Modeling Guidance and Examples for Commonly Asked Questions (Part II, PM2.5)
Advanced Air Permitting Seminar October 16, 2014

Purpose of Presentation
To provide guidance on when and how to conduct a PM2.5 (particulate matter with a diameter less than or equal to 2.5 microns) impacts analysis.  Examples of different approaches that can be used to address the different aspects of a PM2.5 impacts analysis (significant impact level justification, secondary formation of PM2.5, increment, etc.) will also be provided.
What Is PM2.5?
Particulate matter with a diameter of 2.5 micrometers or less can be emitted directly or formed through chemical interactions. Direct PM2.5 emissions are solid particles emitted directly from an air emissions source or activity, or gaseous emissions or liquid droplets from an air emissions source or activity, which condense to form particulate matter at ambient temperatures.
Chemical reactions can also form PM2.5 (referred to as secondary formation of PM2.5).  Oxides of nitrogen (NOx) and sulfur dioxide (SO2), as well as other contaminants, form PM2.5 through chemical reactions that take place in the atmosphere.  Oxides of nitrogen and SO2 are the primary precursor pollutants associated with secondary formation of PM2.5.
The chemical composition of PM2.5 can vary with the local topography, source emissions, time of year, and weather. 
PM2.5 Standards
The Environmental Protection Agency (EPA) has established primary and secondary National Ambient Air Quality Standards (NAAQS) for PM2.5.  
NAAQS:
35 micrograms per cubic meter (ug/m3) for the 24-hour standard
12 ug/m3 for the primary annual standard
15 ug/m3 for the secondary annual standard 
INCREMENTS:
9 ug/m3 for the 24-hour averaging period
4 ug/m3 for the annual averaging period
Significant impact levels (SILs) have also been established as tools to use with the permitting process.  
SIL:
1.2 ug/m3 for the 24-hour averaging period
0.3 ug/m3 for the annual averaging period  
Using the SILs as a part of the air quality analysis (AQA) requires technical justification; this is discussed further below.
Using the SILs
The PM2.5 SILs and significant monitoring concentration (SMC) have been vacated as a result of a court decision in January 2013.  However, the SILs for PM2.5 can still be utilized with proper technical justification.
Begin by collecting representative monitoring background concentrations to establish the existing ambient air quality for the area that the project emissions would affect.  The criteria for finding a representative background monitor have been discussed in the previous presentation. Determine the difference between the NAAQS and the measured background concentrations.  If the difference between the NAAQS and the measured background concentrations is greater than or equal to the SIL, then it would be sufficient to conclude that a source with an impact less than the SIL would not cause or contribute to a violation of the NAAQS and forego a cumulative modeling analysis.
This approach for justifying the use of the SILs is appropriate for the NAAQS analysis.  However, this approach is not appropriate for justifying the SILs to use with the Increment analysis.  This will be discussed further below.
Assessment Cases for PM2.5
The complex chemistry of secondary formation of PM2.5 is well documented and has historically presented significant challenges with the identification and establishment of particular models for assessing the impacts of individual stationary sources on the formation of this pollutant. For example, the current preferred air dispersion model (i.e. AERMOD) can be used to simulate dispersion of direct PM2.5 emissions but does not explicitly account for secondary formation of PM2.5. As such, the appropriate methods for assessing PM2.5 impacts are determined as part of the normal consultation process with the Texas Commission on Environmental Quality (TCEQ).  
EPA’s Draft Guidance for PM2.5 Permit Modeling, which can be found at http://www.epa.gov/ttn/scram/guidance/guide/Guidance_for_PM25_Permit_Modeling.pdf, lists four assessment cases for addressing direct and secondary formation of PM2.5 based on the significant emission rates (SERs):  
Case 1:  	Direct PM2.5 emissions < 10 tons per year (tpy);
SO2 and NOx emissions < 40 tpy.
Case 2:  	Direct PM2.5 emissions ≥ 10 tpy;
SO2 and NOx emissions < 40 tpy.
Case 3:  	Direct PM2.5 emissions ≥ 10 tpy; 
SO2 and/or NOx emissions ≥ 40 tpy.
Case 4:  	Direct PM2.5 emissions < 10 tpy; 
SO2 and/or NOx emissions ≥ 40 tpy.
a. Case 1
The criteria for Case 1 are direct PM2.5 emissions of less than 10 tpy; and SO2 and NOx emissions less than 40 tpy.  Model the direct PM2.5 emissions following guidance for a NAAQS analysis.  Currently, this case does not require an assessment of secondary formation.  However, given that the NOx and SO2 emissions are less than 40 tpy, significant secondary PM2.5 formation is not expected.
b. Case 2
The criteria for Case 2 are direct PM2.5 emissions greater than or equal to 10 tpy; and SO2 and NOx emissions less than 40 tpy.
Follow the established guidance for addressing direct PM2.5 emissions.  In addition, an evaluation of secondary formation of PM2.5 must be provide with the AQA as to why the proposed SO2 and NOx emissions would not result in a significant contribution to the secondary formation of PM2.5.  An example of this would be:
The SO2 and NOx emissions are less than the SER of 40 tpy. As a result, it is not expected that the SO2 and NOx emissions would lead to a significant contribution to the secondary formation of PM2.5 since the emissions are not significant. In addition, the location of maximum secondary PM2.5 formed would not likely be well-correlated in space or time with the location of maximum direct PM2.5 impacts since secondary PM2.5 is formed through chemical reactions, which occur in the atmosphere gradually over time (hours or days depending on atmospheric conditions and other variables). 
c. Case 3
The criteria for Case 3 are direct PM2.5 emissions greater than or equal to 10 tpy; and SO2 and/or NOx emissions greater than or equal to 40 tpy.  Follow the established guidance for addressing direct PM2.5 emissions.  An analysis of the secondary formation of PM2.5 must also occur.  This can be done using a qualitative, hybrid qualitative/quantitative, or quantitative assessment of the secondary formation of PM2.5.
i. Qualitative
A qualitative approach for Case 3 may include the following:  
An evaluation of the spatial and temporal correlation of the location of peak impacts associated with direct emissions and secondarily formed PM2.5.  
An assessment of ambient PM2.5 monitoring data and the amount of cushion between the NAAQS.  
An examination of speciated background PM2.5 monitoring data and magnitude of secondary PM2.5 precursor emissions from existing sources to compare with the proposed precursor emissions.  
The level of conservatism associated with the modeling of the direct PM2.5 emissions and other elements of conservatism built into the overall NAAQS compliance demonstration.  
Aspects of the precursor pollutant emissions in the context of limitations of other chemical species necessary for the photochemical reactions to form secondary PM2.5.
ii. Hybrid
Follow the approach outlined above in the Case 3 Qualitative section for the qualitative assessment.
An evaluation of existing photochemical modeling results could also be performed.  The photochemical modeling results, together with project emissions information, could be used to make general conclusions on the contribution of secondary impacts for the project site.  It is important for an analysis like this is to contain a discussion on how the project site is representative when compared to the domain considered in the existing photochemical modeling.
iii. Quantitative
Two examples of a quantitative approach are provided below.
The first quantitative approach includes the following:  Assume 100 percent conversion of emissions of SO2 and NOx emissions into equivalent amounts of direct PM2.5 emissions and then use an air dispersion model to assess the impacts of the combination of direct PM2.5 emissions and the equivalent direct PM2.5 emissions. Any ratio other than 100 percent conversion must be technically justified.
The second quantitative approach includes the following:  Perform a full quantitative photochemical grid modeling exercise. If this approach is used, then a protocol should be developed in consultation with EPA Region 6 and the TCEQ on how the modeling will be conducted.
Please note that there is no requirement at this time for conducting photochemical modeling.
d. Case 4
The criteria for Case 4 are direct PM2.5 emissions less than 10 tpy; and SO2 and/or NOx emissions greater than or equal to 40 tpy.  Model the direct PM2.5 emissions following guidance for a NAAQS analysis.  An analysis of the secondary formation of PM2.5 must also be conducted.  The qualitative, hybrid qualitative/quantitative, or quantitative assessment approaches for the secondary formation of PM2.5 that were discussed above in Case 3 can be used for this case as well.
Secondary Formation Assessment Example
The “project” has direct PM2.5 emissions of 62 tpy, NOx emissions of 96 tpy, and SO2 emissions of 10 tpy.  This is an example that falls under Case 3, and an evaluation of the secondary formation of PM2.5 is necessary.
e. Case 3 Qualitative Example
A qualitative approach for addressing secondary formation of PM2.5 may include the following:
Secondary PM2.5 is formed as emissions of non-particulates, such as SO2 and NOx, transform through chemical reactions, which occur in the atmosphere gradually over time (hours or days depending on atmospheric conditions and other variables).  Therefore, secondary PM2.5 impacts are expected to occur at some distance from the source of its gaseous emission precursors.  This contrasts to the areas of highest predicted primary PM2.5 impacts, which occur at the property line and within minutes of being emitted.  Because the transformation of NOx to secondary PM2.5 is slow, only a small portion of the NOx emissions can convert to PM2.5 within the areas of highest predicted primary PM2.5 impacts.  Another consequence of the slow transformation to secondary PM2.5 is that the NOx is highly dispersed before it becomes PM2.5, and any secondary PM2.5 impacts from the potential tpy NOx would be expected to be considerably smaller than the impacts from the proposed tpy of directly emitted PM2.5.
In addition, ambient monitoring data that collects speciated PM2.5 data are available for the area near the project site, and an assessment of the speciated PM2.5 data can be performed.  The data shows that nitrates make up a very small fraction (two percent) of the total PM2.5.  A region-wide inventory reveals that there are 25,000 tons of NOx emissions in the selected year (and are related to this two percent of nitrates).  The project NOx emissions (96 tpy) make up a very small fraction of the region-wide amount (25,000 tons).  A conclusion is made from these data that the project NOx emissions are not likely to contribute to significant secondary formation of PM2.5.
f. Case 3 Quantitative Example
A quantitative approach for addressing secondary formation of PM2.5 may include the following:
An analysis assessing the potential secondary PM2.5 impacts from the proposed project and the surrounding background sources was conducted to verify that the proposed project is protective of the PM2.5 NAAQS and increments.  The analysis conservatively assumed 100 percent conversion of NOx to ammonium nitrate [(NH4)NO3].  This conservative approach is documented in Appendix E of the January 7, 2012 report from National Association of Clean Air Agencies (NACAA) titled, PM2.5 Modeling Implementation for Projects Subject to National Ambient Air Quality Demonstration Requirements Pursuant to New Source Review.  As noted in the report, this approach produced excessively high modeled concentrations.  The report can be found at http://www.epa.gov/ttn/scram/10thmodconf/review_material/01072011-NACAAPM2.5ModelingWorkgroupReport-FINAL.pdf. 
Based on the formula in the NACAA report, one µg/m3 of NO2 could potentially form 1.7391 µg/m3 of (NH4)NO3.  Using this formula and the model predictions for 24-hour NO2 and annual NO2 of 2.9 µg/m3 and 0.3 µg/m3, respectively, the 24-hour and annual potential secondary contribution from the proposed source would be 5 µg/m3 and 0.5 µg/m3, respectively.
Adding the secondary contribution associated with the NOx emissions to the predicted primary PM2.5 concentrations and to a representative background concentration indicates that the proposed project will not cause a NAAQS exceedance. The results are summarized in the table below.
Table 1:  Comparing to the NAAQS
	Pollutant
	Averaging Time
	Project GLCmax (µg/m3)
	Secondary Formation from Project (µg/m3)
	Background
(µg/m3) 
	Total Predicted Concentration
(µg/m3)
	NAAQS

	PM2.5 
	24-hour
	2
	5
	26
	33
	35

	PM2.5 
	Annual
	1
	0.5
	9.6
	11.1
	12



PM2.5 Increment
The PSD Increment is the maximum allowable increase in concentration that is allowed to occur above a baseline concentration for a pollutant.  Some dates to consider for purposes of the Increment analysis are the major source baseline date, trigger date, and the minor source baseline date. The major source baseline date for PM2.5 is October 20, 2010.  The trigger date for PM2.5 is October 20, 2011.  The PM2.5 minor source baseline dates are county specific.  For information on PM2.5 minor source baseline dates already set, please contact the Air Permits Division’s Air Dispersion Modeling Team (ADMT).
PM2.5 Increment - Steps
The PM2.5 Increment analysis includes similar techniques as the PM2.5 NAAQS compliance demonstration.  However, there are some important differences.
Begin by modeling all new and/or modified sources using five years of meteorological data and compare the predicted high concentration for each averaging time to the appropriate SIL. Do not use a five-year average of the maximum predicted concentrations as is done with the NAAQS analysis.  While the SILs for both the NAAQS and increment are identical for PM2.5, the procedures to determine significance (that is, predicted concentrations to compare to the SILs) are different.  This difference occurs because the NAAQS for PM2.5 are statistically-based, but the corresponding increments are exceedance-based.
Also, technical justification must be provided for using the SILs as part of the Increment analysis, and the approach used for justification will differ from that used with the NAAQS analysis.  See the example below.
Please note that this approach will not work for all applicants and is used on a case-by-case basis.  
In this example, representative monitoring data will be used to justify using the SILs for the Increment analysis.  A monitor happens to be located near the project site (approximately eight kilometers from the project site) and the ambient background concentrations over the past five years were reviewed.
Evaluate the increment consumed in the time period between the most recent year and the major source baseline date (2013 to 2010).  This is not a reflection of how much increment has been consumed, but the exercise is used to help justify using the SILs to show that the SILs are reasonable to use when the project emissions lead to predictions that are less than the SILs.  The table below shows the PM2.5 24-hour high, first high (H1H) and high, second high (H2H) monitored concentrations over the last five years.  Use the H2H values since this is the metric used for increment modeling.
Table 2:  Monitor Concentrations for Increment (µg/m3)
	24-hour Concentrations 
	2009
	2010
	2011
	2012
	2013

	H1H
	23.4
	23.2
	22.9
	22.5
	22.3

	H2H
	21.9
	22.1
	21.4
	21.3
	20.9



Determine the ambient background concentration at the major source baseline date (October 20, 2010) - 22.1 µg/m3.  Determine the ambient background concentration for the most recent complete year (2013) - 20.9 µg/m3.  For this example, a decrease in 24-hour ambient concentrations has occurred from 2010 to 2013 (20.9-22.1 = -1.2 µg/m3).  Given the difference shown in the ambient monitoring data (a decrease in concentrations), if the proposed project emissions have impacts that are less than the SILs, a cumulative PM2.5 increment modeling demonstration is not necessary.
Please note that this example only considered the 24-hour averaging period.  A similar exercise would be performed for the annual averaging period.
Also, as part of this exercise, a review of any nearby recently permitted sources that may not be reflected in the most recent year of monitoring data was conducted.  In this case, there were no nearby recently permitted sources to consider.
If the model predictions of all new and/or modified sources are greater than the SIL or if the SILs cannot be justified, conduct a full Increment analysis.  The Increment analysis considers all increment-affecting emissions at the site under review, as well as increment-affecting emissions from nearby sources.  Be sure to document any approach used to identify the increment-affecting sources that will be included in the analysis.
PM2.5 Increment Example
For this example, a project site had model predictions associated with the project emissions that were less than the SILs, but a full Increment analysis was conducted.  The minor source baseline date was set by the submittal of the project application; therefore, only projects from major sources near the project site were identified for consideration of the Increment analysis (projects since the major source baseline date).  As a conservative measure, projects at major sources with completion dates up to 18 months before the major source baseline date and up to the minor source baseline date were identified to ensure that applicable sources were determined.  This review took place for major sources located in the area encompassed by the modeled receptor grid domain.  The model predictions associated the project sources, together with distance from the property line of the project site, were used to support this approach for identifying the major sources.  The identified projects from the major sources were reviewed to see PM2.5 was a part of the project.
Modeling was conducted using five years of meteorological data, and the maximum H2H from the five-year period was used for the 24-hour averaging period.  The maximum annual average concentration over five years of meteorological data was used for the annual averaging period.  The receptor grid used in the full Increment analysis was the same one used in the preliminary modeling analysis of the project emissions.
Contact Information
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