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EXECUTIVE SUMMARY
Purpose

Section 169A of the Clean Air Act (CAA) callsfor the U.S. Environmental Protection
Agency (EPA) to establish rules to remedy any existing visibility impairment and prevent any
future impairment in mandatory Class | federal areas resulting from manmade air pollution. The
mandatory Class | federal areas include 156 nationa parks and wilderness areas. In the
continental United States, there are 147 mandatory Class | federal areas|located in 121 counties.
The EPA is promulgating the regiona haze (RH) rule to address visibility impairment caused by
numerous sources located across a broad region. The RH program provides a regulatory
framework within which States must establish Class | area visibility improvement goals and
emission management strategies needed to achieve these goals. The States have flexibility in
developing these goals and associated strategies, taking into account a number of statutory and
regulatory factors.

The final regulatory impact analysis (RIA) for the RH rule is prepared in response to
Executive Order 12866. To fulfill the requirements of the Order, the analysis includes an
assessment of illustrative visibility goals evaluated from a national and aregional perspective. The
assessment is based on estimated changes in air quality, monetized benefits, costs, and impacts
from two types of emissions control strategies.

Methodology

The final RIA methodology has eight elements: scope, time frame, benchmark emissions
and air quality levels, baseline emissions and air quality levels, control strategy Cases A and B,
cost and economic impact assessment, benefit analysis, and benefit-cost analysis.

Scope. The analysis examines the Midwest/Northeast, Southeast, South Central, Rocky
Mountain, West, and Northwest regions of the continental United States. This encompasses 147
mandatory Class | federa areasin 121 counties in the continental United States.

The scope aso includes four illustrative visibility progress goals in addition to the visibility
improvement due to baseline conditions (the concept of baseline is explained below). The word
“illustrative” isimportant because the final rule provides for the States to establish reasonable
progress goals. The illustrative progress goas use avisibility metric called a “deciview.” The
deciview isrelated to changes in visual range and contrast and corresponds to uniform changesin
haziness. According to the illustrative progress goals, deciview improvements are to occur on the
average of the 20 percent worst visibility days of the year. The illustrative progress goals are as
follows:
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1. 1.0 deciview improvement in 10 years

2. 1.0 deciview improvement in 15 years, which is equivalent to a 0.67 deciview
improvement in 10 years.

3. 5% deciview improvement in 10 years

4. 10% deciview improvement in 10 years

Time frame. According to the final RH rule, visibility progress goas are
established and progress measured in achieving those goals over a particular period. Thetime
frame for thisanalysisis a representative year (i.e. 2015) near the end of what the rule describes
asthe first long- term strategy period (2018).

Benchmark Emissions and Air Quality Levels. Under the RH rule, visibility progress
goals are established relative to a set of emission and air quality conditions. When theruleis
actually implemented, monitored air quality values and current emissions inventories will be used
to characterize benchmark conditions. To simulate that process, the benchmark for this RIA
includes emissions and air quality modeling which reflect increases in economic activity to afuture
year and emission levels for afuture year. Also, reflected in the emission projections are the
emission reductions associated with certain federal stationary source emission and mobile
emissions control programs.

However, the benchmark emissions and air quality levels do not include emission
reductions resulting from implementation plans aimed at the ozone and particul ate matter National
Ambient Air Quality Standards (NAAQS) which were promulgated in 1997 including associated
federal control measures such asthe Tier 11 Mobile Source program.

Baseline Emissions and Air Quality Levels. With the implementation plans for the new
ozone and particulate matter NAAQS and the Tier 11 mobile sources program, many counties
with Class | areas will realize improvementsin visibility. Asnoted in the final RH rule, these
anticipated deciview improvements are creditable as progress toward achieving established
progress goals (visibility improvements due to other CAA programs which are implemented after
the States submit their visibility progress improvement plans are also creditable). If aClass| area
achieved or surpassed all the illustrative progress goals in going from benchmark to baseline
conditions, there would be no incremental air quality, benefit, cost, or impacts associated with the
RH rule for that areain the first long- term strategy period.

The RIA attempts to simulate this creditable progress by modeling benchmark and
baseline air quality levels and their differences relative to the illustrative progress goals.

Controls Strategy Cases A and B. For Class| areas not achieving an illustrative
progress goal under baseline conditions, further emission reductions from sources which impair
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visibility in those Class | areas may be appropriate. The RIA simulates this possibility by the use
of aleast cost optimization and air quality model to generate control strategies. The model is
designed to minimize the cost of achieving an illustrative progress goal.

To reflect the uncertainty inherent in the fugitive dust emissions inventory and the role of
fugitive dust in impairing visibility, two control strategy cases are run for each of the four
illustrative progress goals. Case A provides for the use of fugitive dust control measures. Case B
precludes the use of fugitive dust control measures.

One output of the control strategies ssmulation isair quality information. In particular,
information on where and by how much particulate matter and visibility level changeis provided.
Another output of the control strategies simulation is cost. Cost estimates are developed at the
source, region, and national levels.

Cost and Economic Impact Analysis. The cost of achieving the four illustrative
progress goals under Case A or Case B conditions is measured incremental to baseline control
levels using the optimization model mentioned above. Costs are produced on a source, region,
and national level.

Economic impact is evaluated by assessing control cost relative to sales or revenues for
affected sources and economic sectors.

Benefit Analysis. The air quality levels which are an output of the control strategies
element is an input to the benefit analysis. That air quality information is combined with air
quality effects (e.g. visibility, human health, soiling) models and valuation (e.g. willingness to pay
for improved visibility, reduced health risk, etc.) functions to generate estimates of the monetized
benefits relative to baseline conditions.

Two sets of assumptions about air quality effects models and valuation functions are used
to generate arange of benefit estimates for the four illustrative progress goals under Case A and
B.

Benefit-Cost Analysis. The benefit-cost analysis calculates net benefits (i.e. benefits
minus costs) for each of theillustrative progress goals relative to baseline conditions. According
to economic theory, with positive net benefits and the potential for the gainers to compensate the
losers (of a control strategy) society is better-off relative to baseline conditions. With negative,
net benefits, society is worse off.

However, incomplete measures of monetized benefits coupled with the flexibility the RH
rule provides the States in considering other reasonable progress goals and more cost-effective
control strategies, limit the precision of the benefit-cost analysis. Consequently, the anaysisis
best view as a qualified assessment of the potential costs and benefits of achieving certain
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illustrative progress goals.

A benefit-cost analysisis conducted under conditions of a uniform national progress goal.
There, each region must adopt the same illustrative progress goal. There are sixteen net benefit
estimates (benefits minus costs) for the uniform national progress goal assessment. Thisisdueto
four illustrative progress goals times two control strategy cases time two estimates of benefits.

A benefit-cost analysisis aso conducted for the situation where each region identifies and
adopts the optimal goal from an economic perspective. This situation provides for differencesin
illustrative progress goals across the regions in the first long- term strategy period. This portion
of the analysis compares the net benefits from adopting the optimal uniform national goal with the
optimal set of regional goals. Two estimates of economic efficiency gains are developed to reflect
the range in the benefit estimates. Only control strategy Case A (with fugitive dust controls) costs
are used in this portion of the assessment.

Findings of the RIA for the RH Rule
Four mgor findings emerge from the RIA for the RH Rule

1. Other Environmental Programs Foster Achievement of Illustrative Visibility
Progress Goals. The proposed Tier 11 Mobile Source Rule and Implementation Programs for the
Ozone and Particulate Matter NAAQS could lead to significant improvementsin visibility in many
parts of the country. If States find those improvements are sufficient to achieve visibility progress
objectivesin the first long- term strategy period, the incremental benefits, costs, and economic
impacts of the goal and emission management strategy elements of the Regional Haze rule could
be zero. However, under such conditions, there would still be $72 million (1990 dollars) in cost
for the administrative (e.g. planning, analysis, etc.) and Best Available Retrofit Technology
(BART) requirement (for some establishments in certain source categories) parts of the Regional
Hazerule.

2. For 12 of 16 Uniform National Goal Conditions, Net Benefits of the RH Rule Are
Positive for the First Long- Term Strategy Period. With four aternative illustrative progress
goals, two sets of assumptions about benefits, and two emission control strategies cases, net
benefits are calculated for sixteen conditions. Positive net benefits mean that the monetized
benefits resulting from strategies aimed at an illustrative goal exceed the costs.

In these calculations, visibility benefits for Class | areas account for between 12 percent
and 79 percent of total benefits depending on the set of benefit assumptions applied. Benefits
related to reduced particulate matter concentrations in the human health and soiling effects
categories account for the remainder of monetized benefits. Some categories of benefits could
not be monetized due to the lack of concentration-response and/or valuation functions. Other
categories could not be monetized due to the lack of available air quality modeling (e.g., ozone
concentration levels and changes).
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3. A RH Program Allowing Visibility Progress Goals to Vary Among Regions Is
Likely to Yield Higher Net Benefits. The estimated net benefits when all regions
adopted the same goal were compared to conditions where each region selected a reasonable
progress goal which maximized net benefits associated with air quality improvements and control
costs in that region. Estimated net benefits were higher when regions could select the progress
goal.

4. The RIA Provides Support for the Flexible Approach Adopted in the RH Rule.
The final RH Rule provides for better integration of the Tier 11 Mobile Source, NAAQS, and RH
implementation. The RH Rule provides States with flexibility in the designing RH goals and
emission management strategies. And, the final RH Rule facilitates devel opment of better
information as inputs to the goal and emission management strategies process.

The RIA demonstrates the importance of addressing the visibility progress gains due to
other environmental programs. The RIA illustrates the economic efficiency gains of regiona and
State flexibility. The RIA reveals the importance of better information in the emission control
strategy area. Hence, the RIA provides additional support for the RH Rule.

Refinements to the Previous Economic Analysis

In response to public comment and other factors, the final RIA has an expanded scope,
better data, and improved analytical procedures relative to the analysis done for rule proposal.

Expanded Scope. Thefina RIA expands the number of illustrative reasonable progress
goalsfrom two to four. Theillustrative goals are expressed in terms of the deciview. This
visibility index expresses incremental changes in perception on a common scale over the range of
possible conditions. Theillustrative goals are directed toward improving visibility on the average
of the 20 percent worst visibility days of the year. Two of the goals are expressed in absolute
terms. They are a 1.0 deciview improvement in 10 years and a 1.0 deciview improvement in 15
years. These are the same goals assessed in the proposa package economic analysis. Two
“relative’ progress goals have been added to the analysis. The relative illustrative progress goas
are a5 percent deciview improvement in 10 years and a 10 percent deciview improvement in 10
years (e.g., 5 percent and a 10 of average 20 percent worst day deciview values). The latter goal
approximates the rate of progress that, if sustained, would result in attaining natural visibility
conditionsin 60 years for an area with a 30 deciviews baseline and a natura visibility level of 12
deciviews.

In addition, the final RIA now looks at the economic efficiency consequences of these
illustrative progress goals from both aregional and a nationa perspective. Thefina RIA aso
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assesses the potential economic impacts from implementing the illustrative visibility progress
gods. Finaly, thisRIA considers two emission control strategies; both of which employ a least-
cost optimization methodology for selecting cost-effective controls within the relevant region.
Case A considers the use of fugitive dust emissions controls while Case B which precludes the use
of fugitive dust emissions control.

Better Data. Thefina RIA includes refinements to the control cost data file to reflect
information gained on NOx controls during the NOx SIP Call rulemaking. In addition, the air
quality modeling in the final RIA is enhanced to capture visibility improvements from reductions
in volatile organic compounds and directly emitted particulate matter emissions. The RIA aso
contains additional air quality data which enables expanded geographic coverage of the benefit
analysis.

Improved Analytical Procedures. Thefina RIA estimates and portrays the visibility
improvements which result from related environmental objectives such as Tier 1| Mobile Source
and the particulate matter and ozone NAAQS implementation programs. The fina RIA aso
provides for more complete coverage of the visibility benefits. In particular, the final RIA
calculates benefits from improved visibility accruing to the 147 Class | areasin 121 Countiesin
the continental United States. The proposal analysis only accounted for the visibility benefits
accruing to a subset of these areas.

Results

The range of estimated incremental benefitsis $1 billion to $19 billion (1990 dollars). The
corresponding range for costsis $1 billion to $4 billion (1990 dollars). Because the States have
the potential flexibility to develop reasonable progress goals that rely exclusively on visibility
progress resulting from implementation of the Tier 11 Mobile Sources rule, NAAQS programs for
ozone and particulate matter and other creditable programs, the incremental effects of the
Regional Haze rule could be less. Under such circumstances, there would till be administrative
activities as well as emissions reduction requirements for some establishmentsin BART source
categories. The corresponding costs are estimated to be $72 million (1990 dollars).

The results summarized in the paragraphs which follow pertain to an assessment of the
four illustrative progress goals.

Many of the 121 Counties with Class | Areas Achieve or Surpass Illustrative
Progress Goals for the First Long- Term Strategy Period Due to Related Environmental
Programs. Even with the most stringent illustrative goa (10 percent deciview improvement in 10
years), 27 counties with Class | areas achieve or surpass the goa without adopting an emission
control strategy to address RH. For the least stringent illustrative goal (1.0 deciview
improvement in 15 years), 55 counties with Class | areas achieve or surpassthe goal. This
projected improvement in visibility is due to emission reductions from a modest (relative to what
the EPA recently proposed) Tier I1 Mobile Source Program as well as emission reductions which
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provide for partial (as opposed to full) attainment of the ozone and particulate matter NAAQS.
Hence, the visibility progress attributable to these related programs is probably understated.

Simulated Control Strategies are Effective in Helping More Areas Achieve the
Ilustrative Goals and Reducing the Deciview Improvement Shortfall. With emission control
strategy Case A (with fugitive dust controls), an additional 25 Counties with Class | areas meet
the 10 percent deciview improvement in 10 yearsgoal. With Case A, an additional 46 counties
with Class | areas meet the 1.0 deciview improvement in 15 yearsillustrative progress goal. The
corresponding totals for emissions control strategy Case B (no fugitive dust controls) are an
additiona 11 and 39 counties with Class | areas.

Counties with Class | areas which have estimated deciview shortfalls after imposition of
Case A or Case B control strategies are often very close to achieving the progress goal. For
example, with the 1.0 deciview improvement in 10 years goal, 50 percent to 58 percent of the
counties achieve progress of 0.8 deciviews or greater. With the same illustrative goal, over 70
percent of such counties achieve visibility progress of 0.7 deciviews or greater under Case A and
B conditions. See Table ES-1.

Table ES-1
The Number of Counties with Class | Areas with Deciview (dv) Shortfalls
after Imposition of Simulated Control Strategies
(1.0 dv Improvement in 10 Years lllustrative Goal)

Emission Control Class | Area Counties with dv Counties with dv
Strategy Case Counties with dv Shortfall Less Than | Shortfalls Greater
Shortfalls 0.2 dv than 0.2 dv but less
than 0.3dv
Case A 19 11 3
Case B 32 16 7

The Remedy for Highly Uncertain Fugitive Dust Emissions and Control Measure
Effectiveness is Improved Emissions Data, Air Quality Monitoring, and Air Quality
Modeling. Emission control strategy Case B looked at the consequences of removing fugitive
dust controls from the set of possible control measures. If visibility progress was nearly the same
under Case B and compliance costs were markedly less, Case B might represent a superior control
strategy. However, the analytical simulations did not support that hypothesis. First,
relative to Case A, compliance costs went down in some regions and up in others. Second,
visibility progress was less under Case B. In particular, there was an increase in the number of
Class | area counties with deciview improvement shortfalls.

A comparison of Case A and Case B shows different air quality and cost results. In the
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face of uncertainty regarding fugitive dust emission and ambient impacts and no close second best
control strategy, one recommendation emerges. That is acquisition, devel opment and use of
better emissions data, air quality monitoring data, and air quality modeling in the establishment of
goals and development of emission management strategies.

The Projected Potential Economic Impact Associated with Achieving the Illustrative
Progress Goals is Generally Small, Despite the Fact that Control Strategies Affect Parts of
Many Sectors of the Economy. There are nearly 16 million private and non-profit
establishments in the United States. The number of establishments is much greater than the
number of firms because of the multi-establishment nature of many businesses. About 7 million of
these 16 million establishments are in regions which would require further emission reductions to
meet the illustrative progress goals. According to emission control strategy Case B estimates,
between 0.4 and 1.2 million of the establishments could potentially experience some compliance
costs in meeting the illustrative goals. However, the estimated magnitude of such costs for these
establishmentsisrelatively small. Specifically, between 0.3 and 1.0 million of these establishments
have compliance costs relative to sales ratios of less than 0.01 percent. The number of
establishments with compliance cost to sales ratios of 1 percent or greater ranges from 440 to
3360. Theresultsare similar for Case A and the governmental sector.

Where Projected Potential Economic Impact May Be Significant, the Flexible
Features of the RH Rule Allow States to Establish Goals and Design Control Strategies
Which Avert or Mitigate Such Impacts. Asindicated above, there isarelatively small number
of estimated establishments with compliance cost as a percent high enough to warrant closer
examination. With opportunities for purchasing equivalent visibility improvement emission
reductions from other sources, State and local governments and other potentially affected entities
may be able to markedly reduce control costs and hence, mitigate adverse impacts. With
opportunities for States to establish other progress goals, such impacts may be averted altogether.
The flexibility to design and implement improved control strategies and establish other goalsisa
major feature of the RH rule.

The Estimated Net Benefits of Achieving Nationally Uniform Progress Goals are
Often Positive. However, the Results are Sometimes Sensitive to the Stringency of the
Goal, the Emission Control Strategy Case, and the Benefits Methodology. With the set of
assumptions leading higher benefit estimates, net benefits are substantialy positive with benefit to
cost ratios ranging from four to eight for al illustrative visibility progress goals.

With the set of assumptions leading to lower benefit estimates, the coverage of potential
benefitsis less complete and the resulting estimates substantially less. Under such conditions, net
benefits are never positive if the illustrative goal of 10 percent deciview improvement over 10
years is imposed throughout the nation. However, that does not mean that goal is not appropriate
for
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some Class | areas. But, despite the more conservative set of benefit estimation assumptions, net
benefits remain substantially positive for the 1.0 deciview improvement in 15 yearsillustrative
goal. For the other two illustrative goals, net benefits are dightly positive (benefit to cost ratios
of 1.05 to 1.07) under Case A conditions and dlightly negative (benefit to cost ratios of 0.82 to
0.92) under Case B conditions. The net benefit estimates for the uniform national goals, control
strategy cases and range of benefit assumptions are summarized in Table ES-2.

Table ES-2

for Illustrative Progress Goals

Estimated Annual Net Benefits in 2015

Illustrative National Goal Annual Quantified Net Annual Quantified Net
Benefits (millions of 1990 $) | Benefits (millions of 1990 $)
Case A Case B
Basdine Vishility $0 $0
1.0 dv/15 years $280 to $4,490 $60 to $3,530
1.0 dv/10 years $80 to $5,370 ($260) to $8,300
5% dv/10 years $100 to $5,290 ($100) to $8,170
10% dv/10 years ($1,820) to $14,360 ($1,770) to $15,740

Allowing States to Establish Progress Goals to Address the Unique Characteristics
of their Region Can Boost the Net Benefits Relative to a Scenario Which Mandates a
Uniform National Visibility Progress Goal. Using the Case A emission reduction strategy as an
example, the estimated net benefits from establishing the optimal (net benefit maximizing) uniform
national goal were compared to estimated net benefits from adopting the set of goals which
maximized net benefits for each region. Economic efficiency gains were realized (net benefits
increased) when regions were given the flexibility to establish the optimal goal for air quality
improvements accruing to the region. For example, the estimated net benefits for the nation were
increased from $15 million to $671 million depending on the set of benefit estimation assumptions

used.

Remaining Limitations and Caveats

Although improved from the proposed rule analysis, several limitations remain in the fina
RIA. Asnoted by public commenters and others, we do not assess nor do we know the
incremental benefits, costs, and impacts in getting to natural visibility conditions. Such an
assessment would involve the use of assumptions having a high degree of uncertainty because of
having to distant forecasts of emissions, control possibilities, costs, benefits, etc. Without valid
forecasts, examination of the 2015 snapshot year understates the visibility progress between
baseline and natural visibility conditions. Hence, the RIA approach may understate the associated
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benefits, costs, and economic impacts in getting to natural visibility conditions.

Within the context of the analytical time frame adopted in thisRIA, there are also other
limitations. The major remaining limitations are discussed below.

Limitations Due to Abstraction from the Program to Implement the Grand Canyon
Visibility Transport Commission Recommendations. Thefina RIA abstracts from the
ongoing successful partnership, goals establishment, and emission management strategies process
undertaken by the western States that participated in the Grand Canyon Visibility Transport
Commission (GCVTC). The predictions of this RIA regarding the effects of illustrative goals for
the Class | areas affected by the GCVTC' s emission management strategies are not an attempt to
second guess the rigorous analytical process of the GCVTC effort. The RH RIA assessment is
merely illustrative.

Limitations Which Result in an Overstatement of the Incremental Effects of the
Rule for the First Long- Term Strategy Period. Visbility improvementsat Class| areas
resulting from the particulate matter and ozone NAAQS and Tier 11 programs are creditable in
achieving visibility progress goals. Vishility progress at Class | areas achieved by those programs
reduces the need for further regulations directed at the progress goals during the first (and often
subsequent) long- term strategy period(s).

Thefinal RIA for RH does not address the Class | area visibility gains from full attainment
of the particulate matter and ozone NAAQS. Furthermore, the Tier Il program which
was analyzed in the final RIA for RH included less than 10 percent of the emission reduction
inthe Tier Il proposal package. Consequently, the incremental effects of the RH rule are
overstated.

If full implementation of these other environmental programs results in achievement of the
visibility progress goals or if the States demonstrate the adequacy of goals requiring no additional
measures beyond CAA programs, the incremental air quality improvements, benefits, costs, and
economic impacts of the RH rule are less for the first long-term strategy period. Under such
conditions, the incremental costs of the Regional Haze rule may be associated with administrative
activities (e.g. planning, analysis, etc.) and BART controls for some establishments in certain
source categories. The corresponding cost is estimated at $72 million (1990 dollars).

Limitations Which Cause the Costs to be Overstated for the First Long- Term
Strategy Period. Thefina RIA usesaleast cost/optimal strategy algorithm to smulate
achievement of alternative vigibility progress goals. The approach has many desirable features.
However, the approach does not consider technologica progress, Class | area visibility
impairment due to emissions from other nations, nor the use of cap and trade systems and other
innovative control strategies. Failure to incorporate these factors into the anaysis makes the job
of achieving visibility progress goals more costly than it needsto be. For example, with a
technological progress rate of 2 percent, emission reductions for a given expenditure would be
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nearly 40 percent greater by 2015 and nearly 50 percent greater by 2018 than they are today.

Limitations Which Cause the Benefits to be Understated for the First Long- Term
Strategy Period. The benefits of emission reductions aimed at achieving progress goalsin Class
| areas often spill over into other geographic areas (e.g. visibility in residential areas) and other
categories of effects (e.g. ecological). However, while conceptually appropriate, inclusion of
these benefits often requires a foundation of applied research methodol ogies and results which are
not currently available. Incomplete coverage of benefits for other geographic areas, effects
categories, and pollutants (e.g. ozone) causes the monetized benefits to be understated. Some of
the unquantified benefit categories are summarized in Table ES-3. The table does not include
unquantified benefits due to reductions in ambient concentrations of ozone, carbon (a pollutant
associated with global climate change), or mercury (atoxic pollutant). Although in some
instances, the health endpoints may be similar.

Table ES-3
Unquantified Benefit Categories

Effects Categories Unquantified Benefits from Reduced Risks
Due to Lowered PM Concentrations

Human Health Changes in Pulmonary Function
Morphological Changes

Altered Host Defense Mechanisms
Cancer

Other Chronic Respiratory Disease

Welfare Materials Damage exclusive of Household
Cleaning

Damage to Ecosystems (e.g. acidic
deposition)

Nitrates in Drinking Water

Brown Clouds

Limitations Which May Cause the Benefits to be Overstated for the First Long-
Term Strategy Period. The benefit methodology used in this analysisis to transfer and extend
previous applied research methods and results. Those results are often based on small reductions
in environmental risk leading to anticipated improvements in visibility and other benefit categories.

However, the foundation or baseline for the RH RIA isthe yet to be realized (or ex ante) benefits
from the NOx SIP call, ozone and particulate matter NAAQS, and Tier |1 programs.

Furthermore, the total environmental changes associated with those programs is more than a
marginal change for many areas. If thereis diminishing margina utility for environmental
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improvement, the estimated benefits could be overstated.

In addition, some have argued that emission reductions to meet illustrative progress
goals may exacerbate other environmental problems when certain atmospheric and chemical
conditions are present. The specific allegations are that attainment of visibility progress goals may
also mean intermittent increases in particul ate matter, tropospheric ozone levels, UVB radiation
and reduced soil quality for some aress.

To the extent these hypotheses are true and not compensated for in the incomplete
coverage of benefits limitation mentioned earlier, the estimated benefits of achieving the
illustrative progress goals could be overstated.

Limitations With an Unknown Effect on Incremental Benefits, Costs, and Economic
Impacts. Uncertainties regarding emission projections, air quality modeling and control strategy
design have an indeterminant effect on the incremental effects of the RH rule.

Furthermore, there remain some uncertainties surrounding causal mechanism and other
factors for some of the health effects categories. There is some possibility that this could lead to
an overestimate of the benefits for these categories.

In addition, the final RIA assumed a 37-State as opposed to a 22-State reduction in
nitrogen oxides emissions associated with the final NOx SIP call rule-making of September 1998.
The consequences of that differential are a change in the amount of visibility progress associated
with illustrative goals and an understatement of partial attainment requirements for the ozone and
particulate matter NAAQS. The impact of not accounting for that differential will likely be
confined to the Midwest/Northeast and Southeastern Regions. However, whether that impact is
positive, negative, or insignificant is indeterminant without further analysis.

Conclusion

Thefina RIA, although highly caveated and illustrative, represents an improvement over
the analysis prepared for the proposed rule due to comments from the public and improvements
initiated by the EPA staff.

The RIA demonstrates significant visibility progressin 121 counties with 147 Mandatory
Class | federal areas in the continental United States. These improvements result from other CAA
programs as well as those targeted directly at illustrative progress goals. Despite incomplete
coverage of effects and pollutants, the monetized benefits of strategies aimed at illustrative
nationally uniform goals are substantial, outweighing the control strategy costs under

most conditions for the first long- term strategy period. However, higher net benefits may result
from a RH program which provides for reasonable progress goals to vary among
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regions.
These and other aspects of the RIA provide additional support for the RH rule, arule

which recognizes the value of planning, better information, coordination with stakeholders and
other environmental programs, and de-centralized, reasoned decision-making.
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Chapter 1. INTRODUCTION AND OVERVIEW

1.1 Regional Haze (RH) Rule

As noted in the regulatory impact analysis issued with the final rule, under Section 169A
and 169B of the Clean Air Act (CAA), 156 Class | Federal Areas are identified for visibility
protection. One hundred and forty-seven of these areas are located in 121 countiesin 32 Statesin
the continental United States. The CAA requires that “reasonable progress’ be made toward
achieving avishility goals of essentially no manmade visibility impairment in areas of concern.
Impairment is often due to transport since there are few emission sources within Class | areas.

The final rule provides a planning and implementation timetable which enables integration
of the 03/PM National Ambient Air Quality Standards (NAAQS) and RH Programs. This change
was fostered by the Presidential Directive issued upon promulgation of the O3 and PM NAAQS
and amendments to the Transportation Efficiency Act-21 (TEA-21). The consequences of
integrating those programs are revealed in thisfinal RIA. The final rule also recognizes the
importance of regionally customized goals. This featured was fostered by the success of the
Grand Canyon Visihility Transport Commission and Wester Governors Association anaytical
and planning efforts and further supported by analyses contained in this final RIA.

1.2 Overview of the Final RIA

Chapter 2 of the final RIA addresses the need for the regulation as well as compliance
with other statutory authorities and Executive Orders related to this rulemaking. This sectionis
expanded from the previous analysis to address Executive Orders issued and Congressional
Mandates enacted since the July 17, 1997 RIA. Chapter 3 describes 4 dternative illustrative
visibility improvement goals analyzed in thisRIA. Chapter 4 explains the concepts of benchmark
visibility conditions and the gains toward achievement of illustrative progress goals as a result of
O3/PM NAAQS state implementation plans. Chapter 5 refers to the control measures considered
in the previous analysis and notes refinements made since the RIA for the proposal package.
Chapter 6 presents the emissions, air quality, visibility and incremental control cost impacts for 4
illustrative visibility progress goals for 2015, a year near the end of the first visibility progress
period. Chapter 6 also presents an estimate of costs for the Best Available Control Technology
(BART) element of the Regional Haze rule. Chapter 7 assesses the administrative burden hour
and dollar cost of the rule for the first planning and implementation cycle. Chapter 8 includes the
economic impact, governmental entities, and small entity analyses. Chapter 9 encompasses the
incremental benefits of progress toward and/or achievement of illustrative progress goals.
Chapter 10 evauates the net benefits of illustrative goals which are nationally uniform as well as
goals which are designed to be optimal from aregional perspective.
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1.2.1 Methodological Refinements

The methodology for the RIA which accompanied the proposed rule has been refined in
response to public comment and other factors. These refinements are summarized in Table 1-1
and described in the salient chapters.

Table 1-1

Methodological Refinements

ASPECT OF THE
ANALYSIS

PROPOSAL ANALYSIS
APPROACH

APPROACH USED IN
THE FINAL RIA

Number of Illustrative Goals

Two

Four

Vishbility Improvement
Credits for Partial Attainment
of the ozone and particulate
matter NAAQS

Limited to improvements
from reductions in nitrogen
oxides and sulfur dioxide

Also included improvements
due to reductions in emissions
of particulate matter and
volatile organic compounds

Control Measure & Cost
DataFile

Same as that used in the
ozone and particul ate matter
NAAQSRIA

Modified to reflect improved
information on nitrogen
oxides emission controls
developed during the NOx
SIP Call rule-making

Control Strategies

One: dl available measures;
cost-effectiveness cap

Also included a strategy
which precluded the use of
fugitive dust controls

Economic Impact Analysis

None

Identify cost relative to
revenues for affected entities
and economic sectors

Vishility Benefitsfor Class |
Areas

Limited to 3 regions where
Class | areavighility benefit
studies were conducted

Estimates also generated for

Class | areas in other regions
using methodol ogy reviewed
by economics expert

Application of Illustrative
Progress Goals in the benefit-
cost anaysis

The same goal applied to all
regions: national uniform goal

Also considered adoption
different goals among regions
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1.2.2 Analytical Approach

The analytical approach for the final RIA is similar to that identified in the July 16, 1997
RIA for the proposed RH Rule. Illustrative visibility progress goals are first specified. These
visibility progress goals are measured from environmental benchmark conditions. These
benchmark conditions are estimated using a 1990 emissions inventory and projecting that
inventory to afuture year. Some factors such asincreases in the level of economic activity may
foster increases in emissions; other factors such as ongoing implementation of the CAA
requirements to meet acidic deposition precursor emission reductions, Maximum Achievable
Control Technology Standards for source categories of air toxics, and the NOx SIP Call objectives
result in decreases in emissions over time. The projected emissions inventory is combined with
the Source Receptor Matrix air quality model to determine benchmark levels of particul ate matter
and RH.

Although emissions are only projected to 2010, the future year presumed for the final RIA
is2015. Two thousand fifteen is before the end of the first long term strategy period of 2018.
But, the year 2015 does simulate the baseline conditions of partial attainment of the 03/PM
NAAQS. Emission reductions and concomitant improvementsin visibility as aresult of partia
attainment of the O3/PM NAAQS serve as mechanisms for creditable progress toward
achievement of theillustrative visibility progress objectives. The source receptor matrix model is
run using these baseline conditions.

By comparing the bench mark and baseline visibility conditions with the illustrative goals,
the amount of progress toward achieving or surpassing the goalsis determined. Class| areas
predicted to achieve or surpass progress goals are identified and counted. For them, thereisno
incremental cost, impact, or benefit due to the illustrative progress goals. The complementary
nature of the 03/PM NAAQS implementation plan and RH program has resulted in a“windfall”
achievement of theillustrative progress goals for those Class | areas.

In many instances, predicted visibility improvement is sufficient to achieve or surpass the
illustrative goals. For Class | aredlillustrative goal situations where thisis not the case, a control
strategy model is applied to develop aleast cost command and control implementation plan to
achieve the illustrative visibility progress goal. For some of these areas, available control
measures and cost-effectiveness constraints preclude full achievement of the illustrative target.
These areas are noted and counted in the analysis.

To address potential economic impact, the control costs associated with a control strategy
aimed at an illustrative goal are compared to sales or revenue on an affected entity and sector
basis. These sectorsinclude the profit, not-for-profit, and governmental segments. The higher
cost to sales or revenue ratios are used as indicators of where further examination of potential
impacts may be warranted. Where the potential impact appears to be relatively large, ways of
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averting and mitigating these potential impacts are noted.

An upper bound estimate of the administrative costs to governments from implementing
the rulein the first long term progress period are estimated independent of the stringency of the
illustrative progress goals. These costs are not included in the economic impact or benefit-cost
analyses. Because of the small relative size of the upper bound administrative cost estimate, the
omission will not affect the results of those analyses.

The beginning and ending particul ate matter concentrations as well as visua range
improvements are outputs of the baseline and control strategy runs of the source receptor
matrix air quality model. The benefit analysis combines that information together with
concentration response and valuation functions for various effects categories to generate
monetized benefit estimates.

The monetized benefit estimates are compared with the estimated control costs for the
illustrative national uniform goals as well as regionally customized goals.

1.3 Remaining Limitations and Caveats

Despite improvementsin the fina RIA, many limitations remain. Some of these
limitations are identified in Table 1-2.  These and other limitations are addressed more completely
in RIA chapters 3 through 10. Some of the limitations described in Table 1-2 result in an
overstatement of costs and economic impact. Other things remaining the same, the net effect of
these limitations is to understate the net benefits of achieving the illustrative goals.

The limitations pertaining to estimated benefits have an unknown effect on net benefits.

Some limitations result in an overestimate of benefits; other limitations result in an underestimate
of benefits.
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Table 1-2
Consequences of Key Limitations

ANALYTICAL AFFECT ON AFFECT ON AFFECT ON
COMPONENT: CONTROL ECONOMIC MONETIZED
LIMITATION STRATEGY COST IMPACT BENEFIT
ESTIMATES ASSESSMENT ESTIMATES

Air Quality
Modeling:
Overstated Impact | Estimates are too Impacts overstated Incrementa benefits
of Fugitive Dust; high overstated
Understated
Potential Tier Il
Effect
Control Strategy
Design & Costing:
Omitted Estimates are too Impacts overstated Effect Uncertain
Technological high
Change; Superior
Innovative
Strategies
Did Not Identify Estimates may betoo | Impacts may be Vishility benefits
Superior Progress high overstated may be understated

Goals-- More
Progress for the
Same Cost
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ANALYTICAL
COMPONENT:
LIMITATION

Benefit Estimation:
Incomplete
Coverage of
Pollutants & Effects
Categories; No
Adjustment for
Population &
Income Increases

Did not monetize
diminishing
marginal utility
effects or pollutant
trade-offs

AFFECT ON
CONTROL
STRATEGY COST
ESTIMATES

No effect

No effect

AFFECT ON
ECONOMIC
IMPACT
ASSESSMENT

No effect

No effect

AFFECT ON
MONETIZED
BENEFIT
ESTIMATES

Benefits Understated

Benefits Overstated

Recognize that states have the flexibility under the final RH Rule to develop better
visibility goals from an economic perspective with improved data bases, emission projection
algorithms and models. But, perhaps more importantly, recognize that the States have the
discretion to select reasonable visibility progress goas which best suit their objectives. The
objectives may consider factors in addition to the cost-effectiveness, economic impact, or
allocative efficiency aspects of alternative reasonable progress goals.




Chapter 2. STATEMENT OF NEED FOR THE REGULATIONS

2.1 Introduction

Congress passed the Clean Air Act (CAA) to protect public health and the environment
from the adverse effects of air pollution. This section summarizes the statutory requirements
affecting the development of the RH rule, briefly describes the health and welfare effects
associated with controls to reduce RH, and States the need for regulatory action at this time.

2.2  Statutory Authority and Legislative Requirements

The Environmental Protection Agency (EPA) is promulgating the RH rule to achieve
reasonable progress towards the national visibility protection goal. In 1977, Congress set forth a
national visibility goa in section 169A of the CAA that calls for “the prevention of any future, and
the remedying of any existing, impairment of visibility in mandatory class | Federal areas which
impairment results from manmade air pollution.” In 1980, EPA adopted rules designed to be the
first phase in EPA’s overall program to protect visibility. The EPA’s 1980 visibility regulations
address visibility impairment that is “reasonably attributable” to a single source or small group of
sources. The EPA explicitly deferred action addressing RH impairment until some future date
“when improvement in monitoring techniques provides more data on source-specific levels of
visibility impairment, regional scale models become refined, and our scientific knowledge about
the relationships between emitted air pollutants and visibility impairment improves.” (U.S. EPA,
1997a).

Congress added section 169B as part of the 1990 CAA Amendments to focus attention on
RH issues. Section 169B(f) cals for EPA to establish a visibility transport commission to assess
scientific and technical information pertaining to RH in the Grand Canyon National Park. The
final report from the Grand Canyon Visibility Transport Commission, “Recommendations for
Improving Western Vistas,” was completed in June 1996. Section 169B(e) calls for the
Administrator, within 18 months of receipt of the Commission’s report, to carry out her
“regulatory responsibilities under section [169A], including criteria for measuring ‘ reasonable
progress toward the nationa goa.” (U.S. EPA, 1997a)



2.3 Authority for this RIA

Pursuant to Executive Order (E.O.) 12866, this Regulatory Impact Analysis (RIA)
assesses the costs, economic impacts, and benefits associated with the implementation of the final
RH rule. E.O. 12866 states that:

"Federal agencies should promulgate only such regulations as are required by law,
are necessary to interpret the law, or are made necessary or compelling by public
need. ... Indeciding whether and how to regulate, agencies should assess dll
costs and benefits of available regulatory aternatives, including the alternative of
not regulating. Costs and benefits shall be understood to include both quantifiable
measures . . . and qualitative measures of costs and benefits that are difficult to
quantify, but nevertheless essential to consider. Further, in choosing among
aternative regulatory approaches, agencies should select those approaches that
maximize net benefits . . ., unless a statute requires another regulatory approach.”

The Unfunded Mandates Reform Act of 1995 (UMRA) (PL 104-4), intitle 11, section
201, directs agencies "unless otherwise prohibited by law [to] assess the effects of Federa
regulatory actions on State, local, and tribal governments, and the private sector . . . ." Section
202 of title 11 directs agencies to provide a qualitative and quantitative assessment of the
anticipated costs and benefits of a Federal mandate resulting in annual expenditures of $100
million or more, including the costs and benefits to State, local, and tribal governments, or the
private sector. Section 205 requires that the least costly, most cost-effective or least burdensome
aternative that achieves the objectives of the rule be selected or that the Agency provide an
explanation of why such an alternative was not selected. This section applies only when a written
statement is required under section 202. Section 204 requires each Agency to develop a process
to permit State, local and tribal officias to provide meaningful and timely input in the
development of regulatory proposals containing significant Federal intergovernmental mandates.

The RH rule sets forth a program to provide for visibility improvements in mandatory
Class | Federa areas, but provides considerable discretion to the States in establishing reasonable
progress goals. This RIA fulfillsthe UMRA section 202 requirement by analyzing the costs and
benefits of illustrative progress goals and emission management strategies in 2015, a year near the
end of the first long term progress period. In view of the discretion the rule would provide the
States in setting reasonable progress goals, the RIA analyzes visibility progressin going from
benchmark to baseline conditions, control strategies for four nationally uniform illustrative goals,
aswell asacontrol strategy for a set of goals which vary among regions.

The benchmark represents the visibility levels from which progress is measured. Baseline
represents the resulting visibility levels from creditable CAA programs such as those to implement
the ozone and particulate matter National Ambient Air Quality Standards (which were
promulgated in 1997) and the Tier |1 Mobile Sources Rule. These programs result in substantial

2-2



emission reductions and air quality improvements, including improved visibility at Mandatory
Class | federa areas.

The four illustrative goals are described more fully in Chapter 3. However, they are as
follows:

1.0 deciview improvement in 15 years (0.67 deciview improvement in 10 years)
1.0 deciview improvement in 10 years

5% deciview improvement in 10 years

10% deciview improvement in 10 years

o O oo

The RIA considers establishment of these goals at anationa level. The RIA dso
considers establishment of one of those goals or baseline conditions at aregional level (e.g.
Midwest/Northeast, Southeast, South Central, Rocky Mountain, West, and Northwest). With the
potential flexibility to establish reasonable goals, including progress reflecting baseline conditions,
the incremental costs, benefits, and economic impacts of the regiona haze (RH) rule could be
zero during the first long term strategy period. This may result if there is substantial progress due
to implementation of other CAA programs. Hence, alower bound estimate of the incremental
effects of the RH ruleis zero. Inthissituation, all the benefits (including visibility improvements
at Mandatory Class| areas), costs, and impacts would be charged to the other CAA programs.

Adoption of the other illustrative goals could mean further emission reductions of RH
precursorsin some Class | areas. These emission reduction requirements could result in estimated
costs and benefits, incrementa to baseline conditions, which could exceed $100 million annually
in 2015, a year near the end of the first long term progress period. Of course, with potential
flexibility to establish other reasonable goals and design more cost-effective emission management
strategies, the cost could be less than estimated in the RIA.

The UMRA section 204 consultation requirement was met by providing numerous
opportunities for State, local and tribal governments to provide input during development of the
RH rule as described in the preamble to the fina rule.

The Regulatory Flexibility Act as amended by the Small Business Regulatory Enforcement
Fairness Act of 1996 (SBREFA) provides that, whenever an agency is required to publish a
genera notice of rulemaking for arule, the Agency must prepare regulatory flexibility analyses for
the proposed and final rules unless the Agency certifies that it will not have a significant economic
impact on a substantial number of small entities. The EPA explained in the preamble to the
proposed RH rule that the rule would not have a significant adverse economic impact on a
substantial number of small entities. Infact, the RH rule applies to the States and does not itself
establish any requirements applicable to small entities. The Agency has thus certified that the
RH rule will not have a significant economic impact on a substantial number of small
entities.



To provide additional information to the States and small entities, the Agency has
conducted general analyses of the potential cost impacts on small entities of different control
measures. These measures may be among those which the States consider in developing an
emission management strategy to achieve the reasonable progress goals established by the States.
These genera analyses aso identify ways to mitigate or avert potentially significant impacts and
areincluded in thisRIA. It isimportant to recognize that these general analyses are speculative.
Moreover, the EPA expects the States may take steps to minimize significant impacts as part of
their goal establishment and emission management strategy development process.

Under Executive Order 12875, Enhancing the Intergovernmental Partnership, EPA may
not issue aregulation that is not required by statute and that creates a mandate upon a State, |ocal
or tribal government, unless the Federal government provides the funds necessary to pay the
direct compliance costs incurred by those governments, or EPA consults with those governments.
The RH rule does not create a mandate on State, local or tribal governments. The States
determine the direct compliance requirements on State, local or tribal governments as the States
design and implement emission management strategies to achieve reasonable progress goals.

Thisfinal rule is not subject to E.O. 13045, entitled Protection of Children from
Environmental Health Risks and Safety Risks, because is does not involve decisions on
environmental health risks or safety risks that may disproportionately affect children.

Under E.O. 13084, Consultation and Coordination with Indian Tribal Governments, EPA
may not issue aregulation that is not required by statute, that significantly or uniquely affects the
communities of Indian tribal governments, and that imposes substantial direct compliance costs on
those communities, unless the Federal government provides the funds necessary to pay the direct
compliance costs incurred by the tribal governments, or EPA consults with those governments.
The RH rule does not significantly or uniquely affect the communities of Indian tribal
governments. Accordingly, the requirements of section 3(b) of Executive Order 13084 do not
apply to thisrule.

The Information Collection Request (ICR) for the proposed rule relating to State
requirements for the protection of visibility in Mandated Class | national parts and wilderness
areas were submitted to the Office of Management and Budget (OMB) for review under the
Paperwork Reduction Act, 44 U.S.C. 3501, et seq. ThisICR was denied. A new ICR has been
prepared by EPA and will be submitted to OMB for approval. [A copy of ICR No. 1813.02 may
be obtained from Sandy Farmer, Information Policy Branch; EPA; 401 M St., SW (Mailcode
2137); Washington DC 20460; by calling (202) 260-2740; or from the internet at
www.epa.gov/icr. The reporting burden and administrative costs resulting from this action in the
first reporting period (1999-2002) are summarized in Chapter 7 of thisRIA.

Executive Order 12898 (Environmental Justice) requires that each Federal agency make

achieving environmental justice part of its mission by identifying and addressing, as appropriate,
disproportionately high and adverse human health or environmental effects of its programs,
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policies, and activities on minorities and low-income populations. The RH rule does not establish
visibility progress goals or emission management strategies. The rule does, however, establishes a
framework in which the States accomplish those objectives.

Regardless, in the benefit analysis of the RIA, the available information on visibility,
human health, soiling, and other effects categories for all susceptible populationsis used to
develop monetized estimates. Where monetization is not possible, omitted benefit categories are
identified. Furthermore, the scope of the benefit analysisincludes air quality improvements within
aswell asoutside the Class | aress.

For air quality improvements at Mandatory Class | national parks and wilderness areas,
the benefit analysisincludes direct use as well non-use values. Not al Americans have thetime
and income to visit these national parks and wilderness areas. By taking into account, the
preferences of those who visited the parks as well as others, the RIA illustrates the importance of
ensuring that the preferences of all stakeholders are reflected in the monetized benefit estimates.
The details of the benefit analysis are described in Chapter 9 of this RIA.

Section 12(d) of the National Technology Transfer and Advancement Act of 1995
(NTTAA), Pub L. No. 104-113, 12(d) (15 U.S.C. 272 note) directs EPA to use voluntary
consensus standards in its regulatory activities unless to do so would be inconsistent with
applicable law or otherwise impracticable. Voluntary consensus standards are technical standards
(e.g. materias specifications, test methods, sampling procedures, and business practices) that are
developed or adopted by voluntary consensus standards bodies. The NTTAA directs EPA to
provide Congress, through OMB, explanations when the Agency decides not to use available and
voluntary consensus standards. This rule does not involve technical standards. Therefore, EPA
did not consider the use of any voluntary consensus standards.

24  Key Health and Welfare Effects

The RH is produced from a multitude of sources and can impair visibility in every
direction over alarge area, possibly over several states. The RH masks objects on the horizon
and reduces the contrast of nearby objects. The formation, extent, and intensity of RH isa
function of meteorological and chemical processes, which sometimes cause fine particle loadings
to remain suspended in the atmosphere for several days and to be transported hundreds of
kilometers from their sources. It isthistype of visibility degradation that is principally responsible
for impairment in national parks and wilderness areas across the country. Visibility in urban areas
may be dominated by local sources, but may be significantly affected by long-range transport of
haze aswell. Fine particles transported from urban areas in turn may be significant contributors
to regional-scale visibility impairment.

Vishbility has direct significance to peopl€e' s enjoyment of daily activitiesin al parts of the
country. Individuals value good visibility for the well-being it provides them directly, both in the
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places where they live and work, and in the places where they enjoy recreational opportunities.
Vighility is also highly valued because of the importance people place on protecting nationally-
significant natural areas.

Twenty years ago, when initially adopting the visibility protection provisions of the CAA,
Congress specifically recognized that the “visibility problem is caused primarily by emission into
the atmosphere of sulfur dioxide, oxides of nitrogen and particulate matter, especialy fine
particul ate matter from inadequately controlled sources.”[H.R. Rep. No. 95-294 at 204 (1977)]
Thefine PM (e.g., sulfates, nitrates, organic and elementa carbon, and soil dust) that impair
visibility by scattering and absorbing light are among the same particles related to serious health
effects and mortality in humans, as well asto environmental effects such as materials damage,
soiling, and acid deposition.  The health and other welfare effects of fine PM have been
extensively discussed in previous EPA RIA’s (U.S. EPA 1997d).
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Chapter 3. ALTERNATIVE ILLUSTRATIVE PROGRESS GOALS
AND CONTROL STRATEGIES

3.1 Alternative Illustrative Progress Goals

The establishment of alternative illustrative progress goals in an ideal setting isamulti-
step process. Thefirst step is the specification and evaluation of aternative visibility progress
indexes and progress levels. The next step is an assessment of costs to achieve the various
indexes and progress levels. The following step isa®“mapping” out of the set of |east-cost
progress goals. It isfrom this set of goals that the cost-benefit analysis should be devel oped.

In the case of the regional haze (RH) rule, one visibility index, the deciview, was selected
for analysis. The deciview metric expresses uniform changes in haziness in terms of common
increments across a range of visibility conditions. These conditions range from pristine to
extremely hazy conditions. Measuring changes for other aesthetic effects use analogous scales.
In the case of sound, the decibel scaleisused. Like the decibel scale, the deciview provides a
useful means of expressing changes in visibility due to changesin air quality while providing a
scale that relates the aesthetic effect, visibility, to perception.

There is aso an averaging time dimension associated with the deciview index as applied in
thisanalysis. For any Class| area, vishility levels are not constant throughout the year. In fact,
there are times when natural background visibility conditions may be observed. And, there are
other times when anthropogenic visibility impairment is quite pronounced. The averaging time
dimension of the index accounts for this variability in visibility levels.

All of the progress goals analyzed in the Regulatory Impact Analysis (RIA) are expressed
in terms of improving long-term visibility on the average of the 20-percent worst visibility days
each year. However, the air quality modeling used in this RIA provide estimates of annual
deciview changes. But, knowing the distribution of visibility levels over the year, one can predict
what an annual average deciview improvement will mean in terms of the average of the 20-
percent worst visibility days of the year. Such relationships are considered in designing control
strategies to improve visibility on the average of the 20-percent worst visibility days each year.

The deciview index and averaging time are only two of the three factors which make up an
aternative illustrative goal for thisfinal RIA. The other factor which is determined by a State is
when the goal should be achieved.



The four illustrative goals assessed in this analysis are described in terms of those factors.
Two of theillustrative goals specify deciview changes in absolute terms. The other two specify
deciview changesin relative terms.

3.1  The Two Absolute Illustrative Goals
3.1.1 Goal 1: 1.0 Deciview Improvement in 15 Years.

Thisillustrative goal is the least stringent of the four analyzed in the final RIA. The goal
calls for a one deciview improvement on the average of the 20-percent worst days of the year.
Furthermore, that progress to be achieved in 15 years. However, the end of the first long-term
strategy period in theruleis 10 years from the date the EPA expects the visibility progress goas
to be established. Furthermore, the RIA uses ayear, 2015, which is near the end of that 10-year
period, as a basis for comparing al of theillustrative goals. To account for that fact, a deciview
improvement of 0.67 (i.e. 10 years/15 years x 1.0 deciviews) is assumed to be an appropriate
portraya of the expected progress from thisillustrative goa near the end of the first long-term
strategy period.

The shorthand description of thisillustrative goal is“1.0 dv/ 15 years.”

3.1.2 Goal 2: 1.0 Deciview Improvement in 10 Years

For some regions of the country, thisis the next to the least stringent illustrative goal.
This goal aso callsfor a 1.0 deciview improvement on the average of the 20-percent worst days
of the year. However, the goal is achieved more quickly than the goal 1. Specifically, goa 2
should be achieved by the end of the first long-term strategy period. As noted previoudy, thisis
10 years from establishment of the progress goal and development of implementation plans to
meet the goal.

The shorthand description of thisillustrative goal is“1.0 dv/10 years.”

3.2 The Two Relative Illustrative Goals

In response to public comment, the scope of the RIA was expanded to include two
relative progress goals.



3.2.1 Goal 3: 5% Deciview Improvement in 10 Years

Goal 3isalso focused on the average of the 20-percent worst days. The goal should be
achieved by the end of the first long-term strategy period.

For some regions of the country, the 5% deciview improvement in 10 year goal is the next
to the least stringent illustrative goal. For other regions of the country, it isthe next to the most
stringent.  This difference in relative stringency results because of the varying baseline visibility
conditions throughout the country. For instance, if the benchmark visibility condition for one
region were 18 deciviews, a
5% improvement would be 0.9 deciviews. But, if the benchmark condition for another region
were 25 deciviews, a 5% improvement would be 1.25 deciviews. In the first example, the 5%
deciview improvement in 10 yearsis less stringent than goa 2. In the second example, the 5%
deciview improvement in 10 yearsis more stringent than goal 2.

The shorthand description of thisgoa is“5% dv/10 years.”
3.2.2 Goal 4: 10% Deciview Improvement in 10 Years

Godl 4 is also focused on the average of the 20-percent worst visibility days. The 10%
improvement in benchmark visibility conditions is to be achieved by the end of the first long term
strategy period. According to the RH rule, this goal isto be evaluated as part of the goal
establishment and emissions management plan devel opment process.

Thisis the most stringent goal for all regions of the country. Inregionswith benchmark
visibility conditions of 30 deciviews, achieving goal 4 would result in a 3 deciview improvement at
the end of the first long-term strategy period. If such regions had natural visibility levels of 12
deciviews, achieving natural visibility conditions would result in 18 deciview improvements. With
a 3 deciview improvement for each of 6, 10-year progress periods, such regions would achieve
natural visibility conditions in 60 years.

The shorthand description of thisgoal is“10% dv/10 years.”

3.3 Emissions Control Strategy Cases

Emissions control strategies are highly dependent on underlying emissions inventories,
projection methodologies, air quality monitoring, and air quality modeling. The RIA usesan
optimization methodology for selecting cost-effective control measures within a particular
geographic region. Despite improvements in the underlying air quality monitoring and modeling
information and adjustments for the limited transport of fugitive emissions, the control strategy
selected an implausible amount of fugitive dust control. Without the time to further improve the
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emissions inventory, projections, and air quality modeling, another emissions control strategy case
was developed. Hence, there are two emissions control strategies. Case A and Case B. Both use
the same optimization methodology.

3.3.1 Emissions Control Strategy Case A.

Emissions control strategy Case A is similar to that used in the economic analysis for the
proposed RH rule. Thereis a cost-effectiveness cap of $1 billion per microgram per cubic meter
reduction in fine particulate levels. However, the structure of the optimization model was
improved to account for the visibility progress due to reductions in emissions of volatile
organic compounds and directly emitted particulate matter. Data inputs to control strategy
development were modified to include improved nitrogen oxides (NOx) control cost information
acquired during the NOx State implementation plan (SIP) call rulemaking.

Like the analysis for the proposal package, the contribution of fugitive dust emissions to
visibility impairment was adjusted to account for limited transport of such emissions.
3.3.2 Emissions Control Strategy Case B.

Emission control strategy Case B was developed to address the uncertainties related to

fugitive dust emissions control measures. In emissions control strategy Case B, fugitive dust
control measures are not considered in the application of the strategy optimization model.
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Chapter 4 BENCHMARK AND BASELINE EMISSIONS, AND AIR QUALITY

4.1 Results in Brief

The foundation for this analysisis a 1990 emissions inventory which is projected to a
future year. In actuality, that year is 2010. However, for purposes of this analysis and to
comport with legidative changes regarding implementation of the Regional Haze and PM, .
National Ambient Air Quality Standards (NAAQS) rules, the year is 2015. That year, 2015, is
near the end of the first long-term strategy, 2018. For that projection, we find that emissions of
VOC, NOx, SO,, and secondary organic aerosols (SOA) are estimated to decrease relative to
1990 levels. Thisisduein part to other Clean Air Act (CAA) programs such as the Maximum
Achievable Control Technology (MACT), Federal Motor Vehicle Control Program (FMV CP),
New Source Performance Standards (NSPS), and the final NOx State Implementation Plan (SIP)
which are not part of the implementation program for the PM,, . and Ozone NAAQS that were
promulgated in 1997. Other emissions are projected to increase over this period due to increases
in economic activity despite the emission reduction requirements in the CAA.

The air quality modeling associated with this projected emission inventory leads to air
quality projections that are used to determine the amount of air quality improvement to meet the
illustrative progress goals explained in Chapter 3. The projected emissions and air quality levels
serve as the benchmark for this analysis.

With implementation of the PM, ¢ and Ozone NAAQS and the Tier |1 program, there will
be emission reductions and improved air quality, including visibility. The particulate matter
concentration reductions and visibility improvements associated with partial attainment of the
NAAQS and implementation of aTier || program are estimated using the Phase Il Climatological
Regional Dispersion Model (CRDM). The resulting air quality improvement will bring several
counties with Class | areas into achieving with the illustrative visibility progress goals. In
particular, between 27 and 55 counties with Class | areas will achieve the progress goals
incidental to partial attainment of the new NAAQS and aTier |l program.

The air quality levels after partial attainment of the new PM,, . and Ozone NAAQS and the
Tier 11 program serve as the baseline for the incremental benefit, cost, and economic impact
analyses contained in this regulatory impact analysis (RIA). In particular, any deciview goals not
met in the baseline are addressed with additional or incremental control measures and strategies.
The control measures applied in this RIA will result in an additional 26 to 60 counties having
Class | areas meeting the illustrative progress goals under the emissions control case in which
fugitive dust emissions controls are allowed (Case A), and 11 to 53 counties having Class | areas
meeting the illustrative progress goals under the emissions control case in which fugitive dust
emissions controls are not allowed (Case B). Therange is due to differencesinillustrative
progress goals as well as differencesin control strategies.



4.2 Introduction

This chapter describes the methods used to estimate baseline emissions and air quality in
2015 in order to assess the incremental costs, benefits and economic impacts of the illustrative RH
progress goals.! The assessments are conducted from a consistent analytical baseline that is
benchmarked to available 2010 CAA projections for emissions growth, levels of controls, and
their contribution towards visibility improvement. A single emissions inventory employing
consistent methods is used as the basis for the RH analyses. The year 2015 is selected as the year
of analysis to provide an appropriate period in which 1) mgjor programs of the CAA of 1990
should be reaching full implementation, and 2) the Ozone and PM standards promulgated in 1997
areto be achieved. Considerable progress is expected in attaining the new criteria air pollutant
standards. The year 2015 is best understood for purposes of this report as a nomina “snapshot”
year for presenting estimated visibility, costs, economic impacts and benefits; it should be noted
that these impacts are based on 2010 emission projections, projections that serve as a proxy for
projections for the year 2015.

The RH analyses have been constructed such that benefits, economic impacts, and costs
are estimated incremental to those derived from the combined effects of implementing both the
CAA of 1990 and the 8-hour Ozone and PM,, . 15/65 standards as of the year 2015. The effects
of implementing the CAA of 1990 are called the benchmark for determining the starting point for
analyzing the potentia visibility improvements associated with the RH rule. The effects of
implementing the 8-hour Ozone and PM,, . 15/65 standards promulgated in 1997 including a
modest version of the Tier |1 program are called the baseline from which the incremental effects
of meeting these illustrative RH progress goals under both emission control cases (Cases A and
B) are measured. These analyses provide a“snapshot” of air quality impacts, costs, economic
impacts, and benefits associated with implementation of these illustrative RH progress goals from
abaseline of partial attainment of the Ozone and PM, . 15/65 standards that is benchmarked to
future CAA implementation.

Some Class | area counties are not expected to reach the illustrative progress goals as a
result of controls put in place to achieve the Ozone and PM standards. Once these Class | area
counties have been identified within the set of PM monitored areas, the analysis assumes
additional control strategies on alocal, regional, and national basis for the purpose of alowing
these Class | area counties to meet the goals. It should be noted that while these areas are
identified from within monitored areas only, control requirements, costs, benefits, and other
economic impacts are estimated for both PM monitored and unmonitored areas. This results

! 2018 isthe end of the period for the first long-term strategy. The term “long-term strategy” refersto the set of

emission reduction measures the State includesin its SIP in order to meet the reasonable progress goal it has set. 2015
isanominal “snapshot” year that reflects the partial attainment control cases for the Ozone and PM, . NAAQS included
in the baseline, and is near the end of the period for the first long-term strategy.
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from the fact that controls are expected to be applied to emission sources outside of Class | area
counties so that these counties can meet the illustrative progress goals.

The EPA believes that the monitored counties analytic approach for identifying Class |
area counties that cannot meet the illustrative progress goals is most appropriate because 1) the
likelihood of significant inability to comply with visibility progress goas in unmonitored areas
after modeled emission controls are assumed is small; 2) serious modeling difficulties exist that
prevent reliable prediction of visibility progress in unmonitored areas; and 3) any such inability to
meet RH progress goals in unmonitored areas may not be detected (U.S. EPA, 1997c). Itis
possible, however, that the placement of new PM monitors in the future may affect the estimates
of counties’ ability to meet these illustrative progress goals.

Figure 4-1 illustrates the analytical approach employed for this assessment. Base year
emissions for 1990 are projected to 2010 by applying sector-specific growth factors. The CAA-
mandated controls (i.e., control efficiencies or control-specific emission factors) then are applied
to these future emissions to capture implementation of the 1990 CAA (our “benchmark”). The
2010 post-CAA control emissions are input to air quality models to predict baseline visibility
levels from which Class | areas that cannot meet the progress goals subsequently are identified.
Control measures to bring these areas to the point of meeting these progress goals are evaluated
and applied in the cost analyses. Emission reductions achieved by these control measures
determine the “post-control” visibility in these areas. The methodologies used to estimate
visibility for assessing the RH progress goals are discussed in Chapter 6.

4.3  Estimation of 1990 Emissions and 2010 Emissions Projections

Theinitia step in the assessment of RH illustrative progress goals is the development of
the 2010 CAA emission estimates. These emissions and associated air quality modeling serve as
the benchmark for determining the starting point for analyzing creditable visibility improvements
associated with the new NAAQS. The emissions estimation and projection methodologies build
upon work conducted for the July 1997 Ozone, PM, and proposed RH rule Regulatory Impact
Anaysis (RIA) (U.S. EPA, 1997).

The major data sources and estimates for these RH analyses are as follows:

Version 3 of the 1990 National Particulates Inventory (NPI v.3)(Pechan, 1996c)

Bureau of Economic Analysis (BEA) projections of Gross State Product (GSP) (BEA,
1995) are used to estimate 2010 emissions.

Utility sector CAA-control emission projections incorporate future utility deregulation and
a0.15 Ib/MMBtu nitrogen oxides (NOx) cap with trading and banking;



1 The following CAA-mandated control assumptions are updated in the 2010 benchmark
emissions estimates:

. OTAG Level 2 NOx controls on industrial point sourcesin 37 OTAG States are
applied (it should be noted that the methodology for this analysis was completed
before the final NOx SIP call of September 1998 was completed so the analysisin
this RIA assumed the OTAG Level 2 NOx controls across the OTAG States as a
surrogate for the NOx controlsin the actual NOx SIP call);

. Estimated emission reductions from 7/10 year Maximum Achievable Control
Technology (MACT) standards are included;

. Proposed control requirements for Architectural and Industrial Maintenance
(AIM) coatings and consumer and commercial products rules are incorporated.
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Figure 4-2 illustrates the steps followed in the development of 2010 benchmark emissions.

First, source category-specific activity levels and emissions factors are used to estimate emissions
for the base year 1990. Any pollution controlsin place prior to 1990 are reflected in these base
year values. Emissions are estimated for VOC, NOXx, sulfur dioxide (SO,), primary PM,, and

PM, ¢, SOA, organic carbon (OC), elemental carbon (EC) and anmonia. As described in the
introduction, certain VOC species, based on the reactivity of these organic compounds with
atmospheric oxidants, form SOA (Grogean and Seinfeld, 1989). To estimate SOA emissions,
fractional aerosol coefficients (FACs) based on VOC species profiles for each Source
Classification Code (SCC) are applied to 1990 VOC emissions (Pechan, 1997a). Biogenic VOC
emissions are involved in ozone and SOA formation and are estimated for the base year inventory.

Additionaly, ammonia plays arole in the formation of particulate ammonium sulfate and
ammonium nitrate. However, anthropogenic emissions of anmonia are a small component of
total ammoniaemissions. The mgjority of the ammoniathat enters the atmosphere is produced by
the biological decomposition of organic material in soils, plant residues, and wastes from animals
and humans (NAPAP, 1991). Given that ammoniais not alimiting factor in the formation of
secondary particles, ammonia emissions are not considered in the RH control strategy analyses.

Because air quality modeling is conducted on the county level, emissions are estimated for
all counties in the contiguous 48 States. The 1990 emissions are then input to an emissions
projection model (e.g., Emission Reduction and Cost Analysis Model (ERCAM) for VOC and
NOXx) that predicts emissionsin 2010 based on State-level growth forecasts and control
assumptions reflective of implementation of CAA-mandated programs. The resultant 2010
emissions, which serve as a proxy for emissions in 2015, then serve asinputs to the air quality
modeling.
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4.3.1 Development of 1990 Benchmark Emissions Inventory

The 1990 emissions inventory that is the benchmark emissions inventory for the analyses
of incremental effects contained in this RIA based on Version 3 of the National Particulate
Inventory (NPI) (Pechan, 1996¢; Pechan, 1997a).

The NPl is developed using a “top-down” approach to estimate national emissions at the
county level. Top-down methods rely on existing data sources and use estimation techniques that
are comprehensive but with less area-specific detail.  In general, emissions factors for individual
source types are applied to activity levels for source categories within the mgjor emitting sectors
(i.e., utility, industrial point, area, nonroad engines/vehicles, mobile sources and biogenics/natura
sources). Emissions factors are expressed in terms of amount of a pollutant emitted for a given
activity level (e.g., per ton of fuel consumed, per vehicle mile travelled). Emission factors
developed by EPA are available for VOC, NOx, SO,, and PM,,. Because there are no emission
factorsfor PM,, aPM calculator program containing particle size distribution data for various
source categories is used to develop these estimates (Pechan, 1994). The program estimates the
fraction of PM emissions from both controlled and uncontrolled sources that are within the fine
particle fraction (i.e., < 2.5 microns in diameter) and coarse particle fraction (i.e., between 2.5 and
10 microns in diameter). Finally, anthropogenic ammonia emission factors are a compilation of
estimates based primarily on recent European studies (Asman, 1992; Battye et al., 1994).

For the States of Californiaand Oregon and for prescribed burning and wildfire emissions
in the 11 western States, emissions estimates based on a bottom-up assessment conducted by the
Grand Canyon Visihility Transport Commission (GCVTC) are used (Radian, 1995). These
emission estimates are derived from more recent and detailed surveys of emissions from various
source categories.

Biogenic VOC emissions are developed based on EPA’ s Biogenic Emissions Inventory
System (BEIS) (Pierce et a., 1990). Biogenic SOA is estimated from application of VOC
species-specific FACs to biogenic VOC emissions (Pechan, 1997a). Natural sources of PM
emissions (i.e., wind erosion) are taken from the National Emission Trends Inventory (U.S. EPA,
1996h).

Table 4-1 summarizes the approaches used in development of the benchmark inventory.



4.3.2 1990 Benchmark Emissions Inventory Results and Discussion

Table 4-2 presents a summary of 1990 emissions by pollutant and major sector. Area
sources are the largest contributor to anthropogenic VOC emissions in 1990 (45 percent of total
national anthropogenic VOC emissions). Biogenic and natural sources of VOC emissions are
estimated to be roughly equivalent in magnitude to the anthropogenic total. Motor vehicles
account for 33 percent of total national NO, emissions with 46 percent of the motor vehicle
emissions contributed by cars (i.e., light-duty gasoline vehicles). With regard to national SO,
emissions, the utility sector isthe largest emitter (71 percent). Area sources account for the bulk
of PM,, and PM, . emissions. Anthropogenic fugitive dust sources contribute the maority of
primary PM,, and PM, . emissions. More recent emission inventory efforts indicate that these
estimates are overstated. Refer to Section 4.3.3 for a discussion of the potential biasesin these
estimates.

It should be noted that the ambient air quality impacts of emissions on visibility levels from
any individual sector may not be proportional to their contribution to national emissions. The
reader isreferred to the RH air quality modeling sections (Chapter 4) and the cost chapter
(Chapter 6) to understand how emissions from various source categories impact visibility levels.



Table 4-1
Benchmark Emission Inventory - Summary of Approach

Major Source Type

Modeling Approach/Data Sources

Industrial Point Sources

1985 National Acid Precipitation Assessment Program (U.S. EPA, 1989) emissions inventory grown to 1990 based on historical BEA earnings
data (BEA, 1990).

PM,, and PM, ; emissions based on total suspended particulate (TSP) emissions and particle-size multipliers (U.S. EPA, 1994b).

Californiaand Oregon State data substituted (Radian, 1995).

Electric Utilities Based on EIA-767 fuel use for 1990 and unit-specific emission limits (DOE, 1991b) and AP-42 emission rates (U.S. EPA, 19953)

Nonroad Internal Combustion Engines/Vehicles (VOC, NO,, PM, ., PM,,): 1991 Office of Mobile Sources (OMS) Nonroad Inventory (U.S. EPA,
1991b)
Internal Combustion Engines/Vehicles (SO,) and Aircraft, Commercial Marine Vessels, Railroads: 1985 NAPAP (U.S. EPA, 1989) grown to
1990 based on historical BEA earnings data (BEA, 1990).

Motor Vehicles Federal Highway Administration travel data (FHWA, 1992), MOBILE5a/PARTS5 emission factors (U.S. EPA, 1993a).

Area Sources 1985 NAPAP inventory grown to 1990 based on historical BEA earnings data (BEA, 1990) and State Energy Data System (SEDS) fuel use data
(DOE, 19914); emission factor changes for selected categories (U.S. EPA, 1995a).
Californiaand Oregon State data substituted (Radian, 1995).

Solvents National solvent usage estimates by end-use category from U.S. Paint Industry Data Base and industrial solvent marketing reports (Connolly et

al., 1990). Allocated to county level based on industry employment and population (BOC, 1987, 1988a, 1988b).

Fugitive Dust (PM,,, PM,, )
Agricultura Tilling
Construction

U.S. Department of Agriculture data (USDA,1991), U.S.EPA PM,, emission factors (U.S. EPA ,1995a).
Census Bureau Construction Expenditures (BOC, 1992), EPA PM,, emission factors (U.S. EPA, 19953).

Unpaved and Paved EPA PARTS5 emission factors (U.S. EPA, 1994c), FHWA travel data (FWHA, 1992).
Roads USDA farming activity levels (USDA, 1991), EPA PM,, emission factors (U.S. EPA, 1995a).
Livestock Particle size multipliers are applied to PM ,, emissions to estimate PM,, . emissions (U.S. EPA, 1994b).
Biogenic VOC Emissions for eight landcover types based on aforest canopy model which was used to account for the effects of solar radiation, temperature,
humidity, and wind speed on predicted VOC emission rates (Lamb et ., 1993).
Wind Erosion PM wind erosion emissions from agricultura lands based on acres of spring- or fal-planted crops in each State from the USDA and the expected

dust flux (emission rate) based on asimplified version of the NAPAP method (Gillette, 1991). Emissions were distributed to the county level
based on rural land area

Agriculturd Ammonia (NH,)

NH, emissions for livestock feedlots and fertilizers based on Census of Agriculture data (BOC, 1992)and EPA-recommended emission factors
(Battyeet d., 1994).
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4.3.3 Key Uncertainties Associated with 1990 Emissions

Given the on-going nature of emissions research, improvements to emissions estimation
methodologies will continue to be made. However, there will be uncertainties associated with
top-down approaches that rely on existing data sources and |ess source-specific data.

Because development of 1990 emissions employs emission factors as primary inputs, more
uncertain emission estimates result than if source-specific stack tests, load-curve based factors or
continuous emissions monitoring (CEM) data are used. The differencesin utility SO, and NOx
emissions between alternative estimation methodologies, however, are not that large.
Comparisons of SO, CEM data with estimates based on SO, emission factors and fuel
consumption for a sample of plants showed that the two techniques produced emission estimates
within an average of 8 percent at the State level (Schott, 1996). A comparison of NOx emissions
based on CEM data and NOx emissions based on EPA emission factors for a sample of utilitiesin
Louisiana resulted in a difference of 22 percent between the two methods (Schott, 1996).
However, for area, non-road and motor vehicle sources where source-specific data are mostly
unavailable, emission factors are applied to activity levels for each county. Thus, the potentia
uncertainties are greater for these sources than the better inventoried utility and industrial point
sources (Pechan, 19964). Finally, any possible biases in national emissions estimates from using
emissions factorsis unclear.

Use of particle size multipliers to estimate PM,, and PM,  emissions from TSP data yields

uncertain results relative to application of PM,, or PM, . emission factors. The degree of
uncertainty may vary by source category; however, there is no known bias in these factors.
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Table 4-2
Summary of 1990 National Emissions Estimates by Major Sector

Major Sector VOC NOXx SO, PM,, PM, SOA oC EC
(1000 tpy) (1000 tpy) (1000 tpy) (1000 tpy) (1000tpy)  (1000tpy) (1000tpy) (1000 tpy)

Utility 37 7,426 15,865 283 109 1 10 25

Industrial Point 3,467 2,850 4,644 926 589 35 58 13

Area 10,098 2,100 1042 35,290 7,639 92 1,066 139

Nonroad 2,054 2,836 242 336 293 23 99 160

Motor Vehicle 6,811 7,446 568 355 291 48 57 59

Anthropogenic 22,466 22,656 22,359 37,190 8,921 198 1,290 396

Subtotal

Biogenics 25,988 3,325

Natural Sources 248 89 1 5,429 995

TOTAL 48,702 22,745 22,360 42,619 9,916 3,523 1,290 396

Note: Emiissions estimates may not sum due to rounding.

1990 fugitive dust emissions have not been adjusted here as described in Section 4.4.
Air quality impacts from major emitting sectors are not necessarily proportional to their contribution to national emissions estimates. See Sections 4.4 and 4.5 and Chapter 6 of thisRIA.
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The more recent biogenic emissions estimates from BEIS2 (Geron et a., 1994) are not
incorporated in version 3 of the NPI. VOC emissions estimated using BEIS2 are 28 percent
higher nationally than biogenics included in the base year emissions. These higher VOC estimates
also lead to higher biogenic SOA nationally. However, given that BEIS2 emission estimates have
better spatial resolution, higher or lower biogenic VOC emissions for specific counties may result
relative to the NPI estimates. Thus at the national level, the estimates of biogenic VOC and SOA
may be understated. However, due to the better spatial resolution in the BEIS2 compared to the
resolution of the VOC and SOA emissions in the NPI version 3, the biasis less clear in any
particular county (Pechan, 1997a).

The most recent fugitive dust emissions estimates developed for the National Emissions
Trends Inventory (U.S. EPA, 1997h) indicate that NPI version 3 PM,, fugitive dust emissions
may be overestimated by 40 percent and PM,, . fugitive dust emissions may be overestimated by
72 percent relative to the Trends estimates. The Trends fugitive dust information was available
after PM air quality modeling had been completed and therefore could not be incorporated into
this analysis. See Section 4.4 for a discussion of the implications of this overestimate of fugitive
dust emissions on modeled visibility levels. Of particular interest is that the PM, ; emission
estimate for agricultural operations (tilling and windblown dust) was decreased by about 50
percent, or 1 million tons per year. The emissions decrease from farming operationsiis clearly
concentrated in the farm belt of the central US. Thus, the RH air quality analysisis likely biased
toward overestimating fugitive dust impacts on visibility impairment in farming aress, relative to
other areas. While some other categories of fugitive dust emissions were also decreased, the net
effect of those changes on the RH air quality analysisis unclear.

Fractional aerosol coefficients are used to estimate the percentage of VOCs that may react
in the atmosphere and form secondary organic aerosols. There is considerable uncertainty
associated with this estimation approach. This assessment assumes that 100 percent of all
photochemically-reactive VOC species released eventually react to form SOA. This assumption
may lead to overstated modeled SOA concentrations in areas close to the emission sources of
organic species having long reaction times (Pechan, 1997a).

For the nonroad emissions category, the extrapolation of the nonroad inventory for 27
PM, ¢ nonattainment areas to the rest of the country introduces uncertainty to the nonroad
emissions estimates, however, with no known bias.

Because the 1985 National Acid Precipitation Activity Project (NAPAP) inventory serves
as the basis for the 1990 base year inventory for some source categories, a number of factors are
not accounted for. New plant construction, control equipment installation and retirement of
emissions sources between 1985 and 1990 are not incorporated in the 1990 inventory. The
magnitude of the uncertainty and direction of potential biasin national 1990 emission estimates as
aresult of these factorsisunclear. Additionally, State-level industry earnings data are used to
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grow emissions from 1985 to 1990 rather than applying the more recent Bureau of Economic
Anaysis (BEA) Gross State Product (GSP) estimates.  This may result in a small underestimate
of 1990 emissions (Pechan, 19974a).2

Considering relative uncertainty across emissions of individual pollutants, SO, emission
estimates are the most certain. The SO, is generated during combustion of any sulfur-containing
fuel and is emitted by industrial processes that consume sulfur-containing raw materials. Apart
from control efforts, sulfur emissions are directly related to the fuel sulfur content. Aslong as
fuel usage and fuel sulfur content are measured, SO, emissions can be estimated within arelatively
narrow range. For example, as part of the Grand Canyon Visibility Transport Commission
(GCVTC) emission inventory, uncertainty estimates were developed for various mgor SO,
sources (Balentine and Dickson, 1995). The uncertainty estimate calculated for SO, emissions
from copper smelting is + 50 percent. However, associated uncertainty for emissions estimates
from diesel and gasoline vehicles are assessed at + 150 percent. Most of this uncertainty is dueto
the variability in the sulfur content of the fuels.

The NOx estimates are the next most certain category of emissions. Like SO,, NOx isa
product of fuel combustion. Since NOx formation is somewhat more complicated than SO,,
emission estimates are more variable, and uncertain, as well.

The level of uncertainty in PM,, emission estimates varies widely by source category. The
largest component of the 1990 PM ,, emission estimates is fugitive dust including fugitive
emissions from paved and unpaved roads, construction activities, agricultural tilling, and
windblown dust. The GCVTC study estimated the uncertainty for unpaved road emissions to be
+ 400 percent. The estimated uncertainty for PM, . emissions from paved road dust is + 180
percent (Ballentine and Dickson, 1995). The PM,, emission estimates for large point sources,
such as utility boilers, are more certain than the fugitive dust source estimates, because these
stacks are typically controlled using baghouses or electrostatic precipitators, the outlets of which
are frequently tested to ensure compliance with regulations.

The VOC emissions are uncertain because organics are emitted both as a product of fuel
combustion and through evaporation. Evaporative emissions are difficult to quantify due to
measurement problems. The GCVTC study estimated VOC emissions uncertainty for motor
vehiclesto be + 150 percent (Ballentine and Dickson, 1995).

Table 4-3 summarizes the key uncertainties associated with estimation of 1990 emissions
(Pechan, 19974). For each potential source of uncertainty in the base year emissions, the
direction of biasis provided. “Positive bias’ indicates that 1990 emissions may be overestimated;
“negative bias’ indicates that they may be underestimated; and “bias unclear” indicates that the
direction of potential biasin the emission estimates is unknown.

2 The State-level industry earnings data provided a slight underestimate of production activity for 1990 compared to the
1990 BEA GSP estimates due to a more precise methodology for estimating production activity.
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Table 4-3

Uncertainties and Possible Biases in Estimating 1990 Emissions

from 27 PM, . nonattainment areas to
nation

Potential Source of Positive Bias? Negative Bias? Bias Unclear
Uncertainty (Overestimate) (Underestimate)

Use of emission factors rather than v

stack test, load-curve, or CEM data

Use of particle-size multipliersto v
estimate PM ,, and PM, . emissions

from TSP emissions

Extrapolation of nonroad inventory v

Use BEIS rather than more recent
BEIS2 for biogenic VOC

v (total biogenic
VOC and SOA)

v (county-level biogenic
VOC and SOA)

Use NPI version 3 for fugitive dust
emissions rather than more recent
datafrom National Emissions Trends

Use FACsto estimate SOA from
VOC emissions

Use of 1985 NAPAP inventory for
some source categories:

- lack datato incorporate for 1985-

1990 new plant construction,
control equipment installation,
retirement of sources.

- used state-level earnings data
rather than recent BEA GSP to
grow emissions from 1985 to
1990.

v/ (small)

4.3.4 1990 Emissions Inventory Results and Discussion

Table 4-4 presents a summary of 1990 baseline emissions by pollutant and major sector.
These emissions estimates reflect the partia attainment of the 8-hour Ozone and PM,, . standards
modeled in the 1997 RIA. Areasources are the largest contributor to anthropogenic VOC
emissionsin 1990 (45 percent of total national anthropogenic VOC emissions). Biogenic and
natural sources of VOC emissions are estimated to be roughly equivalent in magnitude to the
anthropogenic total. Motor vehicles account for 33 percent of total national NO, emissions with
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46 percent of the motor vehicle emissions contributed by cars (i.e., light-duty gasoline vehicles).
With regard to national SO, emissions, the utility sector isthe largest emitter (71 percent). Area
sources account for the bulk of PM,, and PM, . emissions. Anthropogenic fugitive dust sources
contribute the mgority of primary PM,, and PM, . emissions. More recent emission inventory
efforts indicate that these estimates are overestimated. Refer to Section 4.3.3 for a discussion of
the potential biases in these estimates.

Although biogenic and anthropogenic VOC are approximately equivalent, biogenic SOA is
almost 17 times greater than anthropogenic SOA. This differenceis due to the FACs used to
estimate SOA. The FAC for terpenes, which account for 15 - 60 percent of biogenic VOCs, is 30
percent, while the average FAC for anthropogenic VOC sources is less than 1 percent.

Anthropogenic ammonia emissions are estimated to be approximately 4 million tons per
year in 1990, but are believed to be a small component relative to natural sources of ammonia.
Given that ammoniais not alimiting factor in the formation of secondary particles, anmonia
emissions are not considered for control in these RH analyses.

It should be noted, asis noted earlier in Section 4.3, that the ambient air quality impacts of
emissions from any individual sector may not be proportiona to their contribution to national
emissions. The reader isreferred to the air quality modeling sections later in this chapter and the
cost chapter (Chapter 6) to understand how emissions from various source categories impact air
quality modeling and estimated visibility levels.
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Table 4-4
Summary of National 1990 Baseline Emissions Estimates by Major Sector

Major Sector VvVOC NOXx SO, PM,, PM, SOA oC EC
(1000 tpy) (1000 tpy) (1000 tpy) (1000 tpy) (1000tpy)  (1000tpy) (1000tpy) (1000 tpy)

Utility 53 3,548 5,235 246 108 1 2 5

Industrial Point 2,158 1,735 4,668 1,004 651 26 18 4

Area 7,046 2,872 1,518 42,601 9,061 57 374 58

Nonroad 1,888 2,061 237 351 373 24 37 58

Motor Vehicle 3,688 5331 408 204 142 26 26 27

Anthropogenic 14,833 15,547 12,066 44,406 10,335 134 457 152

Subtotal

Biogenics 25,988 3,325

Natural Sources 248 89 1 5,429 995

TOTAL 41,609 15,636 12,061 49,835 11,330 3,459 457 152

Note: Emissions estimates may not sum due to rounding.

Fugitive dust emissions have been adjusted here as described in Section 4.4.
Air quality impacts from major emitting sectors are not necessarily proportional to their contribution to national emissions estimates. See Sections 4.4 and 4.5 and Chapter 6 of thisRIA.
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4.3.5 Development of 2015 Analytical Emission Projections

The 1990 emissions are projected to 2010 (as a proxy for emissions in 2015) to develop
the emissions baseline from which to evaluate additional control measures needed to meet the
illustrative RH progress goals. In general, emissions are projected by applying expected
increases in 1990 emissions or activity levels and incorporating the effects of 2010 CAA-
mandated controls through application of control efficiencies or emission factors, respectively.

4.3.6 Growth Assumptions by Major Sector

This section describes the sector-specific growth assumptions used to project emissions to
2010, which serves as a proxy for emissonsin 2015. Table 4-5 summarizes the emissions
projection modeling approach by major sector. Version 3 of the NPl employs 1995 BEA GSP
2010 projections by State/Industry for industrial point sources and, in combination with BEA
population projections, for nonroad and area source categories. In the absence of product output
projections, value added projections such as GSP are superior than earnings or employment
projections for estimating future emissions (U.S. EPA, 1991a). Value added is the difference
between the value of industry outputs and inputs. The BEA GSP projections are a fuller measure
of growth given that future changes in production processes, efficiency, and technological
changes are captured.

For the utility sector, outputs from the Integrated Planning Model (IPM) are used to
predict how the electric power industry will operate in the future given deregulation (i.e.,
movement from cost-of-service pricing to competitive pricing) and consequent industry
restructuring (U.S. EPA, 1996]). Nationa Electric Reliability Council (NERC) forecasts of
regiona electricity demand are used to reflect the assumption that utility deregulation will likely
lead to lower electricity prices for many users and therefore increased e ectricity demand.
Additional major assumptions included in the utility modeling are the following: 1) technology
will continue to improve for coal and natural gas production so that energy prices for these fuels
will not substantially increase between 1990 and 2010; 2) the large steam electric generation stock
fueled by coal, ail, and gas will be the source of alarge amount of power in the future; 3)
improvement of the performance and reduction of the costs of electric generation technologies
will continue; and 4) movement of power will be primarily constrained at the 16 NERC regions
modeled in the analysis (U.S. EPA, 1997a).
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Table 4-5

2015 Analytical Growth Assumptions by Major Sector?

OMS MOBILE Fuel Consumption Model (FCM) Scaled to
Metropolitan/Rest-of -State Areas by Population (U.S. EPA, 1993)

Sector Growth Forecast Modeling Approach
Industrial Point BEA Gross State Product (GSP) Projections by State/Industry VOC, NO, - Emission Reduction and Cost Analysis Model (ERCAM): applies
(BEA, 1995) BEA growth projections to base year emissions and applies future year controls
as selected by the user (Pechan, 1994, 1996b).
PM o, PM, 5, SO,, NH; - While no formal model exists, the same basic approach
applied in ERCAM was used for these pollutants (Pechan, 1997a).
Utility Projections of heat input by unit based on Nationa Electric SO,, NO, - Integrated Planning Model (IPM) (U.S. EPA, 1996i).
Réeliability Council (NERC) data, price and demand forecasts, and VOC, PM,,, PM, - base year emission rates or AP-42 emission factors applied
technology assumptions. to IPM projected heat input by unit (Pechan, 1997a).
NH, - NH, dippage for units controlling with selective catalytic reduction (SCR)
(Pechan, 1997a).
Nonroad BEA GSP and Population Projections by State/Industry (BEA, VOC, NO, - ERCAM (Pechan, 1994, 1996b).
1995) PM,,, PM, ., SO,, NH, - ERCAM approach (no formal model)(Pechan, 1997a).
Motor Vehicle National Vehicle Miles Traveled (VMT) Projections from the EPA NO,, VOC - ERCAM: applies MOBILE5a emission factorsto projected VMT

by month and county/vehicle type/roadway classification (U.S. EPA, 1991c,
1993a).

PM .o, PM,, SO, - PARTS emission factors(U.S. EPA, 1994c) applied to
projected VMT (U.S. EPA, 1991c).

NH, - specia study emission factors applied to projected VMT (Pechan, 19973).

Area

BEA GSP and Population Projections by State/Industry (BEA,
1995)

VOC, NO, - ERCAM (Pechan, 1994, 1996b).
PM,,, PM, ., SO,, NH, - ERCAM approach (no formal model)(Pechan, 1997a).

Biogenic VOC and PM
Wind Erosion

Emissions held at 1990 levels

baseline, and is near the end of the period for the first long-term strategy.

*Actual growth in emissionsisto 2010. 2015 isthe nominal “snapshot” year that reflects the partial attainment costs for the Ozone and PM, ; NAAQS included in the

Mobile source 1990 emissions are projected to 2010 based on growth in VMT. The EPA’s MOBILE4.1 Fuel Consumption
Model (FCM) is used as the basis for the VMT projections (U.S. EPA, 1991c¢).

There is no growth assumed in nationwide biogenic emissions of VOC or SOA. Similarly, 2010 PM emissions from natural
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sources are assumed equal to 1990 levels.
4.3.7 2010 CAA Control Emissions by Major Sector

In order to capture the effectsin 2015 (using 2010 emissions projections) of
implementation of the CAA as a benchmark for these analyses, future year control efficiencies or
emission factors are applied to projected 2010 emissions or activity levels respectively. Table 4-6
summarizes the mgjor CAA requirements that are modeled for the benchmark case. These control
requirements are discussed in Appendix A for each mgjor sector.

For the 2010 CAA-control emissions, refined control measure effectiveness (CME)
estimates are employed in combination with control efficiencies. The CME reflects the degree to
which individual control measures achieve their intended effect. For this assessment, CME is
assumed to be 95 percent for this subset. The refined CME estimate is based upon a recent study
of historical EPA monitoring and enforcement data that indicate that, on average, control
measures achieve 95 - 100 percent of the intended impact (PQA, 1997). The new CME is applied
to the appropriate CMEs in place prior to 1990 and those controls assumed in the 2010 CAA-
control emissions projections.

Rate of Progress (ROP) and Reasonable Further Progress (RFP) requirements are not
modeled for the emissions benchmark; instead, the emission reductions and costs are assessed for
future attainment of the 8-hour ozone standard and are therefore in the baseline. Appendix A
discusses the methodology and results of this analysis.

Additionally, updated information regarding proposed Title | Architectural Coatings and
Consumer and Commercia Products rules and Title 111 7 and 10-year Maximum Achievable
Control Technology (MACT) rules are incorporated in the 2010 CAA-control emissions.

Ozone air quality modeling analyses show that NOx emissions must be substantialy
reduced in broad areas of the country in order for areas that are not meeting the current ozone
standard to meet that standard (U.S. EPA, 1996b). Efforts to address long-range ozone transport
issues have been undertaken by the Northeast Ozone Transport Commission (OTC, 1994) and the
Ozone Transport Assessment Group (OTAG). These efforts will likely result in implementation
of regional NOXx control measures far in advance of the 2015 air quality assessment undertaken
for thisRIA. These control measures are included in the benchmark case for thisRIA.
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Table 4-6
CAA 2015 Projection Scenario Summary by Major Sector

Major Sector

Major CAA Scenario Requirements

Industrial Point

VOC and NO, RACT for all NAASs (except NO, waivers).

New control technique guidelines (CTGs).

0.15 pounds per million British thermal unit (Ib/MMBtu) Ozone Transport Assessment Group
(OTAG)-wide NO, cap on fuel combustors > 250 MW.

OTAG Level 2 NO, controls across OTAG States.

MACT standards (primarily VOC).

Utility

TitlelV Phasel and Phase |l limitsfor all boiler types.

250 ton Prevention of Significant Deterioration (PSD) and New Source Performance Standards
(NSPS).

RACT and New Source Review (NSR) for al non-waived (NO, waiver) NAAs.

Phase |1 of the Ozone Transport Commission (OTC) NO, memorandum of understanding
(MOU).

0.15 Ib/MMBtu OTAG-wide seasonal NO, cap utility boilers with banking/trading.

Nonroad

Federal Phase | and Il compression ignition (Cl) engine standards.
Federa Phase | and |1 spark ignition (SI) engine standards.
Federal locomoative standards.

Federal commercial marine vessel standards.

Federal recreational marine vessel standards.

Motor Vehicles

Tier 1 tailpipe standards.

49-State LEV program.

Phase 2 Reid vapor pressure (RVP) limits.

[/M programs for O, and carbon monoxide (CO) NAAs.
Federal reformulated gasoline for O, NAAs.
CdliforniaLEV (Cdiforniaonly).
Californiareformulated gasoline (California only).
Diesdl fuel sulfur content limits.

Oxygenated fuel in CO NAAs.

Area

VOC and NO, RACT requirements.

New CTGs (VOC).

MACT Standards (VOC).

PM NAA controls.

Onboard vapor recovery (vehicle refueling).

Stage 11 vapor recovery systems.

Federal rules (consumer/commercia product limits, architectural and industrial maintenance
(AIM) coating limits).
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The 2010 benchmark reflects the application of regional NOx reductions that are intended
to approximate the reductions EPA would propose based upon OTAG recommendations. The
regional NOx controls applied for this anaysisinclude: 1) OTAG-wide 0.15 Ib/MMBtu NOx
emission limit on utilities and on non-utility boilers > 250 MW; 2) OTAG Level 2 NOx controls
on non-utility point sources across OTAG States; National Low Emission Vehicle (LEV)
emissions standards on light duty vehiclesin 49 States, beginning with the 1999 model year. The
OTAG recommendation covers a broader universe of sources and provides for an emissions
trading program. In addition, OTAG'’s recommendation does not include uniform control
measures across the entire 37-State region. For purposes of comparison, the final NOx SIP call
rulemaking promulgated in September 1998 requires States to implement sufficient levels of
control to achieve a0.15 Ib/MMBtu NOx emission limit applied to utility boilers; 60 percent
control applied to non-utility boilers and combustion turbines; and additional controls applied to
cement kilns and stationary internal combustion engines.?

The LEV program isincluded in the baseline based on negotiations with the automobile
industry that were initiated several years ago in order to help meet the current standard. Although
no agreement has yet been reached, additional reductions from mobile sources likely will be
required, either nationally or on a State-by-State basis, in order to meet the current standard.
Therefore, inclusion of reductions from this program in the baseline is appropriate. This analys's,
however, does not prejudge the outcome of negotiations with the automobile industry.

A version of the Tier Il rule scheduled to be proposed this year isincluded in the baseline.
This version reflects prior expectations as to type of standards that would be included in the
proposal. The version in the baseline includes standards applicable to light-duty trucks and other
light-duty vehicles, but does not include a sulfur standard applicable to refiners nor additional
control of hydrocarbon exhaust and evaporative emissions. Since thisruleis currently close to
proposal, inclusion of reductions from aTier |1 program in the baseline where analytically possible
isappropriate. Thisanalysis, however, does not prejudge the eventual form of the Tier Il rule.

4.3.8 Benchmark Emissions Results and Discussion

Table 4-7 summarizes national 2010 CAA emissions by mgjor sector. Total emissions of
VOC, NOx, SO,, and SOA are estimated to decrease from 1990 levels; however, emissions of
PM,, and PM,, ; are estimated to increase between 1990 and 2010. The increasesin PM emissions
are due primarily to growth in anthropogenic sources of fugitive dust (i.e., paved roads and
construction activity).

Emission reductionsin 2010 attributable to individual CAA programs are al so estimated

2 The estimated level of emissions reductions from implementation of the final NOx SIP call is 1.16 million tons

in 2007. Thisisroughly two-thirds of the reductions estimated under the NOx control programs presently in the
benchmark case.
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(U.S. EPA. 1997j). These emission reductions reflect the change in emissions between projected
2010 emissions (i.e., incorporating growth between 1990 and 2010) with and without the
application of CAA-mandated controls. National VOC emission reductions estimated to be
achieved in 2010 due to Titles | and |11 point source controls are 1.0 million tons of VOC per
year. The 2010 Title | and Il area source controls are projected to achieve 5.7 million tons of
VOC emission reductions per year.

National NOx emission reductions for Title | industrial point source controls are estimated
to total 1.6 million tons per year: the CAA-mandated controls and the NOx cap account for
approximately 500,000 tons and 100,000 tons of NOx reductions respectively and OTAG-wide
Level 2 NOx controls contribute an additional 1 million tons per year of NOx reductions (U.S.
EPA, 1997)). Title | area source NOx controls account for reductions of 1.4 million tons of NOx
per year. Title | mandated controls, Title IV Acid Rain NOx requirements, and the OTAG-wide
NOx cap result in an estimated 3 million tons of summertime NOx reductions from the utility
sector (U.S. EPA, 1997a).

Title Il mobile source VOC and NOx controls including a national LEV program are
estimated to result in annual reductions of 2.8 million tons of VOC and 3.5 million tons of NOx
nationally in 2010 (U.S. EPA, 1997j).

The Title 1V Acid Rain Program accounts for an 8 million ton reduction in utility SO,
emissions from 2010 no-control levels (U.S. EPA, 19974).

4.3.9 Key Uncertainties Associated with Benchmark Emissions

Table 4-9 summarizes the key uncertainties associated with the 2010 benchmark
emissions. Because 1990 emissions and activity levels are the basis from which 2010 emissions
are projected, the uncertainties associated with 1990 emissions estimates are carried through to
the 2010 emission estimates. These uncertainties are discussed in Section 4.3.4.

There are uncertainties associated with the activity surrogates and projections data used to

make 2010 growth forecasts for each source sector. However, there are no known biasesin
either of these data inputs.
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Table 4-7
Summary of National 2010 CAA Emissions Estimates by Major Sector

Major Sector VOC NOXx SO, PM,,
(1000 tpy) (1000 tpy) (1000 tpy) (1000 tpy) (11

Utility 50 3,755 9,746 277
Industrial Point 2,164 1,958 5,990 1,170
Area 7,533 2,932 1,518 41,051
Nonroad 1,888 2,063 236 336
Motor Vehicle 3,946 5,574 409 204
Anthropogenic 15,581 16,282 17,899 43,038
Subtotal

Biogenics 25,988

Natural Sources 248 89 1 5,429
TOTAL 41,817 16,371 17,900 48,467

Note: Emissions estimates may not sum due to rounding.

1990 fugitive dust emissions have not been adjusted.
Air quality impacts from major emitting sectors are not necessarily proportional to their contribution to national emissions estimates. See
sections 4.4 and 4.5 and Chapter 6 of thisRIA.
Organic carbon and elemental carbon emissions were not estimated for 2010 for the CAA baseline scenario.

4-24



The 2010 control assumptions used to incorporate the effects of CAA-mandated controls also have related uncertainties.
Potential revisions to existing rules or rules that are currently in draft form but would be implemented in 2010 are not incorporated in
the 2010 emissions baseline. It isunclear the net effect of these omissions on baseline emissions. Because RFP and ROP are not
incorporated in the baseline, 2010 emissions could be underestimated. There may be an overestimate in baseline emissions given that
the co-control emission reductions (e.g., PM, NOx) from MACT standards and off-set requirements in the Ozone Transport Region
(OTR) and ozone nonattainment areas have not been estimated. Finally, because the NPl is atop-down inventory, area-specific control
measures as outlined in nonattainment State implementation plans (SIPs) have not been incorporated in the baseline emissions. The
potential biasis unclear for this potential source of uncertainty.

Table 4-8
Uncertainties and Possible Biases in Estimating 2010 Emissions®
Potential Source of Positive Bias? Negative Bias? Bias Unclear
Uncertainty (Overestimate) (Underestimate)
1990 Emissions v (fugitive dust) v (total biogenic v
VOC and SOA)

Growth Forecasts:

- activity surrogates v

- projections data v
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Potential Source of
Uncertainty

2010 Control Assumptions:
- Potential revisionsto existing
rules or rulesin draft form not
incorporated;
- RFP/ROP for individual ozone
nonattainment areas not
estimated;
- Co-control from MACT standards
not estimated;
- Off-set requirementsin OTR and
0zone nonattainment areas not
estimated;
- Area-specific reductions as
reflected in SIPs not
incorporated.

Positive Bias?
(Overestimate)

Negative Bias?
(Underestimate)

Bias Unclear

2 The projection of emissionsto 2010 isa proxy for emissionsin 2015, the analysis year in thisRIA.
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4.4  Estimation of Benchmark Visibility Levels

The methodology for estimation of benchmark visibility levels for this assessment builds
upon the previous method used in the 1997 RIA. The CRDM is used to estimate ambient PM
concentrations in 2010. This model predicts quantitative relationships (i.e., source-receptor
relationships) between county-level emissions of primary particles and secondary particle
precursors and annual concentrations of PM,, and PM,, . a county-level receptors. The following
datainputs are implemented for this assessment:

1 Phase Il CRDM air quality modeling results are employed,;

I The source-receptor (S-R) matrix is calibrated using 1993 -1995 Aerometric Information
Retrieval System (AIRS) monitoring data for al 711 counties monitored for PM,, in the
48 contiguous States during this 3-year period;

The following refinements are employed in this analysis that are not employed in the
modeling for the proposed RH rulein 1997:

I Contribution to visibility improvements from reduction of OC and EC emissions is not
accounted for;

Estimates of visibility improvements in non-Class | area counties are now estimated and
serve as an input to the benefits analyses in Chapter 9.

4.4.1 Overview of Phase Il Air Quality Modeling

This section provides a general overview of the Phase Il air quality modeling analysis.
More detailed information follows in subsequent sections. For Phase 1, the Lagrangian Regiona
Model is used to guide the refinement of the Climatological Regional Dispersion Model (CRDM)
to correct for misestimation of fugitive dust emissions (Latimer, 1996). Using 1990 meteorol ogy,
the refined CRDM s applied to 1990 emissions to calculate a transfer matrix of S-R relationships
for al relevant primary and precursor emissions to estimate cumulative regional ambient
concentrations of PM, s and PM,,, as well as the important chemical constituents of secondary
particulates: sulfate, nitrate, secondary organics and ammonium. As described in section 4.4.2,
the refined CRDM, when used with adjusted primary PM fugitive dust emissions, provides more
representative estimates of the spatial distribution of annual PM concentrations in the United
States (Pechan, 1997b).

The S-R matrix next is calibrated using 1993-1995 PM,, and PM,, . annual monitoring data

to benchmark the modeling to ambient air quality values. Additionally, this calibration provides a
way to capture the 3-year and spatial averaging aspects of the PM, . annual standard alternatives.
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In order to predict ambient PM concentrations in 2010, emissions projections as described
in Section 4.3 are input to the calibrated S-R matrix to produce annual PM,, and PM,, -
concentration values at county-level receptors. Finally, 1993-1995 peak-to-mean ratios (i.e., ratio
of 24-hour vaue to annual average value) for each monitored county in the analysis are used to
estimate the 24-hour PM concentration (i.e., 4th highest daily maximum for the current PM ,, daily
form and 98th percentile value for the PM,, . daily form alternatives) from the model -predicted
annual PM concentration. Nonmonitored counties are calibrated using regiona average
normalization factors. Additionally, regiona peak-to-mean ratios are used to derive the 24-hour
PM concentration in the nonmonitored counties.

Once 2010 baseline air quality is developed, monitored countiesin class | areas are
evaluated to determine if they can meet the illustrative RH progress goals. Figure 4-3 illustrates
the development of 2010 basdline visibility levels.

4.4.2 Elements of Visibility Modeling
4.4.2.1 Lagrangian Regional Model

The Lagrangian Regiona Model (LRM) is used to guide the refinement of the CRDM
through the estimation of the transport, diffusion, deposition, and chemical conversion of
emissions using a spatially and temporally varying wind field. Because the computer memory and
run times are excessive to run the LRM for the entire country with 6,000 sources and 3,000
receptors, the LRM was tested for a single point source for afew days of 1990 meteorol ogical
data from the Meteorologica Model-4 (MM-4) mesoscale model. The LRM simulates the hourly
release of puffs which are transported by the averaged winds appropriate for the time and location
of the puff. In general, puff-type air quality models are better than Gaussian dispersion models at
handling transport and diffusion of pollutants at low wind speeds and therefore show a greater air
quality impact from emissionsin the local area. A single uniform concentration of each particulate
chemical constituent for each hourly puff is calculated based on standard vertical diffusion
coefficients, limited by the mixed layer height, and mesoscale diffusion coefficients. Results from
the LRM are subsequently used to refine CRDM assumptions to take into account long-range
transport of secondary particles and impacts of a county’s primary emissions on its air quality
(Latimer, 1996).

4.4.2.2 Climatological Regional Dispersion Model

The CRDM is used to generate a matrix of S-R relationships that relate emissions of direct
PM,, and PM, . and particle precursors to annua average PM,, and PM, . concentrations (Pechan,
1997b). The S-R matrix reflects the relationship between PM concentration values at asingle
receptor in each county (a hypothetical design value monitor sited at the county population
centroid) and the contribution by PM species to this concentration from each emission source.
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The CRDM uses assumptions similar to the Industrial Source Complex Short Term (ISCST3), an
EPA-recommended short range Gaussian dispersion model (U.S. EPA, 1995b). The CRDM
incorporates terms for wet and dry deposition and chemical conversion of SO, and NOx, and uses
climatological summaries (annua average mixing heights and joint frequency distributions of wind
speed and direction) from 100 upper air meteorological sites throughout North America. For this
analysis, meteorological data for 1990 are used.

The CRDM uses Turner's sector-average approach, a probabilistic method in which the
frequencies of occurrence of various wind and stability conditions are used to calculate the
frequencies of transport of pollutantsin various sectors. This method is recommended for
estimation of long-term average pollutant concentrations and is discussed more fully ina
contractor report (Pechan, 1997b). The assumptions related to chemica conversion of secondary
particle precursors, long-range transport of secondary particles and the impact of a county’s
primary emissions on itself are refined based upon the LRM results.  For the Phase |1 modeling,
chemical conversion, transport and deposition equations are updated. Additionaly, it was
assumed that al primary emissions from the county are evenly distributed over a square with the
same area as the county. It isalso assumed that primary emissions from the county are always
impacting the county. A simple box mode! is used for each wind speed and stability category.
The vertical diffusion coefficient is calculated at a downwind distance corresponding to the length
of the side of the square. These assumptions are necessary since spatial variation of emissions
within a county cannot be provided for a national scale model.

Emissions data from version 3.0 of the 1990 NPI are input to the CRDM. Stationary and
mobile source emissions, as well as ground-level area source emissions, for 3,081 countiesin the
contiguous United States are contained in the 1990 NPI. The high number of point sourcesin the
inventory (61,619 point sources) made it impractical to model each point source individualy. As
aresult, elevated point source emissions are aggregated at the county level by plume height. The
effective stack height of each of these sources was calculated for an average wind speed (5
meters/second) using the plume rise agorithm for ISCST3. Two aggregated elevated point
source groupings are made: one for sources with effective stack heights less than 250 m, and one
for sources with effective stack heights between 250 and 500 m. Sources with effective stack
heights greater than 500 m are modeled as separate sources. I1n addition to point sources, the
modeled emission sources also include total area/mobile sources for each county and emissions
for 10 Canadian provinces and 29 Mexican citiesStates. Receptors modeled include all county
centroids plus receptors in Canada and Mexico.
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Figure 4-3
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A total of 5,944 sources (i.e., industria point, utility, area, nonroad, and motor vehicle) of
primary and precursor emissions are modeled. In addition, secondary organic aerosols formed
from anthropogenic and biogenic VOC emissions are modeled. Natural sources of PM,, and
PM, ¢ (i.e., wind erosion and wild fires) are aso included. Emissions of SO,, NOx, and ammonia
are modeled in order to calculate ammonium sulfate and ammonium nitrate concentrations, the
primary particulate forms of sulfate and nitrate. The CRDM produces an S-R matrix of transfer
coefficients for each of these primary and particulate precursor pollutants. These coefficients can
be applied to the emissions of any unit (area source or individual point source) to calculate a
particular source's contribution to a county receptor's total annual PM,, or PM, . concentration.
Each individual unit in the inventory is associated with one of the source types (i.e., area, point
sources with effective stack height of 0 to 250 m, 250 m to 500 m, and individual point sources
with effective stack height above 500 m) for each county.

Once the S-R matrix is developed, the transfer coefficients must be adjusted to reflect
concentrations of secondarily-formed particulates (Latimer, 1996). First, the transfer coefficients
for SO,, NOx, and ammonia are multiplied by the ratios of the molecular weights of sulfate/SO,,
nitrate/nitrogen dioxide and ammonium/ammonia to obtain concentrations of sulfate, nitrate and
ammonium.* The relative concentrations in the atmosphere of ammonium sulfate and ammonium
nitrate depend on complex chemical reactions. In the presence of sulfate and nitric acid (the gas
phase oxidation product of NOx), ammonia reacts preferentialy with sulfate to form particulate
ammonium sulfate rather than react with nitric acid to form particulate ammonium nitrate. Under
conditions of excess ammonium and low temperatures, ammonium nitrate forms. For each county
receptor, the sulfate-nitrate-ammonium equilibrium is estimated based on the following simplifing
assumptions:

. All sulfate is neutralized by ammonium;
. Ammonium nitrate forms only when there is excess ammonium;
. Because ammonium nitrate forms only under low temperatures, annua average particle

nitrate concentrations are divided by four assuming that sufficiently low temperatures are
present only one-quarter of the year.

Finally, the total particle mass of ammonium sulfate and ammonium nitrate is calculated.?

Ratio of molecular weights: Sulfate/SO,= 1.5; nitrate/nitrogen dioxide = 1.35; ammonium/ammonia = 1.06.

To calculate total particle mass of ammonium sulfate and ammonium nitrate, the anion concentrations of sulfate
and nitrate are multiplied by 1.375 and 1.29 respectively.
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4.4.2.3 Comparison of Modeled and Measured PM Concentrations

In order to evauate the performance of the Phase II CRDM, model-predicted PM
concentrations and measured ambient PM concentrations are compared. Measured annual
average PM concentrations by chemical species from the Interagency Monitoring for Protection
of Visua Environments (IMPROVE) network are examined for the 3-year period March 1988 -
February 1991. This period is chosen because it relates closely to 1990 emissions and
meteorological data used in the CRDM. Given that IMPROV E network monitors visibility
impairment in predominantly rural Class | areas, these comparisons are incomplete due to the lack
of coveragein urban areas. With the exception of the fugitive dust component of PM, ¢ and PM,,
modeled and measured concentrations of sulfate, nitrate and organics are comparable (Latimer,
1996).

This PM air quality modeling effort attempts to model the “background” contribution to
ambient PM concentrations. Background PM is defined as the distribution of PM concentrations
that would be observed in the U.S. in the absence of anthropogenic emissions of PM and
precursor emissions of VOC, NOx and SOx in North America (U.S. EPA, 19961). Estimating
background PM concentrations is important for the cost analysis as it represents that portion of
PM mass that is uncontrollable. Background PM levels vary by geographic location and season.
The natural component of background arises from physical processes of the atmosphere that
entrain small particles of crustal material (i.e., soil from wind erosion), as well as emissions of
organic particles and nitrate precursors resulting from natural combustion sources, such as
wildfire. In addition, certain vegetation can emit SOA. Biogenic sources and volcanos also emit
sulfate precursors. The exact magnitude of this natural portion of PM for a given geographic
location cannot be precisely determined because it is difficult to distinguish from the long-range
transport of anthropogenic particles and precursors. The PM Criteria Document (U.S. EPA,
1996a) reports that annual average PM,, 5 concentrations range from 1 - 4 ug/m? in the West and
from 2 - 5 ug/m? in the East.

Given the uncertainties in estimating biogenic VOC and SOA emissions and primary PM
emissions from natural sources as well as the uncertainties in the PM air quality model, thereis
considerable uncertainty in the modeled predictions of the background contribution to PM mass.
For some nonattainment counties, apparent overpredictions in the background contribution to PM
mass reduces the relative contribution of anthropogenic sourcesto PM mass. Thisin turn can
significantly diminish the modeled effectiveness of control measures on anthropogenic sourcesin
reducing estimated PM concentration levels.

Although the bulk of primary PM emissions are from anthropogenic and natural fugitive
dust sources', available speciated monitoring data indicate that fugitive dust contributes
substantially lessto total PM,, . levels relative to other particle species such as sulfates and

! Natural and anthropogenic fugitive dust emissions account for 93 percent of PM,, emissions and 76 percent of

PM, . emissionsin the 1990 base year inventory (NPI version 3).

4-32



nitrates. The CRDM-predicted average fugitive dust contribution to PM, massis 31 percent in
the East and 32 percent in the West (Pechan, 1997b). Speciated monitoring data show that
minerals (i.e., crustal material) comprise approximately 5 percent of PM, . massin the East and
approximately 15 percent of PM, . massin the West (U.S. EPA, 1996a). The 1990 model
predictions therefore are not consistent with ambient data. These disparate results may suggest a
systematic overbias in the fugitive dust emission estimates. Subsequent PM emission inventory
efforts indicate that fugitive dust emissions are overestimated in the baseline emissions inventory.
The NPI version 3 fugitive dust PM,, and PM,, . emissions used in this analysis are 40 percent and
73 percent greater, respectively, than the most recent NET Inventory estimates' (U.S. EPA,
1997h). Furthermore, this overestimate in the contribution of fugitive dust to modeled ambient
fine particle concentrations relative to speciated monitoring data is likely to be compounded by
uncertaintiesin the air quality modeling (U.S. EPA, 1996c¢).

To address this bias, a multiplicative factor is applied nationally to fugitive dust emissions
as areasonable first-order attempt to reconcile differences between modeled predictions of PM,, ¢
and actual ambient data. The multiplicative adjustment of 0.25 is applied under Case A. The
0.25 multiplicative adjustment results in a fugitive dust contribution to modeled ambient PM,,
concentrations of 10 - 17 percent. Given the uncertainties noted in the fugitive dust emissions
inventory, however (U.S. EPA, 1998), the multiplicative factor of 0.0 is applied to nationally to
these emissions under Case B.

4.4.2.4 Application of Phase Il S-R Matrix to Updated 1990 National Particulate
Emissions Inventory

As described in section 4.3, version 3 of the NPI is used as the base year 1990 inventory.
The Phase II S-R matrix next is applied to the revised PM emissions inventory to predict 1990
PM air quality concentrations.

4.4.2.5 Normalization of S-R Matrix for Annual Estimates of PM,, and PM, .

The resulting 1990 annua PM,, and PM, ¢ values are compared and calibrated to
monitored annual PM,, and PM,, ; concentrations. All predictions are normalized regardless of
over prediction or under prediction relative to monitored values. Thisis done by application of a
“normalization factor”, calculated as the monitored value divided by the modeled value. This
factor was applied consistently across particle species contributing to the air quality value at a
county-level receptor. Calibration is conducted for county-level modeled PM,, and PM, .
estimates falling into one of four air quality datatiers. The tiering scheme reflects increasing
relaxation of data completeness criteria and therefore increasing uncertainty for the annual design

2 Natural and anthropogenic fugitive dust emissions account for 86 percent of PM,, emissions and 59 percent of

PM, . emissionsin the most recent 1990 National Emission Trends Inventory.
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value (U.S. EPA, 1997k). Tier 1 monitored counties cover the 504 counties with at least 50
percent data completeness and therefore have the highest level of certainty associated with the
annual design value. Tier 2 monitored counties cover 100 additional counties with at least one
data point (i.e., one 24-hour value) for each of the 3 years during the period 1993 -1995. Tier 3
monitored counties cover 107 additional counties with missing monitoring data for one or two of
the 3years 1993 - 1995. Intotal, Tiers 1, 2 and 3 cover 711 counties currently monitored for
PM,, in the 48 contiguous States." Tier 4 covers the remaining 2369 nonmonitored counties.
Normalization factors are calculated and applied to the respective counties for Tiers 1 through 3.
Tier 4 nonmonitored counties are calibrated using the appropriate regional normalization factor
calculated as the average of Tier 1 normalization factors across a given modeling region.

The calibration procedure is conducted employing 1993-1995 PM ,, ambient monitoring
data from the AIRS database following the air quality tier data completeness parameters discussed
above. The PM,, data represent the annual average of design value monitors averaged over 3
years (U.S. EPA, 1996i). The standardization for temperature and pressure was eliminated from
this concentration data based upon proposed revisions to the reference method for PM,,.2

Because thereislittle PM, . monitoring data available, a genera linear modd is developed
to predict PM, . concentrations directly from the 1993-1995 PM,, values (U.S. EPA, 1996e). A
SAS™ general linear model (i.e., GLM) procedure is used to predict PM, . values (dependent
variable) as a function of independent variables for season, region, and measured PM ,, value.
These derived PM,, . data are used to calibrate model predictions of annual average PM,.. Given
the PM, . annual standard alternatives allow for spatial averaging, model -predicted annua average
PM, ; air quality data are calibrated to the spatially-averaged annual PM,, ¢ value’ from the derived
PM, ¢ dataset. Additionally, the proposed form of the standard allows for averaging over 3 years
of air quality data. These derived, annual PM,, . data represent the annual average value over a 3-
year period. These PM, . concentrations also reflect the elimination of the temperature and
pressure standardization, given that they are developed from the previously discussed PM
dataset.

The current PM ,, monitoring network consists of approximately 1600 individual monitors with a coverage of
approximately 711 counties in the 48 contiguous States.

As presented in Chapter 6, the contiguous 48 States are divided into six modeling regions for the control
strategy-cost analysis. Seep. 6-5.

8 See Proposed Revisions to Appendix J - Reference Method for PM,, , Proposed Rule for National Ambient
Air Quality Standards for Particulate Matter (Federal Register, Vol. 61, No. 241, p. 65666, December 13,
1996).

County-level spatial averaging is used for thisanalysis.
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4.4.2.6 Application of Calibrated Phase Il S-R Matrix to 2015 CAA
Control Emissions

The calibrated Phase Il S-R matrix is next applied to the 2015 CAA control emissions to
predict baseline annua air quaity and visibility levels at the county level. This basdline air quality
reflects the fugitive dust emissions adjustment of 0.25. Thisisthe baseline air quality used in the
calculations of results under emissions control case A.  Adjusting the fugitive dust emissions by 0
(i.e., zeroing them out) leads to the baseline air quality used in the calculation of results under
emissions control case B.

4.4.2.7 Peak-to-mean Ratios for Calculating 24-hour Average Concentration
Value

Since the CRDM predicts only annua average PM,, and PM,, . concentrations, peak-to-
mean ratios are employed to derive these values. For each annual PM concentration for the Tier 1
through 3 monitored counties, three sets of peak-to-mean ratios are used to predict 24-hour peak
PM,, and PM, 5 concentrations reflective of the forms of the adternatives being analyzed. The
first peak-to-mean ratio is the 3-year average fourth highest 24-hour maximum PM, value to the
annual arithmetic mean PM,, value. Thisratio is applied to the modeled annual average PM
value to predict the fourth highest daily maximum PM,, value, the form of the current PM,, daily
standard. The ratio of annual mean PM,, to 99th percentile 24-hour PM ,, is used to predict the 3-
year average 99th percentile PM , value (i.e., form of the selected PM,, standard) from the annual
mean PM,,. The PM, ¢ peak-to-mean ratio is calculated as the 3-year average 98th percentile 24-
hour peak PM, . value to the spatially averaged annual arithmetic mean PM, . value. Thisratiois
applied to the annual mean PM,, . value to predict the 3-year average 98th percentile 24-hour peak
PM, ¢ value (U.S. EPA, 1996e).

4.4.3 Class | Area Counties Meeting each RH Progress Goal

The model-predicted visibility levels reflecting the 2010 CAA-control baseline are used to
determine county air quality status. Predicted visibility levels are the most certain for the Tier 1
counties since the estimates are calibrated using 50 percent complete AIRS data as described in
Section 4.4.2.5. This set represents approximately 70 percent of the counties within the 48
contiguous States monitored for PM,, during 1993-1995, covering approximately 150 million
people.

Used 1993-1995 AIRS monitoring data following air quality data tiering scheme discussed in section 4.3.2.4.
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4.4.4 Uncertainties in Air Quality Modeling for Visibility Improvements

The methodology used to estimate visibility improvements in 2015 from 1990 emissions
and ambient concentration data introduces several sources of uncertainty to the control strategy-
cost and benefits analyses. Table 4-9 presents potential sources of uncertainty and associated
biases in estimating the number of 2015 counties not initially meeting the illustrative progress
goals. “Positive bias’ indicates that estimated number of 2015 counties not meeting the
illustrative progress goals may be overestimated; “negative bias’ indicates that estimated number
of 2015 counties not meeting the illustrative progress goals may be underestimated; “bias
unclear” indicates that the direction of impact from a given potential source of uncertainty on
2015 counties not meeting the illustrative progress goals is unknown. The level of uncertainty
associated with a particular input variable to the air quality projection procedure has been
quantified to the extent possible based on information from published literature or internal EPA
studies.

Because 1990 emissions are an input to the CRDM model, the uncertainties associated
with the emissions inventory are carried through to the air quality modeling. Asdiscussed in
section 4.3.3, apart from the fugitive dust and biogenic VOC and SOA categories, emissions of
primary PM and PM precursors are uncertain although with no known bias. Fugitive dust PM
emissions appear to be overestimated by 40 percent for PM,, and 73 percent for PM, . relative to
the more recent NET Inventory. The biogenic VOC emissions are underestimated relative to the
more recent BEIS2 estimates. Finally, the methodology used to estimate SOA formation from
reactive VOCs may overestimate SOA emissions and therefore ambient concentrations of SOA.

There is uncertainty associated with the 1993 - 1995 monitored annual average and 24-
hour PM, concentration values that are used to calibrate the ambient concentrations generated by
the CRDM at the county-level receptors. These monitoring values are taken from the AIRS data
base, which has a performance requirement of 5 n.g/m? for concentrations less than 80 ..g/m? and
+ 7 percent for concentrations greater than 80 ..g/m®. However, a comparison of AIRS data
obtained from side-by-side samplers of the same and different types indicated measurement
differences ranging from 10 to 14 percent for like samplersto 16 to 26 percent for dissmilar
samplers (U.S. EPA, 1996k). However, there is no known bias associated with these values.

Since the PM,, . data are derived from monitored PM,, concentrations, they too have
associated uncertainty due to instrument measurement error, as described above. Additionaly,
and more importantly, the PM, . values are predicted from aregression model (U.S. EPA, 1996e),
and therefore are subject to uncertainty associated with thismodel. Subsequent reanalysis of the
model has shown that there is no systematic bias to the PM, . estimates (U.S. EPA, 1997i).

The CRDM used to generate a matrix of S-R transfer coefficients employs a large number
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of input variables in its calculations, including meteorological data (i.e., wind speed, wind
velocity, and stability conditions). While there have been no studies of uncertainty associated
with CRDM output, Freeman et al. (1986) used error propagation and Monte Carlo simulation to
study the uncertainty of short range concentration estimates calculated by a similar model, EPA’s
|SCST Gaussian dispersion model for asingle point source. Freeman et al. found that for
relatively low values of uncertainty assigned to input values (1 to 10 percent), the uncertainty of
the concentration at distances from 3 to 15 kilometers downwind of a source averaged 16
percent. When input data uncertainties were increased by a factor of 4, however, the output
uncertainty ranged from about 75 - 160 percent.

Despite application of the fugitive dust adjustment factor, comparisons of modeled PM
predictions to ambient data indicate that the CRDM overpredicts the contribution of fugitive dust
to total PM, 5 mass and therefore to visibility impairment. The CRDM may overestimate or
underestimate other fine particle species when evauating county-level model predictions relative
to PM, . ambient data. For example, in some PM residual nonattainment counties, the predicted
biogenic organic contribution to PM,, . mass appears to be overestimated relative to speciated
monitoring data. However, at the national level, there appears to be no systematic bias to the
modeled air quality predictions for the non-fugitive dust particle species.

The uncertainties and biases in the 1990 modeled predictions combined with uncertainties
in 2010 emission projections bring about similar uncertainties and biases in the 2015 visibility
improvement predictions. Table 4-9 lists these uncertainties and biases.

Although the CRDM S-R matrix serves as a useful tool in the design of cost-effective
PM control strategies, the modeling approach does not reflect application of state-of-the-art
techniques. Many of the physical and chemical formulationsin the CRDM are crude
representations of actual mixing and reaction phenomena required to address aerosol formation,
transport and removal phenomena. Where available, more scientifically credible RADM results
are used to complement the CRDM results, particularly with regard to nitrogen deposition.
However, even with the anticipated delivery of more comprehensive modeling techniques, the
scarcity of speciated ambient data in both urban and rural environments to evaluate model
behavior will continue to compromise the certainty of model-derived conclusions.
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Table 4-9

Uncertainties and Possible Biases in Estimating the Number of 2015 Counties

that Cannot Meet Illustrative RH Progress Goals

Potential Source of
Uncertainty

Positive Bias?
(Overestimate)

Negative Bias?
(Underestimate)

Bias Unclear

Base Year 1990
- 1990 emissions

- 1993 - 1995 PM 10 ambient data
- 1993 - 1995 PM 2.5 derived data

- CRDM 1990 adjusted S-R matrix

v (fugitive dust, SOA)

v (fugitive dust)

v (total biogenic VOC
and SOA)

v (other emissions)
v
v

v (other emissions)

Projection Y ear 2010 (proxy for
2015 analysis year)

- Uncertainties from 1990 adjusted
S-R matrix

v (fugitive dust)

v (fugitive dust, SOA)

v (total biogenic

v (other emissions)

- 2010 emissions projections VOC and SOA)
v (fugitive dust) v (other particle species)
- 2010 air quality predictions
2010 Nonattainment Counties
- Tier 1 geographic scope v (small)

assumption

It should be noted that an air quality adjustment procedure is used to account for CAA-
control emissions inventory changes between 2007 and 2010. This adjustment procedureis
applied to ozone nonattainment areas that are affected under the cap-and-trade program within
the baseline for the final RH rule. For the most part, emissions are projected to decrease between
2007 and 2010. It istherefore reasonable to assume that air quality would improve as a result of
these reductions. Because it is not possible to account for the air quality impacts of these changes
outside of the nonattainment area, there may be a small overestimate in baseline air quality.
Similary, the centroid model used to predict ozone concentrations in nonmonitored counties
cannot fully account for ozone transport from nonattainment areas to downwind areas. The
centroid model employs geographic interpolation between ozone concentration valuesin
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monitored counties to derive ozone concentrations in nonmonitored counties. The centroid
model is not an air quality model and therefore any transport impacts from emission changes
between 2007 and 2010 cannot be assessed.
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Chapter5 CONTROL MEASURES

51 Introduction

This chapter briefly discusses the control measures for improving visibility in order to
assessillustrative regional haze (RH) progress goals in this regulatory impact analysis (RIA). The
Environmental Protection Agency (EPA) has attempted to identify and develop cost and emission
reduction estimates for control measures covering nearly every source category with sources
emitting pollutants that contribute to visibility impairment. The measures discussed in the chapter
consist primarily of controls already in use, and are intended as illustrative of measures that may
be selected to reach progress goals chosen by States or local areas. Generally, the measures
involve more conventiona control approaches (e.g., “add-on” control devicesinstaled by an air
pollution source) that are proven effective at reducing air pollution. Pollution prevention
measures such as material substitution, source minimization, and fuel switching are also
considered when it is cost effective to do so. Several less conventional measures are also
included, such as education and advisory programs, sulfur dioxide (SO,) emissions trading
programs for utilities, and transportation control measures designed to slow growth in vehicle
milestraveled (VMT). Technologies emerging now, or to be developed in the future, will likely
play akey rolein attaining the progress goals 10 to 20 yearsin the future. These new
technologies may be more cost effective than control measures analyzed in this RIA, but have not
been included in the analyses presented in Chapter 6 due to lack of control efficiency and cost
data for inclusion in the control measure database.

In this analysis, five magjor emitting sectors are delineated: 1) utility point sources, 2) non-
utility stationary point sources, 3) stationary area sources, 4) on-highway mobile sources, and 5)
nonroad mobile sources. For each of these source categories, a variety of control measures for
primary particulate matter (PM,, and PM, ), PM, . precursors (SO,, nitrogen oxides (NOx),
volatile organic compounds (VOC)), ozone precursors (VOC, NOx), and RH contributors
(primary PM, SO,, NOx, VOC, secondary organic aerosols (SOA), organic carbon (OC),
elemental carbon (EC)), have been analyzed®. Thelist of control measuresincluded in this
analysisis not exhaustive. Many other control measures may exist, but are not included in this
analysis because: 1) the EPA is not able to obtain reliable cost and/or emission reduction
estimates; 2) at a specific source, another control measure is identified that achieves equal or
greater control efficiency at equal or lower overall cost; or 3) the measure is not currently being
implemented for administrative reasons.

! Controls for ammonia emissions were not included because: 1) ammonia emissions are not a particle-limiting

pollutant in the formation of PM, ., and 2) ammonia emissions in the National Particulate Inventory used in this analysis
are more uncertain than emissions of VOC, NOx, SO,, and primary PM.



It should be noted that the contribution of VOC and PM control measures to reducing OC
and EC emissionsis now considered in the RH optimization routine. The analyses for the
proposed RH target program did not account for this contribution. The contribution to control of
EC is particularly important since elemental carbon emissions are amajor contributor to visibility
impairment in some Class | areas (U.S. EPA, 1998b). This adjustment to the RH optimization
model renders VOC and PM control measures of greater importance in the choice of control
measures for decreasing visibility impairment.

Appendix B contains a table listing the control measures employed in the RH emission
reduction and cost analyses. This table indicates the emissions source category that is impacted.
For thisanalysis, all cost and emission reduction estimates for a given control measure are
calculated incremental to controls aready in place, or incremental to the next less stringent new
control measure. As shown in Appendix B, severa control measures achieve reductions in more
than one pollutant. Thisisimportant in that there may be more cost-effective approaches to
obtaining progress towards a visibility goa by implementing programs to reduce multiple
pollutants than focusing on a single pollutant.

The application of some control measures may result in cost savings (i.e., negative average
annual incremental cost per ton values). In these cases, the estimated cost savings are due to the
recovery of valuable products or switching to technologies with lower long-run operating costs.
One example of this occurring is VOC control measures that limit evaporation of solventsin
open-top vapor degreasers. Where these control measures are selected, the estimated savings are
credited. Further, some control measures are assigned a zero incremental cost per ton. These
measures involve either along-run transition to a substitute technology with equivaent capital and
operating costs, or behavioral change-inducing public information programs for which cost
information could not be found or easily developed.

In developing control efficiency estimates, it is assumed that control measures on average
achieve 95 to 100 percent of their intended effect. The EPA currently allows States to develop
alternate rule effectiveness methods for control measures included in State implementation plans
as long as they follow certain basic requirements as described in the 1992 and 1994 guidelines for
rule effectiveness (U.S. EPA, 1992b and 1994). The EPA has routinely accepted plan provisions
with 95 to 100 percent control measure effectiveness assumptions.?

The degree of effectiveness applied to each measure depends on a variety of factors
including the extent of monitoring and recordkeeping requirements, difficulty of control

2 There isthe possibility that rule effectiveness may not be 100 percent for area and mobile sources. However,

itisvery likely that RH rule effectiveness will be 100 percent for all sources since capture and collection efficiency and
the performance period will be reflected in the design of thisrule.
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equipment maintenance, extent of over-control achieved by "margin of safety” engineering, and
gross noncompliance (PQA, 1997). Generaly, stack pollutants like NOx are more easily
measured and monitored than, for instance, PM,, emissions from wood stoves (residential wood
combustion). For that reason, some NOXx control measures may be expected to have a higher
control measure effectiveness than some VOC control measures. Also, it may be easier to enforce
effectively a handful of point sources than alarge number of area sources. For that reason,

control measures affecting a small group of point sources may have a higher control measure
effectiveness than measures affecting a large group of area sources.

In order to derive county-specific cost and control efficiency estimates for mobile and area
source control measures, it is necessary to estimate the degree of rule penetration. In this
context, rule penetration refers to the percentage of the county-level mobile or area source
emissions inventory that is affected by the control measure. As used here, rule penetration
effectively accounts for applicability constraints, such as size cut-offs. For example, a penetration
rate of more than 90 percent indicates that the control measure applies to nearly every major
emitting source within the source category. Conversely, a penetration rate of less than 10 percent
indicates that only afew emitting sources may be affected. Rule penetration estimates generally
are taken from published reports from State and local agencies.

The final emission reduction factor attributable to mobile and area source control
measures is a combination of the estimated control efficiency, control measure effectiveness, and
rule penetration. For example, an area source control measure with a 50 percent control
efficiency, 95 percent control measure effectiveness, and 60 percent rule penetration rate, results
in an emission reduction factor of 28.5 percent (0.5 * 0.95 * 0.6).

5.2  Utility Point Source Control Measures

Under the Clean Air Act (CAA), the EPA's primary focus has been further controls on
NOx and SO,. Table 5-1 summarizes the controls in the benchmark for the analysis of the final
RH rule. This benchmark, which is estimated for the year 2015°, assumes that all of the CAA's
Title IV requirements are in effect, tighter new source controls are in place than exist in 1999
(based on today's best available control technology (BACT) decisions that have occurred in New

3 2018 isthe end of the period for the first long-term strategy. The term “long-term strategy” refersto the set of

emission reduction measures the State includesin its SIP in order to meet the reasonable progress goal it hasset. 2015
isanominal “snapshot” year that reflects the partial attainment control cases for the ozone and PM, . NAAQS included
in the baseline, and is near the end of the period for the first long-term strategy.
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Source Review), and a NOx cap-and-trade program has been implemented in the 37 eastern
States in the Ozone Transport Assessment Group (OTAG)*.

The EPA examined a number of additional NOx and SO, control measures for the utility
sector in the basdline for the final RH rule. These include more stringent NOx reductions for the
utility cap-and-trade program in the OTAG States, and more stringent SO, reductions than what
iscalled for in the nationwide Title IV utility cap-and-trade program. The EPA isincluding in the
baseline for the final RH rule a cost-effective control strategy using existing technology that
reduces the Title IV SO, emissions cap for utilities and large industrial boilers.

To meet existing Title 1V requirements and the more stringent SO, cap (otherwise known
asthe National PM,, . Strategy) in the baseline, EPA has modeled the following SO, control
options:

1. Scrubber Installation. New coal-fired units must install scrubbers in accordance with the
NSPS, but do have some freedom on how much SO, reduction they obtain above the limitations
inthe NSPS. Existing units can install them. Those operating units that already have scrubbers
can choose to increase the scrubber's performance levels to avoid purchasing alowances, or to
free up allowances to trade with other operators of other units.

2. Fue switching. Select coals or fud oils with sulfur contents that will allow operators to
minimize costs. Cost factors include the cost of scrubbers, the cost of allowances that operators
may need to purchase if they continue using the same grades of fuel, and the prices of fuels with
lower sulfur contents.

3. Repowering. Repower existing coal-fired or oil-fired units to natural gas combined-cycle, or
switch to natural gas. (This choice reflects the fact that the units can simultaneously reduce NOx
and SO, emissions to minimize the total cost of both sets of pollution controls.)

4 This program assumed a 0.15 Ib NOx/MMBtu emission cap is applied to all utility sourcesin the 37-State

OTAG region. The emissions cap is achieved through a program of trading NOx emissions allowances (hence, a*“ cap-
and-trade” program). The 15 OTAG Statesin the fine grid that are not affected by the NOx State Implementation Plan
(SIP) call promulgated in September, 1998 are Florida, Mississippi, Louisiana, Texas, Arkansas, Oklahoma, Kansas,
Nebraska, South Dakota, North Dakota, Minnesota, lowa, Vermont, New Hampshire, and Maine.
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Table 5-1

Levels of Federal NOx and SO, Controls for Electric Power Generation in the Benchmark

and the Baseline for the Regional Haze Control Strategy Analyses

Pollutant

Benchmark CAA Requirements and Baseline Measures for the Analysis of RH Control Strategy Analyses

S0,

Existing units - Benchmark: Comply with the Acid Rain Allowance Trading Program under Title IV of the 1990
CAA with phased-in requirements. Phase | coversthe largest 110 coal-fired power plants beginning in 1995. All
other units above 25 megawatts are covered in Phase || beginning in 2000.

Basdline: Comply with a 60 percent level of control applied beyond Title IV requirements (otherwise known as
the National PM,,  Strategy).

New units - Benchmark: Comply with the more stringent of New Source Performance Standards (NSPS) set in
1978, BACT/Lowest achievable emission rate (LAER) requirements, and the Acid Rain Allowance Trading
Program under Title IV of the CAA 1990.

Basdinee Comply with a60 percent level of control applied beyond Title IV requirements (otherwise known as
the National PM,, . Strategy).

NOXx

Existing units: Application of Reasonably Available Control Technology (RACT) occurred in 1995 in the Ozone
Transport Region and al ozone non-attainment areas. Many Statesfiled for and received waivers from RACT
requirements. Compliance by coal-fired units with the Title IV NOx requirements that are phased in over time, or
RACT, whichever is more stringent. Group 1/Phase | units comply with the Title |V emission limitationsin 1996.
Group 1/Phase I units and Group 2 units comply with the Title IV requirementsin 2000. Collective action of the
37 Eastern Statesin OTAG leads to further summer season requirements on NOx emissions throughout the eastern
US via a cap-and-trade program.

New units: Comply with the more stringent of NSPS, BACT, and the Title IV standards for coal-fired units,
whichever is more stringent. Units are also covered by the OTAG requirements of a cap-and-trade program.

4. Natural Gas Replacement. Retire existing coal-fired, or oil-fired units and replace them with

combined cycle natural gas units. (This choice also reflects the fact that units can reduce both
NOx and SO, emissions simultaneoudly.)

5. Purchase Emission Allowances. Operate units so that they do not exceed allowance levels, or

purchase of limited numbers of allowances.

Several types of hybrid actions are aso possible. Notably, the modeling framework within IPM
allows units to install both NOx and SO, pollution controls (under Title IV) together where it
would economically make sense for a unit to do so. The costs and performance of scrubbers,
repowering, and adding new capacity appear in EPA's Analyzing Electric Power Generation under
the CAA (U.S. EPA, 1998a).
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For the analysis of the partia attainment PM,; NAAQS in the basdline for the RH rule,
EPA has modeled a trading and banking control strategy that reduces the annual SO, emissions
cap by 60 percent to 3.58 million tonsin 2005. In this report, this control strategy is referred to
asthe National PM,, . Strategy. The National PM,, ; Strategy is a 60 percent reduction beyond
Title IV Phase Il levels, and is achievable with existing control technology. It is assumed that
lowering the SO, emissions cap would occur in 2005 and lead to nearly a 50 percent reduction
nationwide of annual SO, emissions by 2010. Table 5-2 shows the regional emission reductions
that EPA expects to occur by the analysis year 2015. Most of the SO, reductions occur in the
Midwest/Northeast and Southeast control regions.

Table 5-2
Emission Reductions for National PM, ; Strategy:
60% Utility SO, Reduction from Title IV Phase Il Levels
(thousand tons per year)

RH Control Region® SO, NOx VOC Primary Primary SOA
PM,, PM, (tons per

year)
Midwest/Northeast 2,789.0 108.6 (1.0 4.4 0.6 18
Southeast 1,290.4 86.7 (3.0 104 (0.1 11
South Central 354.1 (9.0 (0.2 0.9 0.2 5
Rocky Mountain 72.9 8.8 (0.1 0.1 0.0 3
Northwest 45 0.1 0.0 16 0.6 0
West 0.0 (0.1 0.0 0.0 0.0 0
Nation 4,510.9 195.1 (4.3 17.4 1.2 36

a See Chapter 6 for adiscussion of RH Control Regions.

Since utilities are predicted to over control emissionsinitialy and bank allowances for
later use, the SO, emissions level in 2010 is expected to be 5.2 million tons, or a 47 percent
reduction from the NAAQS baseline. The additional 13 percent reduction is expected to be
realized sometime after 2010. The estimated annual control cost associated with this baseline
control measure in 2010 for the electric power industry is $2.6 billion (1990%).

It isimportant to note that regional shiftsin power generation due to utility deregulation,
and regional shiftsin emissions control responsibility due to emissions trading can mean that
reductionsin NOx and SO, emissions are not realized in specific locations. For instance, note
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that Table 5-2 indicates minor increases in NOx emissions in the South Central and West control
regions.

5.3 Non-Utility Stationary Point Source Control Measures

The non-utility stationary point source category contains a diverse group of sources
including combustion sources at various manufacturing operations and institutional facilities,
larger surface coating operations, and process fugitive dust sources at mineral processing plants.
Examples of stationary point source control measures include “add-on” stack controls (such as
fabric filters and carbon adsorbers), process fugitive controls (e.g., wet dust suppression), and
combustion modifications (low-NOx burners, etc.). Control costs for these measures are
estimated at either the point source or source category level. Where sufficient source data are
available for point sources, the cost is calculated using control measure and process size-specific
cost equations based on a size indicator available in the emissions inventory. Examples of this
indicator include stack gas volumetric flowrate and boiler design capacity.

Other point source emission reduction and control cost estimates are developed from
information contained in published reports from State and local agencies. Every effort is made to
verify that the estimates derived from these published reports are broadly applicablein a
nationwide analysis, and that sound engineering cost procedures are used to develop the published
estimates.

5.4  Stationary Area Source Control Measures

The stationary area source category also contains a diverse group of sources including
smaller combustion sources at various manufacturing operations and institutional facilities, surface
coating operations, and fugitive dust sources like paved and unpaved roads. Examples of area
source control measures include combustion modifications (low-NOx burners, etc.), fugitive
controls (vacuum sweeping and wet dust suppression), public education programs (the public
awareness and education (PACE) program for residential wood combustion emissions), add-on
stack controls (incineration), and VOC content limits for coatings and various consumer products.

Since the Nationa Particulate Inventory (NPI) does not contain source-specific
information on area sources, emission reduction and control cost estimates are devel oped from
information contained in published reports from State and local agencies. In afew cases, the area
source categories correspond to point source categories where control efficiency and control cost
estimates are already developed. For example, the cost for low-NOx burner controls on industrial
coal, ail, and gas combustion is adapted from low-NOx burner controls for industrial point source
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boilers. In these cases, the point source control efficiency and cost estimates, expressed in dollars
per ton of pollutant reduced, are applied to the area source control. An effort is made, if
appropriate, to use the point source data associated with the source size expected to be present in
the area source category. Also for afew control measures, control efficiency and control cost
estimates are transferred from similar, but not identical, applications. For example, the VOC
control measure for metal can coating is transferred from industrial surface coating categories.

In this report, the RH illustrative progress goas are examined under two different
emissions control cases. Case A, the case in which fugitive dust control measures are considered
in the optimization routine; and Case B, the case in which fugitive dust control measures are not
considered in the optimization routine. These control cases are described in more detail in
Chapter 3. In Case A, the choice of fugitive dust control measures reflects the adjustment to
baseline fugitive dust emissions described in Chapter 4. In Case B, the fugitive dust control
measures are removed from the control measures database before the optimization routine begins.
A list of these control measures is available in the Addendum to Control Measures for Regional
Haze Alternatives (U.S. Environmental Protection Agency, 1999b).

55 Mobile Source Control Measures

The mobile source control measures employed in the benchmark and baseline for the RH
rule are classified in two groups. national measures and local measures. Mabile source control
measures that are based on changesin vehicle or engine emission standards are best applied at the
national level. 1t would be expensive and difficult for vehicle and engine manufacturers to comply
with a patchwork of standards applied at the local level, and, because motor vehicles and engines
are mobile, much of the benefit of vehicle or engine emission standards applied at the local level
would be lost to immigration of dirtier vehicles or enginesinto the local area. In contrast, control
measures like vehicle ingpection and maintenance (I/M) programs, cleaner burning fuels, and
VMT management programs are more effectively implemented at the local level.

5.5.1 National Mobile Source Control Measures
Several potential mobile source control measures involving the creation of new emissions
standards for on-highway and nonroad mobile sources were examined. Many of these measures,

particularly those involving nonroad and heavy duty engines, have the potential to result in
significant long-term reductions in NOx, VOC, and/or PM emissions.

The benchmark for the analyses in this report assumes the existence of a voluntary
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National Low Emission Vehicle (NLEV) program. The NLEV program in the baseline is based
on California emission standards that are more stringent than the standards required in the Clean
Air Act (CAA) (“Tier 1" standards).

The baseline for the analyses in this report includes more stringent standards beyond the
“Tier 1" standards noted in the benchmark. Referred to as ?Tier 2" standards, they are to begin as
early asthe 2004 vehicle model year. The CAA requires the EPA to conduct a"Tier 2" study to
determine if additional reductionsin emissions from light duty gasoline vehicles (LDGV) and light
duty gasoline trucks (LDGT), beyond the Tier 1 standard reductions required in the CAA, are
necessary to meet the Ozone NAAQS. The required study is now complete, and it is now part of
the Tier 2 standards that are scheduled to be proposed thisyear. Sincethisruleis still under
review, it isuncertain if the standards as currently prepared by the Agency will be those that are
promulgated. The version of the Tier 2 standards currently in the baseline for this report is
therefore the same version that was applied in the Ozone and PM NAAQS and proposed RH
target program RIA in 1997. The assumptions used in the analysesin this report result in
significantly fewer emission reductions than those being proposed in the Tier 2 rulemaking. Thus,
mobile source controls applied in this analysis are likely to be required by other rulemakings and
the costs, benefits, and economic impacts of meeting these illustrative progress goals would be
overstated by some degree. Motor vehicle sales statistics indicate that light duty trucks are
becoming a greater proportion of the light duty motor vehicle fleet. At the sametime, they are
subject to less stringent exhaust emissions standards than passenger cars. Further, the heavier
categories of light-duty trucks (those with a GVWR of 6,000 to 8,500 pounds) are not included in
the NLEV program, while the lighter categories could have emissions standards tightened to more
closely match those for passenger cars.

The following limits are assumed in the RH baseline as listed in Table 5-3 for passenger
cars and light duty trucks beginning with the 2004 model year:

Table 5-3
Standards for Tier Il Version in Regional Haze Baseline

Category NMOG (grams/mile) NOx (grams/mile)
LDGV 0.075 0.20
LDGT1 0.075 0.20
LDGT2 0.100 0.20
LDGT3 0.195 0.40
LDGT4 0.195 0.40




These standards are chosen to maximize the NOx benefits of the potential Tier 2 program. The
non-methane organic gases (NMOG) and NOx standards used in this analysis for the LDGV and
LDGT1 categories are identical to those in the NLEV program. The standards for the LDGT2
category are the same for NMOG, but atighter NOx standard is used in this analysis. The heavier
categories of light duty trucks, LDGT3 and LDGT4 categories, are not included in the NLEV
program. The LDGT3 standard included in this analysisis less stringent than the equivalent
Cdifornia LEV standard for NMOG but more stringent for NOx. The LDGT4 standard is
identical to the equivalent California LEV standard for NMOG but more stringent for NOx.
Emission reductions associated with these standards are modeled using MOBILE5a with alternate
basic emission rate equations.

Costs for these standards in the final RH rule baseline are based on estimates devel oped by
the California Air Resources Board (CARB) for its LEV program. The CARB estimates the
incremental per vehicle cost to achieve LEV standards at $120. Because the LDGV and LDGT1
standards are equivaent to the NLEV standards, no incremental cost is assumed for these
vehicles. For the LDGT2 category, it is assumed that because only the NOx standard is further
tightened, the additional cost will be half of CARB’ s estimate for achieving the LEV standard, or
$60 per vehicle. For the LDGT3 and LDGT4 categories an incremental cost of $120 per vehicle
IS assumed.

There are six mobile source control measures in the control measure database employed
for the analyses of meeting the illustrative RH progress goals. They are: on-highway heavy-duty
diesdl vehicle program (HDDV), the non-road HDDV, the fleet inherently low emission vehicle
program (fleet ILEV), high enhanced inspection and maintenance (I/M) program, and a
transportation control program (TCP). The on-highway HDDV program applies to HDDVs with
agross vehicle weight rating (GVWR) of more than 8,500 pounds (Ibs), while the nonroad
HDDV appliesto nonroad HDDV s above the same GVWR. Thefleet ILEV, which is applied to
light-duty gasoline vehicle with a GVWR under 8,500 Ibs. is based on California emissions
standards that are more stringent than the standards required in the CAA (referred to as “Tier 1"
standards). The high enhanced I/M program is a control measure applied to light-duty gasoline
vehicles with a GVWR under 8,500 |bs that tightens the requirements of current I/M programs
applied nationally. The transportation control program used in this analysisis based on a set of
voluntary measures applied as part of several innovative pilot programs that reduced the vehicle
milestraveled (VMT) in a number of locations nationwide.

5.5.2 Local Mobile Source Control Measures

In thisanalysis, local mobile source control measures include heavy-duty engine retrofit
programs, transportation control programs (TCP) designed to reduce VMT, clean engine fleet
vehicles, and clean burning fuels. Each of these control measures is discussed in this section.
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5.5.2.1 Heavy Duty Engine Retrofit Programs

Heavy duty engine retrofit programs can be applied at the local level to target emission
reductions where they are most needed. Heavy duty engines for both highway and nonroad
vehicles are a significant source of PM emissions. Tighter standards for new engines (Tier 2 or
Tier 3 standards depending on engine size classification), which are included in the 2010 CAA
baseline (the benchmark for these RH analyses), will help to reduce PM emissions from the heavy
duty highway and nonroad fleets. However, because of slow fleet turnover rates for these
engines, significant numbers of older engines certified to less stringent emissions standards will
still be present in the fleet in 2015. One way to reduce the emissions of these enginesisto
upgrade or retrofit them with after-treatment devices. Upgrades or retrofits can be done when the
engines are being rebuilt, which typically occurs at least once during their lifetimes.

The EPA has experience with these programs through the existing Urban Bus Retrofit
Program. However, the costs and emission reductions associated with broader application of
these programs is somewhat uncertain, particularly for nonroad engines. It is assumed that both
highway and nonroad engines subject to the program can achieve a 25 percent reduction in PM
emissions at a cost of $1,000 per engine. These estimates are based on EPA’ s experience to date
with the existing Urban Bus Retrofit Program, which has achieved similar reductions at similar
cost. The number of engine retrofit candidates will vary based on the design of the local program.
Based on the limited period preceding the analysis year 2015 over which these programs can be
phased in, it is assumed that 25 percent of al pre-1994 highway heavy duty engines still in the
fleet in 2010 can be retrofitted. For nonroad engines, it is assumed that 25 percent of all pre-2001
engines can be retrofitted by 2010 (Dolce, 1997).

5.5.2.2 Transportation Control Measures

It has been shown in several pilot projects, most notably in the Portland, Oregon
metropolitan area, that implementing innovative, voluntary transportation measures can
directionally influence the growth rate of VMT. Due to the voluntary nature of these programs
and the wide variety of transportation measures available to States and localities, it is difficult to
estimate specific reductions in the growth rate of VMT, and hence emission reductions
attributable to these measures. However, there is general agreement among expert sources that a
nationwide 5 percent reduction in the rate of VMT growth over a 10-year period is reasonable.
For instance, an area that had 2.0 percent annual VMT growth would instead experience 1.9
percent growth. The cost of transportation control measures (TCMSs) is not easily estimated and
will vary depending upon the collection of measures employed and many area-specific factors. In
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thisanalysis, the cost of an area-specific package of TCMs that reduces the growth rate of VMT
by 5 percent is assumed to be $10,000 per ton of NOx reduced. (Dolce, 1997)

5.5.2.3 Fleet ILEV Program

The use of cleaner fuels could be a source of additional emission reductions for the light
duty vehicle category. However, estimating the amount of additional exhaust reductions
associated with burning cleaner fuels when compared to normal gasoline fueled vehicles already
meeting the baseline NLEV standards is uncertain. Certain liquid fuels that have relatively low
vapor pressures or gaseous fuels that must be contained in pressurized fuel systems provide clear
advantages over normal gasoline with respect to evaporative emissions. Vehicles that properly
use these fuels and, as aresult, have zero evaporative emissions, are referred to as ILEVs.

The analysisin this report assumes that localities could impose requirements that all
centrally-fueled light duty fleet vehicles meet ILEV standards by 2015. These ILEVs are assumed
to have no evaporative emissions, to comprise 3 percent of the light-duty vehicle and truck VMT,
and to have alifetime incremental cost of $1800 per vehicle. (U.S. EPA, 1992a)

5.5.2.4 Reformulated Gasoline

Beginning with the year 2000, more stringent standards will take effect for all
reformulated gasoline (RFG) areas. These standards require that VOC emissions be reduced by
about 27.5 percent, and that NOx emissions be reduced by 6.8 percent, on average, relative to the
emissions of baseline gasoline as defined in the CAA. These more stringent standards, called
Phase |1 standards, also require a 21.5 percent year-round reduction, on average, in air toxics,
which is based on mass reductions in benzene, formaldehyde, 1,3-butadiene, acetaldehyde, and
polycyclic organic matter (POM). The EPA had previoudy determined that the overall cost for
Phase || RFG, incremental to the cost of the baseline fuel and including the required addition of
oxygen and remova of much of the benzene, would be 5.1 cents per galon (U.S. EPA, 1993).

Based on the subsequently false assumption that most major cities east of the Mississippi
River would be out of attainment for the proposed Ozone NAAQS, the EPA assumed RFG would
be chosen as a control strategy over most of this region of the country. The estimated
incremental cost for implementing the RFG program under this scenario is 6.7 cents per gallon,
reflecting the higher costs associated with reformulating a greater fraction of the gasoline pool.
However, based on the benchmark projection, the number of areas which ultimately might use the
RFG program represent a much smaller portion of U.S. gasoline consumption than originally
assumed.
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In addition, the manner in which the full costs of the RFG program are allocated to either
VOC control or to NOx control results in the program appearing to be less cost effective than
previous EPA projections have indicated. When finalizing the RFG program, EPA evaluated the
costs of the VOC and NOx standards independently using only the incremental cost associated
with meeting each standard (U.S. EPA, 1993). The EPA thus concluded that the Phase || RFG
NOx standard employed in the benchmark for this report is cost effective (about $5,000 per ton of
NOx controlled), while the VOC standard similarly is determined to be cost effective (about $500
per ton of VOC reduced). The remaining costs of the program were attributed to the toxics
reductions achieved. Clearly, inthis RIA where the full costs of the program in the benchmark
are allocated to either NOx or VOC control, the cost-effectiveness value will be larger than
shown in previous work. The EPA does not view these costs to be inconsistent with previous
work because the bases for the analyses are so different.

5.6  Analytical Limitations, Uncertainties, and Potential Biases

The cost and emission control effectiveness estimates for the control measures used in this
analysis are devel oped using inputs from severa reliable data sources and using best engineering
judgement. Cost and effectiveness values may vary significantly among specific applications due
to avariety of source-specific variables. Air pollution officialsin airshed planning regions will
decide exactly how the area-specific control measures are applied. Their actions will ultimately
determine the actual costs and effectiveness of these measures, and of the overall air pollution
control program.

The NPI characterizes the emission sources that may potentialy be affected by control
measures. Because of the vast number of emission sources for most pollutants (e.g., VOC
emissions from filling gasoline storage tanks), data are not developed for each individual emission
source. Control measure cost estimates are developed by applying cost algorithms to the
available information in the NPI. The lack of detailed information in the NPI reduces the level of
confidence in the cost estimates, but does not necessarily introduce systematic bias.

For some point source categories appearing in the NPI, data are available for a range of
model plant sizes. In such cases, cost equations are developed relating size of the emission
production activity to costs. For example, costs for flue gas desulfurization (FGD) scrubbers on
SO, emission sources are based on a spreadsheet model that relates input parameters such as
stack gas flowrate and annual operating time to costs for FGD scrubbers. These variables are
available for many point sourcesin the NPI. For other point source categories and all area and
mobile source categories, an average incrementa cost-effectiveness value (dollar per ton of
emission reduction) or other similar average cost value (cents per gallon of gasoline) is used.
Costs are developed at the source category level for these sources because the readily available
data do not provide enough information to differentiate costs by emission source size or other
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cost differentiating parameters. Another limitation relates to many of the PM area source control
measures. For many of the area source PM control measures it is sometimes necessary to
estimate the PM ,, cost effectiveness from total suspended particulate (TSP) cost-effectiveness
data.

Another source of uncertainty is associated with the fact that costs are estimated for a
projected year of 2015 (in 1990 dollars). The projected level of emissions and level of learning
and technological innovation that will occur in emission control industries between now and 2015
are inherently uncertain.

Another limitation associated with the cost estimation procedure involves the transfer of
cost information, which was developed for other purposes, to this analysis. The extent of this
limitation islargely afunction of the available cost data. Given the vast number of control
measures and potentially affected sources, it is not possible to develop detailed control cost
estimates for each individual emission source or even each source classification code (SCC). Cost
information is taken from or developed using EPA costing manuals and guidance documents,
State and local agency attainment plans, background documents for NSPS, and other sources.
Cost methods, where they are adequately documented, are reviewed to verify that correct
procedures are used. However, some potential data sources provide emission reduction and cost
estimates with little or no supporting documentation. For this reason, several measures lacking
sufficient supporting documentation are excluded from this analysis. The extent to which such
measures can achieve genuine reductions at the costs estimated is unknown.

In addition, many of the available cost estimates are based on cost studies that were
conducted in the 1980s. For this anaysis, these estimates are adjusted to reflect 1990 price levels
using an appropriate price index. It would be possible, with a significant additional time
commitment, to develop current estimates that would reflect any production-oriented advances
that may have affected these costs (e.g., any scale production/cost effects that may have occurred
from increased demand for the control technology). As noted above, no attempt is made to
account for the potential effects of future technological innovations.
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Chapter 6. EMISSION REDUCTIONS, AIR QUALITY,
VISIBILITY AND COST IMPACTS

6.1 Results in Brief

The final regional haze (RH) program is designed to ensure reasonable progress toward
visibility goals that States and/or regiona planning boards may set. It allows broad discretion on
the part of the States in determining control measures to be imposed based on statutory criteria.
Under the structure of the final RH rule, the States are able to consider the cost of emission
reduction strategies in light of the degree of visibility improvement to be achieved. For this
Regulatory Impact Anaysis (RIA) the individual decisions on effectiveness of each of the control
strategies applied in each region is modeled in avery limited way. With more time and better
emissions inventories, better characterization of the emissions, better air quality relationships,
technological change, and the ability to consider other visibility progress goals, the actual cost of
implementation may be less than what is presented inthisRIA. It is expected that the
incremental control costs (and aso the benefits and economic impacts) of the final RH rule may
be less than estimated in thisRIA. There may be some positive incremental costs of the RH rule
asaresult of administrative activities (e.g., planning, analysis, etc.) and Best Available Retrofit
Technology (BART) controls for some establishments in certain source categories. The
administrative costs are shown in Chapter 7, and a presentation of costs associated with BART
controlsis available in Section 6.6.3.

It should be noted that there is substantial progress towards these illustrative RH goalsin
the analysis year 2015" resulting from partial attainment of the particulate matter (PM) and Ozone
NAAQS promulgated in 1997 including the Tier 1l version described in Chapter 5 that isin the
baseline for the RH rule. Thereisaso additional progress toward these illustrative goals from
implementation of the other control measures in the baseline for the RH rule (the 60 percent
control of sulfur dioxide (SO,) beyond Title IV requirements, listed in Chapter 5 of this report).
From 46 to 55, or 38 to 45 percent, of the Class | area counties meet the two absolute illustrative
RH progress goals considered in this RIA based on implementation of the control strategies in the
benchmark case. From 27 to 47, or 22 to 39 percent of the Class | area counties meet the two
relative illustrative RH progress goals considered in this RIA based on implementation of the
control strategiesin the baseline case. It should also be noted that among those Class | area

! 2018 isthe end of the period for the first long-term strategy. The term “long-term strategy” refersto the set
of emission reduction measures the State includesin its SIP in order to meet the reasonable progress goal it has set.
2015 isanominal “snapshot” year that reflects the partial attainment control cases for the Ozone and PM, . NAAQS
included in the baseling, and is near the end of the period for the first long-term strategy.
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counties not meeting the illustrative RH progress goals, few of them are expected to be more than
0.2 deciview away from the illustrative goal.

Based on projected emissions levels for the year 2015, and with partial attainment of the
Ozone and particulate matter (PM, ) Nationa Ambient Air Quality Standards (NAAQS) as
modeled in the 1997 RIA for the final 8-hour Ozone and PM, . NAAQS and proposed RH target
program (henceforth referred to as the “1997 RIA”) in the baseline, and for emissions control
cases in which fugitive dust controls are considered or not (Cases A and B), thisanalysis
estimates that 19 counties having Class | areas under Case A need additional emission reductions
to meet the illustrative progress goa of 1.0 deciview (dv)/10 years for the period of the first long-
term strategy. Thisanalysis also estimates that 32 counties having Class | areas under Case B
need additional emission reductions to meet the same illustrative progress goa for the period of
the first long-term strategy. This analysis also estimates that under Case A 12 counties having
Class | areas need additional emission reductions to meet the illustrative progress goal of 1.0
dv/15 years for the period of the first long-term strategy (i.e., an average of a 0.67 deciview
improvement from benchmark air quality conditions), and this analysis estimates that under Case
B 19 counties having Class | areas need additional emission reductions to meet the same
illustrative progress goal for the period for the first long-term strategy.

In response to comments on the proposal RH RIA, thisfinal RH RIA also looks at two
relative illustrative progress goals. These goals are defined in Chapter 3 of thisRIA. Based on
projected emissions levels for the year 2015, and with partia attainment of the ozone and PM, .
NAAQS as modedled in the 1997 RIA in the basdline, and for emissions control Cases A and B,
this analysis estimates that 68 mandated Class | areas under Case A need additional reductions to
meet the illustrative progress goa of 10% dv/10 years for the period of the first long-term
strategy. Thisanaysis also estimates that 83 counties having Class | areas under Case B need
additional reductions to meet the same illustrative progress goal for the period of the first long-
term strategy. Finadly, this analysis aso estimates that under Case A that fourteen counties having
Class | areas need additional reductions to meet the illustrative progress goal of 5% dv/10 years
for the most impaired days from for the period of the first long-term strategy, and this analysis
estimates that under Case B 21 counties having Class | areas need additional reductions to meet
the same amount of visibility improvement for the period of first long-term strategy.

The additional cost of any implementation of the illustrative RH progress goas will vary
depending on the visibility goals submitted and approved as part of State plans. If the goals are
adjusted through that processto parallel the implementation programs for the new Ozone and PM
standards, the costs for meeting the adjusted goals in those areas will be borne by the Ozone and
PM programs. Inthisanalysis, incrementa costs are estimated for uniform application of the
illustrative progress goals for every mandatory Class | Federal area under either Case A or B.



For the two absolute illustrative progress goals, the additional control cost associated with
meeting the progress goal of 1.0 dv/10 yearsin 56 counties having Class | areas, while partially
meeting the progress goal in another 19 countiesis estimated to be $1.7 billion (1990 dollars)
under Case A. Under Case B, the additional control cost associated with meeting the same
progress goa in 43 counties having Class | areas while partially meeting the same progress goa in
another 32 countiesis estimated to be $1.4 billion (1990 dollars). The additional control cost
under Case A associated with meeting the illustrative progress goal of 1.0 dv/15 yearsin 54
counties having Class | areas while partially meeting the goa in 12 countiesis estimated to be
$1.1 billion (1990 dollars). Under Case B, the additional control cost associated with meeting the
illustrative progress goal of 1.0 dv/15 yearsin 47 counties having Class | areas, and partially
meeting the goa in 19 counties is estimated to be $0.8 billion (1990 dollars).

For the two relative illustrative progress goals, the additional control cost under Case A
associated with meeting the goal of 10% dv/10 yearsin twenty-six counties having Class | areas
while partially meeting the goal in 68 counties is estimated to be $4.4 billion (1990 dollars).

Under Case B, the additional control cost of meeting this same illustrative progress goal in eleven
counties having Class | areas while partially meeting the goa in 83 countiesis estimated to be
$3.6 hillion (1990 dollars). The additional control cost under Case A with meeting the goa of 5%
dv/10 yearsin 60 counties having Class | areas while partially meeting the goal in fourteen
counties is estimated to be $1.5 billion (1990 dollars). Under Case B, the additional control cost
with meeting this progress goal in 53 counties having Class | areas and partially meeting the goa
in twenty-one counties is estimated to be $1.2 billion (1990 dollars).

In summary, the expected annual control cost nationwide in 2015 associated with the RH
illustrative progress goa s ranges from between $0 to a maximum of $4.4 billion under Case A,
and from between $0 to a maximum of $3.6 billion (1990 dollars) under Case B. A comparison
to the RH targets (now called absolute illustrative progress goals) analyzed for the proposal RH
program shows that the additional control costs are estimated to be about 40 percent less than
before under Case A, and more than 50 percent less under Case B. The number of Class | areas
that can meet the 1.0 dv/10 yearsillustrative progress goal increases under Case A (28 v. 19)
relative to the estimate given for proposal, but decreases under Case B (28 v. 32). In addition,
the number of Class | areas that can meet the 1.0 dv/15 yearsillustrative progress goa aso
increases under Case A (17 v. 12) relative to the estimate given for proposal, but decreases under
Case B (17 v. 19). The ability of the air quality modeling to account for the contribution of VOC
and PM controls to improved visibility (as explained in Chapter 4) is the primary reason for the
lower control cost estimates for these goals under either emissions control case. The exclusion of
fugitive dust controls from the least-cost optimization for these goals also leads to lower
additional control costs but also fewer counties having Class | areas able to meet the illustrative
progress goals. Thisreflects the differences in the post-control air quality profiles that results
from removal of the fugitive dust control measures. A list of these control measuresisin Chapter
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The estimates of the incremental cost of illustrative progress goals are also affected by:

1) an analysis baseline that understates the visibility progress achieved by CAA mandated
controls and implementation of a new Ozone standard over the period of the first long-term
strategy; 2) the inability to accurately model full attainment of the 8-hour Ozone and PM,, .
NAAQS in the baseline; and 3) how close some of the residual Class | area counties are to natural
background conditions. These factors suggest that the actual cost of achieving visibility
improvements incremental to the baseline for this report could be lower.

It should be noted that direct quantitative comparison of the cost results for Cases A and
B is not warranted due to the difference in the number of counties having Class | areas that are
not able to meet the illustrative RH progress goals. However, it does suggest the importance of
improved emission inventories, air quality modeling, and the concomitant control strategy design.

6.2 Introduction

This chapter presents the air quality and visibility improvements, emission reductions, and
cost impacts resulting from additional controls needed by the year 2015 to meet the illustrative
RH progress goals under emissions control Cases A and B presented in Chapter 3. Emissions and
air quality changes are inputs to the benefits analysis presented in Chapter 9. Thisanalysis dso
estimates the projected costs (in 1990 dollars) of installing, operating, and maintaining those
additional controls needed by the year 2015 to meet the illustrative RH progress goals in our
nation’s Class | designated areas. These control costs are inputs to the economic impact analysis
presented in Chapter 8. The administrative cost associated with these illustrative RH progress
goalsis addressed in Chapter 7.

The following sections in this chapter cover:

1 Methodology for estimating emissions, air quality, and cost impacts associated with the
illustrative RH progress goals;

Emission reduction, air quality improvement, and control cost results associated with the
illustrative RH progress goals; and

Analytica uncertainties, limitations, and potential biases for these results.



6.3 Emissions, Emissions Reduction, Visibility Improvement, and Cost
Methodology

This analysis estimates the emission reductions for achieving air quality improvementsto
meet the illustrative RH progress goals described in Chapter 3 in Class | area counties that are
projected to not meet these goals. Since Class | areas rarely contain emissions sources, and
because pollutants that degrade visibility can be transported over long distances by prevailing
winds, controls must be imposed on sources located outside of Class | areas that contribute to
visibility degradation in Class | areas.

The baseline for the RH analysis is the projected emissions inventory from the partial
attainment case of the Ozone, PM,, and PM, 5 15/65 NAAQS presented in the 1997 RIA, which
includes a modest version of the Tier 11 program described in Chapter 5 of thisRIA. The
emissions control possibility set includes measures that are not already selected in that analysis.

The projected end of the period of the long-term strategy for achieving and evaluating
visibility improvement is 2018. In order to evauate visibility improvements, visibility monitors
must be established in the Class | areas of concern, and it islikely to take afew years to establish
these monitors. ldeally, this RIA would evaluate the potential improvementsin visibility for the
period of the first long-term strategy, and would account for emission reductions achieved from
current CAA-mandated controls (e.g., Title 1V SO, cap on utility sources) and the promulgated
PM, ¢ and Ozone NAAQS (including the modest version of the Tier Il program in the RH
baseline). However, this requires developing an emissions inventory current as of the first year of
the long-term strategy period and a set of control measure impacts incremental to the first year of
this period. Instead, the RH analysis takes advantage of the 2010 emissions inventory and
incremental control measure database established for the PM,, . and Ozone analyses conducted for
the 1997 RIA.

Control costs for attaining the illustrative RH progress goals are evaluated incremental to
partial attainment of the current PM,, NAAQS, and the current Ozone and PM, . NAAQS
(including the modest version of the Tier 11 program in the RH baseline). If aClass| areais
projected to meet the illustrative progress goals in the year 2015 as a result of ozone and PM, .-
related control measures (i.e., baseline control measures), no additional control is needed.
However, if the goal is not met, additional control measures are modeled. This baseline provides
conservative estimates (i.e., potentially overstates) of the cost of achieving RH progress goals for
two reasons. First, the progress achieved by measures related only to PM, ¢ control through the
year 2015 does not include progress achieved due to measures already mandated under the 1990
CAA, or progress achieved due to controls needed to meet the new Ozone standard. These
control measures, which are not in the basdline of the RH analysis, may contribute to further
vigibility improvement over the period of the first long-term strategy. Second, applying the set of
control measuresincluded in the PM, . NAAQS analysisin the 1997 RIA resultsin residual
nonattainment for some areas. To the extent that these areas are actually able to achieve

6-5



additional reductions to attain the PM, . standard, further visibility improvements may also be
realized.

The 2010 basdline air qudlity reflective of CAA-mandated controls and additional controls
associated with partial attainment of the current 8-hour Ozone and PM, s NAAQS and the current
PM,, NAAQS isthe primary input to the cost analysis. The 2010 basdline air quality is a proxy
for baseline air quality in the 2015 analysis year. Chapter 4 explains the bases of, and assumptions
pertaining to, the 2010 emissions and air quality projections. The cost and emission reductions
associated with each illustrative RH progress goa are estimated from a “layered” control baseline
that incorporates the 2010 baseline air quality plus partial attainment of the current PM,, NAAQS
plus the current ozone NAAQS plus partial attainment of the current PM,, NAAQS. From this
baseline, the four illustrative RH progress goals (two for absolute improvement and two for
relative improvement) described in Chapter 3 are analyzed. These goals are: 1.0 dv/15 years, 1.0
dv/10 years, 5% dv/10 years, and 10% dv/10 years.

Figure 6-1 shows the analysis steps that make up these baselines for projecting impacts to
2015.

Figure 6-1
Regional Haze Analysis Baselines through 2015

Regional Haze Analysis Baseline

2010 CAA Attain Current Attain Current
Basdline ------------ > PM,, NAAQS ------------ > Ozone and PM, ¢ NAAQS (includes modest
Tier 11 version mentioned in Chapter 5)

For achieving these illustrative RH progress goals under both emission control Cases A
(with fugitive dust controls) and Case B (without fugitive dust controls), control measure
selection is modeled using a broader regional approach that is more appropriate for addressing air
quality problems caused by trans-boundary pollution transport. The particlesin many of the
pollutants and chemical speciesthat contribute to visibility impairment (particularly PM,, ) can be
transported over long distances by prevailing winds. Since sources outside of Class| area
counties projected not to meet an illustrative RH progress goa may significantly contribute to
visibility impairment in those counties, controls may be imposed on sources outside the
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boundaries of Class | area counties projected to be unable to meet an illustrative progress goal.
Given the long-range transport of pollutants and chemical species that contribute to visibility
impairment, air quality changes will be realized in Class | area counties that meet the illustrative
progress and in counties outside nonattainment counties, some of which initially meet the
illustrative progress goals. Ultimately, state and local air pollution control authorities, in
cooperation with federal efforts, will devise implementation strategies that achieve visibility
improvement goals in a manner that minimizes negative impacts.

As discussed in Chapter 4, the modeled PM concentrations that are inputs to the cost
optimization model are normalized based on factors from ambient concentrations for 711 counties
in the contiguous U.S. where monitoring data meets the Agency PM data compl eteness criteria.
These 711 counties are divided into Tiers 1, 2, and 3, with Tier 1 counties (504 out of the 711)
having the most complete PM monitoring data.

The analysisis confined to analyzing visibility improvementsin the 147 Class | areas
located in 121 counties in the 48 contiguous States’. Further, the set of Class| areasis
subdivided into six control regions. The boundaries of these six control regions are depicted in
this chapter in Figure 6-2. The boundaries of these regions are delineated to reflect both the
meteorologica conditions that influence the long-range transport of visibility precursors and the
locations of their major sources (e.g., electric utilities). Control measure selection is limited to
emission sources in each control region. In addition, selection of some control measures that
primarily affect coarse particles (i.e., particles greater than 2.5 microns) is limited to the county
containing the Class | area. This limitation prevents control measures that have a minor effect on
visibility (e.g., fugitive dust control for unpaved roads) from being selected in counties that are
relatively distant from Class | areas. Thislimitation is pertinent for understanding the results based
on Case A (the emissions control case with fugitive dust controls), but not from Case B (the
emissions control case without fugitive dust controls).

1 Thereare 156 Class | areasin the United States, with 9 Class | areasin Alaskaand Hawaii. These States are not
included in the modeling for the anadlyses that are in thisRIA.
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Figure 6-2

Control Regions in RH Optimization Model
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6.3.1 Selecting Control Measures Using the RH Optimization Model

The allocation of SO, control responsibility and the control measures selected for sources
in the utility sector are analyzed using outputs from the Integrated Planning Model (IPM) (U.S.
EPA, 1996). Control measures for all other emissions sectors are selected using the RH
optimization model. The types of control measures available to both utility and non-utility
sourcesis discussed in Chapter 5 of thisRIA.

The RH optimization model works in a manner ssimilar to the PM optimization model
discussed in Chapter 6 of the 1997 RIA. However, in this case, the receptor county of interest
containsaClass | area, and reductions in PM, . precursors at the receptor are translated into
improvementsin visibility (i.e., reductionsin light extinction).

The remainder of this section describes the optimization model used for selecting non-
utility control measures in each of the RH modeling regions, and aso how changesin visibility are
estimated. The optimization model uses several inputs to determine which control measures to
apply to meet the illustrative RH visibility progress goals. These inputs are the:

1) Incremental Control Measure Data File, 2) Source-Receptor (S-R) Matrix, and 3) Receptor
Input File. Each of these inputs will be described below, after which the optimization procedure
will be discussed.

6.3.2 Incremental Control Measure Data File

Thisfile contains the incremental precursor pollutant emission reductions and the total
annua cost (in 1990 dollars) for each individual control measure-emission source combination.
Each of the emission sourcesis given a“source number” that is indexed to the SR matrix
(described below). The NOx control measure data have been revised since the RIA for the
proposed RH target program was published in order to include control measure cost and
efficiency data developed for the final NOx State Implementation Plan (SIP) call RIA. Chapter 5
presents and discusses the control measures used in this analysis.

It should be noted that the costs estimated in this report reflect real, before-tax, 1990
dollars and a 7 percent real interest (discount) rate. "Rea" dollars are those uninfluenced by
inflation; in other words, a 1990 dollar" is assumed to be worth the same today asit was in 1990.
"Before-tax" means that the cost analysis does not consider the effects of income taxes (State or
federal). Because income taxes are merely transfer payments from one sector of society to
another, their inclusion in the cost analysis would not affect total cost estimates. The year 1990
was selected as the cost reference date to be consistent with the base year for the cost analysisin
thisreport. 1990 is also the base year found in the cost analyses in the 1997 PM and Ozone
NAAQS and proposed RH target program RIA and the final NOx SIP call RIA. Finadly, to be
consistent with the real-dollar analytical basis, a 7 percent real interest rate was used, in
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accordance with Office of Management and Budget guidance.’

The incremental control measure data file is created via optimization on average annual
incremental cost per ton. For purposes of this analyss, average incremental cost per tonis
defined as the difference in the annual cost of a control measure and the annual cost of the
baseline contral (if any), divided by the difference in the annual mass of pollutant emissions
removed by the control measure and the emissions removed by the baseline control.

The average annual incremental cost per ton is calculated at the source or unit level for
point source control measures and at the county level for area and mobile source control
measures. For any individual source (e.g., boiler), only the control measures that are most cost-
effective at reducing emissions that contribute to visibility impairment are included in the
incremental control measure data base. This step eliminates inefficient solutions.

Consider, for example, afurnace that emits 1000 tons per year of primary PM, .. Suppose
that this source could be controlled by one of three control devices: 1) fuel gas desulfurization
(FGD) scrubber; 2) fabric filter; or 3) electrostatic precipitator (ESP). Further suppose that the
associated annual costs, emission reductions, and the average annual incremental cost per ton for
these devicesis shown in Table 6-1.

Table 6-1
Hypothetical Furnace Control Measures

Control Device

Annual Cost ($/year)

PM,; Emission
Reduction (tons/year)

Average Annual
Incremental Cost per
Ton ($/ton)

Scrubber 700,000 950 740
Electrostatic Precipitator 600,000 970 620
Fabric filter 800,000 990 810

In thisillustration, the ESP is superior to a scrubber from a cost-effectiveness perspective at $620
per ton, asit provides the more emission reduction at alower annual cost. Because the scrubber
provides the lowest emission reduction at a cost greater than that of the ESP, it would never be
selected. The fabric filter provides the highest emission reduction (990 tons per year), but its

1 It should be noted that the analysesin this RIA, including the control cost analysis, isa“snapshot” analysisin which
results are estimated for afuture year (2015). In the case of an analysisin which streams of benefits and costs are
brought back to asingle net present value, the Agency employs a socia discount rate. The discount rate used in this
RIA isnot the socia discount rate. That rateislikely to be well below 7 percent.
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annual cost is aso the highest of the three options. Because it provides a higher emission
reduction than the ESP, even at a higher cost, the fabric filter would be retained in the control
measure data base.

6.3.3 Source-Receptor Matrix

The S-R matrix discussed in Chapter 4 provides a link between emission reductions and
resulting air quality concentrations. When a control measure from the incremental control
measure datafileis applied at a source, concentrations for pollutant emissions may be reduced by
some amount at all associated receptors (i.e., counties) across the multi-state control region.

The S-R matrix was developed from an air quality model that divides sources into two
genera categories. elevated point sources and area/mobile sources. In turn, the elevated point
sources are aggregated into three categories: 1) sources with effective stack (release) heights less
than 250 meters; 2) sources with heights between 250 and 500 meters; and 3) sources with
heights above 500 meters. Except for the last category, all sources are assumed to be situated at
the population centroid of the county in which they are located. The >500 meter sources are sited
according to their individual longitude/latitude coordinates.

The SR coefficients for a given source and all receptors determine the concentration
reductions that occur in proportion to the emission reductions provided by a given control
measure. The RH optimization model calculates the light extinction at each Class | area county
centroid. If any Class| area county is predicted to fall short of the illustrative progress goal, the
optimization model, the control measure selection process is repeated until all Class| area
counties meet the illustrative progress goals or a minimum cost per deciview reduced threshold is
exceeded by all remaining measures.

Control selection is based on the cost per average deciview (dv) reduction rather than
average cost per microgram per cubic meter used in the PM NAAQS optimization model.
Controls are selected until the modeled dv reduction is achieved in al Class | area counties (in the
control region) or until acost per average deciview of $1 billion is exceeded by all remaining
measures. This threshold prevents control measures a great distance from counties not meeting
an illustrative progress goa and have little influence on concentrations and visibility in the
receptor counties from being applied.

For example, the order of selection on an average incremental cost per ton or average
incremental cost per deciview basis for controlling Volatile Organic Compounds (VOC) emissions
in a hypothetical county may be: 1) pressure/vacuum vents and vapor balancing for Stage | service
station refueling, 2) VOC incineration for metal can coating operations, and 3) VOC content
limits and improved transfer efficiency for autobody refinishing operations. However, each of
these individual measures has the same S-R coefficient and source number, because all area
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sources in a county are assumed to release their emissions at the same height and location (the
county centroid). Consequently, the cost per microgram per cubic meter reduced, which, within a
given aggregation of sources, is directly proportional to the cost per ton reduced, will follow the
same order of selection as the average incremental cost per deciview reduced of precursor
reduced. Table 6-2 provides an indication of the magnitude of the S-R coefficients for a
hypothetical receptor (Acme County).

Table 6-2
Simple Illustration of S-R Coefficients For
The Hypothetical Acme County Receptor

Source (all in Primary PM,; Nitrate Sulfate Ammonia (NH;)
the county) Coefficient Coefficient Coefficient Coefficient
Point (0-250m) 0.154x107 0.191x10° 0.392x10° 0.147x107

Point (250-500m) 0.258x10° 0.243x10° 0.518x10™ 0.277x10°

Area Sources 0.224x107 0.267x10°8 0.546x10° 0.215x10”

The units of the coefficients are seconds per cubic meter. The S-R matrix coefficients generally
decrease with distance, dropping off rapidly beyond a one or two county layer from the receptor
county. To illustrate how these coefficients are used to calculate changesin air quality, consider a
1,000 ton per year reduction in primary PM,, . emissions from area sources in Acme County. The
change in PM,, ; concentration is calculated as follows:

Reduction = (1,000 tons/year)(0.224 x 107 sec/m®)(28,767 micrograms-yr/ton-sec)

= 0.644 micrograms per cubic meter,
where 28,767 is the micrograms-yr/ton-sec conversion factor.

6.3.4 Receptor Input File
Thisfile contains the starting total county-level normalized PM,, and PM,, . concentrations
for the 2010 CAA baseline emissions and partia attainment Ozone and PM, . NAAQS scenarios.

The normalization procedure used to calibrate predicted concentrations to actual monitor datais
described in Chapter 4.

6.3.5 Number of Monitored Counties
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This analysis selects control measures for meeting RH illustrative progress goals based on
aset of PM,; monitoring data from a subset of counties currently monitored for PM,,. There are
711 counties that currently contain monitors capable of measuring PM ,, air quality; however, only
504 of these monitors meet what isreferred to in thisanalysis as Tier 1 criteria. Chapter 4
provides a more detailed discussion of the monitoring criteria used to establish tiers.

6.3.6 Scaling Annual Average Deciview Values Relative to Average Peak Values

Theillustrative RH progress goals analyzed in this RIA are meant to examine a deciview
(or absolute) change or a percentage (relative) change in the average deciview value of the 20
percent worst days over a 10-year period. However, the S-R matrix used to estimate pollution
concentrations that contribute to RH formation, outputs annual average values for the pollutants
of concern (ammonium sulfate, ammonium nitrate, organic and elemental carbon, and primary
PM,, and PM,.). Thisanalysis uses the most recent monitoring data from Class | areas to
trandate a deciview change or a percentage deciview change in the 20 percent worst days to an
equivalent change for an annual average day. Appendix C contains the data used to make this
calculation.

The average of the 20 percent worst days each year is aso be referred to as the 90th
percentile value, and can be compared to the annual average or mean value. The ratio of the 90th
percentile deciview value to the mean deciview value varies by Class| area. Based on the most
recent Interagency Monitoring for Protection of Visual Environments (IMPROVE) data, the
average ratio of the 90th percentile deciview value to the mean deciview value for al Class| areas
is1.4. Therefore, a 1.0 deciview change in the 20 percent worst days correlates to a 0.7 deciview
change in the annual average day (1.0 divided by 1.4). Similarly, a0.67 deciview change in the 20
percent worst days correlates to a 0.5 deciview change in the annual average day (0.67 divided by
1.4). These annua average equivaent values are used in thisanalysis. For the relative progress
goal, the same adjustment occurs. A 10 percent deciview change in the 20 percent worst days
correlates to a 7 percent deciview change in the annual average day (10 divided by 1.4). Finaly, a
5 percent deciview change in the 20 percent worst day days correlates to a 3.5 percent deciview
change in the annual average day (5 divided by 1.4).

6.3.7 Estimating Visibility
Decreasesin visihility are often directly proportional to decreasesin light transmittance in
the atmosphere (Trijonis et al., 1990). Light transmittance is attenuated by scattering and

absorption by both gases and particles. The light-extinction coefficient is a measure of the total
fraction of light that is attenuated per unit distance (Sisler, 1996):
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where:

total light extinction coefficient (1/Mm),

light extinction coefficient due to natural Rayleigh scatter (/Mm),
light extinction coefficient due to scattering by particles (/Mm),
light extinction coefficient due to absorption by gases (1/Mm), and
light extinction coefficient due to absorption by particles (/Mm).

babs

The light extinction coefficient is calculated by multiplying the concentration of an aerosol species
by its light-extinction efficiency, and summing over al species.

The term by, refers to the natural Rayleigh scatter from air molecules, mainly nitrogen and
oxygen. Depending on altitude, this term has avalue of 9to 12 Mm™ (inverse megameters)
(Sidler and Malm, 1994).

The term b, can be broken into the various species of fine and coarse particles that scatter
light. Because fine particles are much more efficient at light scattering than coarse particles,
severd fine particle species are specified, whereas coarse particles are kept as one category. Fine
particles with significant light-extinction efficiencies include sulfates, nitrates, organic carbon,
elemental carbon (soot), and soil (Sider, 1996).

A complicating factor for sulfates, nitrates, and some organic compounds is that these
aerosols are hygroscopic, i.e., they absorb water, which greatly enhances their light-scattering
abilities. The amount of water absorbed is a function of the relative humidity. A relationship
between the relative humidity and scattering efficiency for ammonium sulfate aerosols has been
developed, and is aso applied to ammonium nitrate aerosols (Sider, 1996). Recent research
indicates that organics are not hygroscopic to weakly hygroscopic (Sider, 1996) and thusin this
analysis, the light scattering efficiency for organicsis not assumed to be a function of the relative
humidity.
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A detailed expression for b, can thus be written (Sisler, 1996):

by, = 3f(RH) - [SULFATE] + 3f(RH) - [NITRATE] + 4[OMC] + 1[SOIL] + 0.6[CM]

where:
3 = dry scattering efficiency of sulfate and nitrates (m?g),
f(RH) = function describing scattering characteristics of sulfates and
nitrates, based on the relative humidity (unitless),
[SULFATE] = concentration of ammonium sulfate agrosols (ug/m?),
[NITRATE] = concentration of ammonium nitrate aerosols (ug/m?),
4 = dry scattering efficiency of organic mass from carbon (m?/g),
[OMC] = concentration of organic agrosols (ug/m?3),
1 = dry scattering efficiency of soil (m%g),
[SOIL] = concentration of fine soil (ug/m3),
0.6 = dry scattering efficiency of coarse particles (m?/g), and
[CM] = concentration of coarse particles (ug/m?).
The function f(RH) is calculated as follows:
f(RH) = t, + t,(L/(1-RH))* + t,(V/(1-RH))® + t,(LY/(1-RH))*
where:
RH = relative humidity, and
t, = parameters presented in Table 6-3 below.
Table 6-3
Parameter Determining the Effect of Relative Humidity on Visibility
Season t, t, t, t,
Spring 0.7554 0.3091 -0.0045 -0.0035
Summer 0.5108 0.4657 -0.0811 0.0043
Autumn -0.0269 0.8284 -0.1955 0.0141
Winter 1.1886 0.2869 -0.0332 0.0011
Annua 0.5176 0.5259 -0.0947 0.0056

Source: Table 5.1, Sider, 1996.
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The term b, represents absorption due to gases, NO,is the only major light-absorbing gas
in the lower atmosphere. This component is assumed to be negligible since concentrations of NO,
are expected to be negligible in rural areas (Sisler and Malm, 1994), whichisgenerally applicable
for Class| areas. However, this may be a poor assumption for locations close to significant NO,
emission sources, such as power plants or urban areas (Sisler, 1996). Under those conditions, the
visibility improvement due to reductionsin NO, could be understated.

The final term of the light-extinction coefficient equation, b, represents absorption of
light by elemental carbon (EC). Recent research has indicated that direct measurements of
absorption by the laser integrated plate method (L1PM) are much more accurate than using
absorption estimates based on mass concentrations of light-absorbing carbon. For that reason, this
analysis bases b,,, on empirical datafrom monitored sitesin the IMPROVE network.

Once the light-extinction coefficient is determined, the visibility index called deciview
(dv) can be calculated (Sisler, 1996):

dv = 10 - In(b_.-1073/0.01km )

ext

where:
10° = constant to convert Mm™ to km™.

A change of one dv represents a change of approximately 10 percent in by, “which isasmall but
perceptible scenic change under many circumstances’ (Sisler, 1996, p.1-7).

6.3.8 Estimating the Effect of Control Measures on Visibility

Given the available data available from the IMPROV E monitoring network and the
changesin sulfate, nitrate, elementa carbon, organic carbon, and primary PM emissions model ed
using the S-R matrix described earlier in this chapter and in Chapter 4, light extinction (b,,) IS
calculated using the following equation:

Doy = Dgay + 3F(RH) - [SULFATE] + 3f(RH) - [NITRATE] +

4[OMC] + 1[SOIL] + 0.6[CM] + b,

ext

The S-R matrix provides concentration estimates of ammonium sulfate (SULFATE),
ammonium nitrate (NITRATE), organic and elemental carbon (OMC), fine particle soil (SOIL),
and coarse mass (CM= PM,, - PM, ). A common assumption for light scattering by background
gases (b, ) is10 Mm™.  Appendix C provides estimates for f(RH), OMC, SOIL, and b, based
on summary data from 43 relevant IMPROV E monitoring sites between 1992-1995. For Class |
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areas without monitoring data, values are assigned based on either the closest monitored site or an
average of up to three proximate monitored sites. The values are assumed constant in this
analysis, even though it is known that certain types of control measures may affect the baseline
levelsof OMC and b,,,. The exact relationship between these factors and specific control
measures has not been established, and therefore, these values are held constant. These values
then serve as inputs to the RH optimization model.

6.3.9 RH Optimization Model Routine
The optimization routine developed for this analysis employs the following steps:

Step 1. The remaining control measures in the incremental control measure data file are sorted by
source number, precursor pollutant controlled, and cost per ton of pollutant reduced.

Step 2. The incremental improvement in visibility is calculated for each Class | area county for
the least costly (on acost per ton basis) control measure for each individual source/pollutant
combination.

Step 3. The measure with the lowest average cost per increment of visibility improvement is
selected and the deciview levels at each receptor are adjusted to reflect implementation of the
selected measure.

Step 4. Steps 2 through 3 are repeated until all input receptors meet the target level or all
remaining measures are exhausted. A $1 billion per microgram per cubic meter control measure
selection threshold (translated into a cost per average deciview threshold) is used in the RH
optimization model. The annual cost threshold of $1 billion per microgram per cubic meter isthe
one used in the PM optimization model.

Step 5. Adjust final post-control visibility predictionsin al Class | areas nationwide to account
for the trans-boundary effect of control measures selected outside each control region.

Figure 6-3 provides a flowchart for the RH optimization routine.

To illustrate steps 3 and 4, consider the example shown in Table 6-4. Thistable lists
three control measures (A, B, and C) and four receptors (counties 1, 2, 3, and 4). The annual
cost (in millions of 1990 dollars per year) is given for each control measure. Also listed for each
measure is the deciview improvement at each receptor that result if that measure is applied. For
control measure A, these improvements range from 0.1 to 0.3 dv, and average 0.23 dv (column
2). Listed below these reductions are the cost-per-microgram-per-cubic meter ratios for each of
the four receptors. These ratios are obtained by dividing the annual cost for control measure A by
each of the four PM, . reductions. The last number in column 2 isthe ratio of the annual cost for
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control measure A divided by the average microgram per cubic meter PM,, . reduction among the
four receptors. Similar calculations are made for control measures B and C, in turn.

Table 6-4
Simple Illustration of the Calculation of Cost per
Average Deciview Reduced

Control Measure A Control Measure B Control Measure C

Cost (million $/yr) 1.0 15 15
Deciview reduced (dv)

Receptor 1 0.20 0.30 0.80

Receptor 2 0.30 0.40 0.10

Receptor 3 0.10 0.50 0.10

Receptor 4 0.30 0.40 0.25

Average 0.23 0.40 0.25
Cost per deciview reduced

Receptor 1 5.0 5.0 19
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Receptor 2 33 3.8 15.0
Receptor 3 10.0 3.0 15.0
Receptor 4 33 3.8

Average 44 3.8 6.0

The control measure selected in this optimization scheme is the one that gives the lowest
cost per average deciview reduced. Based on this decision criterion, control measure B is
selected first, followed by measure A and measure C, as needed. But suppose, for instance, that
the application of measure B brought receptors 2 through 4 into compliance with the illustrative
RH progress goal of interest. If that isthe case, the next iteration of the optimization model
resultsin the selection of measure C, in preference to measure A. Why? Since control measure B
brought receptors 2 through 4 into compliance, they are no longer included in the cal culation of
the cost per average deciview reduced. This leaves only receptor 1 under consideration. And, as
Table 6-4 shows, control measure C has the lowest annual cost per average deciview reduction
ratio for receptor 1. (Note: Because there is only one receptor, this ratio also equals the lowest
annual cost per average microgram per cubic meter). Consequently, measure C is selected.

Because the optimization model only includes receptors out of compliance in the
calculation of the cost per average microgram reduced, selection of measures that have little or no
impact in reducing concentrations in non-complying areas is avoided. Finally, the reader should
keep in mind that the scope of this example has been kept small for purposes of illustration.
During each iteration of the RH optimization model, the control measure selections are made
from literally thousands of measure-receptor combinations.

6.3.10 Baseline Visibility

The visbility basdline in thisanalysisis represented by the estimated visibility improvement
between the benchmark case and the partial attainment of Ozone and PM, NAAQS case (which
includes amodest version of the Tier 11 program described in Chapter 5). Table 6-5 summarizes
the visibility measurements in terms of deciviews for the two cases. As the table shows, the
average vighility improvement in the annual average deciview vaue for counties containing Class
| areas in the Midwest/Northeast and the Southeast control regions is more than the illustrative
progress goal of 1.0 dv/10 years. Given the 1.4 to 1 ratio of the deciview measurement for the 20
percent worst days to the case of annual average deciview change (as mentioned in Chapter 4),
the visibility improvement is much more pronounced on the worst days, the time of year in which
the greatest visibility progress is sought given the form of the illustrative goals described in
Chapter 3.
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Table 6-5
Projected Annual Average Deciview Values by Control Region?

No. of Counties Partial Attainment Average Annual

Region Containing Class | | 2010 CAA Baseline | of Ozone and PM,; Deciview
Areas (Benchmark) NAAQS including Improvement in
a version of the Baseline for RH
Tier Il program Progress Goals
Midwest/Northeast 16 231 211 20
Southeast 13 225 21.0 15
South Central 14 16.8 16.3 0.5
Rocky Mountain 30 17.6 171 0.5
Northwest 18 19.3 191 0.2
West 30 17.8 171 0.7
Nation 121 19.1 18.3 0.8

“The regulatory baseline for analysis of these illustrative RH progress goals is the 2010 CAA benchmark plus partial attainment of the 8-hour Ozone
and PM,s NAAQS. This basdine includes amodest version of theTier Il program described in Chapter 5 of thisRIA.

Table 6-6 indicates the number of Class | area counties for which additional control
measures may be needed incremental to the baseline (i.e., incrementa to partial attainment of the
PM,, . 15/65 standard and the 8-hour Ozone standard). There are substantial visibility
improvements due to partia attainment of the PM, . and Ozone NAAQS that includes a modest
version of the Tier 11 program described in Chapter 5. Specificaly,

I Nearly all Class| area countiesin the Midwest/Northeast and Southeast regions are
projected to meet the illustrative RH progress goals without any additional controls
beyond partial attainment of the PM, . 15/65 standard and the 8-hour Ozone standard.

Thereis substantial visibility improvements in the South Central, Rocky Mountain,
andwest control regions under al the illustrative progress goals except the 10% dv/10
year. Thereisasubstantia reduction in annual average shortfall for Class | area counties
in these control regions resulting from application of baseline control measures.

The Northwest control region is expected to have the least visibility improvement under
any of these illustrative progress goals. Thisisto be expected since most of the projected
nonattainment with the PM, ; and Ozone NAAQS occurs in the Midwest/Northeast,
Southeast, and other control regions so that is where the controls are applied. Since the
Northwest isinstalling fewer controls to meet the NAAQS, less progress towards the
illustrative RH progress goals would be expected.
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It should also be noted that the control regions in thewest are have the highest proportion
of predicted biogenic aerosol emissions, which places them closer to natural conditions than other
regions. Thiswould tend to support establishing differing RH progress goals for these areas.

Table 6-6
Number of Class I Area Counties Not Meeting RH Illustrative Progress

Goals in the Baseline?

Number of Class | Area Counties

Control Region Number of After PM,and 8-hour O, NAAQS
Class | Area Control
Counties
1.0 Deciview 1.0 Deciview 5% Deciview 10% Deciview
Goal Goal Goal Over 10 Goal Over 10
Over 15 Years Over 10 Years Years Years
(0.67 Deciview (1.0 Deciview
Goal) Goal)
Midwest/Northeast 16 0 0 0 1
Southeast 13 0 1 1 7
South Central 14 11 11 11 14
Rocky Mountain 30 14 27 26 30
Northwest 18 17 18 18 18
West 30 16 19 18 24
Nation 121 58 76 74 94

1997 RIA.
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FIGURE 6-3
RH OPTIMIZATION MODEL STEPS
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6.4 Emission Reduction and Air Quality Impacts

This section presents the emission reduction and air quality impact results for the analysis
of theillustrative RH progress goals under the emission control Cases A and B. The results
presented in this section are incremental to partial attainment of the Ozone and PM, . NAAQS,
which is the baseline for these analyses. Consequently, there are few projected emission
reductions from certain control regions, such as the Midwest/Northeast and Southeast, since
virtually all Class| area countiesin these regions are expected to meet the illustrative progress
goasin the baseline. This section includes estimates of the emission reductions and visibility
improvements resulting from control measures selected in each control region, and estimates of
the change in the status of Class | area counties in meeting the illustrative progress goals for the
counties initially projected not to meet the RH progress goals.

Table 6-7 presents the emission reductions, by control region and nationally, associated
with the illustrative RH progress goals for the year 2015 for Case A. The emission reductions do
not account for potential increases in emissions due to the small additional energy requirements
for producing, installing, and operating selected control devices. These reductions aso do not
reflect the visibility improvement from reduction of NO, emissions.
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Table 6-7
Emission Reductions by Control Region and Nationally
for llustrative RH Progress Goals in the Year 2015 for Case A? (Tons reduced)®

RH Progress Control Region NOXx SO, PM, PM,, VvVOC SOA ocC EC
Goal
Midwest/Northeast 0 0 0 0 0 0 0 0
Southeast 0 1 60 60 50 1 20 2
1.0 South Central 101,500 290 12,800 | 180,700 | 19,400 300 3,000 600
deciview/15
year
Rocky Mountain 84,300 100 6,700 88,000 9,300 100 1,300 200
Northwest 24,200 1,500 41,200 | 68,700 | 43,800 | 1,500 | 17,600 | 3,500
West 80,100 10 4,100 60,400 800 10 500 100
Total 290,100 1,900 64,860 | 397,800 | 73,350 1,910 | 22,420 | 4,400
Midwest/Northeast 0 0 300 3,300 0 0 10 3
Southeast 900 6,700 3,200 11,600 7,600 200 1,500 200
1.0 South Central 106,000 41,700 | 12,900 | 181,000 | 21,000 300 3,000 600
deciview/10
year

Rocky Mountain 142,000 56,800 | 12,500 | 165,800 | 13,000 100 3,100 400

Northwest 47,400 14,300 | 58,400 | 124,000 | 72,000 | 1,700 | 24,100 | 4,100
West 81,600 4,400 5,600 74,500 1,000 10 1,000 200
Total 377,900 | 123,900 | 92,900 | 560,200 | 114,600 | 2,300 32,700 | 5,500
Midwest/Northeast 0 0 200 1,300 0 0 2 2
Southeast 10 0 800 5,300 3,500 100 300 100
5 Percent/10 South Central 105,300 41,200 | 12,800 | 180,800 | 19,500 300 3,000 600

year

Rocky Mountain 141,400 41,000 8,100 91,900 | 12,900 100 1,900 300

Northwest 74,300 17,300 | 50,800 | 94,400 | 95,300 | 1,900 | 20,800 | 3,900
West 80,800 4,800 6,200 71,000 900 8 1,300 200
Total 401,800 | 104,300 | 78,900 | 444,700 | 132,100 | 2,400 | 27,300 | 5,100
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Table 6-7
Emission Reductions by Control Region and Nationally for Illustrative
RH Progress Goals in the Year 2015 for Case A? (Tons reduced)®
(Continued)

RH Progress Control NOXx SO, PM, PM,, VvVOC SOA | OC EC
Goal Region

Midwest/ 33,100 130,900 | 6,200 37,900 29,200 200 400 100
Northeast

Southeast | 10,800 | 107,300 | 80,700 | 169,500 | 26,400 | 700 22,200 | 3,200

10 Percent/10- South 135,000 | 149,900 | 22,800 | 214,000 | 39,100 | 500 5,000 1,000
year Central
Rocky 219,700 | 80,500 | 13,400 | 178,800 | 13,800 | 100 3,300 | 400
Mountain

Northwest | 117,800 | 46,300 | 90,400 | 195,600 | 107,300 | 2,000 | 35,900 | 5,300

West 85,400 | 7,400 8,900 84,700 | 4,300 100 1,800 | 300

Total 601,800 | 522,300 | 222,400 | 880,500 | 220,100 | 3,600 | 68,600 | 10,300

Case A represents a control case in which additional control measures beyond baseline are applied including fugitive dust control measures.
Totals may not agree due to rounding.

To provide some perspective on the estimated emissions reductions needed to meet these
illustrative progress goals, some substantial emission reductions are projected to occur under Case
A for most of the pollutants controlled as shown in Table 6-7. Some substantial emission
reductions compared to emission reductions within the National Particulate Inventory (NPI) are
projected to occur under Case A for most of the pollutants controlled under the control measures
applied. These reductions are roughly 2 to 6 percent based on the most stringent illustrative
progress goal (10% dv/10 years) of what is projected under the benchmark case for most of these
pollutants (U.S. Environmental Protection Agency, 1997a). For PM, ., the projected emissions
reductions under Case A are greater than those for the benchmark case, but less than the
emissions reductions projected under the partial attainment of the PM,, . and Ozone NAAQS (up
to roughly 50 percent of reductions projected under partial attainment of these NAAQS, based on
comparison with the most stringent progress goal). For PM,,, the projected emission reductions
are as much as 35 percent compared to those in the benchmark case, but only 18 percent of the
emission reductions projected in the baseline under partial attainment of the PM, . and Ozone
NAAQS (again, based on comparison to the most stringent progress goal). I1n addition, these
reductions are generally less than 50 percent of the emission reductions obtained in the baseline
due to partial attainment of the Ozone and PM, NAAQS and PM,, NAAQS, except for nitrogen
oxides (NOx) emissions. The reductionsin NOx emissions under Case A are roughly up to 75
percent of the reductions predicted in the partial attainment case for the Ozone and PM,, .
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NAAQS and PM,, NAAQS (U.S. Environmental Protection Agency, 1999a) based on
comparison with the most stringent progress goal. The lack of emission reductions shown for the
Midwest/Northeast and Southeast modeling regions under Case A for most of the illustrative
progress goasis dueto Class | area counties meeting these goals in the baseline.

Emissions reductions by control region and nationally for these illustrative progress goals
are shown in Table 6-8.
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Table 6-8

Emission Reductions by Control Region and Nationally
for lllustrative RH Progress Goals in the Year 2015 for Case B? (Tons reduced)®

RH Progress Control Region NOXx SO, PM, PM,, VvVOC SOA oC EC
Goal
Midwest/Northeast 0 0 200 1,300 0 0 2 2
Southeast 0 1 60 60 50 1 20 2
1.0 deciview/15 South Central 105,800 | 41,700 7,200 9,700 20,400 | 300 | 2,800 500
year
Rocky Mountain | 137,500 | 41,300 4,400 8,000 12,900 | 100 | 1,600 200
Northwest 30,900 8,400 42,600 | 46,500 | 50,400 | 1,600 | 18,100 | 3,600
West 81,600 3,900 3,800 7,100 900 10 1,300 200
Total 355,800 | 95,300 | 58,260 | 72,700 | 84,600 | 2,010 | 23,800 | 4,500
Midwest/Northeast 0 0 200 1,300 0 0 2 3
Southeast 6,600 70,900 | 61,100 | 85,200 | 21,200 | 500 | 14,800 | 2,400
10 South Central 107,500 | 42,400 7,300 9,900 21,100 | 300 | 2,800 500
deciview/10-
year
Rocky Mountain | 202,200 | 63,200 7,300 11,900 | 13,900 | 100 | 2,900 | 400
Northwest 77,900 | 15,800 | 83,000 | 94,000 | 86,400 | 1,800 | 34,800 | 5,000
West 83,400 6,200 5,000 8,500 1,500 10 1,500 300
Total 477,600 | 198,500 | 163,900 | 210,800 | 144,100 | 2,700 | 56,800 | 8,600
Midwest/Northeast 0 0 200 1,300 0 0 2 2
Southeast 6,600 70,900 | 61,100 | 85,200 | 21,200 | 500 | 14,800 | 2,400
5 Percent/10- South Central 104,000 | 42,400 7,200 9,800 21,000 | 300 | 2,800 500
year
Rocky Mountain | 142,600 | 56,800 5,000 8,700 12,900 | 100 | 1,800 300
Northwest 87,000 | 19,000 | 80,300 | 90,800 | 95,000 | 1,900 | 33,400 | 4,900
West 81,800 4,800 4,000 7,400 1,000 10 1,400 200
Total 422,000 | 193,300 | 157,800 | 203,200 | 151,100 | 2,800 | 54,200 | 8,300
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Table 6-8
Emission Reductions by Control Region and Nationally
for Illustrative RH Progress Goals in the Year 2015 for Case B? (Tons reduced)®

RH Progress Control NOXx SO, PM, PM,, VvVOC SOA | OC EC
Goal Region

Midwest/ 33,100 137,500 | 6,400 15,100 30,700 300 900 200
Northeast

Southeast | 20,700 | 197,100 | 123,300 | 161,600 | 52,900 | 1,800 | 43,400 | 6,300

10 Percent/10- South 134,900 | 149,900 | 16,500 | 23,400 | 39,000 | 500 5,100 1,000
year Central
Rocky 220,200 | 80,500 | 7,700 12,500 | 14,500 | 100 3,000 | 400
Mountain

Northwest | 118,100 | 46,500 | 86,500 | 99,200 | 108,200 | 2,000 | 35,300 | 5,200

West 85,600 | 7,800 5,800 9,900 4,700 100 1,500 | 300

Total 612,600 | 619,300 | 246,200 | 321,700 | 250,000 | 4,800 | 89,200 | 13,400

Case B represents a control casein which additional control measures beyond baseline are applied with no fugitive dust control measures allowed.
Totals may not agree due to rounding.

To provide some perspective on the estimated emissions reductions needed to meet these
illustrative progress goals, some substantial emission reductions compared to reductions within
the NPI are projected to occur under Case B for most of the pollutants controlled as shown in
Table 6-8. These reductions are roughly 2 to 5 percent based on the most stringent illustrative
progress goal (10%/10 years) of the emission reductions projected under the benchmark case
(2010 CAA baseline) for most of these pollutants (U.S. Environmental Protection Agency,
1997a). For PM, ., the projected emissions reductions under Case A are greater than those for
the benchmark case, but less than the emissions reductions projected under the partial attainment
of the PM,, . and Ozone NAAQS which includes a modest version of the Tier 11 program (up to
roughly 45 percent of reductions projected under partial attainment of these NAAQS, based on
comparison to the most stringent progress goal). For PM ,,, the projected emissions reductions
under Case A are as much as 13 percent compared to the reductions for the benchmark case, but
only 7 percent of the emissions reductions projected under the partial attainment of the PM, . and
Ozone NAAQS which includes a modest version of the Tier |1 program (again, based on
comparison to the most stringent progress goal).
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In addition, these reductions are generally less than 30 percent of the emission reductions
obtained in the baseline due to partial attainment of the Ozone and PM, . NAAQS and PM,,
NAAQS, except for NOx emissions. The reductions in NOx emissions under Case B are roughly
up to 77 percent of the reductions predicted in the partial attainment case for the Ozone and PM, .
NAAQS and PM,, NAAQS (U.S. Environmental Protection Agency, 1999b) based on
comparison to the most stringent progress goal. In addition, the lack of emission reductions
shown for the Midwest/Northeast and Southeast modeling regions under Case B for most of the
illustrative progress goalsis due to Class | area counties meeting these goals in the baseline.

We would expect the amount of environmental progress and mix of emission reductions to
change between emissions control Cases A and B. In the analyses presented in thisRIA, these
expectations are realized. The variation between Case A and Case B reflects the consequence of
uncertainties in emission inventories, air quality modeling, and control measure effectiveness.

6.5  Visibility Improvement Results

This section presents the incremental visibility improvements achieved for each illustrative
RH progress goal in Class | area counties that did not achieve the goal in the baseline under both
emissions control Case A and Case B. Included are estimates of the additional number of Class |
area counties that meet the illustrative RH progress goal, as well as the average improvement
realized. Asdiscussed in section 6.3.4, a 1.0 deciview improvement goal for the average 20
percent worst days is roughly equivalent to a 0.7 deciview improvement goal for the annual
average day. Similarly, a0.67 deciview improvement in the average 20 percent worst daysis
roughly equivalent to a 0.5 deciview improvement in the annual average day. Inaddition, a5
percent deciview improvement goal for the average 20 percent worst days is roughly equivaent to
a 3.5 percent deciview improvement in the annual average day. Finaly, a 10 percent deciview
improvement goal for the average 20 percent worst days is roughly equivalent to a 7 percent
deciview improvement in the annual average day.

Case A
Table 6-9 presents the number of Class | area counties that initially do not achieve each
illustrative RH progress goal and the estimated number of Class | area counties that are not able

to achieve the goals after additional control measures are modeled under Case A (with fugitive
dust controls included).
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Table 6-9
Estimated Number of Class | Area Counties That Do NOT Achieve lllustrative

Regional Haze Progress Goals and the Average Deciview Shortfall
Under Case A°

1.0 Deciview Goal Over 15 Years 1.0 Deciview Goal Over 10 Years 5 Percent 10 Percent
Region (0.67 Deciview Goal) (1.0 Deciview Goal) Deciview Deciview
Goal Over Goal Over
10 Years 10 Years
Baseline? Post- Average Baseline? Post- Average Baseline? Post- Average Baseline? Post- Average
Control® Deciview Control® Deciview Control? Deciview Control® Deciview
Shortfall Shortfall Shortfall Shortfall
Midwest/N 0 0 -- 0 0 -- 0 0 -- 1 1 0.01
ortheast
Southeast 0 0 -- 1 0 -- 1 1 0.01 7 1 0.47
South 11 2 0.15 11 3 0.23 11 2 0.14 14 12 0.31
Central
Rocky 21 1 0.06 27 4 0.09 26 1 0.04 30 22 0.25
Mountain
Northwest 18 2 0.07 18 2 0.10 18 2 0.08 18 12 0.22
West 16 7 0.11 18 10 0.24 18 8 0.27 24 20 0.58
Nation 58 12 0.10 75 19 0.19 74 14 0.19 94 68 0.35

aBaseline represents class | area counties that do not achieve sufficient progress toward the illustrative progress god after considering partia attainment of the PM, 5 15/65 standard and the 8-hour Ozone

standard.

bPost-control represents counties that do not achieve sufficient additional progress toward the visibility goal after considering additional controls not aready selected in the PM, 5 15/65 analysis. cCase A

represents an emissions control case in which additional control measures beyond baseline are applied including fugitive dust control measures.

Thistable indicates that 12 of the 66 Class | area counties initially unable to meet the 1.0 dv/15 years goa may not meet the
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goal with application of additional control measures under Case A, and 19 of the 75 counties
initially unable to meet the 1.0 dv/10 years goal may not meet this goal with application of
additional control measures under Case A. Thistable also indicates that 14 of the 74 Class | area
countiesinitialy unable to meet the 5% dv/10 years goa cannot meet this goal with application of
additional control measures under Case A, and 68 of the 94 Class | area counties initially unable
to meet the 10% dv/10 years goa cannot meet this goal with application of additional control
measures under Case A.

There are a considerable number of Class | area counties nationwide that are expected to
meet the illustrative progress goals under Case A. The only exception is for the 10 % dv/10 years
goal. The percentage of Class| area counties nationwide that are expected to meet these
illustrative progress goalsislisted in Table 6-10. Asindicated in that table, the percentage of
Class | area counties that meet the illustrative progress goal s ranges from 22 to 45 percent from
benchmark to baseline, and ranges from 43 to 90 percent with the incremental control measures
from baseline included. Consequently, there is a substantial amount of progress towards meeting
the visibility goalsin the benchmark and baseline as well as with application of incremental control
measures.

Table 6-10
Percentage of Class | Area Counties That Meet the RH lllustrative Progress Goals
in the Benchmark and Beyond Under Case A*

Percentag e of Percentage of Percentage of Percentage of Class
Class | area Class | area Class | area | area counties
counties meeting | counties meeting | counties meeting | meeting the 10
the 1.0 Dv/ 15 the 1.0 Dv/ 10 the 5 Percent Percent Dv/10
Years Progress Years Progress Dv/10 Years Years Progress
Goal Goal Progress Goal Goal
Benchmark to 52 38 39 22
Baseline
Baseline to 38 46 50 21
Incremental Control
Strategies
Total 90 84 89 43

& Case A represents a control case in which additional control measures beyond baseline are applied including fugitive dust control measures.

The average progressin Class | area counties nationally towards meeting these RH goals,
measured in average deciview terms, for the two absolute illustrative progress goalsis 81 percent
for the 1.0 dv/10 years progress goal (1.0 deciview goal) and 90 percent for the 1.0 dv/15 years
progress goal (0.67 deciview goal). For the two relative illustrative progress goals, the average
progressin Class | area counties nationally is 65 percent for the 10% dv/10 years goal, and 81
percent for the 5 %/10 years goal.

Table 6-9 also shows the average deciview shortfall for the counties that do not reach the
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goal under Case A. For the 12 counties having Class | areas not achieving the 0.67 deciview goal
after controls are applied under Case A, the region wide annual average deciview shortfall ranges
from 0.06 to 0.15, meaning that on average these areas achieved from 0.35to 0.44 (i.e., 70 to 88
percent) of the 0.5 deciview improvement needed to reach the goal. For the 19 counties having
Class | areas not achieving the 1.0 deciview goal under Case A, the region wide annual average
deciview shortfall ranges from 0.09 to 0.24, meaning that on average these areas achieved from
0.46 t0 0.61 (i.e., 63 to 87 percent) of the 0.7 deciview improvement needed to reach the goal.
For the 14 countiesin Class | areas not achieving the 5% dv/10 years goa under Case A, the
region wide annual average deciview shortfall ranges from 0.01 to 0.27, while for the 68 areas not
achieving the 10% dv/10 years under Case A, the region-wide annual average deciview shortfall
ranges from 0.01 to 0.58.

As mentioned in the preceding paragraph, while there are a number of counties that are
not expected to meet the illustrative progress goals, many of these counties experience a
substantial degree of visibility improvement. Most counties that are not expected to meet the RH
progress goa are within 0.2 deciview of meeting them, indicating that many counties are close to
meet these goals according to thisreport. There are severa reasons why these counties are not
predicted to meet these progress goals: 1) biogenic overestimation of VOCsin the west; 2) the
partial attainment of the Ozone and PM, . NAAQS is projected for 2015, not 2018, the date at
which these goals are likely to be met; 3) technological progressis not considered; 4) the effect of
Mexican and Canadian emissions on the control regionsis not considered, and 5) superior
innovative control strategies (e.g., emissions trading) is not in the control measures database.

Case B
Table 6-11 presents the number of Class | area counties that initially do not meet each
illustrative RH progress goa and the estimated number of Class | area counties that are not able

to meet the goals after additional control measures are modeled under Case B (with no fugitive
dust controls included).

Table 6-11
Estimated Number of Class | Area Counties That Do NOT Achieve lllustrative
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Regional Haze Progress Goals and the Average Deciview Shortfall
Under Case B°

1.0 Deciview Goal Over 15 Years 1.0 Deciview Goal Over 10 Years 5 Percent 10
Region (0.67 Deciview Goal) (1.0 Deciview Goal) Deciview Percent
Goal Over Deciview
10 Years Goal
Over 10
Years
Baseline® Post- Average Baseline? Post- Average Baseline® Post- Average Baseline? Post- Average
Control® Deciview Control® Deciview Control? Deciview Control? Deciview
Shortfall Shortfall Shortfall Shortfall
Midwest/NE 0 0 - 0 0 - 0 0 - 1 1 0.09
Southeast 0 0 - 1 1 0.05 1 0 - 7 2 0.35
South Central 11 4 0.14 11 10 0.21 11 5 0.13 14 12 0.51
Rocky 21 3 0.10 27 6 0.18 26 3 0.18 30 29 0.39
Mountain
Northwest 18 2 0.08 18 3 0.10 18 2 0.07 18 16 0.35
West 16 10 0.14 18 12 0.28 18 11 0.26 24 23 0.63
Nation 66 19 0.13 75 32 0.22 74 21 0.20 94 83 0.46

aBaseline represents class | area counties that do not achieve sufficient progress toward the illustrative progress goa after considering partia attainment of the PM, 5 15/65 standard and the 8-hour Ozone
standard.
bPost-control represents counties that do not achieve sufficient additional progress toward the visibility goa after considering additiona controls not aready selected in the PM, 5 15/65 analysis.

¢ Case B represents an emissions control case in which additional control measures beyond basdline are applied that do not include fugitive dust control measures.

Thistable indicates that 19 of the 66 Class | area counties initialy unable to meet the 1.0 dv/15 years goal cannot meet the goal
with application of additional control measures under Case B, and 32 of the 75 counties initially unable to meet the 1.0 dv/10 years godl
cannot meet this goal with application of additional control measures under Case B. This table also indicates that 21 of the 74 Class |
area counties initially unable to meet the 5% dv/10 years goa can not meet this goal with application of additional control measures
under Case B, and 83 of the 94 Class | area countiesinitially unable to meet the 10% dv/10 years goal can not meet this goal with
application of additional control measures under Case A. The areas not able to meet these goals under Case B, asin Case A, are
concentrated primarily in the west control region. Several of these counties are also not able to meet the illustrative progress goalsin
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the baseline based on the results presented earlier in Chapter 6.

There are a considerable number of Class | area counties nationwide that are expected to
meet the illustrative progress goals under Case B. The only exception is for the 10% dv/10 years
goal. The percentage of Class| area counties nationwide that are expected to meet these
illustrative progress goalsislisted in Table 6-12. Asindicated in that table, the percentage of
Class | area counties that meet the illustrative progress goals ranges from 22 to 45 percent from
benchmark to baseline, and ranges from 31 to 84 percent with the incremental control measures
from baseline included. Consequently, there is a substantial amount of progress towards meeting
the visibility goalsin the benchmark and baseline as well as with application of incremental control
measures.

Table 6-12
Percentage of Class | Area Counties That Meet the RH lllustrative Progress Goals
in the Benchmark and Beyond Under Case B?*

Percentag e of Percentage of Percentage of Percentage of Class

Class | area Class | area Class | area | area counties
counties meeting | counties meeting | counties meeting | meeting the 10 %
the 1.0 Dv/ 15 the 1.0 Dv/ 10 the 5 % Dv/10 Dv/10 Years
Years Progress Years Progress Years Progress Progress Goal
Goal Goal Goal

Benchmark to 45 38 39 22

Baseline

Baseline to 39 36 44 9

Incremental Control

Strategies

Total 84 74 83 31

& CaxeB represents a control case in which additional control measures beyond baseline are applied but not including fugitive dust control measures.

The average progressin Class | area counties nationally towards meeting these RH goals,
measured in average deciview terms, for the two absolute illustrative progress goalsis 78 percent
for the 1.0 dv/10 years goal (1.0 deciview goal) and 87 percent for the 1.0 dv/15 years goal (0.67
deciview goal). For the two relative illustrative progress goals, the average progressin Class |
area counties nationally is 54 percent for the 10% dv/10 years goal, and 80 percent for the 5%
dv/10 years goal.

Table 6-11 also shows the average deciview shortfall for the counties that do not meet the
goal under Case B. For the 19 counties having Class | areas not achieving the 0.67 deciview goa
after controls are applied under Case B, the region wide annual average deciview shortfall ranges
from 0.08 to 0.14, meaning that on average these counties achieved from 0.36 to 0.42 (i.e., 72 to
84 percent) of the 0.5 deciview improvement needed to reach the goal. For the 32 counties

6-34



having Class | areas not achieving the 1.0 deciview goal under Case B, the region wide annual
average deciview shortfall ranges from 0.05 to 0.28, meaning that on average these areas achieved
from 0.42 to 0.65 (i.e., 60 to 93 percent) of the 0.7 deciview improvement needed to reach the
goal. For the 21 countiesin Class | areas not achieving the 5%/10 years goal under Case B, the
region wide annual average deciview shortfall ranges from 0.07 to 0.26, while for the 68 areas not
achieving the 10% dv/10 years under Case A, the region wide annual average deciview shortfall
ranges from 0.09 to 0.63.

As mentioned in the preceding paragraph, while there are a number of counties that are
not expected to meet the illustrative progress goals, many of these counties experience a
substantial degree of visibility improvement. Most counties that are not expected to meet the RH
progress goa are within 0.2 deciview of meeting them, indicating that many counties are close to
meet these goals according to thisreport. There are several reasons why these counties are not
predicted to meet these progress goals: 1) biogenic overestimation of VOCs in the west; 2) the
partial attainment of the Ozone and PM, . NAAQS is projected for 2015, not 2018, the date at
which these goals are likely to be met; 3) technological progressis not considered; 4) the effect of
Mexican and Canadian emissions on the control regionsis not considered, and 5) superior
innovative control strategies (e.g., emissions trading) is not in the control measures database.

6.6 Cost Analysis Results

This section presents the annual cost of meeting the illustrative RH progress goals
incremental to the 8-hour Ozone and PM, ; NAAQS baseline for this analysis under the control
Case A (with fugitive dust controls included) and Case B (without fugitive dust controls). Under
the structure of the final RH rule, the States are able to take into account costs for emissions
reductions strategies in light of the degree of visibility improvement to be achieved. Therefore,
high cost-control measures that have only minor effects on visibility can be avoided. For some
Class | areas, there may not exist any cost-effective control measures that can be applied in the
time period covered by thisanalysis. In addition, States have the flexibility to establish other
reasonable goals and emissions management strategies. In these areas the incremental control
costs (and also the benefits) of the fina RH rule may be less than estimated in this RIA. Under
such conditions, the incremental costs of the RH rule may be associated with administrative
activities (e.g., planning, analysis, etc.) and Best Available Retrofit Technology (BART) controls
for some establishments in certain source categories. The corresponding cost is estimated at $72
million (1990$). An explanation of this BART cost estimate is presented later in Section 6.6.3. It
should be noted that for almost all eastern States alower bound of zero for potential control costs
associated with an illustrative progress goa is reasonable since virtualy all Class | area counties
are expected to meet these progress goals in the baseline. In addition, based on the control
strategies selected by the Grand Canyon Visibility Transport Commission (GCVTC), the control
costs may be lower than estimated in thisRIA.

The presentation of incremental cost of the illustrative RH progress goalsin thisRIA is
complicated by the residual nonattainment projected to exist for the analysis of the 8-hour Ozone
and PM, . 15/65 NAAQS which includes a modest version of the Tier |1 program described in
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Chapter 5. An analysis that successfully models full attainment of the 8-hour Ozone and PM,, .
standard should show reduced incremental costs associated with theseillustrative RH progress
goals compared to the estimates in this report in areas where there is significant overlap.

6.6.1 Results for Case A

Table 6-13 shows the total annual control cost of the illustrative RH progress goals
incremental to the 8-hour Ozone and PM,; NAAQS for Case A. The largest fraction of the
incremental control cost is realized in the Rocky Mountain and Northwest regions. This seems
logical since there are relatively few counties projected to be nonattainment for the PM, . and
Ozone NAAQS in the benchmark for these regions. Therefore, less control and accompanying
visibility improvement are achieved in these regions in the baseline anaysis.

Table 6-13
Regional Haze National Control Cost Summary -- Total Annual Cost
for llustrative Regional Haze Progress Goals® under Case AP*
(millions of 1990 dollars)

Control Region Baseline 1.0 dv/15 1.0dv/ 10 5% dv/10 10 % dv/10
Visibility Years Years Years Years
(0.67 (1.0 Deciview
Deciview Goal)
Goal)
Midwest/Northeast 0 0 0 0.3 380
Southeast 0 0.02 30 10 310
South Central 0 450 500 490 980
Rocky Mountain 0 260 620 440 960
Northwest 0 120 300 260 1,150
West 0 240 290 310 600
Nation 0 1,070 1,740 1,510 4,380

A Costs areincremental to partial attainment of the 8-hour Ozone and the PM, 5 15/65 standards. Totals may not agree due to rounding.

b CaeA represents an emissions control case in which additional control measures beyond baseline are applied including fugitive dust

control measures.

¢ These costs may be zero for States since they may choose |ess restrictive progress goals than those analyzed in this report. Thisis
particularly true for Statesin the Midwest/Northeast and Southeast control regions since virtually all Class| area countiesin these
regions can meet most of the RH illustrative progress goals in the baseline for the RH rule.

6.6.2 Results for Case B

Table 6-14 shows the total annual control cost of the illustrative RH progress goals
incremental to the Ozone 8-hour and PM,; NAAQS for Case B. The largest fraction of the
control cost, asin Case A, isredlized in the Rocky Mountain and Northwest regions. Thisis
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particularly true for the 10% dv/10 yearsgoal. This seemslogical since there are relatively few
counties projected to be nonattainment for the PM,; NAAQS in the baseline in these regions.
Therefore, less control and accompanying visibility improvement are achieved in these regionsin
the basdline anaysis.

Table 6-14
Regional Haze National Control Cost Summary -- Total Annual Cost for
llustrative Regional Haze Control Costs®for Case BP
(million 1990 dollars)

Control Region Baseline 1.0dv/ 15 1.0 dv/10 5% dv/ 10 10 % dv/10
Visibility Years Years Years Years
(0.67 (1.0 Deciview
Deciview Goal)

Goal)
Midwest/Northeast 0 0.3 0.3 0.3 310
Southeast 0 0.3 140 140 530
South Central 0 200 230 230 670
Rocky Mountain 0 270 450 330 640
Northwest 0 120 330 330 960
West 0 160 260 200 500
Nation 0 750 1,430 1,240 3,610

A Costsareincremental to partial attainment of the 8-hour Ozone and the PM, 5 15/65 standards. Totals may not agree due to rounding.

b CaeB represents a control case in which additional control measures beyond baseline are applied without fugitive dust control
measures included.

¢ These costs may be zero for States since they may choose less restrictive progress goals than those analyzed in thisreport. Thisis
particularly true for Statesin the Midwest/Northeast and Southeast control regions since virtually all Class| area countiesin these
regions can meet most of the RH illustrative progress goals in the baseline for the RH rule.

The estimated nationwide annual control costs for the two RH alternatives analyzed
previously in the 1997 RIA, the 1.0 deciview improvement and 0.67 deciview improvement goals,
are now roughly half of the total nationwide annual control costs at proposal for Case A, and
slightly more than half the total nationwide annual control costs for Case B. Thisdifferenceis
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largely dueto the inclusion of OC, EC, and fine particle soilsin the RH optimization model. In
particular, the optimization model now considers the contribution to visibility impairment from
elemental carbon (U.S. EPA, 1999a).

While Case B has lower estimated total annual nationwide costs than Case A, it should be
noted that there are more Class | areas that cannot meet the illustrative RH progress goals analyzed
inthisreport. Therefore, quantitative comparison of these two control casesis not warranted due
to differences in the number of Class| areas for the post-control air quality profiles are not similar.
However, the results from applying Cases A and B do reflect the variability in results due to
different assumptions regarding the highly uncertain aspects of the analyses. These differencesin
the results between the two emission control cases underscore the need for better information
regarding emissions inventories, air quality modeling, and control strategy effectiveness.

6.6.3 Estimate of Potential Costs for the BART Element of the Regional Haze
Rule

In consideration of compliance cost, performance of technology, existing pollution control
at the source, and degree of improvement in visibility from further emission reductions, best
available retrofit technology (BART) determinations are separate from yet related to other Clean
Air Act programs. For example, if implementation programs designed to meet the NAAQS
resulted in adoption of best available technology, there would not be a compliance cost impact
from BART for affected establishments in those source categories. Likewise, if participation in
the emission allowance trading program of Title IV of the Clean Air Act resulted in adoption of
best available technology for SO, sources, there would not be a compliance cost impact from
BART. For example, there are expected to be minima compliance costs from controlling SO,
for BART sources in the electric utility source category in the eastern States.

The BART determinations are developed concurrent with reasonable visibility progress
goals and associated emission management strategies. Hence, where one assesses impact is
somewhat uncertain. The assessments in this RIA include baseline control levels (from which
visibility progress is measured in the first long-term strategy period), the incremental effects of
establishing progress goals and emission management strategies independent of the BART
process. To the extent, what would have been BART controls are reflected in the controls
attributable to other Clean Air Act programs and the progress goal and emission strategy elements
of the Regional Haze rule, the incremental control costs of BART are offset. However, there are
incremental costs associated with the BART component of the Regional Haze rule. Thisis
because the States have to do modeling and analysis as part of the BART determination process.
Those costs are reflected in the total estimates for the administrative costs of the rule that are
presented in Chapter 7 of the RIA. The administrative costs are $10 million (1990 dollars) in the
2015 analysisyear. Asexplained in the paragraphs that follow, there may aso be instances where
there are some control costs for the BART component of the rule.

These candidates for BART-associated control costs are establishments that were built
between 1962 and 1977 and that emit more than 250 tons per year of any visibility impairment
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precursor. Hence, they are a subset of the total number of establishmentsin the 26 source
categories identified in Section 169(a) of the Clean Air Act. An estimate of the number of
establishments in these 26 source categories that may incur controls under the 10% dv/10 year
goal ranges from 425 (Case A) to 439 (Case B). These are establishments within these 26 source
categories with pollutant emissions that are projected to impair visibility under the most stringent
illustrative progress goal. The resulting control cost estimate based on the control strategy
model employed in thisRIA is $1.5 billion in 2015 (1990 dollars) for up to the 439 establishments
in those source categories under emission control cases A and B. The estimate of $1.5 billion is
not an estimate of the BART element of the Regional Haze rule.

One reasonable way to assess the control costs associated with BART includes adjusting
these costs based on looking at the difference between the costs for the most and least stringent
illustrative goals (10 % dv/10 year and 1.0 dv/15 year), and making adjustments to account for
the limited applicability of the BART for establishments within those 26 source categories. These
latter adjustments are necessary to account for the age of process units, existing control
technologies, and emissions trading possibilities. This BART cost estimation procedure is as
follows:

1) Adjustment for age of establishment. 25 percent of the establishments are presumed in the
1962 to 1977 age category with other establishments being pre-1962 and post-1977. Hence, the
control costs for the 425 (Case A) to 439 (Case B) establishments for the 10% dv/10 year goal
and 1.0 dv/15 year goa are multiplied by 0.25. Consequently,

10% dv/10 year 1.0 dv/15 year
Case A $434 miillion $57 million
CaseB 487 million 125 million

2) Adjustment for existing controls. If the establishments are controlled for the 1.0 dv/15 year
goal, the State is presumed to not come back to the source for a second time. The number of
total establishments in these source categories under the 10% dv/10 year goal is again 425 for
Case A and 439 for Case B. The number of establishments under 1.0 dv/15 year are 190 and 242,
respectively. The associated adjustment factors would be 56 percent (235/425) for Case A and
45 percent (197/439) for Case B. Hence, the cost estimates would be reduced further.
Consequently,

Case A $211 million
CaeB 163 million

3) Adjustment for emissions trading. Trading programs are likely to be used to further lower
control costs for these large BART establishments. This would lower estimated control costs to
33 percent of the figures arrived at after imposing adjustment 2. This third adjustment is based on
the experience of the EPA regarding the estimated costs for the SO, emission reduction allowance
program prior to the Clean Air Act Amendments (CAAA) of 1990 compared to the realized cost
of the program. The estimated cost savings of atrading program was $2 billion before the
passage of the CAAA (i.e., $6 billion with command and control compared to $4 billion with
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trading). The realized cost of the program, however, was $2 billion ($6 billion with command and
control compared to the cost savings resulting from adoption of atrading program of $4 billion).
Consequently, drawing on this experience, the command and control costs for BART should be
decreased by 67 percent. Thisfinal adjustment would result in the following cost for BART
SOUrces:

Cae A $70 million
CaeB 54 million

The total cost estimate must also include administrative costs. The average control cost estimate
in 2015 is $62 million in 1990 dollars (($70 million + 54 million)/2). However, the BART cost
estimate must aso include administrative costs in 2015 of $10 million (1990 dollars) estimated in
Chapter 7. Therefore, under these conditions, the estimated cost of the BART element of the
Regional Haze ruleis $72 million in 2015 (1990 dollars).

6.7  Analytical Limitations, Uncertainties, and Potential Biases

Because a quantitative uncertainty bound cannot be assigned to every input, the total
uncertainty in the emission reduction, air quality, and cost outputs cannot be estimated.
Nonetheless, the individual uncertainties can be characterized qualitatively.

Air quality projectionsto 2015 embody several component uncertainties, such as
uncertainties in emission data, emission growth rates, baseline air quality data, and air quality
modeling. These uncertainties are addressed in Chapter 4. The application of control measures
and their associated costs are affected by the propensity of either the emissions projection
methodology or the air quality prediction methodology to overstate or understate initial
noncompliance in specific Class | aress.

Asnoted in Section 6.3, the optimization model annual cost inputs are in the form of
average incremental cost per ton reduced. Even if these cost-per-ton estimates are adjusted to
account for source size differences (asis done for some point source controls), these adjustments
do not account for other important cost-determining variables, such as source status (new versus
retrofit), annual operating hours, equipment, materials of construction, and unit prices for utilities,
materials, and labor.

The least-cost optimization model also introduces a measure of uncertainty. For instance,
when calculating the cost per average deciview reduced, the model does not count any emission
reductions that are in excess of those needed to meet a specified visibility goal. Thisassumption
could cause the cost per average deciview—and, in turn, the final control costs—to be overstated
or understated, depending upon whether control of the precursor was beneficial.

Because a quantitative uncertainty cannot be assigned to every input, the total uncertainty

in the emission reduction, air quality, and cost outputs cannot be estimated. Nonetheless, the
individual uncertainties can be characterized qualitatively.
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Chapter 7 ESTIMATED ADMINISTRATIVE BURDEN AND COSTS
ASSOCIATED WITH THE FINAL REGIONAL HAZE RULE

7.1 Introduction

This chapter summarizes the information contained in the Environmental Protection
Agency’s (EPA) Information Collection Request (ICR) (EPA #1813.02). Under the Paperwork
Reduction Act, the EPA is required to assess the burden hours and dollar cost for governments to
adminster the Regional Haze (RH) rule as well as the periodic reporting and recording keeping
necessary to maintain the rule once it has been approved.

An ICR must be renewed every 3 years and cannot extend more than 3 yearsinto the
future without resubmittal for renewal. For the time period mid-1999 to mid-2002 covered by the
RH ICR, data items are primarily limited to those of section 309(d)(4) of the Clean Air Act for
nine western States. Those States and associated Tribes have created the Western Regional Air
Partnership to foster coordination in addressing visibility issues. Those States are ahead of others
in the nation in the RH goal establishment and emission strategy development process.

For the other States and Tribes, more of the administrative burden hour and cost burdens
will accrue during the first long-term planning and strategy period (e.g., ~2004 to 2018).
However, imposition of such burdens cannot be approved, even in part, until future review cycles
and subsequent ICR submittals

Asexplained in Section 7.3, relative to control strategy costs, the estimated administrative
burden hour and other costs are small.

7.2 Administrative Burden Hour and Cost Estimates for the First Information
Collection Request (ICR) Period (1999 to 2002)

Nine western States are ahead of most other parts of the country in terms of their
planning, analysis, and emission management strategy assessment. That fact is reflected in the
ICR submittal to the Office of Management and Budget (OMB).*

! The Regiona Haze control strategy analysis abstracted from the substantial progress
made by the western States in their cooperative venture to address visibility impairment.)



Asnoted in Section 7.1, the ICR is developed and approved in compliance with the
Paperwork Reduction Act. Such requests are approved for a 3-year period and are submitted to
OMB with updates and approval requests for future years. Consequently, the EPA does not have
an ICR pertinent to 2015, a year near the end of the first long-term strategy period.

Because the ICR which has been prepared for submittal to OMB reflects just the early
years of rule implementation, it understates the administrative costs associated with the RH rule
during the first long-term strategy period. Inthefirst ICR request period (1999 to 2002), most of
the burden hour and cost estimates are related to the activities of nine western States who are
further along in the rule implementation process. During that period, it is anticipated the other
States will have some costs, these will be related to activities such as familiarizing themselves with
the general nature, milestones, and framework of the rule.

According to the ICR submitted with the final RH rule, the first 3 yearswill result in an
estimated total |abor burden on the States of from 22,200 to 37,025 hours. The corresponding
estimates for the federal government are 1,890 to 3,983 hours. The estimated cost for the States
and associated federal government activitiesis $0.8 to $1.4 million annually. These estimates are
in 1990 dollars.

7.3 Bounding of Estimated Administrative Costs for the 2015 Analytical Year

It should be recognized that there is a sequencing regarding the administrative and control
cost outlays. Planning, monitoring, analysis, goal establishment, and emission strategy
development for the first long-term planning and strategy period come before design,
construction, installation, and operation of control measures. But, regardiess of that timing
difference, there may be an upper bound that one could place on the administrative costs to put
them in context relative to the costs associated with control measures and strategies.

The administrative costs are expected to be less than ten times the estimates in the current
ICR submittal toward the end of the first long-term strategy period. However, if they are ten
times as high as those in the ICR submittal, they would range from $8 million to $11.4 million
annudly. Thisisclearly an upper bound estimate, since so many Class | areas can meet avariety
of progress goalsin the first long-term strategy period without additional control measures mean
less planning and administrative activities on the part of the governmental sector. However, were
such costs to be incurred, those administrative costs would represent between 0.2 percent and 1.5
percent of estimated control strategy costs. This range reflects the range of control strategy costs
resulting from consideration of different control strategy cases and illustrative progress goals. See
Chapter 6, Tables 6-13 and 6-14.
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Chapter 8. ECONOMIC IMPACT ANALYSIS (EIA)

8.1 Results in Brief

This chapter is not intended to present a full macroeconomic analysis of the impact of the
regional haze (RH) illustrative progress goals on the U.S. economy asawhole. Rather, itis
intended to portray potential impacts on various industries resulting from the application of
control scenarios as part of the illustrative analyses conducted in support of the final RH rule.
Given the overall size of the U.S. economy and the estimated benefits and costs associated with
this new rule, it is reasonable to expect the impact on the economy as a whole will be minor in the
first long-term strategy period. This conclusion is especially true in the case of this rulemaking
since the State has the flexibility to set the RH goal instead of meeting an Environmental
Protection Agency (EPA) mandated goal.

Results from analyses summarized in this chapter suggest the potential for a variety of
economic impacts resulting from the application of the hypothetical control scenarios to attain the
illustrative RH progress goals. The potential impacts associated with meeting these illustrative
gods by the year 2015 are fairly broad but not deep. While alarge number of industries may be
potentially affected, few establishments are expected to incur any costs. Thisistrue for these
progress goals regardless of how fugitive dust controls are treated in the analyses. Which specific
industries or which establishments within these industries will actualy be affected depends on the
control strategy choices of the State and local level and therefore is difficult to predict with
assurances of complete accuracy.

It should be noted that the incremental economic impact from any implementation of RH
progress goas will vary depending on the visibility goals submitted and approved as part of State
plans. If the goals are adjusted through that process to paralel the implementation programs for
the Ozone and particulate matter (PM) standards, the economic impacts for meeting the adjusted
goalsin those areas will be borne by the Ozone and PM programs. To the extent this occurs,
incremental control costs may be less than estimated in this RIA. However, there may be some
instances in which there are incremental costs and economic impacts associated with the Best
Available Retrofit Technology (BART) element of the RH rule. Thisis because the States have
to conduct modeling and analysis as part of the BART determination process. Those costs are
reflected in the total estimates for the administrative costs of the rule that are presented in Chapter
7 of the RIA, and in the estimates of costs of the BART element of the RH rule in Chapter 6. In
this analysis, economic impacts are estimated assuming no variation in any of the illustrative
progress goals for every mandatory Class | Federal area under either emissions control Case A or
B.
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In addition, based on the emissions management strategies selected by the Grand Canyon
Visihility Transport Commission (GCVTC) as part of their partnership to promote visibility
progress, the economic impacts may be lower than estimated in thisRIA.

A very small proportion of establishments are potentially affected in 2015" for most of the
standard industrial classification (SIC) codes affected under these illustrative RH progress goals
even for results reflecting the upper end of the cost range. For Case A, the emissions control case
with fugitive dust controls included, the estimated proportion of establishments potentially
affected ranges from 0.3 percent to 1.3 percent for those establishments having control costs of
0.01 percent of sales or greater. Also, lessthan 0.1 percent of potentially affected establishments
in al SIC codes are expected to have control costs of 1 percent of sales or greater. For Case B,
the emissions control case without fugitive dust controls, the estimated proportion of
establishments potentially affected ranges from 0.5 percent to 1.8 percent for those establishments
having control costs of 0.01 percent of sales or greater. In addition, less than 0.1 percent of
potentialy affected establishmentsin all SIC codes are expected to have control costs of 1 percent
of sales or greater.

A characterization of small entity impacts predicts some potential for negative impacts on
small firms and establishments in a number of industries. However, these impacts will likely be
mitigated by cost pass-through to consumers, flexible implementation strategies when designed by
the States, and new control technologies.

It should be noted here, asin earlier chapters of this regulatory impact analysis (RIA), that
the results associated with emissions control Cases A and B represent two different control case
scenarios that yield different post-control air quality profiles. Since the post-control air quality
results are different, Case B is not a perfect substitute control strategy for Case A.

1 2018 isthe end of the period for the first long-term strategy. The term “long-term strategy” refers to the set of
emission reduction measures the State includesin its SIP in order to meet the reasonable progress goal it has set. 2015
isthe nominal “snapshot” year that reflects the partial attainment control cases for the Ozone and PM, . NAAQS
included in the baseling, and is near the end of the period for the first long-term strategy.
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8.2 Introduction

This chapter summarizes results of the EIA associated with partial compliance nationwide
of theillustrative RH progress goals assessed in thisRIA. Thelevel of compliance nationwide
with these progress goals, which is nearly complete in the Eastern U.S. but is not in the western
U.S,, is presented in Chapter 6. The chapter provides information regarding the potential
economic impacts associated with the hypothetical control strategy cost estimates'. Economic
impacts on affected industries and source categories, consumers, and others are assessed.

The different analyses summarized in this chapter include:

Screening Analysis. This consists of an annual control cost calculated as a percent of sales
for establishments in each industry or source category, as classified by 4-digit SIC code.

Governmenta Entities Analysis. This consists of an annua control cost calculated as a
percent of revenues for government-owned establishments.

Small Entity Impacts Analysis. Potential impacts on these entities are characterized using
available economic and financial data.

The characterization of small entity impacts in this chapter does not represent a regulatory
flexibility analysis (RFA) as defined by the Regulatory Flexibility Act as amended by the Small
Business Regulatory Enforcement Fairness Act of 1996 (SBREFA). No RH progress goal
assessed in this RIA imposes requirements applicable to small entities. Refer to Chapter 2 for
more details on why an RFA is not required for this rulemaking.

The economic impact estimates presented in this chapter are associated with partial
compliance with each of these RH progress goals, the results of which are presented in Chapter 6.
Estimates associated with full compliance are not computed in this analysis since these estimates
are too speculative as input to economic impact estimation, and would not reflect estimates for
selected control measures and potentially affected industries.

This analysis builds upon the EIA included within the July 1997 RIA for the promulgated
PM and Ozone standards and the proposed RH target program (henceforth referred as the “ 1997
RIA™). The major change is that the screening analyses were conducted at the 4-digit SIC code
level rather than the 3-digit SIC code level as donein the 1997 RIA. Economic impact analyses
for the proposed RH target program aternatives could not be completed in time for inclusion in
the 1997 RIA.

! see Chapter 3 for adescription of the regulatory aternatives examined and Chapter 6 for the control strategy
cost results.
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8.3 Summary of Affected Industries

The purpose of the profile of affected industriesis to summarize various market
characteristics of economic sectors potentially affected by revisions to the RH progress goals.
An industry profile provides information on economic sectors that may be valuable to the States
for examining the impact of implementing RH progress goals. Thisinformation is background
materia for the screening and governmental entities analyses.

8.3.1 Industry Profile - Economic and Financial Data

Economic data used in estimating the potential economic impacts of implementing control
measures associated with the illustrative RH progress goals follow the categorization established
by the SIC Manual 1987 (U.S. Office of Management and Budget, 1987). The data are reported
by 4-digit SIC code, and include: the number of firms and establishments, employment, and sales
revenue. The six mgjor sectors are:

1 Manufacturing;
I Agriculture, Mining, and Construction;
1 Transportation, Communications, and Utilities,

! Wholesale and Retail Trade and Real Etate;

! Services; and

! Public Administration.

Additiona information on the profile of affected industriesisin section 1.0 of Appendix H of the

1997 RIA, and in the Industry Profile for Review of the NAAQS for PM, (U.S. Environmental
Protection Agency, 1996a).
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8.4 Screening Analysis - Methodology and Results

8.4.1 Introduction

Given the large number of 4-digit SIC codes potentialy affected, it is not feasible to
develop a detailed economic profile and EIA for each industry potentially affected by one or more
control measures employed in the cost analyses. It is possible, however, to conduct a screening
analysis which calculates an annual average cost as a percent of sales for each affected SIC code.
The purpose of a screening analysisis to provide some signals of potential economic impacts, to
show where a more refined or detailed economic analysis may be warranted, and to eliminate the
need for a more extensive analysis of certain SIC codes, particularly in cases where the
incremental cost impact islikely to be negligible. It does not, however, reflect any assumptions
about specific impacts on a given establishment or type of establishment within an SIC code.

Perhaps the most comprehensive source of sales or revenue datais the 1992 Bureau of the
Census Economic Census Report Series (U.S. Department of Commerce, 1997). This
publication provides company, establishment, employment, and sales totals by employment size
category (e.g., 101-200 employees) down to a4-digit SIC code level. Because the Enterprise
Statistics data are not available for all potentially affected SIC codes (e.g., agricultural industries),
this source was supplemented by other related Census publications (U.S. Department of
Commerce, 1990).

Throughout this chapter, the term establishment is defined as a single physical location at
which business is conducted or where services or industrial operations are performed. It is not
necessarily identical to afirm, which may consist of one establishment or more. A firm is defined
as abusiness consisting of one or more domestic establishments that the reporting firm specified
under its ownership or control during the reporting year. Employment is defined as al employees
(full-time and part-time) as reported on al establishment payrolls. The sales data reported in this
chapter are on an establishment, rather than afirm level for two main reasons. (1) the cost input
data are provided on an establishment basis, and (2) establishment-level revenue data are available
for more SIC codes than firm-level revenue data.

8.4.2 Methodology
An annual cost as a percent of sales screening analysisis conducted to identify those
industries or source categories potentially experiencing economic impacts as a result of

compliance with the illustrative RH progress goals. Results of the screening analysis provide
information regarding the potentia severity of impacts on establishments in affected SIC codes.
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This calculation, specifically, provides an indication of the magnitude of a price change
that would have to occur in order for each industry to fully recover its annual control costsin the
year 2015. Taken down to the establishment level, the resulting estimate represents the average
price increase necessary for affected establishments in the industry to recover the increased cost of
environmental controls. If aprice change in affected markets resulting from implementation of
the standards is greater than the cost to sales percentage for affected establishments with below
average control costs, then those affected establishments will receive revenue in excess of the
annual cost of control.

This calculation uses the upper bound of the control costs as inputs. As mentioned in
Section 6.1, the results of this calculation may be zero since the States have the flexibility to set
RH progress goals rather than meeting an EPA-mandated goal. Therefore, the results shown in
this chapter reflect the upper bound of cost impacts.

In order to conduct the screening analysis, it is necessary to:

Use the cost estimates for control of all visibility precursor emissions associated with the
control strategies used in the cost analysis to calculate annual average costs per source
category or industry on a SIC code basis;

Divide the annual average costs by the number of affected establishmentsin the SIC code
to provide an annual average cost per affected establishment for each affected SIC code;

Divide the average annual cost per establishment by the average sales or revenue per
affected establishment in potentially affected industries for each affected SIC code;

The result is the average annual cost as a percent of sales for each affected SIC code. This result
is estimated at the establishment level for affected establishments in each SIC code.

The number of establishments are estimated differently depending on the type of emission
source. For point sources, the number of affected establishments represents the number of
unique plants affected by each control measure. For area and mobile sources, U.S. EPA data are
obtained on the number of affected establishments by county and SIC code by projecting from
State-level datareported in County Business Patterns (U.S. Department of Commerce, 1991b),
since it is not possible to calculate the number of unique establishments affected by each area and
mobile source control measure. Generally, the number of establishmentsin counties reported in
County Business Patterns that are affected by control measures is used to estimate the number of
affected establishments.

National sales data are available by 4-digit SIC code from the Bureau of the Census
Enterprise Statistics and related publications (U.S. Department of Commerce, 1992). Because of
the broad scope of the illustrative progress goals examined in this RIA, average national sales are
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used. For each potentially affected SIC code, an estimate of national average sales per
establishment is prepared and used as the denominator for each average annual cost-to-sales
percentage calculated. The annual cost-to-sales percentage estimates reflect the cumulative
(total) annual control costs associated with one or more control measures imposed on an industry
Oor source category.

8.4.3 Results
The economic impact results are presented for each emissions control case.
Case A

Table 8-1 presents a summary of the number of industries with potential impacts
associated with RH progress goals analyzed at different annual cost as a percent sales thresholds
of at least 0.01, 0.1, 1, 3, and 5 percent (U.S. Environmenta Protection Agency, 1999b). Under
Case A, the four RH illustrative progress goals have the potential to affect some establishmentsin
industries classified in 859 to 896 4-digit SIC codes. This range represents 85 to 89 percent of
1,005 4-digit SIC codes in the 1987 SIC Manual. The number of industries with some
establishments potentially affected under these upper bound costs covers a range much lower than
that, however. The range of industries with establishments potentially affected is from 49 to 132
4-digit SIC codes with annual costs of 3 percent of sales or greater, and industriesin 23 to 63 4-
digit SIC codes with some potentially affected establishments may have annual costs of 5 percent
of sales or greater. It isimportant to note that a potential impact on a single establishment is
sufficient to result in an industry being considered as potentially affected.
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Table 8-1

Summary of Number of 4-digit SICs Having Some Establishments with Potential Economic Impacts
for Illustrative Regional Haze Progress Goals® in the Year 2015°¢, for Case A®

(Expressed as Average Annual Costs as a Percent of Sales;

Control Costs and Sales Are in 1990%)

RH Progress Goal

Number of 4-digit

4-digit SIC codes

4-digit SIC codes

4-digit SIC codes

4-digit SIC codes

4-digit SIC codes

SIC codes affected - affected - affected - affected - affected -
Potentially 0.01 Percent or 0.10 Percent or 1 Percent or 3 Percent or 5 Percent
Affected greater greater greater greater or greater
1.0 deciview/15 859 185 85 49 30 23
year
1.0 deciview/10 870 232 100 59 39 28
year
5% deciview/10 869 214 100 56 32 24
year
10% deciview/10 896 327 210 132 87 63
year

a Representsthe 4 regional haze progress goals that are being analyzed in thisRIA.
b The proportion of establishmentsthat are potentially affected ranges from 2.1 to 6.9 percent as a percentage of establishments nationwide in 2015 across the four RH progress goals anayzed. The number of
establishments nationwide is 15,599,647 (U.S. Department of Commerce, 1997).
¢ It isimportant to note that a potential impact on a single establishment is sufficient to result in aindustry classified in a4-digit SIC code being included as being potentially affected.

4 These results reflect visi bility improvements achieved with application of fugitive dust controls along with other controls, applied as part of aleast-cost optimization procedure described in

Chapter 6.
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It should be noted that a very small proportion of establishments are potentially affected
for most of the SIC codes affected under these RH illustrative progress goals. As shown in
Table 8-2, the proportion of establishments potentially affected by these progress goals under
Case A ranges from 2.1 to 6.9 percent nationwide across the progress goals. However, these
proportions fall to 0.3 to 1.3 percent nationwide across the progress goals for industries
potentially having annual costs of 0.01 percent of sales or greater, and from 0.02 to 0.04 percent
nationwide across these illustrative progress goals for industries potentially having annual costs of
1 percent of sales or greater.

Table 8-2
Summary of Percentage of Establishments Nationwide with Potential Economic Impacts
for Illustrative Regional Haze Progress Goals® in the Year 2015, for Case A°

RH Progress Goal

Percentage of
Establishments
Nationwide with

Potential
Economic Impacts

Percentage of
Establishments
Nationwide with

Potential Control
Costs of
0.01 Percent or
greater of Sales

Percentage of
Establishments
Nationwide with
Control Costs of

1 Percent or
greater of Sales

1.0 deciview/15 2.1 0.3 0.02
year
1.0 deciview/10 2.9 0.4 0.02
year
5% deciview/10 2.8 0.4 0.02
year
10% deciview/10 6.9 1.3 0.04
year

A Represents the 4 regional haze progress goals that are being anayzed in this RIA.
® These results reflect visibility improvements achieved with application of fugitive dust controls along with other contrals,
applied as part of aleast-cost optimization procedure described in Chapter 6.

The screening analysis indicates that many industries in 4-digit SIC codes may be impacted
by implementation of these illustrative progress goals, but many of the SIC codes affected may
experience annual cost as a percent of sales below 1 percent and have fewer than 1 percent of
their establishments potentially affected. Thisisfor the most part due to the complementarity
between the control strategies likely to be employed in implementation of the illustrative RH
progress goals and the control strategies likely to be employed in implementation of the Ozone
and PM, . National Ambient Air Quality Standards (NAAQS). Asshown in Chapter 6, virtually
no establishments in the Midwest/Northeast and Southeast control regions (i.e., virtualy every
State east of the Mississippi River) are expected to incur costs for the period of the first long-term
strategy because the anticipated NAAQS implementation programs (in the baseline for these
illustrative goals) result in sufficient visibility improvement to achieve progress objectives. The
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small percentage of establishments expected to incur costs also results from the fact that not all
establishments' emissions have a measurable impact on visibility at Class | areas and that not all
establishments offer opportunities for cost-effective air quality improvements. Based only on
these estimates, and given that most establishments in these SIC codes are not potentially
affected, impacts from implementation of these RH illustrative progress goals may not be
substantial.

Case B

Table 8-3 presents a summary of the number of industries with potential impacts
associated with RH progress goal analyzed at different annual cost as a percent sales thresholds of
at least 0.01, 0.1, 1, 3, and 5 percent (U.S. Environmental Protection Agency, 1999b). Under
Case B, the 4 RH illustrative progress goals have the potential to affect some establishmentsin
industries classified in 861 to 897 4-digit SIC codes. This range represents 86 to 89 percent of
1,005 4-digit SIC codesin the 1987 SIC Manual. The number of industries with some
establishments potentially affected under these upper bound costs covers a range much lower than
that, however. However, the number of industries with some establishments potentially affected
ranges from 27 to 80 4-digit SIC codes with annual costs of 3 percent of sales or greater, and
industriesin 21 to 60 4-digit SIC codes in which some affected establishments may have annual
costs of 5 percent of sales or greater.
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Table 8-3

Summary of the Number of 4 digit SIC Codes with Potential Economic Impacts
for Illustrative Regional Haze Progress Goals in the Year 2015°¢, for Case B®

(Expressed as Average Annual Costs as a Percent of Sales;

Control Costs and Sales Are in 1990%)

RH Progress Goal | Total No. of 4 digit | 4 digit SIC codes 4 digit SIC codes 4 digit SIC codes 4 digit SIC codes 4 digit SIC codes
SIC Codes affected - affected - affected - affected - affected -
Potentially 0.01 Percent or 0.10 Percent or 1 Percent or 3 Percent or 5 Percent

Affected greater greater greater greater or greater

1.0 deciview/15 861 195 68 40 27 21

year

1.0 deciview/10 882 249 123 58 35 26

year

5% deciview/10 871 252 128 58 35 22

year

10% deciview/10 897 330 203 125 80 60

year

a Representsthe 4 regional haze progress goals that are being analyzed in thisRIA.
b The proportion of establishments that are potentialy affected ranges from 2.7 to 8.1 percent as a percentage of establishments nationwide across the four RH progress goas analyzed. The number of
establishments nationwide is 15,599,647 (U.S. Department of Commerce, 1997).

¢ Itisimportant to note that a potential impact on asingle establishment is sufficient to result in aindustry classified in a4-digit SIC code being included as being potentially affected.

9 These results reflect visibil ity improvements achieved without application of fugitive dust controls along with other controls, applied as part of aleast-cost optimization procedure described in Chapter 6.

It should be noted that a very small proportion of establishments are potentially affected for most of the SIC codes affected
under these RH illustrative progress goals. As shown in Table 8-4, the proportion of establishments potentially affected by these

progress goals under Case A ranges from 2.7 to 8.1 percent nationwide across the progress goals. However, these proportions fall to
0.3 to 1.3 percent nationwide across the progress goals for industries potentially having annual costs of 0.01 percent of sales or greater,
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and from 0.02 to 0.04 percent nationwide across these illustrative progress goals for industries
potentialy having annual costs of 1 percent of sales or greater.

Table 8-4
Summary of Percentage of Establishments Nationwide with Potential Economic Impacts
for Illustrative Regional Haze Progress Goals® in the Year 2015, for Case BP

RH Progress Goal

Percentage of
Establishments
Nationwide with

Potential

Percentage of
Establishments
Nationwide with

Potential Control

Percentage of
Establishments
Nationwide with
Control Costs of

1 Percent or
greater of Sales

Costs of
0.01 Percent or
greater of Sales

Economic Impacts

1.0 deciview/15 2.7 0.5 0.02
year
1.0 deciview/10 4.6 0.9 0.02
year
5% deciview/10 3.8 0.7 0.02
year
10% deciview/10 8.1 1.8 0.04
year

A Represents the 4 regional haze progress goals that are being anayzed in this RIA.
P These results reflect visi bility improvements achieved without application of fugitive dust controls along with other
controls, applied as part of aleast-cost optimization procedure described in Chapter 6.

The screening analysis indicates that many industries in 4-digit SIC codes may be impacted
by implementation of these illustrative progress goals, but many of the SIC codes affected may
experience annual cost as a percent of sales below 1 percent and have fewer than 1 percent of
their establishments potentially affected. Thisisfor the most part due to the complementarity
between the control strategies likely to be employed in implementation of the illustrative RH
progress goals and the control strategies likely to be employed in implementation of the Ozone
and PM,. NAAQS. Asshown in Chapter 6, virtualy no establishments in the Midwest/Northeast
and Southeast control regions (i.e., virtualy every State east of the Mississippi River) are
expected to incur costs during the first progress period because the anticipated NAAQS
implementation programs (in the baseline for these illustrative goals) result in sufficient visibility
improvement to achieve progress objectives. The small percentage of establishments expected to
incur costs aso results from the fact that not all establishments’ emissions have a measurable
impact on visibility at Class | areas and that not all establishments offer opportunities for cost-
effective air quality improvements.
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Asin Case A, the screening anaysis indicates that many industries in 4-digit SIC codes
may be impacted by implementation of these illustrative progress goals, but many of the SIC
codes affected may experience annual cost as a percent of sales below 1 percent and have fewer
than 1 percent of their establishments potentially affected. Based only on these estimates, and
given that most establishments in these SIC codes are not potentially affected, impacts from
implementation of these RH illustrative progress goals under this control case may not be
substantial.

A general comparison of the results under each control case shows that a greater
percentage of establishments are potentially affected for each RH progress goal in Case B
compared to Case A at an impact of 0.01 percent or higher, but the number of establishments
potentially affected is roughly equal at an impact of 1.0 percent or higher. The reason for the
greater number of establishments being affected under Case B is that a greater number of
stationary sources are now affected. In addition, more industriesin 4-digit SIC codes are
expected to be affected under Case B compared to Case A. The reason for this occurring is that
with fewer control possibilities for area sourcesin Case B compared to Case A, thereis a greater
concentration on controls for other source types such as stationary and mobile. Therefore, more
industries with stationary source emissions may be expected to impose controls to meet these
illustrative progress goas in place of government entities (i.e., State and county government
agencies) and agricultural entities who are controlled under Case A. Controls are expected to be
placed on more stationary sources in industries such as electric utilities, cement manufacturing,
and pulp and paper mills. Also, greater application of control strategies such as control of
residential wood combustion (wood stove) emissions and on-highway heavy-duty diesel vehicle
emission control may occur if fugitive dust controls are not part of a suite of control strategies for
improving visibility, particularly in the affected regions. It should be noted that the residential
wood combustion program in the control measure database does not consider such practices as
switching to gas logs, thus leading to overestimates of the impacts estimated by this model from
applying this control strategy. More of these limitations and uncertainties of this analysisis
discussed later in this chapter and in Chapters 5 and 6. Thus, there is some potential for creating
or exacerbating problems in some industry sectors as aresult of aleviating adverse impactsin
some other industry sectors by removing certain burdensome control strategies from
consideration.

8.4.4 Limitations, Uncertainties, and Potential Biases
There are a number of limitations and uncertainties associated with these screening

analyses that may lead to potential biases in the results. Table 8-5 presents these limitations and
uncertainties.

Table 8-5
Limitations and Uncertainties of the Screening Analyses
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Limitation/Uncertainty

Potential Bias on Screening Analysis Results

The analysis was conducted at the establishment level

rather than the firm level because control costs are Unknown
not available at the firm level.
The results given in this chapter represent the highest Overestimate

annual cost as a percent of sales estimated for each
SIC code.

The costs of areaand mobile source control measures
are not summed with the costs for point source
control measures for a given establishment.

Underestimated for industriesin SIC codes potentially
affected by area and mobile source control measures

Inaccuracies with assignment of 4 digit SIC codes for
point source establishments for which an SIC code
was lacking or inaccurate.

Unknown

For some area and mobile source control measures,

difficult to identify the SIC codes that incur control
costs because area and mobile source inventories
report emissions at county/source category level.

Unknown; total costs allocated to SIC codes identified as
potentially affected may be over- or underestimated

Exact number of establishments is unknown because
thereis no direct relationship between the county-
level cost estimates and the number of establishments
reported for SIC codes.

Overestimate, since actual number of affected
establishmentsislikely overstated. Thisisaresult of the
procedure of identifying affected establishments as part of

the procedure all ocating costs to individual establishments.

County-level establishment data only available at the
2 and 3-digit SIC code level. 4-digit SIC code
establishment counts by county estimated by
multiplying 2- and 3-digit SIC code county data by
State-level 4-digit SIC code establishment
proportions

Unknown; approach adds uncertainty to cost alocation
methodology, but the direction of biasis not known

For the dust control plan measure for construction
activities (pertains to Case A only), the number of
acres of construction work by SIC code and county is
the best indicator for economic analysis. This
information was not available; number of
establishments reported by SIC code and county used
instead.

Unknown

The available data for allocating on-highway HDDV
retrofit control measure costs to SIC codes do not
distinguish between gasoline and diesel vehicles.

Unknown; analysis results will be inaccurate to the extent
that heavy-duty diesel trucks are used by different industries
than heavy-duty gasoline trucks

Costs for some area source control measures could
not be allocated to SIC codes because establishment
counts were not available for the SIC codes affected
by the measure. In these cases, costs were allocated

to potentialy affected SIC codes using the sum of

establishment counts for al of the counties within the
State.

Unknown; costs may be overestimated for some SIC codes
and underestimated for others
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Lack of methodologies for allocating costs of various Underestimate
mobile source control measures to private/nonprofit
entities.

For NO control measures applied to area source fuel Unknown
combustion categories, average cost per
establishment is the same for each SIC code since
information was not available to identify specific
costs for individual industries.

For area and mobile source measures, county-level Underestimate
costs are divided by the number of establishments
reported for the county for the potentially affected

SIC codes. The average cost per establishment isan
underestimate if the number of potentialy affected
establishmentsis less than the total number of
establishments reported for the SIC codes.

Use of national sales and establishment data to Unknown; if high costs areincident on large entities, then
calculate average sales per establishment by SIC the use of average sales per establishment data leads to
code. overestimated impacts

8.5 Environmental Protection Activities

Even though an industry may bear a regulatory burden, the economic impact may be offset
if other industries use its product in pollution control activities. For example, the potentia direct
economic impact associated with implementation of these illustrative RH progress goals on the
electric utility industry is likely to be negative. However, electricity is required to operate
pollution control equipment used in other industries, and the electric utility industry will receive
revenues from additional operation of pollution control equipment associated with the
implementation of these illustrative progress goals. Another example is that of the construction
industry sector which may experience negative economic impacts from compliance with these RH
progress goals. However, the results of the environmental protection (EP) industry model
prepared for the 1997 RIA show that the services of the construction industry sector may bein
strong demand due to the capital expenditures required in other industries serviced by the
construction sector as aresult of implementation strategies associated with compliance with these
progress goals. Also, an additional source of revenue for the construction industry sector is from
increased pollution control spending by governmental agencies associated with implementation of
these illustrative progress goals. As a consequence, the net economic impact to the construction
industry sector could be positive. Similar comparisons can be made for other industries that these
progress goals may potentially affect.

It isimportant to characterize the relationship of the analysis described above to the other

analyses presented in this RIA. The revenues that are projected by this analysis reflect the fact
that each purchase for pollution control has a buyer and seller. While adollar spent by the
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purchaser of acontrol device or serviceisacost, it is also revenue for the seller. This should not
be confused with social cost which entersinto a benefit-cost analysis. It is another element of the
distributional analysis which focusses on the impacts of the costs incurred in meeting regulatory
requirements. Revenue gain to the seller should not be confused with profit. Inthelong runina
competitive market, revenues for the good or service being sold will be offset by the costs of
producing the good or service.

8.6 Small Entity Impacts

8.6.1 Introduction

As explained in the preamble to the final rulemaking and in Chapter 2 of thisRIA, these
RH progress goals are illustrative and will not impose any regulatory requirements on small
entities. Any such requirements would arise from subsequent State regulatory actions. Asa
result, EPA is not required to conduct a regulatory flexibility analysis under the RFA, as amended
by the Small Business Regulatory Enforcement Fairness Act (RFA/SBREFA). Nonetheless, EPA
has conducted a more limited analysis of the potential impact on small entities of possible State
strategies for implementing any of these illustrative progress goals in order to provide relevant
information to the States as they prepare implementation strategies. The results of thisanalysis
are presented below. It should be noted that the results presented below reflect the upper bound
of control costs as shown in Chapter 6.

8.6.2 Methodology for Characterization of Potential Impacts

Small entity impacts are characterized as follows (U.S. Environmental Protection Agency,
1997¢):

(1) Once the annual cost-to-sales percentages are computed in the screening analysis described
above in section 8.3, the results of this analysis are shown in Appendix D. This data, which
includes estimates of the percentage of establishments potentially affected, and average annua
costs as a percent of sales for potentially affected industries classified by 4-digit SIC codes are
presented for each RH progress goal under both emissions control cases.

(2) Strategiesto mitigate potentially small entity impacts are then presented. Many of these have
been implemented in various areas in the U.S.
8.6.3 Results

Appendix D contains data on the industries classified by 4-digit SIC codes that provide
some indication of the proportion of establishments in an affected industry that potentially may be
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impacted, and the likelihood of significant small business impactsin affected industries. This
information may be of value to the States as they develop implementation strategies to meet these
illustrative RH progress goals.

These data show that less than 0.05 percent of establishments nationwide are potentially
expected to have annual costs of 1 percent of sales or greater for each illustrative progress godl
under Case A, and thisis aso true for Case B. The affected establishments are, in some
instances, found in industries classified by 4-digit SIC codes dominated by small businesses.
However, the small proportion of establishments affected in ailmost all potentially affected
industries and the low estimates of cost as a percent of sales found in most affected industries
indicates little possibility for potentially significant adverse economic impacts to small businesses
from these illustrative progress goals nationwide under either Case A or B.

8.6.4 Limitations, Uncertainties, and Potential Biases

The limitations, uncertainties, and potential biases of the small entity characterization
include many of those mentioned in Table 8-3 in the screening analysis section. In addition:

1 It is not possible to differentiate costs for small establishments from large establishments
for those establishments affected by area and mobile source control measures. Therefore,
this small entity impact characterization assumes the same percentage magnitude of direct
impact from area and mobile source control measures on affected smaller firmsin an
industry as affected larger firms.

A small establishment is not necessarily asmall entity. Small entities may own more than
one establishment, large or small. Therefore, the conclusions drawn from a screening
analysis conducted for small entities will not necessarily be the same as those drawn from
a screening analysis conducted for small establishments.

8.6.5 Mitigation of Potential Small Entity Impacts

Control measures employed in the cost analyses provide estimates of average incremental
costs, not marginal costs. Except in the case of some point source control measures, these
average costs do not take into account differences in production capacity (or scale effects). So
the same cost of control is applied to each affected entity in a source category, regardless of its
Size or other important factors. Many sources in the emission inventory may qualify as small
entities under the SBA size standards, though this information is not available in the emissions
inventory used for thisanalysis. It is possible that States may require sources to apply traditional
pollution control technology or retrofit existing traditional pollution control technology. Since
add-on controls can be capital intensive, the capital recovery or the fixed component of the annual
cost may be a high percentage of the total annual pollution control cost. Small entities, al other
factors being equal, generaly have less capital available for purchase of add-on pollution control
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technology than large entities. In addition, the control cost per unit of production for small
entities will likely be higher than for large entities due to economies of scale. Thus, control
measures requiring the use of add-on control technology may cause small entities affected by
State rules to experience disproportionate economic impacts compared to large entities if no
strategies to mitigate potential small entity impacts are available for implementation by States.

The analysis of the potential economic impacts of the selected control measures indicates
that some small entities may be adversely impacted by implementation associated with meeting
these illustrative RH progress goals. Actual impacts will depend on which strategies States decide
to use to achieve needed reductions in emissions. However, potential impacts can be lessened and
sometimes avoided through the use of flexible implementation strategies. Consequently, EPA is
encouraging States to exercise regulatory flexibility for small entities when developing strategies
to comply with any RH progress goals the States choose to adopt.

While some States may need to turn to small businesses for emission reductions, small
businesses will likely be among the last sources States will choose to control. States may consider
controls on small businesses only if such businesses are asignificant part of aClass| area's
visibility problem and meeting a progress goal cannot be reached through application of all
available cost-effective measures to major sources. To the extent States consider controlling
small businesses, EPA believes there are many ways States can mitigate the potential adverse
impacts those businesses might experience. For example, States could choose to exempt or apply
less stringent requirements to small businesses. Examples of such exemptions can be seen in
existing EPA air-toxic standards for the printing, hazardous waste, and pharmaceutical industries.
In these rules, EPA exempted small facilities or facilities with relatively low air emissions, or
reduced the recordkeeping and monitoring burdens for affected facilities. States could also
extend the effective date for control requirements for small businesses to 2015 or later.
Reductions needed earlier before the effective date would be obtained from other sources. In
addition, applying the most cost-effective control technologies first would tend to exclude small
sources which often are not very cost-effective to control. States could also choose to apply
control requirements to other businesses before requiring them for small businesses.

The EPA and States also will continue to provide as appropriate compliance assistance to
small businesses through compliance assistance centers and issuance of compliance guidelines
designed specificaly for small businesses.

Some small businesses are likely to benefit from implementation strategies associated with
meeting these illustrative RH progress goals. Many suppliers of air pollution control technologies
which control ozone and fine particulate precursor emissions are small businesses who will likely
benefit from implementation of the progress goals.

Small businesses also may benefit from these implementation strategies if the increase in

their product prices resulting from costs associated with implementation strategies exceed the
increase in their costs per unit of production.
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8.7 Governmental Entities Analysis - Methodology and Results

8.7.1 Introduction

This governmental entities assessment, along with the administrative costs assessment in
Chapter 7, is not an unfunded mandates analysis meant to comply with the 1995 Unfunded
Mandates Reform Act (UMRA) requirements (see Chapter 2), since these illustrative RH progress
goals do not impose requirements upon governmental entities. This section provides an
illustration of the potential impacts of the control measures used in the cost analysis on affected
government entities.

8.7.2 Methodology

The governmental entities analysis consists of a screening analysis much like that for
potentially affected private and nonprofit sector establishments. The calculation is conducted to
identify States and counties that may potentially experience impacts as aresult of compliance with
theillustrative RH progress goals. Results of this analysis provide information regarding the
potential severity of impacts on government entities.

Annual control costs (1990%) projected to 2015 are estimated for affected counties and
States and then divided by projected revenues for those counties and States in 2015. Theresult is
the annual cost as a percent of revenue for each potentially affected county or State. These
results are estimated for annual control costs of 1 percent or greater, and 3 percent or greater.

8.7.3 Results

Federal establishments potentially affected by the control measures modeled in this
analysisinclude military installations, sources in federally managed permit programs on Tribal
lands and on the Outer Continental Shelf (OCS), Federal prisons, regional electric power
organizations (e.g., the Tennessee Valley Authority (TVA)), and other federally owned or leased
buildings and compounds. Federal buildings and compounds generally do not produce the type of
emissions which would fall under the scope of the selected standards. As described in Chapter 4,
electrical power sources are included in the baseline for the control cost analysis, including some
governmental facilities. Few federal prisons may be potentially affected by these illustrative RH
progress goals. The number of Tribal and OCS potentially affected are also small. Thus, most of
the federa sources potentially affected are military installations.

Non-federal sources or establishments include industrial point source, mobile source, and

area source emissions. A number of State-owned establishments are identified in the hypothetical
control strategy analysis. These sources are incorporated in the non-federal source category
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under the assumption they would require similar technical services from contractors as would a
privately owned source of pollution.

Control measures identified as affecting federal, State, and county-owned establishments
include point, area, and mobile source measures. A list of these control measuresisin Appendix
E for those measures selected under Case A and Case B. There is some potential for area and
mobile source control measures to impact county governments and other governmental entities.
The actual number of governmental entities affected by area and mobile source measuresis
unknown, since area and mobile sources are not identified by individual source in the emissions
inventories.

The results of the government entities analysis are presented for each illustrative RH
progress goal and by emissions control case.

Case A

The results for Case A are shown in Table 8-6. The results for Case A show that while
many States and counties, particularly in the West, may potentially incur control costs associated
with meeting a particular RH illustrative goal, relatively few States and counties are likely to
experience a substantial cost impact. *

! The analysesin the final RIA abstracts from the ongoing successful partnership, goals establishment,

and emission management strategies process undertaken by the western States that participated in the GCVTC.
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for Illustrative Regional Haze Progress Goals® in the Year 2015, for Case A°

Table 8-6
Summary of the Potential Impacts to Government Entities

(Expressed as Average Annual Costs as a Percent of Revenues;

Control Costs and Revenues Are in 19903)

RH Progress Number of | Number of | Number of Number of
Goals Affected Affected Counties with Counties with
States Counties Control Costs Control Costs

Greater Than 1 Greater Than 3
Percent of Percent of
Revenue (Based Revenue (Based
on County on County
Revenues Only)° | Revenues Only)°

1.0 deciview/15 16 341 134 55

year

1.0 deciview/10 18 422 168 101

year

5% deciview/10 16 380 145 75

year

10% 27 876 224 146

deciview/10

year

*Represents the 4 regional haze progress goals that are being analyzed in thisRIA.

"These results reflect visibility improvements achieved with application of fugitive dust controls along with other
controls, applied as part of aleast-cost optimization procedure described in Chapter 6.

“These results are based on county revenues being applied to cover the expense associated with potential control
measures, and does not assume State funding is available to counties to cover these expenses.

Results comparing control costs for affected States to total States' revenues under
emissions control Case A in the Potential Annual Cost-to-Revenue Percentage Impacts of
Regional Haze Alternatives on Government Entities (EPA, 1999c) show that the States that have
the potential for being most significantly affected for these illustrative RH progress goals are in
the west. In addition, there are minimal impacts to States and counties east of the Mississippi
River. Further detail concerning these impacts is contained in thisreport. These results are
consistent with the results in Chapter 6 showing that virtually all Class | area counties east of the
Mississippi River are in compliance with these illustrative progress goals in the baseline.

Case B

Table 8-7 presents the estimates of potential impacts to government entities under Case B.
Again, asunder Case A, while many States and counties, particularly in the west, may potentially
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for Illustrative Regional Haze Progress Goals® in the Year 2015, for Case BP

Table 8-7
Summary of the Potential Impacts to government Entities

incur control costs associated with meeting a particular RH illustrative goal, relatively few States
and counties are likely to experience a substantial cost impact.

(Expressed as Average Annual Costs as a Percent of Revenues;

Control Costs and Revenues Are in 19903)

RH Progress Number of | Number of | Number of Number of
Goals Affected Affected Counties with Counties with
States Counties Control Costs Control Costs

Greater Than 1 Greater Than 3
Percent of Percent of
Revenue (Based Revenue (Based
on County on County
Revenues Only) Revenues Only)

1.0 deciview/15 14 343 117 38

year

1.0 deciview/10 19 631 152 85

year

5% deciview/10 19 572 141 72

year

10% 29 1,129 253 106

deciview/10

year

*Represents the 4 regional haze progress goals that are being analyzed in thisRIA.
*These results reflect visibility improvements achieved without application of fugitive dust controls applied as part
of aleast-cost optimization procedure described in Chapter 6.

Results comparing control costs for affected Statesto total States' revenues under
emissions control Case A in the Potential Annual Cost-to-Revenue Percentage Impacts of
Regional Haze Alternatives on Government Entities (EPA, 1999c) show that the States that have
the potential for being most significantly affected for these illustrative RH progress goals arein
the West. In addition, there are minimal impacts to States and counties east of the Mississippi
River. Further detail concerning these impacts is contained in the report mentioned above. These
results are consistent with the results for Case B in Chapter 6 showing that virtually all Class|
area counties east of the Mississippi River are in compliance with these illustrative progress goas
in the baseline.

! The analysesin thisfina RIA abstracts from the ongoing successful partnership, goals establishment,
and emission management strategies process undertaken by the western States that participated in the GCVTC.
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A qualitative comparison of the potential impacts between Case A and Case B shows that
more States and counties are affected in Case B compared to Case A. Results from the control
strategy analysis also show that more counties may choose to apply additional control to their
point and mobile sources, and to provide programs for voluntary reduction in residential wood
combustion emissions. Selection of mobile source controls (in particular, the on-highway heavy-
duty diesdl retrofit program) and programs for voluntary reduction of residential wood
combustion emissions occurs in alarger number of counties and States in Case B compared to
Case A. It should be noted, however, that direct comparison of results from the two emissions
control cases must take into the account their differences in post-control air quality. Results for
the two emissions control cases represent findings of potential impacts for different post-control
air quality profiles and, as such, direct quantitative comparison is not warranted.

8.7.4 Limitations, Uncertainties, and Potential Biases

The limitations, uncertainties, and potential biases of the governmental entities assessment
include many of the limitations mentioned in Table 8-5 in the screening analysis section. In
addition:

1 It isdifficult to determine the type of government body that provides most of the funding
to cover the expense incurred by a county or State associated with implementing many of
these control strategies. This makesit difficult to determine in many cases the government
body that will experience the potential impact from implementing these control strategies.

8.8  Plausibility Checks

The need for plausibility checksto validate the credibility of these resultsisimportant to
assure the potentially affected States that these analyses provide a useful picture of potential
economic impacts associated with these illustrative progress goals. Review of the data and
assumptions for these screening analyses showed that the data used are the best available for
input, and the assumptions on how cost allocations are derived for the private and nonprofit
establishments are reasonable.  Examination of the plausibility of the results from the
governmental entities analysis, however, showed that the fugitive dust controls may impose
potentially significant impacts upon a number of western States. After review of these results, the
assumptions behind the analysis were revised. Thisreview, aong with other factors relating to
uncertainties in the baseline inventory data, led the EPA to provide analyses including those for
the screening for a control case in which no fugitive dust controls are applied.

8.9 References
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CHAPTER 9.
POTENTIAL HEALTH AND WELFARE BENEFITS OF REGIONAL HAZE
REDUCTIONS

9.1 Results in Brief

Monetary benefits are calculated for the four illustrative Regional Haze (RH) visibility
goals under two emission control cases. Incremental benefits (in 1990%$) from progress towards
improved visibility goals for the emission control case (Case A) including fugitive dust controls
are expected to range from $0 (if all regions choose to set agoal equal to the progress attainable
from implementation of the particulate matter (PM) and Ozone National Ambient Air Quality
Standards (NAAQS) or if the visibility goal isfully achieved by all regions after implementation of
the PM and Ozone NAAQS) to $18.7 hillion. For the individua goals, the estimated benefits if
all areas adopt the same goal are $3.0 to $7.0 hillion for the 1.0 dv/10 years goal, $2.2 to $5.5
billion for the 1.0 dv/15 years goal, $5.1 to $18.6 hillion for the 10% dv/10 years goal, and $2.7
to $6.7 billion for the 5% dv/10 years godl. Visibility benefits account for between 12 and 52
percent of total benefits, depending on the visibility goal and the health effects threshold level
assumed. The range of benefits for an individual region may differ from the range for the nation as
awhole. If aregion completely achieves or surpasses a visibility goa through implementation of
the PM or Ozone NAAQS, then the incremental benefits from the RH rule will be zero.

Incremental benefits (in 1990%) from progress towards improved visibility goals for the
emissions control case (Case B) excluding fugitive dust controls are expected to range from $0
(for the same reasons as above) to $19.4 billion. For the individual goals, the estimated benefits if
all areas adopt the same goal are $2.1 to $9.7 hillion for the 1.0 dv/10 years goal, $1.2 to $4.3
billion for the 1.0 dv/15 years goal, $3.5 to $19.4 hillion for the 10% dv/10 years goal, and $2.0
to $9.4 billion for the 5% dv/10 years goal. Visibility benefits account for between 8 and 58
percent of total benefits, depending on the visibility goal and the health effects threshold level
assumed.

This benefits analysis does not quantify all potential benefits or disbenefits. The magnitude
of the unquantified benefits associated with omitted categories, such as damage to ecosystems or
damage to industrial equipment and national monuments, is not known. However, to the extent
that unquantified benefits exceed unquantified disbenefits, the estimated benefits presented above
will be an underestimate of actual benefits. The methods for estimating monetized benefits for the
RH rule and a more detailed analysis of the results are presented below.



9.2 Introduction

The changes in emissions and associated changes in light extinction and ambient PM
concentrations described in Chapter 4 will result in changes in the physical damages associated
with elevated ambient concentrations of these pollutants. The damages include changes in both
human health and welfare effects categories.

This chapter presents the methods used to estimate the physical and monetary benefits of
the modeled emissions changes from implementing illustrative goals for visibility improvements at
Federa Class| areas, including national parks and wilderness areas. In addition, the estimates of
the avoided physical damages (e.g., incidence reductions), and the results of the benefits analysis
for arange of alternative goals are presented. Results are presented for the four potential
visibility goals described in Chapter 3. Results are presented twice, once for each emission
control case described in Chapter 3. Benefits are calculated for the nation as a whole, assuming
that a particular goal is adopted across the nation. Additional estimates of the benefits of
regionally determined visibility goals are summarized in this chapter and analyzed further in
Chapter 10, Benefit-Cost Comparisons.

The remainder of this chapter islaid out asfollows. Section 9.3 provides an overview of
the benefits methodology. Section 9.4 discusses methods for estimating the monetary benefits
associated with changesin visibility. Section 9.5 discusses methods for estimating avoided
incidences and monetary benefits for PM-related health and welfare effects. Section 9.6 provides
estimates of vigbility and ancillary health and welfare benefits associated with aternative vishility
goas using emission control Case A. Section 9.7 provides estimates of visibility and ancillary
health and welfare benefits associated with alternative visibility goals using emission control Case
B. Section 9.8 summarizestotal benefits for the four illustrative goals and the two emission
control cases. Section 9.9 provides a set of plausibility checks of the benefits estimates. Findly,
Section 9.10 discusses potential benefit categories that are not quantified due to data and/or
methodological limitations, and provides alist of analytical uncertainties, limitations, and biases.

9.3 Overview of Benefits Estimation

Most of the specific methods and information used in this benefit analysis are smilar to
those used in the 8812 Retrospective of the Benefits and Costs of the Clean Air Act and
forthcoming 8812 Prospective Environmenta Protection Agency (EPA) Reports to Congress,
which were reviewed by EPA’s Science Advisory Board (EPA, 1997b), as well as building on the
approach used by EPA in the PM and Ozone NAAQS RIA (EPA, 1997a) and in the NOx SIP call
and Proposed Tier 2 RIAs (EPA, 1998a and EPA, 1999a), which received extensive review by
other Federal agencies.



Prior to describing the details of the approach for the benefits analysis, it is useful to
provide an overview of the approach. The overview isintended to help the reader better identify
the role of each issue described later in this chapter.

The genera term “benefits’ refers to any and all outcomes of the regulation that are
considered positive, that is, that contribute to an enhanced level of social welfare. The
economist’s meaning of “benefits’ refers to the dollar value associated with all the expected
positive impacts of the regulation, that is, all regulatory outcomes that lead to higher social
welfare. If the benefits are associated with market goods and services, the monetary value of the
benefits is approximated by the sum of the predicted changesin “consumer (and producer)
surplus.” These “surplus’ measures are standard and widely accepted measures in the field of
applied welfare economics, and reflect the degree of well being enjoyed by people given different
levels of goods and prices. If the benefits are non-market benefits (such as the risk reductions
associated with environmental quality improvements), however, other methods of measuring
benefits must be used. In contrast to market goods, non-market goods such as environmental
quality improvements are public goods, whose benefits are shared by many people. The total
value of such agood is the sum of the dollar amounts that all those who benefit are willing to pay.

In addition to benefits, regulatory actions may also lead to potential disbenefits, i.e.,
outcomes that have a negative impact on social welfare. In genera these disbenefits will be
incidental to the stated goals of the regulation, otherwise (in an efficient regulatory environment)
the regulation would not have been promulgated. Some benefits will also be incidenta to the
stated goals of the regulation. For example, the goa of the RH rule is improved visibility,
however, improvements in visibility will also result in reduced PM related health effects. In order
to fully quantify the benefits and costs of aregulatory action, both the benefits and disbenefits
should be calculated, so that net benefits (equal to benefits minus disbenefits minus costs) will not
be biased upwards. In many cases, however, disbenefits are difficult to quantify, asit is often
unclear where and how disbenefits will occur. Benefits may also be difficult to quantify, since
many benefits are not measurable using market based measures. The EPA’s approach isto
present as complete a set of quantified and monetized estimates of benefits and disbenefits as
possible, given the current state of science at the time of the analysis.

This conceptual economic foundation raises several relevant issues and potential
limitations for the benefits analysis of the regulation. First, the standard economic approach to
estimating environmental benefits is anthropocentric -- al benefits values arise from how
environmental changes are perceived and valued by people in present-day values. Thus, al near-
term as well as temporally distant future physical outcomes associated with reduced pollutant
loadings need to be predicted and then trandlated into the framework of present-day human
activities and concerns. Second, as noted below, it is not possible to quantify or to value all of the
benefits or disbenefits resulting from environmental quality improvements.



Conducting a benefits analysis for anticipated changesin air emissionsis a chalenging
exercise. Assessing the benefits of aregulatory action requires a chain of events to be specified
and understood. Asshown in Figure 9-1, illustrating the causality for air quality related benefits,
the estimation of benefits requires information about: (1) institutional relationships and policy-
making; (2) the technical feasibility of pollution abatement; (3) the physical-chemical properties of
air pollutants and their consequent linkages to biological or ecological responsesin the
environment, and (4) human responses and values associated with these changes.

The first two steps of Figure 9-1 reflect t