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1.0

Introduction

The Utility Air Regulatory Group (UARG) is a voluntary, nonprofit group of individual electric generating
companies and industry trade associations. UARG's general purpose is to participate on behalf of its
members collectively in the rulemakings of the Environmental Protection Agency (EPA), related
litigation, and other arenas of policy development under the Clean Air Act.
UARG’s Atmospheric Modeling Committee has retained Wenck Associates, Inc. (Wenck) to perform
certain consulting services for the UARG members. Thus, Hunton & Williams LLP, as attorneys on UARG’s
behalf, have requested Wenck to provide technical assistance in commenting on EPA's March 4, 2013
Draft Guidance for PM2.5 Permit Modeling (Draft PM2.5 Guidance). This report was prepared to satisfy
the mutual agreement between UARG and Wenck.
1.1

GENERAL STRENGTHS AND WEAKNESSES OF EPA GUIDANCE

The Draft PM2.5 Guidance is a good starting point to address the effect of PM2.5 precursors in the
regulatory context of the Prevention of Significant Deterioration (PSD) program. The guidance does a
good job in providing a framework of how the program needs to adjust due to the January 22, 2013
decision from the Court’s decision vacating and remanding the provision for PM2.5 SILs. This framework
is depicted in Figure II‐1. The guidance also provides a good decision‐making framework in the
suggested assessment cases described in Section II.4 and Table II.1. Additionally, the guidance related to
the type of analysis necessary for each case is very helpful as developed in Sections III and Table III‐1.
On the other hand, the Draft PM2.5 Guidance lacks clarity and specific examples to help in its application.
An ongoing issue also relates to the technical feasibility of quantitative assessments of secondary PM2.5.
Whereas there are some tools and methods proposed to address secondary PM2.5, for the most part, the
evaluation and availability of these tools is limited. A similar situation occurred when the new short‐
term probabilistic standards were issued while the preferred regulatory model (i.e., AERMOD) was not
able to provide the correct form of the standard. Such approaches where the cart is placed before the
horse tend to create confusion and frustration for applicants and regulators alike. Furthermore, given
the lack of a preferred model to address PM2.5 secondary formation, according to EPA (2013), PSD
compliance demonstrations will be viewed as screening‐level analyses analogous to the screening
nature of Section 5.2.4 of Appendix W for NO2 impacts. However, the justification of a specific approach
to be used will be challenging given the complexity of some of the tools available and the limited
amount of evaluation studies related to secondary PM2 5 emissions in the near field.
The release of the Draft PM2.5 Guidance to the public for review and consideration is a step in the right
direction by EPA since it brings together different stakeholders to address the challenging issues related
to secondary PM2.5 formation. This report seeks to provide practical and insightful comments to assist in
addressing these challenges.
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2.0

PM2.5 NAAQS Compliance Assessment Cases

In Table II‐1 of Section II.4 the EPA proposes four different “assessment cases” to determine the type of
air quality analyses that an applicant would need to conduct to demonstrate compliance with the annual
and 24‐hour PM2.5 National Ambient Air Quality Standards (NAAQS). The evaluation of indirect PM2.5
emissions is triggered by the Significant Emissions Rates (SERs) for PM2.5 precursors. These SERs were
established in the Final Rules Governing the Implementation of New Source Review (NSR) for Fine
Particulate Matter issued on May 16, 2008. These SERs were proposed in the Nov 1, 2005 proposed rule
because “using existing SERs harmonizes the NSR program for PM2.5.”
2.1

CURRENT SIGNIFICANT EMISSION RATES FOR PM2.5 PRECURSORS ARE INAPPROPRIATE

EPA identified SO2 and NOx as presumed precursors with a SER of 40 tons per year (tpy) in the final PM2.5
rule (73 FR 28333). While this rule recognizes the complexities behind the science of precursor
transformation, it arbitrarily sets the SERs for SO2 and NOx at the same levels already used for other
purposes in the NSR program. The rationale for this decision is that the use of existing SERs for
precursors harmonizes the NSR program for PM2 5 with the NSR programs for those other criteria
pollutants. This approach is inappropriate because it fails to consider the precursor capabilities that SO2
and NOx have in producing PM2.5.
A more appropriate approach would be to set the SERs for PM2.5 precursors based on their precursor
capabilities. The NSR PM2.5 final rule introduced the concept of offset ratios for nonattainment areas.
The purpose of these ratios is to offset emissions increases of direct PM2.5 emissions with reductions of
PM2 5 precursors and vice versa. In this rule, the preferred offset ratios are 200 tons of NOx to 1 ton of
PM2 5 for the eastern part of the United States, and 100 tons of NOx to 1 ton of PM2.5 for the western
part of the US. For SO2 the preferred ratio is 40 tons of SO2 to 1 ton of PM2.5 nationwide. These ratios
were developed by EPA (EPA, 2007) with a PM2 5 response surface modeling (RSM) approach based on
the Community Multi‐Scale Air Quality (CMAQ) model. Eastern United States is defined to be the 37
States either completely or in part east of 100 degrees west longitude. “West” would include the
remaining 11 western‐most States in the continental United States.
There is limited research related to the effect that PM2 5 precursors have on PM2.5 concentrations.
However, the use of higher SERs for PM2.5 precursors is supported by an evaluation study performed
with the Comprehensive Air Quality Model with Extensions (CAMx) for a new source with 111 tons of
emissions of SO2 and NOx (Hoffnagle, 2013). By comparing the base case (without the new source) to
the proposed case (with the new source) a trivial increase of 0.04 µg/m3 was identified. Additionally,
the case study presented by the National Association of Clean Air Agencies (NACAA) in 2011 evaluated
secondary formation of PM2.5 by using CAMx. This study included sources with emissions that ranged
from 500 tpy to 15,000 tpy of SO2 and from 400 tpy to 13,000 tpy of NOx. The NACAA study concluded
that secondary PM2.5 formation from SO2 and NOx accounted for less than or equal to 1 µg/m3. In both
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cases the increase in PM2.5 due to secondary formation from SO2 and NOx is well below the 24‐hour
PM2 5 significant impact level (SIL) of 1.2 µg/m3. Thus, these cases support the use of SERs for PM2.5
precursors higher than the ones currently established.
It is worth mentioning the current litigation challenges related to the PM2.5 SILs. In Jan 2013, the U.S.
Court of Appeals for the D.C. Circuit vacated and remanded the provision for PM2.5 SILs in EPA’s two
Prevention of Significant deterioration (PSD) regulations. According to EPA (2013):
The Court’s decision does not preclude the use of SILs for PM2.5 as part of demonstration that a
source will not cause or contribute to a violation of the PM2.5…. However, with appropriate
safeguards, the EPA believes permitting authorities may continue to select and apply SILs values
for PM2.5 to support PSD permitting decisions and to determine the level of analysis needed to
demonstrate that a source will not cause or contribute to violation of the NAAQS.
Thus, the PM2 5 SIL is an acceptable benchmark to assess a minimum no action level to compare the
results obtained from the two evaluation studies discussed.
The 2005 PM2 5 proposed rule (70 FR 66038) considered two options for the SERs. Option 2 proposed
establishing the precursor levels at the same level as the SER for direct PM2.5 emissions. Similarly, since
the SER for direct PM2.5 is 10 tpy, a contribution from precursor emissions (SO2 and NOx) that is
equivalent to 10 tpy should be considered to establish the SERs for these precursor pollutants. Absent
of other data relevant to secondary PM2 5 formation, the interagency off‐set trading ratios introduced in
the May 16, 2008 final rule should be used to establish the SERs for SO2 and NOx. Thus, EPA should
consider establishing the SER for NOx at 2,000 tpy for eastern United States and at 1,000 tpy for western
United States. Likewise, a nationwide SER of 400 tpy for SO2 should be considered by EPA. The proposed
SERs are equivalent to 10 tpy of PM2.5; the existing SER for PM2 5.
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3.0

3.1

Assessment of Secondary PM2.5 Formation for
Cases 3 and 4
QUALITATIVE ASSESSMENT OF SECONDARY PM2.5 FORMATION

The Draft PM2.5 Guidance describes in Section III.2.1 the requirements to complete a qualitative
assessment of secondary PM2.5 formation. An example is also provided in Appendix C which describes
the qualitative approach submitted to support the 2011 Shell’s Discoverer and Associated Fleet permit
application. The elements of this qualitative approach could include any or all of the following:
1)
2)
3)
4)
5)
6)
7)
8)
9)

Regional background of PM2 5 monitoring data;
Aspects of secondary PM2 5 formation from existing sources;
Analysis of existing photochemical grid modeling performed for regional haze, ozone, or PM2.5 SIPs;
The relative ratio of the combined modeled primary PM2.5 impacts and background PM2.5
concentrations to the level of the NAAQS;
The spatial and temporal correlation of primary and secondary PM2.5 impacts;
Meteorological characteristics of the region during periods of precursor pollutant emissions;
Level of conservatism associated with the modeling of the primary PM2.5 component and other
elements of conservatism built into the NAAQS compliance demonstration;
Aspects of the precursor pollutant emissions in the context of limitations of other chemical species;
Post construction monitoring requirements.

The challenge with the qualitative approach proposed by EPA is that it fails to establish a clear and
concise path for an applicant or agency to follow for each project. Depending on the interpretation
from a regulatory agency, the qualitative approach could either be very simple or very involved and
complex. Thus, the qualitative approach, as it currently stands, can lead to inconsistencies in the
treatment of applicants between and within regional, state, and local regulatory agencies. The first
applicants that assess secondary formation of PM2.5 qualitatively will likely be treated more stringently
than later applicants because it is possible that regulatory agencies could take a more conservative
approach initially as they become familiar with the implementation of the qualitative assessment.
It would be useful if EPA could provide additional examples that help clarify when certain elements of
the qualitative analysis would be necessary. For example, it is important to define in what
circumstances post‐construction monitoring could be required and for how long since this may play an
important role in making a project viable. Additionally, there is the issue with the availability to the
permit applicant of the data necessary to support this approach. Whereas States hold different types of
data related to monitoring, meteorology, SIP modeling, etc., these data are not commonly available in a
manner that would make them accessible to the applicant or permitting agency. Compiling and
accessing these data would require an unprecedented level of collaboration/integration between
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different regulatory agencies. Furthermore, the review of these qualitative analyses would place an
additional burden on regulatory agencies that may be already overstretched in responsibilities.
The example assessment from Shell’s Discoverer and Associated Fleet included in Appendix C of the
Draft PM2.5 Guidance is less than useful because it describes a case that is likely the exception rather
than the rule. For example, it is highly unlikely to find background concentrations of 2 µg/m3 in most
cases where this assessment would be required. It would be more useful if an example was provided by
EPA that related to a hypothetical case that could be more common in NSR permitting. Absent more
specific and relevant examples, regulatory agencies could err on the conservative side and place an
undue burden on applicants subject to a qualitative assessment of secondary PM2.5. Such requirements
may be expensive to the applicant and time consuming for the reviewing agency. As a result, more
facilities than EPA anticipates may be required to perform a full quantitative photochemical modeling
demonstration.
HYBRID ASSESSMENT OF SECONDARY PM2.5 FORMATION: OFFSET RATIO METHOD

3.2

Section III.2.2 from the Draft PM2 5 Guidance deals with the hybrid approach to assess secondary PM2.5
formation. The pollutant offset ratio method developed by NACAA (2011) is touted as a viable option to
provide a quantitative assessment of secondary PM2.5 formation. This method uses area‐specific offset
ratios for PM2.5 permitting to convert emissions of precursors into equivalent amounts of direct PM2.5
emissions. This method is quite conservative because it assumes that primary and secondary PM2.5 occur
at the same place and time. However, in some cases, this technique may be a useful screening method
to account for secondary PM2.5 formation to satisfy the qualitative portion of the hybrid assessment
considered in cases 3 and 4. In addition to the offset ratio method described, other approaches that do
not involve the use of photochemical modeling should be explored as well. For example, Connors
(2013) described a post‐processor to AERMOD (AERCHEM) that could calculate secondary PM2 5
emissions on a receptor and time dependent basis.
The EPA Regional Offices, with help from the Office of Air Quality and Planning and Standards (OAQPS),
may assist in developing these area‐specific offset ratios. Currently, the Minnesota Pollution Control
Agency (MPCA) has developed Minnesota‐specific offset ratios based on CAMx evaluations that can be
used in AERMOD as a screening technique. Interpreting these evaluations, the secondary PM2.5
emission rate is defined as the sum of the SO2 emission rate divided by 10 and the NOx emission rate
divided by 100. A similar approach would be necessary from the other regulatory agencies to establish
area‐specific offset ratios for other locations in the country. However, most states lack the expertise
and technical tools to carry out these evaluations. Thus, default offset ratios should be implemented
while area‐specific ratios are developed by EPA Regional Offices and the State and local regulatory
agencies. The ratios included in the final NSR PM2 5 rule (73 FR 28339) should be used in the meantime.
These ratios are as follows:


Nationwide: SO2 to Primary PM2.5 offset ratio is 40:1
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3.3

Eastern1 United States: NOx to Primary PM2.5 offset ratio is 200:1
Western1 United States: NOx to Primary PM2.5 offset ratio is 100:1

FULL QUANTITATIVE PHOTOCHEMICAL GRID MODELING

This section discusses the applicability, model selection, methods to combine primary and secondary
PM2 5, and the regulatory review of photochemical modeling.
3.3.1

Applicability

Section III.2.3 describes the use of photochemical modeling to assess secondary PM2.5 impacts. This
section starts by stating that only in rare cases would full quantitative photochemical modeling be
required. However, the applicability of this section is uncertain since there are no thresholds or
examples provided to determine when a photochemical modeling demonstration to address PM2.5
precursors is necessary. During the 2013 Regional, State, and Local Modelers’ Workshop held in Dallas,
EPA mentioned that chemical transport modeling is reserved for very large sources with a tremendous
net increase of PM2.5 precursor emissions (Bridgers, 2013). However, no specifics were shared regarding
emissions thresholds that would trigger such an analysis. Thus, applicants are left to wonder when they
may be subject to this type of assessment.
3.3.2

Which model to use?

Currently EPA has not established a regulatory default photochemical model so a screening‐level
analysis analogous to the screening nature of Section 5.2.4 of Appendix W for NO2 is required. This
places an additional burden on the applicant who would be required to justify the use of a
photochemical model while limited evaluations related to secondary PM2 5 formation are available. The
modeling systems that could potentially be used to assess secondary PM2.5 formation include CAMx,
CMAQ, the California Puff (CALPUFF), and the Second‐Order Integrated Puff Model with Chemistry
(SCICHEM).
The viability of using these modeling systems in accounting for secondary PM2.5 is premature given the
limited evaluations for permitting purposes. Therefore, there is not a clear choice regarding which
modeling system should be used to assess secondary PM2.5 formation for NSR permitting purposes.
These models have not been developed for the identification of impacts from specific sources at specific
near field receptor locations. In spite of the addition of source apportionment capabilities, the results
obtained from these options can vary significantly depending on the method used to estimate single
source contributions (Baker, 2013). Furthermore, it is not clear how many years of meteorological data
should be used in these photochemical analyses. The NACAA PM2.5 Modeling Implementation
1

Eastern United States is defined to be the 37 States either completely or in part east of 100 degrees west longitude. “West”
would include the remaining 11 western‐most States in the continental United States.
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Workgroup, in unison with EPA guidance (2007a), suggests using one year of meteorological data. We
support that use of no more than one year of data be required, given the extensive computer run times
of these analyses.
EPA should establish a preferred a methodology or protocol suitable for the assessment of
photochemical model(s). Additionally, EPA should establish a methodology that outlines the preferred
options to be used to determine single‐source impacts so consistency can ensue. Moreover, at least one
year of meteorological data should be requested from analysis involving photochemical grid models.
Finally, EPA should work to develop inputs that could be used in a full quantitative modeling approach.
3.3.3

Combining Primary and Secondary PM2.5

The Draft PM2.5 Guidance states that primary PM2.5 impacts are to be calculated with AERMOD while
secondary PM2.5 impacts may be calculated with a photochemical model. One of the methods described
by EPA is combining peak primary PM2.5 and peak secondary PM2.5 impacts. This approach would yield
an overly conservative estimate of the combined impacts since there is a lack of correlation between
peak primary and peak secondary PM2.5. An alternative approach also suggested in the Draft PM2.5
Guidance is to perform temporal pairing of primary and secondary PM2.5 impacts on a seasonal or
monthly basis. This approach could lead to more realistic combined impacts once the appropriate tools
to allow for this pairing are developed. However, these approaches can be problematic because the
results obtained from AERMOD and photochemical grid models are not equivalent since each model
calculates impacts in a very different way and at different scales. The Draft PM2 5 Guidance does not
address this issue. In the preamble to its final BART rule, EPA noted that regional scale photochemical
models “have been designed to assess cumulative impacts, not impacts from individual sources” and
“regional models have not been evaluated for single source applications”. (70 FR 39123). Recent
improvements such as two‐way interactive grid nesting, flexi‐nesting, full chemistry plume‐in‐grid (PiG)
modules, source apportionment algorithms, and computational advances can help bridge the gap
between these grid‐based (Eulerian) and Lagrangian models for near field applications. According to the
NACAA PM2.5 Modeling Implementation Workgroup, EPA should evaluate whether it is better to use PiG
(with sub‐grid sampling) or define a small spatial grid spacing in the vicinity of the source (e.g., 1 km or
less)(NACAA, 2011). Given the limited number of evaluations performed so far, it is difficult to
determine which source contribution method is most appropriate for this purpose. Thus, the proposed
methods of combining results from AERMOD and a photochemical model are unclear and require more
description and evaluation.
For the reasons mentioned earlier, combining primary PM2.5 concentrations generated from AERMOD to
PM2 5 concentrations generated from a photochemical model is problematic. EPA guidance states that
absolute model output from photochemical grid‐based models should be used in a relative fashion due
to the effects of uneven performance and possible major bias in predicting absolute concentrations of
one or more components (EPA, 2007a). Thus, the suggested approach of adding secondary PM2.5
emissions from a photochemical model to the direct emissions from AERMOD should be further
developed and reconsidered.
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3.3.4

Permitting Agency Capability

One aspect not being considered by EPA in the Draft PM2.5 Guidance is that very few regulatory agencies
have the staff, expertise, and tools to review a full photochemical modeling demonstration. NACAA
pointed out in their report (NACAA, 2011) that photochemical grid models can be resource intensive and
require special expertise. Thus, in most cases the review of such modeling demonstrations would have
to be delegated to the Regional Offices. This situation could add significant time to the application
process and become an additional burden on applicants. Additionally, regulatory agencies with the staff
and expertise to review these demonstrations may choose not to devote the time and effort necessary
since this would place an additional administrative burden on their limited staff. EPA needs to address
the lack of expertise by agency staff through training and guidance.
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4.0

NAAQS Cumulative Impact Analysis

Elements of the cumulative PM2.5 NAAQS ambient air quality analysis are discussed in this section.
4.1

FORM OF THE 24‐HOUR AND ANNUAL PM2.5 STANDARD

Section IV.3 Comparison to NAAQS describes a new first tier approach to determine the modeled design
value for the 24‐hour averaging period. This approach is based on the multi‐year average of the 98th
percentile (high‐eighth‐high) of 24‐hour daily maximum values. This approach is justified by EPA in
Table III‐1 because the four proposed cases address secondary PM2.5. EPA had required modeling
analyses to rely on the highest 24‐hour concentration averaged over the five years of meteorological
data because only direct emissions of PM2.5 were explicitly modeled (EPA, 2010). Thus, the added
conservatism of using the highest 24‐hour averages concentrations of primary PM2.5 (EPA, 2010) is no
longer warranted. The use of the multi‐year average of the 98th percentile (high‐eighth‐high) of 24‐hour
daily maximum values is appropriate and should be retained in the final version of the PM2.5 guidance.
The PM2 5 modeled design value for the annual averaging period is based on the multi‐year average of
the maximum annual PM2.5 concentrations and no changes that would affect modeling were proposed
to the form of this standard.
4.2

NEARBY SOURCES

Section IV.1 Modeling Inventory provides guidance for identifying which nearby sources should be
included in the modeled emission inventory for NAAQS compliance demonstrations. This section quotes
from Appendix W that “the number of such [nearby] sources is expected to be small except in unusual
situations.” (Section 8.2.3.b). Furthermore, the guidance states that “cumulative modeling analysis
should focus on the area within about 10 kilometers of the project location in most cases”. This is a
departure from the approach described in the New Source Review Workshop Manual (Draft 1990).
While, further clarification regarding which nearby sources should be modeled explicitly would be
helpful, EPA’s suggested approach regarding nearby sources should be retained in the final version of
the PM2.5 guidance with emphasis on placing a limit on the extent of the focus area (i.e., 10 km from the
project location).
4.3

DOUBLE COUNTING OF PM2.5 IMPACTS

Section IV.2 Monitored Background provides recommendations to determine the background
concentrations to use in a NAAQS compliance demonstration. Background concentrations are a very
important element of any NAAQS modeling demonstration. This is especially true for PM2.5 since often
times the background concentrations are at least half of the standard.
Appendix W defines background as pollutant concentrations due to:
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1) Natural Sources;
2) Nearby sources other than the one(s) currently under consideration; and
3) Unidentified sources.
However, it has been recognized by the EPA (2013) that impacts from nearby sources are commonly
double counted in modeling analysis for NAAQS compliance. Part of the issue relates to the excessive
number of nearby sources commonly included in the modeling demonstration based on previous
guidance (EPA, 1990). However, attention should also be placed on how background concentrations are
assigned for NAAQS modeling demonstrations to avoid double counting of impacts.
To determine background concentrations for the short term averaging periods, Appendix W
recommends the use of monitors not impacted by the source in question and the exclusion of
monitoring sites inside a 90° sector downwind of the source. Murray (2013) evaluated this technique by
using the Kincaid Power Station sulfur hexafluoride (SF6) tracer and sulfur dioxide (SO2) model
evaluation databases. The results showed that the plume from the source in question frequently has
significant contributions outside of the 90° downwind sector. Thus, in a NAAQS compliance
demonstration these impacts would be included implicitly in the background concentrations and
explicitly in the modeled sources. To overcome the double counting of these impacts, Murray suggests
using as the representative background the lowest monitored concentration from the monitors
available. However, if only a single monitor is available, Murray recommends that a screening analysis
be performed so impacts from sources in the modeling inventory are excluded from the background
concentrations.
Nicholson (2013) described a screening analysis to obtain a representative background by analyzing
hourly PM2.5 monitored data from the Santa Fe, New Mexico airport monitoring site. This approach
included the analysis of the monitored data in time series plots and histograms. This analysis first
identified the major exceptional events in the area such as forest fires and dust storms. Then these
exceptional events were screened out of by looking at their location and time of occurrence. When the
monitor’s location was downwind of the source, the hours impacted by these events were promptly
screened out. Using this approach, a more representative background concentration was obtained.
EPA should allow the use of a screening method analogous to the one described (Nicholson, 2013) to
avoid double counting of PM2.5 impacts.
4.4

MONITORED DESIGN BACKGROUND VALUE

The monitored design value for PM2.5 is defined in the March 10, 2010 clarification memo:
The representative monitored PM2.5 design value, rather than the overall maximum monitored
background concentration, should be used as a component of the cumulative analysis. The PM2.5
design value for the annual averaging period is based on the 3‐year average of the annual
average PM2.5 concentrations; for the 24‐hour averaging period, the design value is based on the
3‐year average of the 98% percentile 24‐hour average PM2.5 concentrations for the daily
standard.
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This approach is overly conservative in many fronts. First, according to the Ambient Monitoring
Guidelines for Prevention of Significant Deterioration (PSD):
The existing monitoring data should be representative of three types of area:
1) The location(s) of maximum concentration increase from the proposed source or modification;
2) The location(s) of the maximum air pollutant concentration from existing sources; and
3) The location(s) of the maximum impact area, i.e., where the maximum pollutant concentration
would hypothetically occur based on the combined effect of existing sources and the proposed
source or modification. (EPA, 1987)
Thus, the siting of the monitoring stations is aimed at providing a conservative area‐wide background.
Additionally, if we are interested in obtaining a representative background concentration from a
monitoring site, it is best to use the median of the monitored distribution since there is a 50%
probability of measuring that value. In a perfectly normal distribution, the median, mean and mode are
equal. However, monitoring data is positively skewed since on the left tail the monitored values cannot
be less than “0” while on the right side of the distribution a long tail is common due to extreme
monitored concentrations. Therefore, the median of a positively skewed distribution will be higher
(more conservative) than the most frequent value (mode) in the distribution. By selecting the 98th
percentile value from the distribution, exceptionally high values would be selected that will not be
representative of the expected background level since these values may be biased due to nearby
sources, forest fires, equipment error, or other unusual events. A case study identifying the
conservatism of using the tail of the distribution (99th or 98th percentile) has been discussed elsewhere
(Nicholson, 2013). Additionally, if there is a choice of background monitors, care should be taken so
that truly representative monitors are used (i.e., urban monitors shouldn’t be used for rural areas).
In conclusion, it is necessary to properly flag exceptional events that produce the highest concentrations
(i.e., forest fires) so these values are not included in the distribution of a background site. Furthermore,
the design value for a background monitor should be established by looking at the median (50th
percentile) since given the characteristics of monitoring data, this value would be more conservative
than the most frequent value (mode) in the distribution. Thus, the median value would be more
representative of the background concentrations of an area while still having a reasonable level of
conservatism that would ensure the protection of the PM2.5 NAAQS.
4.5

COMBINING MODELED RESULTS AND BACKGROUND TO DETERMINE COMPLIANCE

The March 10, 2010 clarification memo states that:
…combining the 98% percentile monitored with the 98% percentile modeled concentrations for a
cumulative impact assessment could result in a value that is below the 98% percentile of the
combined cumulative distribution…
However, this combination assumes that the 98th percentile monitored background concentration will
happen at the same time as the 98th percentile meteorological condition. Contrary to EPA’s conclusion in
the March 10, 2010 memo, the resulting percentile of such events occurring simultaneously is actually
higher (more conservative) than the 98th percentile as discussed below.
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The Draft PM2.5 Guidance considers two tiers. In Tier 1 the monitored design value is based on the 3‐
year average of the 98th percentile 24‐hour average PM2.5 concentrations. The Tier 2 approach involves
combining the monitored and modeled PM2 5 concentrations on a seasonal or quarterly basis.
Furthermore, for a monitor with a daily, 24‐hour sampling frequency, the 98th percentile recommended
rank is the 3rd highest 24‐hour value for each season (EPA, 2011).
The Tier 1 approach recommended by EPA is overly conservative because simply adding the 98th
percentile predicted concentration with the 98th monitored concentration does not result in the 98th
percentile of the combined total concentration. Also, the probabilistic inappropriateness of such an
approach has been described previously (Murray, 2013). If the two distributions are independent of
each other, that is, if the occurrence of one does not change the probability of the occurrence of the
other, then the following equation is true:
P(Pre ∩ Bkg) = P(Pre) * P(Bkg)
Where:
P(Pre ∩ Bkg) = the marginal probability that the 98th percentile predicted (modeled)
concentration will occur at the same time as the 98th percentile background
(monitored) concentration.
P(Pre)

=

the marginal probability of the 98th percentile predicted (modeled)
concentration.

P(Bkg)

=

the marginal probability of the 98th percentile background (monitored)
concentration.

Therefore, combining the 98th percentile predicted with the 98th percentile background concentration is
equal to:
P(Pre ∩ Bkg) =
0.02 * 0.02
=
0.0004 = 1 / 2,500
=
99.96th percentile of the combined distribution
The 24‐hour NAAQS was promulgated as the 98th percentile of maximum daily concentrations. Thus, the
probability of this standard is 1.00 ‐ 0.98 = 0.02. This is equivalent to 1 exceedance every 50 days (1/50
= 0.02). When we extrapolate this ratio to the number of days in a year (365) we get 7.3 exceedances in
a year which is rounded up to the 8th highest value in a year (the form of the standard). However, EPA’s
proposed approach is much more conservative. Instead of an expected value being the 8th highest day
per year, the 99.96th percentile distribution is equivalent to 1.00 – 0.9996 = 0.0004. This is equivalent to
one exceedance every 2,500 days (1/2,500 = .0004). This degree of conservatism is well beyond the
level necessary to protect the NAAQS.
Instead of combining the 98th percentile modeled concentration with the 98th percentile background
concentration, an alternate approach is to combine the 98th percentile predicted concentration with the
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50th percentile background concentration. This approach conserves the use of the modeled 98th
percentile value from AERMOD but allows for a more representative background level by selecting the
mean instead of the tail of the distribution. As stated previously, the tail of the distribution is made up of
exceptional events whereas the most frequent value is a more representative background
concentration. The probabilistic result of such an approach will still be protective of the 24‐hour PM2.5
NAAQS as shown below:
P(Pre ∩ Bkg)

= P(Pre) * P(Bkg)
= 0.02 *0 .50
= 0.01 = 1/100
= 99th percentile of the combined concentration

In summary, EPA should allow that the 98% percentile modeled concentration be combined with the
50th percentile monitored concentration for cumulative impact assessments as a Tier 2 approach. This
recommendation will still be protective of the NAAQS because it results in a 99th percentile combined
concentration. The use of the 50th percentile monitored background concentration should be allowed
for the 24‐hour and annual PM2.5 averaging periods.
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5.0

Summary of Comments and Recommendations

A summary of the comments and recommendations provided in this technical report is provided.

Section 2 of this report provides the following comments on Section II.4 Assessment Cases from the
Draft PM2.5 Guidance.


The significant emission rates of 40 tons per year for PM2.5 precursors (SO2 and NOx) are
exceptionally low.



The EPA should consider setting the SER for NOx at 2,000 tpy for eastern United States and
1,000 tpy for western United States. Likewise, a nationwide SER of 400 tpy is proposed for SO2.
The proposed SERs are equivalent to 10 tpy of PM2.5; the existing SER for PM2.5.

Section 3 of the report provides the following comments on Section III.2 Assessing Secondary PM2.5
Impacts.


EPA should provide examples that help clarify when certain elements of the qualitative analysis
are necessary.



The current qualitative approach guidance would foster confusion and inconsistencies in the
treatment of applicants due to its lack of specifics.



The default offset ratios included in the final NSR PM2.5 rule (73 FR 28339) should be established
by EPA for use with the offset ratio screening method developed by NACAA. These ratios are as
follows:
o

Nationwide: SO2 to Primary PM2 5 offset ratio of 40:1

o

Eastern United States: NOx to Primary PM2.5 offset ratio of 200:1

o

Western United States: NOx to Primary PM2.5 offset ratio of 100:1



The applicability of full quantitative photochemical grid modeling should be established by EPA.



EPA should establish a preferred methodology or protocol suitable for the assessment of
photochemical model(s).
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EPA should establish a methodology that outlines the preferred options to be used to determine
single‐source impacts so consistency can ensue.



No more than one year of meteorological data should be used for photochemical grid model
applications.



EPA should explore alternative approaches for combining secondary PM2 5 concentrations from
a photochemical model to the primary PM2.5 concentrations from AERMOD.



EPA needs to define who will review photochemical modeling demonstrations and the
timeliness of such review process.

Section 4 of the report provides the following comments on Section IV. Cumulative Impact Analysis.


For the 24‐hour averaging period, the use of the multi‐year average of the 98th percentile (high‐
eighth‐high) of 24‐hour daily maximum values is appropriate and should be retained in the final
version of the PM2.5 guidance.



EPA’s recommended approach regarding a small nearby source inventory should be retained in
the final version of the PM2.5 guidance.



EPA should allow the use of a screening method analogous to the one described by Nicholson
(2013) to avoid double counting of PM2.5 impacts.



A screening method to properly flag and exclude exceptional events (i.e., forest fires) from
background concentrations needs to be implemented.



The design value for a background monitor should be established by looking at the 50th
percentile since this value is more representative of background concentrations in an area.



The approach recommended by EPA to combine predicted (modeled) concentrations with
monitored concentration within a NAAQS analysis is overly conservative. Simply adding the 98th
percentile predicted concentration with the 98th monitored concentration does not result in the
98th percentile of the combined total concentration.



Instead of combining the 98th percentile modeled concentration with the 98th percentile
background concentration, an alternate Tier 2 approach is to combine the 98th percentile
predicted concentration with the 50th percentile background concentration. This
recommendation will still be protective of the NAAQS because it results in a 99th percentile
combined concentration.
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