Guidance for After Action Review of Smoke Impacts

Smoke impacts can be influenced by many factors such as the parameters in the prescribed burn plan, on-site fuel conditions, surface and upper atmosphere meteorology, other burning being conducted in the area and air quality away from the burn.   In assessing why smoke impacts occurred or were prevented, a variety of sources of information need to be drawn together and assessed.  This guidance is intended to allow local burn personnel to conduct this AAR, however the assessment may benefit from inclusion of experienced agency air quality and smoke management personnel.  

The timing of a smoke AAR is different from the normal process because the smoke impact could be reported the day of or after the burn, a few days later with a call from a state air regulatory agency monitoring air quality downwind, or even several months later when an air regulatory agency reviews monitoring data for submission to EPA. The U.S. Environmental Protection Agency’s (EPA) 2007 Exceptional Events Rule outlines the documentation needed to show that a NAAQS exceedance was significantly influenced by prescribed fire emissions.  The AAR documentation for an adverse smoke impact will provide much of this information.  

Purpose:  To learn from our operational prescribed fire experiences and improve our efforts to address smoke impacts using the process of After Action Review (AAR). This will allow fire managers and air regulators to learn and better understand the causes of smoke impacts that may have contributed to:  a) exceedance of an air quality health standard (National Ambient Air Quality Standards (NAAQS)), b) excessive nuisance complaints, and/or c) Class 1 area visibility impairment.  Successful smoke dispersion situations can also be assessed to support useful practices are utilized into the future. Like other AAR’s, this is a professional discussion of an event that enables all personnel to understand why things happened during a prescribed fire operation, review the progression of events and decisions, and to learn from that experience to better manage smoke in the future. This is not a process to assign blame, but rather to insure that lessons are learned to enhance future performance of prescribed fire planning and operations with improved smoke management. 
Goal: Clearly identify and document the factors and decisions which contributed to smoke impacts in a consistent manner.  Use of the AAR process should facilitate both internal and external discussions, including those surrounding contributions of wildland fire to possible smoke impacts.    The smoke AAR should provide adequate detail to determine why a smoke impact occurred or was prevented.   
Process for After Action Review of Smoke Impacts

Considering that requests for prescribed fire information could come up to three years after a burn (EPA Exceptional Events Rule, 40 CFR Parts 50 and 51), it will be easier to provide information to state air regulators when prescribed fire activities are well-documented and the information is easily retrieved.  
In order to conduct a smoke AAR, the following records will be needed: 
1) the burn plan, 
2) smoke management plans and any smoke dispersion modeling results; from pre-burn planning and/or the day of the burn, 

3) smoke observations made during the burn as well as several days after the burn (notes, photos, plume rise measurements, plume dispersion maps), 
4) weather forecasts and supporting observations (Fire Weather Forecast, Spot Weather Forecast, RAWS data, Ventilation Forecast, pilot balloon (pibal) information)
5) post-burn fire monitoring report which covers fuel moisture, fuel consumption, weather observations, ignition pattern and timing, 

6) air quality data from nearby or affected monitoring sites that was used in decision-making or is useful to understand smoke impacts, and
7) any pertinent supporting information that helps in understanding the cause of the adverse smoke impact.    
In most cases, these pieces of information and the stepwise process below will be sufficient to address smoke concerns.  However there will be some instances where more complex air quality modeling may be needed to understand what happened and why.  

I. What was planned?
	I. What was planned? (Use appropriate measurement units for the region of the analysis)

	Burn Name:
	
	Agency:
	

	County:
	
	State:
	
	Ignition Date:
	

	Location: (XX.DDD, UTM, TRS)
	
	Elevation:
	

	Projected Daily Acres:
	
	Projected Event Duration:
	

	Last Date Unit Burned: 
	
	Fire Return Interval:
	

	Fire Regime Class: (1-5)
	
	Predominant Fire Regime Condition Class (FRCC): (1-3)
	

	Burn Objective(s):



	The following information should reflect the Burn Plan information

	Primary Burn Type: 1.)Broadcast  (Natural),   2.) Broadcast (Activity non-piled),   3.) Piles
	

	Primary Fuel Type:
	
	Representative Weather Station:

	Time Lag Fuels
	Temperature: (°F)
	Min:
	Max:

	1hr
	T/A
	Relative Humidity: (%)
	Min:
	Max:

	10hr
	T/A
	Surface Windspeed: 
	Min:
	Max

	100hr
	T/A
	Transport Windspeed :
	Min:
	Max

	1000hr
	T/A
	Wind Direction: Single direction or range of directions.        
	

	TOTAL
	T/A
	Mixing Height: Use local conventions (MSL, AGL).
	

	1. List smoke sensitive receptors identified in Burn Plan.



	2. Describe any strategies considered in reducing smoke impacts to smoke sensitive receptors.



	3. Describe any pubic outreach program that was in place prior to burning operations. (i.e., public notification, educational awareness)



	4. What if any smoke dispersion analysis was used in planning burn? (i.e., VSMOKE, SASEM, SIS)



	5. What barriers were expected? (i.e., close proximity to sensitive populations, terrain.)




II. What happened on the burn?
	II. What happened on the burn?  (Use appropriate measurement units for the region of the analysis)

	Ignition Date: (MM/DD/YY)
	
	Ignition Time:
	

	6. Were proper smoke or burn permits obtained? 



	7. Were there any conditions applied to the permit? (e.g., reduce acres, ignition times, or ventilation limitations)



	8. How were the conditions adhered to?



	Fuel Information

	Acreage Burned:  Acres or percent of the burn unit that was "blackened"
	

	Number of Piles per Acre: Only needed if piles were burned
	

	Tons per Pile:
	

	Total Tons per Acre Consumed:
	

	Method Used for Estimating Consumption: (modeling, estimated, measured)
	

	Enter the Fuel Moistures and Circle the Corresponding Number of the Method Used:
	Measured - 1    Estimated - 2    RAWS - 3

	Dead Fuel Moisture: 10 hour
	(%)
	1      2      3

	Dead Fuel Moisture: 100 hour
	(%)
	1      2      3

	Dead Fuel Moisture: 1000 hour
	(%)
	1      2      3

	Live Fuel Moisture:
	(%)
	1      2      3

	Duff Fuel Moisture: Natural fuels only
	(%)
	1      2      3

	SOUND AND ROTTEN  (Woody Fuels Only – Do not include piles)
	ROTTEN  (Woody fuels only – Do not include piles)

	0.0 – 0.25 IN FUELS: (T/A)
	
	>3.0 IN FUELS:  (T/A)
	

	0.26 – 1.0 IN FUELS: (T/A)
	
	OTHER (Do not include these fuels in any other category)

	1.01 – 3.0 IN FUELS: (T/A)
	
	STUMP 20+ IN FUELS:  (T/A)
	

	SOUND (Wood fuels only – Do not include piles
	SHRUB /BRUSH FUELS:  (T/A)
	

	3.01 – 9.0 IN FUELS: (T/A)
	
	GRASS /HERB FUELS:    (T/A)
	

	9.01 – 20 IN FUELS:  (T/A)
	
	AVERAGE LITTER DEPTH: (T/A)
	

	>20.0 IN FUELS:        (T/A)
	
	AVERAGE DUFF DEPTH: (T/A)
	

	Weather Information

	Temperature: (°F)
	Min.
	Max.

	Relative Humidity: (%)
	Min.
	Max.

	Surface Windspeed: Use local conventions (mph, knots, mps, etc).
	

	Wind Direction: Single direction or range of directions. (i.e. N, E-SW)
	

	Mixing Height: Use local conventions (MSL, AGL).
	

	Transport Windspeed: Avg. of the winds within mix layer. Use local conventions (mph, knots, mps, etc).
	

	Ventilation Index: Transport winds X Mixing height.   Use local conventions (MSL, AGL).
	

	List any other Dispersion Indexes that may be used and their values: 
	

	9. List emission reduction techniques or smoke management dispersion techniques used to minimize impacts?



	10. Did the burn have any downed woody material accumulate following a storm or insect/ disease infestation, or from any mechanical treatments resulting in unwanted or unplanned fuel loading? If yes, describe the event or treatments.


	11. Were there other biomass burning activities nearby and was there coordination between burners? What coordination occurred?



	12. Did the smoke from the burn combine with other smoke sources which contributed to an adverse smoke impact? List details of other smoke sources and any estimate of emissions and impacts.



II. A. Optional Further Analysis: Post-burn Smoke Modeling Data Example 
Post-burn smoke dispersion modeling may be needed to complete some AAR assessments. Additional fire behavior information will improve modeling results.  The types of information needed will vary depending on the model used, but generally include: fire growth and associated firing techniques; start and end times for flaming, combustion and glowing phases of the fire; presence or absence of a strong convective column; and the time when the convective column formed and collapsed.  This information is most easily collected during the burn.  An example of the type of information needed for the VSMOKE model follows.  
	Fire Behavior Information for Post-burn Smoke Dispersion Modeling

	Fire Growth in Acres with initial acres at zero1
	Start Time
	Stop Time
	Firing Technique:   Use only those types of fire that apply to this burn and check the appropriate firing technique
	Type of Ignition:

Hand or Aerial

	1
	1000
	1100
	 FORMCHECKBOX 
Strip Head  FORMCHECKBOX 
 Flank  FORMCHECKBOX 
 Backing  FORMCHECKBOX 
 Spot  FORMCHECKBOX 
 Ring  FORMCHECKBOX 
 Head
	Hand

	5
	1100
	1245
	 FORMCHECKBOX 
Strip Head  FORMCHECKBOX 
 Flank  FORMCHECKBOX 
 Backing  FORMCHECKBOX 
 Spot  FORMCHECKBOX 
 Ring  FORMCHECKBOX 
 Head
	Hand

	35
	1245
	1400
	 FORMCHECKBOX 
Strip Head  FORMCHECKBOX 
 Flank  FORMCHECKBOX 
 Backing  FORMCHECKBOX 
 Spot  FORMCHECKBOX 
 Ring  FORMCHECKBOX 
 Head
	Aerial and Hand

	8
	1400
	1500
	 FORMCHECKBOX 
Strip Head  FORMCHECKBOX 
 Flank  FORMCHECKBOX 
 Backing  FORMCHECKBOX 
 Spot  FORMCHECKBOX 
 Ring  FORMCHECKBOX 
 Head
	Aerial

	10
	1500
	1630
	 FORMCHECKBOX 
Strip Head  FORMCHECKBOX 
 Flank  FORMCHECKBOX 
 Backing  FORMCHECKBOX 
 Spot  FORMCHECKBOX 
 Ring  FORMCHECKBOX 
 Head
	Aerial
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 Flank  FORMCHECKBOX 
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Strip Head  FORMCHECKBOX 
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	Additional Information
	Start Time
	Stop Time
	Definitions
	Additional Notes

	Flaming Combustion Phase
	1000
	1730
	Characterized by high fuel temperature, relatively high combustion efficiency (least emissions produced relative to the mass of fuel consumed), formation of a convective smoke column, and a spreading fire.  
	Firing of unit began at 1000. Spreading fire, with moving flaming fronts ended at 1730.

	Smoldering Combustion Phase
	1730
	1945
	Characterized by decreased temperatures, low combustion efficiency (more smoke produced relative to the mass of fuel consumed), smoke remains near the ground, and decreased fire spread.  
	During this time there was scattered open flaming, but no moving flaming fronts. Most of the unit is in this phase.

	Glowing Combustion Phase
	1945
	2030
	Characterized by no visible smoke.  This will continue until fuel temperature drops below the combustion threshold value or there is no more combustible fuel available.
	

	Convective Smoke Column  
	1030
	1700
	The smoke is rising in a well defined smoke column referred to as a convective column.  The rising column of gases, smoke, fly ash, particulates, and other debris produced by the fire has with a strong vertical component indicating that buoyant forces override the ambient surface wind.
	Heat release by the fire was sufficient whereby most of the smoke is entrained in a well defined smoke column.

	Ground-level Smoke Only
	1700
	1945
	Smoke being produced is NOT moving in a well defined column.  All smoke is considered surface drift smoke.
	Convective column is gone, only ground level smoke remains.


Italicized text are example values.  
III.  Why the Smoke Event Occurred: Findings of the AAR team.
A. Burner’s Preliminary Evaluation of Smoke Impact.     

The burner provides a brief description of their ideas on why the smoke impact occurred or was prevented, e.g. inaccurate weather forecast in mid-burn, unpredicted low fuel moistures increasing fuel consumption and emissions, etc. 

B. AAR Findings
Through evaluation of the information gathered and discussed by the AAR team should lead to one of two conclusions: a clear cause for the smoke event was found OR that there is insufficient information.

Information to be evaluated should include:

· Materials gathered for the process as outlined the introduction
· Information from Sections I and II of this guidance

· Adequacy of

i. Burn plan

ii. Smoke management practices and techniques – including any modeling (if done)

iii. Weather forecast

iv. Predicted versus actual fuel conditions and fire behavior

The evaluation should lead one of the following conclusions:
1.  A clear cause (or prevention) of the smoke event is identified and documented by the AAR team.  Improvements that can be made for future projects are discussed and documented in Section IV.  

2.  There is insufficient information to determine the cause of the smoke event at the time of the AAR meeting.  The team identifies additional information needs, determines who will be responsible for acquiring the information and prepares a timeline for completing the evaluation.  Actions would be developed after the evaluation has been completed. 

C. Special provisions for a smoke event suspected of significant contributions to a National Ambient Air Quality Standard (NAAQS) exceedence.   
If the smoke event potentially contributed to a NAAQS exceedence, it is likely the state or local air regulatory authority will request information to support initially flagging the monitoring data as potentially affected by an exceptional event. This flagging process, which typically happens within 6 months of the measurement of the exceedence, would allow the authority to later provide documentation to EPA that the monitored data was in fact an exceptional event and is grounds for exclusion from determining if an area meets air quality standards. The entire AAR process, collected documents, findings and documentation will be invaluable for this Exceptional Event Rule process and may prevent an area from being inappropriately declared as nonattainment. The air quality regulatory authority potentially has up to 3 1/2 years to provide EPA with the complete justification documentation of an exceptional event.  Therefore it is strongly suggested that records are retained for at least four years.
Nonattainment status of an area will add further challenges to future prescribed fire activities in both project planning and operations.  Further workload impacts should be anticipated beyond the AAR if there is an exceedance, and consultation of agency smoke management and air quality experts is advised.  For more information, review the Exceptional Events Rule (provide a weblink) and consult www.nifc.gov/smoke for the latest procedures.  

IV. Lessons Learned:  Things that should be done to prevent future adverse smoke impacts from prescribed fires.
The findings of this AAR effort should help fire managers identify how their actions contributed to or prevented adverse air quality impacts and provide understanding that helps them reach their goals while avoiding future impacts.  In most instances the conclusions from this section may include procedures and processes which should be folded into future planning and implementation of the next prescribed burn. The results need to point clearly to what happened and what can be done to improve future performance that results in conducting safe prescribed fires with a reduced likelihood adverse smoke impacts.  

