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LOUISVILLE GAS AND ELECTRIC COMPANY
Response to Commission Staff’s First Information Request Dated July 12, 2011
Case No. 2011-00162
Question No. 53

Witness: John N. Voyles, Jr.

Refer to LG&E Application, paragraph 13. A statement is made that “Building these
Particulate Matter Control Systems is the most cost-effective means of complying with
the HAPs Rule.” Is this an industry-wide position or specific to the LG&E fleet?

a. If this is an industry position, provide the study/work papers which support this
statement.

b. If LG&E specific, provide a summary of the support for this position.

The Companies’ position is both an LG&E/KU position and an industry position. As
discussed in Exhibit JNV-2, Pulse Jet Fabric Filters (PJFF) in combination with
Powdered Activated Carbon (PAC) Injection systems are an effective way to meet
particulate control regulations but also allows for compliance with the pending HAPs rule
based on the coal specifications that the LG&E boilers are designed to utilize. To
determine how cost-effective a particular compliance strategy will be first requires
determining the appropriate technologies and then to assessing the constructability issues
along with any balance-of-plant impacts associated with implementing those
technologies. As Black and Veatch have engineering expertise in the suite of available
technologies and familiarity with our unit design, they were selected to conduct studies
throughout our fleet. Their recommendations to the Companies were based on which
technologies would comply with EPA regulations and would be most cost effective based
on their industry experiences as well as the results of their assessment of our fleet. Please
reference the Black and Veatch reports for additional information.

The EPA’s analyses on the Utility MACT regulation’s impact on coal-fired generation
states an expected 166 GW of coal fired units throughout the U.S. will be retrofitted with
fabric filter technology. Please see the attached excerpt from the EPA’s report titled
“Regulatory Impact Analysis of the Proposed Toxics Rule” dated March 2011 that
includes projection materials regarding the installation of PJFF technology throughout the
industry. The full report is included on the CD in the folder titled Question 53.






March 2011

Regulatory Impact Analysis of the
Proposed Toxics Rule:

Final Report
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Chapter 1
EXECUTIVE SUMMARY

This Regulatory Impact Analysis (RIA) presents the health and welfare benefits, costs,
and other impacts of the proposed Toxics Rule (the Utility MACT and NSPS proposals) in 2016.

1.1 Key Findings

This proposed rule will reduce emissions of Hazardous Air Pollutants (HAP) including
mercury from the electric power industry. As a co-benefit, the emissions of certain PM; 5
precursors such as SO, will also decline. EPA estimates that this proposed rule will yield annual
monetized benefits (in 2007%$) of between $59 to $140 billion using a 3% discount rate and $53
and $130 billion using a 7% discount rate. The great majority of the estimates are attributable to
co-benefits from reductions in PM; s-related mortality. The annual social costs are $10.9 billion
(20079%) and the annual quantified net benefits are $48 to $130 billion using 3% discount rate or
$42 to $120 billion using a 7% discount rate. The benefits outweigh costs by between 5to 1 or
13 to 1 depending on the benefit estimate and discount rate used. The co-benefits are
substantially attributable to the 6,800 to 17,000 fewer PM; s-related premature mortalities. There
are some costs and important benefits that EPA could not monetize, such as those for the HAP
being reduced by this proposed rule other than mercury. Upon considering these limitations and
uncertainties, it remains clear that the benefits of the proposed Toxics Rule are substantial and
far outweigh the costs. The annualized private compliance costs to the power industry in 2015
are $10.9 billion (2007$). Employment impacts associated with the proposed rule are estimated
to be small. Effective policies to support end-use energy efficiency investments can reduce
compliance costs and lessen impacts on electric rates and bills. In 2015, annualized private
compliance costs to the industry are reduced by $0.3 billion (20078$) under an illustrative energy

efficiency scenario.'

The benefits and costs in 2016 of the proposed rule are in Table 1-1.

! This is based on the illustrative energy efficiency sensitivity analysis discussed in Section 8.13 and Appendix D.
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Table 1-1. Summary of EPA’s Estimates of Benefits, Costs, and Net Benefits of the
Proposed Toxics Rule in 2016" (billions of 20078$)

Description E.stimate E'stimate
(3% Discount Rate) (7% Discount Rate)
Social costs $10.9 $10.9
Social benefits* $59 to $140 + B $53 to $130 + B
Net benefits (benefits-costs) $48 to $130 $42 10 $120

All estimates are rounded to two significant digits and represent annualized benefits and costs anticipated for the
year 2016, For notational purposes, unquantified benefits are indicated with a “B” to represent the sum of
additional monetary benefits and disbenefits. Data limitations prevented us from quantifying these endpoints, and
as such, these benefits are inherently more uncertain than those benefits that we were able to quantify. A listing of
health and welfare effects is provided in Table 1-5. Estimates here are subject to uncertainties discussed further in
the body of the document.

The reduction in premature mortalities account for over 90% of total monetized benefits. Valuation assumes
discounting over the SAB-recommended 20-year segmented lag structure described in Chapter 6. Results reflect
3 percent and 7 percent discount rates consistent with EPA and OMB guidelines for preparing economic analyses
(U.S. EPA, 2000; OMB, 2003).

Social costs are estimated using the MultiMarket model, the model employed by EPA in this RIA to estimate
economic impacts of the proposal to industries outside the electric power sector. This model does not estimate
indirect impacts associated with a regulation such as this one. Details on the social cost estimates can be found in
Chapter 9 and Appendix E of this RIA.

Potential benefit categories that have not been quantified and monetized are listed in Table 1-5.

1.1.1 Health Benefits

The proposed Toxics Rule is expected to yield significant health benefits by reducing
emissions not only of HAP such as mercury, but also significant co-benefits due to reductions in
direct fine particles and in two key contributors to fine particle formation. Sulfur dioxide
contributes to the formation of fine particle pollution (PM; s), and nitrogen oxide contributes to
the formation of PM; s.

Our analyses suggest this rule would yield benefits in 2016 of $59 to $140 billion (based
on a 3 percent discount rate) and $53 to $130 billion (based on a 7 percent discount rate). This
estimate reflects the economic value of a range of avoided health outcomes, including 510 fewer
mercury-related IQ points lost as well as a variety of avoided PM; s-related impacts, including
6,800 to 17,000 premature deaths, 11,000 nonfatal heart attacks, 5,300 hospitalizations for
respiratory and cardiovascular diseases, 850,000 lost work days and 5.1 million days when adults
restrict normal activities because of respiratory symptoms exacerbated by PM; s. This rule is also
likely to produce significant ozone-related benefits, which we were unable to quantify in the RIA
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due to the limitations of the scaling approach used to estimate benefits; further details may be
found in the benefits chapter.

We also estimate substantial additional health improvements for children from reductions
in upper and lower respiratory illnesses, acute bronchitis, and asthma attacks. See Table 1-2 for
a list of the annual reduction in health effects expected in 2016 and Table 1-3 for the estimated

value of those reductions.

We also include in our monetized benefits estimates the effect from the reduction in CO;
emissions that is an outcome of this proposal. We calculate the benefits associated with these
emission reductions using the social cost of carbon (SCC) approach, an approach that has been
used to estimate such benefits in several recent rulemakings (e.g., proposed Transport Rule, final
industrial boilers major and source area sources rules).

1.1.2  Welfare Benefits

The term welfare benefits covers both environmental and societal benefits of reducing
pollution, such as reductions in damage to ecosystems, improved visibility and improvements in
recreational and commercial fishing, agricultural yields, and forest productivity.
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Table 1-2. Estimated Reduction in Incidence of Adverse Health Effects in 2016 for the
Proposed Toxics Rule™®

(ages 18-65)

(4,000,000—5,900,000)

(94,000—140,000)

Health Effect Eastern U.S. Western U.S. Total
Mercury-Related endpoints
IQ Points Lost 510.8
PM-Related endpoints
Premature death
6,700 120 6,800
? 2
Pope ct al. (2002) (age >30) (1,900—12,000) (33—200) (1,900—12,000)
Laden et al. (2006) (age 17,000 300 17,000
>25) ~(7,900—26,000) (140—470) (8,100—27,000)
- . 29 1 30
fnfent (< lye) G N = = N (33—92)
Chronic bronchitis 4,400 97 4,500
) (150—8,600) (3—190) (150—8,800)
Non-fatal heart attacks (age > 11,000 190 11,000
18) (2,700—18,000) (48—330) (2,700—19,000)
:‘;;‘;”;?é:‘ymnwsmns* 1,600 24 1,700
(allages) | (00200 0 Get2000
Hospital admissions— 3,500 50 3,600
cardiovascular (age > 18) (2,500—4,200) (35—61) (2,500—4,200)
S;Li%iency room visits for 6,900 59 6,900
(age<18) A I A e 0
Acute bronchitis 10,000 250 11,000
(age 8-12) (-2,300—23,000) (-57—560) (-2,400—23,000)
Lower respiratory symptoms 120,000 3,000 130,000
(age 7-14) (47,000—200,000) (1,100—4,800) (48,000—200,000)
Upper respiratory symptoms 93,000 2,300 95,000
(asthmatics age 9-18) (17,000—170,000) (420—4,100) (18,000—170,000)
Asthma exacerbation 110,000 2,700 120,000
(asthmatics 6-18) (4,000—380,000) (96—9,300) (4,100-—390,000)
Lost work days 830,000 20,000 850,000
W(ﬂ;tg_?s‘ 18—65) - o (7]0,000—960,000) o (17,000—22,000) (720,000—980,000)
Minor restricted-activity days 5,000,000 110,000 5,100,000

(4,100,000—06,000,000)

* Estimates rounded to two significant figures; column values will not sum to total value.

® The negative estimates for certain endpoints are the result of the weak statistical power of the study used to
calculate these health impacts and do not suggest that increases in air pollution exposure result in decreased

health impacts.
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Table 1-3. Estimated Monetary Value of Reductions in Incidence of Health and Welfare
for the Proposed Toxics Rule (in billions of 2007$)™"*

Health Effect Eastern U.S. Western U.S. Total

Avoided IQ Loss Associated with Methylmercury Exposure from Self-Caught Fish
. Consumption among Recreational Anglers

3% dlscoum rate $0.004 - $0. 006

7% dlscoum 1ate

Adult premature death (Pope et al 2002 PM mmtallty estlmate)

$0 OOOOOS $0. 000009

. $53 $0.9 $54
o .
% d isoountrate PMas ($4.2—$160) ($0.1—$2.8) ($4.3—8160)
. $48 $0.8 $48
0, "
7% discount rate PM 5 ($3.8—$140) ($0. 1—$2.5) ($3.8—8150)
Adult premature death (Laden et al. 2006 PM mortality estimate)
. $140 $2.4 $140
[¢) .
3% discountrate PMas ($12—$390) ($0.2—86.9) ($12—8400)
. $120 $2.2 $120
0, .
7% discount rate PM, ($11—$350) (50.2—$6.3) (511—$360)
Fanmt mremmatiie , $0.3 $0.3
Infant premature death PM. s (5-03—§1) <$0.01 6o oo
T $2.1 $0.05 $2.1
 Chronic Bronchitis PM: s (50.1—$9.6) (<50.01—$0.2) (50.1—$9.8)
Non-fatal heart attacks
$1.2 $0.02 $1.2
0,
3% discountrate PM; 5 ($0.2—52.9) (<$0.01—$0.05) _ ($0.2—82.9)
$1.1 $0.02 $1.2
0,

_ Thdiscount rate PM ($0.2—52.8) (<$0.01—$0.03)  ($0.2—$2.9)
Hospital admissions— _ $0.02
_respiratory - PM:s <30.01 <so0.0l ($0. 01—%$0.03)
Hospital admissions— _ _ $0.1
_cardiovascular - PM: 5 <$0.01 <30.01 ($0.05—50.14)
“Emergency room visits for PM, s <$0.01 <$0.01 <$0.01
_asthma R
_Acute blonchltls ) PM, s <$0.01 <$0.01 <$0.01
Lowe1 1espua101y symptoms . PMa s <$0.01 <$0.01 <$0.01

B 1 'lat01 symptoms PM, ;s <$0.01 <$0.01 <$0.01
_ Asthma exacerbation PM- <$0.01 <$0.01 <$0.01

$0.1 $0.1

i Lost work days ) - PM, s ($0.1—$0.1) <$0.01 ($0.1—$0.1)

$0.3 $0.3
Minor restricted-activity da}fs PM, s (50.2—$0.5) <$0.01 (50.2—8$0.5)
“Social cost of carbon (3%
_discount rate, 2016 value) co: 0
(continued)
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Table 1-3. Estimated Monetary Value of Reductions in Incidence of Health and Welfare
for the Proposed Toxics Rule (in billions of 2007$)™"¢ (continued)

Health Effect Eastern U.S. Western U.S. Total

Monetized total Benefits

(Pope et al. 2002 PM, s mortality estimate)

. $57 $1 $59
0, byt
3% discount rate ($4.6—$170) ($0.1—$3.1) ($4.6—$180)
7% discount rate $52 $0.9 $53
: ($4.1—$160) ($0.1—$2.8) ($4.2—$160)
(Laden et al. 2006 PM, s mortality estimate)
. $140 $2.5 $140
0, "
3% discount rate ($12--$410) ($0.2—87.2) ($12—$410)
. $130 2.2 $130
0, -
7% discount rate ($11—$370) ($0.2—8$6.6) ($11—$370)

* Estimates rounded to two significant figures. The negative estimates for certain endpoints are the result of the
weak statistical power of the study used to calculate these health impacts and do not suggest that increases in
air pollution exposure result in decreased health impacts. Confidence intervals reflect random sampling error
and not the additional uncertainty associated with benefits scaling described above.

' The national scale assessment conducted for the RIA focuses on the exposures to methylmercury in
populations who consume self-caught freshwater fish (recreational fishers and their families, especially
women of child-bearing age). Benefits reflect estimated avoided I1Q loss for children, as projected based on
fertility rates applied to the women of child-bearing age, among all recreational freshwater anglers in the 48
contiguous U.S. states.

2As noted in chapter 5, monetized benefits estimates are for an immediate change in MeHg levels in fish (i.e.,
the potential lag period associated with fully realizing fish tissue MeHg levels was not reflected in benefits
modeling). If a lag in the response of MeHg levels in fish were assumed, the monetized benefits could be
significantly lower, depending on the length of the lag and the discount rate used. As noted in the discussion
of the Mercury Maps modeling, the relationship between deposition and fish tissue MeHg is proportional in
equilibrium, but the MMaps approach does not provide any information on the time lag of response.

*Monetized benefits estimates reported here are for the implementation year: 2016. As such, certain health
endpoints that take years to manifest, such as avoided 1Q loss from MeHg prenatal exposure, may not be fully
quantified in the analysis year.

Figure 1-1 summarizes an array of PM; s-related monetized benefits estimates based on
alternative epidemiology and expert-derived PM-mortality estimate.

Figure 1-2 summarizes the estimated net benefits for the proposed rule by displaying all
possible combinations of PM and ozone-related monetized benefits and costs. Each of the 14
bars in each graph represents a separate point estimate of net benefits under a certain
combination of cost and benefit estimation methods. Because it is not a distribution, it is not
possible to infer the likelihood of any single net benefit estimate.
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Figure 1-1. Estimated Monetized Value of Estimated PM, s- Related Premature Mortalities
Avoided According to Epidemiology or Expert-derived Derived PM Mortality Risk
Estimate”
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A Column total equals sum of PM,; s-related mortality and morbidity benefits.



Figure 1-2. Net Benefits of the Toxics Rule According to PM, s Epidemiology or Expert-
derived Mortality Risk Estimate®
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A Column total equals sum of PM, s-related mortality and morbidity.

1.2 Not All Benefits Quantified

EPA was unable to quantify or monetize all of the health and environmental benefits
associated with the proposed Toxics Rule. EPA believes these unquantified benefits are
substantial, including the overall value associated with HAP reductions, value of increased
agricultural crop and commercial forest yields, visibility improvements, and reductions in
nitrogen and acid deposition and the resulting changes in ecosystem functions. Table 1-4
provides a list of these benefits.
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Table 1-4. Human Health and Welfare Effects of Pollutants Affected by the Toxics Rule

Pollutant/ Effect

Quantified and monetized in base estimate

Unguantified

PM: health”

PM: welfare

Ozone: health

Ozone: welfare

Premature mortality based on cohort study
estimates® and expert elicitation
estimates

Hospital admissions: respiratory and

cardiovascular

Emergency room visits for asthma

Nonfatal heart attacks (myocardial
infarctions)

Lower and upper respiratory illness

Minor restricted activity days

Work loss days

Asthma exacerbations (among asthmatic
populations

Respiratory symptoms (among asthmatic
populations)

Infant mortality

1-9

Low birth weight, pre-term birth and other
reproductive outcomes

Pulmonary function

Chronic respiratory diseases other than
chronic bronchitis

Non-asthma respiratory emergency room
visits

UVb exposure (+/-)°

Visibility in Class I areas in SE, SW, and CA
regions

Household soiling

Visibility in residential areas

Visibility in non-class I areas and class 1 areas
in NW, NE, and Central regions

UVb exposure (+/-)°

Global climate impacts®

Premature mortality based on short-term study
estimates

Hospital admissions: respiratory

Emergency room visits for asthma

Minor restricted activity days

School loss days

Chronic respiratory damage

Premature aging of the lungs

Non-asthma respiratory emergency room
visits

UVb exposure (+/-)°

" Decreased outdoor worker productivity

Yields for:

--Commercial forests

--Fruits and vegetables, and

--Other commercial and noncommercial crops

Damage to urban ornamental plants

Recreational demand from damaged forest
aesthetics

Ecosystem functions

UVb exposure (+/-)°

Climate impacts




Pollutant/ Effect Quantified and monetized in base estimate Unquantified

Respiratory hospital admissions
Respiratory emergency department visits
Asthma exacerbation

Acute respiratory symptoms

Premature mortality

Pulmonary function

NO;: health

Commercial fishing and forestry from acidic
deposition effects
Commercial fishing, agriculture and forestry
from nutrient deposition effects
Recreation in terrestrial and estuarine
NOy: welfare ecosystems from nutrient deposition
effects
Other ecosystem services and existence values
for currently healthy ecosystems
Coastal eutrophication from nitrogen
e deposition effects

Respiratory hospital admissions
Asthma emergency room visits
Asthma exacerbation
Acute respiratory symptoms
Premature mortality

_ Pulmonary function

SO;: health

Commercial fishing and forestry from acidic
deposition effects
SOx: welfare Recreation in terrestrial and aquatic
ecosystems from acid deposition effects
Increased mercury methylation

Impaired cognitive development
Problems with language
Abnormal social development
Mercury: health Potential for fatal and non-fatal AMI (heart
attacks)
Association with genetic effects
_ Possible autoimmunity effects in antibodies

Neurological, behavioral, reproductive and
Mercury: welfare survival effects in wildlife (birds, fish, and
mammals)

* In addition to primary economic endpoints, there are a number of biological responses that have been associated
with PM health effects including morphological changes and altered host defense mechanisms. The public health
impact of these biological responses may be partly represented by our quantified endpoints.

B Cohort estimates are designed to examine the effects of long term exposures to ambient pollution, but relative risk
estimates may also incorporate some effects due to shorter term exposures (see Kunzli et al., 2001 for a discussion
of this issue). While some of the effects of short term exposure are likely to be captured by the cohort estimates,
there may be additional premature mortality from short term PM exposure not captured in the cohort estimates
included in the primary analysis.

© May result in benefits or disbenefits.

P visibility-related benefits quantified in air quality modeled scenario, but not the revised scenario.

The total benefits reported in Table 1-1 do not reflect visibility benefits.
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1.3  Costs, Economic, and Employment Impacts

The projected annual incremental private costs of the proposed Toxics Rule to the electric
power industry are $10.9 billion in 2015. These costs represent the total cost to the electricity-
generating industry of reducing HAP emissions to meet the emissions limits set out in the rule.
Estimates are in 2007 dollars. These costs of the rule are estimated using the Integrated Planning
Model (IPM).

There are several national changes in energy prices that result from the proposed Toxics
Rule. Retail electricity prices are projected to increase nationally by an average of 3.7% in 2015
with the proposed Toxics Rule. On a weighted average basis, consumer natural gas price
impacts are anticipated to range from 0.6% to 1.3% based on consumer class in response to the

proposed Toxics Rule between 2015 and 2030.

There are several other types of energy impacts associated with the proposed Toxics
Rule. A small amount of coal-fired capacity, about 9.9 GW (3 percent of all coal-fired capacity
and 1 percent of all generating capacity in 2015), is projected to be uneconomic to maintain.
These units are predominantly smaller and less frequently-used generating units dispersed
throughout the area affected by the rule. If current forecasts of either natural gas prices or
electricity demand were revised in the future to be higher, that would create a greater incentive to
keep these units operational. Coal production for use in the power sector is projected to decrease
by less than 2 percent by 2015, and we expect slightly reduced coal demand in Appalachia and
the West with the proposed Toxics Rule.

Effective policies to support end-use energy efficiency investments can reduce
compliance costs, lessen impacts on electric rates and bills, and reduce the need for new
capacity. In 2015 and 2020, annualized private compliance costs to the industry are reduced by
$0.3 billion (2007%) and $1.1 billion, respectively, under an energy efficiency scenario.
Furthermore, the impacts of the Toxics Rule on retail electricity prices are reduced by 0.04
cents/kWh and 0.38 cents/kWh in 2015 and 2020, respectively, and the need for new capacity is
reduced by 0.3 GW and 8.5 GW, respectively, in 2015 and 2020 under an energy efficiency

scenario.

In addition to addressing the costs and benefits of the proposed Utility Air Toxics Rule
(Toxics Rule), EPA has estimated a portion of the employment impacts of this rulemaking. We
have estimated two types of impacts. One provides an estimate of the employment impacts on
the regulated industry over time. The second covers the short-term employment impacts
associated with the construction of needed pollution control equipment until the compliance date
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of the regulation. We expect that the rule’s impact on employment will be small, but will (on

net) result in an increase in employment.

The approaches to estimate employment impacts use different analytical techniques and
are applied to different industries during different time periods, and they use different units of
analysis. No overlapping estimates are summed. Estimates from Morgenstern et al. (2002) are
used to calculate the ongoing annual employment impacts for the regulated entities (the electric
power sector). The short term estimates for employment needed to design, construct, and install
the control equipment in the three or four year period before the compliance date are also
provided using an approach that estimates employment impacts for the environmental protection
sector. Finally some of the other types of employment impacts that will be ongoing are
estimated but not summed because they omit some potentially important categories.

In Table 1-5, we show the employment impacts of the Toxics Rule as estimated by the

environmental protection sector approach and by the Morgenstern approach.

Table 1-5. Estimated Employment Impact Table

Annual (reoccurring) One time (construction
during compliance period)
Environmental Protection Not Applicable 30,900
Sector approach™
Net Effect on Electric Utility | 9,000%* Not Applicable
Sector Employment from -17, 000 to +35,000%***
Morgenstern et al.
approach***

*These one-time impacts on employment are estimated in terms of job-years.
**This estimate is not statistically different from zero.

**These annual or reoccurring employment impacts are estimated in terms of production workers as defined by the
US Census Bureau’s Annual Survey of Manufacturers (ASM).

**kx% 9504 confidence interval

1.4  Small Entity and Unfunded Mandates Impacts

After preparing an analysis of small entity impacts, EPA cannot certify that this proposal
will not have a no SISNOSE (significant economic impacts on a substantial number of small
entities). Of'the 83 small entities affected, 59 are projected to have costs greater than 1 percent
of their revenues. EPA’s decision to exclude units smaller than 25 Megawatt capacity (MW) as
per the requirements of the Clean Air Act has already significantly reduced the burden on small
entities, and EPA participated in a Small Business Regulatory Enforcement Fairness Act
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(SBREFA) to examine ways to mitigate the impact of the proposed Toxics Rule on affected
small entities

EPA examined the potential economic impacts on state and municipality-owned entities
associated with this rulemaking based on assumptions of how the affected states will implement
control measures to meet their emissions. These impacts have been calculated to provide

additional understanding of the nature of potential impacts and additional information.

According to EPA’s analysis, of the 96 government entities considered in this, 55 may
experience compliance costs in excess of 1 percent of revenues in 2015, based on our
assumptions of how the affected states implement control measures to meet their emissions

budgets as set forth in this rulemaking.

Government entities projected to experience compliance costs in excess of 1 percent of
revenues may have some potential for significant impact resulting from implementation of the

Toxics Rule.

1.5 Limitations and Uncertainties

Every analysis examining the potential benefits and costs of a change in environmental
protection requirements is limited to some extent by data gaps, limitations in model capabilities
(such as geographic coverage), and variability or uncertainties in the underlying scientific and
economic studies used to configure the benefit and cost models. Despite the uncertainties, we
believe this benefit-cost analysis provides a reasonable indication of the expected economic
benefits and costs of the proposed Toxics Rule.

For this analysis, such uncertainties include possible errors in measurement and
projection for variables such as population growth and baseline incidence rates; uncertainties
associated with estimates of future-year emissions inventories and air quality; variability in the
estimated relationships between changes in pollutant concentrations and the resulting changes in
health and welfare effects; and uncertainties in exposure estimation.

Below is a summary of the key uncertainties of the analysis:

Costs

= Analysis does not capture employment shifts as workers are retrained at the same
company or re-employed elsewhere in the economy.



Benefits

We do not include the costs of certain relatively small permitting costs associated

with Title V that new program entrants face.

Technological innovation is not incorporated into these cost estimates. Thus, these
cost estimates may be potentially higher than what may occur in the future, all other

things being the same.

The mercury concentration estimates for the analysis come from several different

Sources

The mercury concentration estimates used in the model were based on simple
temporal and spatial averages of reported fish tissue samples. This approach assumes
that the mercury samples are representative of “local” conditions (i.e., within the
same HUC 12) in similar waterbodies (i.e., rivers or lakes).

State-level averages for fishing behavior of recreational anglers are applied to each
modeled census tract in the state; which does not reflect within-state variation in these

factors.

Application of state-level fertility rates to specific census tracts (and specifically to

women in angler households.

Applying the state-level individual level fishing participation rates to approximate the
household fishing rates conditions at a block level.

Populations are only included in the model if they are within a reasonable distance of
a waterbody with fish tissue MeHg samples. This approach undercounts the exposed
population (by roughly 40 to 45%) and leads to underestimates of national aggregate
baseline exposures and risks and underestimates of the risk reductions and benefits
resulting from mercury emission reductions.

Assumption of 8 g/day fish consumption rate for the general population in freshwater

angler households.

The dose-response model used to estimate neurological effects on children because of
maternal mercury body burden has several important uncertainties, including
selection of 1Q as a primary endpoint when there may be other more sensitive
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endpoints, selection of the blood-to-hair ratio for mercury, and the dose-response
estimates from the epidemiological literature. Control for confounding from the
potentially positive cognitive effects of fish consumption and, more specifically,

omega-3 fatty acids.

Valuation of 1Q losses using a lost earning approach has several uncertainties,
including (1) there is a linear relationship between IQ changes and net earnings
losses, (2) the unit value applies to even very small changes in 1Q, and (3) the unit
value will remain constant (in real present value terms) for several years into the
future. Each unit value for IQ losses has two main sources of uncertainty (1). The
statistical error in the average percentage change in earnings as a result of IQ changes
and (2) estimates of average lifetime earnings and costs of schooling. Most of the
estimated PM-related benefits in this rule accrue to populations exposed to higher
levels of PM; 5. Of these estimated PM-related mortalities avoided, about 30% occur
among populations initially exposed to annual mean PM; s level of 10 pg/m’ and
about 80% occur among those initially exposed to annual mean PM; 5 level of 7.5
ug/m3 ; these are the lowest air quality levels considered in the Laden et al. (2006)
and Pope et al. (2002) studies, respectively. This fact is important, because as we
estimate PM-related mortality among populations exposed to levels of PM; s that are
successively lower, our confidence in the results diminishes. However, our analysis
shows that a substantial portion of the impacts occur at higher exposures.

There are uncertainties related to the health impact functions used in the analysis.
These include: within study variability; across study variation; the application of
concentration-response (C-R) functions nationwide; extrapolation of impact functions
across population; and various uncertainties in the C-R function, including causality
and thresholds. Therefore, benefits may be under- or over-estimates.

Analysis is for 2016, and projecting key variables introduces uncertainty. Inherent in
any analysis of future regulatory programs are uncertainties in projecting atmospheric
conditions and source level emissions, as well as population, health baselines,
incomes, technology, and other factors.

This analysis omits certain unquantified effects due to lack of data, time and
resources. These unquantified endpoints include other health and ecosystem effects.
EPA will continue to evaluate new methods and models and select those most
appropriate for estimating the benefits of reductions in air pollution. Enhanced
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collaboration between air quality modelers, epidemiologists, toxicologists, ecologists,
and economists should result in a more tightly integrated analytical framework for
measuring benefits of air pollution policies.

= PM, s mortality benefits represent a substantial proportion of total monetized benefits
(over 90%), and these estimates have following key assumptions and uncertainties.

1. The PM; ;s -related benefits of the alternative scenarios were derived through a benefit
per-ton approach, which does not fully reflect local variability in population density,
meteorology, exposure, baseline health incidence rates, or other local factors that
might lead to an over-estimate or under-estimate of the actual benefits of controlling
SO;.

2. We assume that all fine particles, regardless of their chemical composition, are
equally potent in causing premature mortality. This is an important assumption,
because PM; s produced via transported precursors emitted from EGUs may differ
significantly from direct PM; s released from diesel engines and other industrial
sources, but no clear scientific grounds exist for supporting differential effects
estimates by particle type.

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

4. To characterize the uncertainty in the relationship between PM; 5 and premature
mortality, we include a set of twelve estimates based on results of the expert
elicitation study in addition to our core estimates. Even these multiple
characterizations omit the uncertainty in air quality estimates, baseline incidence
rates, populations exposed and transferability of the effect estimate to diverse
locations. As a result, the reported confidence intervals and range of estimates give
an incomplete picture about the overall uncertainty in the PM; s estimates. This
information should be interpreted within the context of the larger uncertainty
surrounding the entire analysis.
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Chapter 2
INTRODUCTION AND BACKGROUND

2.1 Introduction

2.1.1 Background for Proposed Toxics Rule

2.1.2 NESHAP

This action proposes NESHAP for new and existing coal- and oil-fired electric utility
steam generating units (EGUs) meeting the definition found in CAA section 112(a)(8). EPA is
proposing these standards to meet its statutory obligation to address HAP emissions from these
sources under CAA section 112(d). The proposed NESHAP for new and existing coal- and oil-
fired EGUs will be proposed under 40 CFR part 63, subpart UUUUU.

On December 20, 2000 (65 FR 79825), EPA determined that regulation of coal- and oil-
fired EGUs under CAA section 112 was appropriate and necessary, in accordance with CAA
section 112(n)(1)(A). EPA at the same time added coal- and oil-fired EGUs to the list of
industries requiring regulation under CAA section 112(d). The December 2000 listing triggered
the deadline established by Congress in CAA section 112(c)(5) under which EPA has two years
from the date of listing in which to promulgate “emissions standards under section (d) of this

section.”

In 2002, EPA initiated a CAA section 112(d) standard setting process for coal- and oil-
fired EGUs, and on January 30, 2004, proposed CAA section 112(d) standards for mercury (Hg)
emissions from coal-fired EGUs and nickel (Ni) emissions from oil-fired EGUs, and, in the
alternative, proposed to remove EGUs from the CAA section 112(c) list based on a finding that it
was neither appropriate nor necessary to regulate EGUs pursuant to CAA section 112. EPA
never finalized the proposed CAA section 112(d) standard. The removal of EGUs from the CAA
section 112 list was challenged in the United States (U.S.) Court of Appeals for the District of
Columbia Circuit (D.C. Circuit Court). The Agency finalized the CAA section 111 alternative,
after taking and responding to extensive public comments on both sets of regulatory options, by
issuing a de-listing rule (Section 112(n) Revision Rule; 70 FR 15994; March 29, 2005) and a
final rule (Clean Air Mercury Rule, CAMR) establishing Hg emissions standards for coal-fired
EGUs under CAA section 111 on May 18, 2005 (70 FR 28606).
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Petitions for reconsideration were filed by a number of parties in summer 2005. EPA
responded to the petitions with a final notice of reconsideration on June 9,2006 (71 FR 33388).
Petitions for judicial review were filed on November 29, 2006, by Environmental Petitioners; the
National Congress of American Indians and Treaty Tribes; ARIPPA; American Coal for
Balanced Mercury Regulations, et al.; United Mine Workers of America; Alaska Industrial
Development and Export Authority; the States of New Jersey, California, Connecticut,
Delaware, Illinois, Maine, Maryland, Massachusetts, Michigan, Minnesota, New Hampshire,
New Mexico, New York, Pennsylvania, Rhode Island, Vermont, and Wisconsin; and the City of
Baltimore, MD (State of New Jersey, et al., v. EPA, 517 F.3d 574).

On February 8, 2008, the D.C. Circuit Court vacated the Section 112(n) Revision Rule
(State of New Jersey, et al., v. EPA, 517 F.3d 574), and subsequently denied rehearing and
rehearing en banc of that decision. As a part of the decision, the D.C. Circuit Court also vacated
CAMR, reverting to the December 2000 regulatory determination and requiring the development
of emission standards under CAA section 112(d) (MACT standards) for coal- and oil-fired
EGUs. The litigation process continued until, on January 29, 2009, EPA requested of the
Department of Justice (DOJ) that the Government’s appeals be withdrawn.

On December 18, 2008, several environmental and public health organizations
(“Plaintiffs”)’ filed a complaint in the D.C. District Court (Civ. No. 1:08-cv-02198 (RMC))
alleging that the Agency had failed to perform a nondiscretionary duty under CAA section
304(a)(2), by failing to promulgate final section 112(d) standards for HAP from coal- and oil-
fired EGUs by the statutorily-mandated deadline, December 20, 2002, 2 years after such sources
were listed under section 112(c). EPA settled that litigation. A Consent Decree was issued on
April 15, 2010, that calls for EPA to, no later than March 16, 2011, sign for publication in the
Federal Register a notice of proposed rulemaking setting forth EPA’s proposed emission

standards for coal- and oil-fired EGUs and, no later than November 16, 2011, sign for
publication in the Federal Register a notice of final rulemaking.

In response to the D.C. Circuit Court’s vacatur, we are proposing CAA section 112(d)
NESHAP for all coal- and oil-fired EGUs that reflect the application of the maximum achievable
control technology (MACT) consistent with the requirements of CAA sections 112(d)(2) and (3).

! American Nurses Association, Chesapeake Bay Foundation, Inc., Conservation Law Foundation, Environment
America, Environmental Defense Fund, 1zaak Walton League of America, Natural Resources Council of Maine,
Natural Resources Defense Council, Physicians for Social Responsibility, Sierra Club, The Ohio Environmental
Council, and Waterkeeper Alliance, Inc.
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This proposed rule would protect air quality and promote public health by reducing emissions of
the hazardous air pollutants (HAP) listed in CAA section 112(b).

2.1.3 NSPS

Section 111(b)(1)(b) of the CAA requires EPA to periodically review and revise the new
source performance standards (NSPS) as necessary to reflect improvements in methods for the
reducing emissions. The NSPS for electric utility steam generating units (40 CFR part 60,
subpart Da) were originally promulgated on June 11, 1979 (44 FR 33580). On February 27,
2006, EPA promulgated amendments to the NSPS for particulate matter (PM), sulfur dioxide
(S0O,), and nitrogen oxides (NOx) contained in the standards of performance for electric utility
steam generating units (71 FR 9866). EPA was subsequently sued by the offices of multiple
states attorneys general and environmental organizations on the amendments. The Petitioners
alleged that EPA failed to correctly identify the best system of emission reductions for the
amended SO, and NOx standards. The Petitioners also claimed that it is appropriate to establish
emission limits for fine particulate matter and condensable particulate matter. Based upon
further examination of the record, EPA has determined that certain issues in the rule warrant
further consideration. On September 4, 2009, EPA was granted a voluntary remand without
vacatur of the 2006 amendments. EPA considers it appropriate to respond to the NSPS voluntary
remand in conjunction with the EGU NESHAP since it allows EPA to present a more
comprehensive affect on the utility sector. Therefore, even though we are not under any judicial
timetable to complete the NSPS remand, we are proposing it in conjunction with the NESHAP.
We also are proposing several minor amendments, technical clarifications, and corrections to
existing provisions of the fossil fuel-fired EGU and large and small industrial-commercial-
institutional steam generating units NSPS, 40 CFR part 60, subparts D, Db, and Dc.

The term “toxics rule” for the remainder of this RIA refers to the combination of the
EGU NESHAP and NSPS proposals.

2.2 Appropriate & Necessary Analyses

In 2000, EPA issued a finding that it was both appropriate and necessary to regulate HAP
emissions from utilities, in part because Hg, a listed HAP, is both a public health concern and a
concern in the environment. This finding was based on the results of the study documented in
the Utility Study, as well as subsequent analyses and other available information at the time of
the decision. The finding that it is appropriate to regulate HAP emissions from coal- and oil-
fired EGUs under CAA section 112 was based on three main points: 1) EGUs are the largest
domestic source of Hg emissions, 2) Hg in the environment presents significant hazards to public
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health and the environment, and 3) EPA had identified a number of control options which were
anticipated to effectively reduce HAP emissions from such units. The finding also noted that
remaining uncertainties regarding the extent of the public health impact from HAP emissions
from oil-fired EGUs argued for regulation. The finding that it is necessary to regulate HAP
emissions from coal- and oil-fired EGUs under CAA section 112 was based on the assessment
that implementation of other requirements under the CAA would not adequately address the
serious public health and environmental hazards arising from utility HAP emissions which CAA
section 112 is intended to address.

Based on the quantitative and qualitative analyses of public health and environmental
hazards described above, as well as the analyses of emissions and availability of HAP emission
controls, we find that regulation of HAP emissions from coal- and oil-fired EGUs under CAA
section 112 is appropriate and necessary. The finding that it is appropriate to regulate emissions
from coal- and oil-fired EGUs under CAA section 112 is confirmed because: 1) Hg continues to
pose a hazard to public health, 2) U.S. EGU emissions are still the largest domestic source of
U.S. Hg emissions (by 2016, EPA projects that U.S. EGU Hg emissions are over 6 times larger
than next largest source, which is iron and steel manufacturing), and 3) effective controls for Hg
and non-Hg HAP are available for U.S. EGU sources. In addition, new analyses by EPA show
that U.S. EGU emissions of non-Hg HAP cause a non-negligible health hazard due to increased
cancer risk. The finding that it is necessary to regulate emissions from coal- and oil-fired EGUs
under CAA section 112 is confirmed because emissions of Hg and non-Hg HAP causing hazards
to public health and the environment will not be explicitly addressed by existing or anticipated
requirements under the CAA. For more information on these findings and the analyses to support
them, please refer to the preamble or the TSD for the appropriate & necessary analyses.

2.3  Provisions of the Proposed Toxics Rule

2.3.1 What Is the Source Category Regulated by the Proposed Toxics Rule?

The proposed Toxics rule addresses emissions from new and existing coal- and oil-fired
EGUs. A major source of HAP emissions is generally a stationary source that emits or has the
potential to emit 10 tons per year or more of any single HAP or 25 tons per year or more of any
combination of HAP. An area source of HAP emissions is a stationary source that is not a major
source. CAA section 112(n)(1)(A) makes no distinction between major and area sources of coal-
and oil-fired electric utility steam generating units.
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CAA section 112(a)(8) defines an EGU as:

a fossil fuel-fired combustion unit of more than 25 megawatts electric (MWe) that

serves a generator that produces electricity for sale. A unit that cogenerates steam

and electricity and supplies more than one-third of its potential electric output

capacity and more than 25 MWe output to any utility power distribution system

for sale is also an electric utility steam generating unit.

This action established 40 CFR part 63, subpart UUUUU, to address HAP emissions
from new and existing coal- and oil-fired EGUs. EPA must determine what is the appropriate

maximum achievable control technology (MACT) for those units under sections 112(d)(2) and
(d)(3) of the CAA.

EPA has divided coal- and oil-fired EGUs into the following subcategories:

= coal-fired units designed for coal > 8,300 Btu/lb;
= coal-fired units designed for coal < 8,300 Btu/Ib;
5 JGCC units;

= Liquid oil-fired units; and

= Solid oil-derived fuel-fired units.

= The EGU NSPS applies to owners/operators of facilities capable of firing more than
73 megawatts (MW) (250 million Btu per hour(MMBtu/hr)) heat input of fossil fuel
and that sells more than 25 MW of electric power to a utility power distribution
system. The NSPS also apply to industrial-commercial-institutional cogeneration
units over 250 MMBtu/hr that sell more than 25 MW and more than one-third of their

potential output capacity to any utility power distribution system.

2.3.2 What Are the Pollutants Regulated by the Rule?

The proposed NESHAP regulates emissions of HAP. Available emissions data show that
several HAP, which are formed during the combustion process or which are contained within the
fuel burned, are emitted from coal- and oil-fired electric utility steam generating units. The
individual HAPs include mercury, arsenic, cadmium, lead, and nickel, among others. EPA
described the health effects of these HAP and other HAP emitted from the operation of coal- and
oil-fired electric utility steam generating units in the preamble to the proposed rule. These HAP
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emissions are known to cause, or contribute significantly to air pollution, which may reasonably
be anticipated to endanger public health or welfare.

In addition to reducing HAP, the emission control technologies that will be installed on
coal- and oil-fired electric utility steam generating units to reduce HAP will also reduce sulfur
dioxide (SO,) and particulate matter (PM).

The proposed NSPS amendments would revise the PM, SO,, and NOx standards. A wide
range of human health and welfare effects are linked to the emissions of PM, SO,, and NOx.
These human health and welfare effects are discussed extensively in Chapter 6 of this RIA.

2.3.3 What Are the Proposed Requirements?

The numerical emission standards that are being proposed for existing coal- and oil-fired
electric utility steam generating units are shown in Tables 2-1 and 2-2.
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Table 2-1.

Emission Limitations for Coal-Fired and Solid Oil-Derived Fuel-Fired EGUs

Subcategory Total particulate | Hydrogen chloride Mercury
matter
Existing coal-fired unit 0.03 Ib/MMBtu 0.002 1b/MMBtu 1 Ib/TBtu

designed for coal >
8,300 Btu/lb

(0.2 Ib/MWh)

(0.02 Ib/MWh)

(0.02 1b/GWh)

Existing coal-fired unit

designed for coal <
8,300 Btu/lb

0.03 Ib/MMBtu
(0.2 1o/MWh)

0.002 Ib/MMBtu
(0.02 Ib/MWh)

11 Ib/TBtu
(0.2 Ib/GWh)
4 1b/TBtu*
(0.04 1b/GWh*)

Existing - IGCC 0.05 Ib/MMBtu 0.0005 Ib/MMBtu 3 1b/TBtu
(0.3 Ib/MWh) (0.003 1b/MWh) (0.02 1b/GWh)

Existing — Solid oil- 0.2 Ib/MMBtu 0.005 Ib/MMBtu | 0.2 Ib/TBtu (0.002

derived (2 Ib/MWh) (0.05 Ib/MWh) 1b/GWh)

New coal-fired unit 0.05 Ib/MWh 0.3 Ib/GWh 0.00001 1b/GWh

designed for coal >

8,300 Btu/lb

New coal-fired unit 0.05 Ib/MWh 0.3 Ib/GWh 0.04 Ib/GWh

designed for coal <
8,300 Btu/lb

Note:  Ib/MMBtu = pounds pollutant per million British thermal units fuel input

1b/TBtu = pounds pollutant per trillion British thermal units fuel input
Ib/MWh = pounds pollutant per megawatt-electric output
1b/GWh = pounds pollutant per gigawatt-electric output

* Beyond-the-floor limit.

Table 2-2. Emission Limitations for Liquid Oil-Fired EGUs

Subcategory Total HAP Hydrogen Hydrogen Mercury
metals chloride fluoride
Existing — Liquid oil 0.00003 0.0003 0.0002 0.05 1b/TBtu
Ib/MMBtu Ib/MMBtu Ib/MMBtu (0.0006
(0.0003 (0.003 (0.002 Ib/GWh)
1b/MWh) 1b/MWh) 1b/MWh)
New — Liquid oil 0.0004 0.0005 0.0005 0.0001
Ib/MWh 1Ib/MWh Ib/MWh 1b/GWh

We are also proposing alternate equivalent emission standards (for certain subcategories)
to the proposed surrogates in three areas: SO; (in addition to HCI), individual non-Hg metals
(for PM), and total non-Hg metals (for PM). The proposed emission limitations are provided in
Tables 2-3 and 2-4.
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Table 2-3. Alternate Emission Limitations for Existing Coal- and Oil-Fired EGUs

Subcategory Total HAP Hydrogen Hydrogen Mercury
metals chloride fluoride
Existing — Liquid oil 0.00003 0.0003 0.0002 0.05 1b/TBtu
Ib/MMBtu Ib/MMBtu lb/MMBtu (0.0006
(0.0003 (0.003 (0.002 1b/GWh)
Ib/MWh) 1b/MWh) 1b/MWh)
New — Liquid oil 0.0004 0.0005 0.0005 0.0001
Ib/MWh Ib/MWh lb/MWh 1b/GWh

NA = Not applicable

Table 2-4. Alternate Emission Limitations for New Coal- and Oil-Fired EGUs

Subcategory Coal-fired Coal-fired | Liquid oil, Solid oil- IGCC,
unit unit Ib/MWh derived, Ib/MWh
designed designed Ib/MWh
for coal > for coal <
8,300 8,300
Btu/lb, Btu/lb,
1b/MWh Ib/MWh
SO, 0.23 0.23 NA 0.71 NA
Total metals 0.000022 0.000022 NA 0.00016 0.00038
Antimony, Sb 1.3x 107 1.3x 107 1.1x10° 7.4 % 107 1.8x 107
Arsenic, As 5.6x 107 5.6 x 107 1.6x 10° 1.1x10° 1.4x10°
Beryllium, Be 6.1x10" 6.1x10°% 6.0x 107 6.1x10° 1.6x 107
Cadmium, Cd 3.4x107 3.4x107 3.9x 107 5.4x107 1.7x10°
Chromium, Cr 7.1x%10° 7.1x10° 1.2x 107 6.1x10° 2.8x 107
Cobalt, Co
Lead, Pb 1.1x10° 1.1x10° 5.3x10° 1.2x107° 92x10°
Manganese, Mn 1.1x10° 1.1x10° 2.4x10° 6.4x10° 1.6x10°
Nickel, Ni 2.9x10° 2.9x10° 3.8x 107 6.5x10° 29x 107
Selenium, Se 6.8x 107 6.8x 107 49x10° 8.4 x 107 2.6x 10"

NA = Not applicable

We analyzed a beyond-the-floor standard for Hg of only 4 Ibs/trillion BTUs for all
existing and new “coal-fired units designed for coal < 8,300 Btu/lb” based on the availability of
activated carbon injection (ACI) for cost-effective Hg control. Most of these units burn lignite
coal. We are proposing a beyond-the-floor standard for these units because the Agency
considers the cost of incremental reductions beyond the MACT floor standard of 11 lbs/trillion
BTUs to be reasonable. While the primary IPM analysis discussed in Chapter 8 included a
beyond-the-floor limit, EPA performed a supplemental analysis that estimates the difference in
impacts between regulating coal-fired units designed for coal <8,300 Btu/Ib at the floor limit and
at the beyond-the-floor limit modeled. This analysis (the IPM Beyond the Floor Cost TSD)
shows that if the units were only required to meet a standard of 11 Ibs/trillion BTUs, the units
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would emit approximately an additional 3,854 lbs at a reduced annualized cost of $86.7 million.
EPA also performed an alternative analysis which can be found in the Beyond the MACT Floor
Analysis TSD.

The proposed NSPS standards are shown in Table 2-5.

Table 2-5. NSPS Emission Standards

Pollutant Existing Standard Proposed Standard

PM 0.015 1b/MMBtu (filterable PM) 0.026 1b/MMBtu (total PM)

SO2 1.4 Ib/MWh or 95% reduction 1.0 Ib/MWh or 97% Reduction

NOX 1.0 Ib/MWh 0.70 Ib/MWh (option 1)
Combined NOX + CO Standard
(option 2)

The EGU NESHAP PM and SO, standards for new facilities are as stringent or more
stringent than the proposed NSPS amendments so we have concluded that there are no costs or
benefits associated with these amendments. Thus, the only impacts associated with these
amendments are those for the NOx emissions limits for new facilities.

2.3.4 What Are the Operating Limitations?

Instead of emission limitations for the organic HAP, we are proposing that owners or
operators of EGUs submit to the delegated authority or EPA, as appropriate, if requested,
documentation that an annual performance test meeting the requirements of the proposed rule
was conducted. We are proposing that, to comply with the work practice standard, an annual
performance test procedure include the following:

(1) Inspect the burner, and clean or replace any components of the burner as necessary,

(2) Inspect the flame pattern and make any adjustments to the burner necessary to
optimize the flame pattern consistent with the manufacturer’s specifications,

(3) Inspect the system controlling the air-to-fuel ratio, and ensure that it is correctly
calibrated and functioning properly,

(4) Minimize total emissions of carbon monoxide (CO) consistent with the
manufacturer’s specifications,

(5) Measure the concentration in the effluent stream of CO in parts per million, dry

volume basis (ppmvd), before and after the adjustments are made,
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(6) Submit an annual report containing the concentrations of CO in the effluent stream in
ppmvd, and oxygen in percent dry basis, measured before and after the adjustments of
the EGU, a description of any corrective actions taken as a part of the combustion
adjustment, and the type and amount of fuel used over the 12 months prior to the

annual adjustment.

2.4 Startup, Shutdown, and Malfunction

In proposing the standards in this NESHAP, EPA has taken into account startup and
shutdown periods and, for the reasons explained below, has not proposed different standards for
those periods. The standards that we are proposing are daily or monthly averages. Continuous
emission monitoring data obtained from best performing units, and used in establishing the
standards, include periods of startup and shutdown. EGUs, especially solid fuel-fired EGUs, do
not normally startup and shutdown more than once per day. Thus, we are not establishing a
separate emission standard for these periods because startup and shutdown are part of their
routine operations and, therefore, are already addressed by the standards. Periods of startup,
normal operations, and shutdown are all predictable and routine aspects of a source’s operation.
We have evaluated whether it is appropriate to have the same standards apply during startup and

shutdown as applied to normal operations.

Periods of startup, normal operations, and shutdown are all predictable and routine
aspects of a source’s operations. However, by contrast, malfunction is defined as a “sudden,
infrequent, and not reasonably preventable failure of air pollution control and monitoring
equipment, process equipment or a process to operate in a normal or usual manner...” (40 CFR
63.2) EPA has determined that malfunctions should not be viewed as a distinct operating mode
and, therefore, any emissions that occur at such times do not need to be factored into
development of CAA section 112(d) standards, which, once promulgated, apply at all times.

The existing PM, SO,, and NOx NSPS exclude periods of startup and shutdown. The
proposed PM, SO, and NOx standards would include periods of startup and shutdown. Periods
of malfunction for the PM and NOx standards and periods of emergency condition for the SO,
standard are presently excluded from the emissions standards and would continue to be excluded.

25 Baseline and Years of Analysis

The Agency considered all promulgated CAA requirements, known state actions, and
NSR/PSD enforcement actions in the baseline used to develop the estimates of benefits and costs
for the proposed Toxics rule. EPA did not consider actions states may take in the future to
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implement the existing ozone and PM; s NAAQS standards in the baseline for this analysis. The
year 2016 is the compliance year for the proposed Toxics rule, though as we explain in Chapters
5,6,8 and 9 we use 2015 as a proxy for compliance in 2016 for our benefits and economic impact
analysis due to availability of modeling impacts in that year. All estimates presented in this
report represent annualized estimates of the benefits and costs of the proposed Toxics Rule in
2016 rather than the net present value of a stream of benefits and costs in these particular years

of analysis.

2.6 Benefits of Emission Controls

The benefits of the proposed Toxics Rule are discussed in Chapter 5 of this report.
Annual monetized benefits of $58 to 140 billion (3 percent discount rate) or $52 to 130 billion
(7 percent discount rate) are expected for the proposed Toxics rule in 2016.

2.7 Cost of Emission Controls

EPA analyzed the costs of the proposed Toxics Rule using the Integrated Planning Model
(IPM). EPA has used this model in the past to analyze the impacts of regulations on the power
sector and used an earlier version of this model to analyze the impacts of the CAIR rule and
proposed Transport Rule. EPA estimates the private industry annual compliance costs of the rule
to the power sector to be $10.9 billion in 2015 (2007 dollars). In estimating the net benefits
(benefits — costs) of the rule, EPA uses social costs of the rule that represent the costs to society
of this rule. The social costs of the rule are estimated to be $ 10.9 billion (2007 dollars) in 2015.
A description of the methodology used to model the costs and economic impacts to the power
sector is discussed in Chapter 8 of this report. A description of how the social costs and
employment impacts associated with this proposed rule are estimated is provided in Chapter 9 of
this report.

2.8  Organization of the Regulatory Impact Analysis

This report presents EPA’s analysis of the benefits, costs, and other economic effects of
the proposed Toxics Rule to fulfill the requirements of a Regulatory Impact Analysis (RIA).
This RIA includes the following chapters:

= Chapter 3, Emissions Impacts, describes the emission inventories and modeling that
are essential inputs into the cost and benefit assessments.

= Chapter 4, Air Quality Impacts, describes the air quality data and modeling that are
important for assessing the effect on contributions to air quality from the remedy
options applied in this proposed rule, and as inputs to the benefits assessment.
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Chapter 5, Mercury and Other HAP Benefits Analysis, describes the methodology
and results of the benefits analysis for mercury and other HAP.

Chapter 6, Co-Benefits Analysis, describes the methodology and results of the
benefits analysis for PM; s, Ozone, and other benefit categories.

Chapter 7, Electric Power Sector Profile, describes the industry affected by the rule.

Chapter 8, Cost, Economic, and Energy Impacts, describes the modeling conducted to
estimate the cost, economic, and energy impacts to the power sector.

Chapter 9, Economic and Employment Impacts, describes the analysis to estimate the

impacts on employment associated with the proposed rule.

Chapter 10, Statutory and Executive Order Impact Analyses, describes the small
business, unfunded mandates, paperwork reduction act, environmental justice, and
other analyses conducted for the rule to meet statutory and Executive Order

requirements.

Chapter 11, Comparison of Benefits and Costs, shows a comparison of the social

benefits to social costs of the rule.

Appendix A, Mercury Speciation Fractions Used to Speciate the Mercury Emissions
Appendix B, Analysis of Trip Travel Distance For Recreational Freshwater Anglers
Appendix C, Co-Benefit Analysis

Appendix D, Illustrative End-Use Energy Efficiency Policy Sensitivity

Appendix E, OAQPS Multimarket Model to Assess the Economic Impact of
Environmental Regulation
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Chapter 3
EMISSIONS IMPACTS

This chapter summarizes the emissions inventories that are used to create emissions
inputs to the air quality modeling that is described in Chapter 4. This chapter provides a
summary of the baseline emissions inventories and the emissions reductions that were modeled
for this rule. The emissions inventories are processed into a form that is required by the
Community Multi-scale Air Quality (CMAQ) model, which simulates the numerous physical and
chemical processes involved in the formation, transport, and destruction of ozone, particulate
matter (PM) and air toxics. As part of the analysis for this rulemaking, the CMAQ was used to
calculate daily and annual particulate matter less than 2.5 microns in diameter (PM; s)
concentrations, 8-hr maximum ozone, annual total mercury (Hg) deposition levels and visibility
impairment. In the remainder of this Chapter we provide an overview of (1) the emissions
components of the modeling platform, (2) the development of the 2005 base-year emissions, (3)
the development of the 2016 future-year base case emissions, and (4) the development of the
2016 future year-control case (policy case) emissions. It should be noted that the projected future
year inventory used for this analysis is generally representative of several years around 2016
such as 2015.

3.1 Overview of Modeling Platform and Emissions Processing Performed

The inputs to the air quality model; including emissions, meteorology, initial conditions,
boundary conditions; along with the methods used to produce the inputs and the configuration of
the air quality model are collectively known as a ‘modeling platform’. The 2005-based air
quality modeling platform used for the proposed Toxics Rule includes 2005 base-year emissions
and 2005 meteorology for modeling ozone, PM; s and mercury (Hg) with CMAQ. Version 4.1
of the 2005-based platform (2005 v4.1 platform) was used for the proposed Toxics Rule, and it is
described in the 2005-based, v4.1 platform document: “Technical Support Document:
Preparation of Emissions Inventories for the Version 4.1, 2005-based Platform”, posted at
http://www.epa.gov/ttn/chief/emch/. The Emission Inventories Technical Support Document for
the Proposed Toxics Rule entitled “Technical Support Document (TSD) For the Proposed Toxics
Rule, Docket No. EPA-HQ-OAR-2009-0234”, posted at the same site, describes the
development of the future year inventories. It provides more detail on (1) the development of the
2016 base-case emissions inventories for all sectors and (2) the procedures followed to create
emissions inputs to CMAQ. Details on the non-emissions portion of the modeling platform used
for the RIA are provided in Chapter 4.
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Emissions estimates were made for a 2005 base year and for the 2016 future-year
scenarios. All inventories include emissions from EGUs, non-EGU point sources, stationary
nonpoint sources (previously referred to as stationary area sources), onroad mobile sources,
nonroad mobile sources and natural, biogenic emissions. Mercury emissions from volcanic
sources, and land and ocean direct and recycled emissions are also included. For each of the
modeling scenarios conducted: 2005 base year, 2016 base case, and 2016 control case, the
emissions inventory files were processed using the Sparse Matrix Operator Kernel Emissions
(SMOKE) Modeling System version 2.6 to produce the gridded model-ready emissions for input
to CMAQ. SMOKE was used to create the hourly, gridded emissions data for the species
required by CMAQ species to perform air quality modeling for all sectors, including biogenic

emissions.

In support of this proposal, EPA processed the emissions in support of air quality
modeling for two domains, covering the East and the West (2 separate model runs) of the U.S.
and parts of Canada and Mexico using a horizontal grid resolution of 12 x 12 kilometers (km).
These 12 km modeling domains were “nested” within a modeling domain covering the lower 48

states using a grid resolution of 36 x 36 km.'

3.2  Development of 2005 Base Year Emissions

Emissions inventory inputs representing the year 2005 were developed to provide a base
year for forecasting future air quality. These inventories include criteria air pollutants, hydrogen
chioride (HCI), chlorine (CL;) and mercury.” Additionally, for some sectors, benzene,
formaldehyde, acetaldehyde and methanol are used from the inventory for chemical speciation of
volatile organic compounds (VOC). The emission source sectors and the basis for current and
future-year inventories are listed and defined in Table 3-1. These are the same sectors as were
used in the 2005-based version 4 (v4) platform (www.epa.gov/ttn/chief/emch/index.html#2005),

which was the starting point for the v4.1 platform. A comparison of these two platforms is
provided in the 2005-based, v4.1 platform document described earlier. The starting point for both
platforms was the 2005 National Emission Inventory (NEI), version 2 (v2) from October 6, 2008
(http://www.epa.gov/tin/chief/net/2005inventory.html). The v4.1 platform utilizes the same

2006 Canadian inventory and a 1999 Mexican inventory as were used in the v4 platform; these

" The air quality predictions from the 36 km Continental US (CONUS) domain were used to provide incoming
“boundary” concentrations for the 12 km domains.

2 The mercury emissions used in the version 4.1 platform include changes to the version 4 platform 2005 Hg

emissions. These changes were made in support of the analyses for this rule and for the NESHAP for Industrial,

Commercial, and Institutional Boilers and Process Heaters (Boiler MACT). These changes are provided in more

detail in this section.
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were the latest available data from these countries and were used for the portions of Canada and

Mexico within the modeling domains.

Table 3-1.

Emissions Source Sectors for Current and Future-Year Inventories, 2005-

based Platform, Version 4.1

Platform Sector,
modeling abbrev.
and corresponding
2005 NEI sector

Description and resolution of the data input to SMOKE, 2005 v4.1
platform

EGU sector: ptipm

NEI Sector: Point

For all pollutants other than mercury (Hg): 2005 NEI v2 point source EGUs
mapped to the Integrated Planning Model (IPM) model using the National Electric
Energy Database System (NEEDS) 2006 version 4.10 database.

For Hg: 6/18/2010 version of the inventory used for the 2005 National Air Toxics
Assessment (NATA) mapped to IPM using NEEDS 2006 version 4.10. The
NATA inventory is an update to the 2005 NEI v2 and was divided into EGU and
non-EGU sectors consistent with the other pollutants. We additionally removed
Hg from sources from the National Emission Standards for Hazardous Air
Pollutants for Industrial, Commercial, and Institutional Boilers and Process
Heaters (aka “Boiler MACT”) Information Collection Request (ICR) database
because we included these emissions in the non-EGU sector.

For both: Daily emissions input into SMOKE. Annual emissions allocated to
months using 3 years of continuous emissions monitor (CEM) data, and allocated
to days using month-to day allocations from the 2005 CEM data.

Non-EGU sector:
prnonipm

NEI Sector: Point

For all pollutants other than Hg: All 2005 NEI v2 point source records not
matched to the ptipm sector, annual resolution. Includes all aircraft emissions.
Additionally updated inventory to remove duplicates, improve estimates from
ethanol plants, and reflect new information collected from industry from the ICR
for the Boiler MACT. Includes point source fugitive dust emissions for which
county-specific PM transportable fractions were applied.

For Hg: The 6/18/2010 version of NATA inventory was used except for
replacement of boiler Hg emissions with the Hg emissions developed for the Boiler
MACT. In addition, modified gold mine emissions, and removed Hg from
facilities that closed prior to 2005.

For both: Annual resolution.

Average-fire sector:
avefire

Average-year wildfire and prescribed fire emissions, unchanged from the 2005v4
platform; county and annual resolution.

Agricultural sector:
ag

NEI Sector: Nonpoint

NH; emissions from 2002 NEI nonpoint livestock and fertilizer application, county
and annual resolution. Unchanged from the 2005v4 platform.

Area fugitive dust
sector: afdust

NEI Sector: Nonpoint

PM,, and PM,; 5 from fugitive dust sources (e.g., building construction, road
construction, paved roads, unpaved roads, agricultural dust) from the NEI nonpoint
inventory (which used 2002 emissions for this sector) after application of county-
specific PM transportable fractions. Includes county and annual resolution,

Remaining nonpoint
sector: nonpt

NEI Sector: Nonpoint

Primarily 2002 NEI nonpoint sources not otherwise included in other SMOKE
sectors, county and annual resolution. Also includes updated Residential Wood
Combustion emissions, year 2005 non-California WRAP oil and gas Phase 11
inventory and year 2005 Texas and Oklahoma oil and gas emissions. Removed Hg
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Platform Sector,
modeling abbrev.
and corresponding
2005 NEI sector

Description and resolution of the data input to SMOKE, 2005 v4.1
platform

emissions from boilers to avoid double counting with Hg emissions added to the
non-EGU sector from the Boiler MACT ICR.

Nonroad sector:
nonroad

NEI Sector: Nonroad

Monthly nonroad emissions from the National Mobile Inventory Model (NMIM)
using NONROAD2005 version nr0Sc-BondBase, which is equivalent to
NONROAD2008a, since it incorporated Bond rule revisions to some of the base
case inputs and the Bond rule controls did not take effect until later.

NMIM was used for all states except California. Monthly emissions for California
created from annual emissions submitted by the California Air Resources Board
(CARB) for the 2005v2 NEL

Locomotive, and non-
C3 commercial
marine vessel (CMV):
alm_no_c3

NEI Sector: Nonroad

2002 NEI non-rail maintenance locomotives, and category 1 and category 2
commercial marine vessel (CMV) emissions sources, county and annual

resolution. Aircraft emissions are included in the Non-EGU sector (as point
sources) and category 3 CMV emissions are contained in the seca ¢3 sector.

C3 commercial
marine: seca_c3

NEI Sector: Nonroad

Annual point source-formatted, year 2005 category 3 (C3) CMV emissions,
developed for the rule called “Control of Emissions from New Marine
Compression-Ignition Engines at or Above 30 Liters per Cylinder”, usually
described as the Emissions Control Area (ECA) study
(http://www.epa.gov/otag/oceanvessels.htm). Utilized final projections from 2002,
developed for the C3 ECA proposal to the International Maritime Organization
(EPA-420-F-10-041, August 2010).

Onroad California,
NMIM-based, and
Motor Vehicle
Emissions Simulator
(MOVES) sources not
subject to
temperature
adjustments:
on_noadj

NEI Sector: Onroad

Three, monthly, county-level components:

1) California onroad, created using annual emissions submitted by CARB for the
2005 NEI version 2. NH; (not submitted by CARB) from MOVES2010.

2) Onroad gasoline and diesel vehicle emissions from MOVES2010 not subject to
temperature adjustments: exhaust carbon monoxide (CO), nitrogen oxides
(NOy), sulfur dioxide (SO,), VOC, ammonia (NH;), benzene, formaldehyde,
acetaldehyde, 1,3-butadiene, acrolein, naplithalene, brake and tirewear PM, and
evaporative VOC, benzene, and naphthalene.

3) Onroad emissions for Hg from NMIM using MOBILE6.2, other than for
California.

Onroad cold-start
gasoline exhaust mode
vehicle from MOVES
subject to
temperature
adjustments:
on_moves_startpm

NEI Sector: Onroad

2005 monthly, county-level MOVES2010 onroad gasoline vehicle emissions
subject to temperature adjustments. Pollutants that are included are limited to PM
species and Naphthalene for exhaust mode only. California emissions not included
(covered by on_noadj). This sector is limited to cold start mode emissions that
contain different temperature adjustment curves from running exhaust (see
on_moves_runpm sector).
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Platform Sector,
modeling abbrev.
and corresponding
2005 NEI sector

Description and resolution of the data input to SMOKE, 2005 v4.1
platform

Onroad running
gasoline exhaust mode
vehicle from MOVES
subject to
temperature
adjustments:
on_moves_runpm

NEI Sector: Onroad

2005 monthly, county-level MOVES2010 onroad gasoline vehicle emissions
subject to temperature adjustments. Pollutants that are included are limited to PM
species and Naphthalene for exhaust mode only. California emissions not
included. This sector is limited to running mode emissions that contain different
temperature adjustment curves from cold start exhaust (see on_moves_startpm
sector).

Biogenic: biog

Hour-specific, grid cell-specific emissions generated from the BEIS3.14 model -
includes emissions in Canada and Mexico.

Other point sources
not from the NEI:
othpt

Point sources from Canada’s 2006 inventory and Mexico’s Phase 111 1999
inventory, annual resolution. Also includes annual U.S. offshore oil 2005 NEI v2
point source emissions.

Other point sources
not from the NEI, Hg
only: othpt hg

Year 2000 Canada speciated mercury point source emissions; annual resolution.

Other nonpoint and
nonroad not from the
NEI: othar

Year 2006 Canada (province resolution) and year 1999 Mexico Phase 111
(municipio resolution) nonpoint and nonroad mobile inventories, annual
resolution.

Other nonpoint
sources not from the
NEI, Hg only:
othar_hg

Year 2000 Canada speciated mercury from nonpoint sources; annual resolution.

Other onroad sources
not from the NEI:
othon

Year 2006 Canada (province resolution) and year 1999 Mexico Phase 11
(municipio resolution) onroad mobile inventories, annual resolution.

The onroad emissions were primarily based on the 12/21/2009 version of the Motor
Vehicle Emissions Simulator (MOVES2010) (http://www.epa.gov/otag/models/moves/).
MOVES was run with a State/month aggregation using average fuels for each state, state/month-

average temperatures, and national default vehicle age distributions. The MOVES data were

allocated to counties using state-county distributions from the 2005 National Mobile Inventory
model (NMIM) results that are part of the 2005 NEI v2. MOVES2010 was used for onroad
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sources other than in California' for carbon monoxide (CO), nitrogen oxides (NOx), VOC, PM;s,
particulate matter less than ten microns (PMo), sulfur dioxide (SO;), ammonia (NH3),
naphthalene,” and some VOC HAPs.’ Since MOVES2010 does not provide emissions for all
HAPs, the 2005 NEI v2 values, which came from NMIM other than for California, were used for
those HAPs not provided by MOVES. Mercury was the only of these NMIM-based HAPs that
was used in the modeling. To account for the temperature dependence of PM; s, MOVES-based
temperature adjustment factors were applied to gridded, hourly emissions using the same 2005
gridded, hourly 2 meter temperature data used in CMAQ. Additional information on this
approach is available in the 2005-based v4.1 platform documentation.

The nonroad emissions utilized the NMIM model (other than California®) to create

county/month emissions, which are consistent with the annual emissions from the 2005 NEI v2.

Emissions from the point source NEI were primarily from the 2005 NEI v2 inventory,
which consisted primarily 2005 values with some 2002 emissions values where 2005 was not
available. The point sources are split into “EGU” (aka “ptipm”) or “Non-EGU” (aka
“ptnonipm”) sectors for modeling purposes, based on the matching of the unit level data in the
NEI units in the National Electric Energy Database System (NEEDS) version 4.10 database. All
units that matched NEEDS were included in the EGU sector so that the future year emissions,
which are generated by the Integrated Planning Model (IPM) based on the NEEDS units, would
have a consistent universe for the existing sources. We made updates to the 2005 NEI data to
remove duplicates and plants or units that were found to shutdown prior to 2005, add estimates
for ethanol plants, and revise some of the 2002 data to reflect 2005 emissions based on controls
that were discovered to have been put in place between 2002 and 2005.

The mercury emissions used in the modeling were from the inventory developed for the
2005 National Air Toxics Assessment (NATA), with the exceptions that (1) we replaced Hg
emissions for boilers and process heaters with the emissions from the database developed as part
of the Boiler MACT, which contained unit-specific Hg emissions, (2) we modified some gold
mine mercury estimates, and geographic coordinates and stack parameters to account for newer
data collected as part of the Gold Mine Ore Processing and Production NESHAP, and (3) we
removed Hg from plants that were found to have closed prior to 2005. The NATA inventory
started with the 2005 NEI v2, and was updated with data collected for some source categories

! California onroad emissions were taken from the California Air Resources Board submission of 2005 data to the
NEI. The inventory included all criteria air pollutants other than ammonia and hazardous air pollutants.

Naphthalene emissions were not used in the modeling

31,3 Butadiene, Acrolein, Formaldehyde, Benzene and Acetaldehyde. Of these, the latter 3 are used in the modeling
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during the rule development process, which resulted in major updates to mercury emissions for
Portland cement and hazardous waste combustion. The NATA inventory was also revised as a
result of comments received as part of the state, local and tribal review. The NATA Hg
emissions were also split into the “EGU” and “Non-EGU” sectors for use in the 2005v4.1
platform.

The 2005 annual NOy and SO, emissions for sources in the EGU sector as defined in
Table 3-1 are based primarily on data from EPA’s Clean Air Markets Division’s Continuous
Emissions Monitoring (CEM) program, with other pollutants estimated using emission factors
and the CEM annual heat input. For mercury, these emission factors were based on the 2002
emissions divided by the 2002 heat input. This approach retained the speciated mercury
emissions, which had been generated for 2002 using the same speciation approach as was used
for the future year emissions, whereby speciated factors were applied to units based on coal rank,
firing type, boiler/burner type, and post-combustion emissions controls. For EGUs without
CEMs, emissions were obtained from the state-submitted data in the NEI. Revisions to this
sector between version 4 and 4.1 involved the revision and addition of ORIS plant and unit
codes,' and for a subset of these units, annual emissions were recomputed® to reflect the newly
matched CEM data.

For the 2005 base year, the annual EGU NEI emissions in the NEI were allocated to
hourly emissions values needed for modeling based on the 2004, 2005, and 2006 CEM data. The
NOx CEM data were used to create NOx-specific profiles, the SO, data were used to create SO,-
specific profiles, and the heat input data were used to allocate all other pollutants. The three
years of data were used to create monthly profiles by state, while the 2005 data were used to
create state-averaged profiles for allocating monthly emissions to daily. These daily values were
input into SMOKE, which utilized state-averaged 2005-based hourly profiles to allocate to
hourly values. This approach to temporal allocation was used for all base and control cases
modeled to provide a temporal consistency that is intended to be a conceivable temporal
allocation without tying the approach to a single year.

The nonpoint inventory was augmented with updated oil and gas exploration emissions
from Texas and Oklahoma (CO, NOy, PM, SO,, VOC). These oil and gas exploration emissions
were in addition to data added to the 2005 v4 platform that includes emissions within the

" An Oris code is a 4 digit number assigned by the Energy Information Administration (EIA) at the U.S. Department
of Energy that is used to track emission generating units under numerous other data systems including the Clean
Air Markets Divisions CEM data.

% Net change was a decrease in NOx by 1700 tons and a decrease in SO, by 600 tons.
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following states: Arizona, Colorado, Montana, Nevada, New Mexico, North Dakota, Oregon,
South Dakota, Utah, and Wyoming.

The commercial marine category 3 (C3) vessel emissions (seca_c3 sector) used updated
gridded 2005 emissions to reflect the final projections from 2002 developed for the category 3
commercial marine Emissions Control Area (ECA) proposal to the International Maritime
Organization (EPA-420-F-10-041, August 2010). These updated emissions include Canada as
part of the ECA, and were updated using region-specific growth rates; thus the v4.1 seca_c3

sector inventories contain Canadian province codes.

Other emissions sources included the average-year county-based inventories for
emissions from wildfires and prescribed burning. These emissions are intended to be
representative for both base and future years and are held constant for each, which minimizes
their impact on the modeling results because of post-processing techniques. For Hg, we also
used emissions of elemental mercury from natural, recycled and volcanic sources. The same
approach was used in the v4 platform except that in the v4.1 platform, we reduced emissions of
the natural emissions from land by 90% based on literature' indicating that the emissions are 10-

12 tons per year as opposed to the 120 tons we had been using previously.

Additionally, the inventories were processed to provide the hourly, gridded emissions for
the model-species needed by CMAQ. All of these details are further described in the 2005-based
v4.1 platform documentation. Table 3-2 provides summaries of emissions by sector for the 2005

base year, for the v4.1 platform used for the modeling this rule.

' Gustin, M. S., Lindberg, S. E., & Weisberg, P. J. (2008). An update on the natural sources and sinks of
atmospheric mercury. Applied Geochemistry, 23(3), 482-493.
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Tables 3-3 through 3-5 provide state-level summaries for Hg, SO,, and PM, 5. In the tables
below, “Nonpoint” represents the nonpt sector; “Area Fugitive Dust” (which contains only PM;g
and PM; s5) represents the afdust sector; on_noadj, on_startpm and on_runpm sectors are summed
into “Onroad”; and nonroad, alm_no_c3 (locomotives and category 1 and 2 marine vessels) and
seca_c3 (category 3 marine vessels) sectors are summed into “Nonroad.” Mercury emissions are
excluded from fires in both the base and future years due to uncertainty associated with these

emissions.

Table 3-3. 2005 Base Year Hg Emissions (tons/year) for States by Sector

State EGU NonEGU | Nonpoint | Nonroad | Onroad Total

Alabama 2.663 1.499 0.029 0.000 0.007 4.198
Arizona 0.716 0.208 0.030 0.000 0.007 0.961
Arkansas 0.509 0.694 0.017 0.000 0.004 1.224
California 0.005 3.389 1.488 0.480 0.390 5.751
Colorado 0.429 0.746 0.007 0.000 0.006 1.187
Connecticut 0.121 0.184 0.142 0.000 0.004 0.451
Delaware 0.180 0.219 0.000 0.002 0.001 0.402
District of Columbia 0.003 0.001 0.004 0.000 0.000 0.008
Florida 1.173 1.170 0.093 0.001 0.024 2.462
Georgia 1.704 0.690 0.065 0.000 0.013 2.473
Idaho 0.386 0.000 0.002 0.388
Illinois 4.242 1.853 0.108 0.001 0.013 6.217
Indiana 2.879 2.530 0.053 0.000 0.009 5.471
lowa 1.158 0.705 0.026 0.000 0.004 1.893
Kansas 1.008 0.548 0.020 0.000 0.004 1.580
Kentucky 1.759 0.694 0.029 0.000 0.006 2.488
Louisiana 0.609 1.388 0.022 0.000 0.005 2.025
Maine 0.004 0.127 0.122 0.000 0.002 0.255
Maryland 0.890 0.681 0.129 0.000 0.007 1.707
Massachusetts 0.182 0.237 0.313 0.000 0.007 0.739
Michigan 1.826 1.086 0.088 0.001 0.012 3.013
Minnesota 0.707 1.977 0.043 0.001 0.007 2.734
Mississippi 0.292 0.330 0.015 0.000 0.005 0.643
Missouri 1.854 1.211 0.004 0.000 0.008 3.078
Montana 0.504 0.095 0.008 0.000 0.001 0.608
Nebraska 0.344 0.157 0.011 0.000 0.002 0.514
Nevada 0.310 2.594 0.013 0.000 0.002 2.919
New Hampshire 0.030 0.043 0.050 0.000 0.002 0.125
New Jersey 0.133 0.761 0.233 0.000 0.009 1.137
New Mexico 1.027 0.035 0.010 0.000 0.003 1.076
New York 0.465 0.916 0.614 0.001 0.018 2.014
North Carolina 1.716 0.638 0.091 0.001 0.011 2.456
North Dakota 1.123 0.045 0.011 0.000 0.001 1.180
Ohio 3.662 2.059 0.110 0.001 0.013 5.845
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State EGU NonEGU Nonpoint | Nonread | Onroad Total

Oklahoma 0.927 0.379 0.020 0.000 0.006 1.332

Oregon 0.081 1.561 0.060 0.000 0.004 1.706
Pennsylvania 4.979 2.684 0.264 0.001 0.013 7.940

Rhode Island 0.047 0.033 0.000 0.001 0.081

South Carolina 0.581 1.202 0.030 0.000 0.006 1.819

South Dakota 0.048 0.071 0.009 0.000 0.001 0.129

Tennessee 1.251 1.746 0.034 0.000 0.008 3.040

Texas 5.196 4.650 0.073 0.001 0.027 9.947

Tribal Data 0.001 0.000 0.001

Utah 0.148 0.369 0.015 0.000 0.003 0.536

Vermont 0.006 0.001 0.033 0.000 0.001 0.040

Virginia 0.624 1.743 0.100 0.000 0.010 2477

Washington 0.339 0.202 0.050 0.013 0.007 0.611

West Virginia 2.404 0.454 0.019 0.000 0.002 2.880

Wisconsin 1.147 0.887 0.072 0.001 0.007 2.114

Wyoming 0.949 0.275 0.004 0.000 0.001 1.229

TOTAL 52.9 46.2 4.8 0.5 0.7 105.1

Table 3-4. 2005 Base Year SO2 Emissions (tons/year) for States by Sector

State EGU NonEGU | Nonpoint Nonroad | Onroad Fires Total
Alabama 460,123 70,346 52,325 6,392 3,983 983 594,151
Arizona 52,733 23,966 2,571 6,154 3,919 2,888 92,231
Arkansas 66,384 13,066 27,260 5,678 1,998 728 115,114
California 601 33,136 77,672 102,317 4,935 6,735 225,395
Colorado 64,174 1,549 6,810 4,897 3,064 1,719 82,213
Connecticut 10,356 1,831 18,455 2,556 1,375 4 34,576
Delaware 32,378 34,859 5,859 11,746 519 6 85,367
District of Columbia 1,082 686 1,559 414 218 0 3,961
Florida 417,321 57,475 70,490 93,772 13,280 7,018 659,356
Georgia 616,054 54,502 56,829 13,386 7,163 2,010 749,945
Idaho 0 17,151 2,915 2,304 951 3,845 27,166
Hlinois 330,382 156,154 5,395 19,303 7,279 20 518,532
Indiana 878,978 87,821 59,775 9,437 4,937 24 1,040,972
Towa 130,264 64,448 19,832 8,838 2,045 25 225,451
Kansas 136,520 13,235 36,381 8,035 2,241 103 196,515
Kentucky 502,731 25,965 34,229 6,942 3,377 364 573,607
Louisiana 109,851 165,737 2,378 73,001 3,043 892 354,902
Maine 3,887 18,519 9,969 3,752 986 150 37,264
Maryland 283,205 34,988 40,864 17,929 2,706 32 379,723
Massachusetts 84,234 19,620 25,261 25,547 2,819 93 157,575
Michigan 349,877 76,510 42,066 14,597 8,966 91 492,106
Minnesota 101,666 25,169 14,747 10,412 3,111 631 155,736
Mississippi 75,047 29,892 6,796 5,999 2,681 1,051 121,466
Missouri 284,384 78,307 44,573 10,464 5,339 186 423,253
Montana 19,715 11,056 2,600 3,813 912 1,422 39,518
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State EGU NonEGU | Nonpoint Nonroad | Onroad Fires Total
Nebraska 74,955 6,469 29,575 9,199 1,640 105 121,942
Nevada 53,363 2,253 12,477 2,877 702 1,346 73,018
New Hampshire 51,445 3,245 7,408 805 780 38 63,721
New Jersey 57,044 7,640 10,726 23,659 3,112 61 102,242
New Mexico 30,628 8,062 3,193 3,541 1,879 3,450 50,755
New York 180,847 58,562 125,158 20,990 6,500 113 392,170
North Carolina 512,231 59,433 22,020 43,094 6,506 696 643,980
North Dakota 137,371 9,678 6,455 5,986 525 66 160,082
Ohio 1,116,084 115,165 19,810 15,630 7,715 22 1,274,427
Oklahoma 110,081 40,482 8,556 5,015 3,316 469 167,918
Oregon 12,304 9,825 9,845 13,862 1,872 4,896 52,603
Pennsylvania 1,002,202 83,376 68,349 11,999 6,597 32 1,172,554
Rhode Island 176 2,743 3,365 2,515 265 1 9,065
South Carolina 218,781 31,495 30,016 20,639 3,741 646 305,318
South Dakota 12,215 1,999 10,347 3,412 612 498 29,083
Tennessee 266,148 67,160 32,714 6,288 6,088 277 378,676
Texas 534,949 223,625 115,192 52,643 17,970 1,178 945,556
Tribal 3 1,511 0 1,515
Utah 34,813 9,132 3,577 2,439 1,999 1,934 53,893
Vermont 9 902 5,385 385 346 49 7,078
Virginia 220,248 69,440 32,923 18,523 4,647 399 346,181
Washington 3,409 24,211 7,254 28,345 3,490 407 67,115
West Virginia 469,456 48,314 14,589 2,133 1,289 215 535,996
Wisconsin 180,200 66,806 6,369 7,134 3,735 70 264,314
Wyoming 89,874 22,321 6,721 2,674 807 1,106 123,503
TOTAL 10,380,786 | 2,089,836 1,259,635 771,467 | 177,977 | 49,094 14,728,796
*Non-US seca_c3 component not included. These emissions are 321,414 tons/yr.
Table 3-5. 2005 Base Year PM2.5 Emissions (tons/year) for States by Sector
Area

Fugitive
State EGU NonEGU | Nonpoint | Nenroad | Onroad Fires Dust Total
Alabama 23,487 19,871 23,973 4,237 5,931 13,938 11,582 103,019
Arizona 7,506 3,940 8,596 4,486 7,249 37,151 12,806 81,733
Arkansas 1,761 10,872 23,062 3,803 3,222 10,315 11,681 64,717
California 1,461 21,516 73,873 30,062 | 22,303 97,302 20,327 266,843
Colorado 4,525 7,114 13,545 3,960 4,554 24,054 11,794 69,546
Connecticut 612 224 10,446 1,740 2,620 56 1,014 16,712
Delaware 2,193 2,225 1,826 1,025 973 87 497 8,826
District of 17 172 427 277 386 0 162 1,441
Columbia
Florida 26,142 25,196 38,847 22,728 16,844 99,484 14,108 243,349
Georgia 28,016 12,936 41,847 6,922 12,835 24,082 21,286 147,925
Idaho 1 2,072 27,367 2,140 1,541 52,808 14,125 100,053
Illinois 16,654 15,683 15,181 12,880 13,272 277 58,864 132,812
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Area

Fugitive

State EGU NonEGU | Nonpoint | Nonroad | Onroad Fires Dust Total

Indiana 35,056 14,262 32,611 6,515 8,137 344 41,832 138,757
lowa 8,905 5,904 11,476 6,969 3,706 349 42,837 80,146
Kansas 5,592 7,634 83,174 5,719 3,186 1,468 55,263 162,036
Kentucky 19,936 10,455 18,590 4,762 5,790 5,155 12,655 77,343
Louisiana 5,656 39,591 17,862 15,320 4,474 12,647 10,302 105,851
Maine 98 3,785 13,726 1,627 1,805 2,127 1,312 24,480
Maryland 15,570 6,768 19,764 4,472 5,668 531 3,559 56,332
Massachusetls 3,293 2,245 26,536 5,651 6,091 1,324 4,580 49,720
Michigan 11,375 12,918 24,216 8,702 13,437 1,283 23,506 95,437
Minnesota 3,228 10,651 24,496 8,541 7,019 8,943 49,495 112,372
Mississippi 2,845 10,602 16,769 4,142 4,297 14,897 17,447 71,000
Missouri 6,525 6,948 28,217 7,230 7,992 2,636 48,202 107,750
Montana 2,399 2,729 5,569 2,654 1,496 17,311 24,528 56,686
Nebraska 1,255 1,858 8,655 5,848 2,768 1,483 37,482 59,349
Nevada 3,397 4,095 2,735 2,171 1,301 19,018 7,185 39,902
New Hampshire 2,677 572 12,658 909 1,553 534 658 19,560
New Jersey 5,015 2,599 13,074 6,327 6,219 865 549 34,648
New Mexico 5,670 1,463 5,346 1,959 3,005 48,662 45,353 111,458
New York 10,466 5,000 34,893 9,267 11,582 1,601 13,647 86,456
North Carolina 16,990 12,665 38,389 10,533 9,096 9,870 11,162 108,706
North Dakota 6,397 576 3,241 4,552 1,037 934 38,263 55,001
Ohio 53,570 12,890 23,761 9,868 12,136 316 28,587 141,128
Oklahoma 1,973 6,246 45,804 3,765 4,690 6,644 44243 113,366
Oregon 479 8,852 49,407 4,751 3,504 65,350 8,738 141,080
Pennsylvania 55,621 14,772 31,263 7,565 11,544 454 13,344 134,564
Rhode Island 47 256 1,107 605 605 14 182 2,816
South Carolina 14,466 4,779 18,139 4,950 5,304 9,163 9,160 65,962
South Dakota 391 2,882 4,463 2,910 1,114 7,062 29,215 48,037
Tennessee 12,872 22,279 20,663 5,072 8,750 3,934 11,900 85,470
Texas 24,900 37,563 50,339 23,551 31,198 21,578 143,698 332,825
Tribal 17 1,569 0 0 1,586
Utah 5,078 3,595 9,079 1,627 2,791 27,412 5,682 55,264
Vermont 37 337 5,415 479 645 696 1,528 9,137
Virginia 12,388 11,504 29,947 7,009 6,943 5,659 8,194 81,644
Washington 2,444 4,618 31,983 7,864 6,878 4,487 13,617 71,890
West Virginia 26,385 5,161 11,130 1,702 2,008 3,050 3,649 53,085
Wisconsin 5,449 7,973 25,407 6,062 6,907 994 11,870 64,662
Wyoming 8,068 10,296 2,922 1,455 1,238 15,686 28,723 68,388
TOTAL 508,903 440,714 | 1,081,816 | 307,367 | 307,645 | 684,035 1,030,391 | 4,360,871

*Non-US seca_c3 component not included. These emissions are 39,810 tons/yr.
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3.3  Development of Future Year Base Case Emissions

The 2016 base case scenario represents predicted emissions including known Federal
measures for all sectors. It reflects projected economic changes and fuel usage for the EGU and
mobile sectors. Emissions from non-EGU stationary sectors have previously been shown to not be
well correlated with economic forecasts, and therefore economic impacts were not included for
non-EGU stationary sources. Like the 2005 base case, this emissions case includes criteria
pollutants, mercury, hydrogen chloride, and chlorine from non-EGU sources, and, for some
sectors benzene, formaldehyde, acetaldehyde and methanol from the inventory is used in VOC
speciation. It does not include metals nor other non-mercury HAPs except for those mentioned

above.

The 2016 base case EGU emissions projections of mercury, hydrogen chloride, SO, and
PM were obtained from an interim version 4.10 of the Integrated Planning Model (IPM)
(http://www.epa.gov/airmarkt/progsregs/epa-ipm/index.html). The IPM is a multiregional,

dynamic, deterministic linear programming model of the U.S. electric power sector. Version 4.10
reflects state rules and consent decrees through December 1, 2010, and incorporates information
on existing controls collected through the Information Collection Request (ICR) for the proposed
Toxics Rule. Units with SO, or NOx advanced controls (e.g., scrubber, SCR) that were not
required to run for compliance with Title IV, New Source Review (NSR), state settlements, or
state-specific rules were modeled by IPM to either operate those controls or not based on
economic efficiency parameters. Units with advanced mercury controls (e.g., ACI) were assumed
to operate those controls in states with mercury requirements. Note that this base case includes the
proposed Transport Rule, which will be finalized in June, 2011. Speciated emissions were
estimated using mercury speciation factors, which are assigned based on coal rank, firing type,
boiler/burner type, and post-combustion emissions controls. These are the same factors as were
used in the Clean Air Mercury rule and are provided in Appendix A. Further details on the EGU
emissions inventory used for this proposal can be found in the IPM Documentation.

The length of time required to conduct emissions and photochemical modeling precluded
the use of the final version IPM version 4.10. Thus the air quality modeling for the proposed
Toxics Rule relied on electric generating unit (EGU) emission projections from an interim IPM
platform that was subsequently updated during the rulemaking process for the proposed Toxics
Rule policy analysis. The updated emissions were not included in the air quality modeling. The
updated baseline emission projection was based on an updated IPM platform, which resulted in
emissions changes to the EGU sector only. The IPM update reflects additional information
obtained primarily from the 2010 ICR and from comments submitted on an IPM Notice of Data
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Availability (NODA) in October 2010. Notably, this IPM update included the addition of over 20
GW of existing ACI reported to EPA via the ICR, which explains the majority of the difference in
interim and final base case EGU mercury projections. This update also includes additional unit-
level updates that were made based on the ICR and public comments on the IPM NODA which
identified additional existing pollution controls (such as scrubbers). Additionally, this update
corrected an erroneous natural gas emission factor which was responsible for an over-prediction in
PM, s emissions from the EGU sector of 85 thousand tons. Other updates includes adjustments to
assumptions regarding the performance of acid gas control technologies, new costs imposed on
fuel-switching (e.g., bituminous to sub-bituminous), correction of lignite availability to some
plants, incorporation of additional planned retirements, a more inclusive implementation of the
scrubber upgrade option, and the availability of a scrubber retrofit to waste-coal fired fluidized bed
combustion units without an existing scrubber. Further details on the future year EGU emissions
inventory used for this proposal can be found in the IPM v.4.10 Documentation, available at
http://www.epa.gov/airmarkt/progsregs/epa-ipm/index.html.

Prior to emissions processing through SMOKE, the IPM results were adjusted to account
for the impact of the Boiler MACT which resulted in a reduction of roughly 20,000 tons of SO,
and 460 tons of HCL. This adjustment was not applied to the final IPM version. Mobile source
inventories of onroad and nonroad mobile emissions were created for 2016 using a combination of
the NMIM and MOVES models in a consistent approach with the 2005 base year. As with the
2005 emissions, the 2016 onroad emissions were based on MOVES 2010. Future-year vehicle
miles travelled (VMT) were projected from the 2005 NEI v2 VMT using growth rates from the
2009 Annual Energy Outlook (AEQO) data. The same MOVES-based PM; 5 temperature
adjustment factors were also applied as in 2005 for running mode emissions because these are not
dependent on year; however, cold start emissions used 2015-specific temperature adjustment
factors.

The 2016 onroad emissions reflect control program implementation through 2016 and
include the Light-Duty Vehicle Tier 2 Rule, the Onroad Heavy-Duty Rule, and the Mobile Source
Air Toxics (MSAT) final rule. Emission reductions and increases from the Renewable Fuel
Standard version 2 (RFS2) are not included.

Nonroad mobile emissions were created only with NMIM using a consistent approach as
was used for 2005, but emissions were calculated using NMIM future-year equipment population
estimates and control programs for 2015 and then adjusted to 2016 using national level factors.
Emissions for locomotives and category 1 and 2 (C1 and C2) commercial marine vessels were

3-15


http://www.el?a.g.ov/ainnarkt/proP;srea/index.html

derived for 2016 based on emissions published in the Locomotive Marine Rule, Regulatory
Impact Assessment, Chapter 3 (see http://www.epa.gov/otag/locomotives.htm#2008final).

The future baseline case nonroad mobile emissions reductions for these years include
reductions to locomotives, various nonroad engines including diesel engines and various marine
engine types, fuel sulfur content, and evaporative emissions standards, including the category 3
marine diesel engines and International Maritime Organization standards which include the
establishment of emission control areas for these ships. A summary of the mobile source control
programs included in the projected future year baseline is shown in Table 3-6.

Table 3-6. Summary of Mobile Source Control Programs Included in 2016 Baseline

National Onroad Rules:
Tier 2 Rule (Signature date: February 28, 2000)
Onroad Heavy-Duty Rule (February 24, 2009)
Final Mobile Source Air Toxics Rule (MSAT2) (February 9, 2007)
Renewable Fuel Standard (March 26, 2010)
Local Onroad Programs:
National Low Emission Vehicle Program (NLEV) (March 2, 1998)
Ozone Transport Commission (OTC) LEV Program (January, 1995)
National Nonroad Controls:
Tier 1 nonroad diesel rule (June 17, 2004)
Phase 1 nonroad SI rule (July 3, 1995)

Marine SI rule (October 4, 1996)
Nonroad diesel rule (October 23, 1998)
Phase 2 nonroad nonhandheld SI rule (March 30, 1999)
Phase 2 nonroad handheld SI rule (April 25, 2000)
Noriroad large SI and recreational engine rule (November 8, 2002)
Clean Air Nonroad Diesel Rule - Tier 4 (June 29, 2004)
Locomotive and marine rule (May 6, 2008)
Nonroad SI rule (October 8, 2008)
Aircraft:
Itinerant (ITN) operations at airports adjusted to year 2016
Locomotives:
Clean Air Nonroad Diesel Final Rule — Tier 4 (June 29, 2004)
Locomotive rule (April 16, 2008)
Locomotive and marine rule (May 6, 2008)
Commercial Marine:
Locomotive and marine rule (May 6, 2008)
Category 3 marine diesel engines Clean Air Act and International Maritime
Organization standards (April, 30, 2010)

In the 2016 base case, we used the 2005 base year emissions for Canada and Mexico
because appropriate future-year emissions for sources in these countries were not available. The
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future-year emissions need to reflect expected percent reductions or increases between the base
year and the future year to be considered appropriate for this type of modeling.

For non-EGU point sources, emissions were projected by including emissions reductions
and increases from a variety of source data.'" For non-EGU point sources, other than for certain
large municipal waste combustors and airports, emissions were not grown using economic growth
projections, but rather were held constant at the emissions levels in 2005. Emissions reductions
were applied to non-EGU point source to reflect final federal measures, known plant closures,
refinery and other consent decrees. The starting point was the emission projections done for the
2005v4 platform for the proposed Transport Rule. The 2014 projection factors developed for the
Transport Rule proposal (see http://www.epa.gov/ttn/chief/emch/index.html#transport) were

updated for these 2016 baseline projections. Several additional NESHAP were promulgated since
emission projections were done for the proposed Transport Rule, and these were included for the
2016 base case. Emission reductions were also applied to include the impact of the Boiler MACT,
which had been proposed at the time of the analysis, and finalized in February 2011. This
approach, which utilized information developed between the proposed and final rule, resulted in
the reduction of roughly 400,000 tons of SO, 5,600 tons HCL and 1.8 tons of Hg nationwide. In
addition, the projection includes local controls for NOx and VOC from the New York State
Implementation Plan (SIP) as part of another effort; we do not anticipate that this change
significantly impacts the results of this RIA, which are primarily resulting from changes to SO,
and PM; .

Since aircraft at airports were treated as point emissions sources in the 2005 NEI v2, we
applied projection factors based on activity growth projected by the Federal Aviation
Administration Terminal Area Forecast (TAF) system, published December 2008 for these

Sources.

The mercury emission projections included NESHAP for non-EGU source categories that
were finalized or expected to be finalized prior to the proposed Toxics rule including the Boiler
MACT (1.8 tons reduction), Portland Cement NESHAP (6.4 tons reduction), Gold Mines
NESHAP (1.8 tons reduction), Electric Arc Furnaces NESHAP (2.4 tons reduction), Mercury Cell
Chlor-Alkali NESHAP (2.8 tons reduction) and Hazardous Waste Combustion NESHAP (1.1 ton

" Controls from the NOx SIP call were assumed to have been in place by 2005 and captured in the 2005 NEI v2.
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reduction'?) In addition, the projections included reduction of Hg emissions due to the replacement
of a smelter with a recovery boiler at a pulp and paper plant (0.7 tons reduction).

Emissions from stationary nonpoint sources were projected using procedures specific to
individual source categories. Refueling emissions were projected using the refueling results from
the NMIM runs performed for the onroad mobile sector. Portable fuel container emissions were
projected using estimates from previous rulemaking inventories compiled by the Office of
Transportation and Air Quality (OTAQ). Emissions of ammonia and dust from animal operations
were projected based on animal population data from the Department of Agriculture and EPA.
Residential wood combustion was projected by replacement of obsolete woodstoves with new
woodstoves and a 1 percent annual increase in fireplaces. Landfill emissions were projected using
MACT controls. In addition, many of the NY SIP controls applied to nonpoint categories and
were included in the projection. All other nonpoint sources were held constant between 2005 and
the 2016 future year scenarios.

A summary of all rules and growth assumptions impacting non-EGU stationary sources is
provided in Table 3-7. The table is broken out into two sections: (1) the approaches used to
project emissions for the proposed Transport Rule that were carried forward for the proposed
Toxics Rule and (2) the added controls/reductions used for the proposed Toxics rule that had not
been used for the proposed Transport rule.

Table 3-7. Control Strategies and/or Growth Assumptions Included in the 2016 Projection
for Non EGU Stationary Sources

Control Strategies and/or Growth Assumptions Applied to 2005 emissions for the 2016
projection

Projection Approaches Carried Forward from the Proposed Transport Rule"”

MACT rules, national, VOC: national applied by SCC, MACT VOC
Consent Decrees and Settlements, including refinery consent decrees, and settlements All
for: Alcoa, TX and Premcor (formerly MOTIVA), DE
Municipal Waste Combustor Reductions —plant level PM
Hazardous Waste Combustion PM
Hospital/Medical/Infectious Waste incinerator Regulations NOx, PM,
SO,
Large Municipal Waste Combustors — growth applied to specific plants All
MACT rules, plant-level, VOC: Auto Plants vOC
MACT rules, plant-level, PM & SO2: Lime Manufacturing PM, SO,
MACT rules, plant-level, PM: Taconite Ore PM
Municipal Waste Landfills: project factor of 0.25 applied All
Livestock Emissions Growth from year 2002 to year 2016 NH3, PM

"2 Actual reduction for hazardous waste reduction should have been 0.2 tons, but due to an error in the percentage
applied, a higher value was reduced.



Residential Wood Combustion Growth and Change-outs from year 2005 to All

Year 2016

Gasoline Stage 1l growth and control from year 2005 to year 2016 VOC

Portable Fuel Container Mobile Source Air Toxics Rule 2: inventory growth and control | VOC

from year 2005 to year 2016

Additional Projection Approaches For the Proposed Toxics Rule’

NESHAP: Portland Cement (09/09/10) — plant level based on Industrial Sector Integrated Hg, NOy,

Solutions (ISIS) policy emissions in 2013. The ISIS results are from the ISIS-Cement model SO2, PM,

runs for the NESHAP and NSPS analysis of July 28, 2010 and include closures. HCL

NESHAP: Industrial, Commercial, Institutional (ICI) Boilers, aka “Boiler MACT” (signed Hg, SO,,

02/21/2011) HCL, PM

NESHAP: Gold Mine Ore Processing and Production Area Source Category (based on proposed | Hg

rule 04-15-10) — finalized 12/2010

NESHAP: Mercury Emissions From Mercury Cell Chior-Alkali Plants-Final Rule (12/19/03) Hg

Pulp and Paper Project smelter replacement for Georgia Pacific plant in VA (12/2009) Hg

NESHAP: Electric Arc Furnace Steelmaking Facilities (12/28/2007) Hg

NESHAP: Hazardous Waste Combustion (12/19/2005) Hg

New York ozone SIP standards VOC, HAP
VOC, NOx

Additional Plant and Unit closures provided by state, regional, and EPA agencies All

Emission Reductions resulting from controls put on specific boiler units (not due to MACT) after | NOy, SO,,

2003, identified through analysis of the control data gathered from the ICR from the ICI Boiler HCL

NESHAP.

NESHAP: Reciprocating Internal Combustion Engines (RICE)* NOy, CO,
PM

Use Phase I1 WRAP 2018 Oil and Gas, and apply RICE controls to these emissions VOC, SO,,
NOy, CO

Use 2008 Oklahoma and Texas Oil and Gas, and apply RICE controls to these emissions VOC, SO,
NOy, CO,
PM

[

They were changed to reflect a 2016 future year, rather than 2012 /2014

2.  We inadvertently did not apply closures that had been applied for the Transport Rule proposal; emissions
from these plants sum to 3300 tons VOC, 178 tons PM2.5, 1982 tons SO2, 1639 tons NOX, 6 tons NH3
and 379 tons CO. At the state level, the largest impact is in West Virginia (717 tons NOX, which is 2% of
emissions in ptnonipm) and 1604 tons SO2 which is 7% of the ptnonipm sector. When considering
emissions from other sectors, the percentages will be much smaller. All other errors are under 500 tons (
less than 1% of the ptnonipm sector). This omission is expected to have negligible impacts on our analysis
since the reductions were omitted from both the base and policy cases.

3. Note that SO2 reductions are expected to occur to due fuel sulfur limits but were excluded from the
projection. They were expected to reduce SO2 by 27,000 tons, nationwide. This omission is expected to
have negligible impacts on our analysis since the reductions were omitted from both the base and policy
cases.

4. Due to a software issue, emission reductions from the LaFarge and SaintGobain consent decrees (January

2010) were not included in the projection. The resulting emissions are therefore too high in CA, IL, IN,

KS, LA, MA, MI, MO, NC, OH, OK, PA, TX, WA, and WI, and are summarized nationally below.

Although these missed reductions are large, they have a minimal impact on our overall analysis because the

modeling analysis for the RIA captures an appropriate difference between the future base and policy cases

and that difference is unaffected by this omission since it was omitted from both the base and the policy

cases.
Cco NOX PMI10 PM2 5 SO2 vocC
(tons) (tons) (tons) (tons) (tons) (tons)
110 13,214 269 210 16,270 6
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Table 3-8 shows a summary of the 2005 and 2016 modeled base case emissions for the
sum of the lower 48 states. Tables 3-9 to 3-11 below provide summaries of Hg, SO, and PM; 5 in
the 2016 base case for each sector by state.

Table 3-8. Summary of Modeled Base Case Annual Emissions (tons/year) for 48 States by
Sector: Hg, SO, and PM; 5
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Source Sector Hg Emissions 2005 2016
EGU Point 53 29
Non-EGU Point 46 29
Nonpoint 4.8 5
Nonroad 0.5 0.5
On-road 0.7 0.7
Average Fire
Total HG, All Sources 105 64

Source Sector SO, Emissions
EGU Point 10,380,786 3,577,698
Non-EGU Point 2,089,836 1,349,038
Nonpoint 1,259,635 1,250,300
Nonroad 771,467 35,616
On-road 177,977 26,784
Average Fire 49,094 49,094
Total SO,, All Sources 14,728,795 6,288,530

Source Sector PM, s Emissions
EGU Point 508,903 384,320%
Non-EGU Point 440,714 404,926
Nonpoint plus Area Fugitive Dust 2,112,207 2,071,484
Nonroad 307,366 169,144
On-road 307,645 188,320%*
Average Fire 684,035 684,035
Total PM, s, All Sources 4,360,870 3,902,229



*PM2.5 based on modeled value. Subsequent IPM run with updated base case and correction to
natural gas emission factor resulted in 285,253 tons.

**On-road PM2.5 for 2016 had two errors which were not able to be corrected prior to the AQ
modeling, resulting in a national level over-estimate of 86,000 tons in the 2016 case, which is
2% of the total PM2.5 emissions from the continental U.S.

Table 3-9. 2016 Base Case Hg Emissions (tons/year) for Lower 48 States by Sector

State EGU NonEGU Nonpoint Neonroad Onroad Total
Alabama 1.2550 0.6869 0.0293 0.0003 0.0068 1.98
Arizona 0.7487 0.0742 0.0300 0.0003 0.0070 0.86
Arkansas 0.7246 0.5523 0.0171 0.0002 0.0038 1.30
California 0.1322 2.0271 1.4881 0.4799 0.3898 4.52
Colorado 0.0832 0.6339 0.0068 0.0003 0.0058 0.73
Connecticut 0.0069 0.1839 0.1422 0.0002 0.0039 0.34
Delaware 0.0090 0.0353 0.0001 0.0019 0.0011 0.05
District of Columbia 0.0008 0.0040 0.0000 0.0005 0.01
Florida 0.4859 0.6206 0.0929 0.0013 0.0243 1.23
Georgia 0.5115 0.2056 0.0653 0.0005 0.0130 0.80
Idaho 0.3758 0.0001 0.0016 0.38
Ilinois 0.4879 1.5530 0.1080 0.0007 0.0129 2.16
Indiana 1.5583 2.0018 0.0528 0.0004 0.0085 3.62
lowa 0.9994 0.3602 0.0258 0.0003 0.0038 1.39
Kansas 0.9551 0.3645 0.0201 0.0002 0.0035 1.34
Kentucky 0.8278 0.4658 0.0289 0.0002 0.0058 1.33
Louisiana 1.0188 0.3517 0.0220 0.0004 0.0053 1.40
Maine 0.0129 0.0889 0.1221 0.0001 0.0018 0.23
Maryland 0.1144 0.4264 0.1287 0.0003 0.0068 0.68
Massachusetts 0.0094 0.2339 0.3130 0.0003 0.0070 0.56
Michigan 1.5010 0.6395 0.0884 0.0009 0.0122 2.24
Minnesota 0.1610 1.8691 0.0432 0.0005 0.0066 2.08
Mississippi 0.4048 0.2666 0.0155 0.0002 0.0048 0.69
Missouri 1.9487 0.8189 0.0041 0.0004 0.0083 2.78
Montana 0.0968 0.0708 0.0079 0.0001 0.0013 0.18
Nebraska 0.4228 0.1092 0.0108 0.0001 0.0023 0.55
Nevada 0.0874 0.7880 0.0127 0.0001 0.0024 0.89
New Hampshire 0.0108 0.0272 0.0499 0.0002 0.0016 0.09
New Jersey 0.0257 0.6580 0.2333 0.0005 0.0093 0.93
New Mexico 0.2958 0.0110 | 0.0101 0.0001 0.0029 0.32
New York 0.0510 0.6600 0.6138 0.0009 0.0181 1.34
North Carolina 0.4868 0.5493 0.0911 0.0005 0.0105 1.14
North Dakota 0.9364 0.0268 0.0114 0.0001 0.0009 0.98
Ohio 1.5759 1.2379 0.1096 0.0006 0.0132 2.94
Oklahoma 1.0284 0.2605 0.0204 0.0002 0.0056 1.32
Oregon 0.0075 0.2949 0.0601 0.0003 0.0041 0.37
Pennsylvania 1.6132 1.9226 0.2642 0.0006 0.0130 3.81
Rhode Island 0.0466 0.0333 0.0000 0.0011 0.08
South Carolina 0.3472 0.8218 0.0302 0.0003 0.0058 1.21
South Dakota 0.0272 0.0241 0.0088 0.0001 0.0010 0.06
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State EGU NonEGU Nonpoint Nonroad Onroad Total
Tennessee 0.7427 0.7705 0.0341 0.0003 0.0082 1.56
Texas 3.3673 3.6445 0.0728 0.0011 0.0268 7.11
Tribal Data 0.0011 0.0000 0.00
Utah 0.1838 0.2064 0.0150 0.0001 0.0030 0.41
Vermont 0.0010 0.0327 0.0001 0.0009 0.03
Virginia 0.2842 0.7885 0.1000 0.0004 0.0099 1.18
Washington 0.1666 0.1044 0.0504 0.0127 0.0065 0.34
West Virginia 0.8600 0.3142 0.0191 0.0001 0.0023 1.20
Wisconsin 0.8701 0.8148 0.0720 0.0006 0.0071 1.76
Wyoming 1.2596 0.1922 0.0042 0.0000 0.0011 1.46
Total 28.7 29.2 4.8 0.510 0.704 63.9

Table 3-10. 2016 Base Case SO, Emissions (tons/year) for Lower 48 States by Sector

State EGU NonEGU Nonpoint Nonroad Onroad Fires Total
Alabama 172,198 65,649 52,312 197 513 983 291,850
Arizona 23,140 24,206 2,566 52 626 2,888 53,477
Arkansas 93,754 12,910 27,255 142 286 728 135,075
California 4,740 22,148 77,610 8,489 2,216 6,735 121,938
Colorado 55,588 1,425 6,469 47 529 1,719 65,778
Connecticut 2,643 1,832 18,438 100 275 4 23,291
Delaware 1,717 6,299 5,857 715 79 6 14,673
District of Columbia 0 686 1,559 3 36 0 2,284
Florida 122,123 40,662 70,479 4,530 1,901 7,018 246,713
Georgia 91,885 42,407 56,812 430 1,108 2,010 194,652
Idaho 0 17,137 2,911 21 167 3,845 24,082
Illinois 148,934 85,834 5,380 319 1,036 20 241,524
Indiana 229,248 64,088 59,764 160 675 24 353,959
Iowa 98,518 19,010 19,816 85 291 25 137,745
Kansas 61,622 12,708 36,374 55 257 103 111,119
Kentucky 123,010 18,773 34,208 257 436 364 177,048
Louisiana 98,808 146,371 2,371 3,979 402 892 252,824
Maine 1,123 7,803 9,943 194 131 150 19,345
Maryland 36,211 13,623 40,850 1,055 513 32 92,284
Massachusetts 4,236 16,168 25,235 1,368 497 93 47,597
Michigan 169,853 24,072 42,066 440 919 91 237,440
Minnesota 51,952 18,728 14,727 252 500 631 86,789
Mississippi 55,317 22,327 6,785 244 332 1,051 86,055
Missouri 172,031 65,392 44,540 214 652 186 283,016
Montana 13,234 7,858 1,959 24 105 1,422 24,603
Nebraska 74,642 4,777 29,569 55 181 105 109,329
Nevada 11,283 2,134 12,474 25 187 1,346 27,449
New Hampshire 4,348 2,578 7,391 22 120 38 14,496
New Jersey 8,507 6,758 10,711 1,300 661 61 27,998
New Mexico 11,370 8,065 2,833 24 237 3,450 25,978
New York 28,911 20,812 125,199 979 1,303 113 177,318
North Carolina 82,544 45,264 21,992 2,177 811 696 153,484
North Dakota 76,081 9,678 5,766 35 62 66 91,688
Ohio 204,291 58,216 19,810 422 969 22 283,731
Oklahoma 139,800 31,097 7,535 45 436 469 179,382
Oregon 11,102 8,597 9,846 787 369 4,896 35,598
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State EGU NonEGU Nonpoint | Nonroad | Onroad Fires Total
Pennsylvania 152,929 46,609 68,322 458 981 32 269,332
Rhode Island 0 2,725 3,364 129 72 1 6,291
South Carolina 128,070 22,746 30,001 1,037 462 646 182,963
South Dakota 29,711 1,947 10,298 22 76 498 42,552
Tennessee 106,762 39,433 32,695 173 695 277 180,036
Texas 334,636 138,883 110,147 2,103 2,084 1,178 589,030
Tribal 0 1,495 0 1,495
Utah 31,343 8,034 3,425 25 297 1,934 45,057
Vermont 0 903 5,379 7 90 49 6,428
Virginia 45,345 47,045 32,897 771 756 399 127,213
Washington 2,804 19,131 7,227 1,432 654 407 31,655
West Virginia 127,826 23,305 14,580 75 161 215 166,162
Wisconsin 77,871 18,573 6,370 123 554 70 103,561
Wyoming 55,636 22,118 6,180 18 86 1,106 85,146
Total 3,577,698 1,349,038 1,250,300 35,616 26,784 49,094 6,288,529

*Non-US seca_c3 component not included. These emissions are 957,065 tons/yr.

Table 3-11. 2016 Base Case PM2.5 Emissions (tons/year) for Lower 48 States by Sector

Area
State EGU NonEGU Nonpoint Nonroad | Onroad Fires Fugitive Total
Dust
Alabama 14,801 17,064 22,982 2,576 1,631 13,938 11,591 84,583
Arizona 10,196 3,804 8,178 2,836 1,817 | 37,151 12,806 76,788
Arkansas 3,805 9,905 22,683 2,191 1,108 | 10,315 11,681 61,689
California 9,718 20,859 69,736 17,963 17,777 | 97,302 20,386 253,741
Colorado 4,972 7,007 12,854 2,490 4,373 | 24,054 11,794 67,544
Connecticut 1,632 225 9,303 1,090 2,988 56 1,014 16,308
Delaware 643 1,906 1,675 477 514 87 497 5,801
g;slt‘l;f})]"af 0 172 407 151 229 0 162 1,121
Florida 26,114 18,264 37,931 10,096 4,168 | 99,484 14,126 210,183
Georgia 14,411 12,161 40,435 4,131 3,803 | 24,082 21,286 120,309
Idaho 187 2,067 27,023 1,267 1,555 | 52,808 14,154 99,060
Illinois 11,157 14,266 13,753 7,429 10,062 277 58,864 115,808
Indiana 21,198 13,572 31,618 3,769 5,586 344 41,832 117,919
Iowa 5,223 5,688 10,176 3,593 3,816 349 42,837 71,682
Kansas 4,634 7,556 82,581 3,078 1,736 1,468 55,263 156,315
Kentucky 13,598 10,341 16,928 2,899 2,342 5,155 12,655 63,917
Louisiana 5,219 36,644 17,365 6,491 1,000 | 12,647 10,302 89,669
Maine 712 3,143 11,958 985 1,876 2,127 1,312 22,114
Maryland 3,791 6,153 18,742 2,304 3,584 531 3,559 38,665
Massachusetts 2,754 2,127 24,749 2,531 5,278 1,324 4,580 43,343
Michigan 7,188 11,115 22,374 5,048 10,955 1,283 23,506 81,470
Minnesota 9,011 9,665 22,535 5,035 10,917 8,943 49,495 115,600
Mississippi 2,554 9,491 15,685 2,495 876 | 14,897 17,454 63,451
Missouri 8,040 6,334 25,550 4,217 4,335 2,636 48,202 99,315
Montana 2,453 2,528 4,925 1,427 1,239 | 17,311 24,528 54,412
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Area
State EGU NonEGU Nonpoint Nonroad | Onroad Fires Fugitive Total
Dust

Nebraska 2,657 1,857 8,177 3,177 1,760 1,483 37,482 56,593
Nevada 10,903 4,029 2,612 1,364 732 | 19,018 7,185 45,843
New Hampshire 1,138 508 11,543 610 1,588 534 658 16,578
New Jersey 3,380 2,577 11,837 3,358 5,483 865 549 28,049
New Mexico 5,785 1,445 5,006 1,220 1,178 | 48,662 45,353 108,648
New York 7,580 4,442 37,074 5,432 13,467 1,601 13,647 83,242
North Carolina 12,185 11,775 36,080 4,746 3,172 9,870 11,162 88,990
North Dakota 5,338 569 2,807 2,293 1,735 934 38,263 51,940
Ohio 19,844 12,251 22,428 5,908 8,425 316 28,587 97,759
Oklahoma 7,412 5,669 45,423 2,165 1,856 6,644 44,243 113,412
Oregon 1,653 8,161 47,545 2,517 1,917 | 65,350 8,738 135,881
Pennsylvania 21,187 13,237 29,061 4,839 8,838 454 13,344 90,961
Rhode Island 598 256 1,035 281 758 14 182 3,124
South Carolina 11,831 4,477 16,869 2,372 1,548 9,163 9,162 55,421
South Dakota 768 2,145 3,959 1,445 1,128 7,062 29,215 45,722
Tennessee 6,637 21,495 19,126 3,129 3,034 3,934 11,900 69,254
Texas 37,320 34,923 47,953 13,048 6,101 | 21,578 143,814 304,737
Tribal 32 1,557 0 0 1,589
Utah 5,011 3,564 8,859 1,021 2,328 | 27,412 5,682 53,877
Vermont 0 337 4,882 325 1,250 696 1,528 9,018
Virginia 7,141 10,840 27,774 3,938 4,315 5,659 8,194 67,861
Washington 1,927 4,197 30,049 3,737 3,665 4,487 13,617 61,680
West Virginia 16,198 4,921 10,405 1,114 1,084 3,050 3,649 40,423
Wisconsin 6,376 7,430 24,646 3,639 8,423 994 11,870 63,379
Wyoming 7,406 10,207 2,620 896 967 | 15,686 28,723 66,505

Grand Total 384,320 404,926 1,029,916 169,144 | 188,320 | 684,035 | 1,030,631 | 3,891,291

*Non-US seca_c3 component not included. These emissions are 120,617 tons/yr.

3.4  Development of Future Year Control Case Emissions for Air Quality Modeling

For the future year control case (policy case) air quality modeling, the emissions for all

sectors were unchanged from the base case modeling except for those from EGUs. The IPM

model was used to prepare the 2016 policy case (i.e., the proposed Toxics Rule) for EGU
emissions as described in the IPM v.4.10 Documentation, available at

http://www.epa.gov/airmarkt/progsregs/epa-ipm/index.html. As with the base case projections,
photochemical modeling of the policy case is based on interim IPM v.4.10. The final IPM 4.10

includes all of the updates incorporated in the base case. In addition, the mercury removal from

some new fabric filters is correctly accounted for in this update. The policy modeled in this final

scenario reflects the emissions limits that EPA is proposing. This differs from interim policy case

modeling, which was conducted before a comprehensive review of ICR data was able to inform

the proposed emissions limits. Using limited ICR data available early in the rulemaking process,
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EPA’s preliminary policy case reflected lower HCL and mercury emissions standards than are
being proposed today. The changes in EGU Hg, SO,, and PM; 5 emissions as a result of the
interim policy case (utilized in the air quality modeling) for the lower 48 states are summarized in
Table 3-12. State-specific summaries of EGU Hg, SO, and PM; s for the sum of the lower 48
states are shown in Tables 3-13 through 3-15, respectively.

Table 3-12. Summary of Emissions Changes for the Proposed Toxics Rule in the Lower 48

States
Item Pollutant
2016 EGU Emissions HG S02 PM2.5
Base Case EGU Emissions (tons) 28.70 3,577,698 384,320
Control EGU Emissions (tons) 6.84 1,220,379 291,044
Reductions to Base Case in 21.87 2,357,319 93,276
Control Case (tons)
Percentage Reduction of Base 76.2% 65.9% 24.3%
EGU Emissions
Total 2016 Manmade Emissions™*
Total Base Case Emissions (tons) 63.92 6,288,530 3,891,292
Total Control Case Emissions (tons) 42.05 3,931,211 3,798,016
Percentage Reduction of All 34.2% 37.5% 2.4%
Manmade Emissions
* In this table, man-made emissions includes average fires. Non-US seca_c3 emissions are not included:
957,065 SO2; and 120,617 PM2.5

Table 3-13. State Specific Changes in Annual EGU Hg for the Lower 48 States

EGU Hg EGUHg

2016 Base Case | 2016 Policy Case reduction reduction
State Hg (tons) Hg (tons) (tons) (%)
Alabama 1.255 0.192 1.063 85%
Arizona 0.749 0.089 0.660 88%
Arkansas 0.725 0.066 0.658 91%
California 0.132 0.084 0.048 36%
Colorado 0.083 0.090 -0.007 -8%
Connecticut 0.007 0.006 0.000 7%
Delaware 0.009 0.021 -0.012 -134%
District of Columbia 0.000 0.000 0.000
Florida 0.486 0.193 0.293 60%
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EGU Hg EGU Hg
2016 Base Case | 2016 Policy Case reduction reduction

State Hg (tons) Hg (tons) (tons) (%)
Georgia 0.512 0.215 0.296 58%
Idaho 0.000 0.000 0.000

Iilinois 0.488 0.287 0.201 41%
Indiana 1.558 0.380 1.178 76%
lowa 0.999 0.152 0.847 85%
Kansas 0.955 0.097 0.858 90%
Kentucky 0.828 0.313 0.514 62%
Louisiana 1.019 0.166 0.853 84%
Maine 0.013 0.000 0.013 100%
Maryland 0.114 0.116 -0.001 -1%
Massachusetts 0.009 0.010 -0.001 -11%
Michigan 1.501 0.174 1.327 88%
Minnesota 0.161 0.074 0.087 54%
Mississippi 0.405 0.053 0.352 87%
Missouri 1.949 0.242 1.706 88%
Montana 0.097 0.045 0.052 54%
Nebraska 0.423 0.084 0.338 80%
Nevada 0.087 0.056 0.031 36%
New Hampshire 0.011 0.011 0.000 0%
New Jersey 0.026 0.026 .0.000 0%
New Mexico 0.296 0.087 0.209 71%
New York 0.051 0.043 0.008 17%
North Carolina 0.487 0.207 0.280 57%
North Dakota 0.936 0.063 0.874 93%
Ohio 1.576 0.640 0.936 59%
Oklahoma 1.028 0.105 0.924 90%
Oregon 0.008 0.008 0.000 0%
Pennsylvania 1.613 0.517 1.096 68%
Rhode Island 0.000 0.000 0.000

South Carolina 0.347 0.142 0.205 59%
South Dakota 0.027 0.012 0.015 56%
Tennessee 0.743 0.153 0.590 79%
Texas 3.367 0.536 2.831 84%
Utah 0.184 0.078 0.105 57%
Vermont 0.000 0.000 0.000

Virginia 0.284 0.114 0.170 60%
Washington 0.167 0.020 0.147 88%
West Virginia 0.860 0.505 0.355 41%
Wisconsin 0.870 0.146 0.724 83%
Wyoming 1.260 0.220 1.040 83%
Total 28.7 6.8 21.9 76%
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Table 3-14. State Specific Changes in Annual EGU SO, for the Lower 48 States

EGU SO2 EGU SO2
2016 Base Case | 2016 Policy Case reduction reduction

State SO2 (tons) SO2 (tons) (tons) (%)
Alabama 172,198 38,346 133,852 78%
Arizona 23,140 21,632 1,508 7%
Arkansas 93,754 7,314 86,440 92%
California 4,740 4,148 592 12%
Colorado 55,588 19,698 35,890 65%
Connecticut 2,643 2,041 601 23%
Delaware 1,717 3,359 (1,642) -96%
District of Columbia -

Florida 122,123 57,439 64,684 53%
Georgia 91,885 40,767 51,118 56%
Idaho 0 0 -

Illinois 148,934 47,403 101,531 68%
Indiana 229,248 111,741 117,507 51%
lowa 98,518 22,208 76,309 77%
Kansas 61,622 12,781 48,841 79%
Kentucky 123,010 97,707 25,304 21%
Louisiana 98,808 32,624 66,184 67%
Maine 1,123 0 1,123 100%
Maryland 36,211 11,528 24,683 68%
Massachusetts 4,236 2,556 1,680 40%
Michigan 169,853 27,922 141,931 84%
Minnesota 51,952 27,805 24,147 46%
Mississippi 55,317 10,595 44,722 81%
Missouri 172,031 32,412 139,619 81%
Montana 13,234 9,071 4,163 31%
Nebraska 74,642 34,551 40,091 54%
Nevada 11,283 4,735 6,548 58%
New Hampshire 4,348 730 3,618 83%
New Jersey 8,507 6,997 1,511 18%
New Mexico 11,370 9,357 2,013 18%
New York 28,911 13,468 15,443 53%
North Carolina 82,544 34,946 47,598 58%
North Dakota 76,081 11,955 64,126 84%
Ohio 204,291 77,852 126,439 62%
Oklahoma 139,800 14,196 125,605 90%
Oregon 11,102 1,423 9,679 87%
Pennsylvania 152,929 73,714 79,215 52%
Rhode Island 0 0 -

South Carolina 128,070 35,223 92,847 72%
South Dakota 29,711 7,490 22,220 75%
Tennessee 106,762 44,110 62,652 59%
Texas 334,636 81,000 253,636 76%
Utah 31,343 14,261 17,083 55%
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EGU SO2 EGU S0O2

2016 Base Case | 2016 Policy Case reduction reduction
State SO2 (tons) SO2 (tons) (tons) (%)
Vermont 0 0 -
Virginia 45,345 16,029 29,317 65%
Washington 2,804 2,804 0%
West Virginia 127,826 44,129 83,696 65%
Wisconsin 77,871 24,481 53,390 69%
Wyoming 55,636 25,831 29,805 54%
Total 3,577,698 1,220,379 2,357,319 66%

Table 3-15. State Specific Changes in Annual EGU PM; 5 for the Lower 48 States

EGU
EGUPM2.5 PM2.5
State 2016 Base Case | 2016 Policy Case reduction reduction
PM2.5 (tons) PM2.5 (tons) (tons) (%)

Alabama 14,801 9,829 4,972 34%
Arizona 10,196 7,260 2,936 29%
Arkansas 3,805 2,803 1,002 26%
California 9,718 9,550 169 2%
Colorado 4,972 4,778 194 4%
Connecticut 1,632 1,537 95 6%
Delaware 643 815 -171 -27%
District of Columbia

Florida 26,114 20,494 5,620 22%
Georgia 14,411 10,648 3,762 26%
Idaho 187 187 0 0%
Illinois 11,157 9,235 1,921 17%
Indiana 21,198 14,992 6,206 29%
lowa 5,223 4,148 1,075 21%
Kansas 4,634 2,755 1,879 41%
Kentucky 13,598 9,009 4,589 34%
Louisiana 5,219 5,345 -125 -2%
Maine 712 699 13 2%
Maryland 3,791 3,069 723 19%
Massachusetts 2,754 2,452 302 11%
Michigan 7,188 5,170 2,019 28%
Minnesota 9,011 4,440 4,571 51%
Mississippi 2,554 2,583 -29 -1%
Missouri 8,040 5,719 2,321 29%
Montana 2,453 1,803 651 27%
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EGU

EGU PM2.5 PM2.5
State 2016 Base Case | 2016 Policy Case reduction reduction
PM2.5 (tons) PM2.5 (tons) (tons) (%)

Nebraska 2,657 4,024 -1,368 -51%
Nevada 10,903 10,816 87 1%
New Hampshire 1,138 917 220 19%
New Jersey 3,380 3,210 170 5%
New Mexico 5,785 5,287 498 9%
New York 7,580 6,719 861 11%
North Carolina 12,185 7,651 4,534 37%
North Dakota 5,337 1,787 3,551 67%
Ohio 19,844 13,671 6,173 31%
Oklahoma 7,412 5,973 1,439 19%
Oregon 1,653 1,548 106 6%
Pennsylvania 21,187 13,119 8,068 38%
Rhode Island 598 609 -11 -2%
South Carolina 11,831 7,085 4,746 40%
South Dakota 768 567 201 26%
Tennessee 6,637 4,758 1,879 28%
Texas 37,320 32,181 5,139 14%
Utah 5,011 4,399 611 12%
Vermont 0 0 0 -98%
Virginia 7,141 6,391 750 11%
Washington 1,927 1,650 278 14%
West Virginia 16,198 9,386 6,812 42%
Wisconsin 6,376 4,653 1,724 27%
Wyoming 7,406 5,292 2,114 29%
Tribal Data 32 32 0 0%
Total 384,319 291,044 93,275 24%
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APPENDIX A.

MERCURY SPECIATION FRACTIONS USED TO SPECIATE

THE MERCURY EMISSIONS
Divalent | ;

Category Particulate | Gaseous | Elemental
Bituminous Coal and Pet. Coke, PC Boiler with ESP-CS 0.0117 0.4656 | 0.5227
Bituminous Coal, Coal Gasification 0.0051 0.0847 10.9102
Bituminous Coal, PC Boiler with Dry Sorbent Injection
and ESP-CS 0.0016 0.6710 | 0.3274
Bituminous Coal, PC Boiler with ESP-CS 0.0611 0.6820 | 0.2570
Bituminous Coal, PC Boiler with ESP-CS and Wet FGD 0.0022 0.0778 | 0.9200
Bituminous Coal, PC Boiler with ESP-HS 0.0490 0.5784 | 0.3726
Bituminous Coal, PC Boiler with ESP-HS and Wet FGD 0.0063 0.2068 | 0.7870
Bituminous Coal, PC Boiler with FF Baghouse 0.0398 0.6258 | 0.3344
Bituminous Coal, PC Boiler with FF Baghouse and Wet
FGD 0.0648 0.3300 | 0.6052
Bituminous Coal, PC Boiler with PM Scrubber 0.0180 0.1951 0.7869
Bituminous Coal, PC Boiler with SCR and SDA/FF
Baghouse 0.0506 0.4604 | 0.4890
Bituminous Coal, PC Boiler with SDA/FF Baghouse 0.0917 0.2886 | 0.6197
Bituminous Coal, PC Boiler with SNCR and ESP-CS 0.2032 0.2712 | 0.5256
Bituminous Coal, Stoker Boiler with SDA/FF Baghouse 0.1996 0.1794 | 0.6211
Bituminous Coal/Pet. Coke, Cyclone with ESP-CS and
Wet FGD 0.0007 0.1130 | 0.8863
Bituminous Coal/Pet. Coke, PC Boiler with FF Baghouse 0.0220 0.7841 |0.1939
Bituminous Coal/Pet. Coke, Fluidized Bed Combustor with
SNCR and FF Baghouse 0.4244 0.2787 |0.2970
Bituminous Waste, Fluidized Bed Combustor with FF
Baghouse 0.0212 0.3881 | 0.5907
Lignite Coal, Cyclone Boiler with ESP-CS 0.0004 0.1699 | 0.8297
Lignite Coal, Cyclone Boiler with SDA/FF Baghouse 0.0995 0.1707 | 0.7298
Lignite Coal, Fluidized Bed Combustor with ESP-CS 0.0137 0.1164 | 0.8700
Lignite Coal, Fluidized Bed Combustor with FF Baghouse | 0.0042 0.7118 | 0.2840
Lignite Coal, PC Boiler with ESP-CS 0.0009 0.0362 | 0.9629
Lignite Coal, PC Boiler with ESP-CS and FF Baghouse 0.0019 0.6449 | 0.3532
Lignite Coal, PC Boiler with ESP-CS and Wet FGD 0.0082 0.1345 |0.8574
Lignite Coal, PC Boiler with PM Scrubber 0.0016 0.0298 | 0.9686
Lignite Coal, PC Boiler with SDA/FF Baghouse 0.0036 0.1262 1 0.8702
Subbituminous Coal, Fluidized Bed Combustor with
SNCR and FF Baghouse 0.0027 0.0342 | 0.9632
Subbituminous Coal, PC Boiler with ESP-CS 0.0016 0.3083 | 0.6901
Subbituminous Coal, PC Boiler with ESP-CS and Wet
FGD 0.0043 0.0294 | 0.9663
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Category

Divalent |

, - Particulate | Gaseous | Elemental

Subbituminous Coal, PC Boiler with ESP-HS 0.0006 0.1252 | 0.8741
Subbituminous Coal, PC Boiler with ESP-HS and Wet

FGD 0.0117 0.0446 | 0.9437
Subbituminous Coal, PC Boiler with FF Baghouse 0.0149 0.8283 | 0.1568
Subbituminous Coal, PC Boiler with PM Scrubber 0.0145 0.0511 |0.9344
Subbituminous Coal, PC Boiler with SDA/ESP 0.0032 0.0382 | 0.9586
Subbituminous Coal, PC Boiler with SDA/FF Baghouse 0.0099 0.0435 | 0.9467
Subbituminous Coal/Pet. Coke, Cyclone Boiler with ESP-

HS 0.0093 0.0752 | 0.9155
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Chapter 4
AIR QUALITY BENEFITS OF EMISSIONS REDUCTIONS

4.1 Air Quality Modeling Platform

This section describes the air quality modeling performed by EPA in support of the
Toxics Rule. A national scale air quality modeling analysis was performed to estimate the impact
of the sector emissions changes on future year annual and 24-hour PM2.5 concentrations, 8-hr
maximum ozone, total mercury deposition, as well as visibility impairment. Air quality benefits
are estimated with the Community Multi-scale Air Quality (CMAQ) model. CMAQ simulates
the numerous physical and chemical processes involved in the formation, transport, and
destruction of ozone, particulate matter and air toxics. In addition to the CMAQ model, the
modeling platform includes the emissions, meteorology, and initial and boundary condition data
which are inputs to this model.

Emissions and air quality modeling decisions are made early in the analytical process.
For this reason, it is important to note that the inventories used in the air quality modeling and
the benefits modeling may be slightly different than the final utility sector inventory. Similarly,
the projected future year inventory used for this analysis is generally representative of several
years around 2016 such as 2015. However, the air quality inventories and the final rule
inventories are generally consistent, so the air quality modeling adequately reflects the effects of
the rule. Photochemical grid models use state of the science numerical algorithms to estimate
pollutant formation, transport, and deposition over a variety of spatial scales that range from
urban to continental. Emissions of precursor species are injected into the model where they react
to form secondary species such as ozone and then transport around the modeling domain before
ultimately being removed by deposition or chemical reaction.

The 2005-based CMAQ modeling platform was used as the basis for the air quality
modeling for this rule. This platform represents a structured system of connected modeling-
related tools and data that provide a consistent and transparent basis for assessing the air quality
response to projected changes in emissions. The base year of data used to construct this platform
includes emissions and meteorology for 2005. The platform is intended to support a variety of
regulatory and research model applications and analyses. More information about the modeling
platform is available in the modeling technical support document for this rule (USEPA, 2011).

4.1.1 Photochemical Model Background

The Community Multi-scale Air Quality (CMAQ) model v4.7.1 (www.cmaq-model.org)
is a state of the science three-dimensional Eularian “one-atmosphere” photochemical transport
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model used to estimate air quality (Appel et al., 2008; Appel et al., 2007; Byun and Schere,
2006). CMAQ simulates the formation and fate of photochemical oxidants, ozone, primary and
secondary PM concentrations, and air toxics over regional and urban spatial scales for given
input sets of meteorological conditions and emissions. CMAQ is applied with the AEROS
aerosol module, which includes the ISORROPIA inorganic chemistry (Nenes et al., 1998) and a
secondary organic aerosol module (Carlton et al., 2010). The CMAQ model is applied with
sulfur and organic oxidation aqueous phase chemistry (Carlton et al., 2008) and the carbon-bond
2005 (CBO0S) gas-phase chemistry module (Gery et al., 1989).

4.1.2 Model Setup, Application, and Post-Processing

The modeling analyses were performed for a domain covering the continental United
States, as shown in Figure 4.1. This domain has a parent horizontal grid of 36 km with two
finer-scale 12 km grids over portions of the eastern and western U.S. The model extends
vertically from the surface to 100 millibars (approximately 15 km) using a sigma-pressure
coordinate system. Air quality conditions at the outer boundary of the 36 km domain were taken
from a global model and vary in time and space. The 36 km grid was only used to establish the
incoming air quality concentrations along the boundaries of the 12 km grids. Only the finer grid
data were used in determining the impacts of the emissions changes. Table 4.1 provides
geographic information about the photochemical model domains.

Table 4-1. Geographic Elements of Domains Used in Photochemical Modeling

Photochemical Modeling Configuration
National Grid Western U.S. Fine Grid |[Eastern U.S. Fine Grid
Map Projection Lambert Conformal Projection
Grid Resolution 36 km 12 km 12 km
Coordinate Center 97 deg W, 40 deg N
True Latitudes 33 deg N and 45 deg N
Dimensions 148x112x 14 213x192x 14 279 x 240 x 14
Vertical extent 14 Layers: Surface to 100 millibar level (see Table 11-3)
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Figure 4-1. Map of the Photochemical Modeling Domains. The black outer box denotes the
36 km national modeling domain; the red inner box is the 12 km western U.S. grid; and the
blue inner box is the 12 km eastern U.S. grid.

The 36 km and 12 km modeling domains were modeled for the entire year of 2005 and
projected year 2016. Data from the entire year were utilized when looking at the estimation of
PM2.5, total mercury deposition, and visibility impacts from the regulation. Data from April
through October is used to estimate ozone impacts. All air quality impacts are based on
improvements in future year pollution based on emissions changes from this source sector.

As part of the analysis for this rulemaking, the modeling system was used to calculate
daily and annual PM2.5 concentrations, 8-hr maximum ozone, annual total mercury deposition
levels and visibility impairment. Model predictions are used to estimate future-year design
values of PM2.5 and ozone. Specifically, we compare a 2016 baseline scenario, a scenario
without the boiler sector controis, to a 2016 control scenario which includes the adjustments to
the boiler sector. This is done by calculating the simulated air quality ratios between any
particular future year simulation and the 2005 base.

These predicted ratios are then applied to ambient base year design values. The design
value projection methodology used here followed EPA guidance for such analyses (USEPA,
2007). Additionally, the raw model outputs are also used in a relative sense as inputs to the
health and welfare impact functions of the benefits analysis. Only model predictions for mercury
deposition were analyzed using absolute model changes, although percent changes between the
control case and two future baselines are also estimated.



4.1.3 Emissions Input Data

The emissions data used in the base year and future baseline and future emissions
adjustment case are based on the 2005 v4.1 platform. The emissions cases use different
emissions data for some pollutants than the official v4 platform to use data intended only for the
rule development and not for general use. Unlike the 2005 v4 platform, the configuration for this
modeling application included mercury emissions from the National Air Toxics Assessment
Inventory and some industrial boiler sector mercury emissions more consistent with the
engineering analysis for the Industrial/Commercial/Institutional Boilers and Process Heaters
NESHAP. Emissions for the future years for the EGU sector utilized information collected from
the utility MACT information collection request. Emissions are processed to photochemical
model inputs with the SMOKE emissions modeling system (Houyoux et al., 2000).

The 2016 baseline (or reference) case is intended to represent the emissions associated
with growth and controls in that year projected from the 2005 simulation year. The United States
EGU point source emissions estimates for the future year baseline and control case are based on
an Integrated Planning Model (IPM) run for criteria pollutants, hydrochloric acid, and mercury in
2016. Both control and growth factors were applied to a subset of the 2005 non-EGU point and
non-point to create the 2016 baseline case. The 2005 v4 platform 2014 projection factors were
the starting point for most of the 2016 SMOKE-based projections. The mercury projections for
non—-EGU point sources accounted for emission reductions expected in the future due to
NESHAP for various non-EGU source categories that were finalized or expected to be finalized
prior to the Utility proposal including the Boiler MACT, Gold Mine NESHAP and Electric Arc
Furnace NESHAP. The estimated total anthropogenic emissions and emissions for the utility
sector used in the modeling assessment are shown in Table 4-2. More details on these emissions
can be found in Chapter 3.



Table 4-2. Estimated Total Inventory and EGU Sector Emissions for Each Modeling

Scenario
Emissions (tons/year)
Scenario Sector vocC NOx co SO2 PM10 PM2.5
2005 baseline EGU (PTIPM) 40,950 3,726,459 601,564 10,380,786 615,095 508,903
All 17,613,543 22,216,093 83,017,43¢ 15,050,209 13,031,716 4,400,680
2016 baseline EGU (PTIPM) 40,845 1,769,764 691,310 3,577,698 523,504 384,320
All 14,390,421 15,019,83€ 59,148,384 7,245,595 12,772,091 4,022,846
2016 control case EGU (PTIPM) 38,217 1,618,199 656,245 1,220,379‘ 358,165 291,044
All 14,387,792 14,868,270 59,113,319 4,888,276 12,606,752 3,929,570
Emissions {tons/year)
Scenario Sector HG2 HGO HG_PM25 HCL ClL2 NH3
2005 baseline EGU (PTIPM) 21 30 1.6 351,592 99 21,684
All 33 64 8.5 429,223 6,409 3,762,641
2016 baseline EGU (PTIPM) 7 21 0.7 74,089 36,655
All 16 42 5.9 140,638 6,050 3,897,033
2016 control case EGU (PTIPM) 2 5 0.4 8,802 36,982
All 11 26 5.6 75,351 6,050 3,897,360

4.2 Impacts of Sector on Future Annual PM; s Levels

This section summarizes the results of our modeling of annual average PM2.5 air quality
impacts in the future due to reductions in emissions from this sector. Specifically, we compare a
2016 baseline scenario to a 2016 control scenario (the proposed Toxics Rule interim values). The
modeling assessment indicates a decrease up to 1.49 pg/m’ in annual PM2.5 design values is
possible given an area’s proximity to controlled sources. The median reduction in annual PM2.5

design value over all monitor locations is 0.70 pg/m>.
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Figure 4-2. Change in Design Values between the 2016 Baseline and 2016 Control
Simulations. Negative numbers indicate lower (improved) design values in the control case
compared to the baseline.

Legend Number of Counties

B <125 2
>-125t0<=-10 53
>-10t0<=-075 197
1>075t0<=-05 121
>05t0<=00 201

Difference in Annual PM2.5 Design Values --
2 2016cr2_hg_c1- 2016cr2_hy

An annual PM; s design value is the concentration that determines whether a monitoring
site meets the annual NAAQS for PM; 5. The full details involved in calculating an annual PM; s
design value are given in appendix N of 40 CFR part 50. Projected air quality benefits are
estimated using procedures outlined by United States Environmental Protection Agency
modeling guidance (USEPA, 2007).

4.3  Impacts of Sector on Future 24-hour PM; s Levels

This section summarizes the results of our modeling of 24-hr average PM; s air quality
impacts in the future due to reductions in emissions from this sector. Specifically, we compare a
2016 baseline scenario to a 2016 control scenario (the interim results for the proposed Toxics
Rule). A decrease up to 3.1 pg/m’ in 24-hr average PM, 5 design value at monitor locations in the
United States is possible given an area’s proximity to controlled sources and the amount of
reduced emissions from those sources. A median decrease of 1.2 pg/m3 in 24-hr average PM; 5

4-6



design value at monitor locations in the United States is possible given an area’s proximity to
controlled sources and the amount of reduced emissions from those sources.

Figure 4-3. Change in Design Values between the 2016 Base Case and 2016 Control
Simulations. Negative numbers indicate lower (improved) design values in the control case
compared to the baseline.

Legend Number of Counties
B <= 25uym3 10
B < 25t0<=-20 44
>20to<=-15 134
>.15t0<=-10 158
>-10to<=-05 100
>-05t0<=00 128
"i>00 5

Differences in Dally PM2.5 Design Values--
2016cr2_hg_c1 minus 2016¢cr2_hg

A 24-hour PM; s design value is the concentration that determines whether a monitoring
site meets the 24-hour NAAQS for PM,s. The full details involved in calculating a 24-hour
PM; 5 design value are given in appendix N of 40 CFR part 50. Projected air quality benefits are
estimated using procedures outlined by United States Environmental Protection Agency
modeling guidance (USEPA, 2007).

4.4  Impacts of Sector on Future Visibility Levels

Air quality modeling conducted for this rule was used to project visibility conditions in
138 mandatory Class I federal areas across the U.S. in 2016 (USEPA, 2007). The level of
visibility impairment in an area is based on the light-extinction coefficient and a unitless
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visibility index, called a “deciview”, which is used in the valuation of visibility. The deciview
metric provides a scale for perceived visual changes over the entire range of conditions, from
clear to hazy. Under many scenic conditions, the average person can generally perceive a change
of one deciview. Higher deciview values are indicative of worse visibility. Thus, an
improvement in visibility is a decrease in deciview value.

The modeling assessment indicates a median visibility improvement of 0.06 deciviews in
annual 20% worst visibility days over all Class I area monitors. An improvement in visibility up
to 2.68 deciviews on the 20% worst visibility days at Class I monitor locations in the United
States is possible given an area’s proximity to controlled sources and the amount of reduced

emissions from these sources.

4.5  Impacts of Sector on Future Ozone Levels

This section summarizes the results of our modeling of 8-hr maximum ozone air quality
impacts in the future due to reductions in emissions from this sector. Specifically, we compare a
2016 baseline scenario to a 2016 control scenario. The modeling assessment indicates a decrease
of up to 3.5 ppb in 8-hr averaged ozone design value is possible given an area’s proximity to
controlled sources and the amount of reduced emissions from these sources. A median decrease
of 0.20 ppb in 8-hr averaged ozone design value is possible given an area’s proximity to
controlled sources and the amount of reduced emissions from these sources. The full details
involved in calculating design value are given in appendix P of 40 CFR part 50. Projected air
quality benefits are estimated using procedures outlined by United States Environmental
Protection Agency modeling guidance (USEPA, 2007).
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Figure 4-4. Change in Design Values between the 2016 Baseline and 2016 Control
Simulations. Negative numbers indicate lower (improved) design values in the control case
compared to the baseline.
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4.6  Impacts of Sector on Total Mercury Deposition

This section summarizes the results of our modeling of total mercury deposition impacts
in the future based on changes to source sector emissions. Available data indicate that the
mercury emissions from these sources in the 2016 baseline scenario are a mixture of gaseous
elemental mercury (73%), inorganic divalent mercury (reactive gas phase mercury) (24%), and
particulate bound mercury (2%). Model results for the continental United States indicate that
total mercury deposition (wet and dry forms) reductions from this sector would be 24,000 pg/m?
(1.0% of total mercury deposition from all sources).
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Figure 4-5. Difference in Total Mercury Deposition between 2016 Base Case and 2016
Control Scenarios
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Figure 4-6. Percent Difference in Total Mercury Deposition between 2016 Base Case and
2016 Control Scenarios
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Chapter 5
MERCURY AND OTHER HAP BENEFITS ANALYSIS

5.1 Introduction

This chapter provides an analysis of the benefits of the proposed Toxics Rule from
mercury and reductions of other HAP. This analysis builds on the methodologies developed
previously for the 2005 Clean Air Mercury Rule (CAMR). This is a national scale assessment
which focuses on the exposures to methylmercury in populations who consume self-caught
freshwater fish (recreational fishers and their families). While there are other routes of exposure,
including self-caught saltwater fish and commercially purchased fresh and saltwater fish, these
exposures are not evaluated because 1) for self-caught saltwater fish, we are unable to estimate
the reduction in fish tissue methylmercury that would be associated with reductions in mercury
deposition from U.S. EGUs, and 2) for commercially purchased ocean fish, it is nearly
impossible to determine the source of the methylmercury in those fish, and thus we could not
attribute mercury levels to U.S. EGUs. This benefits analysis focuses on reductions in lost 1Q
points in the population, because of the discrete nature of the effect, and because we are able to
assign an economic value to IQ points. There are other neurological effects associated with
exposures to methylmercury, including impacts on motor skills and attention/behavior and
therefore, risk estimates based on 1Q will not cover these additional endpoints and therefore
could further underestimate overall neurodevelopmental impacts. In addition, the NRC (2001)
noted that “there remains some uncertainty about the possibility of other health effects at low
levels of exposure. In particular, there are indications of immune and cardiovascular effects, as
well as neurological effects emerging later in life, that have not been adequately studied.” These
limitations suggest that the benefits of mercury reductions are understated by our analysis,
however, the magnitude of the additional benefits is highly uncertain

In Section 5.2, we discuss the potential health effects of mercury. Section 5.3 provides a
discussion of mercury in the environment, including potential impacts on wildlife. Section 5.4
describes the resulting change in mercury deposition from air quality modeling of the proposed
Toxics rule. Section 5.5 presents information on key data and assumptions used in conducting
the benefits analysis. Section 5.6 presents information on a dose-response function that relates
mercury consumption in women of childbearing with changes in 1Q seen in children that were
exposed prenatally. IQ is used as a surrogate for the neurobehavioral endpoints that EPA relied
upon for setting the methylmercury reference dose (RfD). Section 5.7 presents exposure
modeling and benefit methodologies applied to a no-threshold model (i.e., a model that assumes
no threshold in effects at low doses of mercury exposure). Section 5.8 presents the final benefits
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and risk estimates for recreational freshwater anglers and selected high-risk subpopulations.
Section 5.9 presents a qualitative description of the benefits from reductions in HAPs other than
mercury that will take place as a result of the proposed Toxics Rule.

For this benefits assessment, EPA chose to focus on quantification of intelligence
quotient (IQ) decrements associated with prenatal mercury exposure as the initial endpoint for
quantification and valuation of mercury health benefits. Reasons for this initial focus on 1Q
included the availability of thoroughly-reviewed, high-quality epidemiological studies assessing
1Q or related cognitive outcomes suitable for 1Q estimation, and the availability of well-
established methods and data for economic valuation of avoided IQ deficits, as applied in EPA’s

previous benefits analyses for childhood lead exposure.

The quantitative estimates of human health benefits and risk levels provided in Section
5.2 consist of two primary sets of analysis: 1) A national-scale assessment of economic benefits
associated with avoided 1Q loss due to reduced methylmercury (MeHg) exposure among
recreational freshwater anglers; and 2) Modeled risk levels, in terms of IQ loss, for six high-risk
subpopulations as a means of estimating potential disproportionate impacts on demographic
groups with traditionally subsistence or near-subsistence rates of fish consumption.

The first analysis (Section 5.2.1) estimates benefits from avoided IQ loss under various
regulatory scenarios for all recreational freshwater anglers in the 48 contiguous U.S. states. The
average effect on individual avoided 1Q loss in 2016 is 0.00209 IQ points, with total nationwide
benefits estimated between $0.5 and $6.1 million.! In contrast, the subpopulations analyses
(Section 5.2.2) focus on specific demographic groups with relatively high levels of fish
consumption. For example, an African-American child in the Southeast born in 2016 to a mother
consuming fish at the 90" percentile of published subsistence-like levels is estimated to
experience a loss of 7.711 IQ points as a result of in-utero MeHg exposure from all sources in
the absence of a Toxics Rule.” The implementation of the Toxics Rule would reduce the expected
IQ loss for this child by an estimated 0.176 1Q points.

' Monetized benefits estimates are for an immediate change in MeHg levels in fish. If a lag in the response of MeHg
levels in fish were assumed, the monetized benefits could be significantly lower, depending on the length of the
lag and the discount rate used. As noted in the discussion of the Mercury Maps modeling, the relationship
between deposition and fish tissue MeHg is proportional in equilibrium, but the MMaps approach does not
provide any information on the time lag of response.

2 We do note that overall confidence in IQ loss estimates above approximately 7 points decreases because we begin
to apply the underlying 1Q loss function at exposure levels (ppm hair levels) above those reflected in
epidemiological studies used to derive those functions. The 39.1 ppm was the highest measured ppm level in the
Faroes Island study, while ~86 was the highest value in the New Zealand study (USEPA, 2005) (a 7 1Q points
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5.2  Impact of Mercury on Human Health

5.2.1 Introduction

Mercury is a persistent, bioaccumulative toxic metal that is emitted from power plants in
three forms: gaseous elemental Hg (Hg?), oxidized Hg compounds (Hg %), and particle-bound
Hg (Hgp). Elemental Hg does not quickly deposit or chemically react in the atmosphere,
resulting in residence times that are long enough to contribute to global scale deposition.
Oxidized Hg and HgP deposit quickly from the atmosphere impacting local and regional areas in
proximity to sources. Methylmercury (MeHg) is formed by microbial action in the top layers of
sediment and soils, after Hg has precipitated from the air and deposited into waterbodies or land.
Once formed, MeHg is taken up by aquatic organisms and bioaccumulates up the aquatic food
web. Larger predatory fish may have MeHg concentrations many times, typically on the order of
one million times, that of the concentrations in the freshwater body in which they live. Although
Hg is toxic to humans when it is inhaled or ingested, we focus in this rulemaking on exposure to
MeHg through ingestion of fish, as it is the primary route for human exposures in the U.S., and
potential health risks do not likely result from Hg inhalation exposures associated with Hg

emissions from utilities.

In 2000, the National Research Council (NRC) of the NAS issued the NAS Study, which
provides a thorough review of the effects of MeHg on human health. There are numerous
studies that have been published more recently that report effects on neurologic and other

endpoints.

5.2.2 Reference and Benchmark Doses

In 1995, EPA set a health-based ingestion rate for chronic oral exposure to MeHg termed
an oral Reference Dose (RfD), at 0.0001 milligrams per kilogram per day (mg/kg-day).! The
RfD was based on effects reported for children exposed in utero during the Iraqi Hg poisoning
episode, in which children were exposed to high levels of Hg when their mothers consumed
contaminated grain (Marsh et al., 1987). Subsequent research from large epidemiological studies
in the Seychelles (Davidson et al., 1995), Faroe Islands (Grandjean et al., 1997), and New
Zealand (Kjellstrom et al., 1989) added substantially to the body of knowledge on neurological
effects from MeHg exposure. In 2001 EPA established a revised RfD based on the advice of the
NAS and an independent review panel convened as part of the Integrated Risk Information

loss is approximately associated with a 40 ppm hair level given the concentration-response function we are
using).

T MeHg exposure is measured as milligrams of MeHg per kilogram of bodyweight per day, thus normalizing for
the size of fish meals and the differences in bodyweight among exposed individuals.
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System (IRIS) process. In their analysis, the NAS examined in detail the epidemiological data
from the Seychelles, the Faroe Islands, and New Zealand, as well as other toxicological data on
MeHg. The NAS recommended that neurobehavioral deficits as measured in several different

tests among these studies be used as the basis for the RfD.

The NAS proposed that the Faroe Islands cohort was the most appropriate study for
defining an RfD, and specifically selected children’s performance on the Boston Naming Test (a
neurobehavioral test) as the key endpoint. Results from all three studies were considered in
defining the RfD, as published in the “2001 Water Quality for the Protection of Human Health:
Methylmercury” and in the Integrated Risk Information System (IRIS) summary for MeHg:
“Rather than choose a single measure for the RfD critical endpoint, EPA based this RfD for this
assessment on several scores from the Faroes’ measures, with supporting analyses from the New
Zealand study, and the integrative analysis of all three studies.” (USEPA, 2002).

EPA defined the updated RfD of 0.0001 mg/kg-day in 2001 (USEPA, 2002). Although
derived from a more complete data set and with a somewhat different methodology, the current
RfD is numerically the same as the previous (1995) RfD (0.0001 mg/kg-day, or 0.1 pg/kg-day).

This RfD, consistent with the standard definition, is an estimate (with uncertainty
spanning perhaps an order of magnitude) of a daily exposure to the human population (including
sensitive subgroups) that is likely to be without an appreciable risk of deleterious effects during a
lifetime (EPA, 2002). In general EPA believes that exposures at or below the RfD are unlikely
to be associated with appreciable risk of deleterious effects. However, no RfD defines an
exposure level corresponding to zero risk; moreover the RfD does not represent a bright line,
above which individuals are at risk of adverse effects. EPA’s interpretation for this assessments
is that any exposures to MeHg above the RfD are of concern given the nature of the data
available for mercury that is not necessarily available for many other chemicals, where exposures
have often had to be significantly above the RfD before they might be considered as causing a
hazard to public health. The scientific basis for the mercury RfD includes extensive human data
and extensive data on sensitive subpopulations, including pregnant mothers; therefore, the RfD
does not include extrapolations from animals to humans, and from the general population to
sensitive subpopulations. In addition, there was no evidence of a threshold for MeHg-related
neurotoxicity within the range of exposures in the Faroe Islands study which served as the
primary basis for the RfD. This additional confidence in the basis for the RfD suggests that all
exposures above the RfD can be interpreted with more confidence as causing a potential hazard
to public health. Studies published since the current MeHg RfD was released include new
analyses of children’s neuropsychological effects from the existing Seychelles and Faroe Islands
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cohorts, including formation of a new cohort in the Faroe Islands study. There are also a number
of new studies that were conducted in population-based cohorts in the U.S. and other countries.
A comprehensive assessment of the new literature has not been completed by EPA. However,
data published since 2001 are generally consistent with those of the earlier studies that were the
basis of the RfD, demonstrating persistent effects in the Faroe Island cohort, and in some cases
associations of effects with lower MeHg exposure concentrations than in the Faroes. These new
studies provide additional confidence that exposures above the RfD are contributing to risk of
adverse effects, and that reductions in exposures above the RfD can lead to incremental

reductions in risk.

5.2.3 Neurologic Effects

In its review of the literature, the NAS found neurodevelopmental effects to be the most
sensitive and best documented endpoints and appropriate for establishing an RfD (NRC, 2000);
in particular NAS supported the use of results from neurobehavioral or neuropsychological tests.
The NAS report (NRC, 2000) noted that studies in animals reported sensory effects as well as
effects on brain development and memory functions and support the conclusions based on
epidemiology studies. The NAS noted that their recommended endpoints for an RfD are
associated with the ability of children to learn and to succeed in school. They concluded the
following: “The population at highest risk is the children of women who consumed large
amounts of fish and seafood during pregnancy. The committee concludes that the risk to that
population is likely to be sufficient to result in an increase in the number of children who have to

struggle to keep up in school.”

5.2.4 Cardiovascular Impacts

The NAS summarized data on cardiovascular effects available up to 2000. Based on
these and other studies, the NRC (2000) concluded that “Although the data base is not as
extensive for cardiovascular effects as it is for other end points (i.e. neurologic effects) the
cardiovascular system appears to be a target for MeHg toxicity in humans and animals.” The
NRC also stated that “additional studies are needed to better characterize the effect of
methylmercury exposure on blood pressure and cardiovascular function at various stages of life.”

Additional cardiovascular studies have been published since 2000. EPA did not to
develop a quantitative dose-response assessment for cardiovascular effects associated with
MeHg exposures, as there is no consensus among scientists on the dose-response functions for
these effects. In addition, there is inconsistency among available studies as to the association
between MeHg exposure and various cardiovascular system effects. The pharmacokinetics of
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some of the exposure measures (such as toenail Hg levels) are not well understood. The studies
have not yet received the review and scrutiny of the more well-established neurotoxicity data

base.

5.2.5 Genotoxic Effects

The Mercury Study noted that MeHg is not a potent mutagen but is capable of causing
chromosomal damage in a number of experimental systems. The NAS concluded that evidence
that human exposure to MeHg caused genetic damage is inconclusive; they note that some earlier
studies showing chromosomal damage in lymphocytes may not have controlled sufficiently for
potential confounders. One study of adults living in the Tapajos River region in Brazil (Amorim
et al., 2000) reported a direct relationship between MeHg concentration in hair and DNA damage
in lymphocytes; as well as effects on chromosomes. Long-term MeHg exposures in this
population were believed to occur through consumption of fish, suggesting that genotoxic effects
(largely chromosomal aberrations) may result from dietary, chronic MeHg exposures similar to
and above those seen in the Faroes and Seychelles populations.

5.2.6 Immunotoxic Effects

Although exposure to some forms of Hg can result in a decrease in immune activity or an
autoimmune response (ATSDR, 1999), evidence for immunotoxic effects of MeHg is limited
(NRC, 2000).

5.2.7 Other Human Toxicity Data

Based on limited human and animal data, MeHg is classified as a “possible” human
carcinogen by the International Agency for Research on Cancer (IARC, 1994) and in IRIS
(USEPA, 2002). The existing evidence supporting the possibility of carcinogenic effects in
humans from low-dose chronic exposures is tenuous. Multiple human epidemiological studies
have found no significant association between Hg exposure and overall cancer incidence,
although a few studies have shown an association between Hg exposure and specific types of
cancer incidence (e.g., acute leukemia and liver cancer) (NAS, 2000).

There is also some evidence of reproductive and renal toxicity in humans from MeHg
exposure. However, overall, human data regarding reproductive, renal, and hematological
toxicity from MeHg are very limited and are based on either studies of the two high-dose
poisoning episodes in Iraq and Japan or animal data, rather than epidemiological studies of
chronic exposures at the levels of interest in this analysis.

5-6



5.2.8 References

Agency for Toxic Substances and Disease Registry (ATSDR). 1999. Toxicological Profile for
Mercury. U.S. Department of Health and Human Services, Public Health Service,
Atlanta, GA.

Amorim, M.LM., D. Mergler, M.O. Bahia, H. Dubeau, D. Miranda, J. Lebel, R.R. Burbano, and
M. Lucotte. 2000. Cytogenetic damage related to low levels of methyl mercury
contamination in the Brazilian Amazon. An. Acad. Bras. Ciénc. 72(4): 497-507.

Davidson, P.W., G. Myers, C.C. Cox, C.F. Shamlaye, D.O. Marsh, M.A. Tanner, M. Berlin, J.
Sloane-Reeves, E. Chernichiari, O. Choisy, A. Choi and T.W. Clarkson. 1995.
Longitudinal neurodevelopment study of Seychellois children following in utero
exposure to methylmercury form maternal fish ingestion: outcomes at 19 and 29 months.
NeuroToxicology 16:677-688.

Grandjean P, Weihe P, White R, Debes F, Araki S, Yokiyama K, Murata K, Sorensen N, Dahl R,
Jorgensen P. Cognitive deficit in 7-year-old children with prenatal exposure to
Methylmercury. Neurotoxicol Teratol. 1997. 19:(6)417-428.

International Agency for Research on Cancer (IARC). 1994. IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans and their Supplements: Beryllium,
Cadmium, Mercury, and Exposures in the Glass Manufacturing Industry. Vol. 58. Jalili,
H.A., and A.H. Abbasi. 1961. Poisoning by ethyl mercury toluene sulphonanilide. Br. J.
Indust. Med. 18(Oct.):303-308 (as cited in NRC 2000).

Kjellstrom, T., P. Kennedy, S. Wallis, A. Stewart, L. Friberg, B. Lind, P. Witherspoon, and C.
Mantell. 1989. Physical and mental development of children with prenatal exposure to
mercury from fish. Stage 2: Interviews and psychological tests at age 6. National Swedish
Environmental Protection Board Report No. 3642.

Marsh, D.O., T.W. Clarkson, C. Cox, et al. 1987. Fetal methylmercury poisoning: relationship
between concentration in single strands of maternal-hair and child effects. Arch. Neurol.
44:1017-1022. (as cited in EPA 2002 IRIS documentation.)

National Research Council (NRC). 2000. Toxicological Effects of Methylmercury. Committee
on the Toxicological Effects of Methylmercury, Board on Environmental Studies and
Toxicology, Commission on Life Sciences, National Research Council. National
Academy Press, Washington, DC.

U.S. Environmental Protection Agency (EPA). 1997. Mercury Study Report to Congress.
Volume V: Health Effects of Mercury and Mercury Compounds. EPA-452/R-97-007.
U.S. EPA Office of Air Quality Planning and Standards, and Office of Research and
Development.

5-7



U.S. Environmental Protection Agency (EPA). 2002 (date of most recent revision of on-line
materials; website accessed January 2005). Integrated Risk Information System (IRIS).
Methylmercury. U.S. EPA Office of Research and Development, National Center for
Environmental Assessment. Oral RfD and inhalation RfC assessments last revised
7/27/2001. Carcinogenicity assessment last revised 5/1/1995. Available online at
http://www.epa.gov/iris/subst/0073.htm

5.3  Impact of Mercury on Ecosystems and Wildlife

5.3.1 Introduction

Deposition of mercury to waterbodies can also have an impact on ecosystems and
wildlife. Mercury contamination is present in all environmental media with aquatic systems
experiencing the greatest exposures due to bioaccumulation. Bioaccumulation refers to the net
uptake of a contaminant from all possible pathways and includes the accumulation that may
occur by direct exposure to contaminated media as well as uptake from food.

Atmospheric mercury enters freshwater ecosystems by direct deposition and through
runoff from terrestrial watersheds. Once mercury deposits, it may be converted to organic
methylmercury mediated primarily by sulfate-reducing bacteria. Methylation is enhanced in
anaerobic and acidic environments, greatly increasing mercury toxicity and potential to
bioaccumulate in aquatic foodwebs. A number of key biogeochemical controls influence the
production of methylmercury in aquatic ecosystems. These include sulfur, pH, organic matter,
iron, mercury “aging”, and bacteria type and activity (Munthe et al., 2007).

Wet and dry deposition of oxidized mercury is a dominant pathway for bringing mercury
to terrestrial surfaces. In forest ecosystems, elemental mercury may also be absorbed by plants
stomatally, incorporated by foliar tissues and released in litterfall (Ericksen et al., 2003).
Mercury in throughfall, direct deposition in precipitation, and uptake of dissolved mercury by
roots (Rea et al., 2002) are also important in mercury accumulation in terrestrial ecosystems.

Soils have significant capacity to store large quantities of atmospherically deposited
mercury where it can leach into groundwater and surface waters. The risk of mercury exposure
extends to insectivorous terrestrial species such as songbirds, bats, spiders, and amphibians that
receive mercury deposition or from aquatic systems near the forest areas they inhabit (Bergeron
et al., 2010a, b; Cristol et al., 2008; Rimmer et al., 2005; Wada et al., 2009 & 2010).

Numerous studies have generated field data on the levels of mercury in a variety of wild
species. Many of the data from these environmental studies are anecdotal in nature rather than
representative or statistically designed studies. The body of work examining the effects of these
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exposures is growing but still incomplete given the complexities of the natural world. A large
portion of the adverse effect research conducted to date has been carried out in the laboratory
setting rather than in the wild; thus, conclusions about overarching ecosystem health and
population effects are difficult to make at this time. In the sections that follow numerous effects
have been identified at differing exposure levels.

5.3.2 Effects on Fish

A review of the literature on effects of mercury on fish (Crump and Trudeau, 2009)
reports results for numerous species including trout, bass (large and smallmouth), northern pike,
carp, walleye, salmon and others from laboratory and field studies. The effects studied are
reproductive and include deficits in sperm and egg formation, histopathological changes in testes
and ovaries, and disruption of reproductive hormone synthesis. These studies were conducted in
areas from New York to Washington and while many were conducted by adding MeHg to water
or diet many were conducted at current environmental levels. While we cannot determine at this
time whether these reproductive deficits are affecting fish populations across the United States it
should be noted that it is possible that over time reproductive deficits could have an effect on
populations. Lower fish populations would conceivably impact the ecosystem services like
recreational fishing derived from having healthy aquatic ecosystems quite apart from the effects
of consumption advisories due to the human health effects of mercury.

The Integrated Science Assessment for Oxides of Nitrogen and Sulfur — Ecological
Criteria (Final Report, 2008) presents information regarding the possible complementary effects
of sulfur and mercury deposition. The ISA has concluded that there is a causal relationship
between sulfur deposition and increased mercury methylation in wetlands and aquatic
environments. This suggests that lowering the rate of sulfur deposition would also reduce
mercury methylation thus alleviating the effects of aquatic acidification as well as the effects of

mercury on fish.

5.3.3 Effects on Birds

In addition to effects on fish, mercury also affects avian species. In previous reports (EPA
1997 and CAMR 2005) much of the focus has been on large piscivorous species, in particular the
common loon. The loon is most visible to the public during the summer breeding season on
northern lakes and they have become an important symbol of wilderness in these areas (Mclntyre
and Barr 1997). A multitude of loon watch, preservation, and protection groups have formed
over the past few decades and have been instrumental in promoting conservation, education,
monitoring, and research of breeding loons (Mclntyre and Evers 2000, Evers 2006). Significant
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adverse effects on breeding loons from mercury have been found to occur, including behavioral
(reduced nest-sitting), physiological (flight feather asymmetry), and reproductive (chicks
fledged/territorial pair) effects (Evers, 2008, Burgess, 2008) and reduced survival (Mitro et al.,
2008). Additionally Evers et al. (2008) report that they believe that results from their study
integrating the effects on the endpoints listed above and evidence from other studies the weight
of evidence indicates that population-level effects negatively impacting population viability
occur in parts of Maine and New Hampshire, and potentially in broad areas of the loon’s range.

Recently attention has turned to other piscivorous species such as the white ibis and great
snowy egret. While considered to be fish-eating generally these wading birds have a diverse diet
including crayfish, crabs, snails, insects and frogs. These species are experiencing a range of
adverse effects due to exposure to mercury. The white ibis has been observed to have decreased
foraging efficiency (Adams and Frederick, 2008). Additionally ibises have been shown to exhibit
decreased reproductive success and altered pair behavior at chronic exposure to levels of dietary
MeHg commonly encountered by wild birds (Frederick and Jayasena, 2010). These effects
include significantly more unproductive nests, male/male pairing, reduced courtship behavior
(head bobbing and pair bowing) and lower nestling production by exposed males. In this study a
worst-case scenario suggested by the results could involve up to a 50% reduction in fledglings
due to MeHg in diet. These estimates may be conservative if male/male pairing in the wild
resulted in a shortage of partners for females and the effect of homosexual breeding were
magnified. In egrets mercury has been implicated in the decline of the species in south Florida
(Sepulveda et al., 1999) and Hoffman (2010) has shown that egrets experience liver and possibly
kidney effects. While ibises and egrets are most abundant in coastal areas and these studies were
conducted in south Florida and Nevada, the ranges of ibises and egrets extend to a large portion
of the United States. Ibis territory can range inland to Oklahoma, Arkansas and Tennessee. Egret
range covers virtually the entire United States except the mountain west. Insectivorous birds
have also been shown to suffer adverse effects due to current levels of mercury exposure. These
songbirds such as Bicknell’s thrush, tree swallows and the great tit have shown reduced
reproduction, survival, and changes in singing behavior. Exposed tree swallows produced fewer
fledglings (Brasso, 2008), lower survival (Hallinger, 2010) and had compromised immune
competence (Hawley, 2009). The great tit has exhibited reduced singing behavior and smaller
song repertoire in an area of high contamination in the vicinity of a metallurgic smelter in
Flanders (Gorissen, 2005). While these effects were small and would likely have little effect on
population viability in such a short-lived species.
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5.3.4 Effects on Mammals

In mammals adverse effects have been observed in mink and river otter collected in the
wild in the northeast where atmospheric deposition from municipal waste incinerators and
electric utilities are the largest sources (USEPA, 1999), both fish eating species. For otter from
Maine and Vermont maximum concentrations on Hg in fur nearly equal or exceed a
concentration associated with mortality. Concentrations in liver for mink in
Massachusetts/Connecticut and the levels in fur from mink in Maine exceed concentrations
associated with acute mortality (Yates, 2005). Adverse sub-lethal effects may be associated with
lower Hg concentrations and consequently be more widespread than potential acute effects.
These effects may include increased activity, poorer maze performance, abnormal startle reflex,
and impaired escape and avoidance behavior (Scheuhammer et al., 2007). Conclusions

The studies cited here provide a glimpse of the scope of mercury effects on wildlife
particularly reproductive and survival effects at current exposure levels. These effects range
across species from fish to mammals and spatially across a wide area of the United States. The
literature is far from complete however. Much more research is required to establish a link
between the ecological effects on wildlife and the effect on ecosystem services (services that the
environment provides to people) for example recreational fishing, bird watching and wildlife
viewing. EPA is not, however, currently able to quantify or monetize the benefits of reducing
mercury exposures affecting provision of ecosystem services.
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5.4  Mercury Risk and Exposure Analyses — Data Inputs and Assumptions

5.4.1 Introduction

This section provides information regarding key data inputs and assumptions used in this
assessment. The section begins with a description of the populations modeled in this assessment,
follows with information about the data used to estimate MeHg concentrations in fish, and closes
with a summary of the science and related assumptions used in this assessment to link changes in
modeled mercury deposition to changes in fish tissue concentrations.

5.4.2 Data Inputs

Populations Assessed For the National Aggregate Estimates of Exposed Populations in

Freshwater Fishing Households

The main source of data for identifying the size and location of the potentially exposed
populations is the Census 2000 data, summarized at the tract-level. There are roughly 64,500
tracts in the continental United States, with populations generally ranging between 1,500 and
8,000 inhabitants. For the national aggregate analysis of exposure levels, the speci