presentation Notes
We’ve already looked at measurement of smoke in terms of particles per air volume.But that measurement depends on both smoke PRODUCTION and smoke DISPERSAL.When you’re planning a prescribed fire, you need to estimate how much smoke you’ll produce and how well it will disperse. We’re going to look at those 2 topics separately, using 2 different demonstrations. First, smoke production– estimated weight of particles produced: It is affected by how much fuel burns and how moist it is.



Hypothesize: Most & least fuel consumption? 

Hypothesize: Most & least smoke? 

Activity 8-4 compares 4 smoke 
recipes: 

1. 30 grams twigs, no moisture added 
2. 30 g twigs, moisture added 
3. 60 g twigs, no moisture added 
4. 60 g twigs, moisture added 

Presenter
Presentation Notes
So let’s think about it on a fairly small scale, a scale that we can use for an experiment.That’s what the 1st part of Activity 8-4 is.Here are 4 “recipes” for smoke. This is a classic experiment, in which we change 1 factor at a time & measure the effects on a variable– fuel consumed.What’s your best guess about these 4 recipes– Which recipe will burn the most fuel… & which the least?	[most– 3; least-- 2]Make another guess: Which recipe will produce the most smoke… & which the least?	[most– 4; least-- 1]



Example– Recipe 3:  Weigh & record  
newspaper, needle bed,  twigs-- 

 77.8 g fuel 

Presenter
Presentation Notes
OK, now let’s run the experiment.Here we’re watching some 8th graders set up & burn Recipe 3.



Spray with 
water if needed 
for recipe 

Presenter
Presentation Notes
Our recipe does NOT call for moisture, so Katrina is threatening me here…



Light it & observe! 

“It all burned!” 

“Not very smoky.” 



After fire is 
out & tray 
cool, weigh 
again. 

 

 

Calculate fuel 
consumed: 

74.3 g 

3.5 g ash 

Presenter
Presentation Notes
We started with 77.8 g of fuel (once newspaper & pine needles were included). Most of it burned.



Fuel consumption from all 4 recipes: 
How much fuel consumed?
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Hypotheses: Most & least fuel consumption? 

Presenter
Presentation Notes
Here are results from all 4 experiments, no replication.How about the hypothesis we made earlier? Did Recipe 3 consume the most fuel?In this case, moisture made little difference in total fuel consumed– even though moisture may have slowed the fire’s spread, eventually almost everything burned.



How much smoke? 
 
Multiply fuel consumed by emission factor: 
          7.0 mg smoke/g dry fuel… or… 
          8.5 mg smoke/g wet fuel 

520.1 mg smoke 

Presenter
Presentation Notes
Now we have to calculate the amount of smoke produced.We’ll do that by multiplying the fuel consumed by an experimentally derived “emission factor.”You’re already aware that moist fuel doesn’t burn as readily or efficiently as dry fuel.How much different is it? We use a simplified distinction to describe it– the emission factor, mg smoke produced per gram of fuel consumed.Note that the factor for moist fuel is about 20% greater than for dry fuel.74.3 g fuel consumed * 7.0 mg smoke/g dry fuel = 520.1 mg smoke.



Smoke production from all 4 recipes: 
How much smoke produced?
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Hypotheses: Most & least smoke? 

Presenter
Presentation Notes
Here are results from all 4 experiments, no replication.How well did our hypothesis play out?Summary: What affects smoke production? Amount of fuel consumed and moisture.



What affects smoke dispersal? 

… or…  
Why did I smell smoke all night? 

Presenter
Presentation Notes
But remember that smoke production is only half of the smoke puzzle.You also need to know where it goes, how well it disperses.



Convection:  Warm air rises. 

 

Presenter
Presentation Notes
Let’s go back to some things you already know.If air is heated up at the ground surface, it expands. Where can it go? Only up. It is more buoyant than cooler air.As it rises into less dense air, it expands and thus cools.Eventually it will get to a height above ground where it is the same temperature (and density) as the surrounding air.This is a condition we like; we call this air “unstable.” It is on the move, it is often quite turbulent, and it moves pollutants out of the area as it expands, rises, and gets pushed around in the atmosphere.



Cold air sinks. 

 

Presenter
Presentation Notes
Cold air is more dense than warm. A pocket of cold air will sink to the bottom of a pool of warm air.



If cold air is under warm air, 
it won’t move out. 

 

It is “stable”— 

an “inversion.” 

 

Presenter
Presentation Notes
This is a very “stable” condition. It is not going anywhere. There is no wind, no mixing; pollutants are stuck in the air mass. Another name for it: “inversion.” (Because the usual, normal, desirable condition, of unstable air, does not exist.)Let’s make an inversion & measure the temperatures & see how these temperature differences affect air stability.
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