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EXECUTIVE SUMMARY

ES.1 Overview

Based on its review of the air quality criteria and the national ambient air quality
standards (NAAQS) for particulate matter (PM), the U.S. Environmental Protection Agency (EPA)
is proposing to revise the primary (health-based) and secondary (welfare-based) NAAQS for fine
particles (generally referring to particles less than or equal to 2.5 micrometers [um] in
diameter—PM,5) to provide requisite protection of public health and welfare, respectively. As
has traditionally been done in NAAQS rulemakings, the EPA has conducted a Regulatory Impact
Analysis (RIA) to provide the public with illustrative estimates of the potential costs and health
and welfare benefits of attaining several alternative PM, 5 standards based on one possible set

of selected control strategies for reducing direct PM and PM precursor emissions.

In NAAQS rulemakings, the RIA is prepared for informational purposes only, and the
proposed decisions on the PM NAAQS discussed in the proposed rulemaking are not in any way
based on consideration of the information or analyses in the RIA. The RIA fulfills the
requirements of Executive Orders 12866 and 13563 and guidelines of the Office of
Management and Budget’s (OMB) Circular A-4.' Benefit and cost estimates provided in the RIA
are not additive to benefits and costs from other regulations, and the costs and benefits
identified in this RIA will not be realized until specific controls are mandated by State

Implementation Plans (SIPs) or other federal regulations.

ES.2 Existing and Alternative PM Air Quality Standards

Currently, two primary PM, s standards provide public health protection from effects
associated with fine particle exposures: the annual standard and the 24-hour standard. The
annual standard is set at a level of 15.0 ug/m>, based on the 3-year average of annual
arithmetic mean PM, 5 concentrations. The 24-hour standard is set at a level of 35 ug/m3, based
on the 3-year average of the 98th percentile of 24-hour PM, s concentration. In the RIA, the
current primary PM, 5 standard, including both annual and 24-hour averaging times is denoted
as 15/35.

In the current PM NAAQS review, the EPA is proposing to revise the level of the primary
annual PM, s standard within the range of 12 to 13 pg/m? in conjunction with retaining the level

of the 24-hour standard at 35 pg/m?>. In order to characterize the costs and benefits, it was

' U.S. Office of Management and Budget. Circular A-4, September 17, 2003. Available at
http://www.whitehouse.gov/omb/circulars/a004/a-4.pdf.
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necessary to identify discrete levels along this continuum. For purposes of this analysis, we
identified an annual standard of 12 pg/m? in conjunction with retaining the level of the 24-hour
standard at 35 ug/m?> (denoted 12/35) and an annual standard of 13 pg/m? in conjunction with
retaining the level of the 24-hour standard at 35 pg/m?® (denoted as and 13/35).

In addition to 12/35 and 13/35, the RIA also analyzes the benefits and costs of
incremental control strategies for two other alternative standards (11/35 and 11/30). The four

alternative standards analyzed are as follows:

= Arevised annual standard level of 13 pg/m? in conjunction with retaining the
24-hour standard level at 35 ug/m?> (13/35)

= Arevised annual standard level of 12 pg/m? in conjunction with retaining the
24-hour standard level at 35 ug/m?> (12/35)

= Arevised annual standard level of 11 pg/m? in conjunction with retaining the
24-hour standard level at 35 ug/m?> (11/35 )

= Arevised annual standard level of 11 pg/m? in conjunction with a revised 24-hour
standard level at 30 pg/m> (11/30)

In analyzing the current 15/35 standard (baseline), the EPA determined that all counties
would meet the 14/35 standard concurrently with meeting the existing 15/35 standard at no
additional cost. Consequently, no incremental costs or benefits are associated with 14/35 and
therefore, no need to present an analysis of 14/35 in this RIA.

Currently, the existing secondary PM, s standards are identical in all respects to the
primary standards. In the current PM NAAQS review, the EPA is proposing to add a distinct
standard for PM, s to provide protection from PM-related visibility impairment. Specifically, the
EPA is proposing to establish a separate secondary standard defined in terms of a PM; 5
visibility index, which would use speciated PM, s mass concentrations and relative humidity
data to calculate PM, 5 light extinction, similar to the Regional Haze Program; a 24-hour
averaging time; a 90th percentile form; and a level of either 30 deciviews (dv) or 28 dv. Based
on the air quality analysis conducted for the primary PM, s standard, all monitored areas are
estimated to be in attainment with both proposed secondary standard levels in 2020, assuming
full attainment of the primary PM, 5 standard. For the two optional levels proposed for the
secondary standard, no additional costs or benefits will be realized beyond those quantified for
meeting the primary PM; s standard in this RIA.
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With regard to the primary and secondary standards for particles less than or equal to
10 um in diameter (PMyq), the EPA is proposing to retain the current primary and secondary
24-hour PMyq standards. Both standards are the same. The current primary and secondary 24-
hour standards are set at a level of 150 pg/m?, not to be exceeded more than once per year on
average over 3 years (EPA, 1997)2. Since the benefit-cost analysis of the alternative PM1q
standards was conducted when the standard was selected, this RIA does not repeat that

analysis here.

ES.2.1 Establishing the Baseline

The RIA is intended to evaluate the costs and benefits of reaching attainment with
potential alternative PM, 5 standards. In order to develop and evaluate control strategies for
attaining a more stringent primary standard, it is important to first estimate PM, 5 levels in 2020
given the current NAAQS standards (15/35) and air quality trends. Estimating the 2020 levels is
known as the baseline. Establishing this baseline allows us to estimate the incremental costs

and benefits of attaining any alternative primary standard.

The baseline includes reductions already achieved as a result of national regulations,
reductions expected prior to 2020 from recently promulgated national regulations® (i.e.,
reductions that were not realized before 2005 but are expected prior to attainment of the
current PM standard), and reductions from additional controls which the EPA estimates need to
be included to attain the current standard (15/35). Reductions achieved as a result of state and
local agency regulations and voluntary programs are reflected to the extent that they are
represented in emission inventory information submitted to the EPA by state and local
agencies”®. Two steps were used to develop the baseline. First, the reductions expected in
national PM, s concentrations from national rules promulgated prior to this analysis were
considered (referred to as the base case). Below is a list of some of the major national rules
reflected in the base case. Refer to Chapter 3, Section 3.2.2 for a more detailed discussion of

the rules reflected in the base case emissions inventory.

= Light-Duty Vehicle Tier 2 Rule (U.S. EPA, 1999)

2 U.S. Environmental Protection Agency. 1997. Regulatory Impact Analyses for the Particulate Matter and Ozone
National Ambient Air Quality Standards and Proposed Regional Haze Rule. Available at:
http://www.epa.gov/ttn/oarpg/naagsfin/ria.html.

*The recently proposed Boiler MACT and CISWI reconsiderations are not included in the base case. These rules
were not yet proposed at the time of this analysis. It is not clear how the geographic scope of this rule will
match with the counties analyzed for this RIA—the costs may decrease but the magnitude is uncertain.

* The amendments to the Low Emissions Vehicle Program (LEV-III) in California are not included in the base case.
This program requires an approval of U.S. EPA via a waiver. At the time of this analysis the waiver had not been
submitted.
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= Heavy Duty Diesel Rule (U.S. EPA, 2000)
= Clean Air Nonroad Diesel Rule (U.S. EPA, 2004)

= Regional Haze Regulations and Guidelines for Best Available Retrofit Technology
Determinations (U.S. EPA, 2005b)

= NO, Emissions Standard for New Commercial Aircraft Engines (U.S. EPA, 2005)

= Emissions Standards for Locomotives and Marine Compression-Ignition Engines (U.S.
EPA, 2008)

= Control of Emissions for Nonroad Spark Ignition Engines and Equipment (U.S. EPA,
2008)

= (3 Oceangoing Vessels (U.S. EPA, 2010)

= Hospital/Medical/Infectious Waste Incinerators: New Source Performance Standards
and Emission Guidelines: Final Rule Amendments (U.S. EPA, 2009)

= Cross-State Air Pollution Rule (U.S. EPA, 2011a)

= Mercury and Air Toxics Standards (U.S. EPA, 2011b)
= Reciprocating Internal Combustion Engines (RICE) NESHAPs (U.S. EPA, 2010)

We did not conduct this analysis incremental to controls applied as part of previous
NAAQS analyses (e.g., O3, NO,, or SO,) because the data and modeling on which these previous
analyses were based are now considered outdated and are not compatible with the current
PM, s NAAQS analysis. In addition, all control strategies analyzed in NAAQS RIAs are
hypothetical. This analysis presents one scenario that states may employ but does not prescribe

how attainment must be achieved.

Second, because the base case reductions alone were not predicted to bring all areas
into attainment with the current standard (15/35), please see Figures 4-1 and 4-2 in Chapter 4
of this RIA, the EPA used a hypothetical control strategy to apply additional known controls to
illustrate attainment with that standard. To establish the baseline, additional control measures
were used in two sectors:” Non-Electricity Generating Unit Point Sources (Non-EGUs) and Non-
Point Area Sources (Area).

’In establishing the baseline, the EPA selected a set of cost-effective controls to simulate attainment of the current
PM, s standard. These control sets are hypothetical because states will ultimately determine controls as part of
the SIP process.
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For addition details on the baseline, refer to Chapter 4 of this RIA.

ES.2.2 Emission Reduction Estimates by Alternative Standards (2020)

Emission reductions were calculated for the four alternative standards (13/35, 12/35,
11/35, and 11/30) from a baseline of attaining the current standard of 15/35. Emission
reductions were calculated for the known control strategy analysis and the extrapolated cost
analysis for each alternative standard being analyzed. The EPA estimates the national-scale

emission reductions for each of the alternative standards as shown in Table ES-1.

Table ES-1. Emission Reduction Estimates by Standard in 2020 (annual tons/year)?

Alternative Standard PM, ¢ SO, NO,
13/35 190 0 0
12/35 4,300 970 0
11/35 14,000 19,000 1,500
11/30 22,000 23,000 8,200

® Estimates are rounded to two significant figures.

ES.2.3 Health and Welfare Benefits Analysis Approach

The EPA estimated human health (e.g., mortality and morbidity effects) under full
attainment of the three alternative combinations of primary PM, 5 standards. We considered an
array of health impacts attributable to changes in PM; s exposure. The EPA has incorporated an
array of policy and technical updates to the benefits analysis approach applied in this RIA,
including incorporation of the most recent follow-up to the American Cancer Society (ACS)
cohort (Krewski et al., 2009), updated health endpoints, new morbidity studies, updated
hospital cost-of-illness estimates, and an expanded uncertainty assessment. Each of these
updates is fully described in the benefits chapter. Even though the alternative primary
standards are designed to protect against adverse effects to human health, the emission
reductions have welfare co-benefits in addition to the direct human health benefits. The term
welfare co-benefits covers both environmental and societal benefits of reducing pollution, such
as reductions in visibility impairment, materials damage, and ecosystem damage. Despite our
attempts to quantify and monetize as many of the benefits as possible, welfare benefits are not
quantified or monetized in this analysis. Unquantified health benefits are discussed in Chapter
5, and unquantified welfare benefits are discussed in Chapter 6.

It is important to note that estimates of the health benefits from reduced PM, 5
exposure reported here contain uncertainty, including from the following key assumptions:
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1. We assumed that all fine particles, regardless of their chemical composition, are
equally potent in causing premature mortality. This assumption is an important
assumption, because PM, 5 varies considerably in composition across sources, but
the scientific evidence is not yet sufficient to allow differentiation of effects
estimates by particle type.

2. We assumed that the health impact function for fine particles is linear within the
range of ambient concentrations under consideration. Thus, the estimates include
health benefits from reducing fine particles in areas with varied concentrations of
PM, s, including both regions that are in attainment with the fine particle standard
and those that do not meet the standard down to the lowest modeled

concentrations.

As noted in the preamble to the proposed rule, the Policy Assessment (U.S. EPA, 2011c)
concludes that the range from the 25" to 10" percentiles of the air quality data used the
epidemiology studies is a reasonable range below which we have appreciably less confidence in
the associations observed in the epidemiological studies. In the RIA accompanying the
promulgated PM NAAQS, EPA will characterize the distribution of estimated PM-related health
benefits attributable to PM reductions occurring above and below the selected standard. For
12/35, we estimate that 51% and 92% of the estimated avoided premature deaths occur at or
above an annual mean PMzs level of 10 pug/m? (the lowest measured level (LML) of the Laden et
al. 2006 study) and 5.8 pg/m? (the LML of the Krewski et al. 2009 study), respectively. For 13/35,
these estimates are 62% and 89%. These are the two source studies for the concentration-
response functions used to estimate mortality benefits. The EPA briefly describes the
uncertainties in the concentration-response functions below and in considerably more detail in
the benefits chapter of this RIA.

Although these concentration benchmark analyses (e.g., 25t percentile, 10™ percentile,
and LML) provide some insight into the level of uncertainty in the estimated PM, s mortality
benefits, EPA does not view these concentration benchmarks as a concentration threshold. The
best estimate of benefits includes estimates below and above these concentration benchmarks,
but uncertainty is higher in health benefits estimated at lower concentrations, with the lowest
confidence below the LML. Estimated health impacts reflecting air quality improvements both
below and above these concentration benchmarks are appropriately included in the total
benefits estimate. In other words, our increased confidence in the estimated benefits above
these concentration benchmarks should not imply an absence of confidence in the benefits

estimated below these concentration benchmarks.
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It is important to note that these estimated benefits reflect specific control measures
and emission reductions that are needed to lower PM, 5 concentrations for monitors projected
to exceed the alternative standard analyzed. The result is that air quality will improve in
counties that exceed the alternative standards as well as surrounding areas that do not exceed
the alternative standards. It is not possible to apply controls that only reduce PM, s at the
monitor without affecting surrounding areas. In order to make a direct comparison between
the benefits and costs of these control strategies, it is appropriate to include all the benefits
occurring as a result of the control strategies applied.

We estimate benefits using modeled air quality data with 12km grid cells, which is
important because the grid cells are smaller than counties and PM, s concentrations vary
spatially within a county. Some grid cells in a county can be below the level of the alternative
standard even though the highest monitor value is above the alternative standard. Thus,
emission reductions lead to benefits in grid cells that are below the alternative standards even
within a county with a monitor that exceeds the alternative standard. We have not estimated
the fraction of benefits that occur only in counties that exceed the alternative standards.

ES.2.4 Cost Analysis Approach

The EPA estimated total costs under partial and full attainment of the alternative PM; 5
standards. The engineering costs generally include the costs of purchasing, installing, and
operating the referenced control technologies. The technologies and control strategies selected
for analysis are illustrative of one way in which nonattainment areas could meet a revised
standard. There are numerous ways to construct and evaluate potential control programs that
would bring areas into attainment with alternative standards, and the EPA anticipates that

state and local governments will consider programs that are best suited for local conditions.

The partial-attainment cost analysis reflects the costs associated with applying known
controls. Costs for full attainment include estimates for the engineering costs of the additional
tons of emissions reductions that are needed beyond identified controls, referred to as
extrapolated costs. The EPA recognizes that the extrapolated portion of the engineering cost
estimates reflects substantial uncertainty about which sectors and which technologies might

become available for cost-effective application in the future.

ES.2.5 Comparison of Benefits and Costs

In the analysis, we estimate the net benefits of the proposed range of annual PM; 5
standards of 12/35 to 13/35. For 12/35, net benefits are estimated to be $2.3 billion to $5.9
billion at a 3% discount rate and $2.0 billion to $5.3 billion at a 7% discount rate in 2020 (2006
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doIIars).6 For 13/35, net benefits are estimated to be $85 million to $220 million at the 3%

discount rate and $76 million to $200 million at the 7% discount rate.

The EPA estimated the net benefits of the alternative annual PM, 5 standard of 11/35 to
be $8.9 billion to $23 billion at a 3% discount rate and $8.0 billion to $21 billion at a 7%
discount rate in 2020. The EPA estimated the net benefits of the alternative annual PM, 5
standard of 11/30 to be S$14 billion to $36 billion at a 3% discount rate and $13 billion to $33
billion at a 7% discount rate in 2020. All estimates are in 2006S.’

In analyzing the current 15/35 standard (baseline), the EPA determined that all counties
would meet the 14/35 standard concurrently with meeting the existing 15/35 standard at no
additional cost. No incremental costs or benefits are associated with 14/35 and consequently,
there is no analysis 14/35 in this RIA.

We provide these results in Table ES-2 and a regional percentage breakdown of costs
and benefits in Table ES-3. In Table ES-4, we provide the avoided health incidences associated

with these standard levels.

ES.2.6 Conclusions of the Analysis

The EPA’s illustrative analysis has estimated the health and welfare benefits and costs
associated with the proposed revised PM NAAQS. The results for 2020 suggest there will be
significant health and welfare benefits and these benefits will outweigh the costs associated

with the illustrative control strategies in 2020.

¢ Using a 2010S year increases estimated costs and benefits by approximately 8%. Because of data limitations, we
were unable to discount compliance costs for all sectors at 3%. As a result, the net benefit calculations at 3%
were computed by subtracting the costs at 7% from the monetized benefits at 3%.

7 Using a 2010 $ year increases estimated costs and benefits by approximately 8%. Because of data limitations, we
were unable to discount compliance costs for all sectors at 3%. As a result, the net benefit calculations at 3%
were computed by subtracting the costs at 7% from monetized benefits at 3%.
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Table ES-2. Total Monetized Benefits, Total Costs, and Net Benefits in 2020 (millions of
2006$%)—Full Attainment

Total Costs Monetized Benefits” Net Benefits”
Alternative 3% Discount 7% Discount| 3% Discount 7% Discount 3% Discount 7% Discount
Standard Rate® Rate Rate Rate Rate® Rate
13/35 $2.9 $2.9 $88 to $220 $79 to $200 $85 to $220 $76 to $200
12/35 $69 $69 $2,300 to $2,100 to $2,300 to $2,000 to
$5,900 $5,400 $5,900 $5,300
11/35 $270 $270 $9,200 to $8,300 to $8,900 to $8,000 to
$23,000 $21,000 $23,000 $21,000
11/30 $390 $390 $14,000 to $13,000 to $14,000 to $13,000 to
$36,000 $33,000 $36,000 $33,000

® Rounded to two significant figures. Using a 2010$ year increases estimated costs and benefits by approximately
8%.

® The reduction in premature deaths each year accounts for over 98% of total monetized benefits. Mortality risk
valuation assumes discounting over the Science Advisory Board-recommended 20-year segmented lag structure.
Not all possible benefits or disbenefits are quantified and monetized in this analysis. B is the sum of all
unquantified benefits. Data limitations prevented us from quantifying these endpoints, and as such, these
benefits are inherently more uncertain than those benefits that we were able to quantify.

° Due to data limitations, we were unable to discount compliance costs for all sectors at 3%. As a result, the net
benefit calculations at 3% were computed by subtracting the costs at 7% from monetized benefits at 3%.

For the lower end of the proposed standard range of 12/35, the EPA estimates that the
benefits of full attainment exceed the costs of full attainment by 34 to 86 times at a 3%
discount rate and 30 to 78 times at a 7% discount rate. For the upper end of the proposed
standard range of 13/35, the EPA estimates that the benefits of full attainment exceed the
costs of full attainment by 30 to 77 times at a 3% discount rate and 27 to 69 times at a 7%
discount rate. For the alternative standards, 11/35 and 11/30, the EPA estimates that the
benefits of full attainment exceed the costs of full attainment by 34 to 94 times at a 3%

discount rate and 30 to 85 times at a 7% discount rate.
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Table ES-3. Regional Breakdown of Total Costs and Monetized Benefits Results

Alternative Combination of Standards

13 pg/m® annual 12 pg/m® Annual 11 pg/m® Annual 11 pg/m® Annual
& & & &
35 pg/m® 24-hour 35 pg/m® 24-hr 35 pg/m’ 24-hr 30 pg/m® 24-hr
Total Monetized Total Monetized Total Monetized Total Monetized
Region Costs® Benefits Costs Benefits Costs Benefits Costs Benefits
b
East 0% 0% <1% 27% 18% 53% 18% 43%
California 100% 98% 94% 70% 67% 44% 54% 47%
Rest of West 0% 2% 5% 3% 15% 3% 28% 10%

® Costs are discounted at 7%.

® Includes Texas and those states to the north and east. Several recent rules such as MATS and CSAPR will have
substantially reduced PM, s levels by 2020 in the East, thus few additional controls would be needed to reach

12/35 or 13/35.

Table ES-4. Estimated Number of Avoided PM, s Health Impacts for Standard Alternatives—
Full Attainment®

Alternative Combination of Primary PM, ; Standards

Health Effect 13/35 12/35 11/35 11/30

Adult Mortality

Krewski et al. (2009) 11 280 1,100 1,700

Laden et al. (2006) (adult) 27 730 2,900 4,500

Woodruff et al. (1997) (infant) 0 1 3 4
Non-fatal heart attacks (age > 18)

Peters et al. (2001) 11 320 1,300 1,900

Pooled estimate of 4 studies 1 35 140 210
Hospital admissions—respiratory (all ages) 3 98 430 620
Hospital admissions—cardiovascular (age > 18) 3 95 400 580
Emergency department visits for asthma (age < 18) 6 160 730 1,000
Acute bronchitis (age 8-12) 22 540 2,000 3,100
Lower respiratory symptoms (age 7-14) 290 6,900 25,000 39,000
Upper respiratory symptoms (asthmatics age 9-11) 410 9,800 37,000 56,000
Asthma exacerbation (age 6-18) 410 24,000 89,000 140,000
Lost work days (age 18-65) 1,800 44,000 170,000 260,000
Minor restricted-activity days (age 18—65) 11,000 260,000 1,000,000 1,500,000

% Incidence estimates are rounded to whole numbers with no more than two significant figures.
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ES.3 Caveats and Limitations

EPA acknowledges several important limitations of the primary and secondary analysis.

These include:

ES.3.1 Benefits Caveats

PM, s mortality co-benefits represent a substantial proportion of total monetized
benefits (over 98%). To characterize the uncertainty in the relationship between
PM, s and premature mortality, we include a set of twelve estimates of the
concentration-response function based on results of the PM, s mortality expert
elicitation study in addition to our core estimates. Even these multiple
characterizations omit the uncertainty in air quality estimates, baseline incidence
rates, populations exposed, and transferability of the effect estimate to diverse
locations. As a result, the reported confidence intervals and range of estimates give
an incomplete picture about the overall uncertainty in the PM, 5 estimates. This
information should be interpreted within the context of the larger uncertainty
surrounding the entire analysis.

Most of the estimated avoided premature deaths occur at or above the lowest
measured PM, s concentration in the two studies used to estimate mortality
benefits. In general, we have greater confidence in risk estimates based on PM, 5
concentrations where the bulk of the data reside and somewhat less confidence
where data density is lower.

We analyzed full attainment in 2020, and projecting key variables introduces
uncertainty. Inherent in any analysis of future regulatory programs are uncertainties
in projecting atmospheric conditions and source-level emissions, as well as
population, health baselines, incomes, technology, and other factors.

There are uncertainties related to the health impact functions used in the analysis.
These include within-study variability; pooling across studies; the application of C-R
functions nationwide and for all particle species; extrapolation of impact functions
across populations; and various uncertainties in the C-R function, including causality
and shape of the function at low concentrations. Therefore, benefits may be under-
or over-estimates.

This analysis omits certain unquantified effects due to lack of data, time, and
resources. These unquantified endpoints include other health and ecosystem
effects. The EPA will continue to evaluate new methods and models and select those
most appropriate for estimating the benefits of reductions in air pollution.
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ES.3.2 Control Strategy and Cost Analysis Caveats and Limitations
Control Technology Data

= Technologies applied may not reflect emerging devices that may be available in
future years.

= Control efficiency data depend on equipment being well maintained.
= Area source controls assume a constant estimate of emission reductions, despite
variability in extent and scale of application.
Control Strategy Development
= States may develop different control strategies than the ones illustrated.
= Data on baseline controls from current SIPs are lacking.
= Timing of control strategies may be different than envisioned in the RIA.
= Controls are applied within the county with the violating monitor. It is possible that

additional known controls could be available in a wider geographical area.

= Unknown controls were needed to reach attainment in several counties. Costs
associated with these unknown controls were estimated using a fixed-cost per ton
methodology as well as an extrapolated cost methodology.

= Emissions reductions from mobile sources, EGUs, other PM, s precursors (i.e.,
ammonia and VOC), and voluntary programs are not reflected in the analyses.
Technological Change

= Emission reductions do not reflect potential effects of technological change that may
be available in future years.

= Effects of “learning by doing” are not accounted for in the emission reduction
estimates.

= Future technology developments in sectors not analyzed here (e.g., EGUs) may be
transferrable to non-EGU and area sources, making these sources more viable for
achieving future attainment at a lower cost than the cost presented in this analysis.

Engineering Cost Estimates

= Because of data limitations, we were unable to discount compliance costs for all
sectors at 3%.

= Estimates of private compliance cost are used as a proxy for social cost.

Unquantified Costs

= A number of costs remain unquantified, including administration costs of federal and
state SIP programs, and transactional costs.
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ES.3.3 Limitations of the Secondary Standard Analysis

Visibility design values for 2020 were calculated using the CMAQ modeling information
and 2004-2006 ambient measurements. To determine the design values for meeting the
current primary PM, 5 standard and proposed alternative primary standards, we used a
methodology, described in Chapter 3, to estimate the small emissions reductions needed from
control measures to show attainment and to estimate the costs and benefits of attaining the
proposed alternative primary standards. It is not possible to apply this methodology to the
visibility design values.? As a result, the only analysis available for the proposed alternative
secondary standards in 2020 is prior to full attainment of the current primary standard. All
monitors analyzed are projected to attain a secondary standard of 30 dv in the 2020 base case.
Given the 24-hr design value reductions that were included in simulating attainment of 15/35 in
the 2020 base case, we are confident in our conclusion that all monitors will also attain a

secondary standard of 28 dv when they attain the current primary standards.’

ES.4 Discussion

An extensive body of scientific evidence documented in the Integrated Science
Assessment for Particulate Matter (PM ISA) indicates that PM; s can penetrate deep into the
lungs and cause serious health effects, including premature death and other non-fatal illnesses
(U.S. EPA, 2009). As described in the preamble to the proposed regulation, the proposed
changes to the standards are based on an integrative assessment of an extensive body of new
scientific evidence (U.S. EPA, 2009). Health studies published since the PM ISA(e.g., Pope et al.
[2009]) confirm that recent levels of PM, s have had a significant impact on public health. Based
on the air quality analysis in this RIA, the EPA projects that nearly all counties with PM, 5

monitors in the U.S. would meet an annual standard of 12 pg/m?® by 2020 without additional

®As described in Chapter 3, we apply a methodology of air quality ratios to estimate the emissions reductions
needed to meet the current and proposed alternative levels for the primary standard. While this methodology
can estimate how these emissions reductions will affect changes in the future-year annual design value and the
corresponding response of the future-year 24-hr design value to changes in the annual design value, it is unable
to estimate how each of the PM, 5 species will change with these emission reductions. Given that estimating
changes in future-year visibility is dependent on the IMPROVE equation and how the PM, 5 species are
projected to change in time, we are unable to estimate visibility design values for meeting the current and
proposed alternative levels for the primary standard.

°The projected 2020 base case design values for the secondary standard for the following monitors with id
numbers 60658001 (located in Riverside, CA), 60290014 (located in Kern, CA), and 60990005 (located in
Stanislaus, CA) are 29 dv, 30 dv, and 29 dv, respectively. The emissions reductions selected for simulating
attainment of 15/35 in the 2020 base case resulted in the following reductions in the 24-hr design values for
these three monitors: 11.1 ug/ms, 21.9 ug/m3 and 5.3 ug/m3, respectively. We believe that these emissions
reductions and 24-hr design value changes for simulating the current primary standard levels of 15/35 will be
enough to lower the projected 2020 secondary standard design values for these three monitors to 28 dv or
lower.
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federal, state, or local PM control programs. This demonstrates the substantial progress that
the U.S. has made in reducing air pollution emissions over the last several decades. Regulations
such as the EPA’s recent Mercury and Air Toxics Standards (MATS), the Cross-State Air Pollution
Rule (CSAPR), and other federal programs such as diesel standards will provide substantial
improvements in regional concentrations of PM, 5. Our analysis shows a few areas would still
need additional emissions reductions to address local sources of air pollution, including ports
and uncontrolled industrial emissions. For this reason, we have designed the RIA analysis to
focus on local controls in these few areas. We estimate that these additional local controls

would yield benefits well in excess of costs, by a ratio of at least 30 to 1.

The setting of a NAAQS does not compel specific pollution reductions, and as such does
not directly result in costs or benefits. For this reason, NAAQS RIAs are merely illustrative. The
NAAQS RIAs illustrate the potential costs and benefits of additional steps States could take to
attain a revised air quality standard nationwide beyond rules already on the books. We base
our illustrative estimates on an array of emission control strategies for different sources. The
costs and benefits identified in this RIA will not be realized until specific controls are mandated
by State Implementation Plans (SIPs) or other federal regulations. In short, NAAQS RIAs
hypothesize, but do not prescribe, the control strategies that States may choose to enact when
implementing a revised NAAQS.

It is important to emphasize that the EPA does not “double count” the costs or the
benefits of our rules. Emission reductions achieved under rules that require specific actions
from sources—such as MATS—are in the baseline of this NAAQS analysis, as are emission
reductions needed to meet the current NAAQS. For this reason, the cost and benefits estimates
provided in this RIA and all other NAAQS RIAs should not be added to the estimates for
implementation rules.

Furthermore, the monetized benefits estimates do not paint a complete picture of the
burden of PM to public health. For example, modeling by Fann et al. (2012) estimated that 2005
levels of air pollution were responsible for between 130,000 and 320,000 PM, s-related deaths,
or between 6.1% and 15% of total deaths from all causes in the continental United States. The
monetized benefits associated with attaining the proposed range of standards appear modest
when viewed within the context of the potential overall public health burden of PM, s and
ozone air pollution estimated by Fann et al. (2012), but this is primarily because regulations
already on the books will make great strides toward reducing future levels of PM. One
important distinction between the total public health burden estimated for 2005 air pollution

levels and the estimated benefits in this RIA is that ambient levels of PM, s will have improved
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substantially by 2020. For example, we estimate that SO, emissions in the U.S. would fall from
14 million tons in 2005 to less than 5 million tons by 2020 (a reduction of 66%). For this reason,
States will only need to achieve small air quality improvements to reach the proposed PM
standards. As shown in recent RIAs for the CSAPR (U.S. EPA, 2011a) and MATS (U.S. EPA,
2011b), implementing other federal and state air quality actions will address a substantial

fraction of the total public health burden of PM; s and ozone air pollution.

The NAAQS are not set at levels that eliminate the risk of air pollution. Instead, the
Administrator sets the NAAQS at a level requisite to protect public health with an adequate
margin of safety, taking into consideration effects on susceptible populations based on the
scientific literature. The risk analysis prepared in support of this PM NAAQS reported risks
below these levels, while acknowledging that the confidence in those effect estimates is higher
at levels closer to the standard (U.S. EPA, 2010). While benefits occurring below the standard
are assumed to be more uncertain than those occurring above the standard, the EPA considers
these to be legitimate components of the total benefits estimate. Though there are greater
uncertainties at lower PM, s concentrations, there is no evidence of a population-level

threshold in PM, s-related health effects in the epidemiology literature.

Lastly, the EPA was unable to monetize fully all of the benefits associated with reaching
these standards in this RIA, including other health effects of PM, visibility effects, ecosystem
effects, and climate effects. If the EPA were able to monetize all of the benefits, the benefits
would exceed the costs by an even greater margin. Even when considered in light of the
guantified and unquantified uncertainties identified in this RIA, we believe that implementing
the proposed range of standards would have substantial public health benefits that outweigh

the costs.
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CHAPTER 1
INTRODUCTION AND BACKGROUND

1.1 Synopsis

This chapter summarizes the purpose and results of this Regulatory Impact Analysis
(RIA). This RIA estimates the human health and welfare benefits and costs of attaining several
particulate matter (PM) National Ambient Air Quality Standards (NAAQS) nationwide. According
to the Clean Air Act (“Act”), the EPA must use health-based criteria in setting the NAAQS and
cannot consider estimates of compliance cost. The EPA is producing this RIA both to provide the
public a sense of the benefits and costs of meeting a new NAAQS and to meet the requirements
of Executive Orders 12866 and 13563.

1.2 Background

1.2.1 NAAQS

Two sections of the Clean Air Act (“the Act”) govern the establishment and revision of
NAAQS. Section 108 (42 U.S.C. 7408) directs the Administrator to identify pollutants that “may
reasonably be anticipated to endanger public health or welfare” and to issue air quality criteria
for them. These air quality criteria are intended to “accurately reflect the latest scientific
knowledge useful in indicating the kind and extent of all identifiable effects on public health or
welfare which may be expected from the presence of [a] pollutant in the ambient air.” PMis

one of six pollutants for which the EPA has developed air quality criteria.

Section 109 (42 U.S.C. 7409) directs the Administrator to propose and promulgate
“primary” and “secondary” NAAQS for pollutants identified under section 108. Section
109(b)(1) defines a primary standard as “the attainment and maintenance of which in the
judgment of the Administrator, based on [the] criteria and allowing an adequate margin of
safety, [are] requisite to protect the public health.” A secondary standard, as defined in section
109(b)(2), must “specify a level of air quality the attainment and maintenance of which in the
judgment of the Administrator, based on [the] criteria, [are] requisite to protect the public
welfare from any known or anticipated adverse effects associated with the presence of [the]
pollutant in the ambient air.” Welfare effects as defined in section 302(h) [42 U.S.C. 7602(h)]
include but are not limited to “effects on soils, water, crops, vegetation, manmade materials,
animals, wildlife, weather, visibility and climate, damage to and deterioration of property, and
hazards to transportation, as well as effects on economic values and on personal comfort and

well-being.”
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Section 109(d) of the Act directs the Administrator to review existing criteria and
standards at 5-year intervals. When warranted by such review, the Administrator is to retain or
revise the NAAQS. After promulgation or revision of the NAAQS, the standards are

implemented by the states.

1.2.2 2006 PM NAAQS

In 2006, the EPA’s final PM rule established a 24-hour standard of 35 pg/m?® and
retained the annual standard of 15 ug/m°. The EPA revised the secondary standards for fine
particles by making them identical in all respects to the primary standards. Following
promulgation of the final rule in 2006, several parties filed petitions for its review. On February
24, 2009, the U.S. Court of Appeals for the District of Columbia Circuit remanded the primary
annual PM, s NAAQS to the EPA citing that the EPA failed to adequately explain why the
standard provided the requisite protection from both short- and long-term exposures to fine
particles, including protection for at-risk populations. The court remanded the secondary
standards to the EPA citing that the Agency failed to adequately explain why setting the
secondary PM standards identical to the primary standards provided the required protection

for public welfare, including protection from visibility impairment.
1.3 Role of this RIA in the Process of Setting the NAAQS

1.3.1 Legislative Roles

In setting primary ambient air quality standards, the EPA’s responsibility under the law
is to establish standards that protect public health, regardless of the costs of implementing a
new standard. The Act requires the EPA, for each criteria pollutant, to set a standard that
protects public health with “an adequate margin of safety.” As interpreted by the Agency and

the courts, the Act requires the EPA to create standards based on health considerations only.

The prohibition against the consideration of cost in the setting of the primary air quality
standard, however, does not mean that costs or other economic considerations are
unimportant or should be ignored. The Agency believes that consideration of costs and benefits
is essential to making efficient, cost-effective decisions for implementing these standards. The
impact of cost and efficiency is considered by states during this process, as they decide what
timelines, strategies, and policies make the most sense. This RIA is intended to inform the
public about the potential costs and benefits that may result when new standards are

implemented, but it is not relevant to establishing the standards themselves.
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1.3.2 Role of Statutory and Executive Orders

This RIA is separate from the NAAQS decision-making process, but several statutes and
executive orders still apply to any public documentation. The analysis required by these

statutes and executive orders is presented in Chapter 9.

The EPA presents this RIA pursuant to Executive Orders 12866 and 13563 and the
guidelines of Office of Management and Budget (OMB) Circular A-4.' These documents present
guidelines for the EPA to assess the benefits and costs of the selected regulatory option as well
as more and less stringent options than those proposed or selected. In concordance with these
guidelines, the RIA also analyzes the benefits and costs of alternative combinations of primary
PM, 5 standards, one combination that is more stringent than the existing standards, but less
stringent than the proposed standards and another combination that is more stringent than the

proposed standards (see Section 1.4.2).

In the current PM NAAQS review, the EPA is proposing to revise the level of the primary
annual PM, s standard within the range of 12 to 13 pg/m? in conjunction with retaining the level
of the 24-hour standard at 35 pg/m?® (denoted 12/35 and 13/35). In addition to the range of
12/35 to 13/35, the RIA also analyzes the benefits and costs of incremental control strategies
for two other alternative standards (11/35 and 11/30). In analyzing the current 15/35 standard
(baseline), the EPA determined that all counties would meet the 14/35 standard concurrently
with meeting the existing 15/35 standard at no additional cost. Consequently, no incremental

costs or benefits are associated with 14/35; thus, no analysis of 14/35 is presented.

Benefit and cost estimates provided in the RIA are not additive to benefits and costs
from other regulations, and, further, the costs and benefits identified in this RIA will not be
realized until specific controls are mandated by State Implementation Plans (SIPs) or other

federal regulations.

1.3.3 The Need for National Ambient Air Quality Standards

OMB Circular A-4 indicates that one of the reasons a regulation such as the NAAQS may
be issued is to address existing “externalities.” An externality occurs when one party’s actions
impose uncompensated benefits or costs on another party. Environmental problems are a

classic case of an externality. Setting primary and secondary air quality standards is one way the

' U.S. Office of Management and Budget. Circular A-4, September 17, 2003, available at
<http://www.whitehouse.gov/omb/circulars/a004/a-4.pdf>.
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government can address an externality and thereby increase air quality and improve overall

public health and welfare.

1.3.4 lllustrative Nature of the Analysis

This NAAQS RIA is an illustrative analysis that provides useful insights into a limited
number of emissions control scenarios that states might implement to achieve revised NAAQS.
Because states are ultimately responsible for implementing strategies to meet any revised
standard, the control scenarios in this RIA are necessarily hypothetical in nature. Important

uncertainties and limitations are documented in the relevant portions of the analysis.

The illustrative goals of this RIA are somewhat different from other EPA analyses of
national rules, or the implementation plans states develop, and the distinctions are worth brief
mention. This RIA does not assess the regulatory impact of an EPA-prescribed national rule, nor
does it attempt to model the specific actions that any state would take to implement a revised
standard. This analysis attempts to estimate the costs and human and welfare benefits of cost-
effective implementation strategies that might be undertaken to achieve national attainment of
new standards. These hypothetical strategies represent a scenario where states use one set of
cost-effective controls to attain a revised NAAQS. Because states—not the EPA—will implement
any revised NAAQS, they will ultimately determine appropriate emissions control scenarios.
SIPs would likely vary from the EPA’s estimates due to differences in the data and assumptions

that states use to develop these plans.

The illustrative attainment scenarios presented in this RIA were constructed with the

understanding that there are inherent uncertainties in projecting emissions and controls.

1.4 Overview and Design of the RIA

The RIA evaluates the costs and benefits of hypothetical national strategies to attain

several alternative PM standards.

1.4.1 Modeling PM, ;s Levels in the Future (Analysis Year = 2020)

A national-scale air quality modeling analysis was performed to estimate future-year
annual and 24-hour PM, 5 concentrations and light extinction for the future year of 2020. Air
quality ratios were then developed using model responsiveness to emissions changes between
a recent year of air quality, 2005, and a future year of air quality, 2020. The air quality ratios
were used to determine potential control scenarios designed to attain the proposed alternative

NAAQS, as well as the costs of attaining these levels. These data were then used to estimate
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how air quality would change under each set of potential control scenarios, and as inputs to the

calculation of expected benefits from the alternative NAAQS considered in this assessment.

1.4.2 Existing and Alternative PM Air Quality Standards

Currently two primary PM, s standards provide public health protection from effects
associated with fine particle exposures. The annual standard is set at a level of 15.0 pg/m?,
based on the 3-year average of annual arithmetic mean PM, s concentrations. The 24-hour
standard is set at a level of 35 ug/m?, based on the 3-year average of the 98th percentile of
24-hour PM, 5 concentrations. In the RIA, the current suite of primary PM, s standards,

including both annual and 24-hour averaging times, is denoted as 15/35.

In the current PM NAAQS review, the EPA is proposing to revise the level of the primary
annual PM, s standard within the range of 12 to 13 pg/m? in conjunction with retaining the level
of the 24-hour standard at 35 pg/m?® (denoted 12/35 and 13/35).

In addition to the range of 12/35 to 13/35, the RIA also analyzes the benefits and costs
of incremental control strategies for two other alternative standards (11/35 and 11/30). The

four alternative standards analyzed are as follows:

= Arevised annual standard level of 13 pg/m? in conjunction with retaining the
24-hour standard level at 35 ug/m?> (13/35)

= Arevised annual standard level of 12 pg/m? in conjunction with retaining the
24-hour standard level at 35 ug/m?> (12/35)

= Arevised annual standard level of 11 pg/m? in conjunction with retaining the
24-hour standard level at 35 ug/m?® (11/35 )

= Arevised annual standard level of 11 pg/m? in conjunction with a revised 24-hour
standard level at 30 pg/m? (11/30)

In analyzing the current 15/35 standard (baseline), the EPA determined that all counties
would meet the 14/35 standard concurrently with meeting the existing 15/35 standard at no
additional cost. Consequently, no incremental costs or benefits are associated with 14/35; thus,
no analysis of 14/35 is presented in this RIA.

Currently, the existing secondary PM, s standards are identical in all respects to the
primary standards. In the current PM NAAQS review, the EPA is proposing to add a distinct
standard for PM, s to provide protection from PM-related visibility impairment. Specifically, the
EPA is proposing to establish a separate secondary standard defined in terms of a PM; 5
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visibility index, which would use speciated PM, s mass concentrations and relative humidity
data to calculate PM, 5 light extinction, similar to the Regional Haze Program; a 24-hour
averaging time; a 90th percentile form; and a level of either 30 deciviews (dv) or 28 dv. Based
on the air quality analysis conducted for the primary PM, s standard, all monitored areas are
estimated to be in attainment with both proposed secondary standard levels in 2020, assuming
full attainment of the primary PM, 5 standard. For the two optional levels proposed for the
secondary standard, no additional costs or benefits will be realized beyond those quantified for
meeting the primary PM, s standard in this RIA.

With regard to the primary and secondary standards for particles less than or equal to
10 um in diameter (PMyq), the EPA is proposing to retain the current primary and secondary
24-hour PMyq standards. Both standards are the same. The current primary and secondary
24-hour standards are set at a level of 150 pg/m>, not to be exceeded more than once per year
on average over 3 years (EPA, 1997)°. Since the benefit cost analysis of the alternative PMg
standards was conducted when the standard was selected, this RIA does not repeat that

analysis here.

1.4.3 Benefits Analysis Approach

The EPA estimated human health (e.g., mortality and morbidity effects) under full
attainment of several alternative PM standards. We considered an array of health impacts
attributable to changes in PM, 5. Even though the alternative primary standards are designed to
protect against adverse effects to human health, the emission reductions have welfare
co-benefits in addition to the direct human health benefits. The term welfare co-benefits covers
both environmental and societal benefits of reducing pollution, such as reductions in visibility
impairment, materials damage, and ecosystem damage. Despite our attempts to quantify and
monetize as many of the benefits as possible, many welfare benefits are not quantified or
monetized.

1.4.4 Costs Analysis Approach

The EPA estimated total costs under partial and full attainment of several alternative
PM standards. The engineering costs generally include the costs of purchasing, installing, and
operating the referenced control technologies. The technologies and control strategies selected

for analysis are illustrative of one way in which nonattainment areas could meet a revised

2 U.S. Environmental Protection Agency. 1997. Regulatory Impact Analyses for the Particulate Matter and Ozone
National Ambient Air Quality Standards and Proposed Regional Haze Rule. Available at:
http://www.epa.gov/ttn/oarpg/naagsfin/ria.html.
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standard. There are numerous ways to construct and evaluate potential control programs that

would bring areas into attainment with alternative standards, and the EPA anticipates that

state and local governments will consider programs that are best suited for local conditions.

The partial attainment cost analysis reflects the costs associated with known controls. Costs for

full attainment include estimates for the engineering costs of the additional tons of emissions

reductions that are needed beyond identified controls, referred to as extrapolated costs. The

EPA recognizes that the extrapolated portion of the engineering cost estimates reflects

substantial uncertainty about which sectors, and which technologies, might become available

for cost-effective application in the future.

15

Organization of this Regulatory Impact Analysis

This RIA includes the following 11 chapters:

Chapter 1: Introduction and Background. This chapter introduces the purpose of the
RIA.

Chapter 2: Defining the PM, s Air Quality Problem. This chapter characterizes the
nature, scope, and magnitude of the current-year PM; s problem.

Chapter 3: Air Quality Modeling and Analysis. The data, tools, and methodology used
for the air quality modeling are described in this chapter, as well as the post-
processing techniques used to produce a number of air quality metrics for input into
the analysis of costs and benefits.

Chapter 4: Control Strategies. This chapter presents the hypothetical control
strategies, the geographic areas where controls were applied, and the results of the
modeling that predicted PM; s concentrations in 2020 after applying the control
strategies.

Chapter 5: Health Benefits Analysis Approach and Results. This chapter quantifies the
health-related benefits of the PM, s-related air quality improvements associated
with several alternative standards.

Chapter 6: Welfare Benefits Analysis Approach. This chapter quantifies and
monetizes selected other welfare effects, including changes in visibility, materials
damage, ecological effects from PM deposition, ecological effects from nitrogen and
sulfur emissions, vegetation effects from ozone exposure, ecological effects from
mercury deposition, and climate effects.

Chapter 7: Engineering Cost Analysis. This chapter summarizes the data sources and
methodology used to estimate the engineering costs of partial and full attainment of
several alternative standards.
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Chapter 8: Comparison of Benefits and Costs. This chapter compares estimates of the
total benefits with total costs and summarizes the net benefits of several alternative
standards.

Chapter 9: Statutory and Executive Order Impact Analyses. This chapter summarizes
the Statutory and Executive Order impact analyses.

Chapter 10: Secondary Standards Analysis. This chapter contains an evaluation of the
regulatory impacts associated with a distinct secondary NAAQS for PM,s.

Chapter 11: Economic Impacts—Employment. This chapter provides a qualitative
discussion of employment impacts of air quality regulations.
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CHAPTER 2
DEFINING THE PM AIR QUALITY PROBLEM

2.1 Synopsis

This chapter characterizes the nature, scope and magnitude of the current year PM
problem. It includes 1) a summary of the spatial and temporal distribution of PM, 5 and the
likely origin from direct emissions or atmospheric transformations of gaseous precursors;

2) discussion of what visibility is and how it is calculated from measured concentrations and

meteorological values; and 3) current year design values for PM, s and visibility.

2.2 Particulate Matter (PM) Properties

Particulate matter (PM) is a highly complex mixture of solid particles and liquid droplets
distributed among numerous atmospheric gases which interact with solid and liquid phases.
Particles range in size from those smaller than 1 nanometer (10”° meter) to over 100
micrometer (um, or 10°® meter) in diameter (for reference, a typical strand of human hair is 70
um in diameter and a grain of salt is about 100 um). Atmospheric particles can be grouped into
several classes according to their aerodynamic and physical sizes, including ultrafine particles
(<0.1 um), accumulation mode or ‘fine’ particles (0.1 to ~3 um), and coarse particles (>1 um).
For regulatory purposes, fine particles are measured as PM, s and inhalable or thoracic coarse
particles are measured as PMyg.; 5, corresponding to their size (diameter) range in micrometers
and referring to total particle mass under 2.5 and between 2.5 and 10 micrometers,

respectively. The EPA currently has standards that measure PM, 5 and PMg.

Particles span many sizes and shapes and consist of hundreds of different chemicals.
Particles are emitted directly from sources and are also formed through atmospheric chemical
reactions; the former are often referred to as “primary” particles, and the latter as “secondary”
particles. Particle pollution also varies by time of year and location and is affected by several
weather-related factors, such as temperature, clouds, humidity, and wind. A further layer of
complexity comes from particles’ ability to shift between solid/liquid and gaseous phases,

which is influenced by concentration and meteorology, especially temperature.

Particles are made up of different chemical components. The major chemical
components include carbonaceous materials (carbon soot and organic compounds), and
inorganic compounds including, sulfate and nitrate compounds that usually include ammonium,
and a mix of substances often apportioned to crustal materials such as soil and ash. As
mentioned above, particulate matter includes both “primary” PM, which is directly emitted into

the air, and “secondary” PM, which forms indirectly from emissions from fuel combustion and
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other sources. Primary PM consists of carbonaceous materials (soot and accompanying

organics) and includes:

= Elemental carbon, organic carbon, and crustal material directly emitted from cars,
trucks, heavy equipment, forest fires, some industrial processes and burning waste.

= Both combustion and process related fine metals and larger crustal material from
unpaved roads, stone crushing, construction sites, and metallurgical operations.

Secondary PM forms in the atmosphere from gases. Some of these reactions require

sunlight and/or water vapor. Secondary PM includes:

= Sulfates formed from sulfur dioxide (SO,) emissions from power plants and industrial
facilities;

= Nitrates formed from nitrogen oxide (NO,) emissions from cars, trucks, industrial
facilities, and power plants; and

=  Ammonium formed from ammonia (NHs) emissions from gas-powered vehicles and
fertilizer and animal feed operations. These contribute to the formation of sulfates
and nitrates that exist in the atmosphere as ammonium sulfate and ammonium
. 1
nitrate.

= Organic carbon (OC) formed from reactive organic gas emissions, including volatile
organic compounds (VOCs), from cars, trucks, industrial facilities, forest fires, and
biogenic sources such as trees.’

As described above, organic carbon has both primary and secondary components. The
percentage contribution to total OC from directly emitted OC versus secondarily formed OC
varies based on location. In an urban area, near direct sources of OC such as cars, trucks, and
industrial sources, the percentage of primary OC may dominate, whereas, in a rural area with
more biogenic sources, OC may be mostly secondarily formed. In addition, emissions from
sources such as power plants and industrial facilities may have small amounts of directly
emitted PM, s speciated into sulfate. Figure 2-1 (EPA, 2006) shows, in detail, the sources
contributing to directly emitted PM, s and PMq, as well as PM precursors: SO,, NO,, NH3, and
VOC.

! Direct NH; and VOC emissions are not controlled as part of the control strategy analysis. Emissions of PM, 5, NO,,
and SO, are controlled in the control strategies, for a complete discussion please refer to Chapter 4.
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2.2.1 PM;;

“Fine particles” or PM, s are particles with diameters that are less than 2.5 micrometers.
As discussed above, these particles are composed of both primary (derived directly from
emissions) and secondary (derived from atmospheric reactions involving gaseous precursors)
components.

2.2.1.1 Geographical Scale and Transport

Both local and regional sources contribute to particle pollution. Fine particles can be
transported long distances by wind and weather and can be found in the air thousands of miles
from where they formed. Nitrates and sulfates formed from NO, and SO, are generally
transported over wide areas leading to substantial background contributions in urban areas.
Organic carbon, which has both a primary and secondary component, can also be transported
but to a far lesser degree. In general, higher concentrations of elemental carbon and crustal
matter are found closest to the sources of these emissions.

Figure 2-2 shows how much of the PM, s mass can be attributed to local versus regional
sources for 13 selected urban areas (EPA, 2004).> In each of these urban areas, monitoring sites
were paired with nearby rural sites. When the average rural concentration is subtracted from
the measured urban concentration, the estimated local and regional contributions become
apparent. We observe a large urban excess across the U.S. for most PM, 5 species but especially
for total carbon mass with Fresno, CA having the highest observed measure. Larger urban
excess of nitrates is seen in the western U.S. with Fresno, CA and Salt Lake City, UT significantly
higher than all other areas. These results indicate that local sources of these pollutants are
indeed contributing to the PM, 5 air quality problem in these areas. As expected for a

predominately regional pollutant, only a modest urban excess is observed for sulfates.

In the East, regional pollution contributes to more than half of total PM, 5
concentrations. Rural background PM, 5 concentrations are high in the East and are somewhat
uniform over large geographic areas. These regional concentrations come from emission
sources such as power plants, natural sources, and urban pollution and can be transported
hundreds of miles and reflect to some extent the denser clustering of urban areas in the East as
compared to the West. In the West, much of the measured PM, 5 concentrations tend to be
local in nature. These concentrations come from emission sources such as wood combustion

and mobile sources. In general, these data indicate that reducing regional SO, and local sources

2 . . . .
The measured PM, 5 concentration is not necessarily the maximum for each urban area.
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of carbon in the East, and local sources of nitrate and carbon in the West will be most effective

in reducing PM; s concentrations.
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Figure 2-2. Regional and Local Contributions to Annual Average PM, s by Particulate SO,*",
Nitrate and Total Carbon (i.e., organic plus EC) for Select Urban Areas Based on Paired 2000-
2004 IMPROVE? and CSN® Monitoring Sites

® Interagency Monitoring of Protected Visual Environments (IMPROVE) http://vista.cira.colostate.edu/improve
® Chemical Speciation Network (CSN)
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2.2.1.2 Regional and Seasonal Patterns

The chemical makeup of particles varies across the United States, as illustrated in
Figure 2-3. For example, the higher regional emissions of SO, in the East result in higher
absolute and relative amounts of sulfates as compared to the western U.S. Fine particles in
southern California generally contain more nitrates than other areas of the country. Carbon is a

substantial component of fine particles everywhere.
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Figure 2-3. Regional and Seasonal Trends in Annual PM, s Composition from 2002 to 2007
Derived Using the SANDWICH Method. Data from the 42 monitoring locations shown on the
map were stratified by region and season including cool months (October—April) and warm
months (May-September)

Fine particles can also have a seasonal pattern. As shown in Figure 2-3, PM, s values in

the eastern half of the United States are typically higher in warmer weather when
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meteorological conditions are more favorable for the formation and build up of sulfates from
higher sulfur dioxide (SO,) emissions from power plants in that region. Fine particle
concentrations tend to be higher in the cooler calendar months in urban areas in the West, in
part because fine particle nitrates and carbonaceous particles are more readily formed in cooler

weather, and wood stove and fireplace use increases direct emissions of carbon.

2.2.1.3 Composition of PM, s as Measured by the Federal Reference Method

The speciation measurements in the preceding analyses represented data from EPA’s
Speciation Trends Network, along with adjustments to reflect the fine particle mass associated
with these ambient measurements. In order to more accurately predict the change in PM; 5
design values for particular emission control scenarios, EPA characterizes the composition of
PM, 5 as measured by the Federal Reference Method (FRM). The current PM, s FRM does not
capture all ambient particles measured by speciation samplers as presented in the previous
sections. The FRM-measured fine particle mass reflects losses of ammonium nitrate (NH4;NO53)
and other semi-volatile organic compounds (SVOCs; negative artifacts). It also includes particle-
bound water (PBW) associated with hygroscopic species (positive artifacts) (Frank, 2006).
Comparison of FRM and collocated speciation sampler NO3 values in Table 2-1 show that
annual average NOs retention in FRM samples for six cities varies from 15% in Birmingham to
76% in Chicago, with an annual average loss of 1 pug/m?>. The volatilization is a function of
temperature and relative humidity (RH), with more loss at higher temperatures and lower RH.
Accordingly, nitrate is mostly retained during the cold winter days, while little may be retained

during the hot summer days.

PM, s FRM measurements also include water associated with hygroscopic aerosol. This
is because the method derives fine particle concentrations from sampled mass equilibrated at
20-23 °C and 30-40% RH. At these conditions, the hygroscopic aerosol collected at more humid
environments will retain their particle-bound water. The water content is higher for more acidic
and sulfate-dominated aerosols. Combining the effects of reduced nitrate and hydrated aerosol
causes the estimated nitrate and sulfate FRM mass to differ from the measured ions simply
expressed as dry ammonium nitrate and ammonium sulfate. The composition of FRM mass is
denoted as SANDWICH based on the Sulfate, Adjusted Nitrate Derived Water and Inferred
Carbon approach from which they are derived. The PM, s mass estimated from speciated
measurements of fine particles is termed ReConstructed Fine Mass (RCFM). The application of
SANDWICH adjustments to speciation measurements at six sites is illustrated in Table 2-1 and
Figure 2-4. EPAs modeling incorporates these SANDWICH adjustments in the Model Attainment
Test Software (MATS) (Abt, 2010).
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Table 2-1. Annual Average FRM and CSN PM, s NO;~ and NH;NO3 Concentrations at Six Sites

during 2003

Percent of
NH;NO; in PM,

NO;™ (pg/m’) NH,NO; (pg/m’) FRM Mass

Sampling Site No. of FRM Difference
Location Observations Mass CSN° FRM" (CSN - FRM) CSN FRM CSN FRM

Mayville, WI 100 9.8 2.5 1.5 1.0 3.2 1.9 33% 19%
Chicago, IL 76 14.4 2.8 2.1 0.7 3.7 2.8 25% 19%
Indianapolis, IN 92 14.8 2.5 1.3 1.3 3.2 1.6 22% 11%
Cleveland, OH 90 16.8 2.9 1.7 1.2 3.7 2.2 22% 13%
Bronx, NY 108 15.0 2.4 1.1 1.3 3.1 1.4 21% 9%
Birmingham, AL 113 17.0 1.1 0.2 0.9 1.4 0.2 8% 1%

® On denuded nylon-membrane filters for al sites except for Chicago, where denuded Teflon-membrane followed

by nylon filters were used.

® On undenuded Teflon-membrane filters.
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Figure 2-4. RCFM (left) versus SANDWICH (right) Pie Charts Comparing the Ambient and
PM, s FRM Reconstructed Mass Protocols on an Annual Average Basis®

a

Estimated NH,* and PBW for SANDWICH are included with their respective sulfate and nitrate mass slices.
Circles are scaled in proportion to PM, s FRM mass.



2.2.1.4 2004-2006 Design Values

The annual and 24-hour PM, 5 design values were calculated using 2003—2007 FRM
24-hour average PM; 5 concentration measurements and consistent with CFR Part 50.3
Figures 2-5 and 2-6 show the county-level maximum values for both the annual and 24-hour
standards, respectively. For the most part, counties in the center of the U.S. have PM, 5 design
values that are above both 11 pg/m? for the annual standard and 30 pg/m? for the 24-hour
standard. In the East, the counties above the current NAAQS (i.e., 15 pg/m> annual and 35
ng/m? 24-hour standards) are similar. In the West, there are fewer counties above the annual
level of 15 pg/m? than exceed the 24-hour standard of 35 pg/m”.
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Figure 2-5. Maximum County-level PM, s Annual Design Values Calculated Using 2003-2007
FRM 24-hr Average PM; s Measurements

’ These years of ambient measurements were selected since they frame the air quality model year of 2005. As
discussed in Chapter 3, it is most appropriate to select ambient measurement years that include the model year
to allow for a more true projection of future year air quality using the air quality model.
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Figure 2-6. Maximum County-level PM; s 24-hour Design Values Calculated Using 2003-2007
FRM 24-hr Average PM, s Measurements

2.2.2 \Visibility

Air pollution can affect light extinction, a measure of how much the components of the
atmosphere scatter and absorb light. More light extinction means that the clarity of visual
images and visual range is reduced, all else held constant. Light extinction is the optical
characteristic of the atmosphere that occurs when light is either scattered or absorbed, which
converts the light to heat. Particulate matter and gases can both scatter and absorb light. Fine
particles with significant light-extinction efficiencies include sulfates, nitrates, organic carbon,
elemental carbon, and soil (Sisler, 1996). The extent to which any amount of light extinction
affects a person’s ability to view a scene depends on both scene and light characteristics. For
example, the appearance of a nearby object (e.g., a building) is generally less sensitive to a
change in light extinction than the appearance of a similar object at a greater distance. See
Figure 2-7 for an illustration of the important factors affecting visibility.
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Figure 2-7. Important Factors Involved in Seeing a Scenic Vista
Source: Malm, 1999.

2.2.2.1 Calculating Visibility

Visibility degradation is often directly proportional to decreases in light transmittal in
the atmosphere. Scattering and absorption by both gases and particles decrease light
transmittance. To quantify changes in visibility, our analysis computes a light-extinction
coefficient, based on the work of Sisler (1996), which shows the total fraction of light that is
decreased per unit distance. This coefficient accounts for the scattering and absorption of light
by both particles and gases, and accounts for the higher extinction efficiency of fine particles
compared to coarse particles. Fine particles with significant light-extinction efficiencies include
sulfates, nitrates, organic carbon, elemental carbon (soot), and soil (Sisler, 1996).

As described in the Policy Assessment Document (EPA, 2011), the formula for total light
extinction (bey) in units of Mm™ using the original IMPROVE equation is:

bext = 3 x f(RH) x [Sulfate] + 3 x f(RH) x [Nitrate] + 4 x[Organic Mass] +
10 x [Elemental Carbon] + 1x [Fine Soil] + 0.6 x [Coarse Mass]| + 10 (2.1)
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where the mass concentrations of the components indicated in brackets are in units of ug/m>,
and f(RH) is the unitless water growth term that depends on relative humidity. The final term in
the equation is known as the Rayleigh scattering term and accounts for light scattering by the
natural gases in unpolluted air. Since IMPROVE does not include ammonium ion monitoring, the
assumption is made that all sulfate is fully neutralized ammonium sulfate and all nitrate is

assumed to be ammonium nitrate.

Based upon the light-extinction coefficient, a unitless visibility index, called a “deciview,”
can also be calculated using Equation (2.2):
P Bex
Deciviews = 10 = In (%) =10 xIn (1—0t) (2.2)
where VR denotes visual range (in kilometers) and Bey denotes light extinction (in Mm™). The
deciview metric provides a scale for perceived visual changes over the entire range of
conditions, from clear to hazy. Under many scenic conditions, the average person can generally

perceive a change of one deciview. The higher the deciview value, the worse the visibility. Thus,

an improvement in visibility is a decrease in deciview value.

2.2.2.2 Geographical Scale and Variability

Annual average visibility conditions (reflecting light extinction due to both
anthropogenic and non-anthropogenic sources) vary regionally across the U.S. and by season
(U.S. EPA, 2009). Particulate sulfate is the dominant source of regional haze in the eastern U.S.
(>50% of the particulate light extinction) and an important contributor to haze elsewhere in the
country (>20% of particulate light extinction) (U.S. EPA, 2009). Particulate nitrate is an
important contributor to light extinction in California and the upper Midwestern U.S.,
particularly during winter (U.S. EPA, 2009). Smoke plumes from large wildfires dominate many
of the worst haze periods in the western U.S., while Asian dust only caused a few of the worst
haze episodes, primarily in the more northerly regions of the west (U.S. EPA, 2009). Higher
visibility impairment levels in the East are due to generally higher concentrations of fine
particles, particularly sulfates, and higher average relative humidity levels (U.S. EPA, 2009).
Humidity increases visibility impairment because some particles such as ammonium sulfate and
ammonium nitrate absorb water and form droplets that become larger when relative humidity
increases, thus resulting in increased light scattering (U.S. EPA, 2009).

Figure 2-8 shows the average trends in visual ranges at select monitors in the eastern
and western areas of the U.S. since 1992 using data from the IMPROVE monitoring network
(U.S. EPA (2008); IMPROVE (2010)). Because trends in haze are closely associated with trends in
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particulate sulfate and nitrate due to the simple relationship between their concentration and
light extinction, visibility trends have improved as emissions of SO, and NO, have decreased
overtime due to air pollution regulations such as the Acid Rain Program (U.S. EPA, 2009). For
example, Figure 2-8 shows that visual range increased nearly 50% in the eastern U.S. since
1992*. While visibility trends have improved in most Class 1 areas’, the recent data show that
these areas continue to suffer from visibility impairment (U.S. EPA, 2009). Calculated from light
extinction efficiencies from Trijonis et al. (1987, 1988), annual average visual range under
natural conditions in the East is estimated to be 150 km * 45 km (i.e., 65 to 120 miles) and 230
km £ 35 km (i.e., 120 to 165 miles) in the West (Irving, 1991).

A. 'Wasziarmn U5, B. Eastarn L_5.
ang -
- Besst visiility days |

= e Wig-range visibilky das

= |

=1

g 1% Bless wisibility days =
= Worst visbility days — T

g Mid-range wisibility days

£ ‘Worst wigibiliy daya
I: 1 1 ] 1 1 T 1 T 1 | 1
ey ™ e s L} w2 o E a iy E i ] L} 2 i} 06 0d
Yisar o
Maoniforing sites
s ®
F]
‘Emtmgt: 3 manioring siles in the western LS and 11 moniloring sites im the sasten LS, wilh suficiesd 'rf B .
data tn assass visihiity trands from 15982 to 2004 P -:.;.‘ Aol 3
Ll [}

|:".I'EIJH ranges are calculzied from the measured levels od diffarank componenss within aitiorne partickes and st ";‘ 5 | " Ea
Mhese componsmls” ight atinction eMicisncies - - i
Daty ourpe: BAFADLE, 2010 -

Figure 2-8. Visibility in Selected National Parks and Wilderness Areas in the U.S.,
1992-2008>°

Source: U.S. EPA (2008) updated, IMPROVE (2010).

2.2.2.3 2004-2006 Design Values

The secondary PM, s NAAQS standard consists of three parts: a level, averaging period,
and form. EPA proposes using a 3-year average, 90" percentile form for the standard,
calculated using 24-hr speciated PM, s measurements. EPA analyzed two proposed levels of 30

*In Figure 2-8, the “best days” are defined as the best 20% of days, the “mid-range days” are defined as the middle
20%, and the “worst days” are defined as the worst 20% of days (IMPROVE, 2010).

> Class | areas are areas of special national or regional natural, scenic, recreational, or historic value for which the
Prevention of Significant Deterioration (PSD) regulations provide special protection.
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dv and 28 dv, as well as a more stringent standard of 25 dv. The ambient design values analyzed
in this RIA are based on measured 24-hour PM, s speciation data from 2004-2006°. These data
were calculated as described in the Policy Assessment Document (EPA, 2011) and provided in
Chapter 13. Figure 2-9 shows the county-level maximum design values. 20 counties were above
30 dv and 90 counties were above 28 dv. For the more stringent proposed level, 77 additional

counties were above 25 dv. The large majority of these counties are located in the East.

.l -
Legend i L i
i, v F
- ]
- 0 Eimi i ey B [ D el B ] N1
- T BB WEd | COn el Are ficies B9 1D aadend 28 v
| T Bl (e el Are oS ol 1D aadEnil 25 (W ™
- ] 2 1) 0 ME
SO Erma i ey Wi e R R E BS [ ealTEd D [ B0 B O Il 1 : 1 L 1 % iy .‘\

Figure 2-9. Maximum County-level Visibility Design Values Calculated Using 2004-2006 24-hr
Average Speciated PM, s Measured Concentrations
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CHAPTER 3
AIR QUALITY MODELING AND ANALYSIS

3.1 Synopsis

In order to evaluate the health and environmental impacts of trying to reach the
alterative primary and secondary PM standards proposed in this RIA, it was necessary to use
models to predict concentrations in the future. The data, tools and methodology used for
projecting future-year air quality are described in this chapter, as well as the post-processing
techniques used to produce a number of air quality metrics for input into the analysis of costs

and benefits.

3.2 Modeling PM, 5 Levels in the Future

A national scale air quality modeling analysis was performed to estimate PM, s
concentrations for the annual and 24-hour primary standards and light extinction for the future
year of 2020." Air quality ratios were then developed using model responsiveness to emissions
changes between a recent year of air quality, 2005, and a future year of air quality, 2020. The
air quality ratios were used to determine potential control scenarios designed to attain the
proposed alternative NAAQS, as well as the costs of attaining these levels. These data were
then used to estimate how air quality would change under each set of potential control
scenarios, and as inputs to the calculation of expected benefits from the alternative NAAQS

considered in this assessment.

3.2.1 Air Quality Modeling Platform

The 2005-based Community Multi-scale Air Quality (CMAQ) modeling platform was used
as the tool to project future-year air quality for 2020 and to estimate the costs and benefits for
attaining the current and proposed alternative NAAQS considered in this assessment. In
addition to the CMAQ model, the modeling platform includes the emissions, meteorology, and

initial and boundary condition data which are inputs to this model.

The CMAQ model is a three-dimensional grid-based Eulerian air quality model designed
to estimate the formation and fate of oxidant precursors, primary and secondary particulate
matter concentrations and deposition over regional and urban spatial scales (e.g., over the
contiguous U.S.) (Appel et al., 2008; Appel et al., 2007; Byun and Schere, 2006). Consideration

! As described in more detail in this chapter, the future-year emissions inventory used in the air quality modeling
analysis is a combination of emissions sectors projected to 2017 and 2020. We have chosen to label the future-
year of modeling as “2020” because the EGU sector, which is projected to 2020, is of significant importance to
the concentrations of PM, s in the U.S.
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of the different processes (e.g., transport and deposition) that affect primary (directly emitted)
and secondary (formed by atmospheric processes) PM at the regional scale in different
locations is fundamental to understanding and assessing the effects of pollution control
measures that affect PM, ozone and deposition of pollutants to the surface. Because it accounts
for spatial and temporal variations as well as differences in the reactivity of emissions, CMAQ_is
useful for evaluating the impacts of the control strategies on PM, s concentrations. Version
4.7.1 of CMAQ was employed for this RIA modeling, as described in the Air Quality Modeling
Technical Support Document (EPA, 2011b).

3.2.1.1 Air Quality Modeling Domain

Figure 3-1 shows the modeling domains that were used as a part of this analysis. The
geographic specifications for these domains are provided in Table 3-1. All three modeling
domains contain 14 vertical layers with a top at about 16,200 meters, or 100 millibars (mb).
Two domains with 12 km horizontal resolution were used for modeling the 2005 base year and
2020 control strategy scenarios. These domains are labeled as the East and West 12 km
domains in Figure 3-1. Simulations for the 36 km domain were only used to provide initial and

boundary concentrations for the 12 km domains.
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Figure 3-1. Map of the CMAQ Modeling Domains Used for PM NAAQS RIA
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Table 3-1. Geographic Specifications of Modeling Domains

36 km Domain 12 km East Domain 12 km West Domain
(148 x 112 Grid Cells) (279 x 240 Grid Cells) (213 x 192 Grid Cells)
Longitude Latitude Longitude Latitude Longitude Latitude
Sw -121.77 18.17 SW -106.79 24.99 SW -121.65 28.29
NE -58.54 52.41 NE -65.32 47.63 NE -94.94 51.91

The model produces gridded air quality concentrations on an hourly basis for the entire
modeling domain. For this analysis, predictions from the East domain were used to provide
data for all areas that are east of approximately 104 degrees longitude. Model predictions from

the West domain were used for all areas west of this longitude.

3.2.1.2 Air Quality Model Inputs

CMAQ requires a variety of input files that contain information pertaining to the
modeling domain and simulation period. These include gridded, hourly emissions estimates and
meteorological data, and initial and boundary conditions. Separate emissions inventories were
prepared for the 2005 base year and the future year of 2020. All other inputs were specified for
the 2005 base year model application and remained unchanged for each future-year modeling

scenario.

CMAQ requires detailed emissions inventories containing temporally allocated (i.e.,
hourly) emissions for each grid-cell in the modeling domain for a large number of chemical
species that act as primary pollutants or precursors to secondary pollutants. The annual
emission inventories, described in Section 3.2.2, were preprocessed into CMAQ-ready inputs
using the SMOKE emissions preprocessing system. Meteorological inputs reflecting 2005
conditions across the contiguous U.S. were derived from Version 5 of the Mesoscale Model
(MMB5). These inputs included hourly-varying horizontal wind components (i.e., speed and
direction), temperature, moisture, vertical diffusion rates, and rainfall rates for each grid cell in
each vertical layer. Details of the annual 2005 meteorological modeling are provided in the Air
Quality Modeling Technical Support Document: Final EGU NESHAP (EPA, 2011d).

The lateral boundary and initial species concentrations for the CMAQ simulations using
a 36 km domain are provided by a three dimensional global atmospheric chemistry and
transport model (GEOS-CHEM). The lateral boundary species concentrations varied with height
and time (every 3 hours). These data were used in CMAQ for the 36 km domain. Initial and
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boundary concentrations from the CMAQ 36 km domain were then used to provide initial and
boundary concentrations for CMAQ simulations using the East and West 12 km domains. The
development of model inputs is discussed in greater detail in the Air Quality Modeling Technical
Support Document: Final EGU NESHAP (EPA, 2011d).

3.2.1.3 Air Quality Model Evaluation

An operational model performance evaluation for PM, 5 and its related speciated
components (e.g., sulfate, nitrate, elemental carbon, organic carbon) was performed to
estimate the ability of the CMAQ modeling system to replicate 2005 base year concentrations.
This evaluation principally comprises statistical assessments of model predictions versus
observations paired in time and space on an hourly, 24-hour, or weekly basis depending on the
sampling period of measured data. Details on the evaluation methodology and the calculation
of performance statistics are provided in the Air Quality Modeling Technical Support Document:
Final EGU NESHAP (EPA, 2011d). Overall, the model performance statistics for sulfate, nitrate,
organic carbon, and elemental carbon from the CMAQ 2005 simulation are within or close to
the ranges found in other recent applications. These model performance results give us
confidence that our applications of CMAQ using this 2005 modeling platform provide a

scientifically credible approach for assessing PM, 5 concentrations for the purposes of the RIA.

3.2.2 Emissions Inventory

The future-year base-case inventory, projected from the 2005 Version 4.3 emissions
modeling platform, is the starting point for the baseline and control strategy for the Proposed
PM NAAQS emissions inventory. The Emissions Modeling for the Final Mercury and Air Toxics
Standard (MATS) TSD (EPA, 2011c) describes in detail the development of the 2005 base year
inventory, the projection methodology, and the controls applied to create the projected
inventory. Note that the referenced Emissions Modeling TSD describes the use of year 2015
emissions for EGUs and 2017 emissions for other sources, while this analysis used 2020

emissions for EGUs.

The EGU projected inventory represents demand growth, fuel resource availability,
generating technology cost and performance, and other economic factors affecting power
sector behavior. It also reflects environmental rules and regulations, consent decrees and
settlements, plant closures, and newly built units for the calendar year 2020. In this analysis,
the projected EGU emissions include the Final MATS policy case announced on December 21,
2011 and the Final Cross-State Air Pollution Rule (CSAPR) issued on July 6, 2011. The EGU

emissions were developed using version 4.10 Final MATS version of the Integrated Planning
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Model (IPM) and documented in detail at http://www.epa.gov/airmarkt/progsregs/epa-
ipm/toxics.html. The IPM is a multiregional, dynamic, deterministic linear programming model
of the U.S. electric power sector. Note that for this analysis, no further EGU control measures
were selected for illustrating attainment of the current and proposed alternative standard
levels, as discussed in Chapter 4, and the EGU emissions are unchanged between the future-

year base-case and control strategies.

The mobile source emissions were projected to 2017 using activity data. These
emissions represent the effects of the Clean Air Nonroad Diesel Rule, the Light-Duty Vehicle
Tier 2 Rule, the Heavy Duty Diesel Rule, and other finalized rules. Table 3-2 provides a
comprehensive list of the rules/control strategies and projection assumptions in the projected
base-case (i.e., reference case) inventory. A full discussion of the future year base inventory is
provided in the Emissions Modeling TSD. The 2017 onroad mobile source emissions were
developed by using the MOtor Vehicle Emission Simulator (MOVES)? to create emission factors
that were then input to the Sparse Matrix Operator Kernel Emissions system (SMOKE). The
SMOKE-MOVES Integration Tools combined the county and temperature-specific emission
factors with the activity data to compute the actual emissions based on hourly gridded

temperature data.

The future year scenarios include the same year 2006 Canada and year 1999 Mexico
emissions as the 2005 base case. All 2005 and projected base case emissions inventories are
available on the EPA’s Emissions Modeling Clearinghouse website at:

http://www.epa.gov/ttn/chief/emch/index.html#toxics. The inventories used to support this

analysis can be found under ftp://ftp.epa.gov/Emisinventory/2005v4 3/mats.

’More information is available online at: http://www.epa.gov/otag/models/moves/index.htm
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Table 3-2. Control Strategies and Growth Assumptions for Creating 2020 Base Case

Emissions Inventories from the 2005 Base Case

Control Strategies and/or Growth Assumptions
(Grouped by Affected Pollutants or Standard and Approach Used to Apply
to the Inventory)

Pollutants
Affected

Approach
or
Reference:

Non-EGU Point (ptnonipm) Controls

MACT rules, national, VOC: national applied by SCC, MACT
Boat Manufacturing

Wood Building Products Surface Coating

Generic MACT Il: Spandex Production, Ethylene manufacture
Large Appliances

Miscellaneous Organic NESHAP (MON): Alkyd Resins, Chelating Agents,
Explosives, Phthalate Plasticizers, Polyester Resins, Polymerized Vinylidene
Chloride

Reinforced Plastics

Asphalt Processing & Roofing

Iron & Steel Foundries

Metal: Can, Coil

Metal Furniture

Miscellaneous Metal Parts & Products
Municipal Solid Waste Landfills

Paper and Other Web

Plastic Parts

Plywood and Composite Wood Products
Carbon Black Production

Cyanide Chemical Manufacturing
Friction Products Manufacturing
Leather Finishing Operations
Miscellaneous Coating Manufacturing
Organic Liquids Distribution (Non-Gasoline)
Refractory Products Manufacturing

Sites Remediation

VOC

EPA,
2007a

Consent decrees on companies (based on information from the Office of
Enforcement and Compliance Assurance—OECA) apportioned to plants
owned/operated by the companies

VOC, CO, NO,,
PM, SO,

DOJ Settlements: plant SCC controls for:
Alcoa, TX
Premcor (formerly Motiva), DE

All

Refinery Consent Decrees: plant/SCC controls

NO,, PM, SO,

3
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Table 3-2.

Emissions Inventories from the 2005 Base Case (continued)

Control Strategies and Growth Assumptions for Creating 2020 Base Case

Control Strategies and/or Growth Assumptions Approach
(Grouped by Affected Pollutants or Standard and Approach Used to Apply Pollutants or
to the Inventory) Affected Reference:
Non-EGU Point (ptnonipm) Controls (continued)
Hazardous Waste Combustion PM 4
Municipal Waste Combustor Reductions—plant level PM 5
Hospital/Medical/Infectious Waste Incinerator Regulations NOy, PM, SO, EPA, 2005
Large Municipal Waste Combustors—growth applied to specific plants All (including Hg) 5
MACT rules, plant-level, VOC: Auto Plants VOC 6
MACT rules, plant-level, PM & SO,: Lime Manufacturing PM, SO, 7
MACT rules, plant-level, PM: Taconite Ore PM 8
Livestock Emissions Growth from year 2002 to year 2017 (some farms in the NH- PM 9
point inventory) ¥
NESHAP: Portland Cement (09/09/10)—plant level based on Industrial Sector
Integrated Solutions (ISIS) policy emissions in 2013. The ISIS results are from Hg, NOy, SO,, PM, 10; EPA,
the ISIS-Cement model runs for the NESHAP and NSPS analysis of July 28, HCI 2010
2010 and include closures.
New York ozone SIP controls VOC, NOy, HAP
11
VoC
Additional plant and unit closures provided by state, regional, and the EPA
agencies and additional consent decrees. Includes updates from CSAPR All 12
comments.
Emission reductions resulting from controls put on specific boiler units (not
due to MACT) after 2005, identified through analysis of the control data NO.. SO, HCl Section
gathered from the Information Collection Request (ICR) from the X R 4.2.13.2
Industrial/Commercial/Institutional Boiler NESHAP.
Reciprocating Internal Combustion Engines (RICE) NESHAP NOy, CO, PM, SO, 13
Ethanol plants that account for increased ethanol production due to RFS2 All 14
mandate
State fuel sulfur content rules for fuel oil—effective only in Maine, New
SO, 15
Jersey, and New York
Nonpoint (nonpt sector) Projection Approaches
Municipal Waste Landfills: projection factor of 0.25 applied All EPA,
2007a
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Table 3-2. Control Strategies and Growth Assumptions for Creating 2020 Base Case
Emissions Inventories from the 2005 Base Case (continued)

Control Strategies and/or Growth Assumptions Approach
(Grouped by Affected Pollutants or Standard and Approach Used to Apply Pollutants or
to the Inventory) Affected Reference:

Nonpoint (nonpt sector) Projection Approaches (continued)

Livestock Emissions Growth from year 2002 to 2017 NH;3, PM 9
New York, Connecticut, and Virginia ozone SIP controls VOC 11, 16
RICE NESHAP NOy, CO, VOC, 13
PM, SO,
State fuel sulfur content rules for fuel oil—effective only in Maine, New SO,
15
Jersey, and New York
Residential Wood Combustion Growth and Change-outs from year 2005 to All 17
2017
Gasoline and diesel fuel Stage Il refueling via MOVES2010a month-specific VOC, Benzene, 18
inventories for 2017 with assumed RFS2 and LDGHG fuels Ethanol
Portable Fuel Container Mobile Source Air Toxics Rule 2 (MSAT2) inventory VOC 19
growth and control from year 2005 to 2017
Phase Il WRAP 2018 Oil and Gas VOC, SO,, NOy, EM TSD
co
2008 Oklahoma and Texas Oil and Gas, and apply year 2017 projections for VOC, SO,, NOy, EM TSD
TX, and RICE NESHAP controls to Oklahoma emissions. CO, PM

Approaches/References—Non-EGU Stationary Sources:

1. Appendix B in the MATS Proposal TSD:
http://www.epa.gov/ttn/chief/emch/toxics/proposed toxics rule appendices.pdf

2. For Alcoa consent decree, used http://cfpub.epa.gov/compliance/cases/index.cfm; for Motiva: used
information sent by State of Delaware

Used data provided by the EPA, OAQPS, Sector Policies and Programs Division (SPPD).

4. Obtained from Anne Pope, the US EPA—Hazardous Waste Incinerators criteria and hazardous air pollutant
controls carried over from 2002 Platform, v3.1.

5. Used data provided by the EPA, OAQPS SPPD expert.

6. Percent reductions and plants to receive reductions based on recommendations by rule lead engineer, and
are consistent with the reference: EPA, 2007a

7. Percent reductions recommended are determined from the existing plant estimated baselines and
estimated reductions as shown in the Federal Register Notice for the rule. SO, percent reduction are
computed by 6,147/30,783 = 20% and PMy, and PM, 5 reductions are computed by 3,786/13,588 = 28%

8. Same approach as used in the 2006 Clean Air Interstate Rule (CAIR), which estimated reductions of “PM
emissions by 10,538 tpy, a reduction of about 62%.” Used same list of plants as were identified based on
tonnage and SCC from CAIR: http://www.envinfo.com/caain/JuneO4updates/tiop fr2.pdf
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Table 3-2. Control Strategies and Growth Assumptions for Creating 2020 Base Case
Emissions Inventories from the 2005 Base Case (continued)

Control Strategies and/or Growth Assumptions Approach
(Grouped by Affected Pollutants or Standard and Approach Used to Apply Pollutants or
to the Inventory) Affected Reference:

Nonpoint (nonpt sector) Projection Approaches (continued)

Approaches/References—Non-EGU Stationary Sources (continued):

9. Except for dairy cows and turkeys (no growth), based on animal population growth estimates from the US
Department of Agriculture (USDA) and the Food and Agriculture Policy and Research Institute. See
Section 4.2.10.

10. Data files for the cement sector provided by Elineth Torres, the EPA-SPPD, from the analysis done for the
Cement NESHAP: The ISIS documentation and analysis for the cement NESHAP/NSPS is in the docket of that
rulemaking-docket # EPA-HQ-OAR-2002-005. The Cement NESHAP is in the Federal Register: September 9,
2010 (Volume 75, Number 174, Page 54969-55066

11. New York NOy and VOC reductions obtained from Appendix J in NY Department of Environmental
Conservation Implementation Plan for Ozone (February 2008):
http://www.dec.ny.gov/docs/air pdf/NYMASIP7final.pdf.

12. Appendix D of Cross-State Air Pollution Rule:
ftp://ftp.epa.gov/Emisinventory/2005v4 2/transportrulefinal eitsd appendices 28jun2011.pdf

13. Appendix F in the Proposed (Mercury and Air) Toxics Rule TSD:
http://www.epa.gov/ttn/chief/emch/toxics/proposed toxics rule appendices.pdf

14. The 2008 data used came from lllinois’ submittal of 2008 emissions to the NEI.

15. Based on available, enforceable state sulfur rules as of November, 2010:
http://www.ilta.org/LegislativeandRegulatory/MVNRLM/NEUSASulfur%20Rules 09.2010.pdf,
http://www.mainelegislature.org/legis/bills/bills_124th/billpdfs/SP062701.pdf,
http://switchboard.nrdc.org/blogs/rkassel/governor_paterson_signs new_la.html,
http://green.blogs.nytimes.com/2010/07/20/new-york-mandates-cleaner-heating-oil/

16. VOC reductions in Connecticut and Virginia obtained from CSAPR comments.
17. Growth and Decline in woodstove types based on industry trade group data, See Section 4.2.11.

18. MOVES (2010a) results for onroad refueling including activity growth from VMT, Stage Il control programs
at gasoline stations, and phase in of newer vehicles with onboard Stage Il vehicle controls.
http://www.epa.gov/otag/models/moves/index.htm

19. VOC, benzene, and ethanol emissions for 2017 based on MSAT2 rule and ethanol fuel assumptions (EPA,
2007b)

Onroad Mobile and Nonroad Mobile Controls
(list includes all key mobile control strategies but is not exhaustive)

National Onroad Rules:

Tier 2 Rule: Signature date February, 2000
2007 Onroad Heavy-Duty Rule: February, 2009
Final Mobile Source Air Toxics Rule (MSAT2): February, 2007 All 1
Renewable Fuel Standard: March, 2010
Light Duty Greenhouse Gas Rule: May, 2010

Corporate Average Fuel Economy standards for 2008-2011
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Table 3-2. Control Strategies and Growth Assumptions for Creating 2020 Base Case
Emissions Inventories from the 2005 Base Case (continued)

Control Strategies and/or Growth Assumptions Approach
(Grouped by Affected Pollutants or Standard and Approach Used to Apply Pollutants or
to the Inventory) Affected Reference:
Onroad Mobile and Nonroad Mobile Controls
(list includes all key mobile control strategies but is not exhaustive)
(continued)
Local Onroad Programs:
National Low Emission Vehicle Program (NLEV): March, 1998 VoC 2
Ozone Transport Commission (OTC) LEV Program: January, 1995
National Nonroad Controls:
Clean Air Nonroad Diesel Final Rule—Tier 4: June, 2004
Control of Emissions from Nonroad Large-Spark Ignition Engines and
Recreational Engines (Marine and Land Based): “Pentathalon Rule”:
November, 2002
Clean Bus USA Program: October, 2007
Control of Emissions of Air Pollution from Locomotives and Marine
Compression-Ignition Engines Less than 30 Liters per Cylinder: October, 2008 All 3,4,5
Locomotive and marine rule (May 6, 2008)
Marine Sl rule (October 4, 1996)
Nonroad large Sl and recreational engine rule (November 8, 2002)
Nonroad Sl rule (October 8, 2008)
Phase 1 nonroad Sl rule (July 3, 1995)
Tier 1 nonroad diesel rule (June 17, 2004)
Aircraft (emissions are in the nonEGU point inventory): Al 6
Itinerant (ITN) operations at airports to 2017
Locomotives:
Energy Information Administration (EIA) fuel consumption projections for
freight rail
Clean Air Nonroad Diesel Final Rule—Tier 4: June 2004 Al EPA, 2009;
Locomotive Emissions Final Rulemaking, December 17, 1997 3;4;5

Locomotive rule: April 16, 2008

Control of Emissions of Air Pollution from Locomotives and Marine: May
2008
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Table 3-2. Control Strategies and Growth Assumptions for Creating 2020 Base Case
Emissions Inventories from the 2005 Base Case (continued)

Control Strategies and/or Growth Assumptions Approach
(Grouped by Affected Pollutants or Standard and Approach Used to Apply Pollutants or
to the Inventory) Affected Reference:

Onroad Mobile and Nonroad Mobile Controls
(list includes all key mobile control strategies but is not exhaustive)
(continued)

Commercial Marine:

Category 3 marine diesel engines Clean Air Act and International Maritime
Organization standards (April, 30, 2010)—also includes CSAPR comments.

EIA fuel consumption projections for diesel-fueled vessels
7, 3; EPA,

Clean Air Nonroad Diesel Final Rule—Tier 4 All 2009

Emissions Standards for Commercial Marine Diesel Engines, December 29,
1999

Locomotive and marine rule (May 6, 2008)

Tier 1 Marine Diesel Engines, February 28, 2003

Approaches/References—Mobile Sources

http://epa.gov/otag/hwy.htm

Only for states submitting these inputs: http://www.epa.gov/otag/lev-nlev.htm

http://www.epa.gov/nonroad-diesel/2004fr.htm

http://www.epa.gov/cleanschoolbus/

http://www.epa.gov/otag/marinesi.htm

SN A T o o

Federal Aviation Administration (FAA) Terminal Area Forecast (TAF) System, January 2010:
http://www.apo.data.faa.gov/main/taf.asp

7. http://www.epa.gov/otag/oceanvessels.htm

3.3 Modeling Results and Analyses

The air quality modeling results were used in the RIA to estimate future-year PM, 5
concentrations for the 2020 base case and to calculate the air quality ratios that were used to
determine potential control scenarios designed to attain the current and proposed alternative
NAAQS. These data are then used to estimate the costs and benefits of attaining these current
and proposed NAAQS levels. Consistent with EPA guidance (EPA, 2007), the air quality modeling
results are applied in a relative sense to estimate 2020 future-year design values for PM, s and
visibility for the base case as described in Sections 3.3.1.1 and 3.3.2.1. Air quality ratios are
calculated using the changes in the 2005 and 2020 base case design values and emissions as
described in Section 3.3.1.2. The data are then used to estimate the tons of emissions
reductions needed to show attainment of the current and alternative NAAQS levels as

3-11


http://epa.gov/otaq/hwy.htm
http://www.epa.gov/otaq/lev-nlev.htm
http://www.epa.gov/nonroad-diesel/2004fr.htm
http://www.epa.gov/cleanschoolbus/
http://www.epa.gov/otaq/marinesi.htm
http://www.apo.data.faa.gov/main/taf.asp
http://www.epa.gov/otaq/oceanvessels.htm

described in Section 3.3.1.3 and in Chapter 4. Based on the tons of emissions needed in each
county, annual standard design values are calculated for attaining the current and alternative
standard levels for input into the benefits assessment as described in Section 3.3.1.4.

Limitations of this approach are described in Section 3.3.1.5.

Additional data were also processed to calculate visibility design values for the 2020

base case. Details on this post-processing are discussed in Section 3.3.2.

3.3.1 PM;;

As discussed in Chapter 1, this RIA evaluates the costs and benefits of attaining four
alterative combinations of standards relative to meeting the current primary PM, s standards
(15/35). The five alterative combinations of standards evaluated are: an annual standard level
of 14 pg/m? in conjunction with retaining the current 24-hour standard level at 35 pg/m?
(14/35); an annual standard level of 13 ug/m? in conjunction with retaining the current 24-hour
standard level at 35 ug/m?® (13/35); an annual standard level of 12 pg/m? in conjunction with
retaining the current 24-hour standard level at 35 ug/m?® (12/35); an annual standard level of 11
ug/m? in conjunction with retaining the current 24-hour standard level at 35 pg/m? (11/35);
and an annual standard level of 11 ug/m? in conjunction with a 24-hour standard level of 30
ug/m? (11/30). We modeled to project future-year PM, s concentrations for a 2020 base case
using CMAQ and then estimated the air quality concentrations for meeting 15/35, 14/35,
13/35, 12/35, 11/35 and 11/30 using air quality ratios.

3.3.1.1 Calculating Future-year Design Values for 2020 Base Case

To estimate costs of attaining the alternative NAAQS, we use air quality modeling results
to predict the impact of the control strategies on future-year attainment. This is done by using
the air quality model results in a relative sense, as recommended by the EPA modeling guidance
(EPA, 2007), and estimating future-year PM, s relative reduction factors (RRFs). RRFs are ratios
that are calculated from the changes in PM, 5 species concentrations between recent-year and
future-year air quality modeling results. RRFs are calculated for each PM, s component. Future-
year estimates of the PM, 5 annual and 24-hour standard design values at monitor locations are
then calculated by applying the species-specific RRFs to ambient PM, 5 concentrations from the
IMPROVE Network, the Speciated Trends Network (STN), and the Federal Reference Method
(FRM) Network.

To more easily apply this methodology, EPA has created software, called Modeled
Attainment Test Software (MATS) (Abt, 2010), to calculate future-year PM, 5 annual and 24-

hour standard design values. For this RIA, the RRFs are based on the changes in modeled
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concentrations between the 2005 and 2020 base case. Ambient measurements used in MATS
are from IMPROVE and STN sites for 2004—2006 and FRM sites for 2003—2007. Output from
MATS includes the projected future-year annual and 24-hour standard design values, as well as
percentage sulfate, nitrate, ammonium, elemental carbon, organic carbon and crustal matter
contributing to the annual and 24-hour standard design values for each site. These data are
useful to better understand the PM species contributing to high PM, 5 concentrations and to
help determine what control measures might be most effective in reducing the future-year
design values to the proposed levels. Annual and 24-hour standard design values for 2005 and

2020 base case are discussed in Chapter 4 and shown in Appendix 4.

3.3.1.2 Calculating Future-year Design Values for Meeting the Current Standard and Proposed
Alternative Standard Levels

To estimate the tons of emissions reductions needed to reach attainment of the current
and proposed alternative standard levels, we calculated air quality ratios based on how
modeled concentrations changed with changes in emissions between a recent year of air
guality, 2005, and the future year of air quality, 2020. These air quality ratios represent an
estimate of how the annual standard design value at a monitor would change in response to
emissions reductions of SO,, NO,, or direct PM, 5. Below are the details of how these air quality

ratios were estimated.

To calculate the air quality ratios for changes in response to emissions reductions of SO,

and NO, we used the following methodology.

Step 1: The speciated changes in annual standard design values between 20053 and
2020 were obtained from the MATS (Abt, 2010) output files. For each monitor, we computed
the percent change in the NH;SO,4 and NH,NO5* components of the annual standard design

value between 2005 and 2020, relative to the 2005 monitor annual standard design value.

Step 2: For NH,SO,! and NH,NO53 components, we computed the change in emissions of

SO, and NO, used in the air quality modeling for the 2005 and 2020 base case for groups of

*As described previously in this section, the “2005” annual design values are based on ambient measurements
used in MATS from IMPROVE and STN sites for 2004—2006 and FRM sites for 2003—2007. These years of
ambient measurements were selected since they frame the air quality model year of 2005. Because the air
quality model is used to predict the change in design values between recent and projected future year air
quality, with the modeled RRFs being applied to the recent year measured design values, it is important to
select ambient measurement years that include the model year to allow a more true prediction of the future
year air quality.

*The NH4S04 and NH4ANO3 components are computed using the SO4, NO3, NH4 and water fraction from MATS as
described in EPA guidance (EPA, 2007).

3-13



adjacent counties. This larger grouping of counties allowed us to better represent the more
regional nature of NH;SO4 and NH4;NO3 formation and transport. These groupings of counties
were selected by including all counties within a state that bordered a county with a monitor
above the current or proposed alternative standard levels. For the state of California, where
these groupings could have expanded to include most of the counties within the state if we had
used the same selection criteria, we determined smaller groupings to more realistically
represent the area around a monitor from which emissions reductions would most influence
changes in the design value. This smaller grouping was also done for counties in Utah’. These
groups are listed in Appendix 4, Table 4.A-5.

Step 3: Using the data from Steps 1 and 2, we computed the percent change in the
NH4;SO,4 component of the annual standard design value at each monitor per reduction of 1000
tons of SO, emissions in the surrounding counties between the 2005 and 2020 base case air
quality and emissions data. Similarly, we computed the percent change in the annual standard
NH4NOs; component of the design value at each monitor per change in 1000 tons of NOx

emissions in the surrounding counties.

Step 4: The data from Step 3 are then used to compute the median value for all
monitors within the grouping of counties of the percent change in the NH;SO4and NH4sNOs
components of the annual standard design value per change in tons of SO, and NOs emissions,
respectively. This gives us an estimate for each grouping of monitors that indicates the
response of the sulfate and nitrate components of the annual standard design values to

changes in SO, and NO, emissions, relative to the PM, 5 speciation at the monitor.

Step 5: The percent change values from Step 4 are then multiplied by the NH;SO,4 and
NH4NOs speciation values at each monitor in the 2020 base case to produce the “air quality
ratios.” These data give an estimate of how the annual standard design value (pug/m?) at a
monitor would change if 1000 tons of SO, and/or NO, emissions were reduced in the county in
which the monitor is located.

To calculate the air quality ratios for changes in response to emissions reductions of

direct PM, s we follow the following methodology.

> To determine the counties for the smaller groupings in California and Utah, we simply grouped counties together
geographically with a minimum of two counties allowed in each of the smaller groupings.
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Step 1: The speciated changes in annual standard design values between 2005° and
2020 were obtained from the MATS (Abt, 2010) output files. For each monitor, we computed
the percent change in the direct PM, s’ components of the annual standard design value

between 2005 and 2020, relative to 2005 monitor annual standard design value.

Step 2: We computed the change in emissions of direct PM, s in the emissions inventory

data used in the air quality modeling for the 2005 and 2020 base case for each county.

Step 3: Using the data from Steps 1 and 2, we computed the percent change in the
annual standard direct PM, s component of the design value at each monitor per change in tons

of direct PM, 5 emissions at the county level.

Step 4: The data from Step 3 are then used to compute the median value of the percent
change in the PM, s component of the annual standard design value per change in tons of direct
PM,_ s emissions for all monitors within the grouping of counties used to compute the SO, and
NO, air quality ratios (see Appendix 4, Table 4.A-5) within a state. We now have an estimate for
each grouping of monitors that indicates the response of the direct PM,. s components of the
annual standard design values to changes in direct PM, s emissions, relative to the PM; 5

speciation at each monitor.

Step 5: The percent change values from Step 4 are then multiplied by the direct PM, 5

speciation values at each monitor in the 2020 base case to produce air quality ratios.

Step 6: The responsiveness of air quality at a specific monitor location to direct PM, 5
emission reductions will depend on several factors including the specific meteorology and
topography in an area and the nearness of the emissions source to the monitor. Because of the
more local influence of changes in directly emitted PM, 5 emissions on air quality, a monitor
where significant changes in direct PM, s emissions occurred between 2005 and 2020 due to
sources very close to a monitor can result in large non-representative values in Step 5. A large

change suggests the monitor is more responsive to PM, s emissions reductions than it actually

®As described previously in this section, the “2005” annual design values are based on ambient measurements
used in MATS from IMPROVE and STN sites for 2004—-2006 and FRM sites for 2003—2007. These years of
ambient measurements were selected since they frame the air quality model year of 2005. Because the air
quality model is used to predict the change in design values between recent and projected future year air
quality, with the modeled RRFs being applied to the recent year measured design values, it is important to
select ambient measurement years that include the model year to allow a more true prediction of the future
year air quality.

"The direct PM, 5 design value component is computed by summing the elemental carbon, organic carbon and
crustal portions of the design value.
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would be if those reductions were applied further away from the monitor. Given that the air
guality ratios must be applicable to multiple monitors across each county and must be
applicable for emissions reductions where we may not know the specific source location (e.g.,
extrapolated emissions reductions), the air quality ratios we employ should not be strongly
influenced by very local emissions changes which may have a much larger, non-representative
impact on air quality at the nearby monitor. To remedy this and obtain representative values
for air quality ratios, we separated all the counties for which PM, 5 air quality ratios were
computed (as shown in Table 4.A-10) into four areas of the country: East, West, Northern
California, and Southern California as shown in Table 3-3%. We then computed a single
“trimmed” median PM, s ratio for each of the four areas after removing the highest ten percent
of the values in each area. That is, we calculated the median value of all the PM, 5 air quality
ratios in each area over counties for which air quality ratios had been calculated after the
highest ten percent of the values were removed. The resulting PM, s air quality ratios that are
used for all monitors in the four areas are shown in Table 3-3. These data give an estimate of
how the annual standard design value (ug/m3) at a monitor would change if 1000 tons of direct

PM,_ s emissions were reduced in the county in which the monitor is located.

Table 3-3. Area Definitions and PM,; Air Quality Ratios

PM, s Air Quality Ratio
(;,Lg/m3 Change in Direct

Area States and Counties Included PM, ;s per 1,000 Tons PM)
East Alabama, Georgia, lllinois, Michigan, New York, Ohio, 1.238
Pennsylvania, and Texas (all counties with air quality ratios)
West Arizona, Idaho, Montana, Oregon, Utah, and Washington (all 1.929
counties with air quality ratios)
Northern California Butte, Colusa, Contra Costa, Fresno, Inyo, Kern, Kings, Merced,
Monterey, Placer, Plumas, Sacramento, San Joaquin, San Luis 1.879
Obispo, Santa Clara, Solano, Stanislaus, Sutter, Tulare, and Yolo,
California
Southern California Imperial, Los Angeles, Orange, Riverside, San Bernardino, San 0.597

Diego, and Ventura, California

To be able to estimate how the 24-hour standard design value would change in

response to a lower annual design value, we computed the ratio of the change in the annual

® california was separated into two areas because of the large number of counties analyzed and because of the
large differences seen in the PM, 5 air quality ratios for the northern versus the southern counties of California.
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design value to the change in the 24-hour standard design value between 2005 and 2020 base
case for each monitor, and then use these data to compute the average value for all monitors
within a state that are included within a grouping shown in Appendix 4, Table 4.A-5. The end
result is an estimate for each state of the expected change in the 24-hour standard design value
per 1 pg/m? change in the annual standard design value. These values varied from state-to-
state but in general, a 1 pg/m? change in the annual standard design value corresponded to a
2-3 pug/m? change in the 24-hour standard design value at the same monitor. Tables of these

values are provided with the air quality ratios in Chapter 4.

3.3.1.3 Estimating Emissions Reductions and Costs of Attaining the Current and Proposed
Alternative PM, s Standards

The air quality ratios described in Section 3.3.1.2 are used to determine the most
effective control measures for reducing the annual and 24-hour standard design values to
meeting the current and proposed alternative standard levels. The total amount of SO, NOy
and/or direct PM, 5 emissions reduced per county, based on the control measures selected for
each strategy, are then used in conjunction with the air quality ratios to estimate how the
annual and 24-hour standard design values would change in the counties with emissions
reductions. The details of control measure selections and their associated costs are described in
Chapter 4.

3.3.1.4 Estimating Changes in Annual Average PM, s for Benefits Inputs

MATS (Abt, 2010) can also provide gridded fields of changes in annual average PM, 5
concentrations for the entire CMAQ 12km domain. MATS does this by calculating RRFs at every
grid cell within the CMAQ domain for each future-year control scenario, and applying these
RRFs to ambient data that have been interpolated to cover all grid cells in the modeling
domain. The basic interpolation technique, called Voronoi Neighbor Averaging (VNA), identifies
the set of monitors that are nearest to the center of each CMAQ grid cell, and then takes an
inverse distance squared weighted average of the monitor concentrations. A “fused” spatial
field is then calculated by adjusting the interpolated ambient data (in each grid cell) up or down
by a multiplicative factor calculated as the ratio of the modeled concentration at the grid cell
divided by the modeled concentration at the nearest neighbor monitor locations (weighted by
distance). We use the 2005 and 2020 base case CMAQ modeling outputs, in conjunction with
the ambient measurements from the IMPROVE and STN sites for 2004-2006 and FRM sites for
2003-2007, to create a spatial surface for the 2020 base case.
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To generate spatial surfaces that represent annual average PM, s concentrations when
attaining the current and proposed alternative standard levels for the benefits analysis, we
need to adjust the 2020 base case spatial surface to reflect attainment of the current and
alternative standard levels. Given the MATS gridded annual average PM, 5 concentrations for
the CMAQ 12km domain and projected design values at monitors, the “monitor rollback”
approach is used to approximate the air quality change resulting from attaining alternative
NAAQS at each design value monitor. Figure 3-2 depicts the rollback process. This approach
aims to estimate the change in population exposure associated with attaining an alternate
NAAQS, relying on data from the existing monitoring network and the inverse distance variant
of the VNA interpolation method to adjust the CMAQ-modeled concentrations such that each
area attains the standard alternatives. Using the VNA spatial averaging technique, the annual
average PM, s spatial surface is smoothed to minimize sharp gradients in PM, s concentrations

in the spatial fields due to changes in the monitor concentrations.

3.3.1.5 Limitations of Using Air Quality Ratios

There are important limitations to the methodology of calculating and using air quality
ratios to predict the response of air quality to emissions changes. The air quality ratios are
calculated with results from only two CMAQ model runs and are based on the assumption that
the monitor design values would decrease with additional reductions in emissions of SO,, NO,
and direct PM, 5 in the future similar to how the two CMAQ model runs predicted changes in air
guality concentrations. The uncertainty of this assumption will increase with increasing
emissions reductions needed to estimate attainment. In addition, the model response to
emissions changes are analyzed at a county-level or within a small group of counties, and we
assume that air quality concentrations at a monitor will decrease linearly with emissions
reductions in a county (e.g., direct PM, s emission reductions) or a group of counties (e.g., SO,
and NO, emissions reductions). Because of the more local influence of changes in directly
emitted PM, s emissions on air quality, it is also particularly difficult for the air quality ratio
approach to estimate well how the design value at a monitor in a county would respond to
changes in direct PM, 5 emissions in a county without knowing the location of the source (e.g.,

extrapolated emissions reductions) relative to the location of the monitor.

The exact impact of using this methodology to estimate the emissions reductions
needed for attainment and the associated effect on the cost and benefits is uncertain and may
vary from monitor-to-monitor. We do not believe that this methodology tends towards any
general trend and does not always result in either an underestimation or overestimation of the

costs and benefits of attaining the proposed alternative standards.
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Figure 3-2. Diagram of Rollback Method
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3.3.2 Visibility

As described in the Policy Assessment Document (EPA, 2011a) and Chapter 2 of this RIA,
the formula for total light extinction (bex) in units of Mm™ using the original IMPROVE equation

is:

bext = 3 x f(RH) x [Sulfate] + 3 x f(RH) x [Nitrate] + 4 x[Organic Mass] +
10 x [Elemental Carbon]| + 1x [Fine Soil] + 0.6 x [Coarse Mass] + 10 (3.1)

where the mass concentrations of the components indicated in brackets are in units of ug/m>,
and f(RH) is the unitless water growth term that depends on relative humidity. The final term in

the equation is known as the Rayleigh scattering term and accounts for light scattering by the
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natural gases in unpolluted air. Since IMPROVE does not include ammonium ion monitoring, the
assumption is made that all sulfate is fully neutralized ammonium sulfate and all nitrate is
assumed to be ammonium nitrate. Using equation (3.1), light extinction (bey) can then be
converted into units of deciviews, a scale frequently used in the scientific and regulatory

literature on visibility.

3.3.2.1 Calculating Future-year Visibility Design Values for 2020 Base Case

The visibility design value calculations are based on 24-hour averages and the 9o™"
percentile format. To estimate future-year visibility design values, we use the air quality
modeling results in a relative sense, as recommended by the EPA modeling guidance (EPA,
2007), and estimate future-year relative reduction factors (RRFs) for each speciated component
of the light extinction (bey) equation. To be consistent with visibility calculations described in
the Policy Assessment Document (EPA, 2011a), which focuses on PM, s visibility, we do not
include coarse mass (PM1q.,5) in the calculation. The steps for projecting the future-year

visibility design values are described below.

Step 1: We extract 24-hour averages of sulfate, nitrate, organic mass, elemental carbon
and fine soil for the 2020 future-year modeled base case for each CMAQ grid cell in which a STN
monitor is located. For the assumption that sulfate is fully neutralized and all nitrate is assumed
to be ammonium nitrate, we multiply 24-hour average sulfate mass by 1.375 and nitrate mass
by 1.29.

Step 2: For the Regional Haze Program, there exists a gridded file of monthly averaged
f(RH) climatological mean values.? Using these data, we assign a f(RH) values to each STN
monitor for each season®® by averaging the 3 monthly f(RH) values in each season using the

data from the closest available data point.

Step 3: Using the data from Step 1 &2, we calculate be,: for every day in the 2005

modeled base case using equation (3.1) without the coarse mass component.

Step 4: For every season, we extract the top 10% worst modeled visibility days (i.e., top

9 days) in 2005 based on their bey: values. Using the species concentrations for these nine

°u.s. EPA, Interpolating Relative Humidity Weighting Factors to Calculate Visibility Impairment and the Effects of
IMPROVE Monitor Outliers, prepared by Science Applications International Corporation, Raleigh, NC, EPA
Contract No. 68-D-98-113, August 30, 2001.

%Each season is defined as Winter ( Dec, Jan & Feb), Spring (Mar, Apr & May), Summer (Jun, Jul & Aug) and Fall
(Sep, Oct & Nov).
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maximum be,: days, we calculate the average species specific bey: value for each season for each

monitor location.

Step 5: We repeat step 3 for each of the future-year modeled scenario, and extract the

same calendar days that were selected in step 4 for 2005.

Step 6: Using the data from steps 4 and 5, we calculate the species specific Relative
Response Factors (RRFs) for each monitor in each season for each of the future-year modeled
scenario. This is done by dividing the average speciated bey: value for the top 10% worse
visibility days for each season for every monitor in each future-year scenario by the average
species specific concentration for same the season for every monitor in 2005. In this way, we

will have an RRF for every monitor for each season for each future-year control scenario.

Step 7: The set of seasonal RRFs for each monitor for each future-year control scenario
are applied to the corresponding 2004—2006 ambient data** and the 9o™" percentile value is

extracted. The end result is a set of visibility design values for each future-year scenario.

3.3.2.2 Calculating Future-year Visibility Design Values for Meeting the Current and Proposed
Alternative Standard Levels

It is important to understand how changes in the PM, 5 design values to simulate full

attainment for each proposed alternative NAAQS will affect visibility design values.

As described in Section 3.3.1.2, we apply a methodology of air quality ratios to estimate
the emissions reductions needed to meet the current and proposed alternative levels for the
primary standard for PM, s. While this methodology can estimate how the emissions reductions
in each control scenario will affect changes in the future-year annual design values, and the
corresponding response of the future-year 24-hour design values to these changes in the
annual design value, it is unable to estimate how each of the PM, 5 species will change with
these emission reductions. Given that estimating changes in future-year visibility is dependent
on the IMPROVE equation (3.1) and how the PM, 5 species are projected to change in time, we
are unable to estimate visibility design values for meeting the current and proposed alternative

levels for the primary PM, s standard.

" These years of ambient measurements were selected since they frame the air quality model year of 2005.
Because the air quality model is used to predict the change in design values between recent and projected
future year air quality, with the modeled RRFs being applied to the recent year measured design values, it is
important to select ambient measurement years that include the model year to allow a more true prediction of
the future year air quality.

3-21



3.3.2.3 Estimating Changes in Visibility for Analyzing Welfare Benefits

The visibility calculations for the welfare benefits assessment are based on 24-hour
average light extinction (bex) values, averaged over the year and converted to units of
deciviews. As described in Sections 3.3.2.1 and 3.3.2.2, we calculated the visibility design values
for the 2020 base case but were unable to estimate how these visibility design values would
change for meeting the current and proposed alternative levels for the primary PM, s standard.
In this same way, we are unable to estimate the light extinction values for meeting the current
and proposed alternative levels for the primary PM, s standard, which are needed to assess
welfare benefits.
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CHAPTER 4
CONTROL STRATEGIES

4.1 Synopsis

In order to estimate the costs and benefits of alternative PM, 5 standards, the U.S. EPA
has analyzed hypothetical control strategies that areas across the country might employ to
attain alternative more stringent annual standards of 13, 12, and 11 ug/m? in conjunction with
retaining the 24-hour standard of 35 pug/m?>, as well as an alternative more stringent annual
standard of 11 pg/m?® in conjunction with an alternative more stringent 24-hour standard of 30
ug/m3 (referred to as 13/35, 12/35, 11/35, and 11/30). The U.S. EPA also analyzed a 14/35
alternative standard and determined that all counties would meet such a standard concurrent
with meeting the existing 15/35 standard at no additional costs and with no additional benefits
because of significant air quality improvements from the Mercury and Air Toxics Standards
(MATS), the Cross-State Air Pollution Rule (CSAPR), and other Clean Air Act rules as described in
Chapter 3, Section 3.2.2. Thus, there is no need to present an analysis of 14/35.

For the purposes of this discussion, it will be helpful to define some terminology. These
definitions are specific to this analysis:

= Base Case—Emissions projected to the year 2020 reflecting current state and federal
programs, including the Cross-State Air Pollution Rule and the Mercury and Air
Toxics Standards. This does not include control programs specifically for the purpose
of attaining the current PM, s standard (15/35).

= Baseline—Emissions projections to the year 2020 reflecting the base case plus
additional emission reductions needed to reach attainment of the current PM; 5
Standard (15/35).

= Alternative Standard Analysis—Emission reductions and associated hypothetical
controls needed to reach attainment of the alternative standards. These reductions
and controls are incremental to the baseline.

= Design Value—A metric that is compared to the level of the National Ambient Air
Quality Standard (NAAQS) to determine compliance. Design values are typically used
to classify nonattainment areas, assess progress towards meeting the NAAQS, and
develop control strategies. The design value for the annual PM, 5 standard is
calculated as the 3-year average of annual means for a single monitoring site or a
group of monitoring sites. The design value for the 24-hour standard is calculated as
the 3-year average of annual 98th percentile 24-hour average values recorded at
each monitoring site.
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The U.S. EPA has analyzed the impact that additional emissions controls across
numerous sectors would have on predicted ambient PM; s concentrations incremental to a
baseline, which includes the current PM, s standard as well as other major rules such as CSAPR
and MATS. Thus, the analysis for a revised standard focuses specifically on incremental
improvements beyond the current standard and other existing major rules, and uses control
options that might be available to states for application by 2020. The hypothetical control
strategies presented in this RIA represent illustrative options for achieving emissions reductions
to move towards a national attainment of a tighter standard. It is not a recommendation for
how a tighter PM, 5 standard should be implemented, and states will make all final decisions

regarding implementation strategies once a final NAAQS has been established.

In order to analyze these hypothetical control strategies incremental to attainment of
the current standard and beyond other existing major rules, the U.S. EPA employed a multi-
stage approach. First, the U.S. EPA identified controls to be included in the base case (e.g.,
reflecting current standard of 15/35) to reflect current state and federal programs. Next
additional controls were applied to attain the current PM, s standard. The current state and
federal programs combined with the additional controls needed for attainment of the current
PM, s standard make up the baseline for this analysis. Once the baseline was established, we
applied additional known controls within counties containing a monitor predicted to exceed the
standard alternatives of 13/35, 12/35, 11/35, and 11/30 so as to bring them into attainment
with the various alternatives in 2020." This chapter presents the hypothetical control strategies
and the results in 2020 after their application. For most of these alternative standards,
application of known control measures did not achieve attainment. In such cases, additional
emission reductions beyond the capability of known controls were estimated in order to reach

full attainment.
4.2 PM, 5 Control Strategy Analysis

4.2.1 Establishing the Baseline

The RIA is intended to evaluate the costs and benefits of reaching attainment with
alternative PM, s standards. In order to develop and evaluate hypothetical control strategies for
attaining a more stringent primary standard, it is important to first estimate PM, s levels in
20207 given the current NAAQS standards (15/35) and trends. This scenario is known as the

! Refer to Table 4-2 for details on the number of counties with exceedances and the number of additional counties
where reductions were applied.
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baseline. Establishing this baseline allows us to estimate the incremental costs and benefits of

attaining any alternative primary standard.

The baseline includes reductions already achieved as a result of national regulations,
reductions expected prior to 2020 from recently promulgated national regulations® (i.e.,
reductions that were not realized before 2005 but are expected prior to attainment of the
current PM standard), and reductions from additional controls which the U.S. EPA estimates
need to be included to attain the current standard (15/35). Reductions achieved as a result of
state and local agency regulations and voluntary programs are reflected to the extent that they
are represented in emission inventory information submitted to the U.S. EPA by state and local
agencies®. Two steps were used to develop the baseline. First, the reductions expected in
national PM, s concentrations from national rules promulgated prior to this analysis were
considered (referred to as the base case). Below is a list of some of the major national rules
reflected in the base case. Refer to Chapter 3, Section 3.2.2 for a more detailed discussion of

the rules reflected in the base case emissions inventory.
= Light-Duty Vehicle Tier 2 Rule (U.S. EPA, 1999)
= Heavy Duty Diesel Rule (U.S. EPA, 2000)
= Clean Air Nonroad Diesel Rule (U.S. EPA, 2004)

= Regional Haze Regulations and Guidelines for Best Available Retrofit Technology
Determinations (U.S. EPA, 2005b)

= NO, Emission Standard for New Commercial Aircraft Engines (U.S. EPA, 2005)

= Emissions Standards for Locomotives and Marine Compression-lgnition Engines (U.S.
EPA, 2008)

= Control of Emissions for Nonroad Spark Ignition Engines and Equipment (U.S. EPA,
2008)

= (3 Oceangoing Vessels (U.S. EPA, 2010)

*The recently proposed Boiler MACT and CISWI reconsiderations are not included in the base case. These rules
were not yet proposed at the time of this analysis. It is not clear how the geographic scope of this rule will
match with the counties analyzed for this RIA—the costs may decrease but the magnitude is uncertain.

* The amendments to the Low Emissions Vehicle Program (LEV-III) in California are not included in the base case.
This program requires an approval of U.S. EPA via a waiver. At the time of this analysis the waiver had not been
submitted.
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= Hospital/Medical/Infectious Waste Incinerators: New Source Performance Standards
and Emission Guidelines: Final Rule Amendments (U.S. EPA, 2009)

= Reciprocating Internal Combustion Engines (RICE) NESHAPs (U.S. EPA, 2010)
= Cross-State Air Pollution Rule (U.S. EPA, 2011)

= Mercury and Air Toxics Standards (U.S. EPA, 2011)

Note that we did not conduct this analysis incremental to controls applied as part of
previous NAAQS analyses (e.g., O3, NO,, or SO;) because the data and modeling on which these
previous analyses were based are now considered outdated and are not compatible with the
current PM; s NAAQS analysis. In addition, all control strategies analyzed in NAAQS RIAs are
hypothetical. Second, because the base case reductions alone were not predicted to bring all
areas into attainment with the current standard (2 counties are projected to exceed an
alternative standard of 13/35 and 18 counties are projected to exceed an alternative standard
of 12/35—see Section 4.2.2.1 for more details), the U.S. EPA used a hypothetical control
strategy to apply additional known controls to illustrate attainment with the current PM, s
standard. Additional control measures were used in two sectors to establish the baseline:> Non-

Electricity Generating Unit Point Sources (Non-EGUs) and Non-Point Area Sources (Area).

The 2020 baseline for this analysis presents one scenario of future year air quality based
upon specific control measures, including federal rules such as CSAPR and MATS, years of air
guality monitoring and emissions data. This analysis presents one illustrative strategy relying on
the identified federal measures and other strategies that states may employ. States may
ultimately employ other strategies and/or other federal rules may be adopted that would also
help in achieving attainment. The U.S. EPA plans to issue the final rule no later than December
14, 2012 and intends to complete designations two years following promulgation of the final
rule. Under the Clean Air Act, States are required to submit State implementation plans within 3
years of the effective date of the designations. The plans are required to show attainment as
expeditiously as practicable but no later than 5 years following the effective date of the
designations, with the possibility, in certain cases, of an attainment date up to 10 years from
the effective date of the designations, considering the severity of air quality concentrations in
the area and the availability and feasibility of emission control measures. Designations will
likely be based on air quality data from 2011-2013, but attainment will not occur until 2020 at

’In establishing the baseline, the U.S. EPA selected a set of cost-effective controls to simulate attainment of the
current PM2.5 standard. These control sets are hypothetical as states will ultimately determine controls as part
of the SIP process.
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the earliest. Thus EPA’s projections for control costs and benefits focus on the year 2020. The
number of counties that will be part of the designations process may be different than the
number of counties projected to exceed as part of this analysis. Refer to Section IX of the
proposed PM, s NAAQS for more details concerning implementation requirements for the
proposed NAAQS.

Two maps of the country are presented in Figures 4-1 and 4-2, which show the
predicted concentrations for year 2020 for the 575 counties with PM, s annual design values
and 569 counties with 24-hour design values prior to applying controls to meet the current
standard of 15/35. Control measures were applied to 14 counties in the baseline analysis to

meet the current PM, s standard.
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Figure 4-1. Counties Projected to Exceed the Baseline and Analysis Levels of the PM, s Annual
Standard Alternatives in 2020
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4.2.1.1 Controls Applied in the Baseline

The purpose of identifying and analyzing hypothetical baseline controls for PM, s and its
precursors is to establish a level of emissions associated with ambient concentrations that
would meet the current PM, 5 standard. The additional known controls included in the baseline
to simulate attainment with current PM, s NAAQS are listed in Table 4-1; details regarding the
individual controls are provided in Appendix 4.A. Controls were applied to directly emitted
PM, s and the PM, s precursors of NO, and SO, given that nitrate, sulfate, and primary PM; s
species usually dominate measured PM, 5 based on speciation data measured at the Chemical
Speciation Network (CSN) sites. Control measures that directly reduced emissions of PM; s were
determined to be most effective close to the exceeding monitors with NO,and SO, controls

supplemented depending upon the monitor speciation data. PM, s control measures were
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Figure 4-2. Counties Projected to Exceed the Baseline and Analysis Levels of the PM; 5
24-hour Standard Alternatives in 2020
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applied in the county containing the exceeding monitor for the non-EGU point and area source
emissions. If additional emission control was needed, SO, and NO, control measures were
applied within the county exceeding and any contiguous county.® Additional control measures
were not applied to electric generating units (EGUs) due to the extensive nature of controls
resulting from the inclusion of MATS and CSAPR, and additional controls were not applied to
mobile sources due to our inability to capture regional reductions using the air quality screening
methodology employed for this analysis.

® Refer to Table 4-2 for details on the number of counties with exceedances and the number of additional counties
where reductions were applied.
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Table 4-1. Controls Applied in the Baseline for the Current PM, 5 Standard*

Pollutant Control Measure 15/35 12/35 11/35 11/30

NO, Selective Catalytic Reduction (SCR) X X
Non-selective Catalytic Reduction (NSCR) X X X
Oxy-Firing X X X

Bio-solid Injection

SCR + Steam Injection X X X
Low NO, Burners (LNB) X X
LNB + SCR X X
LNB + Selective Non-catalytic Reduction (SNCR) X
PM; s Fabric Filters X X X X
Dry Electrostatic Precipitators (ESPs) X
Wet ESPs X X X
Venturi Scrubbers
SO, Spray Dryer Absorber (SDA) X X X
Flue Gas Desulfurization (FGD) X X X
Wet FGDs X X X
NO, Water Heater + LNB Space Heaters X X X
Low-NO, Burners for Residential Natural Gas X X X
PM; s Fireplace Inserts for Home Heating X X
Basic Smoke Management Practices and
Establishment of Smoke Management Programs for
Prescribed Burning and other Open Burning** X X X X
Woodstove Advisory Program X X X X
ESPs for Commercial Cooking X X X
SO, Fuel Switching for Stationary Source Fuel Combustion X X X
Low Sulfur Home Heating Fuel X X X

* As discussed elsewhere in this chapter, no known controls were applied for 14/35 or 13/35.
**Includes specific practices such as episodic bans on open burning, and substituting chipping for open burning.

4.2.2 Alternative Standard Control Strategies

After establishing the baseline of attaining the current standard of 15/35, additional
emission reductions needed to meet four alternative standards 13/35, 12/35, 11/35, and 11/30
were calculated.

4.2.2.1 Counties Exceeding Alternative Standards

Only two counties are projected to exceed an alternative standard of 13/35 using the
results from the baseline analysis. These are Riverside County, CA and San Bernardino County,
CA. Figures 4-3 through 4-5 show the counties projected to exceed the alternative standards

12/35, 11/35, and 11/30, respectively. Six counties are projected to exceed an alternative
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standard of 12/35, eighteen counties are projected to exceed an alternative standard of 11/35,
and thirty-five counties are projected to exceed an alternative standard of 11/30. For a

complete list of monitor values see Appendix 4.A.
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Figure 4-3. Counties Projected to Exceed the 12/35 ug/m® Alternative Standard After
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Meeting the Baseline (Current Standard) in 2020

In developing the control strategies for this RIA, the U.S. EPA first applied known
controls to reach attainment. For these control strategies, controls for two sectors were used in
developing the control analysis, as discussed previously: non-EGU point and area sources. An
approach similar to that taken for the baseline analysis was used in the analysis for the control
strategies for the alternative standards. Due to the lack of air quality modeling for the control
strategies, county-specific ratios of air quality response to emission reductions were applied
based on recent air quality modeling results. A least cost framework was adapted to adjust for

the use of the air quality to emissions ratios.

In this analysis, PM, s controls were applied first because they were more cost-effective
and the air quality ratio approach is generally more accurate for PM; 5 emission changes than
for emission changes from the precursors, SO, and NO,. If additional control was needed SO,

and NO, controls were added.
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It should be noted that while PM, 5 controls were applied only within the counties with
monitors projected to exceed the alternative standard being analyzed, SO, and NO, controls
were applied in the exceeding county as well as in the surrounding counties because of the
transport of NO, and SO, across counties. Table 4-2 shows the number of exceeding counties
and the number of surrounding counties to which controls were applied for the alternative
standards analyzed. For a complete list of geographic areas for all alternative standards see
Appendix 4.A.

Table 4-2. Number of Counties with Exceedances and Number of Additional Counties
Where Reductions were Applied

Alternative Number of Counties with  Number of Additional Counties where
Level exceedances reductions were applied
13/35 2 3
12/35 6 25
11/35 18 86
11/30 35 134

There were some areas where known controls did not achieve enough emission
reductions to attain the alternative annual standards in 2020. To complete the analysis, the U.S.
EPA then estimated the additional emission reductions required to reach attainment. The
methodology used to develop those estimates and those calculations are presented in Section
4.2.3.

4.2.2.2 Non-EGU and Area Controls Applied for Alternative Standards

Non-EGU point and area control measures were identified using the U.S. EPA’s Control

Strategy Tool’ (CoST). Many of these controls are summarized in Appendix 4.A.

Area source emissions data are generated at the county level, and therefore controls for
this emission sector were applied to the county. Area source controls were applied to NO,, SO,,
and PM, 5. Table 4-1 lists the major controls applied to each sector. The same controls that
were applied in the baseline analysis were applied to additional sources and additional counties
in the analyses for the alternative standards. Controls for area sources were applied to: home

heating, restaurant operations, prescribed burning, and other open burning.

7 See http://www.epa.gov/ttn/ecas/cost.htm for a description of CoST.
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The analysis for non-EGUs applied NO,, SO,, and PM, 5 controls to the following source
categories: industrial boilers, commercial and institutional boilers, sulfuric acid plants (both
standalone and at other facilities such as copper and lead smelters), primary metal plants (iron
and steel mills, lead smelters), mineral products (primarily cement kilns), and petroleum
refineries. Among the control measures applied were: wet FGD scrubbers and spray dryer
absorbers (SDA) for SO, reductions, fabric filters for PM, s reductions, and SCR and low NO,

burners for NO,.

To more accurately depict available controls, the U.S. EPA employed a decision rule in
which controls were not applied to any non-EGU or area sources with 50 tons/year of emissions
or less. This decision rule is the same rule we employed for sources in the previous PM, 5
NAAQS RIA completed in 2006. The reason for applying this decision rule is based on a finding
that most point sources with emissions of this level or less had controls already in place. This

decision rule helps fill gaps in information regarding existing controls on non-EGU sources.

4.2.2.3 Emission Reductions

Table 4-3 shows the emission reductions from known controls for the alternative

standards analyzed.

Table 4-3. Emission Reductions from Known Controls for Alternative Standards ?

Emission Reductions in 2020 (annual tons/year)

Alternative
Standard Region PM__ SO, NO,
13/35° East — — —
West — — —
CA — — —
Total - - -
12/35° East 670 — —
West 60 — —
CA — —
Total 730 - -
11/35 East 5,000 12,000 850
West 90 550 620
CA 800 — —
Total 5,900 13,000 1,500
11/30 East 4,700 12,000 850
West 1,900 3,900 7,400
CA 3,700 — —
Total 10,000 16,000 8,200

® Estimates are rounded to two significant figures.

All known controls were applied in the baseline analysis. Thus, no additional known controls were available.
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4.2.3 Emission Reductions Needed Beyond Identified Controls

For each alternative standard and geographic area that cannot reach attainment with
known controls, we estimated the additional emission reductions needed beyond identified
known controls for PM, s and for the two PM, s precursors (SO, and NO,) to attain the standard.
In Appendix 4.A, we provide estimates of the relationship between additional emission

reductions for each pollutant and air quality improvement.

Because three different pollutants affect ambient levels of PM, s in this analysis there
are many different combinations of pollutant reductions that would result in the required air
guality improvements. To determine which pollutant reductions to include in our analysis, we
employ a least cost approach using what we call the hybrid cost methodology. A detailed
discussion of this methodology appears in Chapter 7. In Appendix 7.A, we show cost estimates
for each additional emission reduction for each pollutant and geographic area. As expected, the
unit costs increase under this methodology as more of a particular pollutant is controlled. The
mix of pollutants controlled, however, varies by area because each area has a different
combination of known controls applied, varying amounts of additional air quality improvement

required, and different amounts of uncontrolled emissions remaining.

The process used to determine the emission reductions needed for each pollutant is
described below. First, the U.S. EPA examined the emissions remaining for each geographic
area and pollutant (NO,, PM, s, SO,). Each pollutant has a marginal cost curve that increases
(e.g., the third ton removed costs more than the second ton removed, and so on). Each
pollutant has an estimated effectiveness at reducing the ambient concentration of PM, s per
ton of emissions controlled (see Chapter 3 for more details) that varies by geographic area. The
U.S. EPA used a least cost methodology to determine the optimum way to reach attainment.
The optimization methodology used to estimate the quantity of PM, s and PM, s precursors

needed for each geographic area is described in more detail in Chapter 7 and Appendix 7.A.

Because the marginal cost equation for each pollutant is expected to be less accurate
for the very last portion of a pollutant in an area, and it is unlikely an area would reduce all
anthropogenic emissions to zero on one pollutant prior to controlling others, we added the
constraint that no more than 90% of the remaining emissions in an area for a given pollutant
can be reduced from emission reductions beyond known control measures. This decision was
based upon the rationale that no geographic area would be able to eliminate 100% of the
emissions of a pollutant given current control measures. This methodology used the marginal

cost curves for each of the three pollutants along with the air quality to emissions response
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ratios to determine the most cost-effective way to achieve the necessary levels of air quality
improvement. A detailed discussion of the methodology, including formulas and description of

how parameters were estimated, can be found in Chapter 7.

The emission reductions needed beyond known controls are shown in Table 4-4. For a
listing of emission reductions needed by county for the unknown controls, see Appendix 4.A.
For the alternative standard 13/35 there are only two counties projected to exceed—Riverside
County, CA and San Bernardino County, CA. For Riverside County, all known controls were
applied in the analysis to illustrate attainment of the baseline (15/35). Thus, no known controls
remained for demonstrating attainment of more stringent standards. For the other alternative
standards (12/35, 11/35, and 11/30), known controls accounted for over 70% of the needed

emission reductions.

The emissions reductions estimated using the hybrid methodology together with
reductions associated with known controls form the basis of the cost and benefit estimates.
However, a different mix of reductions in SO, emissions and PM, 5 emissions may have been

identified as least cost using a fixed cost per ton approach rather than the hybrid approach.®

Using the hybrid methodology, the less expensive pollutant to reduce will be selected
until the marginal cost to reduce the next ton exceeds the marginal cost to reduce the next ton
of an alternate pollutant. At that point, the methodology chooses a mix of pollutants to achieve
the least-cost solution. Since the cost per ton is held constant in the fixed-cost methodology,
the least-cost solution would select all available direct PM, s emissions reductions before
selecting SO, emissions reductions.’ Therefore, the hybrid methodology estimates PM, 5
emissions reductions lower than or equal to the fixed-cost methodology and SO, emission

reductions higher than or equal to the fixed-cost methodology.

Even so, for the proposed 12/35 and 13/35 standards, direct PM, 5 reductions account
for approximately 75%—100% of the reductions, and thus using the fixed cost per ton approach
to select the combination of emissions reductions would not have substantially changed the

mix of emissions reductions or the outcome of the cost and benefit analyses.

® NOx reduction were not selected under either approach as the least cost alternative to achieve the necessary
PM, s reductions.

° Because the marginal cost equation for each pollutant is expected to be less accurate for the very last portion of
a pollutant in an area, and it is unlikely an area would reduce all anthropogenic emissions to zero on one
pollutant prior to controlling others, we included the constraint that no more than 90% of the remaining
emissions in an area for a given pollutant can be reduced from emission reductions beyond known control
measures.
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That said, the hybrid approach still has a number of important uncertainties, and the
reliability of the method for extrapolating costs in cases where emissions reductions required
go well beyond known controls has not been evaluated. The degree of extrapolation for
emissions reductions in California in particular has caused us to rethink the use of the hybrid
method in providing a range of cost estimates for the proposed standards, therefore we
provide the hybrid approach as a sensitivity analysis in Appendix 7.A. We would like to take

comment on analyzing an alternate compliance pathway for California.

Table 4-4. Emission Reductions Needed Beyond Known Control to Reach Alternative
Standards in 2020 (annual tons/year)®

Alternative
Standard Region PM, ¢ SO, NO,

13/35 East — — —
West — - —
CA 190 — —
Total 190 - -

12/35° East — — —
West 210 10 —
CA 3,400 960 —
Total 3,600 970 —

11/35 East 89 — —
West 1,100 1,400 —
CA 6,500 5,500 —
Total 7,700 6,900 -

11/30 East 1,400 — —
West 3,500 1,700 —
CA 7,200 5,500 —
Total 12,000 7,200 —

® Estimates are rounded to two significant figures.

4.3 Limitations and Uncertainties

The U.S. EPA’s analysis is based on its best judgment for various input assumptions that
are uncertain. As a general matter, the Agency selects the best available information from
engineering studies of air pollution controls and has set up what it believes is the most
reasonable modeling framework for analyzing the cost, emission changes, and other impacts of
regulatory controls. However, the estimates of emission reductions associated with our control

strategies above are subject to important limitations and uncertainties. We outline, and
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gualitatively assess the impact of, those limitations and uncertainties that are most significant.
EPA requests comment on the likelihood that new technologies that control direct PM, 5 and its

precursors will become available between now and 2020.

A number of limitations and uncertainties are associated with the analysis of emission
control measures are listed in Table 4-5. For a complete discussion of the terminology used
below please see Chapter 5.5.7.

Table 4-5. Summary of Qualitative Uncertainty for Elements of Control Strategies

Magnitude  Degree of

Direction of Impact  Confidence
of on in Our Ability to
Potential Monetized  Analytical Assess
Potential Source of Uncertainty Bias Costs® Approachb Uncertainty®

Uncertainties Associated with PM Concentration Changes
Projections of future levels of emissions and emissions Both® Medium Medium Tier 1
reductions necessary to achieve the NAAQS
Responsiveness of air quality model to changes in Both Medium- Medium Tier 1
precursor emissions from control scenarios high
Air quality model chemistry, particularly for formation Both Medium High Tier 1
of ambient nitrate concentrations
Post-processing of air quality modeled concentrations Both High High Tier 1
to estimate future-year PM, s design value and spatial
fields of PM, 5 concentrations
Post-processing of air quality modeled concentrations Both High Medium Tier 1
to estimate future-year visibility design value
“Rollback” methodology for simulating full-attainment Both Medium Medium Tier 1

Uncertainties Associated with Control Strategy Development

Control Technology Data Both Medium- High Tier 2
=  Technologies applied may not reflect most current high
emerging devices that may be available in future
years
= Control efficiency data is dependent upon
equipment being well maintained.
=  Area source controls assume a constant estimate of
emission reductions, despite variability in extent
and scale of application.

Control Strategy Development Both Medium- Medium- Tier 0

= States may develop different control strategies high high

than the ones illustrated
= Lack of data on baseline controls from current SIPs
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Timing of control strategies may be different than
envisioned in RIA

Controls are applied within the county with the
exceeding monitor. In some cases, additional
known controls are also applied in adjacent
contributing counties.

Emissions growth and control from new sources
locating in these analysis areas is not included.

Technological Change Likely over-
*  Emission reductions do not reflect potential effects estimate
of technological change that may be available in
future years
= Effects of “learning by doing” are no accounted for
in the emission reduction estimates
Emission Reductions from Unidentified Controls Both

emission control cut points for each pollutant

Medium- Low
high
High Low

Tier 0

Tier 1

® Magnitude of Impact

4.4
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High—If error could influence the total costs by more than 25%

Medium—If error could influence the total costs by 5%—25%
Low—If error could influence the total costs by less than 5%

Degree of Confidence in Our Analytic Approach

High—The current evidence is plentiful and strongly supports the selected approach

Medium—Some evidence exists to support the selected approach, but data gaps are present

Low—Limited data exists to support the selected approach

Ability to Assess Uncertainty (using WHO Uncertainty Framework)
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Tier 1—Scenario-specific qualitative characterization
Tier 2—Scenario-specific sensitivity analysis

Tier 3—Scenario-specific probabilistic assessment of individual and combined uncertainty
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APPENDIX 4.A
ADDITIONAL CONTROL STRATEGY INFORMATION

4.A.1 Control Measures for Stationary Sources

This appendix describes measures that were employed in this analysis to illustrate a
hypothetical scenario for controlling emissions of PM and precursors from non-EGU point and
area source categories to attain alternative annual and 24-hr air quality standards for PM,s.
Most of the control measures available are add-on technologies but some other technologies

and practices that are not add-on in nature can reduce emissions of PM and PM precursors.

4.A.1.1 PM Emissions Control Technologies®

This section summarizes control measures focused on reduction of PM, 5 from non-EGU
point and area sources. However, it should be noted that PM;o will also be reduced by these
measures. The amount of PMyg reduction varies by the fraction of PMyg in the inlet stream to

the control measure and the specific design of the measure.

4.A.1.1.1 PM Control Measures for NonEGU Point Sources

Most control measures for non-EGU point sources are add-on technologies. These
technologies include: fabric filters (baghouses), ESPs, and wet PM scrubbers. Fabric filters
collect particles with sizes ranging from below 1 micrometer to several hundred micrometers in
diameter at efficiencies in excess of 99%, and this device is used where high-efficiency particle
collection is required. A fabric filter unit consists of one or more isolated compartments
containing rows of fabric bags in the form of round, flat, or shaped tubes, or pleated cartridges.
Particle-laden gas passes up (usually) along the surface of the bags then radially through the
fabric. Particles are retained on the upstream face of the bags, and the cleaned gas stream is
vented to the atmosphere. The filter is operated cyclically, alternating between relatively long
periods of filtering and short periods of cleaning. Dust that accumulates on the bags is removed

from the fabric surface when cleaning and deposited in a hopper for subsequent disposal.

ESPs use electrical forces to move particles out of a flowing gas stream and onto
collector plates. The particles are given an electrical charge by forcing them to pass through a
corona, a region in which gaseous ions flow. The electrical field that forces the charged particles
to the plates comes from electrodes maintained at high voltage in the center of the flow lane.

Once particles are on the collector plates, they must be removed without re-entraining them

'The descriptions of add-on technologies throughout this section are taken from the EPA Air Pollution Control Cost
Manual, Sixth Edition. This is found on the Internet at http://epa.gov/ttn/catc/products.html#cccinfo.
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into the gas stream. This is usually accomplished by rapping the plates mechanically which
loosens the collected particles from the collector plates, allowing the particles to slide down
into a hopper from which they are evacuated. This removal of collected particles is typical of a
“dry” ESP. A “wet” ESP operates by having a water flow applied intermittently or continuously
to wash away the collected particles for disposal. The advantage of wet ESPs is that there are
no problems with rapping re-entrainment or with “back coronas” (unintended injection of
positively charged ions which reduces the charge on particles and lowers the collection
efficiency). The disadvantage is that the collected slurry must be handled more carefully than a
dry product, adding to the expense of disposal. ESPs capture particles with sizes ranging from
below 1 micrometer to several hundred micrometers in diameter at efficiencies from 95 to up
to 99% and higher.

Wet PM scrubbers remove PM and acid gases from waste gas streams of stationary
point sources. The pollutants are removed primarily through the impaction, diffusion,
interception and/or absorption of the pollutant onto droplets of liquid. The liquid containing
the pollutant is then collected for disposal. Collection efficiencies for wet scrubbers vary by
scrubber type, and with the PM size distribution of the waste gas stream. In general, collection
efficiency decreases as the PM size decreases. Collection efficiencies range from in excess of
99% for venturi scrubbers to 40% to 60% for simple spray towers. Wet scrubbers are generally
smaller and more compact than fabric filters or ESPs, and have lower capital cost and
comparable operation and maintenance (O&M) costs. Wet scrubbers, however, operate with a
higher pressure drop than either fabric filters or ESPs, thus leading to higher energy costs. In
addition, they are limited to lower waste gas flow rates and operating temperatures than fabric
filters or ESPs, and also generate sludge that requires additional treatment or disposal. This RIA

only applies wet scrubbers to fluid catalytic cracking units (FCCUs) at petroleum refineries.

In addition, we also examined additional add-on control measures specifically for steel
mills. Virtually all steel mills have some type of PM control measure, but there is additional
equipment that in many cases could be installed to further reduce emissions. Capture hoods
that route PM emissions from a blast furnace casthouse to a fabric filter can provide 80% to
90% additional emission reductions from a steel mill. Other capture and control systems at

blast oxygen furnaces (BOFs) can also provide 80% to 90% additional reductions.

Table 4.A-1 lists some of these technologies. For more information on these

technologies, refer to the EPA Air Pollution Control Cost Manual.

4.A-2



Table 4.A-1. Example PM Control Measures for NonEGU Point Source Categories

Control Average
Sector(s) to which Control Efficiency Annualized
Control Measure Measure Can Apply (percent) Cost/Ton
Fabric Filters® Industrial Boilers, Iron and Steel 98 t0 99.9 $2,000-$100,000

Mills, Pulp and Paper Mills

ESPs—wet or dry® Industrial Boilers, Iron and Steel
Mills, Pulp and Paper Mills

Wet Scrubbers Industrial Boilers, Iron and Steel
Mills
Secondary Capture and Control Coke Ovens

Systems—Capture Hoods for Blast
Oxygen Furnaces

CEM Upgrade and Increased NonEGUs with an ESP
Monitoring Frequency

95 t0 99.9 $1,000-$20,000
40t0 99 $750-$2,800
80 to 90 $5,000

5to7 $600-$5,000

% CoST contains equations to estimate capital and annualized costs for ESP and FF installation and operation. The
average annualized cost/ton estimates presented here for these control measures are outputs from our
modeling, not inputs. They also reflect applications of control where there is no PM control measure currently

operating except if the control measure is an upgrade (e.g., ESP upgrades).

4.A.1.1.2 PM Control Measures for Area Sources

Specific controls exist for a number of stationary area sources. Area source PM controls

at stationary sources include:

= catalytic oxidizers on conveyorized charbroilers at restaurants (up to 80% reduction

of PM),

= replacement of older woodstoves with ones compliant with the New Source
Performance Standard (NSPS) for residential wood combustion (up to 98% reduction

of PM?), and

= education and advisory programs to help users to operate woodstoves more
efficiently and with fewer emissions (up to 50% reduction of PM)

Another PM area source control measure, diesel particulate filters, can be applied to existing

diesel-fueled compression-ignition (C-l) engines to achieve up to a 90% reduction in fine PM.

This measure is being applied to new C-1 engines as part of a NSPS that was implemented

beginning in 2006.

> This control measure is largely meant to simulate the effects of a woodstove changeout program as applied to
Libby, MT per the efforts of the U.S. EPA and several co-sponsors. For more information, refer to

http://www.epa.gov/woodstoves/how-to-guide.html.

4.A-3


http://www.epa.gov/woodstoves/how-to-guide.html

Table 4.A-2. Example PM Control Measures for Area Sources®

Sectors to which Control Average
These Control Efficiency Annualized

Control Measures Measures Can Apply (percent) Cost/ton
Catalytic oxidizers for conveyorized charbroilers Restaurants 83 $1,300
Changeout of older woodstoves for new ones by a  Residential wood 46 to near 100 $1,900
woodstove changeout campaign or on sale of combustion sources
property, or an education and advisory program
for woodstove users
Replace open burning of wood waste with Residential waste Near 100 $3,500
chipping for landfill disposal sources

® The estimates for these control measures reflect applications of control where there is no PM area source control
measure currently operating. Also, the control efficiency is for total PM, and thus accounts for PMy; and PM,s.
Data for these measures is available in the CoST Control Measures Documentation Report at
http://www.epa.gov/ttn/ecas/models/CoST CMDB Document 2010-06-09.pdf.

4.A.1.2 SO, Control Measures

4.A.1.2.150; Control Measures for NonEGU Point Sources

The SO, emission control measures used in this analysis are similar to those used in the
PM, s RIA prepared about four years ago. Flue gas desulfurization (FGD) scrubbers can achieve
95-98% control of SO, for nonEGU point sources and for utility boilers. Spray dryer absorbers
(SDA) are another commonly employed technology, and SDA can achieve up to 90% or more
control of SO,. For specific source categories, other types of control technologies are available
that are more specific to the sources controlled. Table 4.A-3 lists some of these technologies.
For more information on these technologies, please refer to the CoST control measures

documentation report.?

*Fora complete description of the control technologies used in CoST, please refer to the report at
http://www.epa.gov/ttn/ecas/models/CoST CMDB_Document 2010-06-09.pdf.
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Table 4.A-3. Example SO, Control Measures for NonEGU Point®

Control
Sectors to Which These Control Efficiency Average Annualized
Control Measure Measures Can Be Applied (percent) Cost/Ton (2006S$)
Wet and Dry FGD ICI boilers—all fuel types, kraft pulp 95—FGD $800-$8,000—FGD
scrubbers and SDA mills, Mineral Products (e.g., Portland scrubbers, $900-57,000—SDA

cement plants (all fuel types), primary 90—for SDA
metal plants, petroleum refineries

Increase percentage Sulfur recovery plants 75-95 $4,000
sulfur conversion to meet

sulfuric acid NSPS (99.7%

reduction)

Sulfur recovery and/or tail  Sulfuric Acid Plants 95-98 $1,000-$4,000
gas treatment

Cesium promoted catalyst  Sulfuric Acid Plants with Double- 50% $1,000
Absorption process

Sources: CoST control measures documentation report, May 2008, NESCAUM Report on Applicability of NO,,
S0O,, and PM Control Measures to Industrial Boilers, November 2008 available at
http://www.nescaum.org/documents/ici-boilers-20081118-final.pdf, and Comprehensive Industry
Document on Sulphuric Acid Plant, Govt. of India Central Pollution Control Board, May 2007. The estimates for
these control measures reflect applications of control where there is no SO, control measure currently operating
except for the Cesium promoted catalyst.

4.A.1.2.2 50, Control Technology for Area Sources

Fuel switching from high to low-sulfur fuels is the predominant control measure
available for SO, area sources. For home heating oil users, our analyses included switching from
a high-sulfur oil (approximately 2,500 parts per million (ppm) sulfur content) to a low-sulfur oil
(approximately 500 ppm sulfur). A similar control measure is available for oil-fired industrial
boilers. For more information on these measures, please refer to the CoST control measures

documentation report.3
4.A.1.3 NO, Emissions Control Measures

4.A.1.3.1 NO, Control Measures for Non-EGU Point Sources

This section describes available measures for controlling emissions of NO, from non-EGU
point sources. In general, low-NO, burners (LNB) are often applied as a control technology for
industrial boilers and for some other non-EGU sources because of their wide applicability and
cost-effectiveness. While all controls presented in this analysis are considered generally
technically feasible for each class of sources, source-specific cases may exist where a control

technology is in fact not technically feasible.
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Several types of NO, control technologies exist for non-EGU sources: selective catalytic
reduction (SCR), selective noncatalytic reduction (SNCR), natural gas reburn (NGR), coal reburn,
and low-NO, burners. The two control measures chosen most often were LNB and SCR because
of their breadth of application. In some cases, LNB accompanied by flue gas recirculation (FGR)
is applicable, such as when fuel-borne NO, emissions are expected to be of greater importance
than thermal NO, emissions. When circumstances suggest that combustion controls are not
feasible as a control technology (e.g., sintering processes, coke oven batteries, sulfur recovery
plants), SNCR or SCR may be an appropriate choice. Finally, SCR can be applied along with a
combustion control such as LNB with overfire air (OFA) to further reduce NO, emissions. All of

these control measures are available for application on industrial boilers.

Besides industrial boilers, other non-EGU source categories covered in this RIA include
petroleum refineries, kraft pulp mills, cement kilns, stationary internal combustion engines,
glass manufacturing, combustion turbines, and incinerators. NO, control measures available for
petroleum refineries, particularly process heaters at these plants, include LNB, SNCR, FGR, and
SCR along with combinations of these technologies. NO, control measures available for kraft
pulp mills include those available to industrial boilers, namely LNB, SCR, SNCR, along with water
injection (WI). NO, control measures available for cement kilns include those available to
industrial boilers, namely LNB, SCR, and SNCR. In addition, mid-kiln firing (MKF), ammonia-
based SNCR, and biosolids injection can be used on cement kilns where appropriate. Non-
selective catalytic reduction (NSCR) can be used on stationary internal combustion engines.
OXY-Firing, a technique to modify combustion at glass manufacturing plants, can be used to
reduce NO, emissions at such plants. LNB, SCR, and SCR combined with steam injection (SI) are
available measures for combustion turbines. Finally, SNCR is an available control technology at
incinerators. Table 4.A-4 lists typical examples of the control measures available for these
categories. For more information on these measures, please refer to the CoST control measures

documentation report.?
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Table 4.A-4. Example NO, Control Measures for NonEGU Source Categories®

Sectors to Which These Control Measures

Control Efficiency  Average Annualized

Control Measures Apply (percent) Cost/ton
LNB Industrial boilers—all fuel types, Petroleum 25 to 50% $200 to $1,000
refineries, Cement manufacturing, Pulp
and Paper mills
LNB + FGR Petroleum refineries 55 $4,000
SNCR (urea-based or Industrial boilers—all fuel types, Petroleum 45to 75 $1,000 to $2,000
not) refineries, Cement manufacturing, pulp
and paper mills, incinerators
SCR Industrial boilers—all fuel types, Petroleum 80 to 90 $2,000 to 7,000
refineries, Cement manufacturing, pulp
and paper mills, Combustion turbines
OXY-Firing Glass manufacturing 85 $2,500 to 6,000
NSCR Stationary internal combustion engines 90 500
MKF Cement manufacturing—dry 25 -$460to 720
Biosolids Injection Cement manufacturing—dry 23 $300
SCR + Sl Industrial boilers—all fuel types 95 $2,700

¥ Source: CoST control measures documentation report (June 2010). Note: a negative sign indicates a cost savings
from application of a control measure. The estimates for these control measures reflect applications of control
where there is no NO, control measure currently operating except for post-combustion controls such as SCR and
SNCR. For these measures, the costs presume that a NO, combustion control (such as LNB) is already operating
on the unit to which the SCR or SNCR is applied.

4.A.2 Projected Monitor Design Values

Table 4.A-5. Area County Definitions for SO, and NO, Emissions Reductions for Control
Strategy Analysis

FIPS Code State Name County Name Area Label
1007 Alabama Bibb AL
1009 Alabama Blount AL
1073 Alabama Jefferson AL
1115 Alabama St. Clair AL
1117 Alabama Shelby AL
1125 Alabama Tuscaloosa AL
1127 Alabama Walker AL
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Table 4.A-5. Area County Definitions for SO, and NO, Emissions Reductions for Control
Strategy Analysis (continued)

FIPS Code State Name County Name Area Label
42003 Pennsylvania Allegheny all
42005 Pennsylvania Armstrong all
42007 Pennsylvania Beaver all
42019 Pennsylvania Butler all
42125 Pennsylvania Washington all
42129 Pennsylvania Westmoreland all
4003 Arizona Cochise AZ
4019 Arizona Pima AZ
4023 Arizona Santa Cruz AZ
13021 Georgia Bibb bib
13079 Georgia Crawford bib
13153 Georgia Houston bib
13169 Georgia Jones bib
13207 Georgia Monroe bib
13225 Georgia Peach bib
13289 Georgia Twiggs bib
6007 California Butte but
6011 California Colusa but
6021 California Glenn but
6063 California Plumas but
6103 California Tehama but
6115 California Yuba but
17031 lllinois Cook coo
17043 lllinois Du Page coo
17097 lllinois Lake coo
17197 Illinois Will coo
16005 Idaho Bannock fra
16007 Idaho Bear Lake fra

(continued)
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Table 4.A-5. Area County Definitions for SO, and NO, Emissions Reductions for Control
Strategy Analysis (continued)

FIPS Code State Name County Name Area Label
16029 Idaho Caribou fra
16041 Idaho Franklin fra
16071 Idaho Oneida fra
13045 Georgia Carroll ful
13057 Georgia Cherokee fu
13063 Georgia Clayton ful
13067 Georgia Cobb fu
13077 Georgia Coweta ful
13089 Georgia De Kalb ful
13097 Georgia Douglas ful
13113 Georgia Fayette fu
13121 Georgia Fulton fu
13135 Georgia Gwinnett ful
13117 Georgia Forsyth fu
6025 California Imperial imp
6073 California San Diego imp
42011 Pennsylvania Berks lan
42029 Pennsylvania Chester lan
42043 Pennsylvania Dauphin lan
42071 Pennsylvania Lancaster lan
42075 Pennsylvania Lebanon lan
42133 Pennsylvania York lan
16023 Idaho Butte lem
16033 Idaho Clark lem
16037 Idaho Custer lem
16049 Idaho Idaho lem
16059 Idaho Lembhi lem
16085 Idaho Valley lem

(continued)
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Table 4.A-5. Area County Definitions for SO, and NO, Emissions Reductions for Control

Strategy Analysis (continued)

FIPS Code State Name County Name Area Label
17005 lllinois Bond mad
17027 lllinois Clinton mad
17083 lllinois Jersey mad
17117 Illinois Macoupin mad
17119 Illinois Madison mad
17135 lllinois Montgomery mad
17163 Illinois St Clair mad
26099 Michigan Macomb Ml
26115 Michigan Monroe Ml
26125 Michigan Oakland Ml
26161 Michigan Washtenaw MI
26163 Michigan Wayne Ml
30001 Montana Beaverhead MT
30023 Montana Deer Lodge MT
30029 Montana Flathead MT
30039 Montana Granite MT
30047 Montana Lake MT
30053 Montana Lincoln MT
30061 Montana Mineral MT
30063 Montana Missoula MT
30077 Montana Powell MT
30081 Montana Ravalli MT
30089 Montana Sanders MT
36005 New York Bronx NY
36047 New York Kings NY
36061 New York New York NY
36081 New York Queens NY
36085 New York Richmond NY
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Table 4.A-5. Area County Definitions for SO, and NO, Emissions Reductions for Control
Strategy Analysis (continued)

FIPS Code State Name County Name Area Label
39035 Ohio Cuyahoga OH
39055 Ohio Geauga OH
39085 Ohio Lake OH
39093 Ohio Lorain OH
39103 Ohio Medina OH
39133 Ohio Portage OH
39153 Ohio Summit OH
41003 Oregon Benton OR
41019 Oregon Douglas OR
41029 Oregon Jackson OR
41035 Oregon Klamath OR
41037 Oregon Lake OR
41039 Oregon Lane OR
41041 Oregon Lincoln OR
41043 Oregon Linn OR
41017 Oregon Deschutes OR
6003 California Alpine sac
6005 California Amador sac
6013 California Contrasta sac
6017 California El Dorado sac
6061 California Placer sac
6067 California Sacramento sac
6095 California Solano sac
6101 California Sutter sac
6113 California Yolo sac
6019 California Fresno san
6027 California Inyo san
6029 California Kern san

(continued)
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Table 4.A-5. Area County Definitions for SO, and NO, Emissions Reductions for Control

Strategy Analysis (continued)

FIPS Code State Name County Name Area Label
6031 California Kings san
6039 California Madera san
6043 California Mariposa san
6047 California Merced san
6051 California Mono san
6053 California Monterey san
6069 California San Benito san
6077 California San Joaquin san
6079 California San Luis Obispo san
6085 California Santa Clara san
6099 California Stanislaus san
6107 California Tulare san
6109 California Tuolumne san
16009 Idaho Benewah sho
16017 Idaho Bonner sho
16035 Idaho Clearwater sho
16055 Idaho Kootenai sho
16057 Idaho Latah sho
16079 Idaho Shoshone sho
6037 California Los Angeles sou
6059 California Orange sou
6065 California Riverside sou
6071 California San Bernardino sou
6111 California Ventura sou
48039 Texas Brazoria TX
48071 Texas Chambers TX
48157 Texas Fort Bend TX
48167 Texas Galveston TX
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Table 4.A-5. Area County Definitions for SO, and NO, Emissions Reductions for Control
Strategy Analysis (continued)

FIPS Code State Name County Name Area Label
48201 Texas Harris TX
48291 Texas Liberty TX
48339 Texas Montgomery TX
48473 Texas Waller TX
49003 Utah Box Elder Utah 1
49005 Utah Cache Utah 1
49033 Utah Rich Utah 1
49057 Utah Weber Utah 1
49007 Utah Carbon Utah 2
49011 Utah Davis Utah 2
49013 Utah Duchesne Utah 2
49023 Utah Juab Utah 2
49029 Utah Morgan Utah 2
49035 Utah Salt Lake Utah 2
49039 Utah Sanpete Utah 2
49043 Utah Summit Utah 2
49045 Utah Tooele Utah 2
49049 Utah Utah Utah 2
49051 Utah Wasatch Utah 2
53033 Washington King WA
53035 Washington Kitsap WA
53037 Washington Kittitas WA
53041 Washington Lewis WA
53045 Washington Mason WA
53053 Washington Pierce WA
53067 Washington Thurston WA
53077 Washington Yakima WA
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Table 4.A-6. Air Quality Ratios for Monitors in Counties with at Least One Monitor with an Annual Design Value (DV) Above 15 or
24-hr Design Value (DV) Above 35 in 2020 Base Case

24-hr to Annual

FIPS 2005 Annual 2020 Annual DV

Code High Monitor ID State Name County Name DV DV 2005 24-hr DV 2020 24-hr DV Responsiveness
42003 420030064 Pennsylvania Allegheny 20.31 12.91 64.2 41.0 3.03
30047 300470028 Montana Lake 9.00 7.71 43.6 38.3 3.78
30063 300630031 Montana Missoula 10.52 9.13 44.6 37.4 3.78
30081 300810007 Montana Ravalli 9.01 7.89 45.1 37.3 3.78
6019 60190008 California Fresno 16.99 12.71 60.2 41.0 3.45
6029 60290010 California Kern 18.94 14.34 64.5 45.9 3.45
6031 60310004 California Kings 17.28 13.24 58.0 424 3.45
6099 60990005 California Stanislaus 14.21 10.85 51.4 37.0 3.45
6107 61072002 California Tulare 18.51 14.10 56.6 40.1 3.45
6037 60371301 California Los Angeles 17.66 13.14 48.7 39.7 3.45
6065 60658001 California Riverside 20.95 16.30 59.1 46.5 3.45
6071 60719004 California San Bernardino 19.01 14.96 55.5 415 3.45
49005 490050004 Utah Cache 11.56 9.78 56.9 42.6 491
49035 490353007 Utah Salt Lake 12.02 9.72 45.3 36.1 491

(continued)
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Table 4.A-6. Air Quality Ratios for Monitors in Counties with at Least One Monitor with an Annual Design Value (DV) Above 15 or
24-hr Design Value (DV) Above 35 in 2020 Base Case (continued)

NH4S04 NH4NO3 Direct PM2.5 NH4S04 NH4NO3

FIPS High Component of Component of Component of Component of Component of

Code Monitor ID State Name County Name 2005 Annual DV 2005 Annual DV 2005 Annual DV 2020 Annual DV 2020 Annual DV
42003 420030064 Pennsylvania  Allegheny 9.1830 0.7303 10.4046 4.1977 0.7669
30047 300470028 Montana Lake 0.9752 0.0936 7.9383 0.9007 0.0730
30063 300630031 Montana Missoula 1.2692 1.0152 8.2419 1.1767 0.7734
30081 300810007 Montana Ravalli 0.7614 0.2929 7.9577 0.7034 0.2380
6019 60190008 California Fresno 2.3402 4.1985 10.4583 1.9907 2.7196
6029 60290010 California Kern 3.1194 5.8850 9.9388 2.5838 3.7690
6031 60310004 California Kings 2.7393 4.7392 9.8017 2.2500 2.8483
6099 60990005 California Stanislaus 2.2879 3.8313 8.0978 1.8519 2.6903
6107 61072002 California Tulare 2.9375 5.3329 10.2433 2.4607 3.2405
6037 60371301 California Los Angeles 5.5145 3.5811 8.5679 3.7217 2.9601
6065 60658001 California Riverside 4.5070 5.2955 11.1521 3.3590 3.9822
6071 60719004 California San Bernardino 3.7956 3.8907 11.3297 2.8912 2.7994
49005 490050004 Utah Cache 1.4901 2.1042 7.9703 1.2447 1.5831
49035 490353007 Utah Salt Lake 1.7974 2.8766 7.3465 1.5642 2.2080
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Table 4.A-6. Air Quality Ratios for Monitors in Counties with at Least One Monitor with an Annual Design Value (DV) above 15 or
24-hr Design Value (DV) Above 35 in 2020 Base Case (continued)

Direct PM, 5 Change in County
Component Change in Area SO2 Change in Area NO, PM, ; Emissions
FIPS High of 2020 Area Emissions Between  Emissions Between Between 2005 and
Code Monitor ID State Name County Name Annual DV Label 2005 and 2020 2005 and 2020 2020
42003 420030064  Pennsylvania  Allegheny 7.9528 all 259568 69304 804
30047 300470028 Montana Lake 6.7370 MT 853 9949 128
30063 300630031 Montana Missoula 7.1876 MT 853 9949 206
30081 300810007 Montana Ravalli 6.9574 MT 853 9949 144
6019 60190008 California Fresno 8.0008 san 5855 106130 1151
6029 60290010 California Kern 7.9904 san 5855 106130 1241
6031 60310004 California Kings 8.1443 san 5855 106130 132
6099 60990005 California Stanislaus 6.3118 san 5855 106130 571
6107 61072002 California Tulare 8.4003 san 5855 106130 592
6037 60371301 California Los Angeles 6.4628 sou 20834 230102 5223
6065 60658001 California Riverside 8.9602 sou 20834 230102 1421
6071 60719004 California San Bernardino 9.2726 sou 20834 230102 2026
49005 490050004  Utah Cache 6.9584 Utah 1 639 8192 124
49035 490353007  Utah Salt Lake 5.9562 Utah 2 8442 33871 799

(continued)
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Table 4.A-6. Air Quality Ratios for Monitors in Counties with at Least One Monitor with an Annual Design Value (DV) above 15 or
24-hr Design Value (DV) Above 35 in 2020 Base Case (continued)

SO, Air Quality NOx Air Quality PM, s Air Quality Annual DV
Ratio (;,Lg/m3 Ratio (ug/m3 Ratio (ug/m3 Reduction
change in SO, Change in NO; Change in Direct 24-hr DV Associated With
FIPS High per 1,000 Tons per 1,000 Tons PM, s per 1,000 Reduction the 24-hr DV
Code Monitor ID State Name County Name S0O,) NO,) Tons PM) Needed for 35 Meeting 35
42003 420030064  Pennsylvania  Allegheny 0.008 0.000 1.238 5.543 1.829
30047 300470028 Montana Lake 0.081 0.001 1.929 2.878 0.761
30063 300630031 Montana Missoula 0.106 0.015 1.929 1.990 0.526
30081 300810007 Montana Ravalli 0.063 0.005 1.929 1.815 0.480
6019 60190008 California Fresno 0.062 0.008 1.879 5.548 1.608
6029 60290010 California Kern 0.080 0.011 1.879 10.442 3.027
6031 60310004 California Kings 0.070 0.009 1.879 6.939 2.011
6099 60990005 California Stanislaus 0.057 0.008 1.136 1.578 0.457
6107 61072002 California Tulare 0.076 0.010 1.879 4.634 1.343
6037 60371301 California Los Angeles 0.052 0.003 0.597 4.236 1.228
6065 60658001 California Riverside 0.047 0.004 0.597 11.081 3.212
6071 60719004 California San Bernardino 0.040 0.003 0.597 6.041 1.751
49005 490050004  Utah Cache 0.321 0.040 1.929 7.168 1.460
49035 490353007  Utah Salt Lake 0.028 0.013 1.929 1.240 0.253
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Table 4.A-7. Air Quality Ratios for Monitors in Counties With at Least One Monitor With an Annual Design Value (DV) Above 13 in
2020 Baseline (15/35)

FIPS High State 2005 Annual 2020 2005 24-hr 2020 24- 2020 15/35 NH,SO, Component of

Code Monitor ID Name County Name DV Annual DV DV hr DV Annual DV 2005 Annual DV

6065 60658001  California  Riverside 20.95 16.30 59.1 46.5 13.08 4.5070

6071 60710025 California ~ San Bernardino 19.67 15.23 51.9 41.2 13.12 4.2309
(continued)

Table 4.A-7. Air Quality Ratios for Monitors in Counties With at Least One Monitor With an Annual Design Value (DV) Above 13 in
2020 Baseline (15/35) (continued)

NH;NO; Direct PM, 5 NH,;SO, NH;NO; Direct PM, 5 Change in Area
High Component Component Component Component Component SO, Emissions
FIPS Monitor State of 2005 of 2005 of 2020 of 2020 of 2020 Area Between 2005
Code ID Name County Name Annual DV Annual DV Annual DV Annual DV Annual DV Label and 2020
6065 60658001 California  Riverside 5.2955 11.1521 3.3590 3.9822 8.9602 sou 20834
6071 60710025 California  San Bernardino 4.0013 11.4396 3.0564 3.0890 9.0859 sou 20834

(continued)

Table 4.A-7. Air Quality Ratios for Monitors in Counties With at Least One Monitor With an Annual Design Value (DV) Above 13 in
2020 Baseline (15/35) (continued)

Change in Change in SO, Air Quality  NOx Air Quality PM, s Air Quality
Area NO, County PM, ¢ Ratio (;,Lg/m3 Ratio (ug/m3 Ratio (ug/m3 Annual DV
High Emissions Emissions Change in SO, Change in NO; Change in Direct Reduction
FIPS Monitor State Between 2005 Between 2005 per 1,000 Tons per 1,000 Tons PM, 5 per 1,000 Needed for
Code ID Name County Name and 2020 and 2020 S0O,) NO,) Tons PM) 12 (ug/m3)
6065 60658001 California  Riverside 230102 1421 0.047 0.004 0.597 0.039
6071 60710025 California  San Bernardino 230102 2026 0.043 0.003 0.597 0.077




Table 4.A-8. Air Quality Ratios for Monitors in Counties with at Least One Monitor With an Annual Design Value (DV) Above 12 in
2020 Baseline (15/35)

FIPS High State 2005 2020 2005 2020 202015/35  NH,SO, Component of
Code Monitor ID Name County Name  Annual DV Annual DV 24-hr DV 24-hr DV Annual DV 2005 Annual DV

30053 300530018 Montana Lincoln 14.93 12.60 42.7 35.3 12.53 1.1342

6065 60658001 California  Riverside 20.95 16.30 59.1 46.5 13.08 4.5070

6071 60710025 California ~ San Bernardino 19.67 15.23 51.9 41.2 13.12 4.2309

26163 261630033  Michigan  Wayne 17.50 12.35 43.9 31.3 12.35 7.2067

1073 10730023 Alabama Jefferson 18.57 12.34 441 27.9 12.34 7.5801

4023 40230004 Arizona Santa Cruz 12.94 12.06 36.1 33.8 12.06 1.6891

(continued)

Table 4.A-8. Air Quality Ratios for Monitors in Counties with at Least One Monitor With an Annual Design Value (DV) Above 12 in

2020 Baseline (15/35) (continued)

Change in

Area SO,

NH;NO; Direct PM, ¢ NH,SO, NH;NO; Direct PM, 5 Emissions

Component Component Component Component Component Between

FIPS High State of 2005 of 2005 of 2020 of 2020 of 2020 Area 2005 and
Code Monitor ID Name County Name Annual DV Annual DV Annual DV Annual DV Annual DV Label 2020
30053 300530018 Montana Lincoln 0.4047 13.3936 1.0433 0.3556 11.2031 MT 853
6065 60658001 California Riverside 5.2955 11.1521 3.3590 3.9822 8.9602 sou 20,834
6071 60710025 California San Bernardino 4.0013 11.4396 3.0564 3.0890 9.0859 sou 20,834
26163 261630033  Michigan Wayne 2.2041 8.0960 4.2754 1.8639 6.2139 Ml 142,340
1073 10730023 Alabama Jefferson 0.2657 10.7334 3.5837 0.2508 8.5105 AL 243,497
4023 40230004 Arizona Santa Cruz 0.0149 11.2381 1.5034 0.0121 10.5517 AZ 5,178

(continued)
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Table 4.A-8. Air Quality Ratios for Monitors in Counties with at Least One Monitor With an Annual Design Value (DV) Above 12 in
2020 Baseline (15/35) (continued)

Change in SO, Air NO, Air PM2.5 Air
Change in County Quality Quality Quality
Area NO, PM, Ratio (ug/m3 Ratio (ug/m3 Ratio (;,Lg/m3
Emissions Emissions Change in Change in Change in Annual DV
Between Between SO, per NO; per Direct PM, 5 Reduction
FIPS High Monitor 2005 and 2005 and 1,000 Tons 1,000 Tons per 1,000 Needed for
Code ID State Name County Name 2020 2020 S0,) NOXx) Tons PM) 12 (ug/m3)
30053 300530018 Montana Lincoln 9,949 107 0.094 0.007 1.929 0.494
6065 60658001 California Riverside 230,102 1,421 0.047 0.004 0.597 1.039
6071 60710025 California San Bernardino 230,102 2,026 0.043 0.003 0.597 0.857
26163 261630033 Michigan Wayne 142,522 2,846 0.013 0.002 1.238 0.301
1073 10730023 Alabama Jefferson 61,210 2,902 0.007 0.000 1.238 0.291
4023 40230004 Arizona Santa Cruz 25,105 48 0.038 0.000 1.929 0.011
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Table 4.A-9. Air Quality Ratios for Monitors in Counties With at Least One Monitor With an Annual Design Value (DV) Above 11 in
2020 Baseline (15/35)

Change in Area SO,

Change in Area NO,

Change in County PM, 5

FIPS High State Area Emissions Between 2005 Emissions Between 2005 Emissions Between 2005

Code Monitor ID Name County Name Label and 2020 and 2020 and 2020
1073 10730023 Alabama Jefferson AL 243,497 61,210 2,902
4023 40230004 Arizona Santa Cruz AZ 5,178 25,105 48
13021 130210007 Georgia Bibb bib 57,968 23,656 276
17031 170310052 Illinois Cook coo 100,781 153,366 5,267
13121 131210039 Georgia Fulton ful 91,890 96,664 1,360
6025 60250005 California Imperial imp 5,629 51,787 295
17119 171191007 Illinois Madison mad 40,890 26,245 700
26163 261630033 Michigan Wayne Ml 142,340 142,522 2,846
30053 300530018 Montana Lincoln MT 853 9,949 107
36061 360610056 New York New York NY 32,091 47,190 537
39035 390350038 Ohio Cuyahoga OH 115,275 61,836 984
6031 60310004 California Kings san 5,855 106,130 132
6107 61072002 California Tulare san 5,855 106,130 592
6071 60710025 California San Bernardino  sou 20,834 230,102 2,026
6059 60590007 California Orange sou 20,834 230,102 940
6065 60658001 California Riverside sou 20,834 230,102 1,421
48201 482011035  Texas Harris TX 81,104 121,308 4,910

(continued)
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Table 4.A-9. Air Quality Ratios for Monitors in Counties With at Least One Monitor With an Annual Design Value (DV) Above 11 in
2020 Baseline (15/35) (continued)

PM, s Air Quality
SO,Air Quality Ratio NO, Air Quality Ratio Ratio (;,Lg/m3 Change  Annual DV Reduction

FIPS High State (ug/m3 Change in SO, (;,Lg/m3 Change in NO; in Direct PM, s per Needed for 11

Code Monitor ID Name County Name per 1,000 Tons SO,) per 1,000 Tons NOx) 1,000 Tons PM) (ug/ms)
1073 10730023 Alabama Jefferson 0.0072 0.0003 1.238 1.291
4023 40230004 Arizona Santa Cruz 0.0376 0.0001 1.929 1.011
13021 130210007 Georgia Bibb 0.0306 0.0000 1.238 0.171
17031 170310052 lllinois Cook 0.0119 0.0000 1.238 0.091
13121 131210039 Georgia Fulton 0.0180 0.0003 1.238 0.061
6025 60250005 California Imperial 0.1164 0.0023 0.597 0.171
17119 171191007 Illinois Madison 0.0404 0.0090 1.238 0.491
26163 261630033 Michigan ~ Wayne 0.0128 0.0019 1.238 1.301
30053 300530018 Montana Lincoln 0.0939 0.0071 1.929 1.487
36061 360610056 New York  New York 0.0529 0.0022 1.238 0.121
39035 390350038 Ohio Cuyahoga 0.0164 0.0048 1.238 0.741
6031 60310004 California  Kings 0.0698 0.0085 1.879 0.180
6107 61072002 California  Tulare 0.0763 0.0097 1.879 0.645
6071 60710025 California  San Bernardino 0.0428 0.0031 0.597 2.077
6059 60590007 California  Orange 0.0435 0.0027 0.597 0.008
6065 60658001 California  Riverside 0.0470 0.0040 0.597 2.039

48201 482011035 Texas Harris 0.0164 0.0001 1.238 0.561
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Table 4.A-10. Air Quality Ratios for Monitors in Counties with at Least One Monitor with an Annual Design Value (DV) Above 11

or 24-hr Design Value (DV) Above 30 in 2020 Baseline (15/35)

Change in
Change in Area Change in Area County PM, 5
SO, Emissions NO, Emissions Emissions
FIPS High 2005 2020 Between 2005 Between 2005 Between 2005

Code Monitor ID State Name County Name Annual DV Annual DV  Area Label and 2020 and 2020 and 2020
1073 10730023 Alabama Jefferson 18.57 12.34 AL 243,497 61,210 2,902
42003 420030064 Pennsylvania Allegheny 20.31 12.91 all 259,568 69,304 804
4023 40230004 Arizona Santa Cruz 12.94 12.06 Az 5,178 25,105 48
13021 130210007 Georgia Bibb 16.54 11.22 bib 57,968 23,656 276
6007 60070002 California Butte 12.73 9.56 but 2,320 8,494 693
17031 170310052 Illinois Cook 15.75 11.14 coo 100,781 153,366 5,267
16041 160410001 Idaho Franklin 7.7 6.68 fra 228 3,350 40
13121 131210039 Georgia Fulton 17.43 11.11 ful 91,890 96,664 1,360
6025 60250005 California Imperial 12.71 11.22 imp 5,629 51,787 295
42071 420710007 Pennsylvania Lancaster 16.55 10.73 lan 119,209 42,136 8,866
16059 160590004 Idaho Lemhi N/A N/A lem 169 577 44
17119 171191007 Illinois Madison 16.72 11.54 mad 40,890 26,245 700
26163 261630033 Michigan Wayne 17.5 12.35 Ml 142,340 142,522 2,846
30047 300470028 Montana Lake 9 7.71 MT 853 9,949 128
30081 300810007 Montana Ravalli 9.01 7.89 MT 853 9,949 144
30063 300630031 Montana Missoula 10.52 9.13 MT 853 9,949 206
30053 300530018 Montana Lincoln 14.93 12.6 MT 853 9,949 107
36061 360610056 New York New York 16.18 11.17 NY 32,091 47,190 537

(continued)
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Table 4.A-10. Air Quality Ratios for Monitors in Counties with at Least One Monitor with an Annual Design Value (DV) Above 11
or 24-hr Design Value (DV) Above 30 in 2020 Baseline (15/35) (continued)

Change in
Change in Area Change in Area County PM, 5
SO, Emissions NO, Emissions Emissions
FIPS High 2005 2020 Between 2005 Between 2005 Between 2005

Code Monitor ID State Name County Name Annual DV Annual DV  Area Label and 2020 and 2020 and 2020
39035 390350038 Ohio Cuyahoga 17.37 11.79 OH 115,275 61,836 984
41035 410350004 Oregon Klamath 11.2 8.54 OR 1,489 22,686 769
41039 410392013 Oregon Lane 11.93 9.43 OR 1,489 22,686 1,666
6067 60670006 California Sacramento 11.88 8.76 sac 9,448 42,974 1,311
6099 60990005 California Stanislaus 14.21 10.85 san 5,855 106,130 571
6019 60190008 California Fresno 16.99 12.71 san 5,855 106,130 1,151
6031 60310004 California Kings 17.28 13.24 san 5,855 106,130 132
6107 61072002 California Tulare 18.51 14.1 san 5,855 106,130 592
16079 160790017 Idaho Shoshone 12.08 10.66 sho 555 5,546 43
6059 60590007 California Orange 15.75 11.93 sou 20,834 230,102 940
6065 60658001 California Riverside 20.95 16.3 sou 20,834 230,102 1,421
6071 60710025 California San Bernardino 19.67 15.23 sou 20,834 230,102 2,026
48201 482011035  Texas Harris 15.42 11.61 TX 81,104 121,308 4,910
49005 490050004 Utah Cache 11.56 9.78 Utah 1 639 8,192 124
49035 490350012 Utah Salt Lake N/A N/A Utah 2 8,442 33,,871 799
49011 490110004 Utah Davis 10.31 8.58 Utah 2 8,442 33,871 243
49049 490494001 Utah Utah 10.52 8.8 Utah 2 8,442 33,871 383
53053 530530029 Washington Pierce 10.55 8.11 WA 11,269 91,530 1,058

(continued)
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Table 4.A-10. Air Quality Ratios for Monitors in Counties with at Least One Monitor with an Annual Design Value (DV) Above 11
or 24-hr Design Value (DV) Above 30 in 2020 Baseline (15/35) (continued)

NO, Air PM, s Air
SO, Air Quality Ratio  Quality Ratio Annual DV
Quality Ratio (ug/m3 (ug/m’® Reduction
(;,Lg/m3 Change in Change in Annual DV 24-hr DV Corresponding
Change in SO, NO; per Direct PM, 5 Reduction Reduction to the 24-hr DV

FIPS High per 1,000 1,000 Tons per 1,000 Needed for  Needed for Meeting 30
Code Monitor ID State Name County Name Tons SO,) NO,) Tons of PM,5) 11 (ug/m’) 30 (ug/m’) (ug/m?)
1073 10730023 Alabama Jefferson 0.007 0.000 1.238 1.291 0.000 0.000
42003 420030064  Pennsylvania  Allegheny 0.008 0.000 1.238 0.032 5.000 1.650
4023 40230004 Arizona Santa Cruz 0.038 0.000 1.929 1.011 3.332 1.262
13021 130210007  Georgia Bibb 0.031 0.000 1.238 0.171 0.000 0.000
6007 60070002 California Butte 0.079 0.018 1.879 0.000 1.674 0.369
17031 170310052 lllinois Cook 0.012 0.000 1.238 0.091 0.000 0.000
16041 160410001 Idaho Franklin 0.609 0.087 1.929 0.000 0.010 0.002
13121 131210039  Georgia Fulton 0.018 0.000 1.238 0.061 0.000 0.000
6025 60250005 California Imperial 0.116 0.002 0.597 0.171 1.331 0.386
42071 420710007 Pennsylvania Lancaster 0.015 0.007 1.238 0.000 0.029 0.010
16059 160590004  Idaho Lemhi 0.371 0.131 1.929 0.000 0.837 0.192
17119 171191007  lllinois Madison 0.040 0.009 1.238 0.491 0.000 0.000
26163 261630033  Michigan Wayne 0.013 0.002 1.238 1.301 0.888 0.299
30047 300470028 Montana Lake 0.081 0.001 1.929 0.000 5.000 1.323
30081 300810007 Montana Ravalli 0.063 0.005 1.929 0.000 5.000 1.323
30063 300630031 Montana Missoula 0.106 0.015 1.929 0.000 3.993 1.056
30053 300530018 Montana Lincoln 0.094 0.007 1.929 1.487 4.637 1.227
36061 360610056  New York New York 0.053 0.002 1.238 0.121 0.000 0.000

(continued)
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Table 4.A-10. Air Quality Ratios for Monitors in Counties with at Least One Monitor with an Annual Design Value (DV) Above 11
or 24-hr Design Value (DV) Above 30 in 2020 Baseline (15/35) (continued)

PM, s Air
SO, Air NO, Air Quality Ratio Annual DV
Quality Ratio Quality Ratio (ug/m3 Reduction
(ng/m® (ng/m® Change in Annual DV 24-hr DV Corresponding
Change in SO, Change in Direct PM, 5 Reduction Reduction to the 24-hr DV
FIPS High per 1,000 NO; per 1,000 per 1,000 Needed for  Needed for Meeting 30
Code Monitor ID State Name County Name Tons SO,) Tons NO,) Tons of PM,5) 11 (ug/m’) 30 (ug/m°) (ug/m?)

39035 390350038  Ohio Cuyahoga 0.016 0.005 1.238 0.741 0.000 0.000
41035 410350004  Oregon Klamath 0.059 0.002 1.929 0.000 0.363 0.082
41039 410392013  Oregon Lane 0.068 0.003 1.929 0.000 3.520 0.793
6067 60670006 California Sacramento 0.033 0.007 1.879 0.000 2.438 0.707
6099 60990005 California Stanislaus 0.057 0.008 1.879 0.000 1.300 0.377
6019 60190008 California Fresno 0.062 0.008 1.879 0.000 0.402 0.117
6031 60310004 California Kings 0.070 0.009 1.879 0.180 5.000 1.449
6107 61072002 California Tulare 0.076 0.010 1.879 0.645 1.333 0.386
16079 160790017 Idaho Shoshone 0.129 0.014 1.929 0.000 1.475 0.337
6059 60590007 California Orange 0.043 0.003 0.597 0.008 0.525 0.152
6065 60658001 California Riverside 0.047 0.004 0.597 2.039 5.000 1.449
6071 60710025 California San Bernardino 0.043 0.003 0.597 2.077 3.537 1.025
48201 482011035  Texas Harris 0.016 0.000 1.238 0.561 0.000 0.000
49005 490050004  Utah Cache 0.321 0.040 1.929 0.000 5.000 1.018
49035 490350012  Utah Salt Lake 0.026 0.012 1.929 0.000 4.821 0.982
49011 490110004  Utah Davis 0.028 0.014 1.929 0.000 0.864 0.176
49049 490494001  Utah Utah 0.024 0.015 1.929 0.000 3.461 0.705
53053 530530029  Washington Pierce 0.029 0.000 1.929 0.000 0.515 0.146
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Alabama Baldwin 11.44 7.45 7.45 7.45 7.45 7.45 7.45
Alabama Clay 13.27 8.42 8.42 8.42 8.42 8.42 8.42
Alabama Colbert 12.75 8.21 8.21 8.21 8.21 8.21 8.21
Alabama DeKalb 14.13 8.74 8.74 8.74 8.74 8.74 8.74
Alabama Escambia 13.19 9.29 9.29 9.29 9.29 9.29 9.29
Alabama Etowah 14.87 9.38 9.38 9.38 9.38 9.38 9.38
Alabama Houston 13.22 9.32 9.32 9.32 9.32 9.32 9.32
Alabama Jefferson 18.57 12.34 12.34 12.34 12.03 11.00 11.00
Alabama Jefferson 15.46 10.33 10.33 10.33 10.02 8.99 8.99
Alabama Jefferson 13.52 8.77 8.77 8.77 8.46 7.43 7.43
Alabama Jefferson 15.89 10.03 10.03 10.03 9.729 8.69 8.69
Alabama Jefferson 17.15 11.72 11.72 11.72 11.41 10.38 10.38
Alabama Jefferson 15.1 9.98 9.98 9.98 9.67 8.64 8.64
Alabama Jefferson 14.42 9.02 9.02 9.02 8.71 7.68 7.68
Alabama Jefferson 14.53 9.3 9.3 9.3 8.99 7.96 7.96
Alabama Madison 13.83 8.54 8.54 8.54 8.54 8.54 8.54
Alabama Mobile 12.9 8.8 8.8 8.8 8.8 8.8 8.8
Alabama Mobile 12.36 8.33 8.33 8.33 8.33 8.33 8.33
Alabama Mobile 11.51 7.51 7.51 7.51 7.51 7.51 7.51
Alabama Montgomery 14.24 9.77 9.77 9.77 9.77 9.77 9.77

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

Alabama Morgan 13.32 8.42 8.42 8.42 8.42 8.42 8.42
Alabama Russell 15.73 10.63 10.63 10.63 10.63 10.63 10.63
Alabama Shelby 14.43 9.3 9.3 9.3 9.3 9.3 9.3

Alabama Sumter 11.92 7.75 7.75 7.75 7.75 7.75 7.75
Alabama Talladega 14.51 9.08 9.08 9.08 9.08 9.08 9.08
Alabama Tuscaloosa 13.56 8.78 8.78 8.78 8.78 8.78 8.78
Alabama Walker 13.86 8.89 8.89 8.89 8.89 8.89 8.89
Arizona Cochise 7 6.56 6.56 6.56 6.56 6.54 6.54
Arizona Coconino 6.49 6.02 6.02 6.02 6.02 6.02 6.02
Arizona Gila 8.94 8.11 8.11 8.11 8.11 8.11 8.11
Arizona Maricopa 12.17 9.64 9.64 9.64 9.64 9.64 9.64
Arizona Maricopa 12.59 10.24 10.24 10.24 10.24 10.24 10.24
Arizona Maricopa 9.97 8.02 8.02 8.02 8.02 8.02 8.02
Arizona Pima 6.04 5.12 5.12 5.12 5.12 5.09 5.10
Arizona Pima 5.85 4.95 4.95 4.95 4.95 4.92 4.93
Arizona Pinal 7.77 6.92 6.92 6.92 6.92 6.92 6.92
Arizona Pinal 5.71 5.04 5.04 5.04 5.04 5.04 5.04
Arizona Santa Cruz 12.94 12.06 12.06 12.06 12.02 11.04 10.79
Arkansas Arkansas 12.45 8.76 8.76 8.76 8.76 8.76 8.76
Arkansas Ashley 12.83 9.44 9.44 9.44 9.44 9.44 9.44

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

Arkansas Crittenden 13.36 8.63 8.63 8.63 8.63 8.63 8.63
Arkansas Faulkner 12.79 9.16 9.16 9.16 9.16 9.16 9.16
Arkansas Garland 12.4 8.79 8.79 8.79 8.79 8.79 8.79
Arkansas Mississippi 12.61 8.32 8.32 8.32 8.32 8.32 8.32
Arkansas Phillips 12.1 8.15 8.15 8.15 8.15 8.15 8.15
Arkansas Polk 11.65 8.35 8.35 8.35 8.35 8.35 8.35
Arkansas Pope 12.79 9.4 9.4 9.4 9.4 9.4 9.4

Arkansas Pulaski 13.17 9.11 9.11 9.11 9.11 9.11 9.11
Arkansas Pulaski 14.05 9.91 9.91 9.91 9.91 9.91 9.91
Arkansas Pulaski 13.59 9.52 9.52 9.52 9.52 9.52 9.52
Arkansas Union 12.86 9.3 9.3 9.3 9.3 9.3 9.3

Arkansas White 12.57 9.13 9.13 9.13 9.13 9.13 9.13
California Alameda 9.44 7.42 7.42 7.42 7.42 7.42 7.42
California Alameda 9.34 7.18 7.18 7.18 7.18 7.18 7.18
California Butte 12.73 9.56 9.56 9.56 9.56 9.56 9.18
California Calaveras 7.77 6.05 6.05 6.05 6.05 6.05 6.05
California Colusa 7.39 6.25 6.25 6.25 6.25 6.25 6.25
California Contra Costa 9.47 7.3 7.3 7.3 7.3 7.3 7.3

California Fresno 16.99 12.71 9.76 9.76 9.76 9.76 8.00
California Fresno 16.38 12.33 9.42 9.42 9.42 9.42 7.67

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
California Fresno 17.17 12.87 9.96 9.96 9.96 9.96 8.21
California Imperial 12.71 11.22 11.22 11.22 11.22 10.80 10.80
California Imperial 8.39 7.35 7.35 7.35 7.35 6.93 6.93
California Imperial 9.2 8.12 8.12 8.12 8.12 7.70 7.70
California Inyo 5.25 4.8 4.12 4.12 4.12 4.12 3.87
California Kern 18.94 14.34 7.98 7.98 7.98 7.98 7.29
California Kern 18.68 14.18 7.84 7.84 7.84 7.84 7.16
California Kern 19.17 14.72 8.36 8.36 8.36 8.36 7.68
California Kings 17.28 13.24 11.22 11.22 11.22 11.04 9.33
California Lake 4.62 3.79 3.79 3.79 3.79 3.79 3.79
California Los Angeles 17.03 12.88 9.87 9.87 9.82 9.60 9.60
California Los Angeles 18.19 13.44 10.34 10.34 10.29 10.04 10.04
California Los Angeles 18 13.19 10.03 10.03 9.984 9.72 9.72
California Los Angeles 15.35 11.41 8.57 8.57 8.53 8.34 8.34
California Los Angeles 17.66 13.14 10.07 10.07 10.02 9.79 9.79
California Los Angeles 17.92 13.16 10.07 10.07 10.02 9.78 9.78
California Los Angeles 15.36 11.31 8.28 8.28 8.23 8.00 8.00
California Los Angeles 16.62 12.3 9.35 9.35 9.30 9.09 9.09
California Los Angeles 15.21 11.24 8.34 8.34 8.29 8.09 8.09
California Los Angeles 8.42 7.06 4.58 4.58 4.55 4.45 4.45

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
California Mendocino 6.46 5.14 5.14 5.14 5.14 5.14 5.14
California Merced 14.78 11.24 10.39 10.39 10.39 10.39 10.10
California Monterey 6.96 5.39 4.75 4.75 4.75 4.75 4.52
California Nevada 5.16 3.83 3.83 3.83 3.83 3.83 3.83
California Nevada 6.71 5.31 5.31 5.31 5.31 5.31 5.31
California Orange 15.75 11.93 11.05 11.05 11.01 10.75 10.27
California Orange 11.33 9.43 8.77 8.77 8.74 8.53 8.05
California Placer 9.8 7.24 7.24 7.24 7.24 7.24 7.24
California Plumas 9.75 7.8 7.8 7.8 7.8 7.8 7.8
California Plumas 11.46 8.91 8.91 8.91 8.91 8.91 8.91
California Riverside 18.91 14.84 11.65 11.61 10.61 9.62 9.62
California Riverside 10.31 8.66 5.90 5.86 4.88 3.97 3.97
California Riverside 20.95 16.3 13.08 13.04 12.04 11.04 11.04
California Sacramento 11.88 8.76 8.76 8.76 8.76 8.76 7.07
California Sacramento 11.44 8.75 8.75 8.75 8.75 8.75 7.06
California Sacramento 10.53 8.01 8.01 8.01 8.01 8.01 6.32
California San Bernardino 19.67 15.23 13.12 13.04 12.04 11.04 11.04
California San Bernardino 10.29 8.2 6.39 6.32 5.33 4.39 4.39
California San Bernardino 19.14 14.86 12.67 12.60 11.59 10.58 10.58
California San Bernardino 10.77 9.16 7.50 7.42 6.44 5.54 5.54

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

California San Bernardino 19.01 14.96 12.90 12.82 11.83 10.84 10.84
California San Diego 11.92 8.68 8.68 8.68 8.68 8.68 8.68
California San Diego 12.27 9.09 9.09 9.09 9.09 9.09 9.09
California San Diego 10.59 7.64 7.64 7.64 7.64 7.64 7.64
California San Diego 12.79 9.56 9.56 9.56 9.56 9.56 9.56
California San Diego 13.46 9.83 9.83 9.83 9.83 9.83 9.83
California San Francisco 9.62 7.05 7.05 7.05 7.05 7.05 7.05
California San Joaquin 12.94 9.96 9.07 9.07 9.07 9.07 8.78
California San Luis Obispo 6.92 5.43 4.76 4.76 4.76 4.76 4.52
California San Luis Obispo 7.94 6.24 5.47 5.47 5.47 5.47 5.21
California San Mateo 9.03 6.76 6.76 6.76 6.76 6.76 6.76
California Santa Barbara 10.37 8.04 8.04 8.04 8.04 8.04 8.04
California Santa Clara 11.38 8.66 7.75 7.75 7.75 7.75 7.42
California Santa Clara 10.32 8.03 7.13 7.13 7.13 7.13 6.81
California Shasta 7.41 5.48 5.48 5.48 5.48 5.48 5.48
California Solano 9.99 7.7 7.7 7.7 7.7 7.7 7.7

California Sonoma 8.21 6.15 6.15 6.15 6.15 6.15 6.15
California Stanislaus 14.21 10.85 9.32 9.32 9.32 9.32 8.43
California Sutter 9.85 7.53 7.53 7.53 7.53 7.53 7.53
California Tulare 18.51 141 11.69 11.69 11.69 11.04 10.54

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
California Ventura 10.68 7.84 7.19 7.19 7.16 7.01 7.01
California Ventura 9.74 7.69 7.04 7.04 7.01 6.86 6.86
California Ventura 11.68 8.79 8.09 8.09 8.06 7.89 7.89
California Ventura 10.69 7.64 7.14 7.14 7.12 7.00 7.00
California Yolo 9.03 7.15 7.15 7.15 7.15 7.15 7.15
Colorado Adams 10.06 7.58 7.58 7.58 7.58 7.58 7.58
Colorado Arapahoe 7.96 6.02 6.02 6.02 6.02 6.02 6.02
Colorado Boulder 8.32 6.68 6.68 6.68 6.68 6.68 6.68
Colorado Boulder 6.96 5.6 5.6 5.6 5.6 5.6 5.6
Colorado Delta 7.44 5.74 5.74 5.74 5.74 5.74 5.74
Colorado Denver 9.37 7.07 7.07 7.07 7.07 7.07 7.07
Colorado Denver 9.76 7.37 7.37 7.37 7.37 7.37 7.37
Colorado Elbert 4.4 3.48 3.48 3.48 3.48 3.48 3.48
Colorado El Paso 6.73 4.85 4.85 4.85 4.85 4.85 4.85
Colorado El Paso 7.94 5.67 5.67 5.67 5.67 5.67 5.67
Colorado Larimer 7.33 5.95 5.95 5.95 5.95 5.95 5.95
Colorado Mesa 9.28 7.34 7.34 7.34 7.34 7.34 7.34
Colorado Pueblo 7.45 5.73 5.73 5.73 5.73 5.73 5.73
Colorado San Miguel 4.65 4.09 4.09 4.09 4.09 4.09 4.09
Colorado Weld 8.19 6.61 6.61 6.61 6.61 6.61 6.61

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

Colorado Weld 8.78 7.06 7.06 7.06 7.06 7.06 7.06
Connecticut Fairfield 13.21 8.79 8.79 8.79 8.79 8.79 8.79
Connecticut Fairfield 12.49 8.27 8.27 8.27 8.27 8.27 8.27
Connecticut Fairfield 12.43 8.15 8.15 8.15 8.15 8.15 8.15
Connecticut Fairfield 11.48 7.51 7.51 7.51 7.51 7.51 7.51
Connecticut Hartford 11.03 7.29 7.29 7.29 7.29 7.29 7.29
Connecticut Litchfield 8.01 5.03 5.03 5.03 5.03 5.03 5.03
Connecticut New Haven 12.12 7.93 7.93 7.93 7.93 7.93 7.93
Connecticut New Haven 12.45 8.1 8.1 8.1 8.1 8.1 8.1

Connecticut New Haven 13.12 8.62 8.62 8.62 8.62 8.62 8.62
Connecticut New Haven 11.17 7.24 7.24 7.24 7.24 7.24 7.24
Connecticut New Haven 12.74 8.33 8.33 8.33 8.33 8.33 8.33
Connecticut New London 10.96 7.25 7.25 7.25 7.25 7.25 7.25
Delaware Kent 12.61 7.66 7.66 7.66 7.66 7.66 7.66
Delaware Kent 12.52 7.71 7.71 7.71 7.71 7.71 7.71
Delaware New Castle 13.73 8.57 8.57 8.57 8.57 8.57 8.57
Delaware New Castle 12.92 7.93 7.93 7.93 7.93 7.93 7.93
Delaware New Castle 13.69 8.55 8.55 8.55 8.55 8.55 8.55
Delaware New Castle 14.87 9.42 9.42 9.42 9.42 9.42 9.42
Delaware Sussex 13.39 8.13 8.13 8.13 8.13 8.13 8.13

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

District of Columbia District of Columbia 14.16 8.86 8.86 8.86 8.86 8.86 8.86
District of Columbia District of Columbia 14.41 8.71 8.71 8.71 8.71 8.71 8.71
District of Columbia District of Columbia 13.99 8.48 8.48 8.48 8.48 8.48 8.48
Florida Alachua 9.32 6.19 6.19 6.19 6.19 6.19 6.19
Florida Alachua 9.59 6.44 6.44 6.44 6.44 6.44 6.44
Florida Bay 11.46 7.96 7.96 7.96 7.96 7.96 7.96
Florida Brevard 8.32 5.56 5.56 5.56 5.56 5.56 5.56
Florida Broward 8.22 5.93 5.93 5.93 5.93 5.93 5.93
Florida Broward 8.18 5.78 5.78 5.78 5.78 5.78 5.78
Florida Broward 8.21 5.78 5.78 5.78 5.78 5.78 5.78
Florida Citrus 9 5.69 5.69 5.69 5.69 5.69 5.69
Florida Duval 9.9 6.88 6.88 6.88 6.88 6.88 6.88
Florida Duval 10.44 7.49 7.49 7.49 7.49 7.49 7.49
Florida Escambia 11.72 8.38 8.38 8.38 8.38 8.38 8.38
Florida Hillsborough 10.74 7.37 7.37 7.37 7.37 7.37 7.37
Florida Hillsborough 10.52 7.23 7.23 7.23 7.23 7.23 7.23
Florida Lee 8.36 5.88 5.88 5.88 5.88 5.88 5.88
Florida Leon 12.56 9 9 9 9 9 9

Florida Manatee 8.81 5.64 5.64 5.64 5.64 5.64 5.64
Florida Marion 10.11 6.93 6.93 6.93 6.93 6.93 6.93

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Florida Miami-Dade 9.45 6.72 6.72 6.72 6.72 6.72 6.72
Florida Miami-Dade 8.14 6.42 6.42 6.42 6.42 6.42 6.42
Florida Orange 9.61 6.43 6.43 6.43 6.43 6.43 6.43
Florida Orange 9.5 6.28 6.28 6.28 6.28 6.28 6.28
Florida Palm Beach 7.84 5.83 5.83 5.83 5.83 5.83 5.83
Florida Palm Beach 7.7 5.69 5.69 5.69 5.69 5.69 5.69
Florida Pinellas 9.82 6.64 6.64 6.64 6.64 6.64 6.64
Florida Pinellas 9.52 6.41 6.41 6.41 6.41 6.41 6.41
Florida Polk 9.53 6.55 6.55 6.55 6.55 6.55 6.55
Florida St. Lucie 8.34 5.77 5.77 5.77 5.77 5.77 5.77
Florida Sarasota 8.77 5.77 5.77 5.77 5.77 5.77 5.77
Florida Seminole 9.51 6.33 6.33 6.33 6.33 6.33 6.33
Florida Volusia 9.27 6.08 6.08 6.08 6.08 6.08 6.08
Georgia Bibb 16.54 11.22 11.22 11.22 11.22 11.04 11.04
Georgia Bibb 13.94 9.1 9.1 9.1 9.1 8.92 8.92
Georgia Chatham 13.74 9.33 9.33 9.33 9.33 9.33 9.33
Georgia Chatham 13.93 9.56 9.56 9.56 9.56 9.56 9.56
Georgia Clarke 14.9 9.69 9.69 9.69 9.69 9.69 9.69
Georgia Clayton 16.5 10.65 10.65 10.65 10.65 10.65 10.65
Georgia Cobb 16.15 10.6 10.6 10.6 10.6 10.6 10.6

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

Georgia Cobb 15.42 9.88 9.88 9.88 9.88 9.88 9.88
Georgia DeKalb 15.48 9.54 9.54 9.54 9.54 9.54 9.54
Georgia DeKalb 15.37 9.55 9.55 9.55 9.55 9.55 9.55
Georgia Dougherty 14.46 10.24 10.24 10.24 10.24 10.24 10.24
Georgia Floyd 16.13 10.63 10.63 10.63 10.63 10.63 10.63
Georgia Fulton 15.84 9.82 9.82 9.82 9.82 9.82 9.82
Georgia Fulton 17.43 11.11 11.11 11.11 11.11 10.98 10.98
Georgia Glynn 12.25 8.74 8.74 8.74 8.74 8.74 8.74
Georgia Gwinnett 16.07 10.45 10.45 10.45 10.45 10.45 10.45
Georgia Hall 14.16 9.16 9.16 9.16 9.16 9.16 9.16
Georgia Houston 14.19 9.34 9.34 9.34 9.34 9.32 9.32
Georgia Lowndes 12.58 9.26 9.26 9.26 9.26 9.26 9.26
Georgia Muscogee 14.94 9.94 9.94 9.94 9.94 9.94 9.94
Georgia Muscogee 15.39 10.4 10.4 10.4 10.4 10.4 10.4

Georgia Muscogee 14.16 9.58 9.58 9.58 9.58 9.58 9.58
Georgia Paulding 14.12 8.76 8.76 8.76 8.76 8.76 8.76
Georgia Richmond 15.61 10.75 10.75 10.75 10.75 10.75 10.75
Georgia Richmond 15.68 10.84 10.84 10.84 10.84 10.84 10.84
Georgia Walker 15.49 9.86 9.86 9.86 9.86 9.86 9.86
Georgia Washington 15.14 10.42 10.42 10.42 10.42 10.42 10.42

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Georgia Wilkinson 15.27 10.3 10.3 10.3 10.3 10.3 10.3
Idaho Ada 8.41 7.6 7.6 7.6 7.6 7.6 7.6
Idaho Bannock 7.66 6.97 6.97 6.97 6.97 6.97 6.97
Idaho Benewah 9.59 8.59 8.59 8.59 8.59 8.59 8.57
Idaho Canyon 8.46 7.46 7.46 7.46 7.46 7.46 7.46
Idaho Franklin 7.7 6.68 6.68 6.68 6.68 6.68 6.68
Idaho Idaho 9.58 8.8 8.8 8.8 8.8 8.8 8.75
Idaho Shoshone 12.08 10.66 10.66 10.66 10.66 10.66 10.32
Illinois Adams 12.5 8.91 8.91 8.91 8.91 8.91 8.91
Illinois Champaign 12.5 8.39 8.39 8.39 8.39 8.39 8.39
lllinois Champaign 12.53 8.4 8.4 8.4 8.4 8.4 8.4
Illinois Cook 15.21 11.11 11.11 11.11 11.11 10.97 10.97
Illinois Cook 14.81 10.69 10.69 10.69 10.69 10.55 10.55
Illinois Cook 15.75 11.14 11.14 11.14 11.14 11.00 11.00
Illinois Cook 15.03 10.54 10.54 10.54 10.54 10.40 10.40
Illinois Cook 14.89 10.5 10.5 10.5 10.5 10.36 10.36
Illinois Cook 14.77 10.77 10.77 10.77 10.77 10.63 10.63
Illinois Cook 15.24 10.78 10.78 10.78 10.78 10.64 10.64
Illinois Cook 12.78 8.9 8.9 8.9 8.9 8.76 8.76
Illinois Cook 12.76 8.87 8.87 8.87 8.87 8.73 8.73

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Illinois Cook 15.48 10.86 10.86 10.86 10.86 10.72 10.72
Illinois DuPage 13.82 9.84 9.84 9.84 9.84 9.84 9.84
lllinois Jersey 12.89 8.78 8.78 8.78 8.78 8.51 8.51
Illinois Kane 13.32 9.51 9.51 9.51 9.51 9.51 9.51
Illinois Kane 14.34 10.25 10.25 10.25 10.25 10.25 10.25
Illinois Lake 11.81 8.34 8.34 8.34 8.34 8.34 8.34
Illinois McHenry 124 8.86 8.86 8.86 8.86 8.86 8.86
Illinois McLean 12.39 8.58 8.58 8.58 8.58 8.58 8.58
Illinois Macon 13.24 9.21 9.21 9.21 9.21 9.21 9.21
Illinois Madison 16.72 11.54 11.54 11.54 11.54 10.82 10.82
Illinois Madison 14.01 9.7 9.7 9.7 9.7 8.98 8.98
Illinois Madison 14.32 9.97 9.97 9.97 9.97 9.25 9.25
Illinois Peoria 13.34 9.41 9.41 9.41 9.41 9.41 9.41
lllinois Randolph 13.11 8.7 8.7 8.7 8.7 8.7 8.7
Illinois Rock Island 12.01 8.61 8.61 8.61 8.61 8.61 8.61
Illinois Saint Clair 15.58 10.63 10.63 10.63 10.63 10.34 10.34
Illinois Saint Clair 14.29 9.66 9.66 9.66 9.66 9.40 9.40
Illinois Sangamon 13.13 9.39 9.39 9.39 9.39 9.39 9.39
Illinois will 13.63 9.69 9.69 9.69 9.69 9.69 9.69
Illinois will 11.52 7.96 7.96 7.96 7.96 7.96 7.96
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
lllinois Winnebago 13.57 9.78 9.78 9.78 9.78 9.78 9.78
Indiana Allen 13.67 9.92 9.92 9.92 9.92 9.92 9.92
Indiana Allen 13.55 9.84 9.84 9.84 9.84 9.84 9.84
Indiana Clark 16.44 10.19 10.19 10.19 10.19 10.19 10.19
Indiana Delaware 13.69 9.11 9.11 9.11 9.11 9.11 9.11
Indiana Dubois 15.19 9.34 9.34 9.34 9.34 9.34 9.34
Indiana Floyd 14.85 9 9 9 9 9 9
Indiana Henry 13.64 9.05 9.05 9.05 9.05 9.05 9.05
Indiana Howard 13.93 9.61 9.61 9.61 9.61 9.61 9.61
Indiana Knox 14.03 8.78 8.78 8.78 8.78 8.78 8.78
Indiana Lake 14.33 10.45 10.45 10.45 10.45 10.45 10.45
Indiana Lake 13.83 10.06 10.06 10.06 10.06 10.06 10.06
Indiana Lake 14.02 10.37 10.37 10.37 10.37 10.37 10.37
Indiana Lake 14.05 10.27 10.27 10.27 10.27 10.27 10.27
Indiana Lake 13.89 10.11 10.11 10.11 10.11 10.11 10.11
Indiana LaPorte 12.49 8.9 8.9 8.9 8.9 8.9 8.9
Indiana LaPorte 12.69 9.03 9.03 9.03 9.03 9.03 9.03
Indiana Madison 13.97 9.34 9.34 9.34 9.34 9.34 9.34
Indiana Marion 14.24 9.28 9.28 9.28 9.28 9.28 9.28
Indiana Marion 15.26 10.16 10.16 10.16 10.16 10.16 10.16

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

Indiana Marion 14.71 9.7 9.7 9.7 9.7 9.7 9.7

Indiana Marion 16.05 10.81 10.81 10.81 10.81 10.81 10.81
Indiana Marion 15.9 10.66 10.66 10.66 10.66 10.66 10.66
Indiana Porter 12.66 8.99 8.99 8.99 8.99 8.99 8.99
Indiana Porter 13.21 9.42 9.42 9.42 9.42 9.42 9.42
Indiana St. Joseph 13.29 10.04 10.04 10.04 10.04 10.04 10.04
Indiana St. Joseph 13.69 10.36 10.36 10.36 10.36 10.36 10.36
Indiana St. Joseph 12.82 9.65 9.65 9.65 9.65 9.65 9.65
Indiana Spencer 14.32 8.55 8.55 8.55 8.55 8.55 8.55
Indiana Tippecanoe 13.7 9.4 9.4 9.4 9.4 9.4 9.4

Indiana Vanderburgh 14.69 9.82 9.82 9.82 9.82 9.82 9.82
Indiana Vanderburgh 14.82 9.9 9.9 9.9 9.9 9.9 9.9

Indiana Vanderburgh 14.99 10.06 10.06 10.06 10.06 10.06 10.06
Indiana Vigo 13.99 8.95 8.95 8.95 8.95 8.95 8.95
Indiana Vigo 13.46 8.51 8.51 8.51 8.51 8.51 8.51
lowa Black Hawk 11.16 8.15 8.15 8.15 8.15 8.15 8.15
lowa Clinton 12.52 9.01 9.01 9.01 9.01 9.01 9.01
lowa Johnson 12.08 8.96 8.96 8.96 8.96 8.96 8.96
lowa Linn 10.79 7.88 7.88 7.88 7.88 7.88 7.88
lowa Montgomery 10.02 7.35 7.35 7.35 7.35 7.35 7.35
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

lowa Muscatine 12.92 9.47 9.47 9.47 9.47 9.47 9.47
lowa Palo Alto 9.53 7.21 7.21 7.21 7.21 7.21 7.21
lowa Polk 10.41 7.68 7.68 7.68 7.68 7.68 7.68
lowa Polk 9.95 7.34 7.34 7.34 7.34 7.34 7.34
lowa Polk 10.64 7.85 7.85 7.85 7.85 7.85 7.85
lowa Pottawattamie 11.13 8.42 8.42 8.42 8.42 8.42 8.42
lowa Scott 11.86 8.52 8.52 8.52 8.52 8.52 8.52
lowa Scott 11.64 8.35 8.35 8.35 8.35 8.35 8.35
lowa Scott 14.42 10.62 10.62 10.62 10.62 10.62 10.62
lowa Van Buren 10.84 7.98 7.98 7.98 7.98 7.98 7.98
lowa Woodbury 10.32 7.93 7.93 7.93 7.93 7.93 7.93
lowa Wright 10.37 7.68 7.68 7.68 7.68 7.68 7.68
Kansas Johnson 10.59 7.68 7.68 7.68 7.68 7.68 7.68
Kansas Johnson 11.1 8.04 8.04 8.04 8.04 8.04 8.04
Kansas Johnson 9.68 7 7 7 7 7 7

Kansas Linn 10.47 7.74 7.74 7.74 7.74 7.74 7.74
Kansas Sedgwick 10.26 7.55 7.55 7.55 7.55 7.55 7.55
Kansas Sedgwick 10.29 7.57 7.57 7.57 7.57 7.57 7.57
Kansas Sedgwick 10.36 7.64 7.64 7.64 7.64 7.64 7.64
Kansas Shawnee 10.79 8.07 8.07 8.07 8.07 8.07 8.07
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Kansas Shawnee 10.93 8.26 8.26 8.26 8.26 8.26 8.26
Kansas Sumner 9.89 7.4 7.4 7.4 7.4 7.4 7.4
Kansas Wyandotte 12.73 9.34 9.34 9.34 9.34 9.34 9.34
Kansas Wyandotte 10.93 7.92 7.92 7.92 7.92 7.92 7.92
Kentucky Bell 14.1 8.59 8.59 8.59 8.59 8.59 8.59
Kentucky Boyd 14.49 8.77 8.77 8.77 8.77 8.77 8.77
Kentucky Bullitt 14.92 9.15 9.15 9.15 9.15 9.15 9.15
Kentucky Campbell 13.67 8.13 8.13 8.13 8.13 8.13 8.13
Kentucky Carter 12.22 7.08 7.08 7.08 7.08 7.08 7.08
Kentucky Christian 13.2 8.02 8.02 8.02 8.02 8.02 8.02
Kentucky Daviess 14.1 8.25 8.25 8.25 8.25 8.25 8.25
Kentucky Fayette 14.36 8.64 8.64 8.64 8.64 8.64 8.64
Kentucky Fayette 14.87 9.05 9.05 9.05 9.05 9.05 9.05
Kentucky Franklin 13.37 7.93 7.93 7.93 7.93 7.93 7.93
Kentucky Hardin 13.58 8.04 8.04 8.04 8.04 8.04 8.04
Kentucky Henderson 13.93 8.89 8.89 8.89 8.89 8.89 8.89
Kentucky Jefferson 15.55 9.43 9.43 9.43 9.43 9.43 9.43
Kentucky Jefferson 15.35 9.29 9.29 9.29 9.29 9.29 9.29
Kentucky Jefferson 15.31 9.26 9.26 9.26 9.26 9.26 9.26
Kentucky Jefferson 14.74 8.84 8.84 8.84 8.84 8.84 8.84
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

Kentucky Kenton 14.39 8.73 8.73 8.73 8.73 8.73 8.73
Kentucky Laurel 12.55 7.4 7.4 7.4 7.4 7.4 7.4

Kentucky McCracken 13.41 8.39 8.39 8.39 8.39 8.39 8.39
Kentucky Madison 13.61 8.01 8.01 8.01 8.01 8.01 8.01
Kentucky Perry 13.21 7.98 7.98 7.98 7.98 7.98 7.98
Kentucky Pike 13.49 7.94 7.94 7.94 7.94 7.94 7.94
Kentucky Warren 13.83 8.29 8.29 8.29 8.29 8.29 8.29
Louisiana Caddo 12.53 8.76 8.76 8.76 8.76 8.76 8.76
Louisiana Calcasieu 10.58 7.66 7.66 7.66 7.66 7.66 7.66
Louisiana Calcasieu 11.07 8.05 8.05 8.05 8.05 8.05 8.05
Louisiana Concordia 11.42 7.81 7.81 7.81 7.81 7.81 7.81
Louisiana East Baton Rouge 13.38 9.86 9.86 9.86 9.86 9.86 9.86
Louisiana East Baton Rouge 12.08 8.74 8.74 8.74 8.74 8.74 8.74
Louisiana Iberville 12.9 9.44 9.44 9.44 9.44 9.44 9.44
Louisiana Iberville 11.02 7.68 7.68 7.68 7.68 7.68 7.68
Louisiana Jefferson 11.52 7.53 7.53 7.53 7.53 7.53 7.53
Louisiana Lafayette 11.08 7.62 7.62 7.62 7.62 7.62 7.62
Louisiana Ouachita 11.97 8.63 8.63 8.63 8.63 8.63 8.63
Louisiana Rapides 11.03 7.64 7.64 7.64 7.64 7.64 7.64
Louisiana Tangipahoa 12.03 8.14 8.14 8.14 8.14 8.14 8.14
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Louisiana Terrebonne 10.74 7.32 7.32 7.32 7.32 7.32 7.32
Louisiana West Baton Rouge 13.51 9.96 9.96 9.96 9.96 9.96 9.96
Maine Androscoggin 9.9 6.85 6.85 6.85 6.85 6.85 6.85
Maine Aroostook 9.74 8.73 8.73 8.73 8.73 8.73 8.73
Maine Aroostook 8.27 6.85 6.85 6.85 6.85 6.85 6.85
Maine Cumberland 11.06 7.51 7.51 7.51 7.51 7.51 7.51
Maine Cumberland 11.13 7.61 7.61 7.61 7.61 7.61 7.61
Maine Hancock 5.76 4.24 4.24 4.24 4.24 4.24 4.24
Maine Kennebec 9.99 7 7 7 7 7 7
Maine Oxford 10.13 7.65 7.65 7.65 7.65 7.65 7.65
Maine Penobscot 9.12 6.66 6.66 6.66 6.66 6.66 6.66
Maryland Anne Arundel 11.91 7.3 7.3 7.3 7.3 7.3 7.3
Maryland Anne Arundel 14.82 9.65 9.65 9.65 9.65 9.65 9.65
Maryland Anne Arundel 14.57 9.45 9.45 9.45 9.45 9.45 9.45
Maryland Baltimore 13.77 8.58 8.58 8.58 8.58 8.58 8.58
Maryland Baltimore 14.76 9.46 9.46 9.46 9.46 9.46 9.46
Maryland Cecil 12.68 7.81 7.81 7.81 7.81 7.81 7.81
Maryland Harford 12.51 7.62 7.62 7.62 7.62 7.62 7.62
Maryland Montgomery 12.47 7.77 7.77 7.77 7.77 7.77 7.77
Maryland Prince George’s 12.24 7.61 7.61 7.61 7.61 7.61 7.61

(continued)



v-v'y

Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

Maryland Prince George’s 13.03 8.06 8.06 8.06 8.06 8.06 8.06
Maryland Washington 13.7 8.64 8.64 8.64 8.64 8.64 8.64
Maryland Baltimore (City) 14.12 8.99 8.99 8.99 8.99 8.99 8.99
Maryland Baltimore (City) 14.38 9.08 9.08 9.08 9.08 9.08 9.08
Maryland Baltimore (City) 15.76 10.14 10.14 10.14 10.14 10.14 10.14
Maryland Baltimore (City) 15.63 10.13 10.13 10.13 10.13 10.13 10.13
Massachusetts Berkshire 10.65 7.34 7.34 7.34 7.34 7.34 7.34
Massachusetts Bristol 9.58 6.5 6.5 6.5 6.5 6.5 6.5

Massachusetts Essex 9.03 6.36 6.36 6.36 6.36 6.36 6.36
Massachusetts Essex 9.1 6.42 6.42 6.42 6.42 6.42 6.42
Massachusetts Essex 9.58 6.74 6.74 6.74 6.74 6.74 6.74
Massachusetts Hampden 9.85 6.73 6.73 6.73 6.73 6.73 6.73
Massachusetts Hampden 12.17 8.29 8.29 8.29 8.29 8.29 8.29
Massachusetts Hampden 11.85 8.08 8.08 8.08 8.08 8.08 8.08
Massachusetts Plymouth 9.87 6.87 6.87 6.87 6.87 6.87 6.87
Massachusetts Suffolk 12.34 8.79 8.79 8.79 8.79 8.79 8.79
Massachusetts Suffolk 11.86 8.35 8.35 8.35 8.35 8.35 8.35
Massachusetts Suffolk 10.88 7.7 7.7 7.7 7.7 7.7 7.7

Massachusetts Suffolk 13.07 9.3 9.3 9.3 9.3 9.3 9.3

Massachusetts Worcester 10.55 7.19 7.19 7.19 7.19 7.19 7.19
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Massachusetts Worcester 11.29 7.69 7.69 7.69 7.69 7.69 7.69
Michigan Allegan 11.84 8.31 8.31 8.31 8.31 8.31 8.31
Michigan Bay 10.93 7.94 7.94 7.94 7.94 7.94 7.94
Michigan Berrien 11.72 8.34 8.34 8.34 8.34 8.34 8.34
Michigan Genesee 11.61 8.28 8.28 8.28 8.28 8.28 8.28
Michigan Ingham 12.23 8.64 8.64 8.64 8.64 8.64 8.64
Michigan Kalamazoo 12.84 9.19 9.19 9.19 9.19 9.19 9.19
Michigan Kent 12.89 9.17 9.17 9.17 9.17 9.17 9.17
Michigan Macomb 12.7 9.13 9.13 9.13 9.13 9.13 9.13
Michigan Missaukee 8.26 6.33 6.33 6.33 6.33 6.33 6.33
Michigan Monroe 13.92 9.46 9.46 9.46 9.46 9.46 9.46
Michigan Muskegon 11.61 8.39 8.39 8.39 8.39 8.39 8.39
Michigan Oakland 13.78 9.62 9.62 9.62 9.62 9.62 9.62
Michigan Ottawa 12.55 8.87 8.87 8.87 8.87 8.87 8.87
Michigan Saginaw 10.61 7.74 7.74 7.74 7.74 7.74 7.74
Michigan St. Clair 13.34 9.87 9.87 9.87 9.87 9.87 9.87
Michigan Washtenaw 12.3 8.58 8.58 8.58 8.58 8.58 8.58
Michigan Washtenaw 13.88 9.82 9.82 9.82 9.82 9.82 9.82
Michigan Wayne 14.52 10.33 10.33 10.33 9.802 8.92 8.92
Michigan Wayne 15.88 11.17 11.17 11.17 10.64 9.76 9.76
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17

Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Michigan Wayne 14.57 10.34 10.34 10.34 9.812 8.93 8.93
Michigan Wayne 14.32 10.3 10.3 10.3 9.772 8.89 8.89
Michigan Wayne 13.39 9.28 9.28 9.28 8.75 7.87 7.87
Michigan Wayne 17.5 12.35 12.35 12.35 11.82 10.94 10.94
Michigan Wayne 14.67 10.44 10.44 10.44 9.912 9.03 9.03
Minnesota Cass 5.7 4.79 4.79 4.79 4.79 4.79 4.79
Minnesota Dakota 9.3 7.09 7.09 7.09 7.09 7.09 7.09
Minnesota Hennepin 9.76 7.39 7.39 7.39 7.39 7.39 7.39
Minnesota Hennepin 9.14 6.93 6.93 6.93 6.93 6.93 6.93
Minnesota Hennepin 9.59 7.25 7.25 7.25 7.25 7.25 7.25
Minnesota Hennepin 9.54 7.23 7.23 7.23 7.23 7.23 7.23
Minnesota Hennepin 9.56 7.26 7.26 7.26 7.26 7.26 7.26
Minnesota Hennepin 9.33 7.07 7.07 7.07 7.07 7.07 7.07
Minnesota Mille Lacs 6.54 53 53 53 53 5.3 53
Minnesota Olmsted 10.13 7.6 7.6 7.6 7.6 7.6 7.6
Minnesota Ramsey 11.32 8.68 8.68 8.68 8.68 8.68 8.68
Minnesota Ramsey 11.02 8.34 8.34 8.34 8.34 8.34 8.34
Minnesota Ramsey 9.63 7.36 7.36 7.36 7.36 7.36 7.36
Minnesota Saint Louis 6.1 5.04 5.04 5.04 5.04 5.04 5.04
Minnesota Saint Louis 6.19 4.97 4.97 4.97 4.97 4.97 4.97

(continued)



6v-vV'v

Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Minnesota Saint Louis 7.51 5.99 5.99 5.99 5.99 5.99 5.99
Minnesota Scott 9 6.9 6.9 6.9 6.9 6.9 6.9
Minnesota Stearns 8.58 6.8 6.8 6.8 6.8 6.8 6.8
Mississippi Adams 11.29 7.66 7.66 7.66 7.66 7.66 7.66
Mississippi Bolivar 12.36 8.56 8.56 8.56 8.56 8.56 8.56
Mississippi DeSoto 12.43 7.95 7.95 7.95 7.95 7.95 7.95
Mississippi Forrest 13.62 9.03 9.03 9.03 9.03 9.03 9.03
Mississippi Harrison 12.2 8.16 8.16 8.16 8.16 8.16 8.16
Mississippi Hinds 12.56 8.43 8.43 8.43 8.43 8.43 8.43
Mississippi Jackson 12.04 7.9 7.9 7.9 7.9 7.9 7.9
Mississippi Jones 14.39 9.56 9.56 9.56 9.56 9.56 9.56
Mississippi Lauderdale 13.07 8.62 8.62 8.62 8.62 8.62 8.62
Mississippi Lee 12.57 8.06 8.06 8.06 8.06 8.06 8.06
Mississippi Lowndes 12.79 8.42 8.42 8.42 8.42 8.42 8.42
Mississippi Pearl River 12.14 8.25 8.25 8.25 8.25 8.25 8.25
Mississippi Warren 12.32 8.51 8.51 8.51 8.51 8.51 8.51
Missouri Boone 11.84 8.45 8.45 8.45 8.45 8.45 8.45
Missouri Buchanan 12.8 9.75 9.75 9.75 9.75 9.75 9.75
Missouri Cass 10.67 7.76 7.76 7.76 7.76 7.76 7.76
Missouri Cedar 11.12 7.89 7.89 7.89 7.89 7.89 7.89
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Missouri Clay 11.03 8.1 8.1 8.1 8.1 8.1 8.1
Missouri Greene 11.75 8.32 8.32 8.32 8.32 8.32 8.32
Missouri Jackson 12.78 9.33 9.33 9.33 9.33 9.33 9.33
Missouri Jefferson 13.79 9.57 9.57 9.57 9.57 9.57 9.57
Missouri Monroe 10.87 7.59 7.59 7.59 7.59 7.59 7.59
Missouri Saint Charles 13.29 9.12 9.12 9.12 9.12 9.12 9.12
Missouri Sainte Genevieve 13.34 9.06 9.06 9.06 9.06 9.06 9.06
Missouri Saint Louis 13.04 8.9 8.9 8.9 8.9 8.9 8.9
Missouri Saint Louis 13.46 9.07 9.07 9.07 9.07 9.07 9.07
Missouri St. Louis City 14.27 9.74 9.74 9.74 9.74 9.74 9.74
Missouri St. Louis City 14.36 9.71 9.71 9.71 9.71 9.71 9.71
Missouri St. Louis City 13.44 9.03 9.03 9.03 9.03 9.03 9.03
Missouri St. Louis City 14.56 9.84 9.84 9.84 9.84 9.84 9.84
Montana Cascade 5.72 5.01 5.01 5.01 5.01 5.01 5.01
Montana Flathead 9.99 8.52 8.46 8.46 8.46 8.36 8.33
Montana Flathead 8.58 7.28 7.23 7.23 7.23 7.13 7.11
Montana Gallatin 4.38 4.13 4.13 4.13 4.13 4.13 4.13
Montana Lake 9.06 7.81 7.05 7.05 7.05 6.95 5.74
Montana Lake 9 7.71 6.94 6.94 6.94 6.83 5.62
Montana Lewis and Clark 8.2 7.19 7.19 7.19 7.19 7.19 7.19
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

Montana Lincoln 14.93 12.6 12.53 12.53 12.04 11.01 11.04
Montana Missoula 10.52 9.13 8.33 8.33 8.33 8.19 7.28
Montana Ravalli 9.01 7.89 7.40 7.40 7.40 7.32 6.08
Montana Rosebud 6.58 6.1 6.1 6.1 6.1 6.1 6.1

Montana Sanders 6.75 6.04 6.00 6.00 6.00 5.91 5.89
Montana Silver Bow 10.14 8.69 8.69 8.69 8.69 8.69 8.69
Montana Yellowstone 8.14 6.84 6.84 6.84 6.84 6.84 6.84
Nebraska Cass 9.99 7.48 7.48 7.48 7.48 7.48 7.48
Nebraska Douglas 9.88 7.41 7.41 7.41 7.41 7.41 7.41
Nebraska Douglas 9.85 7.4 7.4 7.4 7.4 7.4 7.4

Nebraska Hall 7.95 6.13 6.13 6.13 6.13 6.13 6.13
Nebraska Lancaster 8.9 6.53 6.53 6.53 6.53 6.53 6.53
Nebraska Lincoln 7.57 6.32 6.32 6.32 6.32 6.32 6.32
Nebraska Sarpy 9.79 7.33 7.33 7.33 7.33 7.33 7.33
Nebraska Scotts Bluff 6.04 5.17 5.17 5.17 5.17 5.17 5.17
Nebraska Washington 9.29 7.1 7.1 7.1 7.1 7.1 7.1

Nevada Clark 4.02 3.64 3.64 3.64 3.64 3.64 3.64
Nevada Clark 5.75 4.97 4.97 4.97 4.97 4.97 4.97
Nevada Clark 9.44 8.08 8.08 8.08 8.08 8.08 8.08
Nevada Clark 3.67 33 33 33 33 33 33
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Nevada Clark 8.49 7.28 7.28 7.28 7.28 7.28 7.28
Nevada Washoe 8.11 6.39 6.39 6.39 6.39 6.39 6.39
New Hampshire Belknap 7.28 5.12 5.12 5.12 5.12 5.12 5.12
New Hampshire Cheshire 11.53 7.96 7.96 7.96 7.96 7.96 7.96
New Hampshire Coos 10.24 8.01 8.01 8.01 8.01 8.01 8.01
New Hampshire Grafton 8.43 6.08 6.08 6.08 6.08 6.08 6.08
New Hampshire Hillsborough 10.18 7.08 7.08 7.08 7.08 7.08 7.08
New Hampshire Hillsborough 10.01 7.01 7.01 7.01 7.01 7.01 7.01
New Hampshire Hillsborough 6.27 4.3 4.3 4.3 4.3 4.3 4.3
New Hampshire Merrimack 9.72 6.76 6.76 6.76 6.76 6.76 6.76
New Hampshire Rockingham 9 6.26 6.26 6.26 6.26 6.26 6.26
New Hampshire Sullivan 9.86 7.01 7.01 7.01 7.01 7.01 7.01
New Jersey Atlantic 11.47 6.96 6.96 6.96 6.96 6.96 6.96
New Jersey Bergen 13.09 8.9 8.9 8.9 8.9 8.9 8.9
New Jersey Camden 13.31 8.49 8.49 8.49 8.49 8.49 8.49
New Jersey Camden 13.51 8.53 8.53 8.53 8.53 8.53 8.53
New Jersey Essex 13.27 8.74 8.74 8.74 8.74 8.74 8.74
New Jersey Gloucester 13.46 8.46 8.46 8.46 8.46 8.46 8.46
New Jersey Hudson 14.24 9.65 9.65 9.65 9.65 9.65 9.65
New Jersey Mercer 12.71 8.14 8.14 8.14 8.14 8.14 8.14
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

New Jersey Mercer 11.14 7 7 7 7 7 7
New Jersey Middlesex 12.15 7.91 7.91 7.91 7.91 7.91 7.91
New Jersey Morris 11.5 7.42 7.42 7.42 7.42 7.42 7.42
New Jersey Morris 10.21 6.56 6.56 6.56 6.56 6.56 6.56
New Jersey Ocean 10.92 6.85 6.85 6.85 6.85 6.85 6.85
New Jersey Passaic 12.88 8.59 8.59 8.59 8.59 8.59 8.59
New Jersey Union 14.94 9.88 9.88 9.88 9.88 9.88 9.88
New Jersey Union 13.32 8.73 8.73 8.73 8.73 8.73 8.73
New Jersey Union 13.06 8.45 8.45 8.45 8.45 8.45 8.45
New Jersey Warren 12.72 8.2 8.2 8.2 8.2 8.2 8.2
New Mexico Bernalillo 7.03 5.74 5.74 5.74 5.74 5.74 5.74
New Mexico Bernalillo 6.64 5.41 5.41 5.41 5.41 5.41 5.41
New Mexico Chaves 6.54 5.68 5.68 5.68 5.68 5.68 5.68
New Mexico Dona Ana 9.95 8.7 8.7 8.7 8.7 8.7 8.7
New Mexico Dona Ana 6.31 5.55 5.55 5.55 5.55 5.55 5.55
New Mexico Grant 5.93 5.5 5.5 5.5 5.5 5.5 5.5
New Mexico Sandoval 5 4.12 4.12 4.12 4.12 4.12 4.12
New Mexico Sandoval 7.99 7.15 7.15 7.15 7.15 7.15 7.15
New Mexico San Juan 5.92 5.23 5.23 5.23 5.23 5.23 5.23
New Mexico Santa Fe 4.76 4.22 4.22 4.22 4.22 4.22 4.22
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
New York Albany 11.83 8.43 8.43 8.43 8.43 8.43 8.43
New York Bronx 15.43 10.87 10.87 10.87 10.87 10.87 10.87
New York Bronx 13.09 8.68 8.68 8.68 8.68 8.68 8.68
New York Bronx 13.45 9.41 9.41 9.41 9.41 9.41 9.41
New York Chautauqua 9.8 6.32 6.32 6.32 6.32 6.32 6.32
New York Erie 12.62 8.69 8.69 8.69 8.69 8.69 8.69
New York Erie 12.64 8.65 8.65 8.65 8.65 8.65 8.65
New York Essex 5.94 4.43 4.43 4.43 4.43 4.43 4.43
New York Kings 14.2 9.67 9.67 9.67 9.67 9.67 9.67
New York Monroe 10.64 7.63 7.63 7.63 7.63 7.63 7.63
New York Nassau 11.66 7.69 7.69 7.69 7.69 7.69 7.69
New York New York 16.18 11.17 11.17 11.17 11.17 9.88 10.20
New York New York 14.8 10.06 10.06 10.06 10.06 8.77 9.09
New York New York 13.61 9.48 9.48 9.48 9.48 8.19 8.51
New York New York 15.41 10.6 10.6 10.6 10.6 9.31 9.63
New York Niagara 11.96 8.55 8.55 8.55 8.55 8.55 8.55
New York Onondaga 10.08 6.89 6.89 6.89 6.89 6.89 6.89
New York Orange 10.99 7.28 7.28 7.28 7.28 7.28 7.28
New York Queens 12.18 8.15 8.15 8.15 8.15 8.15 8.15
New York Richmond 13.31 8.72 8.72 8.72 8.72 8.72 8.72

(continued)



SS-V'Y

Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

New York Richmond 11.59 7.58 7.58 7.58 7.58 7.58 7.58
New York St. Lawrence 7.29 5.6 5.6 5.6 5.6 5.6 5.6

New York Steuben 9 5.83 5.83 5.83 5.83 5.83 5.83
New York Suffolk 11.52 7.51 7.51 7.51 7.51 7.51 7.51
New York Westchester 11.73 7.7 7.7 7.7 7.7 7.7 7.7

North Carolina Alamance 13.94 8.38 8.38 8.38 8.38 8.38 8.38
North Carolina Buncombe 12.6 7.71 7.71 7.71 7.71 7.71 7.71
North Carolina Caswell 13.19 7.74 7.74 7.74 7.74 7.74 7.74
North Carolina Catawba 15.31 9.17 9.17 9.17 9.17 9.17 9.17
North Carolina Chatham 11.99 7.07 7.07 7.07 7.07 7.07 7.07
North Carolina Cumberland 13.73 8.77 8.77 8.77 8.77 8.77 8.77
North Carolina Davidson 15.17 8.89 8.89 8.89 8.89 8.89 8.89
North Carolina Duplin 11.3 6.97 6.97 6.97 6.97 6.97 6.97
North Carolina Durham 13.57 8.31 8.31 8.31 8.31 8.31 8.31
North Carolina Edgecombe 12.37 7.76 7.76 7.76 7.76 7.76 7.76
North Carolina Forsyth 14.28 8.28 8.28 8.28 8.28 8.28 8.28
North Carolina Gaston 14.26 8.4 8.4 8.4 8.4 8.4 8.4

North Carolina Guilford 13.79 8.17 8.17 8.17 8.17 8.17 8.17
North Carolina Haywood 12.98 8.54 8.54 8.54 8.54 8.54 8.54
North Carolina Jackson 12.09 7.42 7.42 7.42 7.42 7.42 7.42

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

North Carolina Lenoir 11.12 6.88 6.88 6.88 6.88 6.88 6.88
North Carolina McDowell 14.24 8.92 8.92 8.92 8.92 8.92 8.92
North Carolina Martin 10.86 6.71 6.71 6.71 6.71 6.71 6.71
North Carolina Mecklenburg 15.31 9.25 9.25 9.25 9.25 9.25 9.25
North Carolina Mecklenburg 14.74 8.77 8.77 8.77 8.77 8.77 8.77
North Carolina Mecklenburg 14.8 8.82 8.82 8.82 8.82 8.82 8.82
North Carolina Mitchell 12.75 7.61 7.61 7.61 7.61 7.61 7.61
North Carolina Montgomery 12.35 7.33 7.33 7.33 7.33 7.33 7.33
North Carolina New Hanover 9.96 6.14 6.14 6.14 6.14 6.14 6.14
North Carolina Onslow 10.98 6.77 6.77 6.77 6.77 6.77 6.77
North Carolina Orange 13.12 7.86 7.86 7.86 7.86 7.86 7.86
North Carolina Pitt 11.59 7.26 7.26 7.26 7.26 7.26 7.26
North Carolina Robeson 12.78 8.03 8.03 8.03 8.03 8.03 8.03
North Carolina Rowan 14.02 8.35 8.35 8.35 8.35 8.35 8.35
North Carolina Swain 12.65 7.76 7.76 7.76 7.76 7.76 7.76
North Carolina Wake 13.54 8.3 8.3 8.3 8.3 8.3 8.3

North Carolina Watauga 12.05 6.85 6.85 6.85 6.85 6.85 6.85
North Carolina Wayne 12.96 8.31 8.31 8.31 8.31 8.31 8.31
North Dakota Billings 4.61 4.18 4.18 4.18 4.18 4.18 4.18
North Dakota Burke 5.9 5.51 5.51 5.51 5.51 5.51 5.51

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
North Dakota Burke 5.78 5.35 5.35 5.35 5.35 5.35 5.35
North Dakota Burleigh 6.61 5.59 5.59 5.59 5.59 5.59 5.59
North Dakota Cass 7.72 6.44 6.44 6.44 6.44 6.44 6.44
North Dakota McKenzie 5.01 4.59 4.59 4.59 4.59 4.59 4.59
North Dakota Mercer 6.04 5.38 5.38 5.38 5.38 5.38 5.38
Ohio Athens 12.39 7.12 7.12 7.12 7.12 7.12 7.12
Ohio Butler 15.74 9.9 9.9 9.9 9.9 9.9 9.9
Ohio Butler 15.36 10.08 10.08 10.08 10.08 10.08 10.08
Ohio Butler 14.9 9.63 9.63 9.63 9.63 9.63 9.63
Ohio Clark 14.64 9.55 9.55 9.55 9.55 9.55 9.55
Ohio Clermont 14.15 8.58 8.58 8.58 8.58 8.58 8.58
Ohio Cuyahoga 15.46 10.28 10.28 10.28 10.28 9.53 9.53
Ohio Cuyahoga 13.76 9.08 9.08 9.08 9.08 8.34 8.34
Ohio Cuyahoga 17.37 11.79 11.79 11.79 11.79 11.04 11.04
Ohio Cuyahoga 16.47 11.04 11.04 11.04 11.04 10.29 10.29
Ohio Cuyahoga 17.11 11.51 11.51 11.51 11.51 10.76 10.76
Ohio Cuyahoga 15.97 10.64 10.64 10.64 10.64 9.89 9.89
Ohio Cuyahoga 14.14 9.45 9.45 9.45 9.45 8.71 8.71
Ohio Franklin 15.27 9.82 9.82 9.82 9.82 9.82 9.82
Ohio Franklin 15.08 9.7 9.7 9.7 9.7 9.7 9.7
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Ohio Franklin 14.33 9.18 9.18 9.18 9.18 9.18 9.18
Ohio Greene 13.36 8.34 8.34 8.34 8.34 8.34 8.34
Ohio Hamilton 14.84 9.18 9.18 9.18 9.18 9.18 9.18
Ohio Hamilton 17.29 10.81 10.81 10.81 10.81 10.81 10.81
Ohio Hamilton 15.5 9.45 9.45 9.45 9.45 9.45 9.45
Ohio Hamilton 16.85 10.63 10.63 10.63 10.63 10.63 10.63
Ohio Hamilton 15.55 9.76 9.76 9.76 9.76 9.76 9.76
Ohio Hamilton 16.17 9.99 9.99 9.99 9.99 9.99 9.99
Ohio Hamilton 17.54 11.04 11.04 11.04 11.04 11.04 11.04
Ohio Jefferson 15.41 9.33 9.33 9.33 9.33 9.33 9.33
Ohio Jefferson 16.51 9.96 9.96 9.96 9.96 9.96 9.96
Ohio Lake 13.02 8.67 8.67 8.67 8.67 8.60 8.60
Ohio Lawrence 15.14 9.51 9.51 9.51 9.51 9.51 9.51
Ohio Lorain 13.87 9.12 9.12 9.12 9.12 9.05 9.05
Ohio Lorain 12.78 8.73 8.73 8.73 8.73 8.67 8.67
Ohio Lucas 14.38 9.88 9.88 9.88 9.88 9.88 9.88
Ohio Lucas 13.95 9.52 9.52 9.52 9.52 9.52 9.52
Ohio Lucas 14.08 9.73 9.73 9.73 9.73 9.73 9.73
Ohio Mahoning 14.68 9.47 9.47 9.47 9.47 9.47 9.47
Ohio Mahoning 15.12 9.9 9.9 9.9 9.9 9.9 9.9

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Ohio Montgomery 14.58 9.31 9.31 9.31 9.31 9.31 9.31
Ohio Montgomery 15.54 10 10 10 10 10 10
Ohio Portage 13.37 8.7 8.7 8.7 8.7 8.63 8.63
Ohio Preble 13.7 8.8 8.8 8.8 8.8 8.8 8.8
Ohio Scioto 14.65 8.86 8.86 8.86 8.86 8.86 8.86
Ohio Stark 16.26 10.41 10.41 10.41 10.41 10.41 10.41
Ohio Stark 15.23 10.07 10.07 10.07 10.07 10.07 10.07
Ohio Summit 15.17 10.15 10.15 10.15 10.15 10.08 10.08
Ohio Summit 14.26 9.54 9.54 9.54 9.54 9.47 9.47
Ohio Trumbull 14.53 9.53 9.53 9.53 9.53 9.53 9.53
Oklahoma Caddo 9.22 6.9 6.9 6.9 6.9 6.9 6.9
Oklahoma Cherokee 11.79 8.59 8.59 8.59 8.59 8.59 8.59
Oklahoma Kay 10.26 7.84 7.84 7.84 7.84 7.84 7.84
Oklahoma Lincoln 10.28 7.54 7.54 7.54 7.54 7.54 7.54
Oklahoma Mayes 11.7 8.64 8.64 8.64 8.64 8.64 8.64
Oklahoma Mayes 11.44 8.38 8.38 8.38 8.38 8.38 8.38
Oklahoma Muskogee 11.89 8.85 8.85 8.85 8.85 8.85 8.85
Oklahoma Oklahoma 10.07 7.25 7.25 7.25 7.25 7.25 7.25
Oklahoma Oklahoma 9.86 7.08 7.08 7.08 7.08 7.08 7.08
Oklahoma Ottawa 11.69 8.63 8.63 8.63 8.63 8.63 8.63

(continued)
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Oklahoma Pittsburg 11.09 8.09 8.09 8.09 8.09 8.09 8.09
Oklahoma Sequoyah 12.99 9.68 9.68 9.68 9.68 9.68 9.68
Oklahoma Tulsa 11.52 8.45 8.45 8.45 8.45 8.45 8.45
Oklahoma Tulsa 11.37 8.41 8.41 8.41 8.41 8.41 8.41
Oregon Jackson 10.32 7.68 7.68 7.68 7.68 7.68 7.68
Oregon Jackson 5.41 4.24 4.24 4.24 4.24 4.24 4.24
Oregon Klamath 11.2 8.54 8.54 8.54 8.54 8.54 8.37
Oregon Lane 8.64 6.39 6.39 6.39 6.39 6.39 5.35
Oregon Lane 6.35 4.89 4.89 4.89 4.89 4.89 3.85
Oregon Lane 7.56 5.75 5.75 5.75 5.75 5.75 4.71
Oregon Lane 11.93 9.43 9.43 9.43 9.43 9.43 8.39
Oregon Multnomah 9.13 6.23 6.23 6.23 6.23 6.23 6.23
Oregon Multnomah 8.35 5.81 5.81 5.81 5.81 5.81 5.81
Oregon Union 8.35 6.74 6.74 6.74 6.74 6.74 6.74
Pennsylvania Adams 13.05 8.16 8.16 8.16 8.16 8.16 8.16
Pennsylvania Allegheny 15.24 9.75 7.92 7.92 7.92 7.89 6.27
Pennsylvania Allegheny 14.66 9.26 7.43 7.43 7.43 7.40 5.78
Pennsylvania Allegheny 20.31 12.91 11.08 11.08 11.08 11.04 9.43
Pennsylvania Allegheny 13.07 7.8 5.98 5.98 5.98 5.95 4.33
Pennsylvania Allegheny 13.84 8.49 6.66 6.66 6.66 6.63 5.01
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

Pennsylvania Allegheny 15.36 9.76 7.93 7.93 7.93 7.90 6.28
Pennsylvania Allegheny 15.25 9.33 7.50 7.50 7.50 7.47 5.85
Pennsylvania Allegheny 16.26 10.06 8.23 8.23 8.23 8.20 6.58
Pennsylvania Allegheny 15.3 9.43 7.60 7.60 7.60 7.57 5.95
Pennsylvania Allegheny 14.44 8.84 7.01 7.01 7.01 6.98 5.36
Pennsylvania Beaver 16.38 10.51 10.46 10.46 10.46 10.46 10.46
Pennsylvania Berks 15.82 10.58 10.58 10.58 10.58 10.58 10.58
Pennsylvania Bucks 13.42 8.45 8.45 8.45 8.45 8.45 8.45
Pennsylvania Cambria 15.4 9.45 9.45 9.45 9.45 9.45 9.45
Pennsylvania Centre 12.78 8 8 8 8 8 8

Pennsylvania Chester 15.22 9.64 9.64 9.64 9.64 9.64 9.64
Pennsylvania Cumberland 14.45 9.32 9.32 9.32 9.32 9.32 9.32
Pennsylvania Dauphin 15.13 9.54 9.54 9.54 9.54 9.54 9.54
Pennsylvania Delaware 15.23 9.74 9.74 9.74 9.74 9.74 9.74
Pennsylvania Erie 12.54 8.39 8.39 8.39 8.39 8.39 8.39
Pennsylvania Lackawanna 11.73 7.53 7.53 7.53 7.53 7.53 7.53
Pennsylvania Lancaster 16.55 10.73 10.73 10.73 10.73 10.73 10.71
Pennsylvania Lehigh 14.5 9.67 9.67 9.67 9.67 9.67 9.67
Pennsylvania Luzerne 12.76 8.39 8.39 8.39 8.39 8.39 8.39
Pennsylvania Mercer 13.28 8.47 8.47 8.47 8.47 8.47 8.47
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

Pennsylvania Northampton 13.68 8.96 8.96 8.96 8.96 8.96 8.96
Pennsylvania Perry 12.81 8.22 8.22 8.22 8.22 8.22 8.22
Pennsylvania Philadelphia 15.19 9.89 9.89 9.89 9.89 9.89 9.89
Pennsylvania Washington 15.17 8.95 8.90 8.90 8.90 8.90 8.90
Pennsylvania Washington 14.92 8.75 8.70 8.70 8.70 8.70 8.70
Pennsylvania Washington 13.37 8.2 8.15 8.15 8.15 8.15 8.15
Pennsylvania Westmoreland 15.49 9.26 9.21 9.21 9.21 9.21 9.21
Pennsylvania York 16.52 10.66 10.66 10.66 10.66 10.66 10.66
Rhode Island Providence 10.07 6.99 6.99 6.99 6.99 6.99 6.99
Rhode Island Providence 12.14 8.42 8.42 8.42 8.42 8.42 8.42
Rhode Island Providence 10.82 7.56 7.56 7.56 7.56 7.56 7.56
Rhode Island Providence 9.93 6.85 6.85 6.85 6.85 6.85 6.85
South Carolina Beaufort 11.52 7.25 7.25 7.25 7.25 7.25 7.25
South Carolina Charleston 12.21 7.86 7.86 7.86 7.86 7.86 7.86
South Carolina Charleston 11.6 7.13 7.13 7.13 7.13 7.13 7.13
South Carolina Chesterfield 12.56 7.86 7.86 7.86 7.86 7.86 7.86
South Carolina Edgefield 13.17 8.5 8.5 8.5 8.5 8.5 8.5

South Carolina Florence 12.65 8.02 8.02 8.02 8.02 8.02 8.02
South Carolina Georgetown 12.85 8.38 8.38 8.38 8.38 8.38 8.38
South Carolina Greenville 15.65 9.7 9.7 9.7 9.7 9.7 9.7
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Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)
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2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
South Carolina Greenville 14.66 8.91 8.91 8.91 8.91 8.91 8.91
South Carolina Greenwood 13.53 8.41 8.41 8.41 8.41 8.41 8.41
South Carolina Horry 12.04 7.68 7.68 7.68 7.68 7.68 7.68
South Carolina Lexington 14.64 9.28 9.28 9.28 9.28 9.28 9.28
South Carolina Oconee 10.95 6.45 6.45 6.45 6.45 6.45 6.45
South Carolina Richland 13.59 8.36 8.36 8.36 8.36 8.36 8.36
South Carolina Richland 14.24 8.89 8.89 8.89 8.89 8.89 8.89
South Carolina Spartanburg 14.17 8.58 8.58 8.58 8.58 8.58 8.58
South Dakota Brookings 9.37 7.52 7.52 7.52 7.52 7.52 7.52
South Dakota Brown 8.42 7.03 7.03 7.03 7.03 7.03 7.03
South Dakota Codington 10.14 8.35 8.35 8.35 8.35 8.35 8.35
South Dakota Custer 5.64 5.01 5.01 5.01 5.01 5.01 5.01
South Dakota Jackson 5.39 4.65 4.65 4.65 4.65 4.65 4.65
South Dakota Minnehaha 10.18 7.84 7.84 7.84 7.84 7.84 7.84
South Dakota Minnehaha 9.58 7.38 7.38 7.38 7.38 7.38 7.38
South Dakota Pennington 7.48 6.56 6.56 6.56 6.56 6.56 6.56
South Dakota Pennington 8.77 7.71 7.71 7.71 7.71 7.71 7.71
South Dakota Pennington 7.32 6.44 6.44 6.44 6.44 6.44 6.44
Tennessee Blount 14.3 9.09 9.09 9.09 9.09 9.09 9.09
Tennessee Davidson 14.21 8.87 8.87 8.87 8.87 8.87 8.87
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Tennessee Davidson 13.99 8.63 8.63 8.63 8.63 8.63 8.63
Tennessee Davidson 12.97 7.85 7.85 7.85 7.85 7.85 7.85
Tennessee Dyer 12.28 7.8 7.8 7.8 7.8 7.8 7.8
Tennessee Hamilton 15.67 9.91 9.91 9.91 9.91 9.91 9.91
Tennessee Hamilton 13.73 8.18 8.18 8.18 8.18 8.18 8.18
Tennessee Hamilton 15.16 9.38 9.38 9.38 9.38 9.38 9.38
Tennessee Knox 15.47 9.66 9.66 9.66 9.66 9.66 9.66
Tennessee Knox 15.64 9.77 9.77 9.77 9.77 9.77 9.77
Tennessee Knox 15.18 9.24 9.24 9.24 9.24 9.24 9.24
Tennessee Lawrence 11.69 7.39 7.39 7.39 7.39 7.39 7.39
Tennessee Loudon 15.49 10.01 10.01 10.01 10.01 10.01 10.01
Tennessee McMinn 14.29 8.93 8.93 8.93 8.93 8.93 8.93
Tennessee Maury 13.21 8.39 8.39 8.39 8.39 8.39 8.39
Tennessee Montgomery 13.8 8.65 8.65 8.65 8.65 8.65 8.65
Tennessee Putnam 13.37 8.04 8.04 8.04 8.04 8.04 8.04
Tennessee Roane 14.49 8.94 8.94 8.94 8.94 8.94 8.94
Tennessee Shelby 13.71 8.73 8.73 8.73 8.73 8.73 8.73
Tennessee Shelby 13.43 8.47 8.47 8.47 8.47 8.47 8.47
Tennessee Shelby 13.68 8.6 8.6 8.6 8.6 8.6 8.6
Tennessee Shelby 12.04 7.53 7.53 7.53 7.53 7.53 7.53
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Tennessee Sullivan 14.16 9.15 9.15 9.15 9.15 9.15 9.15
Tennessee Sumner 13.68 8.04 8.04 8.04 8.04 8.04 8.04
Texas Bowie 12.85 9.21 9.21 9.21 9.21 9.21 9.21
Texas Dallas 12.77 8.98 8.98 8.98 8.98 8.98 8.98
Texas Dallas 11.8 8.16 8.16 8.16 8.16 8.16 8.16
Texas Dallas 11.15 7.54 7.54 7.54 7.54 7.54 7.54
Texas Ector 7.78 6.52 6.52 6.52 6.52 6.52 6.52
Texas El Paso 9.09 7.94 7.94 7.94 7.94 7.94 7.94
Texas Harris 11.77 8.65 8.65 8.65 8.65 7.94 7.94
Texas Harris 15.42 11.61 11.61 11.61 11.61 10.90 10.90
Texas Harrison 11.69 7.91 7.91 7.91 7.91 7.91 7.91
Texas Hidalgo 10.98 9.17 9.17 9.17 9.17 9.17 9.17
Texas Jefferson 11.56 8.26 8.26 8.26 8.26 8.26 8.26
Texas Nueces 10.42 7.69 7.69 7.69 7.69 7.69 7.69
Texas Nueces 9.63 7.04 7.04 7.04 7.04 7.04 7.04
Texas Orange 11.51 8.37 8.37 8.37 8.37 8.37 8.37
Texas Tarrant 11.41 7.77 7.77 7.77 7.77 7.77 7.77
Texas Tarrant 12.23 8.41 8.41 8.41 8.41 8.41 8.41
Utah Box Elder 8.4 7.16 7.10 7.10 7.10 7.10 7.09
Utah Cache 11.56 9.78 8.32 8.32 8.32 8.32 7.30
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Utah Davis 10.31 8.58 8.58 8.58 8.58 8.58 8.21
Utah Salt Lake 11.68 9.29 9.00 9.00 9.00 9.00 8.01
Utah Salt Lake 9.21 7.75 7.46 7.46 7.46 7.46 6.47
Utah Salt Lake 11.3 9.05 8.76 8.76 8.76 8.76 7.77
Utah Salt Lake 12.02 9.72 9.43 9.43 9.43 9.43 8.43
Utah Salt Lake 8.33 6.91 6.62 6.62 6.62 6.62 5.66
Utah Utah 10 8.37 8.37 8.37 8.37 8.37 7.48
Utah Utah 10.52 8.8 8.8 8.8 8.8 8.8 7.91
Utah Utah 8.88 7.44 7.44 7.44 7.44 7.44 6.57
Utah Utah 8.78 7.37 7.37 7.37 7.37 7.37 6.50
Utah Weber 11.16 9.23 9.16 9.16 9.16 9.16 9.15
Utah Weber 9.28 7.71 7.64 7.64 7.64 7.64 7.64
Utah Weber 9.36 7.8 7.73 7.73 7.73 7.73 7.72
Vermont Addison 8.94 6.75 6.75 6.75 6.75 6.75 6.75
Vermont Addison 8.91 6.71 6.71 6.71 6.71 6.71 6.71
Vermont Bennington 8.52 6.02 6.02 6.02 6.02 6.02 6.02
Vermont Chittenden 9.27 7.16 7.16 7.16 7.16 7.16 7.16
Vermont Chittenden 10.02 7.76 7.76 7.76 7.76 7.76 7.76
Vermont Rutland 11.08 8.15 8.15 8.15 8.15 8.15 8.15
Virginia Arlington 14.27 8.87 8.87 8.87 8.87 8.87 8.87
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

Virginia Charles 12.37 7.45 7.45 7.45 7.45 7.45 7.45
Virginia Chesterfield 13.44 8.1 8.1 8.1 8.1 8.1 8.1

Virginia Fairfax 13.33 8.34 8.34 8.34 8.34 8.34 8.34
Virginia Fairfax 13.62 8.54 8.54 8.54 8.54 8.54 8.54
Virginia Fairfax 13.88 8.84 8.84 8.84 8.84 8.84 8.84
Virginia Henrico 13.51 8.09 8.09 8.09 8.09 8.09 8.09
Virginia Henrico 12.93 7.67 7.67 7.67 7.67 7.67 7.67
Virginia Loudoun 13.57 8.62 8.62 8.62 8.62 8.62 8.62
Virginia Page 12.79 7.49 7.49 7.49 7.49 7.49 7.49
Virginia Bristol City 13.93 8.31 8.31 8.31 8.31 8.31 8.31
Virginia Hampton City 12.17 7.46 7.46 7.46 7.46 7.46 7.46
Virginia Lynchburg City 12.84 7.5 7.5 7.5 7.5 7.5 7.5

Virginia Norfolk City 12.78 7.92 7.92 7.92 7.92 7.92 7.92
Virginia Roanoke City 14.27 8.62 8.62 8.62 8.62 8.62 8.62
Virginia Salem City 14.69 9.12 9.12 9.12 9.12 9.12 9.12
Virginia Virginia Beach City 12.4 7.55 7.55 7.55 7.55 7.55 7.55
Washington King 9.15 6.95 6.95 6.95 6.95 6.95 6.95
Washington King 11.24 8.35 8.35 8.35 8.35 8.35 8.35
Washington King 8.13 6.19 6.19 6.19 6.19 6.19 6.19
Washington Pierce 10.55 8.11 8.11 8.11 8.11 8.11 7.94
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed

Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30
State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV

Washington Snohomish 9.91 7.79 7.79 7.79 7.79 7.79 7.79
Washington Spokane 9.97 7.19 7.19 7.19 7.19 7.19 7.19
West Virginia Berkeley 15.93 10.37 10.37 10.37 10.37 10.37 10.37
West Virginia Brooke 16.52 10.01 10.01 10.01 10.01 10.01 10.01
West Virginia Brooke 16.04 9.6 9.6 9.6 9.6 9.6 9.6

West Virginia Cabell 16.3 10.25 10.25 10.25 10.25 10.25 10.25
West Virginia Hancock 15.76 9.6 9.6 9.6 9.6 9.6 9.6

West Virginia Harrison 13.99 8.31 8.31 8.31 8.31 8.31 8.31
West Virginia Kanawha 15.15 8.89 8.89 8.89 8.89 8.89 8.89
West Virginia Kanawha 13.17 7.61 7.61 7.61 7.61 7.61 7.61
West Virginia Kanawha 16.52 9.92 9.92 9.92 9.92 9.92 9.92
West Virginia Marion 15.03 8.93 8.93 8.93 8.93 8.93 8.93
West Virginia Marshall 15.19 8.74 8.74 8.74 8.74 8.74 8.74
West Virginia Monongalia 14.35 8.09 8.09 8.09 8.09 8.09 8.09
West Virginia Ohio 14.58 8.27 8.27 8.27 8.27 8.27 8.27
West Virginia Raleigh 12.9 7.38 7.38 7.38 7.38 7.38 7.38
West Virginia Wood 15.4 9.59 9.59 9.59 9.59 9.59 9.59
Wisconsin Ashland 6.07 4.85 4.85 4.85 4.85 4.85 4.85
Wisconsin Brown 11.39 8.48 8.48 8.48 8.48 8.48 8.48
Wisconsin Dane 12.2 8.59 8.59 8.59 8.59 8.59 8.59

(continued)



69-V'v

Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Wisconsin Dodge 11.04 7.95 7.95 7.95 7.95 7.95 7.95
Wisconsin Forest 7.41 5.81 5.81 5.81 5.81 5.81 5.81
Wisconsin Grant 11.79 8.5 8.5 8.5 8.5 8.5 8.5
Wisconsin Kenosha 11.98 8.47 8.47 8.47 8.47 8.47 8.47
Wisconsin Manitowoc 10.2 7.66 7.66 7.66 7.66 7.66 7.66
Wisconsin Milwaukee 13.32 9.28 9.28 9.28 9.28 9.28 9.28
Wisconsin Milwaukee 12.88 8.88 8.88 8.88 8.88 8.88 8.88
Wisconsin Milwaukee 14.08 9.8 9.8 9.8 9.8 9.8 9.8
Wisconsin Milwaukee 13.68 9.54 9.54 9.54 9.54 9.54 9.54
Wisconsin Milwaukee 13.54 9.37 9.37 9.37 9.37 9.37 9.37
Wisconsin Outagamie 10.96 8.11 8.11 8.11 8.11 8.11 8.11
Wisconsin Ozaukee 11.6 8.37 8.37 8.37 8.37 8.37 8.37
Wisconsin St. Croix 10.09 7.8 7.8 7.8 7.8 7.8 7.8
Wisconsin Sauk 10.22 7.28 7.28 7.28 7.28 7.28 7.28
Wisconsin Taylor 8.24 6.31 6.31 6.31 6.31 6.31 6.31
Wisconsin Vilas 6.78 5.35 5.35 5.35 5.35 5.35 5.35
Wisconsin Waukesha 13.91 9.84 9.84 9.84 9.84 9.84 9.84
Wyoming Campbell 6.29 5.93 5.93 5.93 5.93 5.93 5.93
Wyoming Campbell 5.11 4.8 4.8 4.8 4.8 4.8 4.8
Wyoming Campbell 5.26 4.88 4.88 4.88 4.88 4.88 4.88
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Table 4.A-11. Annual Design Values (DVs) for the 2005 and 2020 Base Case and after Meeting the Current and Proposed
Alternative Standard Levels: 2020 Baseline (15/35), 2020 12/35 and 2020 11/35 (continued)

2005 Annual 2020 Annual 2020 15/35 2020 13/35 2020 12/35 2020 11/35 2020 11/30

State Name County Name DV DV Annual DV Annual DV Annual DV Annual DV Annual DV
Wyoming Converse 3.58 3.29 3.29 3.29 3.29 3.29 3.29
Wyoming Fremont 8.17 7.25 7.25 7.25 7.25 7.25 7.25
Wyoming Laramie 4.48 3.81 3.81 3.81 3.81 3.81 3.81
Wyoming Sheridan 9.7 8.65 8.65 8.65 8.65 8.65 8.65




Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35) and

202011/30
2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

1003 10030010 Alabama Baldwin 26.21 16.25 16.25 16.25
1027 10270001 Alabama Clay 31.88 17.20 17.20 17.20
1033 10331002 Alabama Colbert 30.43 15.63 15.63 15.63
1049 10491003 Alabama De Kalb 32.08 17.07 17.07 17.07
1053 10530002 Alabama Escambia 29.03 18.87 18.87 18.87
1055 10550010 Alabama Etowah 35.18 19.12 19.12 19.12
1069 10690003 Alabama Houston 28.66 18.24 18.24 18.24
1073 10730023 Alabama Jefferson 44.06 27.91 27.91 24.14
1073 10731005 Alabama Jefferson 34.83 21.49 21.49 17.73
1073 10731009 Alabama Jefferson 345 17.88 17.88 14.12
1073 10731010 Alabama Jefferson 34.16 18.12 18.12 14.36
1073 10732003 Alabama Jefferson 40.3 28.55 28.55 24.79
1073 10732006 Alabama Jefferson 33.17 18.34 18.34 14.58
1073 10735002 Alabama Jefferson 33.05 17.43 17.43 13.67
1073 10735003 Alabama Jefferson 35.81 19.46 19.46 15.70
1089 10890014 Alabama Madison 33.58 17.12 17.12 17.12
1097 10970002 Alabama Mobile 30.03 18.72 18.72 18.72
1097 10970003 Alabama Mobile 28.58 17.74 17.74 17.74
1101 11010007 Alabama Montgomery 32.05 18.56 18.56 18.56
1103 11030011 Alabama Morgan 31.58 15.05 15.05 15.05
1113 11130001 Alabama Russell 35.55 23.14 23.14 23.14
1117 11170006 Alabama Shelby 32.05 18.39 18.39 18.39
1119 11190002 Alabama Sumter 28.9 16.10 16.10 16.10
1121 11210002 Alabama Talladega 33.46 18.57 18.57 18.57
1125 11250004 Alabama Tuscaloosa 29.8 16.98 16.98 16.98
1127 11270002 Alabama Walker 32.82 17.34 17.34 17.34
4003 40031005 Arizona Cochise 16.62 15.73 15.73 15.69
4005 40051008 Arizona Coconino 17.11 16.21 16.21 16.21
4007 40070008 Arizona Gila 22.12 19.76 19.76 19.76
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

4013 40130019 Arizona Maricopa 32.8 24.35 24.35 24.35
4013 40134003 Arizona Maricopa 31.46 24.06 24.06 24.06
4013 40139997 Arizona Maricopa 26.3 19.01 19.01 19.01
4019 40190011 Arizona Pima 12.27 9.64 9.64 9.59
4019 40191028 Arizona Pima 11.34 8.55 8.55 8.50
4021 40210001 Arizona Pinal 17.55 14.56 14.56 14.56
4021 40213002 Arizona Pinal 11.85 10.5 10.53 10.53
4023 40230004 Arizona Santa Cruz 36.08 33.82 33.82 30.49
5001 50010011 Arkansas Arkansas 29.16 18.21 18.21 18.21
5003 50030005 Arkansas Ashley 28.91 21.00 21.00 21.00
5035 50350005 Arkansas Crittenden 35.06 18.60 18.60 18.60
5045 50450002 Arkansas Faulkner 29.87 19.26 19.26 19.26
5051 50510003 Arkansas Garland 29.27 18.67 18.67 18.67
5107 51070001 Arkansas Phillips 29.18 18.10 18.10 18.10
5113 51130002 Arkansas Polk 26.13 15.71 15.71 15.71
5115 51150003 Arkansas Pope 28.32 17.96 17.96 17.96
5119 51190007 Arkansas Pulaski 31.16 19.81 19.81 19.81
5119 51191004 Arkansas Pulaski 31.93 21.88 21.88 21.88
5119 51191005 Arkansas Pulaski 31.91 21.73 21.73 21.73
5139 51390006 Arkansas Union 28.7 19.81 19.81 19.81
5145 51450001 Arkansas White 29.91 19.33 19.33 19.33
6001 60010007 California Alameda 32.58 24.22 24.22 24.22
6001 60011001 California Alameda 29.44 21.44 21.44 21.44
6007 60070002 California Butte 52.55 32.16 32.16 30.46
6009 60090001 California Calaveras 20.55 13.86 13.86 13.86
6011 60111002 California Colusa 26.16 20.47 20.47 20.47
6013 60130002 California Contra Costa 34.7 25.15 25.15 25.15
6019 60190008 California Fresno 60.22 41.03 30.89 24.80
6019 60195001 California Fresno 56.15 38.30 28.29 22.25
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

6019 60195025 California Fresno 58.83 40.35 30.32 24.28
6025 60250005 California Imperial 40.21 31.82 31.82 30.40
6025 60250007 California Imperial 21.63 17.11 17.11 15.70
6025 60251003 California Imperial 23.32 18.84 18.84 17.42
6027 60271003 California Inyo 20 17.87 15.53 14.69
6029 60290010 California Kern 64.54 45.93 24.00 21.62
6029 60290014 California Kern 61.65 44.08 22.21 19.86
6029 60290016 California Kern 60.38 44.51 22.60 20.23
6031 60310004 California Kings 58.06 42.42 35.49 28.94
6033 60333001 California Lake 12.94 11.83 11.83 11.83
6037 60370002 California Los Angeles 49.85 35.54 25.18 24.24
6037 60371002 California Los Angeles 49.7 37.38 26.69 25.66
6037 60371103 California Los Angeles 50.97 38.39 27.52 26.43
6037 60371201 California Los Angeles 42.4 31.36 21.57 20.77
6037 60371301 California Los Angeles 48.71 39.72 29.16 28.17
6037 60371602 California Los Angeles 50.2 39.16 28.51 27.50
6037 60372005 California Los Angeles 42.2 28.18 17.75 16.78
6037 60374002 California Los Angeles 41.42 34.83 24.66 23.78
6037 60374004 California Los Angeles 39.38 33.49 23.49 22.66
6037 60379033 California Los Angeles 17.11 13.71 5.166 4.73
6045 60450006 California Mendocino 15.3 9.415 9.41 9.41
6047 60472510 California Merced 46.15 31.30 28.37 27.38
6053 60531003 California Monterey 14.35 10.98 8.783 7.98
6057 60570005 California Nevada 13.93 11.13 11.13 11.13
6057 60571001 California Nevada 16.55 12.65 12.65 12.65
6059 60590007 California Orange 43.76 34.02 31.01 28.31
6059 60592022 California Orange 33.85 29.68 27.43 24.94
6061 60610006 California Placer 29.88 20.31 20.31 20.31
6063 60631006 California Plumas 29.33 22.60 22.60 22.60

(continued)

4.A-73



Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

6063 60631009 California Plumas 32.44 24.05 24.05 24.05
6065 60651003 California Riverside 48.88 39.75 28.75 21.74
6065 60652002 California Riverside 24.22 18.47 8.969 2.31
6065 60658001 California Riverside 59.13 46.57 35.49 28.45
6067 60670006 California Sacramento 49.22 32.92 32.92 27.12
6067 60670010 California Sacramento 41.55 30.10 30.10 24.30
6067 60674001 California Sacramento 39.55 28.08 28.08 22.27
6071 60710025 California San Bernardino 51.9 41.28 34.02 26.86
6071 60710306 California San Bernardino 23.11 16.64 10.43 3.53
6071 60712002 California San Bernardino 52.85 39.80 32.26 25.03
6071 60718001 California San Bernardino 37.56 33.65 27.93 21.16
6071 60719004 California San Bernardino 55.5 41.53 34.44 27.32
6073 60730001 California San Diego 30.58 21.96 21.96 21.96
6073 60730003 California San Diego 35.55 25.35 25.35 25.35
6073 60730006 California San Diego 24.11 17.52 17.52 17.52
6073 60731002 California San Diego 33.28 23.94 23.94 23.94
6073 60731010 California San Diego 33.17 23.49 23.49 23.49
6075 60750005 California San Francisco 30.91 22.10 22.10 22.10
6077 60771002 California San Joaquin 41.88 29.94 26.89 25.87
6079 60792006 California San Luis Obispo 15.03 11.58 9.280 8.46
6079 60798001 California San Luis Obispo 22.58 17.17 14.54 13.63
6081 60811001 California San Mateo 29.41 21.72 21.72 21.72
6083 60830011 California Santa Barbara 24.07 16.45 16.45 16.45
6085 60850005 California Santa Clara 38.61 27.62 24.48 23.36
6085 60852003 California Santa Clara 35.9 25.34 22.26 21.16
6089 60890004 California Shasta 20.42 12.79 12.79 12.79
6095 60950004 California Solano 34.76 25.26 25.26 25.26
6097 60970003 California Sonoma 29.1 18.67 18.67 18.67
6099 60990005 California Stanislaus 51.48 37.06 31.79 28.73
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

6101 61010003 California Sutter 38.55 25.21 25.21 25.21
6107 61072002 California Tulare 56.63 40.12 31.82 27.84
6111 61110007 California Ventura 26.43 19.13 16.91 16.28
6111 61110009 California Ventura 21.53 16.18 13.96 13.32
6111 61112002 California Ventura 30.3 22.58 20.18 19.50
6111 61113001 California Ventura 25.4 17.38 15.67 15.19
6113 61131003 California Yolo 30.38 22.66 22.66 22.66
8001 80010006 Colorado Adams 25.35 17.94 17.94 17.94
8005 80050005 Colorado Arapahoe 21.27 15.47 15.47 15.47
8013 80130003 Colorado Boulder 21.12 16.19 16.19 16.19
8013 80130012 Colorado Boulder 18.7 14.40 14.40 14.40
8029 80290004 Colorado Delta 20.76 14.09 14.09 14.09
8031 80310002 Colorado Denver 26.44 19.47 19.47 19.47
8031 80310023 Colorado Denver 26.36 19.57 19.57 19.57
8039 80390001 Colorado Elbert 13.18 10.20 10.20 10.20
8041 80410008 Colorado El Paso 16.41 10.29 10.29 10.29
8041 80410011 Colorado El Paso 16.51 10.72 10.72 10.72
8069 80690009 Colorado Larimer 18.3 13.96 13.96 13.96
8077 80770017 Colorado Mesa 23.51 17.04 17.04 17.04
8101 81010012 Colorado Pueblo 15.42 10.93 10.93 10.93
8113 81130004 Colorado San Miguel 10.11 9.29 9.29 9.29
8123 81230006 Colorado Weld 22.9 17.47 17.47 17.47
8123 81230008 Colorado Weld 18.38 14.08 14.08 14.08
9001 90010010 Connecticut Fairfield 36.27 22.27 22.27 22.27
9001 90011123 Connecticut Fairfield 32.27 20.46 20.46 20.46
9001 90013005 Connecticut Fairfield 34.91 19.74 19.74 19.74
9001 90019003 Connecticut Fairfield 33.66 18.34 18.34 18.34
9003 90031003 Connecticut Hartford 31.83 17.84 17.84 17.84
9005 90050005 Connecticut Litchfield 27.16 13.00 13.00 13.00
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

9009 90090026 Connecticut New Haven 35.65 20.29 20.29 20.29
9009 90090027 Connecticut New Haven 35.58 20.10 20.10 20.10
9009 90091123 Connecticut New Haven 38.37 21.78 21.78 21.78
9009 90092008 Connecticut New Haven 33.68 19.01 19.01 19.01
9009 90092123 Connecticut New Haven 34.45 20.00 20.00 20.00
9011 90113002 Connecticut New London 32.03 16.66 16.66 16.66
10001 100010002  Delaware Kent 32.14 18.35 18.35 18.35
10001 100010003 Delaware Kent 31.5 17.57 17.57 17.57
10003 100031003  Delaware New Castle 34.36 21.64 21.64 21.64
10003 100031007  Delaware New Castle 32.65 17.11 17.11 17.11
10003 100031012  Delaware New Castle 33.5 22.01 22.01 22.01
10003 100032004  Delaware New Castle 36.66 22.47 22.47 22.47
10005 100051002  Delaware Sussex 33.78 19.48 19.48 19.48
11001 110010041 D.C. Washington 36.35 20.93 20.93 20.93
11001 110010042 D.C. Washington 34.95 20.29 20.29 20.29
11001 110010043 D.C. Washington 34.16 20.14 20.14 20.14
12001 120010023  Florida Alachua 21.35 12.18 12.18 12.18
12001 120010024  Florida Alachua 20.98 13.56 13.56 13.56
12005 120051004  Florida Bay 28.08 18.31 18.31 18.31
12009 120090007  Florida Brevard 20.73 12.88 12.88 12.88
12011 120111002  Florida Broward 18.34 13.22 13.22 13.22
12011 120112004  Florida Broward 18.63 13.16 13.16 13.16
12011 120113002  Florida Broward 15.96 10.92 10.92 10.92
12017 120170005  Florida Citrus 21.22 11.83 11.83 11.83
12031 120310098  Florida Duval 23.72 16.13 16.13 16.13
12031 120310099  Florida Duval 24.35 17.77 17.77 17.77
12033 120330004  Florida Escambia 28.8 20.86 20.86 20.86
12057 120570030  Florida Hillsborough 23.44 15.31 15.31 15.31
12057 120573002  Florida Hillsborough 22.25 13.16 13.16 13.16
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

12071 120710005 Florida Lee 17.7 12.27 12.27 12.27
12073 120730012  Florida Leon 27.03 18.52 18.52 18.52
12081 120814012 Florida Manatee 19.57 11.54 11.54 11.54
12083 120830003  Florida Marion 22.56 13.49 13.49 13.49
12086 120861016 Florida Miami-Dade 19.13 11.54 11.54 11.54
12086 120866001  Florida Miami-Dade 18.6 12.83 12.83 12.83
12095 120952002  Florida Orange 21.83 12.99 12.99 12.99
12099 120990009  Florida Palm Beach 17.73 13.63 13.63 13.63
12099 120992005  Florida Palm Beach 18.22 12.75 12.75 12.75
12103 121030018  Florida Pinellas 21.73 14.58 14.58 14.58
12103 121031009  Florida Pinellas 20.8 13.91 13.91 13.91
12105 121056006  Florida Polk 19.3 12.88 12.88 12.88
12111 121111002  Florida St Lucie 18.18 11.46 11.46 11.46
12115 121150013  Florida Sarasota 19.22 12.19 12.19 12.19
12117 121171002  Florida Seminole 22.08 12.45 12.45 12.45
12127 121275002  Florida Volusia 22 12.81 12.81 12.81
13021 130210007  Georgia Bibb 33.56 21.70 21.70 21.27
13021 130210012  Georgia Bibb 30.74 17.76 17.76 17.33
13051 130510017  Georgia Chatham 28.45 18.78 18.78 18.78
13051 130510091  Georgia Chatham 27.9 18.29 18.29 18.29
13063 130630091 Georgia Clayton 35.88 20.95 20.95 20.95
13067 130670003  Georgia Cobb 35.04 19.81 19.81 19.81
13067 130670004  Georgia Cobb 34.12 19.35 19.35 19.35
13089 130890002  Georgia De Kalb 33.44 18.19 18.19 18.19
13089 130892001  Georgia De Kalb 33.92 19.54 19.54 19.54
13095 130950007  Georgia Dougherty 34.15 23.51 23.51 23.51
13115 131150005 Georgia Floyd 35.12 21.22 21.22 21.22
13121 131210032  Georgia Fulton 34.13 19.56 19.56 19.56
13121 131210039  Georgia Fulton 37.66 22.76 22.76 22.45

4.A-77

(continued)



Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

13127 131270006  Georgia Glynn 26.13 18.04 18.04 18.04
13135 131350002  Georgia Gwinnett 32.81 18.28 18.28 18.28
13139 131390003  Georgia Hall 30.11 18.95 18.95 18.95
13153 131530001 Georgia Houston 29.63 17.62 17.62 17.59
13185 131850003 Georgia Lowndes 25.68 16.90 16.90 16.90
13215 132150001  Georgia Muscogee 31.38 21.83 21.83 21.83
13215 132150008  Georgia Muscogee 34.58 22.33 22.33 22.33
13215 132150011  Georgia Muscogee 30.25 20.09 20.09 20.09
13223 132230003  Georgia Paulding 33.02 18.66 18.66 18.66
13245 132450005 Georgia Richmond 32.7 23.41 23.41 23.41
13245 132450091  Georgia Richmond 31.97 21.68 21.68 21.68
13295 132950002  Georgia Walker 30.98 18.36 18.36 18.36
13303 133030001 Georgia Washington 30.83 18.99 18.99 18.99
13319 133190001  Georgia Wilkinson 33.16 20.66 20.66 20.66
16001 160010011 Idaho Ada 28.36 25.01 25.01 25.01
16005 160050015 Idaho Bannock 27.08 24.18 24.18 24.18
16009 160090010 Idaho Benewah 32.94 28.46 28.46 28.38
16027 160270004 Idaho Canyon 31.8 26.29 26.29 26.29
16041 160410001 Idaho Franklin 36.76 30.49 30.49 30.43
16049 160490003 Idaho Idaho 28.43 26.37 26.37 26.18
16059 160590004 Idaho Lemhi 36.53 31.32 31.32 30.48
16077 160770011 Idaho Power 33.36 29.75 29.75 29.75
16079 160790017 Idaho Shoshone 38.16 31.96 31.96 30.48
17001 170010006 lllinois Adams 31.41 18.25 18.25 18.25
17019 170190004 lllinois Champaign 31.32 18.99 18.99 18.99
17019 170191001 |lllinois Champaign 30.04 19.02 19.02 19.02
17031 170310022 lllinois Cook 36.61 28.61 28.61 28.25
17031 170310050 lllinois Cook 36.11 25.08 25.08 24.72
17031 170310052 lllinois Cook 40.26 26.51 26.51 26.15
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

17031 170310057 lllinois Cook 37.37 25.25 25.25 24.89
17031 170310076 lllinois Cook 38.05 25.52 25.52 25.16
17031 170311016 lllinois Cook 43.03 28.93 28.93 28.56
17031 170312001 |lllinois Cook 37.7 26.75 26.75 26.38
17031 170313103 lllinois Cook 39.65 27.06 27.06 26.70
17031 170313301 lllinois Cook 40.22 26.35 26.35 25.98
17031 170314007 lllinois Cook 34.31 22.60 22.60 22.23
17031 170314201 |lllinois Cook 32 21.74 21.74 21.38
17031 170316005 lllinois Cook 39.17 29.02 29.02 28.65
17043 170434002 lllinois Du Page 34.64 25.32 25.32 25.32
17065 170650002 lllinois Hamilton 31.6 16.98 16.98 16.98
17083 170831001 lllinois Jersey 32.18 19.67 19.67 18.93
17089 170890003 lllinois Kane 33.85 23.48 23.48 23.48
17089 170890007 lllinois Kane 34.83 25.12 25.12 25.12
17097 170971007 lllinois Lake 33.08 21.19 21.19 21.19
17099 170990007 lllinois La Salle 28.92 19.62 19.62 19.62
17111 171110001 |lllinois McHenry 31.58 20.88 20.88 20.88
17113 171132003  lllinois McLean 33.43 20.92 20.92 20.92
17115 171150013 lllinois Macon 33.25 18.70 18.70 18.70
17119 171190023  lllinois Madison 37.31 24.71 24.71 22.72
17119 171191007  lllinois Madison 39.16 25.29 25.29 23.30
17119 171192009 lllinois Madison 34.97 22.05 22.05 20.06
17119 171193007  lllinois Madison 34.03 19.78 19.78 17.80
17143 171430037  lllinois Peoria 32.76 21.05 21.05 21.05
17157 171570001 |lllinois Randolph 28.96 20.19 20.19 20.19
17161 171613002 lllinois Rock Island 30.9 22.57 22.57 22.57
17163 171630010 |lllinois St Clair 33.7 22.13 22.13 21.35
17163 171634001 lllinois St Clair 31.91 22.79 22.79 22.07
17167 171670012 lllinois Sangamon 3341 21.67 21.67 21.67
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

17197 171971002 Illinois will 36.45 24.37 24.37 24.37
17197 171971011 Illinois will 30.71 17.71 17.71 17.71
17201 172010013 llinois Winnebago 34.73 24.49 24.49 24.49
18003 180030004 Indiana Allen 33.1 23.14 23.14 23.14
18003 180030014 Indiana Allen 30.51 20.81 20.81 20.81
18019 180190006 Indiana Clark 37.57 20.97 20.97 20.97
18035 180350006 Indiana Delaware 32.07 20.32 20.32 20.32
18037 180372001 Indiana Dubois 35.36 21.93 21.93 21.93
18039 180390003  Indiana Elkhart 34.43 25.09 25.09 25.09
18043 180431004 Indiana Floyd 33.26 17.44 17.44 17.44
18065 180650003 Indiana Henry 31.86 19.30 19.30 19.30
18067 180670003 Indiana Howard 32.21 20.20 20.20 20.20
18083 180830004 Indiana Knox 35.92 21.44 21.44 21.44
18089 180890006 Indiana Lake 34.97 26.23 26.23 26.23
18089 180890022 Indiana Lake 38.98 29.59 29.59 29.59
18089 180890026 Indiana Lake 38.42 27.13 27.13 27.13
18089 180890027 Indiana Lake 32.63 23.66 23.66 23.66
18089 180890031 Indiana Lake 34 22.52 22.52 22.52
18089 180891003  Indiana Lake 32.71 24.90 24.90 24.90
18089 180892004 Indiana Lake 3291 26.34 26.34 26.34
18089 180892010 Indiana Lake 34.23 25.77 25.77 25.77
18091 180910011 Indiana La Porte 33 21.47 21.47 21.47
18091 180910012 Indiana La Porte 30.61 21.63 21.63 21.63
18095 180950009 Indiana Madison 32.82 20.04 20.04 20.04
18097 180970042 Indiana Marion 34.23 20.92 20.92 20.92
18097 180970043 Indiana Marion 38.47 23.70 23.70 23.70
18097 180970066 Indiana Marion 38.31 24.20 24.20 24.20
18097 180970078 Indiana Marion 36.64 22.66 22.66 22.66
18097 180970079 Indiana Marion 35.61 21.22 21.22 21.22

4.A-80

(continued)



Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

18097 180970081 Indiana Marion 38.2 23.59 23.59 23.59
18097 180970083  Indiana Marion 36.63 23.85 23.85 23.85
18127 181270020 Indiana Porter 32.96 22.00 22.00 22.00
18127 181270024  Indiana Porter 31.87 23.05 23.05 23.05
18141 181410014 Indiana St Joseph 32.45 23.43 23.43 23.43
18141 181411008 Indiana St Joseph 33.16 24.73 24.73 24.73
18141 181412004  Indiana St Joseph 30.04 23.49 23.49 23.49
18147 181470009 Indiana Spencer 32.32 15.43 15.43 15.43
18157 181570008 Indiana Tippecanoe 35.68 20.81 20.81 20.81
18163 181630006 Indiana Vanderburgh 34.8 22.81 22.81 22.81
18163 181630012 Indiana Vanderburgh 33.27 22.48 22.48 22.48
18163 181630016 Indiana Vanderburgh 32.66 22.91 2291 22.91
18167 181670018 Indiana Vigo 34.6 20.64 20.64 20.64
18167 181670023  Indiana Vigo 34.88 19.44 19.44 19.44
19013 190130008 lowa Black Hawk 30.78 21.69 21.69 21.69
19045 190450021 lowa Clinton 33.95 23.86 23.86 23.86
19103 191032001 lowa Johnson 34.67 24.38 24.38 24.38
19113 191130037 lowa Linn 30.6 20.62 20.62 20.62
19137 191370002 lowa Montgomery 27.5 17.47 17.47 17.47
19139 191390015 lowa Muscatine 36.03 27.11 27.11 27.11
19147 191471002 lowa Palo Alto 25.73 18.02 18.02 18.02
19153 191530030 lowa Polk 28.41 20.25 20.25 20.25
19153 191532510 lowa Polk 27.26 18.56 18.56 18.56
19153 191532520 lowa Polk 31.46 22.22 22.22 22.22
19155 191550009 lowa Pottawattamie 28.6 21.11 21.11 21.11
19163 191630015 lowa Scott 31.01 21.33 21.33 21.33
19163 191630018 lowa Scott 32.34 23.19 23.19 23.19
19163 191630019 lowa Scott 37.1 25.09 25.09 25.09
19177 191770006 lowa Van Buren 28.36 19.89 19.89 19.89
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

19193 191930017 lowa Woodbury 26.4 19.58 19.58 19.58
19197 191970004 lowa Wright 28.65 19.15 19.15 19.15
20091 200910007  Kansas Johnson 25.37 17.45 17.45 17.45
20091 200910009  Kansas Johnson 29.3 22.43 22.43 22.43
20091 200910010  Kansas Johnson 23.55 15.14 15.14 15.14
20107 201070002  Kansas Linn 25.38 17.91 17.91 17.91
20173 201730008  Kansas Sedgwick 23.7 16.04 16.04 16.04
20173 201730009 Kansas Sedgwick 25.01 17.07 17.07 17.07
20173 201730010 Kansas Sedgwick 25.37 18.21 18.21 18.21
20177 201770010 Kansas Shawnee 29.16 21.81 21.81 21.81
20191 201910002  Kansas Sumner 22.84 16.11 16.11 16.11
20209 202090021  Kansas Wyandotte 29.58 21.07 21.07 21.07
20209 202090022  Kansas Wyandotte 26.6 18.33 18.33 18.33
21013 210130002  Kentucky Bell 29.9 16.93 16.93 16.93
21019 210190017  Kentucky Boyd 33.15 16.09 16.09 16.09
21029 210290006  Kentucky Bullitt 34.63 17.50 17.50 17.50
21037 210370003  Kentucky Campbell 31.2 16.22 16.22 16.22
21043 210430500  Kentucky Carter 29.91 13.49 13.49 13.49
21047 210470006  Kentucky Christian 33.6 16.00 16.00 16.00
21059 210590005  Kentucky Daviess 33.86 16.90 16.90 16.90
21067 210670012  Kentucky Fayette 31.97 16.44 16.44 16.44
21067 210670014  Kentucky Fayette 32.23 17.70 17.70 17.70
21073 210730006  Kentucky Franklin 32.17 17.09 17.09 17.09
21093 210930006  Kentucky Hardin 32.81 15.86 15.86 15.86
21101 211010014  Kentucky Henderson 31.85 17.66 17.66 17.66
21111 211110043  Kentucky Jefferson 35.48 18.39 18.39 18.39
21111 211110044  Kentucky Jefferson 36.16 19.20 19.20 19.20
21111 211110048  Kentucky Jefferson 36.44 20.47 20.47 20.47
21111 211110051  Kentucky Jefferson 32.4 15.08 15.08 15.08
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
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2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

21117 211170007 Kentucky Kenton 34.74 19.01 19.01 19.01
21125 211250004  Kentucky Laurel 25.16 13.86 13.86 13.86
21145 211451004  Kentucky McCracken 33.62 17.07 17.07 17.07
21151 211510003 Kentucky Madison 30.11 15.14 15.14 15.14
21193 211930003  Kentucky Perry 28.54 13.52 13.52 13.52
21195 211950002 Kentucky Pike 30.52 15.35 15.35 15.35
21227 212270007 Kentucky Warren 33.14 16.04 16.04 16.04
22017 220171002 Louisiana Caddo 27.56 18.95 18.95 18.95
22019 220190009 Louisiana Calcasieu 24.28 16.84 16.84 16.84
22019 220190010  Louisiana Calcasieu 26.38 17.48 17.48 17.48
22029 220290003  Louisiana Concordia 26.16 16.01 16.01 16.01
22033 220330009 Louisiana East Baton Rouge 29.36 21.12 21.12 21.12
22033 220331001 Louisiana East Baton Rouge 25.47 17.97 17.97 17.97
22047 220470005 Louisiana Iberville 28.62 21.52 21.52 21.52
22047 220470009 Louisiana Iberville 26.14 16.97 16.97 16.97
22051 220511001  Louisiana Jefferson 27.06 16.37 16.37 16.37
22055 220550006 Louisiana Lafayette 24.28 15.98 15.98 15.98
22073 220730004  Louisiana Ouachita 28.91 19.57 19.57 19.57
22079 220790002  Louisiana Rapides 30.26 18.76 18.76 18.76
22105 221050001 Louisiana Tangipahoa 29.61 18.23 18.23 18.23
22109 221090001 Louisiana Terrebonne 26.25 16.19 16.19 16.19
22121 221210001 Louisiana West Baton Rouge 29.08 20.94 20.94 20.94
23001 230010011 Maine Androscoggin 26.56 16.78 16.78 16.78
23003 230030013 Maine Aroostook 24.23 20.18 20.18 20.18
23003 230031011 Maine Aroostook 2291 17.01 17.01 17.01
23005 230050015 Maine Cumberland 27.74 16.79 16.79 16.79
23005 230050027 Maine Cumberland 29.2 17.48 17.48 17.48
23009 230090103 Maine Hancock 19.43 11.79 11.79 11.79
23011 230110016 Maine Kennebec 26.21 15.86 15.86 15.86
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

23017 230172011 Maine Oxford 28.36 18.96 18.96 18.96
23019 230190002 Maine Penobscot 22.03 14.30 14.30 14.30
24003 240030014  Maryland Anne Arundel 33.23 17.56 17.56 17.56
24003 240031003  Maryland Anne Arundel 35.55 22.09 22.09 22.09
24003 240032002  Maryland Anne Arundel 36.16 23.69 23.69 23.69
24005 240051007 Maryland Baltimore 33.33 20.06 20.06 20.06
24005 240053001  Maryland Baltimore 35.84 21.66 21.66 21.66
24015 240150003  Maryland Cecil 30.82 19.07 19.07 19.07
24025 240251001 Maryland Harford 31.21 17.19 17.19 17.19
24031 240313001 Maryland Montgomery 30.93 17.19 17.19 17.19
24033 240330030 Maryland Prince Georges 31.73 17.45 17.45 17.45
24033 240338003 Maryland Prince Georges 33.46 18.03 18.03 18.03
24043 240430009  Maryland Washington 33.43 20.15 20.15 20.15
24510 245100006  Maryland Baltimore City 33.38 21.16 21.16 21.16
24510 245100007 Maryland Baltimore City 34.74 22.38 22.38 22.38
24510 245100008  Maryland Baltimore City 37.21 24.33 24.33 24.33
24510 245100035 Maryland Baltimore City 37.75 24.85 24.85 24.85
24510 245100040  Maryland Baltimore City 39.01 25.23 25.23 25.23
24510 245100049  Maryland Baltimore City 38.16 26.21 26.21 26.21
25003 250035001  Massachusetts Berkshire 31.06 19.54 19.54 19.54
25005 250051004  Massachusetts Bristol 25.07 15.30 15.30 15.30
25009 250092006  Massachusetts Essex 28.72 18.00 18.00 18.00
25009 250095005  Massachusetts Essex 26.85 14.98 14.98 14.98
25009 250096001  Massachusetts Essex 27.8 17.48 17.48 17.48
25013 250130008 Massachusetts Hampden 27.26 17.08 17.08 17.08
25013 250130016 Massachusetts Hampden 32.3 20.35 20.35 20.35
25013 250132009 Massachusetts Hampden 33.13 20.80 20.80 20.80
25023 250230004  Massachusetts Plymouth 28.48 16.46 16.46 16.46
25025 250250002  Massachusetts Suffolk 29.45 19.75 19.75 19.75
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

25025 250250027  Massachusetts Suffolk 29.23 19.20 19.20 19.20
25025 250250042  Massachusetts Suffolk 28.6 19.01 19.01 19.01
25025 250250043  Massachusetts Suffolk 32.17 20.80 20.80 20.80
25027 250270016  Massachusetts Worcester 30.01 17.73 17.73 17.73
25027 250270023  Massachusetts Worcester 30.66 18.47 18.47 18.47
26005 260050003  Michigan Allegan 33.82 23.99 23.99 23.99
26017 260170014  Michigan Bay 31.68 21.73 21.73 21.73
26021 260210014  Michigan Berrien 31.32 21.21 21.21 21.21
26049 260490021  Michigan Genesee 30.46 21.92 21.92 21.92
26065 260650012  Michigan Ingham 31.96 22.40 22.40 22.40
26077 260770008  Michigan Kalamazoo 31.17 21.05 21.05 21.05
26081 260810020  Michigan Kent 36.53 23.50 23.50 23.50
26099 260990009  Michigan Macomb 35.32 27.12 27.12 27.12
26113 261130001  Michigan Missaukee 24.83 15.51 15.51 15.51
26115 261150005  Michigan Monroe 38.88 23.36 23.36 23.36
26121 261210040  Michigan Muskegon 34.71 23.72 23.72 23.72
26125 261250001  Michigan Oakland 39.94 24.16 24.16 24.16
26139 261390005  Michigan Ottawa 34.24 25.06 25.06 25.06
26145 261450018  Michigan Saginaw 30.66 20.77 20.77 20.77
26147 261470005  Michigan St Clair 39.61 28.92 28.92 28.92
26161 261610005  Michigan Washtenaw 33.6 22.74 22.74 22.74
26161 261610008  Michigan Washtenaw 39.46 23.39 23.39 23.39
26163 261630001  Michigan Wayne 37.83 25.52 25.52 21.34
26163 261630015  Michigan Wayne 40.12 27.89 27.89 23.71
26163 261630016  Michigan Wayne 42.92 30.23 30.23 26.06
26163 261630019  Michigan Wayne 40.92 30.69 30.69 26.51
26163 261630025  Michigan Wayne 35.18 22.91 22.91 18.73
26163 261630033  Michigan Wayne 43.88 31.37 31.37 27.19
26163 261630036  Michigan Wayne 37.16 25.77 25.77 21.59
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2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

26163 261630039  Michigan Wayne 37.03 26.93 26.93 22.75
27021 270210001  Minnesota Cass 18.02 13.84 13.84 13.84
27037 270370470  Minnesota Dakota 25.42 18.28 18.28 18.28
27053 270530050 Minnesota Hennepin 27.25 19.26 19.26 19.26
27053 270530961 Minnesota Hennepin 25.52 17.99 17.99 17.99
27053 270530963 Minnesota Hennepin 26.07 18.83 18.83 18.83
27053 270530965 Minnesota Hennepin 24.71 18.35 18.35 18.35
27053 270531007 Minnesota Hennepin 25.44 17.85 17.85 17.85
27053 270532006 Minnesota Hennepin 26.76 18.04 18.04 18.04
27095 270953051  Minnesota Mille Lacs 22.03 16.93 16.93 16.93
27123 271230866 Minnesota Ramsey 28.04 20.57 20.57 20.57
27123 271230868 Minnesota Ramsey 28.38 20.59 20.59 20.59
27123 271230871 Minnesota Ramsey 26.36 19.72 19.72 19.72
27137 271377001  Minnesota St Louis 20.31 15.63 15.63 15.63
27137 271377550  Minnesota St Louis 19.51 14.20 14.20 14.20
27137 271377551  Minnesota St Louis 23.53 16.56 16.56 16.56
27139 271390505  Minnesota Scott 24.98 17.93 17.93 17.93
28001 280010004  Mississippi Adams 27.48 16.79 16.79 16.79
28011 280110001  Mississippi Bolivar 28.98 19.20 19.20 19.20
28033 280330002  Mississippi De Soto 30.82 15.85 15.85 15.85
28035 280350004  Mississippi Forrest 30.48 20.78 20.78 20.78
28047 280470008  Mississippi Harrison 29 18.33 18.33 18.33
28049 280490010  Mississippi Hinds 28.83 17.03 17.03 17.03
28059 280590006  Mississippi Jackson 26.96 16.48 16.48 16.48
28067 280670002  Mississippi Jones 31.21 20.85 20.85 20.85
28081 280810005  Mississippi Lee 32.18 16.69 16.69 16.69
28087 280870001 Mississippi Lowndes 32.44 17.28 17.28 17.28
28149 281490004 Mississippi Warren 30.26 19.28 19.28 19.28
29019 290190004  Missouri Boone 30.23 19.03 19.03 19.03
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2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

29021 290210005  Missouri Buchanan 30.1 21.61 21.61 21.61
29037 290370003  Missouri Cass 25.61 16.89 16.89 16.89
29039 290390001  Missouri Cedar 28.7 18.77 18.77 18.77
29047 290470005  Missouri Clay 28.04 20.00 20.00 20.00
29077 290770032  Missouri Greene 28.27 18.75 18.75 18.75
29095 290950034  Missouri Jackson 27.88 20.33 20.33 20.33
29099 290990012  Missouri Jefferson 33.43 21.12 21.12 21.12
29137 291370001  Missouri Monroe 27.83 17.98 17.98 17.98
29183 291831002  Missouri St Charles 33.16 20.01 20.01 20.01
29186 291860006  Missouri Ste Genevieve 31.44 18.83 18.83 18.83
29189 291890004  Missouri St Louis 32.03 20.46 20.46 20.46
29189 291892003  Missouri St Louis 33.21 23.50 23.50 23.50
29510 295100007  Missouri St Louis City 33.16 20.79 20.79 20.79
29510 295100085  Missouri St Louis City 33.24 21.03 21.03 21.03
29510 295100086  Missouri St Louis City 32.5 22.13 22.13 22.13
29510 295100087  Missouri St Louis City 34.35 22.07 22.07 22.07
30013 300131026 Montana Cascade 20.15 17.08 17.08 17.08
30029 300290009 Montana Flathead 27.14 22.76 22.56 22.05
30029 300290047 Montana Flathead 27.17 24.28 24.11 23.65
30031 300310008 Montana Gallatin 29.55 26.24 26.24 26.24
30031 300310013 Montana Gallatin 12.2 11.3 11.39 11.39
30047 300470013  Montana Lake 27.03 23.75 20.89 15.95
30047 300470028 Montana Lake 43.66 38.36 35.49 30.49
30049 300490018 Montana Lewis And Clark 33.53 28.27 28.27 28.27
30053 300530018 Montana Lincoln 42.71 35.36 35.12 29.50
30063 300630031 Montana Missoula 44.64 37.47 34.48 30.48
30081 300810007 Montana Ravalli 45.11 37.30 35.48 30.48
30087 300870307 Montana Rosebud 19.73 18.34 18.34 18.34
30089 300890007 Montana Sanders 20.42 18.25 18.10 17.71
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FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

30093 300930005 Montana Silver Bow 35 28.15 28.15 28.15
30111 301111065 Montana Yellowstone 19.38 15.76 15.76 15.76
31025 310250002  Nebraska Cass 28.3 20.73 20.73 20.73
31055 310550019  Nebraska Douglas 25.7 19.25 19.25 19.25
31055 310550052  Nebraska Douglas 25.76 18.99 18.99 18.99
31079 310790004 Nebraska Hall 19.16 14.31 14.31 14.31
31109 311090022  Nebraska Lancaster 24.77 17.87 17.87 17.87
31157 311570003  Nebraska Scotts Bluff 16.66 13.90 13.90 13.90
31177 311770002  Nebraska Washington 24.01 17.68 17.68 17.68
32003 320030022  Nevada Clark 9.13 8.18 8.18 8.18
32003 320030298 Nevada Clark 12.43 10.10 10.10 10.10
32003 320030561  Nevada Clark 25.26 19.31 19.31 19.31
32003 320031019 Nevada Clark 8.6 7.53 7.53 7.53
32003 320032002 Nevada Clark 20.93 16.35 16.35 16.35
32031 320310016  Nevada Washoe 30.78 20.85 20.85 20.85
33001 330012004  New Hampshire  Belknap 20.55 11.31 11.31 11.31
33005 330050007 New Hampshire  Cheshire 30.23 18.74 18.74 18.74
33007 330070014 New Hampshire  Coos 26.5 17.08 17.08 17.08
33009 330090010 New Hampshire  Grafton 23 14.67 14.67 14.67
33011 330110020 New Hampshire  Hillsborough 28.66 18.87 18.87 18.87
33011 330111015 New Hampshire  Hillsborough 27.33 19.03 19.03 19.03
33011 330115001 New Hampshire  Hillsborough 25.9 12.93 12.93 12.93
33013 330131006 New Hampshire  Merrimack 25.65 15.12 15.12 15.12
33015 330150014 New Hampshire  Rockingham 26.35 15.67 15.67 15.67
33019 330190003 New Hampshire  Sullivan 28.92 16.49 16.49 16.49
34003 340030003  New Jersey Bergen 37.03 22.46 22.46 22.46
34007 340070003  New Jersey Camden 36.5 20.93 20.93 20.93
34007 340071007 New Jersey Camden 37.37 20.89 20.89 20.89
34013 340130015  New Jersey Essex 38.38 22.59 22.59 22.59
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FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

34017 340171003 New Jersey Hudson 39.08 25.73 25.73 25.73
34017 340172002  New Jersey Hudson 41.43 29.62 29.62 29.62
34021 340210008 New Jersey Mercer 34.75 18.67 18.67 18.67
34023 340230006  New Jersey Middlesex 34.82 19.67 19.67 19.67
34027 340270004  New Jersey Morris 32.32 18.32 18.32 18.32
34027 340273001 New Jersey Morris 31.5 16.03 16.03 16.03
34029 340292002 New Jersey Ocean 31.56 16.14 16.14 16.14
34031 340310005  New Jersey Passaic 36.3 21.13 21.13 21.13
34039 340390004 New Jersey Union 40.47 24.64 24.64 24.64
34039 340390006  New Jersey Union 37.35 21.11 21.11 21.11
34039 340392003  New Jersey Union 36.82 21.32 21.32 21.32
34041 340410006 New Jersey Warren 34.06 20.46 20.46 20.46
35001 350010023 New Mexico Bernalillo 18.6 14.61 14.61 14.61
35001 350010024  New Mexico Bernalillo 16.43 13.12 13.12 13.12
35005 350050005 New Mexico Chaves 15.68 12.43 12.43 12.43
35013 350130017 New Mexico Dona Ana 32.95 26.90 26.90 26.90
35013 350130025 New Mexico Dona Ana 13.8 11.66 11.66 11.66
35017 350171002 New Mexico Grant 13 12.21 12.21 12.21
35043 350431003 New Mexico Sandoval 10.3 8.01 8.01 8.01
35043 350439011 New Mexico Sandoval 15.68 13.73 13.73 13.73
35045 350450006 New Mexico San Juan 124 10.91 10.91 10.91
35049 350490020 New Mexico Santa Fe 9.78 8.57 8.57 8.57
36001 360010005  New York Albany 34.26 22.51 22.51 22.51
36005 360050080  New York Bronx 38.87 26.00 26.00 26.00
36005 360050083  New York Bronx 34.74 21.32 21.32 21.32
36005 360050110  New York Bronx 36.11 25.41 25.41 25.41
36013 360130011  New York Chautauqua 29.15 15.82 15.82 15.82
36029 360290005  New York Erie 35.35 25.54 25.54 25.54
36029 360291007 New York Erie 33.61 23.32 23.32 23.32
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36031 360310003 New York Essex 22.45 13.77 13.77 13.77
36047 360470122  New York Kings 36.94 23.04 23.04 23.04
36055 360551007  New York Monroe 32.2 19.38 19.38 19.38
36059 360590008  New York Nassau 34.01 19.15 19.15 19.15
36061 360610056  New York New York 39.7 26.51 26.51 23.61
36061 360610062  New York New York 38.82 23.85 23.85 20.95
36061 360610079  New York New York 37.94 25.73 25.73 22.83
36061 360610128  New York New York 39.45 25.95 25.95 23.05
36063 360632008  New York Niagara 33.87 21.99 21.99 21.99
36067 360671015 New York Onondaga 27.35 16.74 16.74 16.74
36071 360710002  New York Orange 28.92 18.47 18.47 18.47
36081 360810124  New York Queens 35.56 22.44 22.44 22.44
36085 360850055  New York Richmond 34.93 21.17 21.17 21.17
36085 360850067  New York Richmond 3241 17.57 17.57 17.57
36089 360893001  New York St Lawrence 22.05 15.22 15.22 15.22
36101 361010003  New York Steuben 27.81 14.94 14.94 14.94
36103 361030001  New York Suffolk 34.66 18.09 18.09 18.09
36119 361191002  New York Westchester 33.51 19.41 19.41 19.41
37001 370010002  North Carolina Alamance 31.72 18.09 18.09 18.09
37021 370210034  North Carolina Buncombe 30.05 15.83 15.83 15.83
37033 370330001  North Carolina Caswell 29.45 16.07 16.07 16.07
37035 370350004  North Carolina Catawba 34.53 19.24 19.24 19.24
37037 370370004  North Carolina Chatham 26.94 13.82 13.82 13.82
37051 370510009  North Carolina Cumberland 30.78 17.31 17.31 17.31
37057 370570002  North Carolina Davidson 31.35 18.28 18.28 18.28
37061 370610002  North Carolina Duplin 28.3 15.35 15.35 15.35
37063 370630001  North Carolina Durham 31.02 16.47 16.47 16.47
37065 370650004  North Carolina Edgecombe 26.78 16.60 16.60 16.60
37067 370670022  North Carolina Forsyth 31.92 18.32 18.32 18.32
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

37071 370710016  North Carolina Gaston 30.86 16.10 16.10 16.10
37081 370810013  North Carolina Guilford 30.63 17.80 17.80 17.80
37087 370870010 North Carolina Haywood 27.74 16.38 16.38 16.38
37099 370990006  North Carolina Jackson 24.96 13.91 13.91 13.91
37107 371070004  North Carolina Lenoir 25.2 15.55 15.55 15.55
37111 371110004  North Carolina McDowell 31.55 17.30 17.30 17.30
37117 371170001  North Carolina Martin 24.83 14.78 14.78 14.78
37119 371190010 North Carolina Mecklenburg 32.33 18.39 18.39 18.39
37119 371190041 North Carolina Mecklenburg 31.72 16.71 16.71 16.71
37119 371190042 North Carolina Mecklenburg 30.7 16.34 16.34 16.34
37121 371210001  North Carolina Mitchell 30.25 15.29 15.29 15.29
37123 371230001 North Carolina Montgomery 28.21 15.02 15.02 15.02
37129 371290002  North Carolina New Hanover 254 13.75 13.75 13.75
37133 371330005  North Carolina Onslow 24.61 14.53 14.53 14.53
37135 371350007  North Carolina Orange 29.35 15.60 15.60 15.60
37147 371470005  North Carolina Pitt 26.21 16.20 16.20 16.20
37155 371550005  North Carolina Robeson 29.92 16.31 16.31 16.31
37159 371590021  North Carolina Rowan 30.23 17.71 17.71 17.71
37173 371730002  North Carolina Swain 27.34 15.03 15.03 15.03
37183 371830014  North Carolina Wake 31.63 16.96 16.96 16.96
37189 371890003 North Carolina Watauga 30.43 15.96 15.96 15.96
37191 371910005 North Carolina Wayne 29.72 17.01 17.01 17.01
38007 380070002  North Dakota Billings 13.07 11.57 11.57 11.57
38013 380130003  North Dakota Burke 16.73 15.05 15.05 15.05
38015 380150003  North Dakota Burleigh 17.62 14.39 14.39 14.39
38017 380171004  North Dakota Cass 21.22 16.05 16.05 16.05
38053 380530002  North Dakota McKenzie 11.96 10.4 10.41 10.41
38057 380570004  North Dakota Mercer 16.98 14.36 14.36 14.36
39009 390090003  Ohio Athens 32.32 15.83 15.83 15.83
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

39017 390170003  Ohio Butler 39.23 23.53 23.53 23.53
39017 390170016  Ohio Butler 37.14 19.79 19.79 19.79
39017 390170017  Ohio Butler 37.93 20.19 20.19 20.19
39017 390171004 Ohio Butler 37.13 19.29 19.29 19.29
39023 390230005  Ohio Clark 35.37 19.40 19.40 19.40
39025 390250022  Ohio Clermont 34.46 17.07 17.07 17.07
39035 390350027  Ohio Cuyahoga 36.6 24.82 24.82 22.59
39035 390350034  Ohio Cuyahoga 36.58 21.66 21.66 19.46
39035 390350038 Ohio Cuyahoga 44.2 29.73 29.73 27.50
39035 390350045  Ohio Cuyahoga 38.57 23.28 23.28 21.05
39035 390350060 Ohio Cuyahoga 42.12 26.89 26.89 24.66
39035 390350065  Ohio Cuyahoga 38.67 22.85 22.85 20.62
39035 390351002  Ohio Cuyahoga 34.25 20.89 20.89 18.67
39049 390490024  Ohio Franklin 38.51 21.09 21.09 21.09
39049 390490025  Ohio Franklin 38.46 20.11 20.11 20.11
39049 390490081  Ohio Franklin 34.16 18.98 18.98 18.98
39057 390570005  Ohio Greene 32.21 16.98 16.98 16.98
39061 390610006  Ohio Hamilton 37.66 17.85 17.85 17.85
39061 390610014  Ohio Hamilton 38.24 19.50 19.50 19.50
39061 390610040  Ohio Hamilton 36.73 18.87 18.87 18.87
39061 390610042  Ohio Hamilton 37.3 20.82 20.82 20.82
39061 390610043  Ohio Hamilton 35.95 18.63 18.63 18.63
39061 390617001  Ohio Hamilton 38.81 20.11 20.11 20.11
39061 390618001  Ohio Hamilton 40.6 22.10 22.10 22.10
39081 390810017  Ohio Jefferson 40.7 24.05 24.05 24.05
39081 390811001 Ohio Jefferson 41.96 22.59 22.59 22.59
39085 390851001 Ohio Lake 37.16 21.08 21.08 20.88
39087 390870010  Ohio Lawrence 33.77 18.28 18.28 18.28
39093 390933002 Ohio Lorain 31.56 19.08 19.08 18.91
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

39095 390950024  Ohio Lucas 36.34 23.56 23.56 23.56
39095 390950025  Ohio Lucas 35.14 25.95 25.95 25.95
39095 390950026  Ohio Lucas 34.9 23.59 23.59 23.59
39099 390990005 Ohio Mahoning 35.16 19.98 19.98 19.98
39099 390990014  Ohio Mahoning 36.83 21.48 21.48 21.48
39113 391130031  Ohio Montgomery 35.78 22.68 22.68 22.68
39113 391130032  Ohio Montgomery 37.8 19.27 19.27 19.27
39133 391330002 Ohio Portage 34.32 18.83 18.83 18.63
39135 391351001 Ohio Preble 32.85 17.51 17.51 17.51
39145 391450013  Ohio Scioto 34.55 18.20 18.20 18.20
39151 391510017  Ohio Stark 36.9 20.19 20.19 20.19
39153 391530017 Ohio Summit 38.06 21.46 21.46 21.26
39153 391530023  Ohio Summit 35.88 20.29 20.29 20.09
39155 391550007  Ohio Trumbull 36.23 21.39 21.39 21.39
40015 400159008  Oklahoma Caddo 23.97 16.68 16.68 16.68
40021 400219002  Oklahoma Cherokee 27.55 20.06 20.06 20.06
40071 400710602  Oklahoma Kay 31.8 25.60 25.60 25.60
40071 400719010 Oklahoma Kay 27.93 20.55 20.55 20.55
40081 400819005  Oklahoma Lincoln 27.83 19.33 19.33 19.33
40097 400970186  Oklahoma Mayes 28.71 21.86 21.86 21.86
40097 400979014  Oklahoma Mayes 26.13 18.49 18.49 18.49
40101 401010169 Oklahoma Muskogee 29.54 20.95 20.95 20.95
40109 401090035  Oklahoma Oklahoma 23.42 16.46 16.46 16.46
40109 401091037 Oklahoma Oklahoma 27.12 19.18 19.18 19.18
40115 401159004  Oklahoma Ottawa 29.14 20.58 20.58 20.58
40121 401210415  Oklahoma Pittsburg 26.37 18.75 18.75 18.75
40135 401359015 Oklahoma Sequoyah 31.43 22.98 22.98 22.98
40143 401430110 Oklahoma Tulsa 28.43 20.69 20.69 20.69
40143 401431127 Oklahoma Tulsa 30.37 21.77 21.77 21.77
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

41029 410290133 Oregon Jackson 33.72 23.50 23.50 23.50
41029 410291001 Oregon Jackson 14.51 10.43 10.43 10.43
41035 410350004  Oregon Klamath 44.08 30.85 30.85 30.14
41039 410390060  Oregon Lane 32.55 21.42 21.42 16.81
41039 410391007 Oregon Lane 15.63 10.16 10.16 5.56
41039 410391009 Oregon Lane 23.96 16.59 16.59 11.98
41039 410392013 Oregon Lane 48.95 34.01 34.01 29.40
41051 410510080  Oregon Multnomah 29.88 19.10 19.10 19.10
41051 410510246  Oregon Multnomah 23.22 15.24 15.24 15.24
41061 410610119  Oregon Union 27.38 22.64 22.64 22.64
42001 420010001 Pennsylvania Adams 34.93 20.05 20.05 20.05
42003 420030008  Pennsylvania Allegheny 39.44 22.23 16.72 11.72
42003 420030021  Pennsylvania Allegheny 35.16 19.37 13.86 8.86
42003 420030064  Pennsylvania Allegheny 64.27 41.03 35.49 30.48
42003 420030067  Pennsylvania Allegheny 36.48 17.26 11.76 6.76
42003 420030093  Pennsylvania Allegheny 45.6 24.65 24.65 24.65
42003 420030095  Pennsylvania Allegheny 38.77 21.02 15.51 10.51
42003 420030116  Pennsylvania Allegheny 42.56 22.61 17.10 12.10
42003 420030133 Pennsylvania Allegheny 39.23 24.73 24.73 24.73
42003 420031008  Pennsylvania Allegheny 41.34 21.40 15.88 10.88
42003 420031301  Pennsylvania Allegheny 40.3 20.93 15.40 10.40
42003 420033007  Pennsylvania Allegheny 37.52 21.63 16.12 11.12
42003 420039002  Pennsylvania Allegheny 37.86 20.14 14.62 9.62
42007 420070014 Pennsylvania Beaver 43.42 23.46 23.32 23.32
42011 420110011  Pennsylvania Berks 37.71 27.18 27.18 27.18
42017 420170012  Pennsylvania Bucks 34.01 20.66 20.66 20.66
42021 420210011  Pennsylvania Cambria 39.04 19.60 19.60 19.60
42027 420270100 Pennsylvania Centre 36.28 21.01 21.01 21.01
42029 420290100 Pennsylvania Chester 36.7 22.40 22.40 22.40
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

42041 420410101  Pennsylvania Cumberland 38 25.33 25.33 25.33
42043 420430401  Pennsylvania Dauphin 38.04 26.65 26.65 26.65
42045 420450002  Pennsylvania Delaware 35.24 21.08 21.08 21.08
42049 420490003  Pennsylvania Erie 34.46 20.16 20.16 20.16
42069 420692006  Pennsylvania Lackawanna 31.55 17.61 17.61 17.61
42071 420710007 Pennsylvania Lancaster 40.83 30.51 30.51 30.47
42077 420770004  Pennsylvania Lehigh 36.4 24.04 24.04 24.04
42079 420791101 Pennsylvania Luzerne 32.46 20.14 20.14 20.14
42085 420850100 Pennsylvania Mercer 36.3 20.84 20.84 20.84
42095 420950025  Pennsylvania Northampton 36.72 22.79 22.79 22.79
42099 420990301 Pennsylvania Perry 30.46 20.22 20.22 20.22
42101 421010004  Pennsylvania Philadelphia 36.53 21.31 21.31 21.31
42101 421010024  Pennsylvania Philadelphia 35.96 19.61 19.61 19.61
42101 421010047  Pennsylvania Philadelphia 373 21.84 21.84 21.84
42125 421250005 Pennsylvania Washington 35.52 19.95 19.81 19.81
42125 421250200 Pennsylvania Washington 33.5 18.59 18.44 18.44
42125 421255001 Pennsylvania Washington 38.14 17.33 17.20 17.20
42129 421290008  Pennsylvania Westmoreland 37.12 18.80 18.66 18.66
42133 421330008  Pennsylvania York 38.24 28.16 28.16 28.16
44007 440070022  Rhode Island Providence 29.46 17.18 17.18 17.18
44007 440070026  Rhode Island Providence 30.62 18.87 18.87 18.87
44007 440070028  Rhode Island Providence 28.1 17.47 17.47 17.47
44007 440071010 Rhode Island Providence 28.8 17.32 17.32 17.32
45019 450190049  South Carolina Charleston 27.93 15.52 15.52 15.52
45025 450250001  South Carolina Chesterfield 28.77 16.09 16.09 16.09
45037 450370001  South Carolina Edgefield 32.23 17.45 17.45 17.45
45041 450410002  South Carolina Florence 28.81 16.50 16.50 16.50
45045 450450008  South Carolina Greenville 31.86 18.71 18.71 18.71
45045 450450009  South Carolina Greenville 32.55 18.18 18.18 18.18
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

45047 450470003  South Carolina Greenwood 30.01 16.33 16.33 16.33
45051 450510002  South Carolina Horry 28.3 16.66 16.66 16.66
45063 450630008  South Carolina Lexington 32.86 19.02 19.02 19.02
45073 450730001  South Carolina Oconee 27.98 14.56 14.56 14.56
45079 450790007  South Carolina Richland 31.38 17.08 17.08 17.08
45079 450790019  South Carolina Richland 33.2 19.00 19.00 19.00
45083 450830010  South Carolina Spartanburg 32.46 17.99 17.99 17.99
46011 460110002  South Dakota Brookings 23.54 17.21 17.21 17.21
46013 460130003  South Dakota Brown 18.73 14.31 1431 14.31
46029 460290002  South Dakota Codington 23.67 17.81 17.81 17.81
46033 460330132  South Dakota Custer 14.36 12.03 12.03 12.03
46071 460710001  South Dakota Jackson 12.73 10.27 10.27 10.27
46099 460990006  South Dakota Minnehaha 24.17 17.48 17.48 17.48
46099 460990007  South Dakota Minnehaha 23.98 16.91 16.91 16.91
46103 461030016  South Dakota Pennington 17.2 14.48 14.48 14.48
46103 461030020  South Dakota Pennington 18.58 16.21 16.21 16.21
46103 461031001  South Dakota Pennington 15.95 13.29 13.29 13.29
47009 470090011 Tennessee Blount 32.54 18.75 18.75 18.75
47037 470370023  Tennessee Davidson 335 18.05 18.05 18.05
47037 470370025  Tennessee Davidson 30.93 16.82 16.82 16.82
47037 470370036  Tennessee Davidson 32.71 16.15 16.15 16.15
47045 470450004  Tennessee Dyer 31.92 17.63 17.63 17.63
47065 470650031  Tennessee Hamilton 33.25 20.49 20.49 20.49
47065 470651011 Tennessee Hamilton 29.74 14.88 14.88 14.88
47065 470654002  Tennessee Hamilton 33.53 18.24 18.24 18.24
47093 470930028 Tennessee Knox 36.66 20.46 20.46 20.46
47093 470931017 Tennessee Knox 33.46 19.45 19.45 19.45
47099 470990002 Tennessee Lawrence 28.48 14.91 14.91 14.91
47105 471050108 Tennessee Loudon 32.2 19.93 19.93 19.93
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

47107 471071002 Tennessee Mc Minn 32.73 17.70 17.70 17.70
47119 471192007  Tennessee Maury 30.96 16.91 16.91 16.91
47125 471251009  Tennessee Montgomery 36.3 17.88 17.88 17.88
47141 471410001 Tennessee Putnam 32.66 16.31 16.31 16.31
47145 471450004  Tennessee Roane 30.24 15.93 15.93 15.93
47157 471570014  Tennessee Shelby 32.25 16.94 16.94 16.94
47157 471570038  Tennessee Shelby 32.52 16.25 16.25 16.25
47157 471570047  Tennessee Shelby 335 16.90 16.90 16.90
47157 471571004  Tennessee Shelby 29.88 15.72 15.72 15.72
47163 471631007 Tennessee Sullivan 31.13 18.99 18.99 18.99
47165 471650007 Tennessee Sumner 33.66 15.20 15.20 15.20
48037 480370004  Texas Bowie 29.42 19.29 19.29 19.29
48113 481130050 Texas Dallas 27.44 17.73 17.73 17.73
48113 481130069  Texas Dallas 25.7 16.73 16.73 16.73
48113 481130087  Texas Dallas 24.21 15.08 15.08 15.08
48135 481350003  Texas Ector 17.81 13.75 13.75 13.75
48141 481410037  Texas El Paso 22.93 19.47 19.47 19.47
48201 482011035 Texas Harris 30.81 21.23 21.23 19.46
48203 482030002  Texas Harrison 25.95 17.31 17.31 17.31
48215 482150043  Texas Hidalgo 26.42 22.24 22.24 22.24
48355 483550032  Texas Nueces 27.55 18.66 18.66 18.66
48355 483550034  Texas Nueces 20.74 12.40 12.40 12.40
48361 483611001  Texas Orange 27.78 18.57 18.57 18.57
48439 484391002  Texas Tarrant 25.34 16.26 16.26 16.26
48439 484391006  Texas Tarrant 25.76 16.82 16.82 16.82
49003 490030003  Utah Box Elder 33.2 27.74 27.46 27.44
49005 490050004  Utah Cache 56.95 42.65 35.48 30.48
49011 490110004  Utah Davis 38.95 31.35 31.35 29.56
49035 490350003  Utah Salt Lake 47.36 33.48 32.06 27.20

4.A-97

(continued)



Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

49035 490350012  Utah Salt Lake 50.14 36.73 35.31 30.48
49035 490351001  Utah Salt Lake 37.73 30.29 28.87 24.04
49035 490353006  Utah Salt Lake 47.84 34.97 33.55 28.70
49035 490353007 Utah Salt Lake 45.38 36.10 34.68 29.80
49035 490353008 Utah Salt Lake 30.07 25.11 23.69 19.01
49045 490450003  Utah Tooele 30.53 26.09 26.09 25.32
49049 490490002  Utah Utah 38.18 29.25 29.25 24.92
49049 490494001  Utah Utah 44 33.95 33.95 29.61
49049 490495008  Utah Utah 35.9 27.60 27.60 23.36
49049 490495010  Utah Utah 35.93 28.13 28.13 23.86
49057 490570002  Utah Weber 38.58 30.01 29.68 29.66
49057 490570007  Utah Weber 33.6 26.35 26.03 26.01
49057 490571003  Utah Weber 36.16 28.34 28.02 27.99
50001 500010002 Vermont Addison 28.2 17.10 17.10 17.10
50001 500010003 Vermont Addison 31.73 18.53 18.53 18.53
50003 500030004 Vermont Bennington 26.47 15.89 15.89 15.89
50007 500070012  Vermont Chittenden 29.84 18.90 18.90 18.90
50007 500070014  Vermont Chittenden 30.13 21.58 21.58 21.58
50021 500210002  Vermont Rutland 30.6 22.73 22.73 22.73
51013 510130020 Virginia Arlington 34.18 18.75 18.75 18.75
51036 510360002 Virginia Charles City 31.76 16.76 16.76 16.76
51041 510410003  Virginia Chesterfield 31.25 15.30 15.30 15.30
51059 510590030  Virginia Fairfax 34.47 18.50 18.50 18.50
51059 510591005 Virginia Fairfax 33.72 18.14 18.14 18.14
51059 510595001  Virginia Fairfax 33.31 19.36 19.36 19.36
51087 510870014  Virginia Henrico 31.95 16.57 16.57 16.57
51087 510870015  Virginia Henrico 29.18 14.29 14.29 14.29
51107 511071005 Virginia Loudoun 34.45 19.24 19.24 19.24
51139 511390004  Virginia Page 30.06 16.65 16.65 16.65
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

51520 515200006  Virginia Bristol City 30.24 16.20 16.20 16.20
51650 516500004  Virginia Hampton City 29.01 15.90 15.90 15.90
51680 516800015 Virginia Lynchburg City 30.71 15.77 15.77 15.77
51710 517100024  Virginia Norfolk City 29.66 16.97 16.97 16.97
51770 517700014  Virginia Roanoke City 32.7 18.00 18.00 18.00
51775 517750010  Virginia Salem City 34.06 19.37 19.37 19.37
53033 530330024  Washington King 28.78 20.60 20.60 20.60
53033 530330057  Washington King 29.16 20.74 20.74 20.74
53033 530330080  Washington King 22.03 16.10 16.10 16.10
53053 530530029  Washington Pierce 41.82 31.00 31.00 30.41
53061 530611007 Washington Snohomish 34.36 26.99 26.99 26.99
53063 530630016  Washington Spokane 29.7 19.15 19.15 19.15
53063 530630047  Washington Spokane 29.86 18.60 18.60 18.60
54003 540030003  West Virginia Berkeley 34.51 23.43 23.43 23.43
54009 540090005  West Virginia Brooke 39.43 22.36 22.36 22.36
54009 540090011  West Virginia Brooke 43.9 25.30 25.30 25.30
54011 540110006  West Virginia Cabell 35.1 18.06 18.06 18.06
54029 540291004  West Virginia Hancock 40.64 20.54 20.54 20.54
54033 540330003  West Virginia Harrison 33.53 15.75 15.75 15.75
54039 540390010  West Virginia Kanawha 34.73 16.61 16.61 16.61
54039 540390011  West Virginia Kanawha 33.1 16.24 16.24 16.24
54039 540391005  West Virginia Kanawha 36.98 18.25 18.25 18.25
54049 540490006  West Virginia Marion 33.68 15.56 15.56 15.56
54051 540511002  West Virginia Marshall 33.98 16.98 16.98 16.98
54061 540610003  West Virginia Monongalia 35.65 14.68 14.68 14.68
54069 540690010  West Virginia Ohio 32 16.50 16.50 16.50
54081 540810002  West Virginia Raleigh 30.67 14.42 14.42 14.42
54089 540890001  West Virginia Summers 31.26 14.30 14.30 14.30
54107 541071002 West Virginia Wood 35.44 17.75 17.75 17.75
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Table 4.A-12. 24-hr Design Values (DVs) for the 2005 and 2020 Base Case and After Meeting
the Current and Proposed Alternative Standard Levels: 2020 Baseline (15/35)
and 2020 11/30 (continued)

2020 2020
2005 2020 15/35 11/30
FIPS Monitor ID State Name County Name 24-hr DV 24-hr DV 24-hr DV 24-hr DV

55003 550030010  Wisconsin Ashland 18.61 12.48 12.48 12.48
55009 550090005  Wisconsin Brown 36.56 24.89 24.89 24.89
55009 550090009  Wisconsin Brown 35.86 25.53 25.53 25.53
55025 550250047  Wisconsin Dane 35.57 24.20 24.20 24.20
55027 550270007  Wisconsin Dodge 31.82 21.63 21.63 21.63
55041 550410007  Wisconsin Forest 25.26 17.13 17.13 17.13
55043 550430009  Wisconsin Grant 34.35 24.95 24.95 24.95
55059 550590019  Wisconsin Kenosha 32.78 22.88 22.88 22.88
55071 550710007  Wisconsin Manitowoc 29.7 21.11 21.11 21.11
55079 550790010  Wisconsin Milwaukee 38.67 26.12 26.12 26.12
55079 550790026  Wisconsin Milwaukee 37.38 24.90 24.90 24.90
55079 550790043  Wisconsin Milwaukee 39.92 26.08 26.08 26.08
55079 550790059  Wisconsin Milwaukee 35.56 24.18 24.18 24.18
55079 550790099  Wisconsin Milwaukee 37.78 25.75 25.75 25.75
55087 550870009  Wisconsin Outagamie 32.87 23.37 23.37 23.37
55089 550890009  Wisconsin Ozaukee 32.53 22.69 22.69 22.69
55109 551091002  Wisconsin St Croix 26.66 19.57 19.57 19.57
55111 551110007  Wisconsin Sauk 28.63 21.31 21.31 21.31
55119 551198001  Wisconsin Taylor 25.38 18.12 18.12 18.12
55125 551250001  Wisconsin Vilas 22.61 16.14 16.14 16.14
55133 551330027  Wisconsin Waukesha 35.48 24.68 24.68 24.68
56005 560050877  Wyoming Campbell 18.63 17.12 17.12 17.12
56005 560050892  Wyoming Campbell 12.55 12.19 12.19 12.19
56005 560050899  Wyoming Campbell 12.66 12.19 12.19 12.19
56009 560090819 Wyoming Converse 10 9.33 9.33 9.33
56013 560131003 Wyoming Fremont 29.8 23.81 23.81 23.81
56021 560210001 Wyoming Laramie 11.93 10.0 10.07 10.07
56033 560330002 Wyoming Sheridan 30.86 27.17 27.17 27.17
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CHAPTER 5
HUMAN HEALTH BENEFITS ANALYSIS APPROACH AND RESULTS

5.1 Synopsis

This chapter presents the estimated human health benefits for the proposed National
Ambient Air Quality Standards (NAAQS) for particulate matter (PM). In this chapter, we quantify
the health-related benefits of the fine particulate matter (PM;s)-related air quality
improvements resulting from the illustrative emission control scenarios that reduce emissions
of directly emitted particles and precursor pollutants including SO, and NO, to attain alternative
PM, s NAAQS levels in 2020.

These benefits are relative to a 2020 baseline reflecting attainment of the current
primary PM, s standards (i.e., annual standard at 15 pg/m?® and 24-hour standard of 35 pg/m?,
referred to as “15/35”) that includes promulgated national regulations and illustrative emission
controls to simulate attainment with 15/35. We project PM, 5 levels in certain areas would
exceed 13/35, 12/35, 11/35, and 11/30 after illustrative controls to simulate attainment with
15/35. In analyzing the current 15/35 standard (baseline), EPA determined that all counties
would meet the 14/35 standard concurrently with meeting the existing 15/35 standard at no
additional cost. Consequently, there are no incremental costs or benefits for 14/35, and no
need to present an analysis of 14/35. Table 5-1 summarizes the total monetized benefits of
these alternative PM, s standards in 2020. These estimates reflect the sum of the estimated

PM,_ s mortality impacts identified and the value of all morbidity impacts.

Table 5-1. Estimated Monetized Benefits of the Proposed and Alternative Combinations of
PM, s Standards in 2020, Incremental to Attainment of 15/35 (millions of 2006$)?

13 pg/m® Annual 12 pg/m® Annual 11 pg/m® Annual 11 pg/m® Annual
Benefits Estimate & 35 pg/m® 24-Hour & 35 pg/m® 24-Hour & 35 pug/m’ 24-Hour & 30 pg/m’ 24-Hour

Economic value of avoided PM, s-related morbidities and premature deaths using PM, s mortality estimate from
Krewski et al. (2009)

3% discount rate S88+B $2,300 +B $9,2000+B $14,000 +B
7% discount rate S79+B $2,100 +B $8,3000 +B $13,000 +B

Economic value of avoided PM, s-related morbidities and premature deaths using PM, s mortality estimate from
Laden et al. (2006)

3% discount rate $220+B $5,900 +B $23,000 +B $36,000 +B
7% discount rate $200+B $5,400+B $21,000 +B $33,000 +B

®Rounded to two significant figures. Avoided premature deaths account for over 98% of monetized benefits here,
which are discounted over the SAB-recommended 20-year segmented lag. It was not all possible to quantify all
benefits due to data limitations in this analysis. “B” is the sum of all unquantified health and welfare benefits.

5-1



For annual standards at 12 ug/m3 and 13 ug/ms, the majority of benefits (i.e., 70% and
98%, respectively) occur in California because this highly populated area is where the most air
quality improvement beyond 15/35 is needed to reach these levels. In addition, several recent
rules such as the Mercury and Air Toxics Standard (MATS) and the Cross-State Air Pollution Rule
(CSAPR) will have substantially reduced PM, s levels by 2020 in the East, thus few additional
controls would be needed to