


























































































































































































Section 7 gives guidance on the selection of meteorological data for input into 
AERMOD. Much of the guidance from section 8.3 of Appendix Wis applicable to SIP modeling 
and is summarized here. In section 7.2, guidance for the use of National Weather Service (NWS) 
data and the use of AERMINUTE is discussed. AERMINUTE is an AERMET pre-processor that 
calculates hourly averaged winds from ASOS (Automated Surface Observing System) 1-minute 
winds. 

7.1. Surface characteristics and representativeness 

The selection of meteorological data that are input irrto a dispersion_ model shoLLld be 
considered carefully. The selection of data should be based on spatial and climatological 
(temporal) representativeness (Appendix W, section 8.3). The representativeness of the data is 
based on: 1) the proxjmity of the meteorological monitoring site to the area under consideration, 
2) the complexity of 3) the exposure of the .meteorological site, and 4) the period ohime 
during which data are collected. Sources of meteorological data are: NWS stations, site-specific 
or onsite data, and other sotLrces such as universities, Federal Aviation Administration (FAA), 
military stations, and others. Appendix W addresses spatial representativeness issues in Sections 
8.3.a and 8.3.c. Info1mation regarding spatial representativeness can also be found in Section 3.1. 
of the Meteorological Monitoring Guidance for Regulatory Modeling Applications (U.S. EPA, 
2000). 

Spatial representativeness of the meteorological data can be adversely affected by large 
distances between the source and receptors of interest and the complex topographic 
characteristics of the area (Appendix W; section 8.3.a and 8.3.c). If the modeling domain is 
enough such that conditions vary drastically across the domain then the selection of a single 
station to represent the domain should be carefully considered or the size of the modeling 
domain should be reconsidered. Also, care should be taken when selecting a station if the area 
has complex terrain. While a source and meteorological station may be in close proximity, there 
may be complex te1Tain between them such that conditions at the meteorological station may not 
be representative of the source. An example would be·a source located on the windward side of a 
mountain chain with a meteorological station a few kilometers away on the leeward side of the 
mountain. Spatial representativeness for off-site data should also be assessed by comparing the 
surface characteristics (albedo, Bowen ratio, and surface roughness) of the meteorological 
monitoring site and the analysis area. When processing meteorological data in AERMET (U.S. 
EPA, 2004c; U.S. EPA, 20l3c), the smface characteristics of the meteorological site should be 
used (Section 8.3.c of Appendix Wand the AERSURFACE User's Guide (U.,S. EPA 2008)). 
Spatial representativeness should also be addressed for each meteorological variable separately. 
For example, temperature data from a metemological station several kilometers from the analysis 
area may be considered adequately representative, while it may be necessary to collect wind data 
near the phtme height (Section 8.3.c of Appendix W). 

Surface characteristics can be calculated in several ways. For details see Section 3.1.2 of 
the AIG (U.S. EPA, 2009). The EPA has developed a tool , AERSURFACE (U.S. EPA, 2008) to 
aid in the determination of surface characteristics. The current version of AERSURFACE uses 
1992 National Land Cover Data. Note that the use of AERSURFACE is not a regulatory 
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requirement but the methodology outlined in section 3.1.2 of the AIG should be followed unless 
an alternative method can be justified. 

7.2. Meteorological inputs 

Appendix W states in section 8.3. l . l that the user should acquire enough meteorological 
data to ensure that worst-case conditions are adequately represented in the model results. 
Appendix W states that 5 years of NWS meteorological data or at least 1 year of site-specific 
data should be used (section 8.3. l.2, Appendix W) and should be adequately representative of 
the study area. The most recent 5 years are preferred and if 1 or more years (including pmiial 
years) of site-specific data are available, those data are preferred. While the form of the S02 
NAAQS contemplates obtaining 3 years of monitoring data in order to determine attainment at a 
monitoring site (see 40 CFR 50. l 7(b )), this does not preempt the use of 5 years of NWS data ot 
at least 1 year of site-specific data in the modeling. The 5-year average based on the use ofNWS 
data, or an average across 1 or more years of available site specific data, serves as an unbiased 
estimate of the 3-year average for purposes of modeling demonstrations of compliance with the 
NAAQS (U. S. EPA, 201 Oa). See U.S. EPA (201 Oa) for more details on the use of 5 years of 
NWS data or at least 1 year of site-specific data and applicability to the NAAQS. 

The meteorological data used in the modeling should be processed with the latest 
available version of AERMET in order to take advantage of enhancements or formulation 
corrections in AERMET. This may require re-processing the data already used for modeling. Jf 
users are re-processing NWS data with the latest version of AERMET, users may want to update 
their data and process the most recent 5 years of data, unless the most recent 5 years are not 
readily available or they believe the years of data arc still adequately representative of the area 
being modeled. The reviewing authority may want to coordinate with the Regional Office to 
confirm this. Regardless of the years of data, the data should be processed in the latest version of 
AERMET. 

7.2.1. NWS data 

NWS data are available from the National Climatic Data Center (NCDC) in many 
formats, with the most common one in recent years being the Integrated Surface Hourly data 
(TSH). Most avai lable formats can be processed-by AERMET. As stated in Section 7.1, when 
using data from an NWS station alone ot in conjunction with site-specific data, the data should 
be spatially and temporally representative of conditions at the modeled sources. Key points 
regarding the use ofNWS data can be found in the March 8, 2013 clarification memo "Use of 
ASOS meteorological data in AERMOD dispersion modelingn (U.S. EPA, 2013d). The key 
points are: 

• The EPA has previously analyzed the effects of ASOS implementatio'n on dispersion 
modeling and found that generally AERMOD was less sensitive than ISCST3 to the 
implementation of ASOS. 

• The implementation of the ASOS system over the conventional observation system 
should not preclude the consideration of NWS stations in dispersion modeling. 

A-20 



• The EPA has implemented an adjustment factor (0.5 knots) in AERMET to adjust for 
wind speed truncation in ASOS winds 
The EPA has developed the AERMINUTE processor (U.S. EPA, 2011 e) to process 2-
minute ASOS winds and calculate an hourly average for input into AERMET. The use of 
hourly averaged winds better reflect actual conditions over the hour as opposed to a 
single 2-minute observation. 

While the March 8, 2013 memo states that ASOS should not preclude the use ofNWS data in 
dispersion modeling, and Section 8.3.1.2 of Appendix W recommends the most recent 5 years of 
NWS data, Section 8.3 .1.2 also recognizes cases where professional judgment indicates that 
ASOS data are inadequate and prc-ASOS, or observer based data may be considered for use. The 
appropriate reviewing authority and Regional Modeler should be consulted when questions arise 
about the representativeness or applicability ofNWS data. 

7.2.2. Site-specific data 

The use of site-specific meteorological data is the best way to achieve spatial 
representativeness. AERMET can process a variety of fonnats and vari;ibles for site-specific 
data. The use of site-specific data for regulatory applications is discussed in detail in Section 
8.3.3 of Appendix W. Due to the range of data that can be collected onsite and the range of 
formats of data input to AERMET, the user should consult Appendix W, the AERMET User's 
Guide (U.S. EPA, 2004c; U.S. EPA, 2013c), and Meteorological Monitoring Guidance for 
Regulatory Modeling Applications (U.S. EPA, 2000). Also, when processing site-specific data 
for an urban application, Section 3.3 of the AERMOD Implementation Guide offers 
recommendations for data processing. In summary, the guide recommends that site-specific 
turbulence measurements should not be used when applying AERMOD's urban option, in order 
to avoid double counting the effects of enhanced turbulence due to the urban heat island. 

7.2.3. Areas without representative meteorological data 

In areas with 802 sources where the state has determined that there is no representative 
meteorological data, it may be difficult to perform accurate refined dispersion modeling for the 
implementation modeling without first collecting site-specific data for at least a year. Given the 
implementation timelincs, thls could prove to be difficult task. In nonattainment or unclassifiable 
areas composed of isolated sources, it may be possible to use AERSCREEN (U.S. EPA, 201 ld) 
to conservatively determine the attainment status of an area. As noted in Section 5.1, 
AERSCREEN· does not output a design value metric to compare to the S02 NAAQS but does 
output the maximum 1-hr concentration which can be used as a conservative estimate to compare 
to the NAAQS. Any use of AERSCREEN or screening meteorology in the absence of hourly 
representative meteorological data should be considered carefully and in consultation with the 
appropriate Regional Office modeling contact. 

Currently, the screening meteorology created by the MAKEMET processor for use with 
AERSCREEN cannot be used to calculate an S02 design value. If screening meteorology is used 
in AERMOD, the S02 design value cannot be calculated. AERMOD will abort processing if 
screening meteorology is used and an 802 design value is requested in the input file. 
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7.2.4. Upper air data 

AERMET requires full upper air soundings to calculate the convective mixing height. For 
AERMOD applications in the U.S., the early morning sounding, usually the 1200 UTC 
(Universal Time Coordinate) sounding, is typically used for this purpose. Recent upper air 
soundings, 1994 and later, are available for free download from NOAA 's Eru1h Systems 
Research Laboratory's Global Systems Division's radiosonde database 
(http://esrl.noaa.gov/raobsl). Users should choose all levels or mandatory and significant 
pressure levels56 when selecting upper air data. Selecting mandatory levels only would not be 
adequate for input into AERMET as the use of just mandatory levels would not provide an 
adequate characterization of the potential temperature profile. 

8. Background concentrations 

The inclusion of ambient background concentrations is important in determining 
cumulative impacts. The modeled contribution to the cumulative analysis should follow the fonn 
of the standard and be calculated as described in section 2.6.1.2 of the August 23, 2010 
clarification memo on "Applicability of Appendix W Modeling Guidance for the 1-hr S02 
National Ambient Air Quality Standard" (U. S. EPA, 201 Oa). This memo suggested a 41first tier" 
approach to including a uniform monitored background contribution based on adding the overall 
highest hourly background S02 concentration from a representative monitor to the modeled 
design value. We recognize that this approach could be conservative in many cases and may also 
be prone to reflecting source-oriented impacts, increasing the potential for double-counting of 
modeled and monitored contributions. As discussed in U. S. EPA, (201 1 a), and the S02 NAAQS 
Designations Modeling TAD (U.S. EPA, 2013a) we recommend a less conservative "first tier'' 
approach for a uniform monitored background concentration based on the monitored design 
values for the latest 3-year period, regardless of the years of meteorological data used in the 
modeling. A~justrnents to this approach may be considered in consultation with the a,ppropriate 
EPA Regional Modeling Contact with adequate j ustification and documentation of how the 
background concentration was calculated. 

Section 8.2.2 of Appendix W gives guidance on background concentrations for isolated 
singl~ sources and is also applicable for multi -source areas. One option is, as described in section 
8.2.2.b: 

"Use air quality data in the vicinity of the sow-ce to determine the background 
concentration for the averaging times of concern. Determine the mean background 
concentr1;ttion at each monitor by excluding concentrations when the source in question is 
impacting the monitor. . . For shorte.r time periods, the meteorological conditions 
accompanying concentrations of concern should be identified. Concentrations for 
meteorological conditions of concern, at monitors, not impacted by the source in 
question. should be averaged for separate averaging time to determine the average 

56 By international convention, mandatory levels are in millibars: 1,000, 850, 700, 500, 400, 300, 200, 150, I 00, 50, 
30, 20, 10,7 5, 3, 2 and I .Significant levels may vary depending on the meteorological conditions at the upper-air 
station 
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background value. Monitoring sites inside a 90° degree sector downwind of the source 
may be used to determine the area of impact." 

When no monitors or no representative monitors are located in the vicinity ofthe sources 
being modeled a "regional site." (i.e., one that is located away from the area of interest but is 
impacted by similar natural and distant man-made sources) may be used to determine 
background (Section 8.2.2.c, Appendix W). In cases of nonattainment areas designated by a 
monitor, it may be necessary to use a different representative monitor outside of the 
nonattairunent area. This would especially be true where the violating monitor has a high number 
of observations impacted by modeled sources. In multi-source areas, background includes two 
components, nearby sources and other sources (Section 8.2.3 of Appendix W). Nearby sources 
are those sources that arc expected to cause a significant concentration gradient in the vicinity of 
the source or sources under consideration, and should be explicitly modeled. Identification of 
nearby sources calls for professional judgment and consultation with the appropriate EPA 
Regional Modeling Contact. For other sources, such as natural sources, minor sources and distant 
major sources, the methodology of Section 8.2.2 should be used. 

The EPA's 802 National Ambient Air Quality Standards Designations Modeling TAD 
(U.S. EPA, 2013a) describes an appropriate methodology of calculating temporally varying 
background monitored concentrations by hour of day and season (excluding periods when the 
source in question is expected to impact the monitored concentration). The methodology for SOi 
is to use the 99th percentile concentration for each hour of the day by season and average across 3 
years, excluding periods when the dominant source(s) are influencing the monitored 
concentration (i.e., 99th percel1tile, or 4lh highest, concentrations for hour l for January or winter, 
99111 percentile concentrations for hour 2 for January or winter, etc.). Recent updates included in 
A ERM OD allow for the inclusion of temporally varying background concentrations in the design 
value calculation in combination with modeling results. See the AERMOD User' s Guide 
Addendum for more details (U.S. EPA, 2013b). 

As an illustrative example, Figure 4 shows the 2010 S02 NAAQS level, the design value 
(the 3-year average of the 99th percentile of the annual distribution of daily maximum 1-hr 
concentrations), and 3-year ave.rages of the 99th percentile concentrations by season and hour of 
day. To calculate the 99111 percentile concentration for a season and hour of day combination (no 
consideration for day of week), the second highest concentration for that combination should be 
selected. Also shown are 3-year averages of the 99th percentile concentration by hour of day 
(across all seasons), and the average ooncentratfon by hour of day across the 3 years57

. In this 
example, the winter background concentrations show a distinct diurnal variability, with less for 
each of the other seasons. 

57Modelers should use the 151-highest value for more detailed pairings, such as month by hour-of-day or season by 
hour-of-day and day-of-week (consider day of week in calculating values). 
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Figure 3. S02 monitored concentrations for various averaging times. 

In summary background concentrations can be included as: 

• "First tier" approach based on moni,tored design values added to modeled design values; 
or 

• Temporally varying based on the 99th percentile monitored concentrations by hour of day 

and season added to modeled design values. 

9. Determining design value metrics 

Refined dispersion modeling for SIPs will provide predictions of S02 design values at 
each receptor that includes contributions from all modeled sources and background. Based on the 
form of the 2010 S02 NAAQS, the design value should be calculated as the average of the 991h 

percentile of the annual distribution of daily maximum 1-hr concentrations averaged across the 
modeled years. 

9.1. Design value calculation methodology 

Whether design values are calculated within AERMOD or outside of AERMOD, to 
calculate a design value to compare against the standard, the following steps should be followed : 
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l. At each receptor, for each hour of the modeled period, ca.lculate a total concentration 
across all sources including backgro1md concentrations if applicable. This can be done in 
i\ERMOD using SRCGROUP ALL or by adding individual source groups outside of 
AERMOD, using hourly POSTFILEs. If the user is totaling the concentrations outside of 
AERMOD, the source groups used in the calculations need to be mutually exclusive, i.e. 
no one source should be in multiple source groups. 

2. From the total concentrations calculated in step 1, obtain the 1-hr maximum 
concentration at each receptor for each modeled day. 

3. From the output of step 2, fo r each year modeled, calculate the 99th percentile (41h 
highest) daily maximum 1-hour concentration at each receptor. If modeling 5 years of 
meteorological data, this results in five 9911' percentile concentrations at each receptor. 

4. Average the 99th percentile (or 4th highest) concentrations across the modeled years to 
obtain a design value at each receptor. 

5. Modeled source contributions to a NAAQS violation can be determined by analyzing the 
hourly concentrations from the individual source groups POSTPILES corresponding to 
the same hour as the 4th daily maximmn 1-hour concentration from each year. See 75 FR 
at 35540. For example, a receptor has a 5-year average design value of200.8 mg/m3 (or 
approximately 77 ppb) and AERMOD was modeled for the period January l , 2005 
through December 31, 2009 for four source groups. From the AERMOD output, the user 
can determine the date of the 4111 highest daily maximum 1-hour concentrations that are 
used to calculate the 5-year average design value. Table 1 shows the 4th highest daily 
maximum 1-hour concentrations for each year and associated dates that are used in the 
design value calculation. 

Table l. 4th highest d aily maximum I-hour concentrations 1 µg/ni3) for 2005-2009. 
Date Concentration 
(YYMMDDHH) 
05080101 200.1 
06073105 201.5 
07080403 207.l 
08072705 197.1 
09080104 198. l 
5-YEARAVG. 200.8 

If output by source group is available, the user can extract each source group's 
concentration at each of the hours listed in Table 1. Table 2 shows example source contributions 
for each hour shown in Table 1 and indicates that Source 1 is the main contributor to the design 
value for all hours. 

Table 2. Source contributions to 4th highest daily maximum 1-hour concentrations (µg/m3) 

and 5-year average design values. 

Date TOTAL SOURCE 1 SOURCE2 SOURCE3 SOURCE4 
(YYMMDDHH) 
05080101 200.l 155. l 25.l 1.5 18.4 
06073105 201.5 157.4 26.2 - 0.5 17.4 
07080403 207.1 161.5 20.5 2.1 23.0 
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08072705 197.1 159.2 23.1 1.7 13.l 
09080104 198. l 155.3 22.6 2.0 l8.2 
5-YEARAVG. 200.8 157.7 23.5 1.6 18.0 

When calculating desjgn values and in determining whether there are violations of the 
NAAQS, one may need to consider other percentiles below the 99rh percentile (41.h high of the 
daily 1-hour maximum concentration) as well. Examining percentiles below the 99lh percentile 
(such as 5th, 61h of the daily maximum 1-lu· concentrations) would be useful in the context of 
determining sources that may be significant contributors to a NAAQS violation, i.e. a source's 
contribution may be above the SIL. There may be cases in which a source is not a significant 
contributor to the design value as defined in the NAAQS, but may be a significant contributor at 
a lower percentile that is still above the NAAQS level. Sources that fit this category should not 
be immediately discounted when determining sources to control for attaining the NAAQS. To 
calculate design values based on other percentiles, one can just step down through the 5lh, 6111, 7th, 
etc. highest of the annual distributions of daily maximum 1 ~hour concentrations in steps 3 
through 5 in the five steps listed above until no concentrations exceed the NAAQS level. The 
individual sources' contributions can then be determined to be significant or not. 

9.2. Running AERMOD and implications for design value calculations 

Recent enhancements to AERMOD include options to aid in the calculation of design 
values for comparison with the S02 NAAQS. These enhancements include: 

• The output of daily maximum I-hr concentrations by receptor for each day in the modeled 
period for a specified source group. This is the MAXDAIL Y output option in AERMOD. 

• The output, for each rank specified on the RECTABLE output keyword, of daily maximum 
I-hour concentrations by receptor for each year for a specified source group. This is the 
MXDYBYYR output option. 

• The MAXDCONT option, which shows the contribution of each source group to the high 
ranked values for a specified target source group, paired in time and space. The user can 
specify a range of ranks to analyze, or specify an upper bound rank, i.e. 4th highest, and a 
lower threshold value, such as the NAAQS for the target source group. The model will 
process each rank within the range specified, but will stop after the first rank (jn descending 
order of concentration) that is below the threshold, specified by the user. A warning message 
will be generated if the threshold is not reached within the range ofranks analyzed (based on 
the range of ranks specified on the RECT ABLE keyword). This option may be needed to aid 
in determining which sources should be considered for controls. 

For more details about the enhancements see the AERMOD User's guide Addendum (U.S. 
EPA, 2013b). 

Ideally, all explicitly modeled sources, receptors and background should be modeled in 
one AERMOD run for all modeled years. In this case, the use of one of the above output options 
can be used in AERMOD to calculate design values for comparison to the NAAQS and 
determine the area's attainment status and/or inform attainment/nonattainment boundaries. The 
use of these options in AERMOD allows AERMOD to internally calculate concentration metrics 

A-26 



that can be used to calculate design values and therefore lessen the need for large output files, i.e. 
hourly POSTFILES. 

However, there may be situations where a single AERMOD run with all explicitly 
modeled sources is not possible. These situations often arise due to runtime or storage space 
considerations during the AERMOD modeling. Sometimes separate AERMOD runs are done for 
each facility or group of facilities, or by year, or the receptor network is divided into separate 
sub-networks. In some types of these situations, the MAXDAIL Y, MXDYBYYR, or 
MAXDCONT output option may not be an option for design value calculations, especially if all 
sources are not included in a single run. If the user wishes to utilize one of the three output 
options, then care should be taken in developing the model inputs to ensure accurate design value 
calculations. 

Situations that wouJd effectively preclude the use of the MAXDAILY, MXDYBYYR, 
and MAXDCONT option to calculate meaningful AERMOD design value calculations include 
the following examples: 

• Separate AERMOD runs for each source or groups of sources. 

o Sf P modeling includes five facilities for 5 years of NWS data and each facility is 
modeled for 5 years in a separate AERMOD run, resulting in five separate AERMOD 
runs. 

• Separate AERMOD runs for each source and each modeled year. 

o Five facilities are modeled for 5 years of NWS data. Each facility is modeled 
separately for each year, resulting in 25 individual AERMOD runs. 

In the two situations listed above, the MAXDAILY, MXDYBYYR, or, MAXDCONT 
option would not be useful as the different AERMOD runs do not include a total concentration 
with contributions from all facilities. [n these situations the use of hourly POSTFlLES, which 
can be quite large, and external post-processing would be needed to calculate design values. 

Situations in which the MAXDAIL Y, MXDYBYY~ or, MAXDCONT options may be 
used but may necessitate some external post-processing afterwards to calculate a design value 
include: 

• The receptor network is divided into sections and an AERMOD run, with all sources and 
years, is made for each sub-network. 

o A receptor network of 11000 receptors is divided into five receptor sub-networks. 
Each receptor network is modeled with all modeled facilities with 5 years of 
NWS data resulting in five AERMOD runs. After the AERMOD runs are 
complete, the MAXDAIL Y, MXDYBYYR, or, MAXDCONT results for each 
network can be re-combined into the larger network. 

• All sources and receptors are modeled in an AERMOD run for each year. 
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• Five facilities are modeled with 5 years of NWS data. All facilities are modeled with all 
receptors for each year individually, resulting in five AERMOD runs. MAXDAIL Y, 
MXDYBYYR, or, MAXDCONT output can be used and post-processed to generate the 
necessary design value concentrations. 

• The receptor network is divided and each year is modeled separately for each sub­
network with all sources. 

o Five facilities are modeled with 5 years ofNWS data. The receptor network is 
divided into five receptor networks. Each sub-network is modeled for eaeh year 
separately, resulting in twenty-five AERMOD runs MAXDAILY, MXDYBYYR, 
or, MAXDCONT output can be used and post-processed to generate the necessary 
design value concentrations. 

10. Documentation 

It is expected that the state would submit a modeling and analysis protocol that details the 
methodology and model inputs before commencement of the modeling exercise. This 
information should support the states' implementation plans and provide a basis for the EPA' s 
review and evaluation. The protocol should include the following: 

• Characterization of the nonattainment problem or characterization of the modeled area in 
absence of a violating monitor, 

• An emissions analysis around the violating monitor or area under consideration for the 
attainment and maintenance demonstration in absence of a violatjng monitor, 

• Description of any other supplemental analyses (in addition to the characterization and 
emissions analyses noted above) intended to strengthen the attainment demonstration, and 

• Methodology for preparing air quality and meteorology inputs including choice of 
meteorological data and representativeness of the data. 

Additionally, post-modeling documentation should include: 

• Summary and analysis of modeling results, 
• Provision of modeling data inputs and outputs in electronic form, and 
• Results of any supplemental analyses. 

A meeting with the appropriate the EPA Regional Modeling Contact and other technical and 
planning staff to disc1..1ss the modeling and analysis protocol is recommended before submitting 
the protocol and beginning any refined modeling. For example modeling protocols, please see 
the SCRAM website· on S02 lmplementation at: hltp://www. 
epa.govlttn/scram/S02 _ modeling_guidance. htm. 

l l. Supplemental Analysis 

States may wish to conduct further analyses that examine available monitoring data and other 
information (e.g., emissions and meteorological data) as well as modeling results. In selected 
cases, such analyses may provide further insight on the control measures necessary to provide for 
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attainment. States considering such analyses should consult with their EPA regional office 
during the planning and implementation of such analyses. 

12. Summat-y 

In summary, we emphasize the following key points of this modeling guidance: 

• AERMOD is the EPA's preferred near-field dispersion model for regulatory applications 

and is applicable for S02 SIPs modeling consjstent with the EPA' s Guideline on Air 

Quality Models, also published as Appendix W of 40 CPR part 51. 

• Sources should be modeled with maximum aHowable 1-hour or short-term emission rates 
in the SIP modeling based on continuous operations at the source. 

• Professional judgment, sound technical reasoning and consultation with the appropriate 

EPA Regional Modeling Contact should be used to determine which sources to model 

and which sources to represent via background concentrations. 

• Modeling should be done with 5 years of representative NWS meteorological data or at 

least l year of site specific meteorology. 

• Background concentrations can be included as: 
o "First tier" approach based on monitored design values added to modeled design 

values; or 
o Temporally varying based on the 99th percentile monitored concentrations by hour 

of day and season added to modeled design values. 

• States should submit a modeling and analysis protocol that details the methodology and 

model inputs before commencement of the modeling exercise. This information should 

support the states• recommended SlPs, and provide a basis for the EPA's evaluation of 

them. 

• At any time during the SIP process when there are questions regardjng modeling or 

interpretation of this guidance, the appropriate EPA Regional Modeling Contact should · 

be consulted. 
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AppendixB 
Assessment of Air Quality Rcsuits of Setting Longer Term Average Emission Limits 

As explained in section V.D.2, previous EPA guidance recommended the setting oflimits 
with an averaging time that match the underlying NAAQS (e.g. to set I-hour average emission 
limits to ensure attainment with a 1-hour NAAQS). The limits would need to be set no higher 
than the "critical emission value," i.e., the homly emission rate that the model predicts would 
result in the 5-year average of the annual 99111 percentile of daily maximum hourly S02 
concentrations at the level of the NAAQS. The EPA is now issuing guidance that provides that 
longer tenn average limits may be justifiable, so long as the limits are of at least comparable 
stTingency to a 1-hour limit at the critical emission value. The EPA acknowledges that even with 
an adjustment to provide this comparable stringency, a source complying with a longer term 
average emission limit could possibly have hourly emissions which occasionally exceed the 
critical emission value. An hour where emissions are above the critical value does not mean that 
a NAAQS exceedance is occmTing in that hour. Indeed, the guidance states that "if periods of 
hourly emissions above the critical emission value are a rare occurrence at a source, these 
periods would be unlikely to have a significant impact on air quality, insofar as they would be 
very unlikely to occur repeatedly at the times when the meteorology is conducive for high 
ambient concentrations of S02.;' This appendix is intended to elaborate on the EPA's rationale 
and to document analyses testing this statement. 

Exceedances of the S02 NAAQS occur when emissions from relevant sources are 
sufficiently high on occasions when the meteorology is conducive for those emissions to cause 
elevated S02 concentrations. An illustrative example would be a case in which a single source 
has a dominant impact on area concentrations, and the source only causes an exceedlµlce a:t a 
particular location with light southwest winds with limited dispersion. In this example, the 
likelihood of an excecdance at that location will be a function of the likelihood of elevated 
emissions occurring during times of light southwest winds with limited dispersion. Stated more 
generally, the likelihood of an exceedance is a function of the likelihood of emissions being high 
when the meteorology is conducive for the source to cause an exceedance. By extension, the 
likelihood of a violation is a function of the likelihood of emissions being high on a sufficient 
nwnber of times with meteorology conducive to having exceedances to have the average of the 
99th percentile daily maximum values exceed the NAAQS. Viewed another way, the occasions 
w11en the meteorology is conducive for the source to cause an exceedance at a particular location 
are likely to be infrequent, and high concentrations are contingent on both emissions being 
sufficiently high and the meteorology being sufficiently conducive. The NAAQS itself is based 
on relatively rare occun-ences, being based on the 99th percentile of daily maximum 
concentrations. Neve11heless, the point here is that the occurrence of high emissions will not 
cause an exceedance if it does not occur when meteorology is conducive to having an 
exceedance. Furthermore, a source with rare occurrences ofhigl1 emissions and with much more 
frequent occwrences of moderate emissions is more likely to have moderate emissions on those 
occasions with meteorology conducive for exceedances, and the design value for the source may 
be more prone to reflect the moderate emissions than the high emissions. 

B-1 



Thus, at issue is the likelihood that a source complying with a 30-day average limit 
reflecting the adjustment generally recommended in this guidance would have sufficiently high 
emissions on a sufficient fraction of the potentia l exceedance days to cause an S02 NAAQS 
violation. This appendix documents analyses addressing this question. Although results will 
differ according to individual circumstances, the EPA views its analyses as indicating that 
suitably adjusted longer term average limits can generally be expected to provide adequate 
confidence that the attainment plan will provide fo r attainment. 

The EPA performed its analyses for Canadys Station, located near Walterboro, South 
Carolina.58 The modeling used AERMOD Version 13350 and used meteorological data fo r 2005 
to 2009 from the Charleston, SC National Weather Service station. For simplicity of the analysis, 
a zero background concentration was applied.59 Although the facility had three stacks, the EPA 
applied the simplifying assumption that emissions were always distributed in the same 
proportion among tbe stacks, so that the EPA's analysis assumed simple proportionality between 
emissions and air quality (such as can be assumed for areas with a single stack). f n addition, 
while installation of emission control equipment commonly changes stack temperatures and 
potentially other stack parameters, EPA did not have information on these changes, and so all of 
the simulations in EPA 's analysis used the same stack parameters (reflecting no control 
equipment).60 These analyses focused on the ten receptors that had the highest modeled design 
values. 

As a first step, the EPA modeled this source in a traditional manner, using a constant 
emission rate. Based on this modeling, the EPA identified a critical emission rate of 1831 pounds 
of S02 per hour. That is, this modeling indicated that an appropriate I-hour emission limit for 
this source would be 183 I pounds of S02 per hour. 

The EPA's next series of steps were to assess 30-day average emission limits that could . 
be considered comparably stringent to a 1-hour emission I imit of 1831 pounds per hour. The 
EPA expects such an assessment to be based on a set of enussions data that can be expected lo 
reflect the variability of emissions once the subject source implements its attainment plan. For 
this analysis, the EPA assumed that the SIP would require installation of flue gas desulfurization. 
For purposes of our sample calculations, since Canadys did not operate such emission controls, 
the historic emission data for Canadys were judged not to provide an appropriate indicator of 
prospective emission variability. For these sample calculations, the EPA instead used emissions 
data from Unit 4 of the Weston Generating Station, located near Wausau, Wisconsin. This unit is 
controlled with flue gas desulfurization equipment in order to meet a best available control 

58 Thfa plant has now shut down. Nevertheless, the EPA believes that these analyses provide a useful sample of the 
results that would be expected from plants that are continuing to operate. 
59 Use of a non-zero background would require a tighter limit, which would presumably require a downward scaling 
of the emissions data used in these analyses. The EPA expects that modeling this alternate scenario would produce 
essentially tbe same final results. 
~As with consideration of background concentrations, consideration of stack parameters such as lower stack 
temperatures that may result from operation of S02 emission control equipment may yield a lower critical emission 
value and require a tighter limit. However, this analysis reflects emissions scaled to comply with the applicable 
limit, and if EPA had analyzed a corresponding case with alternate stack parameters reflecting control equipment 
resulting in a lower limit, the analysis would also have used emissions downscaled by the same proportion. EPA 
expects that the net effect of these changes would be a showing of similar confidence of attainment as is shown here, 
regardless of the critical value and associated longer tcnn average limit that was used as the starting point. 
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technology limit, and thus was judged to provide a suitable sample data base for use in this 
analysis. The calculations of a 30-day average limit judged to be comparably stringent as a I.­
hour limit of 1831 pounds per hour are shown step-by-step in Appendix C. The resulting 30-day 
average emission limit is 1254 pounds per hour. 

Next, the EPA used the hourly modeling results for Canadys along with the simplifying 
assumptions described above to assess the air quality that would be expected with varying 
emission rates in compliance with this 30-day average emission limit. The hourly emissions data 
were derived from the actual emissions data for Weston Unit 4 but scaling the emission values so 
that the data set only just meets the 30-day average emission limit of 1254 pounds per hour. The 
estimated design value for this scenario was 46 ppb. 

The EPA then created 100 additional emission data sets by randomly assigning hourly 
emissions values from this scaled Weston 4 data set. As with the original data set, for each of 
these randomly created emission data sets, each hour's emissions rate was multiplied by the 
concentration per unit emissions estimated by AERMOD, and the resulting set of estimated 
concentrations was analyzed to determine the average 99th percentile of daily maximum 
concentrations. Since the likelihood of a violation is a function of the likelihood of high 
emissions occurring during times when the meteorology is conducive for exceedances, these 
simulations provide further insight into the likelihood of violations based on random 
reassignments of the emissions occurring during each hour. These 100 simulations yielded 
design values ranging from 50 to 58 ppb.61 In each of these simulations, a substantial number of 
hours (on average, just under one percent) had emissions higher than the critical emission value. 
Nevertheless, given the margin between these values and the NAAQS level of75 ppb, this 
analysis indicates that the likelihood of a violation occtming with these emissions values is 
extremely low. 

The EPA modeled a number of additional scenarios to test the impact of emissions 
variability. First, the EPA modeled a scenario based on emissions variability for a unit without 
emission control equipment. This scenario may be representative of cases in which the 
attainm~nt plan achieves attainment through the use of low sulfur coal. Since Canadys has shut 
down, the EPA for convenience used the emissions data from Weston Unit 3 for this analysis. As 
with the flue gas desulfurization scenario, the EPA modeled this scenario both with emissions 
varying according to the time pattern in the underlying data set and with 100 cases of randomly 
reassigned emissions. For this scenario, the simulation using the time pattern of the underlying 
emission data yielded a design value of 52 ppb, and the runs with randomly reassigned emissions 
yielded design values ranging from 51 to 57 ppb. 

Second, the EPA conducted a series of additional runs using subsets of the Weston Unit 4 
and the Weston Unit 3 emission data sets. Each year within these data sets reflected some.what 
different emissions variability, and so the EPA conducted additional runs using emission data 

61 In these results, the randomly assigned emission scenarios have higher design values than original emissions 
scenario. This suggests that patterns in the original emissions data and in tl1e meteorological data in this particular 
analysis are associating to cause lower design values, and that the higher design values in the randomized emission 
scenarios results from the disruption of those associations. However, investigation of these questions was beyond the 
scope of this analysis. 
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sets reflecting the variability found in 2009, 2010, 2011 , 2012, and 2013, respectively, for both 
Weston units, as if that same pattern of emissions had occurred repeatedly for the 5 year 
simulation. For both the Weston Unit 3 and the Weston Unit 4 simulations, while the use of 
different years' emissions variability clearly affected the resulting design value, with design 
values ranging from 39 to 52 ppb for the flue gas desulfur ization case and from 45 to 59 ppb for 
the low sulfur fuel case, the design values remained well below the NAAQS for all simulations. 

As noted above, the likelihood that a long term average emission limit will provide for 
attainment depends in significant part on the probability of elevated emissions occurring when 
the meteorology is conducive for high concentrations. Assessment of whether a long term 
average limit sufficiently provides for attainment thus requires consideration of the emission 
patterns that would reasonably be expected to occur at a source operating in compliance with the 
limit. For example, in theory, less confidence of attainment would apply if the source has 
frequent occasions of elevated emissions (complying with the limit by also frequently having 
low emissions). ln such cases, it is especially important to supplement the long term limit with 
additional limits recommended in this guidance that restrict the frequency and/or magnitude of 
the occurrences of elevated emissions. On the other hand. this pattern of operation is generally 
not followed in practice, and such a pattern would presumably result in adjustment to a lower 
long term average limit. Indeed, the adjustment of the longer term limit to a level lower than the 
critical emissions value provides essential means of constraining the allowable frequency and 
magnitude of occurrences of elevated emissions to have adequate confidence that the limit will 
provide for attainment. Considering the analyses described here, and considering historic 
emission patterns (according to emission data that EGUs have reported to the EPA) and the 
emission patterns that could be expected even when a source is just barely complying with a long 
term average emission limit, the EPA generally expects that a suitably set long-term average 
emission limit, especially in conjunction with supplemental limits more directly limiting 
occasions of elevated emissions, would be expected to require that elevated emissions be a 
sufficiently infrequent occtm·ence so as to provide adequate protection against NAAQS 
violations. 
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Appendix C 
Example Determination of Longer Term Average Emission Limit 

This appendix provides sample calculations to illustrate EPA's suggested approach for 
determining an appropriately adjusted JO-day average emissions limit, calculated on a rolling 
average basis. Similar techniques could be applied in determining adjustments for other 
averaging times and for other types of limits such as limits on emissions per unit heat input. For 
simplicity, this example addresses a plant with a single emission unit, which may be part of a 
plan in which other plants or other units are subject to other limits that may be evaluated 
similarly. 

Various steps in the determination of appropriate limits may be dependent on the control 
strategy that is used to achieve the necessary emission control. In Step 1 of these example 
calculations, different control strategies can result in different stack parameters, and the 
modeling analysis that determines emission limits should use stack parameters that are 
appropriate to the expected control strategy. In Step 2, the selected emissions data base should 
reflect use of the expected control strategy. The EPA anticipates that the control strategy will be 
identified based on the modeling in Step 1, and the EPA expects that calculation of a comparably 
stringent longer term average limit in the subsequent steps will not lead to any changes in choice 
of control strategy. 

Step 1. Step 1 of these calculations is to conduct dispersion modeling to dete1mine a 
source's critical emission value, a tenn that refers to the hourly emission rate that the model 
predicts would result in the 5-year average of the annual 99111 percentile of daily maximum hourly 
S02 concentrations at the level of the NAAQS. While this rate could be established as a 1-hour 
emission limit without further averaging, here the rate also serves as a baseline fot determining a 
longer term average limit (in this example, a 30-day average limit) consistent with this guidance. 

The subsequent steps in the calculations are to determine the percentage by which the 
critical emission value should be adjusted downward to determine the value of a 30-day average 
limjt that would be comparably stringent. No further dispersion modeling would need to be 
conducted. With these example calculations, the attainment demonstration modeling would use 
the critical emission value, while the limit in the SIP would be the adjusted 30-day average limit. 
The SIP submittal would provide the justification that the adjusted longer term average limit in 
the SIP provides comparable stringency as would be obtained with a I-hour average limit at the 
modeled critical emission value, along with any additional infonnation, particularly .regarding 
prospective emissions variability, that addresses the adequacy of the longer tenn limit for 
providing for attainment of the NAAQS. 

Step 2. Step 2 is to compile emissions data reflecting the distribution of emissions that is 
expected once the attainment plan is implemented. Emission distributions describe the frequency 
with which different emission levels occur, which may be depicted by graphing the number of 
hours per year (for example) that emissions are within a particular range, as a function of 
emission level. 
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A key element of this step is selection of an appropriate emissions data set. This step is 
especially important if the attainment plan is expected to involve installation of control 
equipment or other similarly significant changes in operations. The choice of control strategy can 
have a significant ~ffect on the emission distribution. For example, installation and operation of 
flue gas desulfurization equipment, particularly in absence of requirements for continuous 
operation of the equipment, can lead to an emission distribution in which most emission values 
are significantly lower but occasional values remain relatively high, thus enlarging the difference 
between peak emission values and longer term average emission values. Consequently, if the 
source being addressed does not currently operate flue gas dcsulfurization equipment but the 
attainment plan is likely to involve installation and operation of such equipment, then the current 
emissions profile data for the source may not provide a suitable representation of the variability 
of emissions that might be expected after the attainment plan controls are in place. 

In such cases, Step 2 would involve identifying another set of data that better reflects the 
source's expected emission variability, presumably from another comparable source that is 
already implementing the control strategy that the target source anticipates using. In selecting a 
data set to represent the source's expected emission variability, it is impo1iant to compare the 
characteristics of the source that obtained the candidate data set to the characteri sties of the 
source under consideration in the control strategy, focusing on characteristics that would 
influence the emission patterns. The two sources should generally be in the same industry and be 
used in a similar manner; for example, an EGU generating electricity on a base load basis would 
tend to have a different emission pattern than an BOU generating electricity on a peak load basis. 
The data are used in a relative sense, so the magnitude of the emissions need not be the same 
(although two sources of the same type with similar emission levels may be more prone to have 
similar relative emission patterns). 

In other cases, the air agency may determine that an area could attain through a control 
strategy that wrn not significantly change the emission distribution (as may be true, for example, 
for a strategy involving a switch to lower sulfur coal with similar sulfur content variability or for 
a strategy involving enhancement of e~isting control equipment). Where the control strategy 
does not significantly change the distribution, the source's current emission distribution may be 
the best indicator of the source 's post-control emission distribution. Irrespective of whether the 
future emissions variability does or does not match the historic emissions variability at a source, 
a critical element of Step 2 is to assure that the data used to analyze prospective emissions 
variability at the source properly reflects the emissions variability that might be expected at the 
source once the SlP is implemented. 

These emission data obtained in Step 2 will presumably be obtained from CEMS, since 
otherwise the quantity of data needed to determine an appropriate adjustment would likely be 
unavailable. The raw data should be compiled in the form of hourly emissions. For this example, 
these data are also used to compute rolling 30-day average emissions levels. 

Step 3. Step 3 is to use the distribution of hourly emissions data obtained in Step 2 to 
compute a corresponding distribution of longer term emission averages. (In this example we 
compute 30-day emission averages.) Several approaches are possible for computing these 
averages. The EPA generally recommends using the data handling procedures of MA TS, 
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including calculation of a new 30-operating day average at the end of each operating day 
(defined as a day with any operation). Inherent in this recommended approach is that hours 
without operation are not included in the average. The approach used in the analysis shouJd be 
the approach that is to be established for determining com~liance with the limit.. 

Step 4. Step 4 uses the distributions of the hourly values compiled in Step 2 and the 30-
day average values computed in Step 3. Specifically, Step 4 determines the 99th percentile of the 
1-hour average emission values compiled in Step 2 and the 991h percentile of the 30-day average 
emission values computed in Step 3. 

This example uses infom1ation from the upper end of the range of emissions, in order to 
best assess the relationship of 1-hour and 30-day average data when a source is exactly 
complying (i.e., with no compliance margin) wilh potential limits for those averaging times. Just 
as the NAAQS applies a 99 111 percentile statistic, to use a more robust statistic in evaluating air 
quality than the peak value, this example uses 99th percentile statistics to represent the 
relationship between I-hour and 30-day average values for the highest emission values. By this 
means, this analysis focuses on the portion of the emissions distribution where compliance is 
most at issue, while using sufficient data to obtain an adequately robust result. 

Step 5. Step 5 is to compute the ratio of the two 99th percentile values. These values are 
taken from the same point in the respective distributions, and maybe presumed to reflect a 
comparable control regime. The 99tn percentile of the hourly emission values would not Qe 
expected to match the critical emission value; this statistic is only used in a relative way, to 
compare to the 99th percentile of the 30-day averages, as a means to estimate how much lower a 
30-day average limit would need to be to have comparable stringency to a 1-hour limit at the 
critical emission value. 

Step 6. Step 6, the final step, is to multiply this ratio times the critical emission value, i.e., 
the l -hour emission limit that modeling fow1d to provide for attainment. The result of this 
multiplication is a 30-day average emission limit which may generally be considered to have 
comparable stringency as a 1-hour limit at the modeled attairunent level. 

The fo llowing are example results of these steps, for purposes of illustration. This 
example uses the data for the scenario presented in Appendix B, to compute a suitable 30-day 
average limit for a hypothetically restarted Canadys plant. 

In Step 1, a modeling analysis determined that a limit of 1831 pounds per hour is 
necessary and sufficient to provide for attainment near Canadys. 

In Step 2, the historic Canadys emissions data, which reflected no emfasion control 
equipment, were determined not to provide an appropriate representation of future emissions 
variability1 insofar as the SIP was expected, in this illustrative example, to require installation of 
flue gas desulforization equipment (based on the judgment that this would be necessary to meet 
the 1831 lbs per hour limit). The flue gas desul:furization equipment would be expected to alter 
emissions variability significantly. Therefore, Step 2 involved obtaining emission data from a 
difforent source, in particular a source using flue gas desulfurization. In this example, emission 
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AppendixD 
Review of Relations hips Among S02 E missions Data With Var-ious Averaging T imes 

Using data available in the EPA's Clean Air Markets Division Air M~rkets Program Data 
(ampd.epa.gov) of electric generating unit S02 emissions data, the EPA conducted a review of 
the relationships among averages of S02 emissions calculated with various averaging times. This 
review was intended to determine typical relationships among emission limits reflecting different 
averaging times that might be considered to be comparably stringent. 

For reasons discussed in the associated guidance document, the statistical relationships 
within the highest subset of emissions data are most germane in determining limits with different 
averaging times that could be considered comparably stringent, in part because these data best 
indicate emission patterns during times when compliance will be most challenging. To assure the 
use of reasonably robust data, Appendix C presents sample calculations that use the top one 
percent of the emissions data. ln particular, these sample calculations determine the ratio of the 
99th percentile of 30-day average emission values to the 99tJ1 percentile of 1-bour emission 
values, as a means to estimate the ratio of 30-day to I-hour emission Limits that could be 
considered comparably stringent. The purpose of the review described in this appendix is to 
assess typical values of this ratio. 

This review used data for all sources meeting the following criteria: (I) the source 
operated and reported data for some part of every year from 2009 to 2013, (2) the source 
operated and reported data for the equivalent of 3 years out of these 5 years (1 ,095 days), (3) the 
source burned coal as the primary fuel for all 5 years, and (4) the S02 emission control 
equipment operated at the source was the same across all 5 years. This review analyzed data for 
the 615 sources that met these criteria 

The EPA subctivjded the sources into three categories, based on control type, in order to 
highlight differences in emission patterns as a function of control type that are evident in the 
data. These three categories are: (1) sources controlled with a wet scrubber (210 sources), (2) 
sources controlled with a dry scrubber (90 sources), and (3) somoes with no advanced S02 
control equipment installed (3 J 5 sour.ces). 

The EPA computed a variety of statistics according to the methods in Appendix C. 
Tables 1 and 2 summarize the results of most interest, reporting ratios of 99th percentile S02 
emission values and standard deviations of the ratios, respectively, for 30-day average S02 
emission values (computed on a rolling daily basis) versus 1-hour values, and 24-hour average 
S02 emission values (computed on a calendar day basis) versus 1-bour values, for each of the 
above three source types. 
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data for Unit 4 of the Weston plant were determined to provide a suitable representation of the 
SIP source once flue gas d~sulfurization is implemented. 

In Step 3, 30-operating day averages of these emissions were calculated. 

In Step 4, the 991h percentiles of the 1-hour values and of the 30-day average values were 
determined to be 493 pounds per hour and 338 pounds per hour, respectively. 

In Step 5, the ratio of these values (i.e., 338 divided by 493 pounds per hour) was 
calculated to be 0.685, or 68.5 percent. 

In Step 6, this ratio was multiplied by the critical emission value (68.5 percenttimes 1831 
pounds per hour) to obtain a result of 1254 pounds per hour. Thus, in this example, a 30-day 
average limit 'of 1254 pounds per hour is estimated to be a 30-day average limit with comparable 
stringency to a I-hour limit of 1831 pounds per hour. That is, in this example, while a 30-day 
average limit of 1254 pounds per hour provides more flexibility to accommodate emissions 
variability, coupled with ·a requirement that emissions generally be lower than they are required 
to be with a 1-hour limit of 1831, approximately the same control strategy is expected to be 
required by either limit. 
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Table 1. Average ratio of 99111 percentile 30-day average S02 emission value and of 99th 
percentile 24-hour average 802 emission value to the 99111 percentile of hourly 802 emission 
value 

Source Type 30-day vs. 1-hour 24-hour vs. 1-hour 

Sources with wet scrubbers 0.7l 0.89 

Sources with dry scrubbers 0.63 0.81 

Sources with no control 0.79 0.93 
equipment 

Table 2. Standard deviations of the ratios of 99111 percentile 30-day average S02 emission value 
and of 99lh percenti le 24-hour average S02 emission value to the 99th percentile of hourl:y S02 
emission value 

Source Type 30-day vs. 1-hour 24-hour vs. 1-hour 

Sources with wet scrubbers 0.23 0.14 

Sources with dry scrubbers 0.19 0.19 

Sources with no control 0.07 0.04 
equipment 

These results indicate the significant.effect of control type on emission distributions. 
Review of the underlying data suggests that an important part of the variability of emissions for 
sources with emission control equipment is the variability 1n control equipment operation. These 
results also provide insight into the range of adjustment factors that may be considered typical. 
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