

























































































































































































































































































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 8.3.1.1 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 8.3.1,2, 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 partial
years) of site-specific data are available, those data are preferred. While the form of the SO
NAAQS contemplates obtaining 3 years of monitoring data in order to determine attainment at a
monitoring site (see 40 CFR 50.17(b)), this does not preempt the use of 5 years of NWS data or
at least 1 year of site-specific data in the modeling, The 5-year average based on the use of NWS
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, 2010a). See U.S. EPA (2010a) 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, If
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 are 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 ycars 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
(ISH). Most available formats can be processed by AERMET. As stated in Section 7.1, when
using data from an NWS station alone or 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 of NWS data can be found in the March 8, 2013 clarification memo “Use of
ASOS meteorological data in AERMOD dispersion modeling” (U.S. EPA, 2013d). The key
points are:

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

e The implementation of the ASOS system over the conventional observation system
should not preclude the consideration of NWS stations in dispersion modeling.
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e 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, 201 1e) 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 of NWS 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 pre-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 of NWS 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 formats and variables 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 SO; 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 timelines, this 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, 2011d)
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 SOz 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 SOz design value. If screening meteorology is used
in AERMOD, the SO; design value cannot be calculated. AERMOD will abort processing if
screening meteorology is used and an SO; design value is requested in the input file.

A-21



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 Earth Systems
Research Laboratory’s Global Systems Division’s radiosonde database
(http://esrl noaa.gov/raobs/). Users should choose all levels or mandatory and significant
pressure levels*® 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 form
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 SO,
National Ambient Air Quality Standard” (U. S. EPA, 2010a). This memo suggested a “first tier”
approach to including a uniform monitored background contribution based on adding the overall
highest hourly background SO; 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, (2011a), and the SO2 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. Adjustments to this approach may be considered in consultation with the appropriate
EPA Regional Modeling Contact with adequate justification and documentation of how the
background concentration was calculated.

Section 8.2.2 of Appendix W gives guidance on background concentrations for isolated
single 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 source to determine the background
concentration for the averaging times of concern. Determine the mean background
concentration at each monitor by excluding concentrations when the source in question is
impacting the monitor... For shorter 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

3 By international convention, mandatory levels are in millibars: 1,000, 850, 700, 500, 400, 300, 200, 150, 100, 50,
30, 20, 10,7 5, 3, 2 and 1.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 of the 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
nonattainment 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 are expected to cause a significant concentration gradient in the vicinity of
the source or sources under consideration, and should be explicitly modeled. [dentification 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 SO; 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 SO
is to use the 99" 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., 99" percentile, or 4" highest, concentrations for hour 1 for J anuary or winter,
99t percentile concentrations for hour 2 for January or winter, etc.). Recent updates included in
AERMOD 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 SO2 NAAQS level, the design value
(the 3-year average of the 99" percentile of the annual distribution of daily maximum 1-hr
concentrations), and 3-year averages of the 99™ percentile concentrations by season and hour of
day. To calculate the 99" 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 99" percentile concentration by hour of day
(across all seasons), and the average concentration by hour of day across the 3 years®’. In this
example, the winter background concentrations show a distinct diurnal variability, with less for
each of the other secasons.

S"Modelers should use the 1¥-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).

A-23



— NAAQS
=8~ 1-hour DV
70 - Tl . Nn!er
=&~ Spring
== Summer
6ol | Fall
—— Hourly Average 99th
Hourly Average

[,
(=]

Concentration (ppb)
(=]

Ld
(=]

20

0 i i i i i i -t A = 3 t &
01234567 8 91011121314151617181820212223
Hour of day

Figure 3. SOz monitored concentrations for various averaging times,

In summary background concentrations can be included as:

e “First tier” approach based on monitored design values added to modeled design values;

or
e Temporally varying based on the 99" 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 SO; design values at
each receptor that includes contributions from all modeled sources and background. Based on the
form of the 2010 SO2 NAAQS, the design value should be calculated as the average of the 99"
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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At each receptor, for each hour of the modeled period, calculate a total concentration
across all sources including background concentrations if applicable. This can be done in
AERMOD using SRCGROUP ALL or by addmg 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.

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

From the output of step 2, for each year modeled, calculate the 99"’ percentile (4™
highest) daily maximum 1-hour concentration at each receptor. [f modeling 5 years of
meteorological data, this results in five 99™ percentile concentrations at each receptor.
Average the 99" percentile (or 4™ highest) concentrations across the modeled years to
obtain a design value at each receptor.

Modeled source contributions to a NAAQS violation can be determined by analyzing the
hourly concentrations from the individual source groups POSTFILES corresponding to
the same hour as the 4" daily maximum 1-hour concentration from each year. See 75 FR
at 35540. For example, a receptor has a 5-year average design value of 200.8 mg/m? (or
approximately 77 ppb) and AERMOD was modeled for the period January 1, 2005
through December 31, 2009 for four source groups. From the AERMOD output, the user
can determine the date of the 4™ highest daily maximum 1-hour concentrations that are
used to calculate the 5-year average design value. Table 1 shows the 4™ highest daily
maximum 1-hour concentrations for each year and associated dates that are used in the
design value calculation.

Table 1. 4th highest daily maximum 1-hour concentrations (pg/m?) for 2005-2009.

Date Concentration
(YYMMDDHH)

05080101 200.1
06073105 201.5
07080403 207.1
08072705 197.1
09080104 198.1
5-YEAR AVG. 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 (pg/m?)
and S-year average design values.

Date TOTAL SOURCE 1 |SOURCE2 |SOURCE3 |SOURCE 4
(YYMMDDHH)

05080101 200.1 155.1 25.1 1.5 18.4
06073105 201.5 157.4 26.2 i 17.4
07080403 207.1 161.5 20.5 21 23.0




08072705 197.1 159.2 23.1 1.7 13.1

09080104 198.1 1953 22.6 2.0 18.2

5-YEAR AVG. |200.8 157.7 23.5 1.6 18.0

When calculating design values and in determining whether there are violations of the
NAAQS, one may need to consider other percentiles below the 99" percentile (4™ high of the
daily 1-hour maximum concentration) as well. Examining percentiles below the 99" percentile
(such as 5™, 6" of the daily maximum 1-hr 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 5", 6", 7%,
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 SO; NAAQS, These enhancements include:

* The output of daily maximum |-hr concentrations by receptor for each day in the modeled
period for a specified source group. This is the MAXDAILY output option in AERMOD.

e The output, for each rank specified on the RECTABLE output keyword, of daily maximum
| -hour concentrations by receptor for each year for a specified source group. This is the
MXDYBY YR output option.

e 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. 4™ 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 (in 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 of ranks analyzed (based on
the range of ranks specified on the RECTABLE 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
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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
cach facility or group of facilities, or by year, or the receptor network is divided into separate
sub-networks. [n some types of these situations, the MAXDAILY, 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 would effectively preclude the use of the MAXDAILY, MXDYBYYR,
and MAXDCONT option to calculate meaningful AERMOD design value calculations include
the following examples:

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

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

e 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. In these situations the use of hourly POSTFILES, which
can be quite large, and external post-processing would be needed to calculate design values.

Situations in which the MAXDAILY, MXDYBYYR, 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 1,000 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 MAXDAILY, 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.



o 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. MAXDAILY,
MXDYBY YR, or, MAXDCONT output can be used and post-processed to generate the
necessary design value concentrations.

e 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 of NWS data. The receptor network is
divided into five receptor networks. Each sub-network is modeled for each 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:

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

e Anemissions analysis around the violating monitor or area under consideration for the
attainment and maintenance demonstration in absence of a violating monitor,

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

e 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 discuss 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 SO2 Implementation at: Atip:/www.
epa.gov/itn/scram/SO2 _modeling guidance.htm.

11.  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. Summary

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

e AERMOD is the EPA’s preferred near-field dispersion model for regulatory applications
and is applicable for SO> SIPs modeling consistent with the EPA’s Guideline on Air
Quality Models, also published as Appendix W of 40 CFR part 51.

» Sources should be modeled with maximum allowable 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.

e Modeling should be done with 5 years of representative NWS meteorological data or at
least 1 year of site specific meteorology.

e 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 99" 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 SIPs, and provide a basis for the EPA’s evaluation of
them.

e At any time during the SIP process when there are questions regarding modeling or
interpretation of this guidance, the appropriate EPA Regional Modeling Contact should
be consulted. %
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Appendix B
Assessment of Air Quality Results of Setting Longer Term Average Emission Limits

As explained in section V.D.2, previous EPA guidance recommended the setting of limits
with an averaging time that match the underlying NAAQS (e.g. to set 1-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 hourly emission rate that the model predicts would
result in the S-year average of the annual 99" percentile of daily maximum hourly SO»
concentrations at the level of the NAAQS, The EPA is now issuing guidance that provides that
longer term average limits may be justifiable, so long as the limits are of at least comparable
stringency 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 occurring 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 SO2.” This appendix is intended to claborate on the EPA’s rationale
and to document analyses testing this statement.

Exceedances of the SO; NAAQS occur when emissions from relevant sources are
sufficiently high on occasions when the meteorology is conducive for those emissions to cause
elevated SOz 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 exceedance at a
particular location with light southwest winds with limited dispersion. In this example, the
likelihood of an exceedance 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 exiension, the
likelihood of a violation is a function of the likelihood of emissions being high on a sufficient
number of times with meteorology conducive to having exceedances to have the average of the
99'" percentile daily maximum values exceed the NAAQS. Viewed another way, the occasions
when 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 occurrences, being based on the 99" percentile of daily maximum
concentrations. Nevertheless, 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 of high emissions and with much more
frequent occurrences 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.



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 potential exceedance days to cause an SO2 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 for attainment.

The EPA performed its analyses for Canadys Station, located near Walterboro, South
Carolina.*® The modeling used AERMOD Version 13350 and used meteorological data for 2005
to 2009 from the Charleston, SC National Weather Service station. For simplicity of the analysis,
a zero background concentration was applied.”® Although the facility had three stacks, the EPA
applied the simplifying assumption that emissions were always distributed in the same
proportion among the 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). In 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).%’ 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 SOz per hour. That is, this modeling indicated that an appropriate 1-hour emission limit for
this source would be 1831 pounds of SOz 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 limit of 1831 pounds per hour. The
EPA expects such an assessment to be based on a set of emissions data that can be expected to
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 fluc 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 instcad 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

8 This 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.

3 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 the same final results.

50 As with consideration of background concentrations, consideration of stack parameters such as lower stack
temperatures that may result from operation of SO, 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 term 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 1-
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 99" 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 yiclded
design values ranging from 50 to 58 ppb.%! 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 of 75 ppb, this
analysis indicates that the likelihood of a violation occurring 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
attainment 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 somewhat
different emissions variability, and so the EPA conducted additional runs using emission data

&1 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 the 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 desulfurization 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). In 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 occurrence 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 30-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 determine a
source’s critical emission value, a term that refers to the hourly emission rate that the model
predicts would result in the 5-year average of the annual 99" percentile of daily maximum hourly
SO; 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 for 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
limit 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 1-hour average limit at the
modeled critical emission value, along with any additional information, particularly regarding
prospective emissions variability, that addresses the adequacy of the longer term 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 (requency
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 effect 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 desulfurization 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 important to compare the
characteristics of the source that obtained the candidate data set to the characteristics 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 EGU 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 will 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 existing 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, Itrespective 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 SIP 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 MATS,
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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 should be
the approach that is to be established for determining compliance 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 99" percentile of the
1-hour average emission values compiled in Step 2 and the 99" percentile of the 30-day average
emission values computed in Step 3.

This example uses information 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) with potential limits for those averaging times. Just
as the NAAQS applics a 99" percentile statistic, to use a more robust statistic in evaluating air
quality than the peak value, this example uses 99™ percentile statistics to represent the
relationship between 1-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 99" percentile values. These values are
taken from the same point in the respective distributions, and maybe presumed to reflect a
comparable control regime. The 99" percentile of the hourly emission values would not be
expected to match the critical emission value; this statistic is only used in a relative way, to
compare to the 99" percentile of the 30-day averages, as a means o 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 1-hour emission limit that modeling found 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 attainment level.

The following 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 emission control
equipment, were determined not to provide an appropriate representation of future emissions
variability, insofar as the SIP was expected, in this illustrative example, to require installation of
flue gas desulfurization equipment (based on the judgment that this would be necessary to meet
the 1831 Ibs per hour limit). The flue gas desulfurization equipment would be expected to alter
emissions variability significantly. Therefore, Step 2 involved obtaining emission data from a
different source, in particular a source using flue gas desulfurization. In this example, emission



Appendix D
Review of Relationships Among SO: Emissions Data With Various Averaging Times

Using data available in the EPA’s Clean Air Markets Division Air Markets Program Data
(ampd.epa.gov) of clectric generating unit SO> emissions data, the EPA conducted a review of
the relationships among averages of SOz 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. In particular, these sample calculations determine the ratio of the
99" percentile of 30-day average emission values to the 99" percentile of 1-hour emission
values, as a means to estimate the ratio of 30-day to 1-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: (1) 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 SOz 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 subdivided 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) sources with no advanced SO»
control equipment installed (315 sources).

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 99" percentile SO;
emission values and standard deviations of the ratios, respectively, for 30-day average SO
emission values (computed on a rolling daily basis) versus 1-hour values, and 24-hour average
SO; emission values (computed on a calendar day basis) versus 1-hour values, for each of the
above three source types.

D-1



data for Unit 4 of the Weston plant were determined to provide a suitable representatlon of the
SIP source once flue gas desulfurization is implemented.

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

In Step 4, the 99" 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 percent times 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 1-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 99" percentile 30-day average SOz emission value and of 99"
percentile 24-hour average SO emission value to the 99" percentile of hourly SO; emission

value

Source Type 30-day vs. 1-hour 24-hour vs. 1-hour
Sources with wet scrubbers 0.71 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 99" percentile 30-day average SO> emission value
and of 99" percentile 24-hour average SOz emission value to the 99" percentile of hourly SO»
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
Sou_rces 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 in control equipment operation. These
results also provide insight into the range of adjustment factors that may be considered typical.
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