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EXECUTIVE SUMMARY

This Regulatory Impact Analysis (RIA) presents the health and welfare benefits, costs,
and other impacts of the final Mercury and Air Toxics Standards (MATS) in 2016.

ES.1 Key Findings

This 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, s precursors such
as SO, will also decline. EPA estimates that this final rule will yield annual monetized benefits
(in 2007S) of between $37 to $90 billion using a 3% discount rate and $33 to $81 billion using a
7% discount rate. The great majority of the estimates are attributable to co-benefits from 4,200
to 11,000 fewer PM, s-related premature mortalities. The monetized benefits from reductions
in mercury emissions, calculated only for children exposed to recreationally caught freshwater
fish, are expected to be $0.004 to $0.006 billion in 2016 using a 3% discount rate and $0.0005
to $0.001 billion using a 7% discount rate. The annual social costs, approximated by the
compliance costs, are $9.6 billion (2007S) and the annual monetized net benefits are $27 to $80
billion using 3% discount rate or $24 to $71 billion using a 7% discount rate." The benefits
outweigh costs by between 3 to 1 or 9 to 1 depending on the benefit estimate and discount
rate used. There are some costs and important benefits that EPA could not monetize, such as
other mercury reduction benefits and those for the HAP other than mercury being reduced by
this final rule. Upon considering these limitations and uncertainties, it remains clear that the
benefits of the MATS are substantial and far outweigh the costs. Employment impacts

associated with the final rule are estimated to be small.

The benefits and costs in 2016 of the final rule are in Table ES-1. The emission
reductions from the electricity sector that are expected to result from the rule are reported in
Table ES-2.

! As discussed in Chapter 3, costs were annualized using a 6.15% discount rate.
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Table ES-1. Summary of EPA’s Estimates of Annualized® Benefits, Costs, and Net Benefits of
the Final MATS in 2016" (billions of 2007$)

Estimate Estimate
Description (3% Discount Rate) (7% Discount Rate)
Costs" $9.6 $9.6
Benefits™*' $37t0$90 + B $33t0$81+B
Net benefits (benefits-costs)® $27to0 $S80 + B S24t0S71+B

 All estimates presented in this report represent annualized estimates of the benefits and costs of the final MATS
in 2016 rather than the net present value of a stream of benefits and costs in these particular years of analysis.
Estimates rounded to two significant figures and represent annualized benefits and costs anticipated for the
year 2016.

“Total social costs are approximated by the compliance costs. Compliance costs consist of IPM projections,
monitoring/reporting/recordkeeping costs, and oil-fired fleet analysis costs. For a complete discussion of these
costs refer to Chapter 3. Costs were annualized using a 6.15% discount rate.

Total benefits are composed primarily of monetized PM-related health benefits. The reduction in premature
fatalities each year accounts for over 90% of total monetized benefits. Benefits in this table are nationwide and
are associated with directly emitted PM, s and SO, reductions. The estimate of social benefits also includes CO,-
related benefits calculated using the social cost of carbon, discussed further in Chapter 5.

Not all possible benefits or disbenefits are quantified and monetized in this analysis. B is the sum of all
unqguantified 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. Estimates
here are subject to uncertainties discussed further in the body of the document. Potential benefit categories
that have not been quantified and monetized are listed in Table ES-5.

Mortality risk valuation assumes discounting over the SAB-recommended 20-year segmented lag structure.
Results reflect the use of 3% and 7% discount rates consistent with EPA and OMB guidelines for preparing
economic analyses (EPA, 2000; OMB, 2003).

Net benefits are rounded to two significant figures. Columnar totals may not sum due to rounding.

b

Table ES-2: Projected Electricity Generating Unit (EGU) Emissions of SO,, NOyx, Mercury,
Hydrogen Chloride, PM, and CO, with the Base Case and with MATS, 2015 ab

Million Tons Thousand Tons Cco,
Mercury (Million Metric
SO, NOy (Tons) HCI PM,; Tonnes)
Base All EGUs 3.4 1.9 28.7 48.7 277 2,230
Covered EGUs 3.3 1.7 26.6 45.3 270 1,906
MATS All EGUs 2.1 1.9 8.8 9.0 227 2,215
Covered EGUs 1.9 1.7 6.6 5.5 218 1,883

® Source: Integrated Planning Model run by EPA, 2011

® The year 2016 is the compliance year for MATS, though as we explain in later chapters, we use 2015 as a proxy
for compliance in 2016 for IPM emissions and costs due to availability of modeling impacts in that year.
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ES.1.1 Health Co-Benefits

The final MATS Rule is expected to yield significant health co-benefits by reducing
emissions not only of HAP such as mercury, but also significant co-benefits by reducing to direct

fine particles (PM,s) and sulfur dioxide, which contributes to the formation of PM,s.

Our analyses suggest this rule would yield co-benefits in 2016 of $37 to $90 billion
(based on a 3% discount rate) and $33 to $81 billion (based on a 7% 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 avoided PM, s-related impacts, including 4,200
to 11,000 premature deaths, 4,700 nonfatal heart attacks, 2,600 hospitalizations for respiratory
and cardiovascular diseases, 540,000 lost work days, and 3.2 million days when adults restrict
normal activities because of respiratory symptoms exacerbated by PM, 5. We also estimate
substantial additional health improvements for children from reductions in upper and lower
respiratory illnesses, acute bronchitis, and asthma attacks. See Table ES-3 for a list of the annual
reduction in health effects expected in 2016 and Table ES -4 for the estimated value of those
reductions. In addition, we include in our monetized co-benefits estimates the effect from the
reduction in CO, emissions resulting from this rule. We calculate the co-benefits associated
with these emission reductions using the interagency estimates of the social cost of carbon
(sco).

It is important to note that the health co-benefits from reduced PM, 5 exposure reported
here contain uncertainty, including from the following key assumptions:

1. The PM, s-related co-benefits of the regulatory alternatives 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 co-
benefits of controlling PM precursors. In addition, differences in the distribution of
emissions reductions across states between the modeled scenario and the final rule
scenario add uncertainty to the final benefits estimates.

! Docket ID EPA-HQ-OAR-2009-0472-114577, Technical Support Document: Social Cost of Carbon for Regulatory
Impact Analysis Under Executive Order 12866, Interagency Working Group on Social Cost of Carbon, with
participation by Council of Economic Advisers, Council on Environmental Quality, Department of Agriculture,
Department of Commerce, Department of Energy, Department of Transportation, Environmental Protection
Agency, National Economic Council, Office of Energy and Climate Change, Office of Management and Budget,
Office of Science and Technology Policy, and Department of Treasury (February 2010). Also available at
http://www.epa.gov/otag/climate/regulations.htm
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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 the scientific evidence is not yet sufficient to allow 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 co-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.

A large fraction of the PM, s-related benefits associated with this rule occur below the
level of the National Ambient Air Quality Standard (NAAQS) for annual PM, s at 15 pg/m?, which
was set in 2006. It is important to emphasize that NAAQS are not set at a level of zero risk.
Instead, the NAAQS reflect the level determined by the Administrator to be protective of public
health within an adequate margin of safety, taking into consideration effects on susceptible
populations. While benefits occurring below the standard may be less certain than those
occurring above the standard, EPA considers them to be legitimate components of the total

benefits estimate.

Based on the modeled interim baseline which is approximately equivalent to the final
baseline (see Appendix 5A), 11% and 73% of the estimated avoided premature deaths occur at
or above an annual mean PM, s level of 10 pg/m? (the LML of the Laden et al. 2006 study) and
7.5 pg/m? (the LML of the Pope et al. 2002 study), respectively. These are the source studies for
the concentration-response functions used to estimate mortality benefits. As we model
avoided premature deaths among populations exposed to levels of PM, s, we have lower
confidence in levels below the LML for each study. However, studies using data from more
recent years, during which time PM concentrations have fallen, continue to report strong
associations with mortality. EPA briefly describes these uncertainties below and in more detail
in the benefits chapter of this RIA.

ES.1.2 Welfare Co-Benefits

The term welfare co-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
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productivity. EPA did not quantify any of the important welfare co-benefits expected from the
final MATS, but these are discussed in detail in Chapter 5.

Table ES-3. Estimated Reduction in Incidence of Adverse Health Effects of the Mercury and
Air Toxics Standards (95% confidence intervals)a'b

Impact Eastern U.S. Western U.S. Total
Mercury-Related Endpoints
1Q Points Lost 510.8
PM-Related Endpoints
Premature death
Pope et al. (2002) (age 4,100 130 4,200
>30) (1,200 - 7,000) (30-220) (1,200 - 7,200)
Laden et al. (2006) (age 10,000 320 11,000
>25) (4,800 - 16,000) (140-510) (5,000 - 17,000)
Infant (< 1 year) 19 1 20
(-21-59) (-1-2) (22 -61)
Chronic bronchitis 2,700 100 2,800
(89 — 5,400) (-1-210) (88 — 5,600)
Non-fatal heart attacks (age > 4,600 120 4,700
18) (1,200 - 8,100) (25-210) (1,200 - 8,300)
Hospital admissions— 820 17 830
respiratory (all ages) (320-1,300) (6-27) (330-1,300)
Hospital admissions— 1,800 42 1,800
cardiovascular (age > 18) (1,200 - 2,100) (27 -50) (1,200 - 2,200)
Emergency room visits for 3,000 110 3,100
asthma (age < 18) (1,500 - 4,500) (52-160) (1,600 — 4,700)
Acute bronchitis (age 8-12) 6,000 250 6,300
(-1,400 - 13,000) (-69 — 560) (-1,400 — 14,000)
Lower respiratory symptoms 77,000 3,100 80,000
(age 7-14) (30,000 - 120,000) (1,200 - 5,200) (31,000 - 130,000)
Upper respiratory symptoms 58,000 2,400 60,000
(asthmatics age 9-18) (11,000 - 110,000) (360 — 4,400) (11,000 - 110,000)
Asthma exacerbation 130,000 5,200 130,000
(asthmatics age 6-18) (4,500 - 430,000) (-6 —18,000) (4,500 - 450,000)
Lost work days (ages 18-65) 520,000 21,000 540,000
(440,000 - 600,000) (18,000 — 24,000) (460,000 — 620,000)
Minor restricted-activity days 3,100,000 120,000 3,200,000

(ages 18-65)

(2,500,000 — 3,700,000)

(99,000 — 150,000)

(2,600,000 — 3,800,000)

® 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.

¢ Includes Texas and those states to the north and east.
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Table ES-4. Estimated Economic Value of Health and Welfare Co-Benefits of the Mercury and

Air Toxics Standards (95% confidence intervals, billions of 2007$)*

Impact Pollutant Eastern U.S.”

Western U.S.

Total

Avoided 1Q loss associated with methylmercury exposure from self-caught fish consumption among recreational

anglers
3% discount rate Hg
7% discount rate Hg

Adult premature death (Pope et al., 2002 PM mortality estimate)

3% discount rate PMys $33
($2.6 - $99)
7% discount rate PMy.s $30
($2.3 - $90)
Adult premature death (Laden et al., 2006 PM mortality estimate)
3% discount rate PM, s 584
($7.4 - $240)
7% discount rate PMys 576
($6.7 - $220)
Infant premature death PM, $0.2
(5-0.2-50.8)
Chronic bronchitis PMys $1.3
($0.1-$6.1)
Non-fatal heart attacks
3% discount rate PMys $0.5
($0.1-$1.3)
7% discount rate PM, s $0.4
(50.1-$1.0)
Hospital admissions—respiratory PM, 5 $0.01
(<$0.01 - $0.02)
Hospital admissions— PMys $0.03
cardiovascular (<$0.01 - $0.05)
Emergency room visits for asthma PM, ¢ <$0.01
Acute bronchitis PMys <$0.01
Lower respiratory symptoms PM,s <$0.01
Upper respiratory symptoms PMys <$0.01
Asthma exacerbation PM,.s <$0.01
Lost work days PMys $0.1
($0.1-$0.1)

$1.0
(<$0.01 - $3.1)

$0.9
(<$0.01 - $2.8)

$2.6
($0.1-57.6)

$2.3
(50.1-$6.9)

<$0.01

$0.1
(<$0.01 - $0.2)

<$0.01

<$0.01

<$0.01

<$0.01

<$0.01
<$0.01
<$0.01
<$0.01
<$0.01
<$0.01

$0.004 — $0.006

$0.0005 —$0.001

$34
($2.6 - $100)

$30
($2.4 - $92)

S87
($7.5 - $250)

S78
($6.8 - $230)

$0.2
($-0.2 - $0.8)

$1.4
(50.1-56.4)

$0.5
($0.1-$1.3)

$0.4
(0.1 -$1.0)

$0.01

($0.01 - $0.02)

$0.03

(<$0.01 - $0.05)

<$0.01
<$0.01
<$0.01
<$0.01
<$0.01

$0.1
($0.1-$0.1)
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Table ES-4. Estimated Economic Value of Health and Welfare Co-Benefits of the Mercury and

Air Toxics Standards (95% confidence intervals, billions of 2007$)? (continued)

Impact Pollutant Eastern U.S." Western U.S. Total
Minor restricted-activity days PM, 5 $0.2 <$0.01 $0.2
(0.1 - $0.3) (0.1 - $0.3)
CO,-related benefits
(3% discount rate) Co, $0.36
Monetized total Benefits (Pope et al., 2002 PM, s mortality estimate)
3% discount rate $35+B $1.1+B $37+B
($2.8 - $110) ($0.03 - $3.4) ($3.2 - $110)
7% discount rate $32+B $1.0+B S33+B
($2.5 - $98) ($0.03 - $3.1) ($2.9 - $100)
Monetized total Benefits (Laden et al., 2006 PM, s mortality estimate)
3% discount rate $87+B $2.7+B $90+B
($7.5 - $250) ($0.1-$7.9) ($8.0 - $260)
7% discount rate $78+B $2.4+B $81+B
(56.8 - $230) (50.1-57.2) (7.3 - $240)

® Economic value adjusted to 2007$ using GDP deflator. 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
accounting for differences in air quality baseline forecasts described in Chapter 5. The net present value of
reduced CO, emissions are calculated differently than other benefits. The same discount rate used to discount
the value of damages from future emissions (SCC at 5, 3, 2.5 percent) is used to calculate net present value of
SCC for internal consistency. This table shows monetized CO, co-benefits at discount rates at 3 and 7 percent
that were calculated using the global average SCC estimate at a 3% discount rate because the interagency
workgroup on this topic deemed this marginal value to be the central value. In section 5.6 we also report CO, co-
benefits using discount rates of 5 percent (average), 2.5 percent (average), and 3 percent (95th percentile).

® Includes Texas and those states to the north and east.

Figure ES-1 summarizes an array of PM, s-related monetized benefits estimates based

on alternative epidemiology and expert-derived PM-mortality estimate.

Figure ES-2 summarizes the estimated net benefits for the final rule by displaying all
possible combinations of health and climate co-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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PM, s Benefits estimates derived from 2 epidemiology functions and |2 expert
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Figure ES-1. Economic Value of Estimated PM, s-Related Health Co-Benefits According to
Epidemiology or Expert-Derived PM Mortality Risk Estimate™”

® Based on the modeled interim baseline, which is approximately equivalent to the final baseline (see Appendix
5A)
® Column total equals sum of PM, s-related mortality and morbidity benefits.
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Figure ES-2. Net Benefits of the MATS Rule According to PM, 5 Epidemiology or Expert-
Derived Mortality Risk Estimate®”

® Based on the modeled interim baseline, which is approximately equivalent to the final baseline (see Appendix
5A)
® Column total equals sum of PM, s-related mortality and morbidity benefits.

ES.2 Not All Benefits Quantified

EPA was unable to quantify or monetize all of the health and environmental benefits
associated with the final MATS Rule. EPA believes these unquantified benefits could be
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. Tables ES-5 and

ES-6 provide a list of these benefits.
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Table ES-5. Human Health Effects of Pollutants Affected by the Mercury and Air Toxics

Standards
Effect Has Effect Has
Been Been More
Benefits Category Specific Effect Quantified Monetized Information®
Improved Human Health
Reduced incidence of  Adult premature mortality based on cohort 4 4 Section 5.4
premature mortality study estimates and expert elicitation
from exposure to PM, s estimates (age >25 or age >30)
Infant mortality (age <1) v v Section 5.4
Reduced incidence of  Non-fatal heart attacks (age > 18) v v Section 5.4
morbidity from Hospital admissions—respiratory (all ages) 4 4 Section 5.4
exposure to PM s Hospital admissions—cardiovascular (age 4 4 Section 5.4
>18)
Emergency room visits for asthma (age <18) v v Section 5.4
Acute bronchitis (age 8-12) v v Section 5.4
Lower respiratory symptoms (age 7—14) 4 4 Section 5.4
Upper respiratory symptoms (asthmatics 4 4 Section 5.4
age 9-11)
Asthma exacerbation (asthmatics age 6-18) v v Section 5.4
Lost work days (age 18-65) 4 4 Section 5.4
Minor restricted-activity days (age 18-65) v v Section 5.4
Chronic bronchitis (age >26) v v Section 5.4
Other cardiovascular effects (e.g., other — — PM ISA®
ages)
Other respiratory effects (e.g., pulmonary — — PM ISA°
function, non-asthma ER visits, non-
bronchitis chronic diseases, other ages and
populations)
Reproductive and developmental effects — — PM ISA® ¢
(e.g., low birth weight, pre-term births, etc)
Cancer, mutagenicity, and genotoxicity — — PM ISA® °
effects
Reduced incidence of  Premature mortality based on short-term — — Ozone CD, Draft
mortality from study estimates (all ages) Ozone ISA
exposure to ozone Premature mortality based on long-term - - Ozone CD, Draft
study estimates (age 30-99) Ozone ISA
Reduced incidence of  Hospital admissions—respiratory causes — — Ozone CD, Draft
morbidity from (age > 65) Ozone ISA°
exposure to ozone Hospital admissions—respiratory causes — — Ozone CD, Draft
(age <2) Ozone ISA
Emergency room visits for asthma (all ages) — — Ozone CD, Draft
Ozone ISA°
Minor restricted-activity days (age 18-65) — — Ozone CD, Draft
Ozone ISA°

(continued)
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Table ES-5. Human Health Effects of Pollutants Affected by the Mercury and Air Toxics
Standards (continued)

Benefits Category

Specific Effect

Effect Has Effect Has
Been Been
Quantified Monetized More Information

School absence days (age 5-17)

Ozone CD, Draft

Ozone ISA°
Decreased outdoor worker productivity (age — — Ozone CD, Draft
18-65) Ozone ISA”
Other respiratory effects (e.g., premature — — Ozone CD, Draft
aging of lungs) Ozone ISA®
Cardiovascular and nervous system effects — — Ozone CD, Draft
Ozone ISA
Reproductive and developmental effects — — Ozone CD, Draft
Ozone ISA
Reduced incidence of Asthma hospital admissions (all ages) — — NO, ISA
morbidity from Chronic lung disease hospital admissions (age — — NO, ISA°
exposure to NO, > 65)
Respiratory emergency department visits (all — — NO, ISA
ages)
Asthma exacerbation (asthmatics age 4-18) — — NO, ISA
Acute respiratory symptoms (age 7-14) — — NO, ISA®
Premature mortality — — NO, ISA%®
Other respiratory effects (e.g., airway — — NO, ISA%
hyperresponsiveness and inflammation, lung
function, other ages and populations)
Reduced incidence of Respiratory hospital admissions (age > 65) — — SO, ISA®
morbidity from Asthma emergency room visits (all ages) — — SO, ISA®
exposure to SO, b
Asthma exacerbation (asthmatics age 4-12) — — SO, ISA
Acute respiratory symptoms (age 7-14) — — SO, ISA®
Premature mortality — — SO, ISA*°
Other respiratory effects (e.g., airway — — SO, ISA®

hyperresponsiveness and inflammation, lung
function, other ages and populations)

Reduced incidence of
morbidity from
exposure to methyl
mercury (through
reduced mercury
deposition as well as
the role of sulfate in
methylation )

Neurologic effects—I1Q loss

Other neurologic effects (e.g., developmental
delays, memory, behavior)

Cardiovascular effects

Genotoxic, immunologic, and other toxic
effects

IRIS; NRC, 2000°
IRIS; NRC, 2000¢

IRIS; NRC, 2000
IRIS; NRC, 2000

a

b
c
d

For a complete list of references see Chapter 5.
We assess these benefits qualitatively due to time and resource limitations for this analysis.
We assess these benefits qualitatively because we do not have sufficient confidence in available data or methods.

We assess these benefits qualitatively because current evidence is only suggestive of causality or there are other significant concerns over
the strength of the association.
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Table ES-6. Environmental Effects of Pollutants Affected by the Mercury and Air Toxics

Standards
Effect Has  Effect Has
Been Been More
Benefits Category Specific Effect Quantified Monetized Information®

Improved Environment
Reduced visibility Visibility in Class | areas in SE, SW, and — — PM ISA®
impairment CA regions

Visibility in Class | areas in other regions — — PM ISA®

Visibility in residential areas — — PM ISA®
Reduced climate Global climate impacts from CO, — v Section 5.6
effects Climate impacts from ozone and PM — — Section 5.6

Other climate impacts (e.g., other GHGs, — — IPCC*

other impacts)
Reduced effects on Household soiling — — PM ISA°
materials Materials damage (e.g., corrosion, — — PM ISA°

increased wear)
Reduced effects from Effects on Individual organisms and — — PM ISA°

PM deposition (metals
and organics)

ecosystems

Reduced vegetation
and ecosystem effects
from exposure to
ozone

Visible foliar injury on vegetation

Reduced vegetation growth and
reproduction

Yield and quality of commercial forest
products and crops

Damage to urban ornamental plants

Carbon sequestration in terrestrial
ecosystems

Recreational demand associated with
forest aesthetics

Other non-use effects

Ecosystem functions (e.g., water cycling,
biogeochemical cycles, net primary
productivity, leaf-gas exchange,
community composition)

Ozone CD, Draft
Ozone ISA®

Ozone CD, Draft
Ozone ISA°

Ozone CD, Draft
Ozone ISA™®

Ozone CD, Draft
Ozone ISA®

Ozone CD, Draft
Ozone ISA®

Ozone CD, Draft
Ozone ISA®

Ozone CD, Draft
Ozone ISA®

Ozone CD, Draft
Ozone ISA®
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Table ES-6. Environmental Effects of Pollutants Affected by the Mercury and Air Toxics
Standards (continued)

Effect Has  Effect Has
Been Been More
Benefits Category Specific Effect Quantified Monetized Information
Reduced effects from Recreational fishing — — NO, SO, ISA®
acid deposition Tree mortality and decline — — NO, SO, ISA®
Commercial fishing and forestry effects — — NO, SO, ISA®
Recreational demand in terrestrial and — — NO, SO, ISA®
aquatic ecosystems
Other nonuse effects NO, SO, ISA®
Ecosystem functions (e.g., — — NO, SO, ISA®
biogeochemical cycles)
Reduced effects from Species composition and biodiversity in — — NO, SO, ISA®
nutrient enrichment terrestrial and estuarine ecosystems
Coastal eutrophication — — NO, SO, ISA®
Recreational demand in terrestrial and — — NO, SO, ISA®
estuarine ecosystems
Other non-use effects NO, SO, ISA®
Ecosystem functions (e.g., — — NO, SO, ISA®
biogeochemical cycles, fire regulation)
Reduced vegetation Injury to vegetation from SO, exposure — — NO, SO, ISA®
effects from ambient . . c
exposure to SO, and Injury to vegetation from NO, exposure NO, SO, ISA
NO,
Reduced incidence of  Effects on fish, birds, and mammals (e.g., — — Mercury Study
morbidity from reproductive effects) RTC™
exposure to methyl
mercury (through Commercial, subsistence and — — Mercury Study
reduced mercury recreational fishing RTC*

deposition as well as
the role of sulfate in
methylation )

a

b
c
d

For a complete list of references see Chapter 5.
We assess these benefits qualitatively due to time and resource limitations for this analysis.
We assess these benefits qualitatively because we do not have sufficient confidence in available data or methods.
We assess these benefits qualitatively because current evidence is only suggestive of causality or there are other significant concerns over

the strength of the association.
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ES.3 Costs and Employment Impacts

The projected annual incremental private costs of the final MATS Rule to the electric
power industry are $9.6 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 total costs of the rule are estimated using the Integrated
Planning Model (IPM), as well as additional analyses for oil-fired units and monitoring/record-

keeping costs.

There are several national changes in energy prices that result from the final MATS Rule.
Retail electricity prices are projected to increase in the contiguous US by an average of 3.1% in
2015 with the final MATS Rule. On a weighted average basis between 2015 and 2030,
consumer natural gas price anticipated to increase from 0.3% to 0.6% depending on consumer
class in response to the final MATS Rule.

There are several other types of energy impacts associated with the final MATS Rule. A
small amount of coal-fired capacity, about 4.7 GW (less than 2 percent of all coal-fired capacity
in 2015), is projected to become uneconomic to maintain by 2015. These units are
predominantly smaller and less frequently-used generating units dispersed throughout the
contiguous US. 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 1 percent
by 2015, and we expect slightly reduced coal demand in Appalachia and the West with the final
MATS Rule.

In addition to addressing the costs and benefits of the final MATS 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 of the
regulation. We expect that the rule’s impact on employment will be small, but will (on net)

result in an expected increase in employment.

' The year 2016 is the compliance year for MATS, though as we explain in later chapters, we use 2015 as a proxy

for compliance in 2016 for IPM emissions, costs and economic impact analysis due to availability of modeling
impacts in that year.
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The approaches to estimate employment impacts use different analytical techniques,
are applied to different industries during different time periods, and use different units of
analysis. No overlapping estimates are summed. Estimates of employment changes per dollar
of expenditure on pollution control from Morgenstern et al. (2002) are used to estimate the
ongoing annual employment impacts for the regulated entities (the electric power sector) as a
result of this rule. The short term estimates for employment needed to design, construct, and
install the control equipment in the three year period before the compliance date are also
provided using an approach that estimates employment impacts for the environmental
protection sector based on forecast changes from IPM on the number and scale of pollution
controls and labor intensities in relevant sectors. Finally, some of the other types of
employment impacts that will be ongoing are estimated using IPM outputs and labor
intensities, as reported in Chapter 6, but not included in this table because they omit some

potentially important categories.

In Table ES-7, we show the employment impacts of the MATS Rule as estimated by the

environmental protection sector approach and by the Morgenstern approach.

Table ES-7. Estimated Employment Impact Table

One Time (Construction During

Annual (Reoccurring) Compliance Period)
Environmental protection sector Not applicable 46,000
approach®
Net effect on electric utility sector 8,000° Not Applicable
employment from Morgenstern ~15.000 to 30.000°

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).

4 95% confidence interval

ES.4 Small Entity and Unfunded Mandates Impacts

After preparing an analysis of small entity impacts, EPA cannot certify that there will be
no SISNOSE (significant economic impacts on a substantial number of small entities) for this
rule. Of the 82 small entities affected, 40 are projected to have costs greater than 1 percent of
their revenues. The exclusion of 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,
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and EPA participated in a Small Business Regulatory Enforcement Fairness Act (SBREFA) Panel

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, EPA
projects that 42 government entities will have compliance costs greater than 1 percent of base
generation revenue 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
MATS.

ES.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 final MATS 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

= Compliance costs are used to approximate the social costs of this rule. Social costs
may be higher or lower than compliance costs and differ because of preexisting
distortions in the economy, and because certain compliance costs may represent

shifts in rents.
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Benefits

Analysis does not capture employment shifts as workers are retrained at the same

company or re-employed elsewhere in the economy.

We do not include the costs of certain relatively small permitting costs associated
with updating Title V permits.

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
endpoints, selection of the blood-to-hair ratio for mercury, and the dose-response
estimates from the epidemiological literature. Control for confounding from the
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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.

Based on the modeled interim baseline which is approximately equivalent to the
final baseline (see Appendix 5A), 11% and 73% of the estimated avoided premature
deaths occur at or above an annual mean PM; s level of 10 ug/m3 (the LML of the
Laden et al. 2006 study) and 7.5 ug/m? (the LML of the Pope et al. 2002 study),
respectively. These are the source studies for the concentration-response functions
used to estimate mortality benefits. As we model avoided premature deaths among
populations exposed to levels of PM, s that are successively lower than the LML of
each study our confidence in the results diminishes. However, studies using data
from more recent years, during which time PM concentrations have fallen, continue
to report strong associations with mortality.

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
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 co-benefits represent a substantial proportion of total monetized
benefits (over 90%), and these estimates have following key assumptions and
uncertainties.
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0 The PM,s-related co-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 this rule.

0 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.

0 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.

0 To characterize the uncertainty in the relationship between PM, s 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 1
INTRODUCTION AND BACKGROUND

1.1 Introduction

In this action, EPA is addressing the emissions of mercury and other hazardous air
pollutants by coal- and oil-fired electricity generating units. This document presents the health
and welfare benefits of the final Mercury and Air Toxics Standards and compares the benefits of
this rule to the estimated costs of implementing the rule in 2016. This chapter contains
background information on the rule and an outline of the chapters of this Regulatory Impact
Analysis (RIA).

1.2 Background for Final Mercury and Air Toxics Standards

1.2.1 NESHAP

This action finalizes National Emission Standards for Hazardous Air Pollutants (NESHAP)
for new and existing coal- and oil-fired electricity generating units (EGUs) meeting the definition
found in Clean Air Act (CAA) section 112(a)(8). EPA is promulgating these standards to meet its
statutory obligation to address HAP emissions from these sources under CAA section 112(d).
The final NESHAP for new and existing coal- and oil-fired EGUs will be promulgated 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 source
categories 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 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,
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March 29, 2005) and a final rule, the Clean Air Mercury Rule (CAMR), establishing Hg emissions
standards for coal-fired EGUs under CAA section 111 on May 18, 2005 (70 FR 28606). 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).

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 a number of parties® (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. EPA and the litigants agreed to a 30-day extension in order to fully
respond to the 960,000 comments received on the proposed rule. This agreement extended the

signing deadline to December 16, 2011.

! 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, lllinois, Maine, Maryland,
Massachusetts, Michigan, Minnesota, New Hampshire, New Mexico, New York, Pennsylvania, Rhode Island,
Vermont, and Wisconsin; and the City of Baltimore, MD.

2 American Nurses Association, Chesapeake Bay Foundation, Inc., Conservation Law Foundation, Environment
America, Environmental Defense Fund, Izaak 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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On March 16, 2011, in response to the D.C. Circuit Court’s vacatur, EPA proposed 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). This action finalizes that proposed rule. This final rule is intended to
protect air quality and promote public health by reducing emissions of the hazardous air
pollutants (HAP) listed in CAA section 112(b).

1.2.2 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
reducing emissions. The NSPS for EGUs (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 (SO,), and nitrogen oxides
(NOy) contained in the standards of performance for EGUs (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 more comprehensively consider the impact on the utility sector.
Therefore, even though there was no judicial timetable to complete the NSPS remand, EPA
proposed it in conjunction with the NESHAP. We also proposed 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 NSPS and amendments are being finalized along with the NESHAP
in this action.

The title Mercury and Air Toxics Standards (MATS) used in the remainder of this RIA
refers to the combination of the EGU NESHAP and NSPS.

1.3 Appropriate & Necessary Analyses

In the preamble to the proposed rule, EPA confirmed the December 2000 finding that it

is appropriate to regulate emissions of Hg and other HAP from EGUs because emissions of
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those pollutants pose hazards to public health and the environment and EGUs are the largest or
among the largest contributors of many of those HAP. We also confirmed that it is necessary to
regulate EGUs under section 112 for a variety of reasons, including that hazards to public health
and the environment posed by HAP emissions from EGUs remain after imposition of the
requirements of the Clean Air Act. This confirmation was supported in part by several new
analyses of the hazards to public health posed by both mercury and non-mercury HAP. For
more information on the finding and the analyses to support them, please refer to the
preamble of the final rule.

1.4 Provisions of the Final Mercury and Air Toxics Standards

1.4.1 What s the Source Category Regulated by the Final Rule?

The final MATS addresses emissions from new and existing coal- and oil-fired EGUs. In
general, if an EGU burns coal (either as a primary fuel or as a supplementary fuel) or any
combination of coal with another fuel where the coal accounts for more than 10 percent of the
average annual heat input during any 3 calendar years or for more than 15 percent of the
annual heat input during any one calendar year, the unit is considered to be coal-fired under
this final rule. If a unit is not a coal-fired unit and burns only oil or burns oil in combination with
a fuel other than coal where the oil accounts for more than 10 percent of the average annual
heat input during any 3 calendar years or for more than 15 percent of the annual heat input

during any one calendar year, the unit is considered to be oil-fired under this final rule.
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:

= Units designed for not low rank virgin coal;
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= units designed for low rank virgin coal;
= |GCC units;

= Solid oil-derived fuel-fired units;

=  Continental liquid oil-fired units; and

= Non-continental liquid oil-fired units.

1.4.2 What Are the Pollutants Regulated by the Rule?

The final NESHAP regulates emissions of HAP. Available emissions data show that
several HAP that are formed during the combustion process or which are contained within the
fuel burned are emitted from coal- and oil-fired EGUs. The individual HAP include mercury,
arsenic, cadmium, lead, and nickel, among others. EPA describes the health effects of these and
other HAP emitted from the operation of coal- and oil-fired EGUs in Chapter 4 of this RIA. These
HAP 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 EGUs to reduce HAP will also reduce sulfur dioxide (SO,) and particulate
matter (PM). A wide range of human health and welfare effects are linked to the emissions of
PM and SO,. These human health and welfare effects are discussed extensively in Chapter 5 of
this RIA.

1.4.3 What Are the Emissions Limits?

Under section 112(d), EPA must establish emission standards for major sources that
“require the maximum degree of reduction in emissions of the HAP subject to this section” that
EPA determines is achievable taking into account certain statutory factors. These are referred
to as maximum achievable control technology or MACT standards. The MACT standards for
existing sources must be at least as stringent as the average emissions limitation achieved by
the best performing 12 percent of existing sources in the category (for which the Administrator
has emissions information) or the best performing 5 sources for source categories with less
than 30 sources. This level of minimum stringency is referred to as the MACT floor, and EPA
cannot consider cost in setting the floor. For new sources, MACT standards must be at least as

stringent as the control level achieved in practice by the best controlled similar source.

The numerical emission standards that are being finalized for new and existing coal- and

oil-fired EGUs units are shown in Tables 1-1 and 1-2. In some cases, affected sources have the
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choice of complying with an emissions standard per unit of input or an output based standard,
which are provided in parentheses below the input-based standard. These standards must be
complied with on a 30-day rolling average basis if using continuous monitoring. If
demonstrating compliance on the basis of a stack test, units must demonstrate compliance by

conducting periodic stack tests on a quarterly basis.

Table 1-1. Emission Limitations for Coal-Fired and Solid Oil-Derived Fuel-Fired EGUs
Filterable Particulate
Subcategory Matter Hydrogen Chloride Mercury
Existing Unit designed for not 0.030 Ib/MMBtu 0.0020 Ib/MMBtu 1.2 Ib/TBtu

low rank virgin coal

Existing Unit designed for low
rank virgin coal

Existing - IGCC

Existing — Solid oil-derived

New unit designed for not low
rank virgin coal

New unit designed for coal low
rank virgin coal

New — IGCC

New — Solid oil-derived

(0.30 Ib/MWh)

0.030 Ib/MMBtu
(0.30 Ib/MWh)

0.040 Ib/MMBtu
(0.40 Ib/MWh)

0.0080 Ib/MMBtu
(0.090 Ib/MWh)

0.0070 Ib/MWh
0.0070 Ib/MWh
0.070 Ib/MWh"®

0.090 Ib/MWh®

0.020 Ib/MWh

(0.020 Ib/MWh)

0.0020 Ib/MMBtu
(0.020 Ib/MWh)

0.00050 Ib/MMBtu
(0.0050 Ib/MWh)

0.0050 Ib/MMBtu
(0.080 Ib/MWh)

0.00040 Ib/MWh

0.00040 Ib/MWh

0.0020 Ib/MWh*

0.00040 Ib/MWh

(0.020 Ib/GWh)

4.0 Ib/TBtu®
(0.040 Ib/GWh?)

2.5 Ib/TBtu
(0.030 Ib/GWh)

0.20 Ib/TBtu
(0.0020 Ib/GWh)
0.00020 Ib/GWh

0.040 Ib/GWh

0.0030 lb/GWh*®

0.0020 Ib/GWh

Note: In some cases, affected units may comply with either an input-based standard or an output-based standard,
shown in parentheses below the input-based standard.

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

Ib/TBtu = pounds pollutant per trillion British thermal units fuel input

Ib/MWh = pounds pollutant per megawatt-hour electric output (gross)

Ib/GWh = pounds pollutant per gigawatt-hour electric output (gross)

® Beyond-the-floor limit. The MACT floor for this subcategory is 11.0 Ib/TBtu (0.20 Ib/GWHh)

b . . .
Duct burners on syngas; based on permit levels in comments received

° Duct burners on natural gas; based on permit levels in comments received

d . .
Based on best-performing similar source

¢ Based on permit levels in comments received



Table 1-2. Emission Limitations for Liquid Oil-Fired EGUs

Subcategory Filterable PM Hydrogen Chloride Hydrogen Fluoride
Existing — Liquid oil-continental 0.030 Ib/MMBtu 0.0020 Ib/MMBtu 0.00040 lb/MMBtu
(0.30 Ib/MWHh) (0.010 Ib/MWh) (0.0040 Ib/MWh)

0.030 lb/MMBtu  0.00020 Ib/MMBtu  0.000060 |b/MMBtu
(0.30 Ib/MWh) (0.0020 Ib/MWh)  (0.00050 Ib/MWh)

Existing — Liquid oil-non-continental

New — Liquid oil - continental 0.070 Ib/MWh 0.00040 Ib/MWh 0.00040 Ib/MWh

New — Liquid oil - non-continental 0.20 Ib/MWh 0.0020 Ib/MWh 0.00050 Ib/MWh

Note: In some cases, affected units may comply with either an input-based standard or an output-based standard,
shown in parentheses below the input-based standard.

We are also finalizing alternate equivalent emission standards for certain subcategories
in three areas: SO, (for HCI), individual non-Hg metals, and total non-Hg metals (for filterable
PM) from coal- and solid oil-derived fuel-fired EGUs, and individual and total metals (for
filterable PM) from oil-fired EGUs. These alternate emission limitations are provided in Tables
1-3 and 1-4. We are finalizing an alternate limitation of 1 percent moisture in the liquid oil as
an alternate to the HCl and HF emission limits for both liquid oil subcategories (i.e., continental

and non-continental).
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Table 1-3. Alternate Emission Limitations for Existing Coal- and Oil-Fired EGUs

Coal-fired EGUs

IGCC

Liquid Oil

Continental

Non-continental

Solid Oil-derived

SO,

Total non-Hg metals

Antimony, Sb

Arsenic, As

Beryllium, Be

Cadmium, Cd

Chromium, Cr

Cobalt, Co

Lead, Pb

Manganese, Mn

Mercury, Hg

Nickel, Ni

Selenium, Se

0.20 Ib/MMBtu
(1.5 Ib/MWh)
0.000050 Ib/MMBtu
(0.50 Ib/GWh)
0.80 Ib/TBtu
(0.0080 Ib/GWh)
1.1 Ib/TBtu
(0.020 Ib/GWh)
0.20 Ib/TBtu
(0.0020 Ib/GWh)
0.30 Ib/TBtu
(0.0030 Ib/GWh)
2.8 Ib/TBtu
(0.030 Ib/GWh)
0.80 Ib/TBtu
(0.0080 Ib/GWh)
1.2 Ib/TBtu
(0.020 Ib/GWh)
4.0 Ib/TBtu
(0.050 Ib/GWh)
NA

3.5 Ib/TBtu
(0.040 Ib/GWh)
5.0 Ib/TBtu
(0.060 Ib/GWh)

NA

0.000060 Ib/MMBtu
(0.50 Ib/GWh)
1.4 Ib/TBtu
(0.020 Ib/GWh)
1.5 Ib/TBtu
(0.020 Ib/GWh)
0.10 Ib/TBtu
(0.0010 Ib/GWh)
0.15 Ib/TBtu
(0.0020 Ib/GWh)
2.9 Ib/TBtu
(0.030 Ib/GWh)
1.2 Ib/TBtu
(0.020 Ib/GWh)
190 Ib/MMBtu
(1.8 Ib/MWh)
2.5 Ib/TBtu
(0.030 Ib/GWh)
NA

6.5 Ib/TBtu
(0.070 Ib/GWh)
22 |b/TBtu
(0.30 Ib/GWh)

NA

0.00080 |b/MMBtu
(0.0080 Ib/MWh)®
13 Ib/TBtu

(0.20 Ib/GWh)
2.8 Ib/TBtu
(0.030 Ib/GWh)
0.20 Ib/TBtu
(0.0020 Ib/GWh)
0.30 Ib/TBtu
(0.0020 Ib/GWh)
5.5 Ib/TBtu
(0.060 Ib/GWh)
21 Ib/TBtu

(0.30 Ib/GWh)
8.1 Ib/TBtu
(0.080 Ib/GWh)
22 |b/TBtu

(0.30 Ib/GWh)
0.20 Ib/TBtu
(0.0020 Ib/GWh)
110 Ib/TBtu

(1.1 1b/GWh)

3.3 1b/TBtu
(0.040 Ib/GWh)

NA

0.00060 Ib/MMBtu
(0.0070 Ib/MWh)?
2.2 Ib/TBtu
(0.020 Ib/GWh)
4.3 |b/TBtu
(0.080 Ib/GWh)
0.60 Ib/TBtu
(0.0030 Ib/GWh)
0.30 Ib/TBtu
(0.0030 Ib/GWh)
31 Ib/TBtu

(0.30 Ib/GWh)
110 Ib/TBtu

(1.40 Ib/GWh)
4.9 Ib/TBtu
(0.080 Ib/GWh)
20 Ib/TBtu

(0.30 Ib/GWh)
0.040 Ib/TBtu
(0.00040 Ib/GWh)
470 Ib/TBtu

(4.1 1b/GWh)

9.8 Ib/TBtu

(0.20 Ib/GWh)

0.30 Ib/MMBtu
(2.0 Ib/MWh)
0.000040 Ib/MMBtu
(0.6 Ib/GWh)
0.80 Ib/TBtu
(0.0080 Ib/GWh)
0.30 Ib/TBtu
(0.0050 Ib/GWh)
0.060 Ib/TBtu
(0.00060 Ib/GWh)
0.30 Ib/TBtu
(0.0040 Ib/GWh)
0.8 Ib/TBtu
(0.020 Ib/GWh)
1.1 Ib/TBtu
(0.020 Ib/GWh)
0.80 Ib/TBtu
(0.020 Ib/GWh)
2.3 Ib/TBtu
(0.040 Ib/GWh)
NA

9.0 Ib/TBtu
(0.2 Ib/GWh)
1.2 Ib/TBtu
(0.020 Ib/GWh)

NA = Not applicable
% Includes Hg



Table 1-4.

Alternate Emission Limitations for New Coal- and Oil-Fired EGUs

Liquid Oil, Ib/GWh

Coal-fired EGUs [cloloq Continental Non-continental Solid Oil-Derived
SO, 0.40 Ib/MWh 0.40 Ib/MWh NA NA 0.40 Ib/MWh
Total metals 0.060 Ib/GWh 0.40 Ib/GWh 0.00020 0.0070 0.60 Ib/GWh

lb/MWh®  Ib/MWh®

Antimony, Sb 0.0080 Ib/GWh 0.020 Ib/GWh 0.010 0.0080 0.0080 Ib/GWh
Arsenic, As 0.0030 Ib/GWh 0.020 Ib/GWh 0.0030 0.060 0.0030 Ib/GWh
Beryllium, Be 0.00060 Ib/GWh 0.0010 Ib/GWh 0.00050 0.0020 0.00060 Ib/GWh
Cadmium, Cd 0.00040 Ib/GWh 0.0020 Ib/GWh 0.00020 0.0020 0.00070 Ib/GWh
Chromium, Cr 0.0070 Ib/GWh 0.040 Ib/GWh 0.020 0.020 0.0060 Ib/GWh
Cobalt, Co 0.0020 Ib/GWh 0.0040 Ib/GWh 0.030 0.30 0.0020 Ib/GWh
Lead, Pb 0.0020 Ib/GWh 0.0090 Ib/GWh 0.0080 0.030 0.020 Ib/GWh
Mercury, Hg NA NA 0.00010 0.00040 NA
Manganese, Mn 0.0040 Ib/GWh 0.020 Ib/GWh 0.020 0.10 0.0070 Ib/GWh
Nickel, Ni 0.040 Ib/GWh 0.070 Ib/GWh 0.090 4.1 0.040 Ib/GWh
Selenium, Se 0.0060 Ib/GWh 0.30 Ib/GWh 0.020 0.020 0.0060 Ib/GWh

NA = Not applicable

® Based on best-performing similar source
b
Includes Hg

EPA is finalizing a beyond-the-floor standard for Hg only of 4.0 Ibs/trillion BTU for all
existing and new units designed to burn low BTU virgin coal based on the availability of
activated carbon injection (ACI) for cost-effective Hg control. When considering beyond-the-
floor options, EPA must consider not only the maximum degree of reduction in emissions of
HAP, but must take into account costs, energy, and non-air quality health and environmental
impacts when doing so. We are finalizing a beyond-the-floor standard for these units
because the Agency considers the cost of incremental reductions beyond the MACT floor
standard of 11 Ibs/trillion BTUs to be reasonable. While the primary IPM analysis discussed in
Chapter 3 requires compliance with the beyond-the-floor limit, EPA performed a supplemental
analysis at proposal that estimates the difference in impacts between regulating coal-fired units
designed for lignite 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 lbs/trillion BTUs, the units would emit approximately an additional 3,854 Ibs at a
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reduced annualized cost of $86.7 million. EPA also performed an analysis of beyond-the-floor
alternatives which can be found in the Beyond the MACT Floor Analysis TSD. Based on these
analyses, EPA concluded that the beyond-the-floor standard achieved significant additional

benefits when compared to the costs of the standard.

Pursuant to CAA section 112(h), we are finalizing a work practice standard for organic
HAP, including emissions of dioxins and furans, from all subcategories of EGU. The work
practice standard being finalized for these EGUs would require the implementation of an
annual performance test program as described the preamble. We are finalizing work practice
standards because the data confirm that the significant majority of the measured organic HAP
emissions from EGUs are below the detection levels of the EPA test methods, and, as such, EPA

considers it impracticable to reliably measure emissions from these units.

The EGU NESHAP PM and SO, standards for new and modified facilities are as stringent
or more stringent than the NSPS amendments. Thus, the only impacts unique to the NSPS
amendments are those for the NOx emissions limits for new and modified facilities. In the
baseline for this analysis and in compliance with MATS, no source is expected to trigger the
NSPS limitations for new or modified sources. Therefore, we have concluded that there are no
3

costs or benefits associated with the NSPS amendments that are unique to these amendments.

The NSPS requirements are described in detail in the preamble.

1.4.4 What are the Startup, Shutdown, and Malfunction Requirements?

Consistent with Sierra Club v. EPA (551 F.3d 1019 (DC Cir. 2008), cert. denied, 130 S. Ct.
1735 (U.S. 2010)), EPA proposed numerical emission standards that would apply at all times,
including during periods of startup, shutdown, and malfunction. In this final rule, EPA has
evaluated comments and other data concerning startup and shutdown periods and, for the
reasons explained below, is establishing work practice standards for startup and shutdown

periods as the terms are defined in the final rule.

EPA has revised this final rule to require sources to meet a work practice standard,
which requires following the manufacturer’s recommended procedures for minimizing periods
of startup and shutdown, for all subcategories of new and existing coal- and oil-fired EGUs (that
would otherwise be subject to numeric emission limits) during periods of startup and
shutdown. As discussed elsewhere in the preamble, we considered whether performance

testing, and therefore, enforcement of numeric emission limits, would be practicable during

*If the NESHAP requirements were not simultaneously analyzed with the NSPS amendments, then we would
expect that the cost and benefits of the NSPS would be small.
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periods of startup and shutdown. After reviewing comments and other data regarding the
nature of these periods of operation, the EPA is finalizing a work practice standard for periods
of start up and shut down. EPA will revisit this decision during the mandatory 8-year review

cycle.

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.

In the event that a source fails to comply with the applicable CAA section 112(d)
standards as a result of a malfunction event, EPA would determine an appropriate response
based on, among other things, the good faith efforts of the source to minimize emissions during
malfunction periods, including preventative and corrective actions, as well as root cause
analyses to ascertain and rectify excess emissions. EPA would also consider whether the
source’s failure to comply with the CAA section 112(d) standard was, in fact, “sudden,
infrequent, not reasonably preventable” and was not instead “caused in part by poor

maintenance or careless operation” (40 CFR 63.2).

1.5 Baseline and Years of Analysis

The emissions scenarios for the RIA reflect the Cross-State Air Pollution Rule (CSAPR) as
finalized in July 2011 and the emissions reductions of SOx, NOx, directly emitted PM, and CO,
are consistent with application of federal rules, state rules and statutes, and other binding,
enforceable commitments in place by December 2010 for the analysis timeframe. Consistent
with the mercury risk deposition modeling for MATS, EPA did not model non-federally
enforceable mercury-specific emissions reduction rules in the base case or MATS policy case
(see preamble Section IlI.A for further detail). This approach does not significantly affect the
projections underlying the cost and benefit results presented in this RIA. The baseline
specifications used for these analyses are described in more detail in Chapter 3, Chapter 4, and
Chapter 5 of this RIA. The EGU and non-EGU regulatory and air quality baseline used for the co-

benefits analysis is described in Appendix 5A.

The costs and co-benefits from reductions in SO, and direct PM emissions are calculated
using a baseline that includes the Cross State Air Pollution Rule (CSAPR; 76 FR 48208) finalized

1-11



July 6, 2011. EPA has subsequently proposed minor modifications to the state-level SO, budgets
in CSAPR. These modifications are expected to result in small changes in the levels of SO,
emission reductions in a number of states. These changes in the baseline levels of SO,
emissions may result in slightly larger reductions in emissions and, consequently, slightly higher
benefits being attributed to MATS. The impact on control costs is uncertain, but likely to be
minimal given that only 1% of units are potentially affected. These modifications have not yet

been finalized, but EPA expects the overall impact on MATS to be low.

Mercury reductions were not remodeled between the proposal and final rule for either
the appropriate and necessary analysis or the RIA. As a result, the analysis presented in Chapter
4 uses the MATS proposal baseline that includes proposed, but not final, CSAPR, as well as the
mercury standards as proposed rather than as finalized. Furthermore, there were some
differences in the treatment of the baseline at proposal relative to the baseline included here in
that it included non-federally enforceable state rules. These differences do not have a
significant impact on total mercury emissions. Mercury benefits are magnitudes smaller than

the co-benefits presented here and do not impact the final rounded benefits estimates.

The year 2016 is the compliance year for MATS, though as we explain in later chapters,
we use 2015 as a proxy for compliance in 2016 for our cost 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 final MATS in 2016 rather than the net present value

of a stream of benefits and costs in these particular years of analysis.

1.6 Benefits of Emission Controls

The benefits of the final MATS are discussed in Chapters 4 and 5 of this report. Annual
monetized benefits of $37 to 90 billion (3 percent discount rate, 2007S) or $33 to 81 billion
(7 percent discount rate, 2007S) are expected for the final rule in 2016.

Since the final rule requirements were finalized after the completion of the air quality
modeling for this rule, EPA used benefit-per-ton (BPT) factors to quantify the changes in PM,s-
related health impacts and monetized benefits based on changes in SO, and direct PM, 5
emissions. These BPT factors were based on an interim baseline and policy scenario for which
full-scale ambient air quality modeling and air quality-based human health benefits
assessments were performed. These BPT estimates were then multiplied by the amount of
emission reductions expected from MATS as finalized to estimate the benefits of the rule. The
BPT approach is methodologically consistent with the technique reported in Fann, Fulcher, &
Hubbell (2009), and has been used in previous RIAs, including the recent Ozone NAAQS RIA
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(U.S. EPA, 2008), the NO, NAAQS RIA (U.S. EPA, 2010), the proposed Mercury and Air Toxics
Standards RIA (U.S. EPA 2011a), and the Cross-State Air Pollution Rule (U.S. EPA, 2011b).

1.7 Cost of Emission Controls

EPA analyzed the costs of the final MATS using the Integrated Planning Model (IPM).
EPA has used this model in the past to analyze the impacts of regulations on the power sector,
including the proposed and final CSAPR and proposed MATS. EPA estimates the annual
incremental compliance costs of the rule to the power sector to be $9.6 billion in 2016
(2007S).* A description of the methodology used to model the costs and economic impacts to
the power sector is discussed in Chapter 3 of this report. A description of how the employment

impacts associated with this final rule are estimated is provided in Chapter 6 of this report.

1.8 Organization of the Regulatory Impact Analysis

This report presents EPA’s analysis of the benefits, costs, and other economic effects of
the final MATS to fulfill the requirements of a Regulatory Impact Analysis (RIA). This RIA

includes the following chapters:

Chapter 2, Electric Power Sector Profile, describes the industry affected by the rule.

= Chapter 3, Cost, Economic, and Energy Impacts, describes the modeling conducted

to estimate the cost, economic, and energy impacts to the power sector.

=  Chapter 4, Mercury and Other HAP Benefits Analysis, describes the methodology

and results of the benefits analysis for mercury and other HAP.

= Chapter 5, Co-Benefits Analysis, describes the methodology and results of the

benefits analysis for PM, 5, Ozone, and other benefit categories.

= Chapter 6, Employment and Economic Impacts, describes the analysis to estimate

the employment impacts and economic impacts associated with the final rule.

=  Chapter 7, 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.

* This total includes compliance costs of $9.4 billion modeled in IPM for coal fired EGUs, monitoring,
recordkeeping, and reporting costs of $158 million, and compliance costs modeled in a separate analysis for oil-
fired EGUs of $56 million.
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=  Chapter 8, Comparison of Benefits and Costs, shows a comparison of the total

benefits to total costs of the rule.
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CHAPTER 2
ELECTRIC POWER SECTOR PROFILE

2.1 Introduction

This chapter discusses important aspects of the power sector that relate to the final
MATS Rule, including the types of power-sector sources affected by the rule, and provides
background on the power sector and electric generating units (EGUs). In addition, this chapter
provides some historical background on EPA regulation of and future projections for the power

sector. The specific impacts of MATS are discussed in Chapter 3.

2.2 Power Sector Overview

The production and delivery of electricity to customers consists of three distinct

segments: generation, transmission, and distribution.

2.2.1 Generation

Electricity generation is the first process in the delivery of electricity to consumers. Most
of the existing capacity for generating electricity involves creating heat to rotate turbines
which, in turn, create electricity. The power sector consists of over 17,000 generating units,
comprising fossil-fuel-fired units, nuclear units, and hydroelectric and other renewable sources

dispersed throughout the country (see Table 2-1).

Table 2-1. Existing Electricity Generating Capacity by Energy Source, 2009

Generator Net

Generator Nameplate Summer Capacity

Energy Source Number of Generators Capacity (MW) (Mw)
Coal 1,436 338,723 314,294
Petroleum 3,757 63,254 56,781
Natural Gas 5,470 459,803 401,272
Other Gases 98 2,218 1,932
Nuclear 104 106,618 101,004
Hydroelectric Conventional 4,005 77,910 78,518
Wind 620 34,683 34,296
Solar Thermal and Photovoltaic 110 640 619
Wood and Wood Derived Fuels 353 7,829 6,939
Geothermal 222 3,421 2,382
Other Biomass 1,502 5,007 4,317
Pumped Storage 151 20,538 22,160
Other 48 1,042 888
Total 17,876 1,121,686 1,025,402

Source: EIA (2009).
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These electric generating sources provide electricity for commercial, industrial, and
residential uses, each of which consumes roughly a quarter to a third of the total electricity
produced (see Table 2-2). Some of these uses are highly variable, such as heating and air
conditioning in residential and commercial buildings, while others are relatively constant, such

as industrial processes that operate 24 hours a day.

Table 2-2. Total U.S. Electric Power Industry Retail Sales in 2009 (Billion kWh)

Sales/Direct Use (Billion kWh) Share of Total End Use

Residential 1,364 37%
Commercial 1,307 35%

Retail Sales
Industrial 917 25%
Transportation 8 0.2%

Direct Use 127 3%

Total End Use 3,723 100%

Source: EIA (2009).

In 2009, electric generating sources produced 3,950 billion kWh to meet electricity
demand. Roughly 70 percent of this electricity was produced through the combustion of fossil
fuels, primarily coal and natural gas, with coal accounting for the largest single share (see
Table 2-3).

Table 2-3.  Electricity Net Generation in 2009 (Billion kWh)

Net Generation (Billion kWh) Fuel Source Share

Coal 1,756 44.5%
Petroleum 39 1.0%
Natural Gas 921 23.3%
Other Gases 11 0.3%
Nuclear 799 20.2%
Hydroelectric 273 6.9%
Other 151 3.8%
Total 3,950 100%

Source: EIA (2009).

Note: Retail sales are not equal to net generation because net generation includes net exported electricity and
loss of electricity that occurs through transmission and distribution.



Coal-fired generating units typically supply “base-load” electricity, the portion of
electricity loads which are continually present, and typically operate throughout the day. Along
with nuclear generation, these coal units meet the part of demand that is relatively constant.
Although much of the coal fleet operates as base load, there can be notable differences across
various facilities (see Table 2-4). For example, coal-fired units less than 100 MW in size compose
37 percent of the total number of coal-fired units, but only 6 percent of total coal-fired
capacity. Gas-fired generation is better able to vary output and is the primary option used to
meet the variable portion of the electricity load and typically supplies “peak” power, when
there is increased demand for electricity (for example, when businesses operate throughout
the day or when people return home from work and run appliances and heating/air-
conditioning), versus late at night or very early in the morning, when demand for electricity is
reduced. However, the evolving economics of the power sector, in particular the increased
natural gas supply and relatively low natural gas prices, have resulted in more gas being utilized
as base load energy. Figure 2-1 shows the distribution and relative size of the fossil-fuel fired

generating capacity across the United States.

Table 2-4. Coal Steam Electricity Generating Units, by Size, Age, Capacity, and Efficiency
(Heat Rate)

Avg. Net  Total Net

Summer Summer Avg. Heat

Unit Size Grouping % of All Capacity Capacity % Total Rate

(MW) No. Units Units Avg. Age (MW) (MW) Capacity  (Btu/kWh)
0 to 25 193 15% 45 15 2,849 1% 11,154
>25 to 49 108 9% 42 38 4,081 1% 11,722
50 to 99 162 13% 47 75 12,132 4% 11,328
100 to 149 269 21% 49 141 38,051 12% 10,641
150 to 249 81 6% 43 224 18,184 6% 10,303
250 and up 453 36% 34 532 241,184 76% 10,193
Total 1,266 316,480

Source: National Electric Energy Data System (NEEDS) v.4.10

Note: The average heat rate reported is the mean of the heat rate of the units in each size category (as opposed
to a generation-weighted or capacity-weighted average heat rate.) A lower heat rate indicates a higher
level of fuel efficiency. Table is limited to coal-steam units online in 2010 or earlier, and excludes those
units with planned retirements.
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Figure 2-1.  Fossil Fuel-Fired Electricity Generating Facilities, by Size

Source: National Electric Energy Data System (NEEDS) 4.10

Note:  This map displays facilities in the NEEDS 4.10 IPM frame. NEEDS reflects available capacity on-line by the
end of 2011. This includes planned new builds and planned retirements. In areas with a dense
concentration of facilities, some facilities may be obscured.

2.2.2 Transmission

Transmission is the term used to describe the movement of electricity over a network of
high voltage lines, from electric generators to substations where power is stepped down for
local distribution. In the US and Canada, there are three separate interconnected networks of
high voltage transmission lines,' each operating at a common frequency. Within each of these
transmission networks, there are multiple areas where the operation of power plants is
monitored and controlled to ensure that electricity generation and load are kept in balance. In
some areas, the operation of the transmission system is under the control of a single regional
operator; in others, individual utilities coordinate the operations of their generation,

transmission, and distribution systems to balance their common generation and load needs.

! These three network interconnections are the western US and Canada, corresponding approximately to the area
west of the Rocky Mountains; eastern US and Canada, not including most of Texas; and a third network
operating in most of Texas. These are commonly referred to as the Western Interconnect Region, Eastern
Interconnect Region, and ERCOT, respectively.
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2.2.3 Distribution

Distribution of electricity involves networks of lower voltage lines and substations that
take the higher voltage power from the transmission system and step it down to lower voltage
levels to match the needs of customers. The transmission and distribution system is the classic
example of a natural monopoly, in part because it is not practical to have more than one set of
lines running from the electricity generating sources to substations or from substations to
residences and business.

Transmission has generally been developed by the larger vertically integrated utilities
that typically operate generation and distribution networks. Distribution is handled by a large
number of utilities that often purchase and sell electricity, but do not generate it. Over the last
couple of decades, several jurisdictions in the United States began restructuring the power
industry to separate transmission and distribution from generation, ownership, and operation.
As discussed below, electricity restructuring has focused primarily on efforts to reorganize the
industry to encourage competition in the generation segment of the industry, including
ensuring open access of generation to the transmission and distribution services needed to
deliver power to consumers. In many states, such efforts have also included separating
generation assets from transmission and distribution assets to form distinct economic entities.
Transmission and distribution remain price-regulated throughout the country based on the cost
of service.

2.3 Deregulation and Restructuring

The process of restructuring and deregulation of wholesale and retail electric markets
has changed the structure of the electric power industry. In addition to reorganizing asset
management between companies, restructuring sought a functional unbundling of the
generation, transmission, distribution, and ancillary services the power sector has historically

provided, with the aim of enhancing competition in the generation segment of the industry.

Beginning in the 1970s, government policy shifted against traditional regulatory
approaches and in favor of deregulation for many important industries, including
transportation (notably commercial airlines), communications, and energy, which were all
thought to be natural monopolies (prior to 1970) that warranted governmental control of
pricing. However, deregulation efforts in the power sector were most active during the 1990s.
Some of the primary drivers for deregulation of electric power included the desire for more
efficient investment choices, the economic incentive to provide least-cost electric rates through

market competition, reduced costs of combustion turbine technology that opened the door for
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more companies to sell power with smaller investments, and complexity of monitoring utilities’

cost of service and establishing cost-based rates for various customer classes.

The pace of restructuring in the electric power industry slowed significantly in response
to market volatility in California and financial turmoil associated with bankruptcy filings of key
energy companies. By the end of 2001, restructuring had either been delayed or suspended in
eight states that previously enacted legislation or issued regulatory orders for its
implementation (shown as “Suspended” in Figure 2-2 below). Another 18 other states that had
seriously explored the possibility of deregulation in 2000 reported no legislative or regulatory
activity in 2001 (EIA, 2003) (“Not Active” in Figure 2-2 below). Currently, there are 15 states
where price deregulation of generation (restructuring) has occurred (“Active” in Figure 2-2
below). Power sector restructuring is more or less at a standstill; there have been no recent
proposals to the Federal Energy Regulatory Commission (FERC) for actions aimed at wider

restructuring, and no additional states have recently begun retail deregulation activity.

Electricity Restructuring by State

Figure 2-2.  Status of State Electricity Industry Restructuring Activities
Source: EIA (2010b).

2.4 Emissions of Mercury and Other Hazardous Air Pollutants from Electric Utilities

The burning of fossil fuels, which generates about 70 percent of our electricity
nationwide, results in air emissions of Hazardous Air Pollutants (HAPs): mercury, acid gasses,

and non-mercury metallic particulates. Additionally, SO, and NO, emissions from the power
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sector are important precursors in the formation of fine particles and ozone (NOy only). The

power sector is a major contributor of all of these pollutants.

The Emissions Overview Memorandum Technical Support Document (TSD) to the
proposed air toxics standards (Docket number EPA-HQ-OAR-2009-0234) details the emissions
of mercury and other HAPs emitted by EGUs. In 2005, EGU emissions of mercury accounted for
approximately half of all anthropogenic mercury emissions in the U.S. Table 2-5 shows the
trend in EGU and total anthropogenic mercury emissions from 1990-2005 and EGU mercury
emissions reported in the Utility MACT Information Collection Request (ICR) in 2010.

Table 2-5. U.S. Anthropogenic Mercury Emissions, 1990-2010

1990 1999 2005 2010°

(tons) (tons) (tons) (tons)
EGU Hg Emissions 59 49 53 29
Non-EGU Hg Emission 205 66 52 Not Available”
Total U.S. Hg Emissions 264 115 105 Not Available®

® The estimate of the current level of Hg emissions based on the 2010 ICR database may underestimate total EGU
Hg emissions due to targeting of the 2010 ICR on the best performing EGUs.

® Information on recent U.S. EGU emissions was obtained using an ICR for EGUs only. This same information is not
available for other sources, which were not covered by the ICR.

In 2005, EGUs contributed 82 percent of U.S. hydrogen chloride emissions. Table 2-6
shows the total HCl emissions from EGU and non-EGU sources in 2005 and the EGU HCI
emissions reported in the Utility MACT ICR in 2010.

Table 2-6. U.S. Hydrogen Chloride Emissions, 2005 and 2010

2005° 2010

(tons) (tons)
EGU HCI Emissions 350,000 106,000
Non-EGU HCl Emissions 78,000 Not Available®
Total U.S. HCI Emissions 428,000 Not Available®

#2005 emissions from the National Air Toxics Assessment Inventory. Available online at
http://www.epa.gov/ttn/atw/nata2005/. EGU emissions were extracted from the total using the MACT code
field (1808).

®The estimate of the current level of Hg emissions based on 2010 may underestimate the total EGU emissions due
to targeting of the 2010 ICR on the best performing EGUs.

“Information on recent U.S. EGU emissions was obtained using an ICR for EGUs only. This same information is not
available for other sources, which were not covered by the ICR.
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Individual fossil fuel-fired units vary widely in their air emissions levels for HAPs,
particularly when uncontrolled. In 2010, as reported in the Utility MACT ICR, mercury emissions
range from less than 0.3 Ib/trillion Btu (TBtu) to more than 20 lbs/TBtu. HCl emissions from
coal-fired units range from less than 0.00002 Ib/million Btu (mmBtu) (for a unit with a scrubber)
to over 0.1 Ib/mmBtu. Additionally, emissions of fine particulates less than or equal to 2.5
microns (PM, ) range from 0.002 Ib/mmBtu to over 0.06 Ilb/mmBtu. For an uncontrolled plant,
mercury, acid gas, and particulate emissions are directly related to the elemental profile and

ash content of the coal burned.

Oil-fired units also have a wide range of HAP emissions. Based on the Utility MACT ICR,
Mercury emissions range from less than 0.01 Ib/TBtu to more than 60 lbs/TBtu. HCl emissions
from oil-fired units range from less than 0.00001 Ib/mmBtu (for a unit with a scrubber) to over
0.003 Ib/mmBtu. Emissions of PM, s range from less than 0.004 Ib/mmBtu to over 0.07
Ib/mmBtu.

2.5 Pollution Control Technologies

Acid gas HAPs (e.g., hydrogen chloride (HCI), hydrogen fluoride (HF), sulfur dioxide
(SO,)) from coal-fired power plants can be controlled by fuel selection, fuel blending, or post
combustion controls. Fossil fuels, particularly coal, vary widely in the content of pollutants like
chlorine (Cl), fluorine (F), sulfur (S) and other HAPs, making fuel blending and/or switching an
effective method for reducing emissions of HAPs. In general, it is easier to switch fuels within a
coal rank (rather than across a coal rank) due to similar heat contents and other characteristics.
Switching fuels across ranks tends to trigger more costly modifications. As a compromise,
blending is employed when a complete fuel switch adversely affects the unit. EGUs may also
choose to retrofit post combustion controls to achieve superior pollutant removal. Post-
combustion controls typically remove larger proportions of HCl and HF than SO, due to

differences in molecular weight.

Acid gas emissions (including SO,) can be reduced with flue gas desulfurization (FGD,
also known as “scrubbers”) or with dry sorbent injection (DSI). EGUs may choose either “wet”
or “dry” configurations of scrubbers. Wet scrubbers can use a variety of reagents including
crushed limestone, quick lime, and magnesium-enhanced lime. The choice of reagent affects
performance, size, capital and operating costs. Current wet scrubber technology is capable of
removing at least 99 percent of HF and HCl emissions while simultaneously achieving
96 percent SO, removal. Modern dry FGD technology combines lime-based slurry with a

downstream fabric filter to remove at least 93 percent SO, while also capturing over 99 percent
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HCL and HF. An alternative to scrubber technology is dry sorbent injection (DSI), which injects
an alkaline powdered material (post combustion) to react with the acid gases. The product of
this reaction is removed by particulate matter (PM) control device. DSI technology is most
efficient with a baghouse present downstream but can function with an electrostatic
precipitator (ESP) downstream as well. Under these circumstances, the ESP requires more
reagent per molecule of acid gas removed as compared to a similar operation with a baghouse.
Finally, DSI may employ a multitude of sorbents (trona,’ sodium carbonate, calcium
carbonate—and their bicarbonate counterparts) for a more tailored approach to reduce

emissions based on the source, cost, and unit and fuel characteristics.

Mercury capture and removal requires multiple controls. Upon combustion, mercury
exits the furnace in three forms: elemental, oxidized, and as a particulate. Elemental mercury is
emitted out of the stack. The particulate form is bound to the ash and removed by PM control
equipment such as ESP or fabric filter. A portion of mercury that has converted to oxidized
compounds may be removed by either a wet scrubber or by activated carbon injection (ACI).
Each of these control devices uses a different method to remove the mercury compounds. The
wet FGD system captures oxidized mercury because it is water soluble, while activated carbon
injection provides a unique physical surface to which oxidized mercury can adhere. Mercury
oxidation can occur at multiple locations within a unit as long as an oxidizing agent, generally a
halogen, is present for reaction. This allows the unit operator some latitude in selecting a
control method and injection point based on existing equipment at the particular source. A
halogen can be introduced to the fuel prior to combustion, injected directly into the furnace,
introduced upstream of a selective catalytic reduction (SCR) system,? or infused with the
activated carbon injections. The unit operator may also increase halogens by blending in higher
chlorine fuels (e.g., Powder River Basin fuel blended with bituminous coal). Operating a wet
FGD for SO, control alongside selective catalytic reduction (SCR) for NO, control with sufficient
halogen present will remove more than 90 percent of the mercury within the flue gas stream.
Alternatively, in the absence of a wet FGD, activated carbon injection (ACl) can be employed for
mercury capture with at least 90 percent removal using a downstream fabric filter. An ESP

results in less efficient mercury removal with ACI.

Non-mercury heavy metals and organics are removed by PM control equipment such as
fabric filters and ESP. Unlike mercury, the heavy metals (e.g., selenium and arsenic) are non-

volatile and affix to the ash. Likewise, any organics surviving the high temperature combustion

® Trona refers to the chemical compound sodium sesquicarbonate.
*SCRiis primarily used for NO, control, but can also be used to promote mercury oxidation.
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process are non-volatile and bind to the ash. Both control technologies are capable of removing
more than 99 percent of PM, s mass from the emissions stream. ESPs sap relatively little energy
from the flue gas but are less flexible for fuel switching, since they are designed for use with a
specific intended fuel. Fuel switching or blending that increases gas flow rate, ash resistivity, or
particle loading may render an existing ESP insufficient for removing particulate matter. ESPs
also suffer from ash re-entrainment, which is the release of particulate matter from the last
compartment due to the self cleaning action. On the other hand, an ESP with sufficient design
margin may succeed with these fuel alterations. Conversely, a fabric filter does not suffer from
these limitations. Moreover, the fabric filter readily lends itself to mercury and acid gas removal
since DSl and ACl operate more efficiently with a baghouse. When considering retrofit PM
control options, a unit with an existing ESP will examine upgrading the precipitator as an

alternative to installing a new fabric filter to achieve emission reductions.

For more detail on the cost and performance assumptions of pollution controls, see the
documentation for the Integrated Planning Model (IPM),* a dynamic linear programming model
that EPA uses to examine air pollution control policies for various air emissions throughout the

United States for the entire power system.
2.6 HAP Regulation in the Power Sector

2.6.1 Programs Targeting HAP

In 2000, EPA made a finding that it was appropriate and necessary to regulate coal- and
oil-fired EGUs under CAA section 112 and listed EGUs pursuant to CAA section 112(c). This
finding triggered a requirement for EPA to propose regulations to control air toxics emissions,

including mercury, from these facilities.

On January 30, 2004, EPA proposed a rule with two basic approaches for controlling
mercury from power plants. One approach would require power plants to meet emissions
standards reflecting the application of the “maximum achievable control technology” (MACT)
determined according to the procedure set forth in section 112(d) of the Clean Air Act. A
second approach proposed by EPA would create a market-based “cap and trade” program that,
if implemented, would reduce nationwide utility emissions of mercury in two phases under
Section 111 or Section 112 of the Clean Air Act. EPA also proposed to revise its December 2000
finding that it is “appropriate and necessary” to regulate utility hazardous air emissions using
the MACT standards provisions (section 112) of the Clean Air Act.

* Documentation for IPM can be found at www.epa.gov/airmarkets/epa-ipm.
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On March 15, 2005, EPA issued the final Clean Air Mercury Rule (CAMR). CAMR
established “standards of performance” limiting mercury emissions from new and existing
utilities and created a market-based cap-and-trade program to reduce nationwide utility
emissions of mercury in two phases. In conjunction with CAMR, EPA published a final rule
(Section 112(n) Revision Rule) that removed EGUs from the list of sources for which regulation

under CAA section 112 was required.

The Section 112(n) Revision Rule was vacated on February 8, 2008, by the U.S. Court of
Appeals for the District of Columbia Circuit. As a result of that vacatur, CAMR was also vacated
and EGUs remained on the list of sources that must be regulated under CAA section 112. This
action finalizes the rule EPA proposed on March 16, 2011 to replace CAMR in response to the
court’s decisions.

2.6.2 Programs Targeting SO, and NOx

Programs to reduce SO, and NOx also impact emissions of mercury and other HAP. At
the federal level, efforts to reduce emissions of SO, have been occurring since 1970. Policy
makers have recognized the need to address these harmful emissions, and incremental steps
have been taken to ensure that the country meets air quality standards. The recently finalized
Cross State Air Pollution Rule (CSAPR) is the next step toward attainment of the national

standards for PM, 5 and ozone.

Even before widespread regulation of SO, and NOy for the power sector, total
suspended particulate matter (TSP) was a related target of state and federal action. Because
larger particulates are visible as dark smoke from smokestacks, most states had regulations by
1970 limiting the opacity of emissions. Requirements for taller smokestacks also mitigated local
impacts of TSP. Notably, such regulations effectively addressed large-diameter, filterable
particulate matter rather than condensable particulate matter (such as PM, 5) associated with
SO, and NOyx emissions, which are not visible at the smokestack and have impacts far from their

sources.

Federal regulation of SO, and NOyx emissions at power plants began with the 1970 Clean
Air Act. The Act required the Agency to develop New Source Performance Standards (NSPS) for
a number of source categories including coal-fired power plants. The first NSPS for power
plants (subpart D) required new units to limit SO, emissions either by using scrubbers or by
using low sulfur coal. NOy was required to be limited through the use of low NOx burners. A
new NSPS (subpart Da), promulgated in 1978, tightened the standards for SO,, requiring
scrubbers on all new units.
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The 1990 Clean Air Act Amendments (CAAA) placed a number of new requirements on
power plants. The Acid Rain Program, established under Title IV of the 1990 CAAA, requires
major reductions of SO, and NOy emissions. The SO, program sets a permanent cap on the
total amount of SO, that can be emitted by electric power plants in the contiguous United
States at about one-half of the amount of SO, these sources emitted in 1980. Using a
market-based cap and trade mechanism allows flexibility for individual combustion units to
select their own methods of compliance with the SO, reduction requirements. The program
uses a more traditional approach to NOy emissions limitations for certain coal-fired electric
utility boilers, with the objective of achieving a 2 million ton reduction from projected NOy

emission levels that would have been emitted in 2000 without implementation of Title IV.

The Acid Rain Program comprises two phases for SO, and NOy. Phase | applied primarily
to the largest coal-fired electric generating sources from 1995 through 1999 for SO, and from
1996 through 1999 for NOy. Phase Il for both pollutants began in 2000. For SO,, it applies to
thousands of combustion units generating electricity nationwide; for NOy it generally applies to
affected units that burned coal during 1990 through 1995. The Acid Rain Program has led to
the installation of a number of scrubbers on existing coal-fired units as well as significant fuel
switching to lower sulfur coals. Under the NOy provisions of Title IV, most existing coal-fired

units installed low NOy burners.

The CAAA also placed much greater emphasis on control of NOx to reduce ozone
nonattainment. This led to the formation of several regional NOy trading programs as well as
intrastate NOy trading programs in states such as Texas. The northeastern states of the Ozone
Transport Commission (OTC) required existing sources to meet Reasonably Available Control
Technology (RACT) limits on NOy in 1995 and in 1999 began an ozone-season cap and trade
program to achieve deeper reductions. In 1998, EPA promulgated regulations (the NOy SIP Call)
that required 21 states in the eastern United States and the District of Columbia to reduce NOy
emissions that contributed to nonattainment in downwind states using the cap and trade
approach. This program began in May of 2003 and has resulted in the installation of significant

amounts of selective catalytic reduction.

The Clean Air Interstate Rule (CAIR) built on EPA’s efforts in the NOy SIP call to address
specifically interstate pollution transport for ozone, and was EPA’s first attempt to address
interstate pollution transport for PM,s. It required significant reductions in emissions of SO,
and NOy in 28 states and the District of Columbia (see Figure 6-4 below). EGUs were found to
be a major source of the SO, and NOx emissions which contributed to fine particle

concentrations and ozone problems downwind. Although the D.C. Circuit remanded the rule to
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EPA in 2008, it did so without vacatur, allowing the rule to remain in effect while EPA addressed
the remand. Thus, CAIR continued to help states address ozone and PM, 5 nonattainment and
improve visibility by reducing transported precursors of SO, and NOy through the
implementation of three separate cap and trade compliance programs for annual NOy, ozone

season NOy, and annual SO, emissions from power plants.

Perhaps in anticipation of complying with CAIR, especially the more stringent second
phase that was set to begin in 2015, several sources began installing or planning to install
advanced controls for SO, and NOy to begin operating in the 2010 to 2015 timeframe. Many
EPA New Source Review (NSR) settlements also required controls in those years, as do state
rules in Georgia, lllinois, and Maryland. States like North Carolina, New York, Connecticut,
Massachusetts, and Delaware have also moved to control these emissions to address

nonattainment.

On July 6, 2011, the EPA finalized the Cross-State Air Pollution Rule (CSAPR) to replace
CAIR. The rule requires states to eliminate the portion of their emissions defined as their
“significant contribution” by setting a pollution limit (or budget) for each covered state. The
rule allows air-quality-assured allowance trading among covered sources, utilizing an allowance
market infrastructure based on existing, successful allowance trading programs. The final
CSAPR allows sources to trade emissions allowances with other sources within the same
program (e.g., ozone season NOx) in the same or different states, while firmly constraining any
emissions shifting that may occur by requiring a strict emission ceiling in each state (the budget
plus variability limit). It also includes assurance provisions that ensure each state will make the

emission reductions necessary to fulfill the “good neighbor” provision of the Clean Air Act.

2.7 Revenues, Expenses, and Prices

Due to lower retail electricity sales, total utility operating revenues declined in 2009 to
$276 billion from a peak of almost $300 billion in 2008. However, operating expenses were
appreciably lower and as a result, net income actually rose modestly compared to 2008 (see
Table 2-7). Recent economic events have put downward pressure on electricity demand, thus
dampening electricity prices and consumption (utility revenues), but have also reduced the
price and cost of fossil fuels and other expenses. Electricity sales and revenues associated with
the generation, transmission, and distribution of electricity are expected to rebound and

increase modestly by 2015, where they are projected to be roughly $360 billion (see Table 2-8).

Based on EIA’s Annual Energy Outlook 2011, Table 2-8 shows that in the base case, the

power sector is expected to derive revenues of $360 billion in 2015. Table 2-7 shows that
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investor-owned utilities (IOUs) earned income of about 11.5% compared to total revenues in
2009. Assuming the same income ratio from I0Us (with no income kept by public power), and
using the same proportion of power sales from public power as observed in 2009, EPA projects
that the power sector will expend over $320 billion in 2015 alone to generate, transmit, and

distribute electricity to end-use consumers.

Over the past 50 years, real retail electricity prices have ranged from around 7 cents per
kWh in the early 1970s, to around 11 cents, reached in the early 1980s. Generally, retail
electricity prices do not change rapidly and do not display the variability of other energy or
commodity prices, although the frequency at which these prices change varies across different
types of customers. Retail rate regulation has largely insulated consumers from the rising and
falling wholesale electricity price signals whose variation in the marketplace on an hourly, daily,
and seasonal basis is critical for driving lowest-cost matching of supply and demand. In fact, the

real price of electricity today is lower than it was in the early 1960s and 1980s (see Figure 2-3).
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Table 2-7. Revenue and Expense Statistics for Major U.S. Investor-Owned Electric Utilities
for 2009 (Smillions)

2008 2009
Utility Operating Revenues 298,962 276,124
Electric Utility 266,124 249,303
Other Utility 32,838 26,822
Utility Operating Expenses 267,263 244,243
Electric Utility 236,572 219,544
Operation 175,887 154,925
Production 140,974 118,816
Cost of Fuel 47,337 40,242
Purchased Power 84,724 67,630
Other 8,937 10,970
Transmission 6,950 6,742
Distribution 3,997 3,947
Customer Accounts 5,286 5,203
Customer Service 3,567 3,857
Sales 225 178
Administrative and General 14,718 15,991
Maintenance 14,192 14,092
Depreciation 19,049 20,095
Taxes and Other 26,202 29,081
Other Utility 30,692 24,698
Net Utility Operating Income 31,699 31,881

Source: EIA (2009).

Note: These data do not include information for public utilities.

Table 2-8. Projected Revenues by Service Category in 2015 for Public Power and Investor-
Owned Utilities (billions)

Generation $195
Transmission 36
Distribution 129
Total $360

Source: EIA (2011).

Note: Data are derived by taking either total electricity use (for generation) or sales (transmission and
distribution) and multiplying by forecasted prices by service category from Table 8 (Electricity Supply,
Disposition, Prices, and Emissions).
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Figure 2-3.  National Average Retail Electricity Price (1960-2009)
Source: EIA (2009).

On a state-by-state basis, retail electricity prices vary considerably. The Northeast and
California have average retail prices that can be as much as double those of other states (see
Figure 2-4).

Average Retail Price of Electricity by State, 2009

Average Price (cents per kilowatthour)
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Note: Data are displayed as 5 groups of 10 States and the District of Columbia,
U.S. total average price per kilowatthour is 9.83 cents.

Source: U 5. Energy Information Administration, Form E1A-881, "Annual Electric
Power Indsulry Report.” e

Figure 2-4.  Average Retail Electricity Price by State (cents/kWh), 2009
Source: EIA (2009).

2-16



2.7.1 Natural Gas Market

The natural gas market in the United States has historically experienced significant price
volatility from year to year, between seasons within a year, and can undergo major price swings
during short-lived weather events (such as cold snaps leading to short-run spikes in heating
demand). Over the last decade, gas prices (both Henry Hub’ prices and delivered prices to the
power sector) have ranged from $3 per mmBtu to as high as $9 on an annual average basis (see
Figure 2-5). During that time, the daily price of natural gas reached as high as $15/mmBtu.
Recent forecasts of natural gas have also experienced considerable revision as new sources of
gas have been discovered and have come to market, although there continues to be some

uncertainty surrounding the precise quantity of the resource base.®

10

2007 dollars per million Btu
= w
.
el
M,
1
\
\
\
\
|
\

2 = E|& Historical Natural Gas Spet Price (Henry Hub) —
1 = ElA Projected (AEO 2011) Matural Gas Spot Price (Henry Hub)

ElA Projected (AEQ 2010) Natural Gas Spot Price (Henry Hub)
0 T T T T T T T T T

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Figure 2-5.  Natural Gas Spot Price, Annual Average (Henry Hub)
Source: EIA (2010a), EIA (2011).

> The Henry Hub is the pricing point for natural gas futures contracts traded on the New York Mercantile Exchange.
It is a point on the natural gas pipeline system that interconnects nine interstate and four intrastate pipelines.

®In August, EIA announced it would lower its previous estimates of recoverable shale gas by nearly 80 percent.
EPA’s modeling of the natural gas market is discussed in more detail in Chapter 7 of this RIA.
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2.8 Electricity Demand and Demand Response

Electricity performs a vital and high-value function in the economy. Historically, growth
in electricity consumption has been closely aligned with economic growth. Overall, the U.S.
economy has become more efficient over time, producing more output (GDP) per unit of
energy input, with per capita energy use fairly constant over the past 30 years. The growth rate
of electricity demanded has also been in overall decline for the past sixty years (see Figure 2-8),
with several key drivers that are worth noting. First, there has been a significant structural shift
in the U.S. economy towards less energy-intensive sectors, like services. Second, companies
have strong financial incentives to reduce energy expenditures. Third, companies are
responding to the marketplace and continually develop and bring to market new technologies
that reduce energy consumption. Fourth, other policies, such as energy efficiency standards at
the state and Federal level, have helped address certain market failures. These broader changes

have altered the outlook for future electricity growth (see Figure 2-6).
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Figure 2-6.  Electricity Growth Rate (3 Year Rolling Average) and Projections from the
Annual Energy Outlook 2011

Source: EIA (2009), EIA (2011).
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Energy efficiency initiatives have become more common, and investments in energy
efficiency are projected to continue to increase for the next 5 to 10 years, driven in part by the
growing number of states that have adopted energy efficiency resource standards.” These
investments, and other energy efficiency policies at both the state and federal level, create
incentives to reduce energy consumption and peak load. According to EIA, demand-side
management provided actual peak load reductions of 31.7 GW in 2009. For context, the current

coal fleet is roughly 320 GW of capacity.

Demand for electricity, especially in the short run, is not very sensitive to changes in
prices and is considered relatively price inelastic, although some demand reduction does occur
in response to price. With that in mind, EPA modeling does not typically incorporate a “demand
response” in its electric generation modeling (Chapter 3) to the increases in electricity prices
typically projected for EPA rulemakings. Electricity demand is considered to be constant in EPA
modeling applications and the reduction in production costs that would result from lower
demand is not considered in the primary analytical scenario that is modeled. This leads to some
overstatement in the private compliance costs that EPA estimates. Notably, the “compliance
costs” are the changes in the electric power generation costs in the base case and pollution
control options that are evaluated in Chapter 3. In simple terms, it is the resource costs of what

the power industry will directly expend to comply with EPA’s requirements.
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’ To the extent that EIA includes these measures in its baseline forecast from the Annual Energy Outlook, EPA has
also incorporated them into the baseline for purposes of assessing the economic impacts of this rule. See AEO
2011 and Chapter 3 and the IPM documentation for more detail.
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CHAPTER 3
COST, ECONOMIC, AND ENERGY IMPACTS

This chapter reports the compliance cost, economic, and energy impact analysis
performed for the Mercury and Air Toxics Standards (MATS). EPA used the Integrated Planning
Model (IPM), developed by ICF Consulting, to conduct its analysis. IPM is a dynamic linear
programming model that can be used to examine air pollution control policies for SO,, NO,, Hg,
HCI, and other air pollutants throughout the United States for the entire power system.
Documentation for IPM can be found at http://www.epa.gov/airmarkets/progsregs/epa-ipm,
and updates specific to the MATS modeling are in the “Documentation Supplement for EPA
Base Case v.4.10_MATS — Updates for Final Mercury and Air Toxics Standards (MATS) Rule”
(hereafter IPM 4.10 Supplemental Documentation for MATS).

3.1 Background

Over the last decade, EPA has on several occasions used IPM to consider pollution
control options for reducing power-sector emissions." Most recently EPA used IPM extensively
in the development and analysis of the impacts of the Cross-State Air Pollution Rule (CSAPR).?
As discussed in Chapter 2, MATS coincides with a period when many new pollution controls are
being installed. Many are needed for compliance with NSR settlements and state rules, while

others may have been planned in expectation of CAIR and its replacement, the CSAPR.

The emissions scenarios for the RIA reflects the Cross-State Air Pollution Rule (CSAPR) as
finalized in July 2011 and the emissions reductions of SOx, NOy, directly emitted PM, and CO,
are consistent with application of federal rules, state rules and statutes, and other binding,

enforceable commitments in place by December 2010 for the analysis timeframe.?

1Many EPA analyses with IPM have focused on legislative proposals with national scope, such as EPA’s IPM
analyses of the Clean Air Planning Act (5.843 in 108th Congress), the Clean Power Act (S5.150 in 109th Congress),
the Clear Skies Act of 2005 (S.131 in 109th Congress), the Clear Skies Act of 2003 (S.485 in 108th Congress), and
the Clear Skies Manager's Mark (of S.131). These analyses are available at EPA’s website:
(http://www.epa.gov/airmarkt/progsregs/epa-ipm/index.html). EPA also analyzed several multi-pollutant
reduction scenarios in July 2009 at the request of Senator Tom Carper to illustrate the costs and benefits of
multiple levels of SO, and NOy control in the power sector.

2Additionally, IPM has been used to develop the NOy Budget Trading Program, the Clean Air Interstate Rule
programs, the Clean Air Visibility Programs, and other EPA regulatory programs for the last 15 years.

® Consistent with the mercury risk deposition modeling for MATS, EPA did not model non-federally enforceable
mercury-specific emissions reduction rules in the base case or MATS policy case (see preamble section III.A).
Note that this approach does not significantly affect SO, and NOy projections underlying the cost and benefit
results presented in this RIA
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EPA has made these base case assumptions recognizing that the power sector will install
a significant amount of pollution controls in response to several requirements. The inclusion of
CSAPR and other regulatory actions (including federal, state, and local actions) in the base case
is necessary in order to reflect the level of controls that are likely to be in place in response to
other requirements apart from MATS. This base case will provide meaningful projections of
how the power sector will respond to the cumulative regulatory requirements for air emissions
in totality, while isolating the incremental impacts of MATS relative to a base case with other air

emission reduction requirements separate from today’s action.

The model’s base case features an updated Title IV SO, allowance bank assumption and
incorporates updates related to the Energy Independence and Security Act of 2007. Some
modeling assumptions, most notably the projected demand for electricity, are based on the
2010 Annual Energy Outlook from the Energy Information Administration (EIA). In addition, the
model includes existing policies affecting emissions from the power sector: the Title IV of the
Clean Air Act (the Acid Rain Program); the NO, SIP Call; various New Source Review (NSR)
settlements’; and several state rules® affecting emissions of SO,, NO,, and CO, that were
finalized through June of 2011. IPM includes state rules that have been finalized and/or
approved by a state’s legislature or environmental agency, with the exception of non-federal
mercury-specific rules. The IPM 4.10 Supplemental Documentation for MATS contains details
on all of these other legally binding and enforceable commitments for installation and
operation of pollution controls. This chapter focuses on results of EPA’s analysis with IPM for

the model’s 2015 run-year in connection with the compliance date for MATS.

MATS establishes National Emissions Standards for Hazardous Air Pollutants (NESHAPS)
for the “electric utility steam generating unit” source category, which includes those units that
combust coal or oil for the purpose of generating electricity for sale and distribution through

the national electric grid to the public.

*The NSR settlements include agreements between EPA and Southern Indiana Gas and Electric Company (Vectren),
Public Service Enterprise Group, Tampa Electric Company, We Energies (WEPCO), Virginia Electric & Power
Company (Dominion), Santee Cooper, Minnkota Power Coop, American Electric Power (AEP), East Kentucky
Power Cooperative (EKPC), Nevada Power Company, lllinois Power, Mirant, Ohio Edison, Kentucky Utilities,
Hoosier Energy, Salt River Project, Westar, Puerto Rico Power Authority, Duke Energy, American Municipal Power,
and Dayton Power and Light. These agreements lay out specific NO,, SO,, and other emissions controls for the
fleets of these major Eastern companies by specified dates. Many of the pollution controls are required between
2010 and 2015.

>These include current and future state programs in Alabama, Arizona, California, Colorado, Connecticut,
Delaware, Georgia, lllinois, Kansas, Louisiana, Maine, Maryland, Massachusetts, Michigan, Minnesota, Missouri,
Montana, New Hampshire, New Jersey, New York, North Carolina, Oregon, Pennsylvania, Tennessee, Texas, Utah,
Washington, West Virginia, and Wisconsin the cover certain emissions from the power sector.
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Coal-fired electric utility steam generating units include electric utility steam generating
units that burn coal, coal refuse, or a synthetic gas derived from coal either exclusively, in any
combination together, or in any combination with other supplemental fuels. Examples of
supplemental fuels include petroleum coke and tire-derived fuels. The NESHAP establishes
standards for HAP emissions from both coal- and oil-fired EGUs and will apply to any existing,
new, or reconstructed units located at major or area sources of HAP. Although all HAP are
pollutants of interest, those of particular concern are hydrogen fluoride (HF), hydrogen chloride
(HCl), dioxins/furans, and HAP metals, including antimony, arsenic, beryllium, cadmium,

chromium, cobalt, mercury, manganese, nickel, lead, and selenium.

This rule affects any 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 considered
an electric utility steam generating unit. The rule affects roughly 1,400 EGUs: approximately
1,100 existing coal-fired generating units and 300 oil-fired steam units, should those units
combust oil. Of the 600 power plants potentially covered by this rule, about 430 have coal-fired
units only, 30 have both coal- and oil- or gas-fired steam units, and 130 have oil- or gas-fired
steam units only. Note that only steam electric units combusting coal or oil are covered by this

rule.

EPA analyzed for the RIA the input-based (lbs/MMBtu) MATS control requirements
shown in Table 3-1. In this analysis, EPA does not model an alternative SO, standard. Coal
steam units with access to lignite in the modeling are subjected to the “Existing coal-fired unit
low Btu virgin coal” standard. For further discussion about the scope and requirements of
MATS, see the preamble or Chapter 1 of this RIA.
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Table 3-1.

Utility Steam Generating Units

Emissions Limitations for Coal-Fired and Solid Oil-Derived Fuel-Fired Electric

Subcategory

Filterable
Particulate Matter

Hydrogen Chloride

Mercury

Existing coal-fired unit not low Btu
virgin coal

Existing coal-fired unit low Btu
virgin coal

Existing - IGCC

Existing — Solid oil-derived

New coal-fired unit not low Btu
virgin coal

New coal-fired unit low Btu virgin
coal

New — IGCC

New — Solid oil-derived

0.030 Ib/MMBtu
(0.30 Ib/MWh)

0.030 Ib/MMBtu
(0.30 Io/MWh)

0.040 Ib/MMBtu
(0.40 Ib/MWh)

0.0080 Ib/MMBtu
(0.090 Ib/MWh)

0.0070 Ib/MWh

0.0070 Ib/MWh

0.070 Ib/MWh"®
0.090 Ib/MWh"

0.020 Ib/MWh

0.0020 Ib/MMBtu
(0.020 Ib/MWh)

0.0020 Ib/MMBtu
(0.020 Ib/MWh)

0.00050 Ib/MMBtu
(0.0050 Ib/MWh)

0.0050 Ib/MMBtu
(0.080 Ib/MWh)

0.40 Ib/GWh

0.40 Ib/GWh

0.0020 Ib/MWh®

0.00040 Ib/MWh

1.2 Ib/TBtu
(0.020 Ib/GWh)

11.0 Ib/TBtu
(0.20 Ib/GWh)
4.0 Ib/TBtu®

(0.040 Ib/GWh?)

2.5 Ib/TBtu
(0.030 Ib/GWh)

0.20 Ib/TBtu

(0.0020 Ib/GWh)

0.00020 Ib/GWh

0.040 Ib/GWh

0.0030 Ib/GWh*®

0.0020 Ib/GWh

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

Ib/MWh = pounds pollutant per megawatt-hour electric output (gross)
Ib/GWh = pounds pollutant per gigawatt-hour electric output (gross)

® Beyond-the-floor limit as discussed elsewhere
® Duct burners on syngas; based on permit levels in comments received

“ Duct burners on natural gas; based on permit levels in comments received
“ Based on best-performing similar source

€ Based on permit levels in comments received



Table 3-2. Emissions Limitations for Liquid Oil-Fired Electric Utility Steam Generating Units

Subcategory Filterable PM Hydrogen Chloride Hydrogen Fluoride
EX'Stt_'”g"tLl'q”'d oil- 0.030 Ib/MMBtu 0.0020 Ib/MMBtu 0.00040 Ib/MMBtu
continenta (0.30 Ib/MWh) (0.010 Io/MWh) (0.0040 Ib/MWh)
EX'St'”g;L'q”tm: oil- 0.030 Ib/MMBtu 0.00020 Ib/MMBtu 0.000060 Ib/MMBtu
non-continenta (0.30 Ib/MWh) (0.0020 Ib/MWh) (0.00050 Ib/MWh)
New — Liquid oil —
continental 0.070 Ib/MWh 0.00040 Ib/MWh 0.00040 Ib/MWh
New — Liquid oil —
non-continental 0.20 Ib/MWh 0.0020 Ib/MWh 0.00050 Ib/MWh

EPA used the Integrated Planning Model (IPM) v.4.10 to assess the impacts of the MATS
emission limitations for coal-fired electricity generating units (EGU) in the contiguous United
States. IPM modeling did not subject oil-fired units to policy criteria.® Furthermore, IPM
modeling did not include generation outside the contiguous U.S., where EPA is aware of only 2
facilities that would be subject to the coal-fired requirements of the final rule. Given the limited
number of potentially impacted facilities, limited availability of input data to inform the
modeling, and limited connection to the continental grid, EPA did not model the impacts of the

rule beyond the contiguous U.S.

Mercury emissions are modeled as a function of mercury content of the fuel type(s)
consumed at each plant in concert with that plant’s pollutant control configuration. HCI
emissions are projected in a similar fashion using the chlorine content of the fuel(s). For both
mercury and HCl, EGUs in the model must emit at or below the final mercury and HCl emission
rate standards in order to operate from 2015 onwards. EGUs may change fuels and/or install
additional control technology to meet the standard, or they may choose to retire if it is more
economic for the power sector to meet electricity demand with other sources of generation.
See IPM 4.10 documentation and IPM 4.10 Supplemental Documentation for MATS for more

details.

Total PM emissions are calculated exogenously to IPM, using EPA’s Source Classification
Code (SCC) and control-based emissions factors. SCC is a classification system that describes a

generating unit’s characteristics.

®EPA did not model the impacts of MATS on oil-fired units using IPM. Rather, EPA performed an analysis of
impacts on oil-fired units for the final rule. The results are summarized in Appendix 3A.

3-5



Instead of emission limitations for the organic HAP, EPA is proposing that if requested,
owners or operators of EGUs submit to the delegated authority or EPA, as appropriate,
documentation showing that an annual performance test meeting the requirements of the rule
was conducted. IPM modeling of the MATS policy assumes compliance with these work practice
standards.

Electricity demand is anticipated to grow by roughly 1 percent per year, and total
electricity demand is projected to be 4,103 billion kWh by 2015. Table 3-3 shows current
electricity generation alongside EPA’s base case projection for 2015 generation using IPM. EPA’s
IPM modeling for this rule relies on EIA’s Annual Energy Outlook for 2010’s electric demand
forecast for the US and employs a set of EPA assumptions regarding fuel supplies and the
performance and cost of electric generation technologies as well as pollution controls.” The
base case includes CSAPR as well as other existing state and federal programs for air emissions

control from electric generating units, with the exception of state mercury rules.

’ Note that projected electricity demand in AEO 2010 is about 2% higher than the AEO 2011 projection in 2015.
Since this RIA assumes higher electricity demand in 2015 than is shown in the latest AEO projection, it is possible
that the model may be taking compliance actions to meet incremental electricity demand that may not actually
occur, and projected compliance costs may therefore be somewhat overstated in this analysis.
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Table 3-3. 2009 U.S. Electricity Net Generation and EPA Base Case Projections for 2015-
2030 (Billion kWh)

Historical Base Case

2009 2015 2020 2030
Coal 1,741 1,982 2,002 2,027
oil 36 0.11 0.13 0.21
Natural Gas 841 710 847 1,185
Nuclear 799 828 837 817
Hydroelectric 267 286 286 286
Non-hydro Renewables 116 252 289 333
Other 10 45 45 55
Total 3,810 4,103 4,307 4,702

Source: 2009 data from AEO Annual Energy Review, Table 8.2c¢ Electricity Net Generation: Electric Power Sector
by Plant Type, 1989-2010; Projections from Integrated Planning Model run by EPA, 2011.
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Figure 3-1. Geographic Distribution of Affected Units, by Facility, Size and Fuel Source in
2012

Source/Notes: National Electric Energy Data System (NEEDS 4.10 MATS) (EPA, December 2011) and EPA’s
Information Collection Request (ICR) for New and Existing Coal- And Qil-Fired Electric Utility Stream Generation
Units (2010). This map displays facilities that are included in the NEEDS 4.10 MATS data base and that contain at
least one oil-fired steam generating unit or one coal-fired steam generating unit that generates more than 25
megawatts of power. This includes coal-fired units that burn petroleum coke and that turn coal into gas before
burning (using integrated gasification combined cycle or IGCC). NEEDS reflects available capacity on-line by the
end of 2011; this includes committed new builds and committed retirements of old units. Only coal and oil-fired
units are covered by this rule. Some of the oil units displayed on the map are capable of burning oil and/or gas. If
a unit burns only gas, it will not be covered in the rule. In areas with a dense concentration of facilities, the
facilities on the map may overlap and some may be impossible to see. IPM modeling did not include generation
outside the contiguous U.S., where EPA is aware of only two facilities that would be subject to the coal-fired
requirements of the final rule. Given the limited number of potentially impacted facilities, limited availability of
input data to inform the modeling, and limited connection to the continental grid, EPA did not model the
impacts of the rule beyond the contiguous U.S. Facilities outside the contiguous U.S. are displayed based on data
from EPA’s 2010 ICR for the rule.

As noted above, IPM has been used for evaluating the economic and emission impacts
of environmental policies for over two decades. The economic modeling presented in this
chapter has been developed for specific analyses of the power sector. Thus, the model has
been designed to reflect the industry as accurately as possible. To that end, EPA uses a series of
capital charge factors in IPM that embody financial terms for the various types of investments

that the power sector considers for meeting future generation and environmental constraints.
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The model applies a discount rate of 6.15% for optimizing the sector’s decision-making over
time. IPM’s discount rate, designed to represent a broad range of private-sector decisions for
power generation, rates differs from discount rates used in other analyses in this RIA, such as
the benefits analysis which each assume alternative social discount rates of 3% and 7%. These
discount rates represent social rates of time preference, whereas the discount rate in IPM
represents an empirically-informed price of raising capital for the power sector. Like all other
assumed price inputs in IPM, EPA uses the best available information from utilities, financial
institutions, debt rating agencies, and government statistics as the basis for the capital charge

rates and the discount rate used for power sector modeling in IPM.

More detail on IPM can be found in the model documentation, which provides
additional information on the assumptions discussed here as well as all other assumptions and
inputs to the model (http://www.epa.gov/airmarkets/progsregs/epa-ipm). Updates specific to
MATS modeling are also in the IPM 4.10 Supplemental Documentation for MATS.

3.2 Projected Emissions

MATS is anticipated to achieve substantial emissions reductions from the power sector.
Since the technologies available to meet the emission reduction requirements of the rule
reduce multiple air pollutants, EPA expects the rule to yield a broad array of pollutant
reductions from the power sector. The primary pollutants of concern under MATS from the
power sector are mercury, acid gases such as hydrogen chloride (HCl), and HAP metals,
including antimony, arsenic, beryllium, cadmium, chromium, cobalt, mercury, manganese,
nickel, lead, and selenium. EPA has extensively analyzed mercury emissions from the power
sector, and IPM modeling assesses the mercury contents in all coals and the removal
efficiencies of relevant emission control technologies (e.g., ACl). EPA also models emissions and
the pollution control technologies associated with HCI (as a surrogate for acid gas emissions).
Like SO,, HCl is removed by both scrubbers and DSI (dry sorbent injection). Projected emissions
are based on both control technology and detailed coal supply curves used in the model that
reflect the chlorine content of coals, which corresponds with the supply region, coal grade, and
sulfur, mercury, and ash content of each coal type. This information is critical for accurately
projecting future HCl emissions, and for understanding how the power sector will respond to a
policy requiring reductions of multiple HAPs.

Generally, existing pollution control technologies reduce emissions across a range of
pollutants. For example, both FGD and SCR can achieve notable reductions in mercury in

addition to their primary targets of SO, and NOy reductions. DSI will reduce HCl emissions while
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also yielding substantial SO, emission reductions, but is not assumed in EPA modeling to result
in mercury reductions. Since there are many avenues to reduce emissions, and because the
power sector is a highly complex and dynamic industry, EPA employs IPM in order to reflect the
relevant components of the power sector accurately, while also providing a sophisticated view
of how the industry could respond to particular policies to reduce emissions. For more detail on
how EPA models emissions from the power sector, including recent updates to include acid

gases, see IPM 4.10 Supplemental Documentation for MATS.

Under MATS, EPA projects annual HCl emissions reductions of 88 percent in 2015, Hg
emissions reductions of 75 percent in 2015, and PM, 5 emissions reductions of 19 percent in
2015 from coal-fired EGUs greater than 25 MW. In addition, EPA projects SO, emission
reductions of 41 percent, and annual CO, reductions of 1 percent from coal-fired EGUs greater
than 25 MW by 2015, relative to the base case (see Table 3-4).> Mercury emission projections in
EPA’s base case are affected by the incidental capture in other pollution control technologies
(such as FGD and SCR) as described above.

Table 3-4. Projected Emissions of SO,, NOyx, Mercury, Hydrogen Chloride, PM, and CO, with
the Base Case and with MATS, 2015

Million Tons Thousand Tons Cco,
Mercury (Million Metric
SO, NOy (Tons) HCI PM, Tonnes)
Base AllEGUs 3.4 1.9 28.7 48.7 277 2,230
Covered EGUs 3.3 1.7 26.6 45.3 270 1,906
MATS All EGUs 2.1 1.9 8.8 9.0 227 2,215
Covered EGUs 1.9 1.7 6.6 5.5 218 1,882

Source: Integrated Planning Model run by EPA, 2011

8The CO, emissions reported from IPM account for the direct CO, emissions from fuel combustion and CO, created
from chemical reactions in pollution controls to reduced sulfur.
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Figure 3-2. SO, Emissions from the Power Sector in 2015 with and without MATS
Source: 2015 emissions include coal steam (including IGCC and petroleum coke) units >25 MW from IPM v4.10

base case and control case projections (EPA, February 2011)
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Figure 3-3. NOy Emissions from the Power Sector in 2015 with and without MATS
Source: 2015 emissions include coal steam (including IGCC and petroleum coke) units >25 MW from IPM

v4.10_MATS base case and control case projections (EPA, 2011)
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Figure 3-4. Mercury Emissions from the Power Sector in 2015 with and without MATS

Source: 2015 emissions include coal steam (including IGCC and petroleum coke) units >25 MW from IPM
v4.10_MATS base case and control case projections (EPA, 2011)
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Figure 3-5. Hydrogen Chloride Emissions from the Power Sector in 2015 with and without
MATS

Source: 2015 emissions include coal steam (including IGCC and petroleum coke) units >25 MW from IPM
v4.10_MATS base case and control case projections (EPA, 2011)

3.3 Projected Compliance Costs

The power industry’s “compliance costs” are represented in this analysis as the change
in electric power generation costs between the base case and policy case in which the sector
pursues pollution control approaches to meet the final HAP emission standards. In simple
terms, these costs are the resource costs of what the power industry will directly expend to

comply with EPA’s requirements.

EPA projects that the annual incremental compliance cost of MATS is $9.4 billion in 2015
(52007). The annual incremental cost is the projected additional cost of complying with the
final rule in the year analyzed, and includes the amortized cost of capital investment (at 6.15%)
and the ongoing costs of operating additional pollution controls, investments in new generating
sources, shifts between or amongst various fuels, and other actions associated with
compliance. This projected cost does not include the compliance calculated outside of IPM
modeling, namely the compliance costs for oil-fired EGUs, and monitoring, reporting, and
record-keeping costs. See section 3.14 for further details on these costs. EPA believes that the
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cost assumptions used for the final rule reflect, as closely as possible, the best information

available to the Agency today.

Table 3-5. Annualized Compliance Cost for MATS Requirements on Coal-fired Generation

2015 2020 2030

Annualized Compliance Cost (billions of 2007S) $9.4 $8.6 S7.4

Source: Integrated Planning Model run by EPA, 2011.

EPA’s projection of $9.4 billion in additional costs in 2015 should be put into context for
power sector operations. As shown in section 2.7, the power sector is expected in the base case
to expend over $320 billion in 2015 to generate, transmit, and distribute electricity to end-use
consumers. Therefore, the projected costs of compliance with MATS amount to less than a 3%
increase in the cost to meet electricity demand, while securing public health benefits that are
several times more valuable (as described in Chapters 4 and 5).

3.4 Projected Compliance Actions for Emissions Reductions

Fossil fuel-fired electric generating units are projected to achieve HAP emission
reductions through a combination of compliance options. These actions include improved
operation of existing controls, additional pollution control installations, coal switching
(including blending of coals), and generation shifts towards more efficient units and lower-
emitting generation technologies (e.g., some reduction of coal-fired generation with an
increase of generation from natural gas). In addition, there will be some affected sources that
find it uneconomic to invest in new pollution control equipment and will be removed from
service. These facilities are generally amongst the oldest and least efficient power plants, and
typically run infrequently. In order to ensure that any retirements resulting from MATS do not
adversely impact the ability of affected sources and electric utilities from meeting the demand
for electricity, EPA has conducted an analysis of the impacts of projected retirements on
electric reliability. This analysis is discussed in TSD titled: “Resource Adequacy and Reliability in
the IPM Projections for the MATS Rule” which is available in the docket.

The requirements under MATS are largely met through the installation of pollution
controls (see Figure 3-6). To a lesser extent, there is a small degree of shifting within and across
various ranks and types of coals, and a relatively small shift from coal-fired generation to
greater use of natural gas and non-emitting sources of electricity (e.g., hydro and nuclear) (see
Table 3-6). The largest share of emissions reductions occur from coal-fired units installing new
pollution control devices, such as FGD, ACI, and fabric filters; a smaller share of emission
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reductions come from fuel shifts and unit retirements. Mercury emission reductions are largely
driven by SCR/FGD combinations and ACl installations. HCl emission reductions are largely
driven by FGD and DSl installations, which also incidentally provide substantial SO, reductions
in the policy case. Mercury, PM, 5, and HCl emission reductions are also facilitated by the
installation of fabric filters, which boost mercury and HCl removal efficiencies of ACl and DSI,

respectively.
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Figure 3-6. Operating Pollution Control Capacity on Coal-fired Capacity (by Technology) with
the Base Case and with MATS, 2015 (GW)

Note: The difference between controlled capacity in the base case and under the MATS may not necessarily equal
new retrofit construction, since controlled capacity above reflects incremental operation of dispatchable
controls in 2015. Additionally, existing ACl installed on those units online before 2008 are not included in the
base case to reflect removal of state mercury rules from IPM modeling. For these reasons, and due to rounding,
numbers in the text below may not reflect the increments displayed in this figure. See IPM Documentation for
more information on dispatchable controls.

Source: Integrated Planning Model run by EPA, 2011.

As shown in Figure 3-6, this analysis projects that by 2015, the final rule will drive the
installation of an additional 20 GW of dry FGD (dry scrubbers), 44 GW of DSI, 99 GW of
additional ACI, 102 GW of additional fabric filters, 63 GW of scrubber upgrades, and 34 GW of
ESP upgrades. Furthermore, the final rule results in a 3 GW decrease in retrofit wet FGD
capacity relative to the base, where the SO, allowance price under CSAPR provides an incentive

for the additional SO, reductions achieved by a wet scrubber relative to a dry scrubber.

The difference between operating controlled capacity in the base case and under MATS
in Figure 3-6 may not necessarily equal new retrofit construction, since total controlled capacity

in the figure reflects incremental operation of existing controls that are projected to operate
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under MATS but not under the base case. With respect to the increase in operating ACI, some
of this increase represents existing ACl capacity on units built before 2008. EPA’s modeling does
not reflect the presence of state mercury rules, and EPA assumes that ACI controls on units
built before 2008 do not operate in the absence of these rules. In the policy case, these controls
are projected to operate and the projected compliance cost thus reflects the operating cost of
these controls. Since these controls are in existence, EPA does not count their capacity toward
new retrofit construction, nor does EPA’s compliance costs projection reflect the capital cost of

these controls (new retrofit capacity is reported in the previous paragraph).

3.5 Projected Generation Mix

Table 3-6 and Figure 3-7 show the generation mix in the base case and in MATS. In 2015,
coal-fired generation is projected to decline slightly and natural-gas-fired generation is
projected to increase slightly relative to the base case. Coal-fired generation is projected to
increase above 2009 actual levels. 2015 natural gas-fired generation is projected to be lower
than 2009, due in large part to the smaller relative difference in delivered natural gas and coal
prices in different areas of the country projected in 2015 than occurred in 2009. The vast
majority (over 98%) of base case coal capacity is projected to remain in service under MATS. In
addition, the operating costs of complying coal-fired units are not so affected as to result in
major changes in the electricity generation mix.

Table 3-6. Generation Mix with the Base Case and the MATS, 2015 (Thousand GWh)

2009 2015
Change from
Historical Base Case Policy Case Base Percent Change
Coal 1,741 1,982 1,957 -25 -1.3%
Oil 36 0.11 0.11 0.00 3.6%
Natural Gas 841 710 731 22 3.1%
Nuclear 799 828 831 3 0.4%
Hydroelectric 267 286 288 2 0.8%
Non-hydro Renewables 116 252 250 -1 -0.6%
Other 10 45 45 0.0 0.0%
Total 3,810 4,103 4,104 1 0.0%

Note: Numbers may not add due to rounding.
Source: 2009 data from AEO Annual Energy Review, Table 8.2c Electricity Net Generation: Electric Power Sector
by Plant Type, 1989-2010; 2015 projections are from the Integrated Planning Model run by EPA, 2011.
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Figure 3-7. Generation Mix with the Base Case and with MATS, 2015-2030
Source: Integrated Planning Model run by EPA, 2011.

3.6 Projected Withdrawals from Service

Relative to the base case, about 4.7 GW (less than 2 percent) of coal-fired capacity is
projected to be uneconomic to maintain by 2015. This projection considers various regional
factors (e.g., other available capacity and fuel prices) and unit attributes (e.g., efficiency and
age). These projected “uneconomic” units, for the most part, are older, smaller, and less

frequently used generating units that are dispersed throughout the country (see Table 3-7).

Table 3-7. Characteristics of Covered Operational Coal Units and Additional Coal Units
Projected to Withdraw as Uneconomic under MATS, 2015

Average Capacity

Average Age
(Years) MwW Factor in Base
Withdrawn as Uneconomic 52 129 54%
Operational 43 322 71%

Source: Integrated Planning Model run by EPA, 2011.

III

These results should be considered “potential” closures. There are a variety of local
factors that could make plant owners decide to keep one or more units projected to be

uneconomic in service. These factors include different costs or demand estimates than what
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was included in the IPM modeling, and local operating conditions or requirements that are on a
smaller scale than that represented in EPA’s IPM modeling. To the extent EPA’s modeling does
not account for plants that continue to operate due to one or more of these local factors, these

results could be overestimating the capacity removed from service as a result of this rule.

For the final rule, EPA has examined whether the IPM-projected closures may adversely
impact reserve margins and reliability planning. The IPM model is specifically designed to
ensure that generation resource availability is maintained in the projected results subject to
reserve margins in 32 modeling regions for the contiguous US, which must be preserved either
by using existing resources or through the construction of new resources. IPM also addresses
reliable delivery of generation resources by limiting the ability to transfer power between
regions using the bulk power transmission system. Within each model region, IPM assumes that
adequate transmission capacity is available to deliver any resources located in, or transferred
to, the region. The IPM model projects available capacity given certain constraints such as
reserve margins and transmission capability but does not constitute a detailed reliability
analysis. For example, the IPM model does not examine frequency response. For more detail on
IPM’s electric load modeling and power system operation, please see IPM documentation
(http://www.epa.gov/airmarkt/progsregs/epa-ipm/index.html) and the TSD on Resource
Adequacy and Reliability in the IPM Projections for the MATS Rule.

Total operational capacity is lower in the policy scenario, primarily as a result of
additional coal projected to be uneconomic to maintain. Since most regions are projected to
have excess capacity above their target reserve margins, most of these withdrawals from
service are absorbed by a reduction in excess reserves. Operational capacity changes from the
base case in 2015 are shown in Table 3-8.
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Table 3-8. Total Generation Capacity by 2015 (GW)

2010 Base Case MATS
Pulverized Coal 317 310 305
Natural Gas Combined Cycle 201 206 206
Other Oil/Gas 253 233 233
Non-Hydro Renewables 31 70 70
Hydro 99 99 99
Nuclear 102 104 105
Other 5 4 4
Total 1,009 1,026 1,021

Source: 2010 data from EPA’s NEEDS v.4.10_PTox. Projections from Integrated Planning Model run by EPA.
Note: “Non-Hydro Renewables” include biomass, geothermal, solar, and wind electric generation capacity. 2015
capacity reflects plant closures planned to occur prior to 2015.

The policy case analyzed maintains resource adequacy in each region projected to
decrease in coal capacity by using excess reserve capacity within the region, reversing base case
withdrawals of non-coal capacity, building new capacity, or by importing excess reserve
capacity from other regions. Although any closure of a large generation facility will need to be
studied to determine potential local reliability concerns, EPA analysis suggests that projected
economic withdrawals from service under the final rule could have little to no overall impact on
electric reliability. Not only are projected withdrawals under MATS limited in scope, but the
existing state of the power sector is also characterized by substantial excess capacity. The
weighted average reserve margin at the national level is projected to be approximately 25% in
the base case, while the North American Electric Reliability Corporation (NERC) recommends a
margin of 15%. EPA projects that MATS would only reduce total operational capacity by less
than one percent in 2015.

Moreover, coal units projected to withdraw as uneconomic are distributed throughout
the power grid with limited effect at the regional level, such that any potential impacts should
not adversely affect reserve margins and should be manageable through the normal industry
processes. For example, in the RFC NERC reliability Region, containing coal-fired generating
area in Pennsylvania, West Virginia and the Midwest, there is a decrease of less than 2% in the
reserve margin in the policy case and a remaining overall reserve margin of over 20%.
Furthermore, subregions may share each other’s excess reserves to ensure adequate reserve
margins within a larger reliability region. EPA’s IPM modeling accommodates such transfers of

reserves within the assumed limits of reliability of the inter-regional bulk power system. For
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these reasons, the projected closures of coal plants are not expected to raise broad reliability

concerns.

3.7 Projected Capacity Additions

Due in part to a low growth rate anticipated for future electricity demand levels in the
latest EIA forecast, EPA analysis indicates that there is sufficient excess capacity through 2015
to compensate for capacity that is retired from service under MATS. In the short-term, most
new capacity is projected as a mix of wind and natural gas in response to low fuel prices and
other energy policies (such as tax credits and state renewable portfolio standards). In addition,
future electricity demand expectations have trended downwards in recent forecasts, reducing
the need for new capacity in the 2015 timeframe (see Chapter 2 for more discussion on future

electricity demand).

Table 3-9. Total Generation Capacity by 2030 (GW)

2010 Base Case MATS Change
Pulverized Coal 317 308 304 -3.9
Natural Gas Combined Cycle 201 275 278 2.9
Other Oil/Gas 253 235 235 0.6
Non-Hydro Renewables 31 79 79 0.1
Hydro 99 99 99 0.0
Nuclear 102 103 103 0.3
Other 5 4 4 0.0
Total 1,009 1,103 1,102 -0.1

Note: “Non-Hydro Renewables” include biomass, geothermal, solar, and wind electric generation capacity.
Source: 2010 data from EPA’s NEEDS v.4.10_PTox. Projections from Integrated Planning Model run by EPA.

3.8 Projected Coal Production for the Electric Power Sector

Coal production for electricity generation under MATS is expected to increase from
2009 levels and decline modestly relative to the base case without the rule. The reductions in
emissions from the power sector will be met through the installation and operation of pollution
controls for HAP removal. Many available pollution controls achieve emissions removal rates of
up to 99 percent (e.g., HCl removal by new scrubbers), which allows industry to rely more
heavily on local bituminous coal in the eastern and central parts of the country that has higher
contents of HCl and sulfur, and it is less expensive to transport than western subbituminous

coal. Overall demand for coal is projected to be reduced as a result of MATS, with a slight
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reduction in bituminous coal, and more of a reduction in subbituminous coal (see Tables 3-10
and 3-11). The trend reflects the projected reduced demand for lower-sulfur coal under MATS,
where nearly all units are operating with a post-combustion emissions control. In this case,
because of the additional pollution controls, many of these units no longer find it economic to
pay a transportation premium to purchase lower-sulfur subbituminous coals. Instead, EGUs are
generally projected to shift consumption towards nearby bituminous coal, which can achieve
low emissions when combined with post-combustion emissions controls. This explains the
increase from the base case in coal supplied from the Interior region, which is located in
relatively close proximity to many coal-fired generators subject to MATS. This continues a trend
of increased Interior supply (due to abundant lllinois Basin reserves that are relatively
inexpensive to mine) and decreased Central Appalachian supply which is forecasted to occur in
the base case from historic levels. The decline in Appalachia is a result of an increase in the
relative cost of Central Appalachian extraction due both to rising mining cost (e.g., in 2010
major producers reported mining cost increases up to 15% with this trend continuing into 2011)
and shrinking economically recoverable capacity. Growing international demand for
Appalachian thermal coal is also contributing to its rising price. The increase in lignite use
occurs at units blending subbituminous and lignite coals, and reflects a small shift in blended

balance towards a greater use of lignite.

Table 3-10. 2015 Coal Production for the Electric Power Sector with the Base Case and MATS

(Million Tons)

Supply Area 2009 2015 Base 2015 MATS Change in 2015
Appalachia 246 184 172 -6%
Interior 129 216 236 9%

West 553 554 537 -3%
Waste Coal 14 14 13 -5%
Imports 30 30 0%
Total 942 998 989 -1%

Source: Production: U.S. Energy Information Administration (EIA), Coal Distribution — Annual (Final), web site
http://www.eia.doe.gov/cneaf/coal/page/coaldistrib/a_distributions.html (posted February 18, 2011); Waste
Coal: U.S. EIA, Monthly Energy Review, January 2011 Edition, Table 6.1 Coal Overview, web site
http://www.eia.doe.gov/emeu/mer/coal.html (posted January 31, 2011). All projections from Integrated
Planning Model run by EPA, 2011.
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Table 3-11. 2015 Power Sector Coal Use with the Base Case and the MATS, by Coal Rank

(TBtu)
Coal Rank Base MATS Change
Bituminous 11,314 11,248 -0.6%
Subbituminous 7,736 7,554 -2%
Lignite 849 895 5%
Total 19,900 19,698 -1%

Source: Integrated Planning Model run by EPA, 2011.

Figure 3-8. Total Coal Production by Coal-Producing Region, 2007 (Million Short Tons)
Note: Regional totals do not include refuse recovery
Source: EIA Annual Coal Report, 2007

3.9 Projected Retail Electricity Prices

EPA’s analysis projects a near-term increase in the average retail electricity price of 3.1%
in 2015 falling to 2% by 2020 under the final rule in the contiguous U.S. The projected price
impacts vary by region and are provided in Table 3-12 (see Figure 3-9 for regional
classifications).

Regional retail electricity prices are projected to range from 1 to 6 percent higher with MATS in
2015. The extent of regional retail electricity increases correlates with states that have
considerable coal-fired generation in total generation capacity and that coal-fired generation is
less well-controlled (such as in the ECAR and SPP regions). Retail electricity prices embody

generation, transmission, and distribution costs. IPM modeling projects changes in regional
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wholesale power prices, capacity payments, and actual costs of compliance in areas that are
"cost of service" regions that are combined with EIA regional transmission and distribution

costs to complete the retail price picture.
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Table 3-12. Projected Contiguous U.S. and Regional Retail Electricity Prices with the Base

Case and with the MATS (2007 cents/kWh)

Base Case MATS Percent Change
2015 2020 2030 2015 2020 2030 2015 2020 2030
ECAR 8.2 8.2 9.8 8.5 8.5 9.9 4.5% 2.8% 1.0%
ERCOT 8.9 8.8 11.3 9.2 8.8 11.3 3.3% 0.6% -0.2%
MAAC 9.5 10.4 12.7 9.8 10.4 12.7 2.8% 0.4% -0.2%
MAIN 8.1 8.4 9.7 8.3 8.6 9.7 2.8% 2.2% 0.2%
MAPP 8.0 7.9 8.5 85 8.3 8.8 5.3% 5.6% 3.4%
NY 13.8 13.4 16.6 14.1 13.5 16.6 2.2% 0.7% -0.1%
NE 12.3 11.8 13.8 12.6 11.9 13.8 2.0% 0.8% 0.0%
FRCC 10.2 9.7 11.0 10.4 9.8 11.0 2.2% 0.9% 0.4%
STV 7.9 7.8 8.4 8.2 8.0 8.6 3.1% 2.4% 1.6%
SPP 7.7 7.4 8.1 8.1 7.8 8.4 6.3% 6.1% 4.6%
PNW 7.1 6.8 7.6 7.3 7.0 7.6 2.7% 2.6% 1.1%
RM 9.2 9.5 11.0 9.4 9.7 111 2.3% 1.9% 1.1%
CALI 13.0 12.5 12.7 13.2 12.6 12.7 1.3% 0.7% 0.0%
Contiguous 9.0 9.0 10.2 9.3 9.2 10.3 3.1% 2.0% 0.9%

u.s.
Average

Source: EPA’s Retail Electricity Price Model, 2011.
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Figure 3-9. Retail Price Model Regions

3.10 Projected Fuel Price Impacts

The impacts of the final Rule on coal and natural gas prices before shipment are shown
below in Tables 3-13 and 3-14. Overall, the national average coal price changes are related to
changes in demand for a wide variety of coals based upon a number of parameters (e.g.,
chlorine or mercury content, heat content, proximity to the power plant, etc.), and this national
average captures increases and decreases in coal demand and price at the regional level.
Generally, total demand for coal decreases slightly under MATS, most notably subbituminous
coal, which is by far the least expensive type of coal supplied to the power sector on an MMBtu
basis. This is reflected in the projected average minemouth price of coal, which goes up by
about 3 percent even though total demand for coal is reduced slightly (1 percent reduction).
Notwithstanding the projected “mine-mouth” coal price changes, many units may in fact be
realizing overall fuel cost savings by switching to more local coal supplies (which reduces
transportation costs) after installing additional pollution control equipment. Gas price changes
are directly related the projected increase in natural gas consumption under MATS. This
increase in demand is met by producing additional natural gas at some increase in regional

costs, resulting over time in a small price increase.
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Table 3-13. Average Minemouth and Delivered Coal Prices with the Base Case and with

MATS (2007$/MMBtu)
2015 2030
Percent Percent
Change Change
2007 Base Case MATS from Base Base Case MATS from Base
Minemouth 1.27 1.35 1.39 2.8% 1.51 1.56 3.3%
Delivered 1.76 2.11 2.15 1.9% 2.29 2.33 1.7%

Source: Historical data from EIA AEO 2010 Reference Case Table 15 (Coal Supply, Distribution, and Prices);
projections from the Integrated Planning Model run by EPA, 2011.

Table 3-14. 2015-2030 Weighted Average Henry Hub (spot) and Delivered Natural Gas Prices
with the Base Case and with MATS (2007$/MMBtu)

Base Case MATS Percent Change from Base
Henry Hub 5.29 5.32 0.6%
Delivered - Electric Power 5.56 5.60 0.6%
Delivered - Residential 10.94 10.97 0.3%

Source: Projections from the Integrated Planning Model run by EPA (2011) adjusted to Henry Hub prices using
historical data from EIA AEO 2011 reference case to derive residential prices.

IPM modeling of natural gas prices uses both short- and long-term price signals to
balance supply of and demand in competitive markets for the fuel across the modeled time
horizon. As such, it should be understood that the pattern of IPM natural gas price projections
over time is not a forecast of natural gas prices incurred by end-use consumers at any particular
point in time. The natural gas market in the United States has historically experienced
significant price volatility from year to year, between seasons within a year, and even sees
major price swings during short-lived weather events (such as cold snaps leading to short-run
spikes in heating demand). These short-term price signals are fundamental for allowing the
market to successfully align immediate supply and demand needs; however, end-use
consumers are typically shielded from experiencing these rapid fluctuations in natural gas
prices by retail rate regulation and by hedging through longer-term fuel supply contracts. IPM

III

assumes these longer-term price arrangements take place “outside of the model” and on top of
the “real-time” shorter-term price variation necessary to align supply and demand. Therefore,
the model’s natural gas price projections should not be mistaken for traditionally experienced
consumer price impacts related to natural gas, but a reflection of expected average price

changes over the time period 2015 to 2030.
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For this analysis, in order to represent a natural gas price evolution that end-use
consumers can anticipate under retail rate regulation and/or typical hedging behavior, EPA is
displaying the weighted average of IPM’s natural gas price projections for the 2015-2030 time
horizon (see Table 3-14). In that framework, consumer natural gas price impacts are anticipated

to range from 0.3% to 0.6% based on consumer class in response to MATS.

3.11 Key Differences in EPA Model Runs for MATS Modeling

In this analysis, we use the Integrated Planning Model (IPM), which is a multiregional,
dynamic, deterministic linear programming model of the U.S. electric power sector.’ The length
of time required to conduct emissions and photochemical modeling precluded the use of IPM
version 4.10_MATS. Thus the air quality modeling for MATS relied on EGU emission projections
from an interim IPM platform that was subsequently updated during the rulemaking process for
the base case and policy scenario summarized in this chapter. The 2015 base case EGU
emissions projections of mercury, hydrogen chloride, SO,, and PM used in air quality modeling
were obtained from an earlier version of IPM, 4.10_FTransport. IPM version 4.10_FTransport
reflects all state rules and consent decrees adopted through December 2010. Units with SO, or
NOyx 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 allowed in
IPM to decide on the basis of economic efficiency whether to operate those controls. Note that
this base case includes CSAPR, which was finalized in July 2011. Further details on the EGU

emissions inventory used for this proposal can be found in the IPM Documentation.

The results presented in this chapter, from IPM version 4.10_MATS, reflect updates
made to the 4.10_FTransport base case. These revisions are fully documented in the IPM 4.10
Supplemental Documentation for MATS and include: updated assumptions regarding the
removal of HCl by alkaline fly ash in subbituminous and lignite coals; an update to the fuel-
based mercury emission factor for petroleum coke, which was corrected based on re-
examination of the 1999 ICR data; updated capital cost for new nuclear capacity and nuclear life
extension costs; corrected variable operating and maintenance cost (VOM) for ACI retrofits;
adjusted coal rank availability for some units, consistent with EIA From 923 (2008); updated
state rules in Washington and Colorado; and numerous unit-level revisions based on comments
received through the notice and comment process. Additionally, IPM v.4.10_MATS does not

reflect mercury-specific state regulations (see section 1 above).

® http://www.epa.gov/airmarkt/progsregs/epa-ipm/index.html
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3.12 Projected Primary PM Emissions from Power Plants

IPM does not endogenously model primary PM emissions from power plants. These
emissions are calculated as a function of IPM outputs, emission factors and control
configuration. IPM-projected fuel use (heat input) is multiplied by PM emission factors (based
in part on the presence of PM-relevant pollution control devices) to determine PM emissions.
Primary PM emissions are calculated by adding the filterable PM and condensable PM

emissions.

Filterable PM emissions for each unit are based on historical information regarding
existing emissions controls and types of fuel burned and ash content of the fuel burned, as well

as the projected emission controls (e.g., scrubbers and fabric filters).

Condensable PM emissions are based on plant type, sulfur content of the fuel, and
SO,/HCl and PM control configurations. Although EPA’s analysis is based on the best available
emission factors, these emission factors do not account for the potential changes in
condensable PM emissions due to the installation and operation of SCRs. The formation of
additional condensable PM (in the form of SOz and H,S0,) in units with SCRs depends on a
number of factors, including coal sulfur content, combustion conditions and characteristics of
the catalyst used in the SCR, and is likely to vary widely from unit to unit. SCRs are generally
designed and operated to minimize increases in condensable PM. This limitation means that
IPM post-processing is potentially underestimating condensable PM emissions for units with
SCRs. In contrast, it is possible that IPM post-processing overestimates condensable PM

emissions in a case where the unit is combusting a low-sulfur coal in the presence of a scrubber.

EPA plans to continue improving and updating the PM emission factors and calculation
methodologies. For a more complete description of the methodologies used to post-process
PM emissions from IPM, see “IPM ORL File Generation Methodology” (March, 2011).

3.13 Illustrative Dry Sorbent Injection Sensitivity

Several commenters believe that EPA’s IPM modeling assumptions regarding the
efficacy and cost of DSI are based on too little data and are too optimistic. Some commenters
believe that in practice there will be a need for many more FGD scrubbers for MATS compliance
than projected by EPA for effective acid gas control, and at a corresponding higher cost. EPA
disagrees with these opinions for several reasons (see the response to comments document in
the docket) and believes that EPA’s modeling assumptions regarding DSI cost and performance

are reasonable.
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However, to examine the potential impacts of limited DSI availability, EPA analyzed a
scenario that limited total DSI capacity to 35 GW in 2015. In this scenario, which reduces the
capacity of DSI by 18 GW compared to the primary MATS scenario, an additional 14 GW of coal
capacity chooses to install scrubbers, and an additional 1.3 GW of capacity is projected to

withdraw from service.

Limiting total DSI capacity to 35 GW results in a $1.2 billion (2007S) increase in
annualized compliance costs in 2015. Additionally, SO, is further reduced in 2015 by an

additional 62,000 tons (a 4.7% increase in SO, reductions and 4.5% increase in health benefits).
3.14 Additional Compliance Costs Analyzed for Covered Units

3.14.1 Compliance Cost for Oil-Fired Units.

As discussed in section 3.1, EPA used IPM to assess impacts of the MATS emission
limitations for coal-fired EGUs but did not use IPM to assess the impacts for oil-fired units. IPM,
with its power system and fuel cost assumptions, predicts many dual fuel units switch to
natural gas and oil-fired units will not operate because IPM focuses on least cost operation of
the power system. However, despite their apparent economic disadvantages, many of these
units have run during many of the past five years (2006-2010). Therefore, EPA conducted a
separate analysis to assess the impacts of the MATS emission limitations for oil-fired units.*
EPA limited this analysis to oil-fired units in the contiguous U.S. Although there are several oil-
fired units in states and territories outside the contiguous U.S., the final MATS emission
limitations (shown in Table 3-2) for non-continental units will likely allow these units to

continue firing residual fuel oil without additional air pollution controls.

For the base case, EPA categorized units by modeled fuels as listed in NEEDS 4.10 (EPA,
December 2010) and assigned each unit the least-cost fuel among its available fuels. For units
with natural gas curtailment provisions that might require the firing of residual fuel oil, EPA
assigned a mixed fuel ratio based on each unit’s 2008-2010 weighted average natural gas-to-
fuel oil ratio. For the policy case, EPA assessed three compliance options: (1) switching to
natural gas where available, (2) switching to distillate fuel oil, and (3) installing an electrostatic
precipitator (ESP) capable of 90% particulate removal efficiency. These compliance options
address particulate emissions only. However, there might be additional emission reductions
that result from changes to oil-fired units’ generation due to changes in relative generating

costs.

1% Additional details and methodology for the analysis are presented in appendix 3A.
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Between the base case and policy case, 12 units convert from residual fuel oil to
distillate fuel oil at a cost of approximately $12 million annually (2007S) to meet the MATS
emission limitations for oil-fired units. An additional 11 units, eight of which are subject to
natural gas curtailment, that do not have existing ESP particulate pollution controls install an
ESP at a cost of approximately $44 million annually (2007S$) to achieve the MATS emission
limitations for oil-fired units (see Table 3-15). EPA believes the emission impacts from these
potential actions will be relatively small when compared to the full impacts of the MATS
emission limitations because particulate emissions from oil-fired units are a small fraction of

the total particulate emissions from EGUEs.

Table 3-15. Cost Impacts of Compliance Actions for Oil-Fired Units

Compliance option Number of units affected Capacity of units affected Annual cost (2007$)
Switch to distillate fuel oil 12 2,675 MW $12 million
Install ESP for residual fuel oil 11 4,015 MW S44 million

Total 23 6,690 MW $56 million

3.14.2 Monitoring, Reporting and Record-keeping Costs

The annual monitoring, reporting, and record-keeping burden for this collection (averaged over
the first 3 years after the effective date of the standards) is estimated to be $158 million. This
includes 698,907 labor hours per year at a total labor cost of $49 million per year, and total
non-labor capital costs of $108 million per year. This estimate includes initial and annual
performance tests, semiannual excess emission reports, developing a monitoring plan,
notifications, and record-keeping. Initial capital expenses to purchase monitoring equipment
for affected units are estimated at a cost of $231 million. This includes 504,629 labor hours at a
total labor cost of $35 million for planning, selection, purchase, installation, configuration, and
certification of the new systems and total non-labor capital costs of $196 million. All burden
estimates are in 2007 dollars and represent the most cost effective monitoring approach for
affected facilities. See Section 7.3, Paperwork Reduction Act.

3.14.3 Total Costs Projected for Covered Units under MATS

EPA used IPM to analyze the compliance cost, and economic and energy impacts of the MATS
rule. IPM estimated the costs for coal-fired electric utility steam generating units that burn coal,
coal refuse, or solid-oil derived fuel. EPA did not use IPM, however, estimate compliance costs
for most oil/gas steam boilers because IPM projection shows least-cost dispatch in an
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environment where oil/gas-fired units are primarily selecting natural gas on an economic basis.
In the separate analysis summarized above, EPA estimates compliance costs for oil-fired EGUs
in a scenario in which these units continue to burn oil as historically observed and thus take
compliance measures to remain on oil. This is a reasonable estimate of compliance costs for
these units, but does not represent a re-balancing of electricity dispatch where these units
combust oil rather than natural gas. Therefore, the summation of IPM-projected compliance
costs for least-cost dispatch with the oil-fired compliance costs and the monitoring, reporting,
and record-keeping costs is a reasonable approximation of total compliance costs, but does not

represent projected compliance costs under an economically efficient dispatch (see Table 3-16).

Table 3-16. Total Costs Projected for Covered Units under MATS, 2015 (billions of 2007$)

2015
IPM Projection $9.4
Monitoring/Reporting/Record-keeping $0.158
Oil-Fired Fleet $0.056
Total $9.6

3.15 Limitations of Analysis

EPA’s modeling is based on expert judgment of various input assumptions for variables
whose outcomes are in fact uncertain. Assumptions for future fuel supplies and electricity
demand growth deserve particular attention because of the importance of these two key model
inputs to the power sector. As a general matter, the Agency reviews the best available
information from engineering studies of air pollution controls to support a reasonable modeling

framework for analyzing the cost, emission changes, and other impacts of regulatory actions.

The IPM-projected annualized cost estimates of private compliance costs provided in
this analysis are meant to show the increase in production (generating) costs to the power
sector in response to the final rule. To estimate these annualized costs, EPA uses a conventional
and widely-accepted approach that applies a capital recovery factor (CRF) multiplier to capital
investments and adds that to the annual incremental operating expenses. The CRF is derived
from estimates of the cost of capital (private discount rate), the amount of insurance coverage
required, local property taxes, and the life of capital. The private compliance costs presented
earlier are EPA’s best estimate of the direct private compliance costs of MATS.

The annualized cost of the final rule, as quantified here, is EPA’s best assessment of the
cost of implementing the rule. These costs are generated from rigorous economic modeling of

3-31



changes in the power sector due to implementation of MATS. This type of analysis using IPM
has undergone peer review, and federal courts have upheld regulations covering the power

sector that have relied on IPM’s cost analysis.

Cost estimates for MATS are based on results from ICF’s Integrated Planning Model. The
model minimizes the costs of producing electricity (including abatement costs) while meeting
load demand and other constraints (full documentation for IPM can be found at
http://www.epa.gov/airmarkets/progsregs/epa-ipm and in the IPM 4.10 Supplemental
Documentation for MATS. IPM assumes “perfect foresight” of market conditions over the time
horizon modeled; to the extent that utilities and/or energy regulators misjudge future

conditions affecting the economics of pollution control, costs may be understated as well.

In the policy case modeling, EPA exogenously determines that a subset of covered units
might require a retrofit fabric filter (also known as a baghouse) retrofit, or might need to
upgrade existing ESP control in order to meet the PM standard. EPA’s methodology for
assigning these controls to EGUs in policy case modeling is based on historic PM emission rates
and reported control efficiencies, and is explained in the IPM 4.10 Supplemental

Documentation for MATS.

Additionally, this modeling analysis does not take into account the potential for
advancements in the capabilities of pollution control technologies as well as reductions in their
costs over time. In addition, EPA modeling cannot anticipate in advance the full spectrum of
compliance strategies that the power sector may innovate to achieve the required emission
reductions under MATS, which would potentially reduce overall compliance costs. Where
possible, EPA designs regulations to assure environmental performance while preserving
flexibility for affected sources to design their own solutions for compliance. Industry will
employ an array of responses, some of which regulators may not fully anticipate and will
generally lead to lower costs associated with the rule than modeled in this analysis. For
example, unit operators may find opportunities to improve or upgrade existing pollution
control equipment without requiring as many new retrofit devices (i.e., meeting the PM

standard with an existing ESP without requiring installation of a new fabric filter).

With that in mind, MATS establishes emission rates on key HAPs, and although this
analysis projects a specific set of technologies and behaviors as EPA’s judgment of least-cost
compliance, the power sector is free to adopt alternative technologies and behaviors to achieve
the same environmental outcome EPA has deemed in the public interest as laid out in the Clean

Air Act. Such regulation serves to promote innovation and the development of new and
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cheaper technologies. As an example, cost estimates of the Acid Rain SO, trading program by
Resources for the Future (RFF) and MIT’s Center for Energy and Environmental Policy Research
(CEEPR) have been as much as 83 percent lower than originally projected by the EPA (see
Carlson et al., 2000; Ellerman, 2003). It is important to note that the original analysis for the
Acid Rain Program done by EPA also relied on an optimization model like IPM. Ex ante, EPA cost
estimates of roughly $2.7 to $6.2 billion*" in 1989 were an overestimate of the costs of the
program in part because of the limitation of economic modeling to perfectly anticipate
technological improvement of pollution controls and economic improvement of other
compliance options such as fuel switching. Ex post estimates of the annual cost of the Acid Rain

SO, trading program range from $1.0 to $1.4 billion.

In recognition of this historic pattern of overestimated regulatory cost, EPA’s mobile
source program uses adjusted engineering cost estimates of pollution control equipment and
installation costs.'” To date, and including this analysis, EPA has not incorporated a similar
approach into IPM modeling of EGU compliance with environmental constraints. As a result,
this analysis may overstate costs where such cost savings from as-yet untapped improvements
to pollution control technologies may occur in the future. Considering the broad and complex
suite of generating technologies, fuels, and pollution control strategies available to the power
sector, as well as the fundamental role of operating cost in electricity dispatch, it is not possible
to apply a single technology-improving “discount” transformation to the cost projections in this
analysis. The Agency will consider additional methodologies in the future which may inform the
amount by which projected compliance costs could be overstated regarding further

technological development in analyses of power sector regulations.

As configured in this application, IPM does not take into account demand response (i.e.,
consumer reaction to electricity prices). The increased retail electricity prices shown in
Table 3-13 would prompt end users to increase investment in energy efficiency and/or curtail
(to some extent) their use of electricity and encourage them to use substitutes.” Those
responses would lessen the demand for electricity, resulting in electricity price increases slightly
lower than IPM predicts, which would also reduce generation and emissions. Demand response
would yield certain unquantified cost savings from requiring less electricity to meet the

guantity demanded. To some degree, these saved resource costs will offset the additional costs

2010 Phase Il cost estimate in $1995.

See regulatory impact analysis for the Tier 2 Regulations for passenger vehicles (1999) and Heavy-Duty Diesel
Vehicle Rules (2000).

B The degree of substitution/curtailment depends on the costs and performance of the goods that substitute for
more energy consuming goods, which is reflected in the demand elasticity.

12
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of pollution controls and fuel switching that EPA anticipates from the final rule, although there
could be some increase in social cost resulting from any decrease in electricity consumption.
Although the reduction in electricity use is likely to be small, the cost savings from such a large
industry™ are not insignificant. EIA analysis examining multi-pollutant legislation in 2003
indicated that the annualized costs of MATS may be overstated substantially by not considering

demand response, depending on the magnitude and coverage of the price increases.”

EPA’s IPM modeling of MATS reflects the Agency’s authority to allow facility-level
compliance with the HAP emission standards rather than require each affected unit at a given
facility to meet the standards separately. This flexibility would offer important cost savings to
facility owners in situations where a subset of affected units at a given facility could be
controlled more cost-effectively such that their “overperformance” would compensate for any
“underperformance” of the rest of the affected units. EPA’s modeling in this analysis required
the average emission rate across all affected units at a given facility to meet the standard. This
averaging flexibility has the potential to offer further cost savings beyond this analysis if
particular units find ways to achieve superior pollution control beyond EPA’s assumptions of
retrofit technology performance at the modeled costs (which could then reduce the need to

control other units at the same facility).

Additionally, EPA has chosen to express most of the control requirements here as
engineering performance standards (e.g., lbs/MMBtu of heat input), which provide power plant
operators goals to meet as they see fit in choosing coals with various pollutant concentrations
and pollutant control technologies that they adopt to meet the requirements. Historically, such
an approach encourages industry to engineer cheaper solutions over time to achieve the

pollution controls requirements.

EPA’s IPM modeling is based on retrofit technology cost assumptions which reflect the
best available information on current and foreseeable market conditions for pollution control
deployment. In the current economic environment, EPA does not anticipate (and thus this
analysis does not reflect) significant near-term price increases in retrofit pollution control

supply chains in response to MATS. To the extent that such conditions may develop during the

" Investor-owned utilities alone accounted for nearly $300 billion in revenue in 2008 (EIA).

> see “Analysis of S. 485, the Clear Skies Act of 2003, and S. 843, the Clean Air Planning Act of 2003.” Energy
Information Administration. September, 2003. EIA modeling indicated that the Clear Skies Act of 2003 (a
nationwide cap and trade program for SO,, NOy, and mercury), demand response could lower present value costs
by as much as 47% below what it would have been without an emission constraint similar to the Transport Rule.
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sector’s installation of pollution control technologies under the final rule, this analysis may
understate the cost of compliance.

3.16 Significant Energy Impact

MATS would have a significant impact according to E.O. 13211: Actions that Significantly
Affect Energy Supply, Distribution, or Use. Under the provisions of this rule, EPA projects that
approximately 4.7 GW of coal-fired generation (less than 2 percent of all coal-fired capacity and
0.5% of total generation capacity in 2015) may be removed from operation by 2015. 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.

EPA also projects fuel price increases resulting from MATS. Average retail electricity
price are shown to increase in the contiguous U.S. by 3.1 percent in 2015. This is generally less
of an increase than often occurs with fluctuating fuel prices and other market factors. Related
to this, the average delivered coal price increases by less than 2 percent in 2015 as a result of
shifts within and across coal types. As discussed above in section 8.10, EPA also projects that
electric power sector-delivered natural gas prices will increase by about 0.6% percent over the
2015-2030 timeframe and that natural gas use for electricity generation will increase by less
than 200 billion cubic feet (BCF) in 2015. These impacts are well within the range of price
variability that is regularly experienced in natural gas markets. Finally, the EPA projects coal
production for use by the power sector, a large component of total coal production, will
decrease by 10 million tons in 2015 from base case levels, which is about 1 percent of total coal
produced for the electric power sector in that year. The EPA does not believe that this rule will

have any other impacts (e.g., on oil markets) that exceed the significance criteria.
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APPENDIX 3A
COMPLIANCE COSTS FOR OIL-FIRED ELECTRIC GENERATING UNITS

This appendix highlights the supplemental oil-fired electric generating unit (EGU)
compliance cost analysis performed for the Mercury and Air Toxics Standards (MATS). EPA used
the Integrated Planning Model (IPM) to assess the cost, economic, and energy impacts of the
MATS emission limitations on coal-fired EGUs in the contiguous U.S., but did not use IPM to
assess the compliance costs for oil-fired EGUs because IPM focuses on the least cost operation
of the power system and, therefore, predicts the oil-fired units will not operate. These oil-fired
units, however, do not operate on a purely economic basis. Some oil-fired units may operate as
“must run”, “black start”, or “spinning reserve”. In addition, some dual fuel fired units which
IPM predicts will fire natural gas may be required to fire fuel oil when subject to mandatory

curtailment of natural gas supplies.

When practicable, this supplemental analysis for oil-fired EGUs was based on the data
and assumptions used in IPM. Documentation for IPM can be found at

http://www.epa.gov/airmarkets/progsregs/epa-ipm.
3A.1 Methodology and Assumptions

3A.1.1 Base Case

EPA developed the base case for oil-fired units listed in the National Electric Energy Data
System (hereafter, NEEDS) (EPA, 2010a). NEEDS lists 302 “oil/gas steam” units greater than 25
MW for which distillate fuel oil and/or residual fuel oil are among the modeled fuels (see Table
3A-1)." For each of these units, EPA projected 2015 heat input and apportioned the heat input
among the NEEDS modeled fuels. EPA used each unit’s average annual heat input from 2006-
2010" as a proxy for 2015 heat input. For units not subject to mandatory natural gas
curtailment, EPA assumed the unit fired the least cost fuel available based on regional IPM fuel
cost projections for 2015. For units that may be required to fire fuel oil due to mandatory
natural gas curtailment, EPA apportioned the heat input based on the unit’s weighted average
natural gas and fuel oil apportionment from 2008-2010."® EPA used the three most recent years
because, as a percentage of total heat input, fuel oil heat input has fallen steadily since 2007

(see Figure 3A-1). With increased availability of natural gas in the New York region from new

18 One unit, Charles Poletti unit 001 (ORIS 2491), was removed because the unit retired in 2010 (EPA, 2011).

" Designated representatives for each of the oil-fired units included in this analysis certify and report hourly heat
input and emission data to EPA under 40CFR Part 75.

'8 The units subject to mandatory natural gas curtailment report fuel-apportioned heat input to EPA under 40CFR
Part 75 (Appendix D). EPA categorized “diesel” as distillate fuel oil and “o0il” and “other o0il” as residual fuel oil.
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gas supplies and new gas pipelines (FERC, 2011), it is likely this trend will continue even in the
absence of the MATS. Therefore, using a longer historical period might significantly
overestimate the proportion of heat input derived from fuel oil for these units.

Table 3A-1. Oil-fired EGUs by Fuel Type

NEEDS modeled fuel Number of units Capacity (MW)
Distillate fuel oil 10 814
Distillate fuel oil, natural gas 99 19,822
Residual fuel oil 17 5,867
Residual fuel oil, distillate fuel oil 15 1,187
Residual fuel oil, natural gas 149 39,913
Residual fuel oil, distillate fuel oil, natural gas 12 3,706

Source: EPA. 2010. National Electricity Energy Data System (NEEDS 4.10). Available at:
http://www.epa.gov/airmarkets/progsregs/epa-ipm/toxics.html.
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Figure 3A-1. 2006-2010 Heat Input Apportioned by Fuel for Oil-Fired Units Subject to
Mandatory Natural Gas Curtailment
Source/Notes: EPA. 2011. Data and Maps. Available at: http://epa.gov/camddataandmaps/

Power companies are responding to fuel prices, natural gas supplies, and other market
factors by replacing some oil-gas steam units with new combined cycle plants (Neville, J. 2011).
EPA did not, however, factor in the effect of expanded availability of natural gas on the
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utilization of these oil-fired units. As a result, this analysis likely overestimates the impact of the

MATS emission limitations on oil-fired units.

In the base case, natural gas is the least cost fuel for the majority of units (see Table 3A-
2). However, 41 units are expected to continue burning some amount of residual fuel oil
because the units are subject to mandatory natural gas curtailment or may not have access to
natural gas supplies.” Of these 41 units, 14 have existing electrostatic precipitator (ESP)

particulate pollution controls.

Table 3A-2. Least Cost NEEDS Modeled Fuels for Oil-fired EGUs

NEEDS modeled fuel Number of units Capacity (MW)
Distillate fuel oil 19 1,228
Residual fuel oil 23 6,640
Natural gas 242 57,232
Natural gas with mandatory curtailment 18 6,208

3A.1.2 Policy Case

For the policy case, EPA considered three actions to comply with the MATS emission
limitations: (1) switching to natural gas where available, (2) switching to distillate fuel oil, and
(3) ESP particulate pollution control capable of 90% particulate removal efficiency. EPA
modeled the cost of actions 2 and 3 for each unit in the base case. EPA did not model the cost
of converting to natural gas because, for units with natural gas as a NEEDS modeled fuel, it was
the least cost fuel and therefore the base case fuel for the unit. The cost of switching a unit’s
heat input to distillate fuel oil was based on the cost of converting operations, including tank,
line, and pump cleaning and burner atomizer assembly replacement, and the unit’s 2015
projected heat input from residual fuel oil multiplied by the cost difference between residual
fuel oil and distillate fuel oil in the region where the unit is located. Conversion costs were
annualized using the methodology described in the IPM documentation (EPA, 2010b).

The cost of installing a flat plate-type ESP on oil-fired model units of various sizes was
calculated using the methodology outlined in EPA’s Cost Manual (EPA, 2002) and adjusted to
2010 values using the Chemical Engineering Plant Cost Index (CEPCI). EPA developed non-linear

' To ensure the analysis was not likely to underestimate compliance costs, EPA assumed units that do not include
natural gas as a NEEDS modeled fuel do not have access to a natural gas pipeline. The cost of obtaining pipeline
access for these units was assumed to be uneconomical and was not modeled in the analysis.
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regression power functions similar to those used for costing air pollution controls in IPM. The

cost functions are shown in equations (3A.1)-(3A.3).

Capital costs = 243,494.4 X (MW capacity)® % (3A.1)
Annual fixed costs = 13,883.4 X (MW capacity)®’*** (3A.2)
Annual variable costs = 8,108.6 X (MWh generation)®8%%? (3A.3)

Capital costs were annualized using the capital cost recovery factor used in the IPM
documentation (EPA, 2010b). Annual variable costs were calculated using the predicted 2015
generation from residual fuel oil based on the unit’s base case 2015 residual fuel oil heat input
and the unit’s heat rate listed in NEEDS (EPA, 2010a).

3A.1.3 Cost Sensitivities Related to Mandatory Natural Gas Curtailment

There are 18 dual fuel fired units (i.e., units capable of firing both gas and oil) that are
subject to mandatory natural gas curtailment. Of these units, six have existing ESP particulate
pollution controls installed. For the remaining 12 units, nine fired natural gas for more than 90
percent of their total heat input (see Table 3A-3). Because the MATS emission limits do not
apply to units that fire coal or oil for less than 10 percent of total heat input averaged over
three years or 15 percent in a single year, EPA analyzed historical oil-fired heat input between
2006 and 2010 at these units and found that four dual fuel fired units subject to mandatory
natural gas curtailment did not exceed 15 percent in any single year and averaged less than 10
percent across all three year periods between 2006 and 2010. EPA did not include the cost of
control on these units in the summary results. If these four units were to install ESPs, however,

the annual compliance cost of the MATS emission limits would increase $13 million (2007S).

As noted in 3A.1.1, natural gas supplies to the region are increasing and operating data
for dual fuel fired units subject to mandatory natural gas curtailment indicate that their
proportion of heat input from residual oil is declining. There are four units in addition to those
described in the paragraph above that exceeded 15 percent oil-fired heat input in 2006 and/or
2007, but between 2008 and 2010 did not exceed 15 percent oil-fired heat input in a single year
and averaged below 10 percent across all three years. These units were assigned ESP
particulate pollution controls in this analysis. However, if these four dual fuel fired units do not
install ESPs, the annual compliance cost of the MATS emission limits would decline $16 million
(20078S).
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Table 3A-3. Percentage of Total Heat Input Derived from Oil for Oil-Fired Units Subject to
Mandatory Natural Gas Curtailment (2008-2010)

Percentage Number of units
<1.0% 4
1.0% to 4.9% 1
5.0% to 9.9% 4
10.0% to 15.0% 3
3A.2 Results

For the purpose of estimating the impacts of the MATS emission limitations for oil-fired
units, EPA had to make assumptions about the compliance actions oil-fired units will take. Table
3A-4 lists those assumptions based on differences between the base and policy cases. EPA
assumed that the least cost compliance option for 12 residual fuel oil-fired units would be
converting to distillate fuel oil at an annual cost of approximately $12 million (2007S). An
additional 11 units would likely continue to burn residual fuel oil following the installation of an
ESP at a cost of approximately $44 million annually (20075).
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Table 3A-4. Costs to Achieve the MATS Emission Limitations for Oil-Fired Units

Unit

Compliance action

Annual cost (2007$)

Cleary Flood, Unit 8

Jefferies, Unit 1

Jefferies, Unit 2

McManus, Unit 1

McManus, Unit 2

Montville Station, Unit 6

Possum Point, Unit 5

Schuylkill Generating Station, Unit 1
Vienna Operations, Unit 8

William F Wyman, Unit 1

William F Wyman, Unit 2
Yorktown, Unit 3

Astoria Generating Station, Unit 30
Astoria Generating Station, Unit 40
Astoria Generating Station, Unit 50
B L England, Unit 3

East River, Unit 60

East River, Unit 70

Herbert A Wagner, Unit 4
Middletown, Unit 4

Ravenswood, Unit 10
Ravenswood, Unit 20

Ravenswood, Unit 30

Distillate fuel oil
Distillate fuel oil
Distillate fuel oil
Distillate fuel oil
Distillate fuel oil
Distillate fuel oil
Distillate fuel oil
Distillate fuel oil
Distillate fuel oil
Distillate fuel oil
Distillate fuel oil
Distillate fuel oil

ESP

ESP

ESP

ESP

ESP

ESP

ESP

ESP

ESP

ESP

ESP

$ 308,000
$ 642,000
$ 673,000
$ 391,000
$ 512,000
$ 3,968,000
$ 119,000
$ 2,113,000
$ 1,741,000
$ 783,000
$ 646,000
$ 119,000
$ 4,214,000
$ 4,132,000
$ 4,202,000
$ 2,155,000
$ 1,844,000
$ 2,336,000
$ 4,352,000
$ 4,391,000
$ 3,904,000
$ 3,898,000
$ 8,322,000
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CHAPTER 4
MERCURY AND OTHER HAP BENEFITS ANALYSIS

4.1 Introduction

This chapter provides an analysis of the benefits of the proposed Toxics Rule from
mercury and reductions of other HAP. Our efforts at quantifying the toxics benefits of this rule
focus on quantifying and estimating the welfare benefits of reducing mercury emissions
because mercury is the only HAP controlled by this rule for which there are sufficient available

analytic tools to conduct a national-scale benefits assessment.

This analysis of the benefits of reduced mercury exposure from EGUs as a result of the
rule is not changed from that provided for the proposed rule. It uses the same baseline and
control cases for mercury deposition as was used to estimate mercury benefits in the Mercury
and Air Toxics Rule proposal. EPA determined that it was reasonable to not update the mercury
benefits assessment for the final rule because of the small magnitude of the quantified mercury
benefits in the proposal, and the small difference (approximately 2 tons) in mercury emissions
reductions between the proposed and final rules. It is not expected that mercury benefits
would be substantially changed, and given the small magnitude of the benefits, any changes
would not meaningfully affect the overall benefits of the rule, nor impact the benefit-cost
comparison. An assessment of how forecast EGU mercury emissions changed between the
baseline used at proposal and the baseline used for the costs and co-benefits analysis, and
between the regulation as proposed and the regulation as finalized, is described in Appendix
5A.

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 IQ points in the population, because

of the discrete nature of the effect, and because we are able to assign an economic value to IQ
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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
IQ will not cover these additional endpoints and therefore could lead to an underestimate of
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 4.2, we discuss the potential health effects of mercury. Section 4.3 provides a
discussion of mercury in the environment, including potential impacts on wildlife. Section 4.4
describes the resulting change in mercury deposition from air quality modeling of the proposed
Toxics rule. Section 4.5 presents information on key data and assumptions used in conducting
the benefits analysis. Section 4.6 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 4.7 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 4.8 presents the
final benefits and risk estimates for recreational freshwater anglers and selected high-risk
subpopulations. Section 4.9 presents a qualitative description of the benefits from reductions in

HAPs other than mercury that will take place as a result of the Toxics Rule.

For this benefits assessment, EPA chose to focus on quantification of intelligence
guotient (IQ) decrements associated with prenatal mercury exposure as the endpoint for
guantification and valuation of mercury health benefits. Reasons for this focus on 1Q included
the availability of thoroughly-reviewed, high-quality epidemiological studies assessing 1Q or
related cognitive outcomes suitable for IQ 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 gquantitative estimates of human health benefits and risk levels provided in Section
4.2 is a national-scale assessment of economic benefits associated with avoided 1Q loss due to
reduced methylmercury (MeHg) exposure among recreational freshwater anglers. Modeled risk

levels, in terms of 1Q loss, for six high-risk subpopulations as a means of estimating potential
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disproportionate impacts on demographic groups with traditionally subsistence or near-

subsistence rates of fish consumption are presented in Chapter 7 Section 7.11.

The first analysis (Section 4.2.1) 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 1Q points, with total nationwide
benefits estimated between $0.5 and $6.1 million.® In contrast, the subpopulations analyses
(Section 7.12.2) 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 90th percentile of published subsistence-like levels is estimated
to experience a loss of 7.711 1Q 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 1Q loss for this child by an estimated 0.176 1Q points.

4.2 Impact of Mercury on Human Health

4.2.1 |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.

"Monetized benefits estimates are for an immediate change in MeHg levels in fish. If a lag in the response of MeHg
levels in fish was accounted for, 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. Depending on the watershed studied, the lag time
between changes in mercury deposition and changes in the MeHg levels in fish has been shown to range from
XX

’We do note that overall confidence in 1Q 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 IQ points
loss is approximately associated with a 40 ppm hair level given the concentration-response function we are
using).
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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.

4.2.2 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.”

4.2.3 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 EPA finds there is no consensus among scientists on the dose-response
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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 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 neurotoxicity studies.

4.2.4 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 Tapajés 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.

4.2.5 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).

4.2.6 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).

4-5



4.3 Impact of Mercury on Ecosystems and Wildlife

4.3.1 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
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
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population effects are difficult to make at this time. In the sections that follow numerous

effects have been identified at differing exposure levels.

4.3.2 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.

The Integrated Science Assessment for Oxides of Nitrogen and Sulfur—Ecological
Criteria (EPA, 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.

4.3.3 Effects on Birds

In addition to effects on fish, mercury also affects avian species. In previous reports
(EPA, 1997 and EPA, 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 (McIntyre and Evers,
2000, Evers, 2006). Significant 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.
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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.

4.3.4 Effects on Mammals

In mammals adverse effects of methylmercury exposure have been observed in mink
and river otter, both fish eating species, collected in the wild in the northeast where
atmospheric deposition from municipal waste incinerators and electric utilities are the largest
sources (USEPA, 1999). For otter from Maine and Vermont maximum concentrations of Hg in
fur nearly equal or exceed a concentration associated with mortality. Concentrations of Hg in

liver for mink in Massachusetts/ Connecticut and the levels in fur from mink in Maine exceed
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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).

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) such as 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 adversely affected by mercury

depostion.
4.4 Mercury Risk and Exposure Analyses—Data Inputs and Assumptions

4.4.1 |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.
4.4.2 Data Inputs

4.4.2.1 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 specific
population of interest drawn from these data is the number of women aged 15 to 44 (i.e.,
childbearing age) in each tract. To predict populations in later years (2005 and 2016), we
applied county-level population growth projections for the corresponding population category
(Woods and Poole, 2008) to the 2000 tract-level data. To specifically estimate the portion of

4-9



these populations that are pregnant in any given year, we applied state-level 2006 fertility rate
(live births per 1,000 women aged 15 to 44 years) data from U.S. Vital Statistics (DHHS, 2009).

Two main sources of national-level recreation activity data are available and suitable for
estimating the size and spatial distribution of freshwater recreational angler populations and
activities in the United States:

= the National Survey of Fishing, Hunting, and Wildlife-Associated Recreation
(FHWAR), maintained by the Department of the Interior (DOI) (DOl and DOC, 1992,
1997, 2002, 2007) and

= the National Survey of Recreation and the Environment (USDA, 1994).

FHWAR Angler Data. The FHWAR, conducted by the U.S. Census Bureau about every
5 years since 1955, includes data on the number and characteristics of participants as well as
time and money spent on hunting, fishing, and wildlife watching. The most recent survey and
report are for recreational activities conducted in 2006 (DOl and DOC, 2007). Data from this
report were used to provide the most recent estimate of the percentage of the resident
population in each state (16 years old or older) that engaged in freshwater fishing during the

year. As shown in Table 4-1, these percentages vary from 3% (New Jersey) to 27% (Minnesota).

The methodology for assessing mercury exposures also requires a further breakdown of
freshwater fishing activities into two categories: rivers (including rivers and streams) and lakes
(including lakes, ponds, reservoirs, and other flat water). Data at this level of detail are not
reported in the summary national reports for the FHWAR; however, they are available from the
FHWAR survey household-level data. For this analysis, data from a previous analysis and
summary of the 2001 FHWAR household-level survey data (EPA, 2005) were used to provide
estimates of the percentage of freshwater fishing days by residents in each state that were to
either the lake or river category®. As shown in Table 4-1, the highest percentage going to lakes
is in Minnesota (89%) and the highest to rivers is in Oregon (61%).

3AIthough the total number of fishing trips varies from year to year, there is little reason to expect that the ratio of
river trips to lake trips would have changed significantly since 2001. For this reason, despite information on the
type of waterbody visited being collected on the 2006 FWHAR survey, given resource and timetable limitations
we did not update this input to the analysis.
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Table 4-1. Summary of FWHAR State-Level Recreational Fishing Characteristics

Percentage of Freshwater Fishing Tripsb

Freshwater Anglers as

State Percentage of State Population® Lakes Rivers
Alabama 15.7% 59.9% 40.1%
Arizona 7.0% 79.2% 20.8%
Arkansas 19.5% 81.1% 18.9%
California 4.1% 53.5% 46.5%
Colorado 13.2% 63.7% 36.3%
Connecticut 6.4% 58.7% 41.3%
Delaware 5.0% 52.8% 47.2%
Florida 7.9% 67.4% 32.6%
Georgia 12.6% 70.4% 29.6%
Idaho 18.4% 44.4% 55.6%
lllinois 7.3% 76.4% 23.6%
Indiana 12.3% 77.8% 22.2%
lowa 16.8% 55.1% 44.9%
Kansas 14.8% 84.7% 15.3%
Kentucky 17.5% 80.0% 20.0%
Louisiana 14.2% 71.2% 28.8%
Maine 19.4% 73.7% 26.3%
Maryland 5.5% 40.7% 59.3%
Massachusetts 5.1% 75.5% 24.5%
Michigan 14.2% 85.6% 14.4%
Minnesota 26.9% 89.0% 11.0%
Mississippi 19.6% 79.0% 21.0%
Missouri 18.9% 80.2% 19.8%
Montana 22.8% 46.8% 53.2%
Nebraska 12.3% 80.6% 19.4%
Nevada 5.9% 80.5% 19.5%
New Hampshire 8.9% 67.9% 32.1%
New Jersey 3.1% 68.9% 31.1%

(continued)
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Table 4-1. Summary of FWHAR State-Level Recreational Fishing Characteristics (continued)

Percentage of Freshwater Fishing Tripsb

Freshwater Anglers as

State Percentage of State Population® Lakes Rivers
New Mexico 10.9% 56.1% 43.9%
New York 4.7% 67.2% 32.8%
North Carolina 10.7% 68.7% 31.3%
North Dakota 17.3% 87.2% 12.8%
Ohio 11.8% 78.8% 21.2%
Oklahoma 18.8% 83.1% 16.9%
Oregon 13.6% 39.0% 61.0%
Pennsylvania 8.1% 44.0% 56.0%
Rhode Island 4.4% 73.5% 26.5%
South Carolina 14.2% 75.6% 24.4%
South Dakota 14.6% 69.7% 30.3%
Tennessee 13.8% 68.6% 31.4%
Texas 9.7% 79.3% 20.7%
Utah 15.6% 68.0% 32.0%
Vermont 12.6% 71.1% 28.9%
Virginia 7.5% 70.4% 29.6%
Washington 9.5% 50.0% 50.0%
West Virginia 19.7% 50.1% 49.9%
Wisconsin 22.8% 79.5% 20.5%
Wyoming 23.5% 64.0% 36.0%

® Based on FHWAR 2006 data for residents 16 years and older.
® Based on FHWAR 2001 data for residents 16 years and older.

NSRE Angler Data. The NSRE, formerly known as the National Recreation Survey (NRS),
is a nationally administered survey, which has been conducted periodically since 1962. It is
designed to assess outdoor recreation participation in the United States and elicit information
regarding people’s opinions about their natural environment. The NSRE sample of freshwater
anglers is smaller than the FHWAR sample, but it is nonetheless a useful resource because it
provides a wide variety of information about fishing activities. Importantly, it includes relatively
detailed information about the nature and location of recent freshwater trips. Because the
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sampling procedure is designed to be representative, inferences may be drawn about the
relative popularity of particular types of freshwater bodies (e.g., lakes, rivers) among the
general public and the average distance traveled to reach these sites. Although more recent
NSRE surveys have been conducted in 2000 and 2009, data from 1994 survey (NSRE, 1994) is
used for this analysis because it contains the most detailed information regarding fishing trip

destinations.

The NSRE 1994 elicited information from respondents about the most recent fishing trip.
One of the main advantages of NSRE 1994 is that it includes geocoded data for reported fishing
destinations. To specify the location of the last fishing trip, respondents were asked to provide
the name of the waterbody, the nearest town to the waterbody, and an estimate of the
distance and direction from their home to the waterbody. Appendix B describes how these data
were used in this analysis to estimate the percentage of freshwater fishing trips that were in
different distance intervals from respondents’ homes. Using the demographic data from the
NSRE, these estimates were further differentiated according to the income level and urban

versus nonurban location of the respondents.
4.4.3 Mercury Concentrations in Freshwater Fish

4.4.3.1 Data Sources for Fish Tissue Concentrations

To characterize the spatial distribution of mercury concentration estimates in
freshwater fish across the country, we compiled data from three main sources, which are

described below.

National Listing of Fish Advisory (NLFA) database. The NLFA, managed by EPA
(http://water.epa.gov/scitech/swguidance/fishshellfish/fishadvisories/), collects and compiles
fish tissue sample data from all 50 states and from tribes across the United States. In particular,

it contains data for over 43,000 mercury fish tissue samples collected from 1995 to 2007.

U.S. Geologic Survey (USGS) compilation of mercury datasets. As part of its
Environmental Mercury Mapping and Analysis (EMMA) program, USGS compiled mercury fish
tissue sample data from a wide variety of sources (including the NLFA) and has posted these
data at http://emmma.usgs.gov/datasets.aspx. The compilation includes (1) state-agency
collected and reported data (including Delaware, lowa, Indiana, Louisiana, Minnesota, Ohio,
South Carolina, Virginia, Wisconsin, and West Virginia) from over 40,000 fish tissue samples,
covering the period 1995 to 2007 and (2) over 10,000 fish tissue samples from several other

sources, including the National Fish Tissue Survey, the National Pesticide Monitoring Program
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(NPMP), the National Contaminant Biomonitoring Program (NCBP), the Biomonitoring of
Environmental Status and Trends (BEST) datasets of the USFWS and USGS
(http://www.cerc.cr.usgs.gov/data/data.htm), and the Environmental Monitoring and Analysis

Program (EMAP) (http://www.epa.gov/emap/).

EPA’s National River and Stream Assessment (NRSA) study data. These data include
nearly 600 fish tissue mercury samples collected at randomly selected freshwater sites across
the United States during the period 2008 to 2009.

4.4.3.2 Approach for Compiling Fish Tissue Dataset for Exposure Analysis

Data from these three datasets were combined into a single master fish tissue dataset
covering the period 1995 to 2009. One problem encountered in combining these datasets is the
potential duplication of samples in the NLFA and USGS state-collected data. Unfortunately,
these two datasets do not contain directly comparable and unique identifiers that allow
duplicate samples to be easily identified and removed. Therefore, as an alternative, the
samples from these two datasets were subdivided into data groups according to the year and
state in which they were collected. If both datasets contained a data group for the same year
and the same state, then the data group with the fewer number of observations was excluded

from the master data.

The following criteria were also applied to exclude data from the master fish tissue

dataset to be used in the analysis. Samples were excluded if they:
= did not include useable latitude-longitude coordinates for spatial identification;

= were located at sites outside the tidal boundaries of the continental United States
(i.e., if they were not sampled from freshwater sites);

= did not come from fish species found in freshwater; or

= did not come from sampled fish that were at least 7 inches in length (i.e., unlikely to
be consumed).

Each remaining sample was then categorized as either a river or lake sample based on

information about the sampling site location. First, specific character strings in the site names

”n u ” u

(e.g., “river,” “creek,” “lake,” “pond,” and “reservoir”) were used to classify sites. Second,
remaining sites were categorized based on a GIS analysis that linked the sites’ latitude-

longitude coordinates to the nearest waterbody and its category.
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= The resulting master fish tissue mercury concentration dataset contains 26,940
sample concentration estimates from 3,876 river sites and 23,206 estimates from
2,167 lake sites.

= A new dataset was then created by spatially grouping and averaging the river and
lake concentration estimates at the HUC-12 sub-watershed level. First, all of the
mercury sampling sites included in the master data were mapped and matched to
the HUC-12 sub-watersheds in which they are located. A total of 3,884 HUC-12s in
the continental United States (4.6%) contain at least one river or lake mercury
sample.” Second, site-specific average mercury concentration values were generated
by computing the mean concentration estimate at each site. Third, HUC-level
average lake concentration estimates were computed as the mean of the site-
specific average lake concentration estimates for each HUC containing at least one
lake sampling site (1,396 HUCs). Fourth, HUC-level average river concentration
estimates were computed as the mean of the site-specific average river
concentration estimates for each HUC containing at least one river sampling site
(2,655 HUCs).

4.4.3.3 Summary of Fish Tissue Mercury Concentration Estimates Used in the Exposure Analysis

The resulting HUC-level mercury concentration dataset is summarized in Table 4-2. The
average HUC-level mercury concentration estimate for lakes is 0.29 ppm and for rivers is 0.26
ppm. The large standard deviations and ranges reported in the table also reflect the
considerable spatial variation in lake and river concentration estimates across samples. As
described below, the analysis uses this inter-watershed spatial variation (rather than just the
average point estimate across watersheds) to estimate mercury exposures However, in this
analysis, exposure estimates were only generated for populations linked to these HUCs
containing at least one river or lake mercury fish tissue sample.

*This number excludes 15 HUC-12s containing mercury samples. These HUC-12s were excluded from the analysis
due to their proximity to potentially significant non-air sources of mercury, including gold mines or non-EGU
mercury sources included in the 2008 Toxic Release Inventory.
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Table 4-2. Summary of HUC-level Average Mercury Fish Tissue Concentration Estimates

N° Mean Std. Dev. Min Max
Lake Fish Tissue Concentrations
HUC-level average mercury concentration (ppm) 1,396 0.286 0.231 0.000 3.56
Number of lake samples per HUC 1,396 16.62 31.61 1 458
Number of lake sampling sites per HUC 1,396 1.55 1.97 1 33
River Fish Tissue Concentrations
HUC-level average mercury concentration (ppm) 2,655 0.261 0.259 0.006 4.97
Number of river samples per HUC 2,655 10.15 22.45 1 288
Number of river sampling sites per HUC 2,655 1.46 1.10 1 16

® Number of HUC-12s with at least one river or lake sampling site.

4.5 Linking Changes in Modeled Mercury Deposition to Changes in Fish Tissue
Concentrations

4.5.1 Introduction

In the United States, humans are exposed to MeHg mainly by consuming fish that
contain MeHg. Accordingly, to estimate changes in human exposure EPA must analyze how
changes in Hg deposition from U.S. coal-fired power plants translate into changes in MeHg
concentrations in fish. Quantifying the linkage between different levels of Hg deposition and
fish tissue MeHg concentration is an important step in the risk assessment process and the
focus of the material described in this section.

To effectively estimate fish MeHg concentrations in a given ecosystem, it is important to
understand that the behavior of Hg in aquatic ecosystems is a complex function of the
chemistry, biology, and physical dynamics of different ecosystems. The majority (95 to 97
percent) of the Hg that enters lakes, rivers, and estuaries from direct atmospheric deposition is
in the inorganic form (Lin and Pehkonen, 1999). Microbes convert a small fraction of the pool of
inorganic Hg in the water and sediments of these ecosystems into the organic form of Hg
(MeHg). MeHg is the only form of Hg that biomagnifies in organisms (Bloom, 1992). Ecosystem-
specific factors that affect both the bioavailability of inorganic Hg to methylating microbes (e.g.,
sulfide, dissolved organic carbon) and the activity of the microbes themselves (e.g.,
temperature, organic carbon, redox status) determine the rate of MeHg production and
subsequent accumulation in fish (Benoit et al., 2003). The extent of MeHg bioaccumulation is
also affected by the number of trophic levels in the food web (e.g., piscivorous fish populations)
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because MeHg biomagnifies as large piscivorous fish eat smaller organisms (Watras and Bloom,
1992; Wren and MacCrimmon, 1986). These and other factors can result in considerable

variability in fish MeHg levels among ecosystems at the regional and local scale.

4.5.2 Use of Mercury Maps to Project Changes in Fish Tissue Concentrations

To analyze the relationship between Hg deposition and MeHg concentrations in fish in
freshwater aquatic ecosystems across the U.S. for the national scale benefits assessment, EPA
applied EPA’s Office of Water’s Mercury Maps (MMaps) approach (US EPA, 2001a). MMaps
implements a simplified form of the IEM-2M model applied in EPA’s Mercury Study Report to
Congress (USEPA, 1997). By simplifying the assumptions inherent in the freshwater ecosystem
models that were described in the Report to Congress, the MMaps model showed that these
models converge at a steady-state solution for MeHg concentrations in fish that are
proportional to changes in Hg inputs from atmospheric deposition (i.e., over the long term, fish
concentrations are expected to decline proportionally to declines in atmospheric loading to a

waterbody).

MMaps has several limitations:

1. The MMaps approach is based on the assumption of a linear, steady-state
relationship between concentrations of MeHg in fish and present day air deposition
mercury inputs. We expect that this condition will likely not be met in many
waterbodies because of recent changes in mercury inputs and other environmental
variables that affect mercury bioaccumulation. For example, the US has recently
reduced human-caused emissions while international emissions have increased.

2. The requirement that environmental conditions remain constant over the time
required to reach steady state inherent in the MMaps methodology may not be met,
particularly in systems that respond slowly to changes in mercury inputs.

3. Many water bodies, particularly in areas of historic gold and mercury mining, contain
significant non-air sources of mercury. The MMaps methodology will yield biased
results when applied to such waterbodies. As a simple illustrative example, if we
have mercury deposition of 100 at a given location and a MeHg fish concentration of
6 in a local fish tissue sample, and a new emissions rule reduces deposition by half to
50, then, in the absence of other non-air deposition sources, we would assume that
the MeHg fish concentration is reduced by the same proportion, to 3 ((50 / 100) x 6).
However, if total pre-control mercury loading to the system is actually 100 plus
another unaccounted for source (for example, an additional 100 due to area gold
mining), then the MeHg fish concentration of 6 is actually due to 200 in total
mercury loading. In this case, reducing mercury air deposition from 100 to 50 would
only reduce the total loading by 25%, to 150, which, based on the MMaps
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methodology, would result in a MeHg fish concentration of 4.5 ((150 / 200) x 6)
rather than 3. In areas where non-air sources of mercury load are unaccounted for,
MMaps-based estimates of changes in MeHg fish tissue concentrations due to
reduced mercury air emissions would therefore be biased high.

4. Finally, MMaps does not account for a calculation of the time lag between a
reduction in mercury deposition and a reduction in the MeHg concentrations in fish
and, as noted earlier, depending on the nature of the watersheds and waterbodies
involved, the temporal response time for fish tissue MeHg levels following a change
in mercury deposition can range from years to decades depending on the attributes
of the watershed and waterbody involved® Research has suggested that fish tissue
MeHg levels in some locations may display a multi-phase response following a
discrete change in mercury deposition, with the first phase lasting a few years to a
decade or more and primarily involving changes in aerial loading directly to the
waterbody and the second phase lasting decade (to a century or more) and
reflecting longer-term changes in watershed erosion and runoff to the waterbody
(Knights et al., 2009, Harris et al., 2007).

This methodology therefore applies only to situations where air deposition is the sole
significant source of Hg to a water body, and where the physical, chemical, and biological
characteristics of the ecosystem remain constant over time. EPA recognizes that concentrations
of MeHg in fish across all ecosystems may not reach steady state and that ecosystem conditions
affecting mercury dynamics are unlikely to remain constant over time. EPA further recognizes
that many water bodies, particularly in areas of historic gold and Hg mining in western states,
contain significant non-air sources of Hg. Finally, EPA recognizes that MMaps does not account
for the time lag between a reduction in Hg deposition and a reduction in the MeHg
concentrations in fish. While acknowledging these limitations, EPA is unaware of any other tool
for performing a national-scale assessment of the change in fish MeHg concentrations resulting
from reductions in atmospheric deposition of Hg. The following paragraphs provide additional
details on the above limitations, as well as a brief assessment of the degree to which conditions

match those assumptions.

The MMaps model represents a reduced form of the IEM-2M and MCM models used in
the Mercury Study Report to Congress (USEPA, 1997), as well as the subsequent Dynamic MCM
(D-MCM) model (Harris et al., 1996). That is, the equations of these mercury fate and transport

>As noted in footnote 1 of this chapter,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. MMaps approach does
not account for the time lag of response.
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models are reduced to steady state and consolidated into a single equilibrium equation
equating the ratio of future/current air deposition rates to future/current fish tissue

concentrations.

Though plainly stated, the steady-state assumption is a compilation of a number of
individual conditions. For example, fish tissue data may not represent average, steady-state

concentrations for two major reasons:

= Fish tissue and deposition rate data for the base period are not at steady state.
Where deposition rates have recently changed, the watershed or waterbody may
not have had sufficient time to fully respond. The pool of mercury in different media
could be sufficiently large relative to release rates, and thus needs more time to
achieve a new equilibrium. This is more likely to occur in deeper lakes and lakes with
large catchments where turnover rates are longer and where the watershed
provides significant inputs of mercury.

= Fish tissue data do not represent average conditions (or conditions of interest for
forecast fish levels). Methylation and bioaccumulation are variable and dynamic
processes. If fish are sampled during a period of high or low methylation or
bioaccumulation, they would not be representative of the average, steady-state or
dynamic equilibrium conditions of the waterbody. This effect is significantly more
pronounced in small and juvenile fish. Examples include tissue data collected during
a drought or during conditions of fish starvation. Other examples include areas in
which seasonal fluctuations in fish mercury levels are significant due, for example,
from seasonal runoff of contaminated soils from abandoned gold and mercury
mines or areas geologically rich in mercury. In such a case, MMaps predictions would
be valid for similar conditions (e.g. wet year/dry year, or season) in the future, rather
than typical or average conditions. Alternatively, sufficient fish tissue would need to
be collected to get an average concentration that represents a baseline dynamic
equilibrium.

Other ecosystem conditions might cause projections from the MMaps approach to be
inaccurate for a particular ecosystem. Watershed and waterbody conditions can undergo
significant changes in capacity to transport, methylate, and bioaccumulate mercury. Examples
of this include regions where sulfate and/or acid deposition rates are changing (in turn affecting
MeHg production independently of total mercury loading), and where the trophic status of a
waterbody is changing. A number of other water quality parameters have been correlated with
increased fish tissue concentrations (e.g. low pH, high DOC, lower algal concentrations), but
these relationships are highly variable among different waterbodies. MMaps will be biased
when waterbody characteristics change between when fish were initially sampled, and the new
conditions of the waterbody.
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As stated above, the relationship between the change in mercury deposition from air to
the change in fish tissue concentration holds only when air deposition is the predominant
source of the mercury load to a waterbody. Due to this requirement in the model, the national
application of the MMaps approach screened out those watersheds that either contained
active gold mines or had other substantial non-US EGU anthropogenic releases of mercury.
Identification of watersheds with gold mines was based on a 2005 USGS data set characterizing
mineral and metal operations in the United States. The data represent commodities monitored
by the National Minerals Information Center of the USGS, and the operations included are

those considered active in 2003 (online link: http://tin.er.usgs.gov/mineplant/). EPA considered

the 25th percentile US-EGU emission level to be a reasonable screen for additional substantial
non-US EGU releases to a given watershed. The identification of watersheds with substantial
non-EGU anthropogenic loadings was based on a TRI-net query for 2008 of non-EGU mercury
sources with total annual on-site Hg loading (all media) of 39.7 pounds or more. This threshold
value corresponds to the 25th percentile annual US-EGU mercury emission value as
characterized in the 2005 NATA. It should be noted that MMaps was designed to address an
important, but very specific issue—that of eventual response of fish tissue to air deposition
reductions. As such it responds to a need to understand how mercury reductions, independent
of other changes in the environment, will impact fish contamination and human health. More
complex models are required in cases where more complete descriptions are needed. A
dynamic model is essential for modeling waterbody recovery during the period in which
waterbody response lags reductions in mercury loads. A dynamic model is also essential for
understanding seasonal fluctuations, as well as year-to-year fluctuations due to meteorological
variability. Finally, a more complex model would be essential for assessing the impact of other
watershed and water quality changes (e.g., erosion, wetlands coverage, and acid deposition)
that might affect mercury bioaccumulation in fish. These complex models are used to derive
the MMaps approach, and are themselves based on a number of assumptions. While these
assumptions are considered reasonable given the state of the science of environmental
modeling and mercury in the environment, the validity of assumptions inherent in both the
MMaps approach and dynamic ecosystem scale models will need to be reevaluated as the

science of mercury fate and transport evolves.

The MMaps methodology was peer reviewed by a set of national experts in the fate and
transport of mercury in watersheds (US EPA, 2001a). While two reviewers felt it could be used
to predict future fish tissue concentrations, a third cautioned it should not be considered a
robust predictor until scientific data can be generated to validate the approach. Reviewers

systematically identified a set of implicit assumptions that compose the steady state
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assumption in the MMaps approach. They pointed out that due to evolving and complex nature
of the science of mercury, some features of the complex models are assumptions themselves,
and thus cannot be wholly relied upon as ultimate predictors of mercury fate and transport.
The reviewers pointed out that there is limited scientific information to directly verify this
approach, and that some scientific data appears to refute individual components of the overall
steady state assumption. One reviewer did perform a D-MCM and MMaps comparison, and
found that, under these assumptions, MMaps model did produce comparable steady-state
results as the D-MCM model. There was considerable discussion about how best to aggregate
the data, to scale up to a deposition reduction requirement, from fish-specific and waterbody
specific information. The description of the approach and the methodologies as applied in this

analysis are largely consistent with the peer review recommendations.

The MMaps report (US EPA, 2001a) presented a national-scale application of Mercury
Maps to determine the percent reductions in air deposition that would be needed in
watersheds across the country for average fish tissue concentrations to achieve the national
MeHg criterion. In this national-scale assessment, fish tissue concentrations were aggregated at
the scale of large watersheds, thus presenting average results for each watershed. The use of
other scales of aggregation, e.g., waterbody specific, is consistent with the MMaps approach to

the degree to which different mercury loads can be discerned.

4.5.3 The Science of Mercury Processes and Variability in Aquatic Ecosystems

The set of physical, chemical, and biological processes controlling mercury fate in
watersheds and water bodies can be grouped into specific categories: mercury cycle chemistry;
mercury processes in the atmosphere, soils and water; bioavailability of mercury in water; and
mercury accumulation in the food web. The following is a review of these categories, discussing
the related scientific developments that have added to our understanding of mercury
processes. This review builds upon the work previously summarized in EPA’s Mercury Report to
Congress (USEPA, 1997).

4.5.3.1 Mercury Cycle Chemistry

Mercury occurs naturally in the environment as several different chemical species. The
majority of mercury in the atmosphere (95-97%) is present in a neutral, elemental state (Hg°)
(Lin and Pehkonen, 1999), while in water, sediments and soils the majority of mercury is found
in the oxidized, divalent state (Hg(ll)) (Morel et al., 1998). A small fraction (percent) of this pool
of divalent mercury is transformed by microbes into MeHg (CH3Hg(ll)/ MeHg) (Jackson, 1998).

MeHg is retained in fish tissue and is the only form of mercury that biomagnifies in aquatic food

4-21



webs (Kidd et al., 1995). As a result, MeHg concentrations in higher trophic level organisms
such as piscivorous fish, birds and wildlife are often 104-106 times higher than aqueous MeHg
concentrations (Jackson, 1998). Transformations among mercury species within and between
environmental media result in a complicated chemical cycle. Mercury emissions from both
natural and anthropogenic sources are predominantly as Hg(ll) species and Hg® (Landis and
Keeler, 2002; Seigneur et al., 2004). Anthropogenic point sources of mercury consist of
combustion (e.g., utility boilers, municipal waste combustors, commercial/industrial boilers,
medical waste incinerators) and manufacturing sources (e.g., chlor-alkali, cement, pulp and
paper manufacturing) (USEPA, 1997). Natural sources of mercury arise from geothermic
emissions such as crustal degassing in the deep ocean and volcanoes as well as dissolution of

mercury from geologic sources (Rasmussen, 1994).

4.5.3.2 Mercury Processes in the Atmosphere

The relative contributions of local, regional and long range sources of mercury to fish
mercury levels in a given water body are strongly affected by the speciation of natural and
anthropogenic emissions sources. Elemental mercury is oxidized in the atmosphere to form the
more soluble mercuric ion (Hg(ll)) (Schroeder et al., 1989). Particulate and reactive gaseous
phases of Hg(ll) are the principle forms of mercury deposited onto terrestrial and aquatic
systems because they are more efficiently scavenged from the atmosphere through wet and
dry deposition than Hg0 (Lindberg and Stratton, 1998). Because Hg(ll) species or reactive
gaseous mercury (RGM) and particulate mercury (Hg(p)) in the atmosphere tend to be
deposited more locally than Hg’, differences in the species of mercury emitted affect whether it

is deposited locally or travels longer distances in the atmosphere (Landis et al., 2004).

4.5.3.3 Mercury Processes in Soils

A portion of the mercury deposited in terrestrial systems is re-emitted to the
atmosphere. On soil surfaces, sunlight may reduce deposited Hg(l1) to Hg®, which may then
evade back to the atmosphere (Carpi and Lindberg, 1997; Frescholtz and Gustin, 2004; Scholtz
et al., 2003). Significant amounts of mercury can be co-deposited to soil surfaces in throughfall
and litterfall of forested ecosystems (St. Louis et al., 2001), and exchange of gaseous Hg’ by

vegetation has been observed (e.g., (Gustin et al., 2004).

Hg(ll) has a strong affinity for organic compounds such that inorganic Hg in soils and
wetlands is predominantly bound to dissolved organic matter (Mierle and Ingram, 1991). MeHg
likewise forms stable complexes with solid and dissolved organic matter (Hintelmann and

Evans, 1997). These complexes can dominate MeHg speciation under aerobic conditions
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(Karlsson and Skyllberg, 2003). Truly dissolved and dissolved organic carbon (DOC)-complexed
Hg(ll) and MeHg are transported by percolation to shallow groundwater, and by runoff to
adjacent surface waters (Ravichandran, 2004). Sorbed Hg(ll) and MeHg are transported by
erosion fluxes to depositional areas on the watershed and to adjacent surface waters (e.g.,
(Hurley et al., 1998).

Concentrations of MeHg in soils are generally very low. In contrast, wetlands are areas
of enhanced MeHg production and account for a significant fraction of the external MeHg
inputs to surface waters that have watersheds with a large portion of wetland coverage (e.g.,
St. Louis et al., 2001). Accordingly, there is a positive relationship between MeHg yield and
percent wetland coverage (Hurley et al., 1995). Hydrology exerts an important control on the
magnitude and flux of MeHg in wetland ecosystems (Branfireun and Roulet, 2002), as well as
the transport of inorganic mercury deposited in a given watershed to surface waters (Babiarz
et al., 2001).

4.5.3.4 Mercury Processes in Water

In a water body, deposited Hg(ll) is reduced to Hg® by ultraviolet and visible wavelengths
of sunlight as well as microbially mediated reduction pathways (Amyot et al., 2000; Mason
et al., 1995). In turn, Hg’ is oxidized back to Hg(ll), driven by sunlight as well as by “dark”
chemical or biochemical processes (Lalonde et al., 2001; Zhang and Lindberg, 2001). Driven by
wind and water currents, dissolved Hg0 in the water column is volatilized, which can be a
significant removal mechanism for mercury in surface waters and a net source of mercury to

the atmosphere (Siciliano et al., 2002).

In the water column and sediments, Hg(ll) partitions strongly to silts and biotic solids,
sorbs weakly to sands, and complexes strongly with dissolved and particulate organic material.
The abundance of various inorganic ligands (e.g., OH’, CI', S, DOC) in freshwater and saltwater
ecosystems plays an important role in both oxidation and reduction of inorganic mercury as
well as its bioavailability to methylating microbes. For example, reduction of Hg(ll) is
hypothesized to be a function of the predominance of Hg(OH),, which is inversely correlated
with pH (Mason et al., 1995). Reduction of Hg(ll) to Hg® and subsequent volatilization from the
water column is important because it effectively reduces the pool of inorganic mercury that

could potentially undergo conversion to MeHg.

Hg(ll) and MeHg sorbed to solids settle out of the water column and accumulate on the
surface of the benthic sediment layer. Surficial sediments interact with the water column via

resuspension and bioturbation. The burial of sediments below the surficial zone can be a
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significant removal mechanism for contaminants in surface sediments (e.g., Gobas et al., 1998;
Gobas et al., 1995). The depth of the active sediment layer is a highly sensitive parameter for
predicting the temporal response of different ecosystems to changes in mercury loading in
environmental fate models. This is because the reservoir of Hg(ll) potentially available for
conversion to MeHg in the sediments is a function of the depth and volume of the active
sediment layer. The compartment conducive for methylation is similarly affected (Harris and
Hutchison, 2003; Sunderland et al., 2004). Physical characteristics of different ecosystem types
affect estuarine mixing and sediment resuspension, which also affect the production of MeHg
in the water and sediments (Rolfhus et al., 2003; Sunderland et al., 2004; Tseng et al., 2001).

4.5.3.5 Bioavailability of Inorganic Mercury to Methylating Microbes

The amount of bioavailable MeHg in water and sediments of aquatic systems is a
function of the relative rates of mercury methylation and demethylation. In the water, MeHg is
degraded by two microbial processes and sunlight (Barkay et al., 2003; Sellers et al., 1996).
Recent research has shown that demethylating Hg-resistant bacteria may adapt to systems that
are highly contaminated with total mercury, helping to explain the paradox of low MeHg and
fish Hg levels in these systems (Schaefer et al., 2004).

Mass balances for a variety of lakes and coastal ecosystems show that in situ production
of MeHg is often one of the main sources of MeHg in the water and sediments (Benoit et al.,
1998; Bigham and Vandal, 1994; Gbundgo-Tugbawa and Driscoll, 1998; Gilmour et al., 1998;
Mason et al., 1999). Sulfate-reducing bacteria (SRB) are thought to be the principle agents
responsible for the majority of MeHg production in aquatic systems (Beyers et al., 1999;
Compeau and Bartha, 1987; Gilmour and Henry, 1991). SRB thrive in the redoxocline, where the
maximum gradient between oxic and anoxic conditions exists (Hintelmann et al., 2000). Thus, in
addition to the presence of bioavailable Hg(ll), MeHg production and accumulation in aquatic
systems is a function of the geochemical parameters that enhance or inhibit the activity of
methylating microbes, especially sulfur concentrations, redox potential (Eh) and the

composition and availability of organic carbon.

A number of factors affect the bioavailabilty of Hg(ll). A strong inverse relationship
between complexation of Hg(ll) by sulfides and MeHg production has been demonstrated in a
number of studies (Benoit et al., 1999a; Benoit et al., 1999b; Craig and Bartlett, 1978; Craig and
Moreton, 1986). Passive diffusion of dissolved, neutral inorganic mercury species is
hypothesized as one of the main modes of entry across the cell membranes of methylating
microbes (Benoit et al., 1999a; Benoit et al., 2003; Benoit et al., 1999b). Thus, the formation of
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neutral, dissolved mercury species such as HgCl,, Hg(OH),, HgCIOH, and HgS°(aq.), which
depend on the availability of constituent ligands in the surface and interstitial waters, may
strongly influence the availability of inorganic mercury to SRB, although our understanding of
the forms of mercury that are bioavailable to methylating microbes is currently incomplete
(Benoit et al., 2001; Benoit et al., 1999a; King et al., 2001). Additional detail is provided below

on the relationship between sulfur deposition and mercury methylation.

Changes in the bioavailability of inorganic mercury and the activity of methylating
microbes as a function of sulfur, carbon and ecosystem specific characteristics mean that
ecosystem changes and anthropogenic “stresses” that do not result in a direct increase in
mercury loading to the ecosystem but alter the rate of MeHg formation may also affect
mercury levels in organisms (Grieb et al., 1990). Because mercury concentrations in fish can
increase even when there has been no change in the total amount of mercury deposited in the
ecosystem, environmental changes such as eutrophication, which may alter microbial activity
and the chemical dynamics of mercury within an ecosystem, must be considered together with

emission control strategies to effectively manage mercury accumulation in the food web.

Recent research indicates that the bioavailability or reactivity of newly deposited Hg(ll)
may be greater than older “legacy” mercury in the system (Hintelmann et al., 2002). These
results suggest that lakes receiving the bulk of their mercury directly from deposition to the
lake surface (e.g., some seepage lakes) would see fish mercury concentrations respond more
rapidly to changes in atmospheric deposition than lakes receiving most of their mercury from
watershed runoff. The implications of these data are also that systems with a greater surface
area to watershed area ratio that receive most of their inputs directly from the atmosphere
(e.g., seepage lakes) may respond more rapidly to changes in emissions and deposition of

mercury than those receiving significant inputs of mercury from the catchment area.

Sulfur and Mercury Methylation. EPA’s 2008 Integrated Science Assessment (ISA) for
Oxides of Nitrogen and Sulfur—Ecological Criteria (Final Report) concluded that evidence is
sufficient to infer a casual relationship between sulfur deposition and increased mercury
methylation in wetlands and aquatic environments. Specifically, there appears to be a
relationship between SO,* deposition and mercury methylation; however, the rate of mercury
methylation varies according to several spatial and biogeochemical factors whose influence has

not been fully quantified (see Figure 4-1). Therefore, the correlation between SO,* deposition
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Figure 4-1.  Spatial and Biogeochemical Factors Influencing MeHg Production

and MeHg could not be quantified for the purpose of interpolating the association across
waterbodies or regions. Nevertheless, because changes in MeHg in ecosystems represent
changes in significant human and ecological health risks, the association between sulfur and
mercury cannot be neglected (EPA, 2008, Sections 4.4.1 and 4.5).

As research evolves and the computational capacity of models expands to meet the
complexity of mercury methylation processes in ecosystems, the role of interacting factors may
be better parsed out to identify ecosystems or regions that are more likely to generate higher
concentrations of MeHg. Figure 4-2 illustrates the type of current and forward-looking research
being developed by the U.S. Geological Survey (USGS) to synthesize the contributing factors of
mercury and to develop a map of sensitive watersheds. The mercury score referenced in Figure
4-3 is based on SO,* concentrations, acid neutralizing capacity (ANC), levels of dissolved
organic carbon and pH, mercury species concentrations, and soil types to gauge the
methylation sensitivity (Myers et al., 2007).
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Figure 4-2.  Preliminary USGS Map of Mercury Methylation—Sensitive Watersheds Derived
from More Than 55,000 Water Quality Sites aqnd 2,500 Watersheds (Myers et al., 2007)

Interdependent biogeochemical factors preclude the existence of simple sulfate-related
mercury methylation models (see Figure 4-2). It is clear that decreasing sulfate deposition is
likely to result in decreased MeHg concentrations. Future research may allow for the
characterization of a usable sulfate-MeHg response curve; however, no regional or
classification calculation scale can be created at this time because of the number of
confounding factors.

Decreases in SO,> deposition have already shown promising reductions in MeHg.
Observed decreases in MeHg fish tissue concentrations have been linked to decreased
acidification and declining SO,> and mercury deposition in Little Rock Lake, WI (Hrabik and
Watras, 2002), and to decreased S0,% deposition in Isle Royale in Lake Superior, Ml (Drevnick
et al., 2007). Although the possibility exists that reductions in S0,* emissions could generate a
pulse in MeHg production because of decreased sulfide inhibition in sulfate-saturated waters,
this effect would likely involve a limited number of U.S. waters (Harmon et al., 2007). Also,
because of the diffusion and outward flow of both mercurysulfide complexes and SO42',
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increased mercury methylation downstream may still occur in sulfate-enriched ecosystems with

increased organic matter and/or downstream transport capabilities.

Remediation of sediments heavily contaminated with mercury has yielded significant
reductions of MeHg in biotic tissues. Establishing quantitative relations in biotic responses to
MeHg levels as a result of changes in atmospheric mercury deposition, however, presents
difficulties because direct associations can be confounded by all of the factors discussed in this
section. Current research does suggest that the levels of MeHg and total mercury in ecosystems
are positively correlated, so that reductions in mercury deposited into ecosystems would also
eventually lead to reductions in MeHg in biotic tissues. Ultimately, an integrated approach that
involves the reduction of both sulfur and mercury emissions may be most efficient because of
the variability in ecosystem responses. Reducing SOx emissions could have a beneficial effect on

levels of MeHg in many waters of the United States.

4.5.3.6 Mercury Accumulation in the Food Web

Dissolved Hg(ll) and MeHg accumulate in aquatic vegetation, phytoplankton, and
benthic invertebrates. Unlike Hg(Il), MeHg biomagnifies though each successive trophic level in
both benthic and pelagic food chains such that mercury in predatory, freshwater fish is found
almost exclusively as MeHg (Bloom, 1992; Watras et al., 1998). Thus, trophic position and food-
chain complexity plays an important role in MeHg bioaccumulation (Kidd et al., 1995). The
chemical and physical characteristics of different ecosystems affect MeHg uptake at the base of
the food chain, driving bioaccumulation at higher trophic levels. At the base of pelagic
freshwater food-webs, MeHg uptake by plankton is thought to be a combination of passive
diffusion and facilitated transport (Laporte et al., 2002; Watras et al., 1998). Uptake of MeHg by
plankton can be enhanced or inhibited by the presence of different ligands bound to MeHg
(Lawson and Mason, 1998). Similarly, the assimilation efficiency of MeHg at the base of the
food chain is also affected by the type of dissolved MeHg-complexes in the water and
sediments. This may be a function of differences in the ability of organisms to solubilize MeHg
through digestive processes with different MeHg complexes (Lawrence and Mason, 2001;
Leaner and Mason, 2002). The presence of organic ligands and high concentrations of DOC in
aquatic ecosystems are generally thought to limit MeHg uptake by biota (Driscoll et al., 1995;
Sunda and Huntsman, 1998; Watras et al., 1998).

In fish, MeHg bioaccumulation is a function of several uptake (diet, gills) and elimination
pathways (excretion, growth dilution) (Gilmour et al., 1998; Greenfield et al., 2001). As a result,

the highest mercury concentrations for a given fish species correspond to smaller, long-lived
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fish that accumulate MeHg over their life span with minimal growth dilution (e.g., (Doyon et al.,
1998). In general, higher mercury concentrations are expected in top predators, which are

often large fish relative to other species in a waterbody.

4.5.4 Summary

In the United States, humans are exposed to MeHg mainly by consuming fish that
contain MeHg. Aquatic ecosystems respond to changes in mercury deposition in a highly
variable manner as a function of differences in their chemical, biological and physical
properties. Depending on the characteristics of a given ecosystem, methylating microbes
convert a small but variable fraction of the inorganic mercury in the sediments and water
derived from human activities and natural sources into MeHg. MeHg is the only form of
mercury that biomagnifies in the food web. Concentrations of MeHg in fish are generally on the
order of a million times the MeHg concentration in water. In addition to mercury deposition,
key factors affecting MeHg production and accumulation in fish include the amount and forms
of sulfur and carbon species present in a given waterbody. Thus, two adjoining water bodies

receiving the same deposition can have significantly different fish mercury concentrations.

For this analysis, EPA used the Mercury Maps (MMaps) model to estimate changes in
freshwater fish mercury concentrations resulting from changes in mercury deposition after
regulation of mercury emissions from U.S. coal-fired power plants. MMaps, a simplified form of
the IEM-2M model applied in EPA’s 1997 Mercury Study Report to Congress, is a static model
that assumes a proportional relationship between declines in atmospheric mercury deposition
and concentrations in fish at steady state. This means, for example, that a 50% decrease in
mercury deposition rates is projected to lead to a 50% decrease in mercury concentrations in
fish. MMaps does not consider the dynamics of relevant ecosystem specific factors that can
affect the methylation and bioaccumulation in fish in different water bodies over time, nor does
it consider the inputs of non-air sources to the watershed. In all cases, the MMaps model does
not address the lag time of different ecosystems to reach steady state (i.e., when fish mercury
concentrations reflect changes in atmospheric deposition). In addition, applying the MMaps
model assumes that atmospheric deposition is the principle source of mercury to the
waterbodies being investigated and environmental factors that affect MeHg production and
accumulation in organisms will remain constant, allowing each ecosystem to reach steady state.
While MMaps has several limitations, EPA knows of no alternative tool for performing a

national-scale assessment of such changes.
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4.6 Analysis of the Dose-Response Relationship Between Maternal Mercury Body Burden
and Childhood 1Q

4.6.1 Introduction

In considering possible health endpoints for quantification and monetization, EPA
reviewed the scientific literature on the health effects of mercury, including the “Toxicological
Effects of Methylmercury,” published by the National Research Council (NRC) in 2000 (NRC,
2000).

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. In the “Peer Review of EPA’s Draft National-Scale Mercury Risk
Assessment” (SAB, 2011 available at:
http://yosemite.epa.gov/sab/sabproduct.nsf/ea5d9a9b55¢cc319285256¢cbd005a472¢e/aaf67ae4
dd199409852578cb006bcb04!0penDocument) the Science Advisory Board noted that a

number of measures of potential neurodevelopmental effects of methylmercury exist, some of

which have greater sensitivity than 1Q loss. However, none were viewed by the Panel as
suitable for quantitative risk estimation with a reasonable degree of scientific certainty at the
present time, and none were recommended for incorporation into the analysis. IQ score has
not been the most sensitive indicator of methylmercury’s neurotoxicity in the populations
studied. The Faroe Island study the most sensitive indicators were in the domains of language
(Boston Naming), attention (continuous performance) and memory (California Verbal Learning
Test), neuropsychological tests that are not subtests of IQ tests and are not highly correlated
with global 1Q. In the Seychelles study, the Psychomotor Development Index has been most
sensitive measure and, while this is a component of the Bailey Scales of Infant Development, it
is not highly correlated with cognitive measures. While the Panel agreed that the
concentration-response function for 1Q loss used in the risk assessment is appropriate, 1Q loss is
not a sensitive response to methylmercury and its use likely underestimates the impact of

reducing methylmercury in water bodies.

Epidemiological studies of prenatal mercury exposure conducted in the Faroe Islands
(Grandjean et al., 1997), New Zealand (Kjellstrom et al., 1989; Crump et al., 1998), and the
Seychelles Islands (Davidson et al., 1998; Myers et al., 2003) have examined
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neurodevelopmental outcomes through the administration of tests of cognitive functioning.
Each of these studies included some but not all of the following tests: full-scale 1Q, performance
IQ, problem solving, social and adaptive behavior, language functions, motor skills, attention,
memory and other functions. The NRC reviewed the studies and determined that “Each of the
studies was well designed and carefully conducted, and each examined prenatal MeHg

exposures within the range of the general U.S. population exposures” (NRC, 2000).

As part of previous analyses, EPA attempted to identify the appropriate dose-response
coefficients from the Faroe Islands, New Zealand, and Seychelles Islands studies, and devised a
statistical approach for combining those coefficients to provide an integrated estimate of the IQ

dose-response coefficient.

For this assessment, EPA used a more recently revised estimate of the IQ dose-response
function, based on a peer-reviewed study by Axelrad et al. (2007) (“the Axelrad study”). The
Axelrad study estimated a dose-response relationship between maternal mercury body burden
and subsequent childhood decrements in IQ using a Bayesian hierarchical model to integrate

data from the Faroe Islands, New Zealand, and Seychelles Islands studies.

The Axelrad study used a linear model that goes through the origin to fit population-
level dose-response relationships to the pooled data from the three studies. The application of
a linear model should not be interpreted to suggest that any of the three studies used have
data showing health effects from MeHg exposure at or below the RfD. The RfD is an estimate 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). EPA believes
that exposures at or below the RfD are unlikely to be associated with appreciable risk of
deleterious effects. It is important to note, however, that the RfD does not define an exposure
level corresponding to zero risk; mercury exposure near or below the RfD could pose a very low
level of risk which EPA deems to be non-appreciable. It is also important to note that the RfD
does not define a bright line, above which individuals are necessarily at risk of adverse effect.
Use of a linear model that goes through the origin, rather than one that reflects a threshold
effect is technically more simple and practical. It associates an increment of IQ benefit with a
given reduction in exposure. A linear model allows us to estimate the benefits of reductions in
exposure due to power plants without a complete assessment of other sources of exposure.
Other models would require information on the joint distribution of exposure from power
plants and other sources to estimate the benefits of reducing the exposure due to power

plants, which would require much more precise information about consumption patterns.
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4.6.2 Epidemiological Studies of Mercury and Neurodevelopmental Effects

The 1Q dose-response estimate is based on data from three major prospective studies
investigating potential neurotoxicity of low-level, chronic mercury exposure: the Faroe Islands

study, the New Zealand study, and the Seychelles Child Development Study.

In assembling the New Zealand sample, Kjellstrom et al. (1989) ascertained the fish
consumption of 10,930 of 16,293 pregnant women in the study area. They identified 935
women who reportedly consumed fish at least 3 times per week. Hair samples were obtained
from these women, and 73 were found to have a hair mercury level of 6 parts per million (ppm)
or greater. In this group, the mean was 8.3 ppm, with a range of 6 to 86 ppm, although only one
woman had a level greater than 20 ppm. Each woman with 6 ppm hair mercury or greater was
matched to 3 controls—one with hair mercury between 3—6 ppm, one with hair mercury less
than 3 ppm and high fish consumption, and one with hair mercury less than 3 ppm and low fish
consumption. Ethnic group, age, smoking, residence time in New Zealand, and child sex were
also used to select controls. The final study group included 237 children, including 57 fully
matched sets of 4 children. Although children were assessed at 4 and 6 years of age, only the
data collected at the older age is considered in this analysis, as the reliability and validity of

neurodevelopmental testing generally increases with child age.

The Faroe Islands investigators assembled a birth cohort of 1,353 newborns recruited
from three hospitals over a 21-month period in 1986—1987. In 1,022 women, two biomarkers of
prenatal mercury exposure were collected: cord-blood mercury, and maternal hair mercury at
delivery. Neurodevelopmental assessments of 917 children were conducted at age 7
(Grandjean et al., 1997). For these 917 children, the geometric mean concentration of mercury
in cord-blood was 22.6 parts per billion (ppb) (inter-quartile range 13.1-40.5 ppb, full range
0.9-351 ppb). The geometric mean concentration of mercury in maternal hair was 4.2 ppm
(inter-quartile range: 2.5-7.7 ppm, full range 0.2—39.1 ppm) (Budtz-Jorgensen et al., 2004a).
Neurodevelopmental assessments of the children were conducted at age 7 years (Grandjean
et al., 1997).

In assembling the Seychelles Child Development Study sample, investigators obtained
hair samples from 779 pregnant women and ultimately enrolled a study sample consisting of
740 newborns. The mean maternal hair mercury level was 6.8 ppm (range 0.9-25.8 ppm)
(Davidson et al., 1998). Neurodevelopmental assessments were conducted when the children

were 6.5, 19, 29, and 66 months, and at 9 years. The mean maternal hair mercury level for the
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643 children who participated in the assessment at age 9 years was 6.9 ppm (standard
deviation 4.5 ppm) (Myers et al., 2003).

4.6.3 Statistical Analysis

Previous statistical analysis conducted by Ryan (2005) produced a dose-response
relationship, integrating data from all three studies, with a central estimate of an IQ change of
-0.13 1Q points (95% confidence interval —0.28, -0.03) for every ppm of mercury in maternal
hair. Axelrad et al. (2007) conducted a more recent statistical analysis integrating data from the
Faroe Islands, New Zealand, and Seychelles Islands studies to produce a single estimate of the
IQ dose-response relationship, which is used in this RIA. Additional details of the analysis are
reported in the Axelrad study and in its Supplemental Material (available at
http://www.ehponline.org/docs/2007/9303/suppl.pdf). The information is summarized below.

The Axelrad study used a Bayesian hierarchical statistical model to estimate the
integrated dose-response coefficient. This is similar to the approach used by the NRC panel to
calculate a benchmark dose value integrating data from all three studies (NRC, 2000). The
model makes use of dose-response coefficients for 1Q, and also considered all other cognitive
endpoints reported in the three studies in an effort to obtain more robust estimates of the IQ
relationship that account for within-study (endpoint-to-endpoint) variability as well as

variability across studies.

The Axelrad study assumed a linear relationship between mercury body burdens and
neurodevelopmental outcomes, in keeping with the recommendation of the NRC committee
(NRC, 2000). In the New Zealand and Seychelles Islands studies, all information necessary for
the model was obtained from the published papers, including linear regression coefficients
(Crump et al., 1998; Myers et al., 2003). The Faroe Islands publications, however, reported
results with cord blood and maternal hair mercury transformed to the log scale and provided
no results of linear models (Grandjean et al., 1997, 1999). A report by the Faroe Islands
investigators (Budtz-Jorgensen et al., 2005) provided the additional details needed for the

analysis.

The Wechsler Intelligence Scales for Children (WISC) is a standard test of childhood 1Q
that was used in each of the three studies. The version of the test administered in the
Seychelles Islands (3rd ed.; WISC-II) was different from the earlier version used in New Zealand
and the Faroe Islands (revised ed.; WISC-R). In a sample of approximately 200 children, the

correlation between the Full-Scale 1Q scores for the two versions was 0.89; thus the WISC-R and
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WISC-IIl appear to measure the same constructs and generate scores with similar dispersion
(Wechsler, 1991).

The WISC-R includes 10 core subtests and three supplementary subtests. For the Faroe
Islands study, the investigators administered only three subtests of the WISC-R: Digit Span and
Similarities (core subtests) and Block Design (a supplementary subtest). The Axelrad study used
data for these three subtests to estimate an IQ—mercury coefficient for the Faroe Islands
cohort. The Faroe Islands investigators fit data for these three subtests in a structural equation
model (SEM) to estimate a standardized coefficient for a hypothetical Full-Scale 1Q (Budtz-
Jorgensen et al., 2005). In the SEM analysis of 1Q, the three WISC-R subtests are viewed as

representative of an underlying latent 1Q variable.

To estimate the association between mercury and IQ using information from the three
studies, the Axelrad study used a hierarchical random-effects model that includes study-to-
study as well as endpoint—to—endpoint variability. Axelrad et al. (2007) implemented the model
with a Bayesian approach, using WinBUGS version 1.4 (http://www.mrc-bsu.cam.ac.uk/bugs/).
Although the Axelrad study’s Bayesian analysis yields highest posterior density (HPD) intervals,
the authors refer to these as confidence intervals to aid in the interpretation of results (Axelrad
et al., 2007).

The integrated analysis produced a central estimate of -0.18 (95% Cl, -0.378 to —0.009)
IQ points for each part per million maternal hair mercury, similar to the results found for both
the Faroe Islands and Seychelles studies, and lower than the estimate found in the New Zealand
study. This central estimate was used as the basis for estimating 1Q loss associated with

prenatal MeHg exposure in this assessment.

4.6.4 Strengths and Limitations of the IQ Dose-Response Analysis

The Axelrad study produced an estimate of the relationship between maternal mercury
body burdens during pregnancy and childhood Qs that incorporates data from all three
epidemiologic studies judged by the NRC to be of high quality and suitable for risk assessment.
The statistical approach makes use of all the available data (including information on results for
related tests of cognitive function), and can be used to produce population-based estimates of

a health outcome that can be readily monetized for use in benefit-cost analysis.®

®There is limited evidence directly linking 1Q and methylmercury exposure in the three large epidemiological
studies that were evaluated by the NAS and EPA. Based on its evaluation of the three studies, EPA believes that
children who are prenatally exposed to low concentrations of methylmercury may be at increased risk of poor
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There are several aspects of IQ as a metric for neurodevelopmental effects in this
benefit-cost analysis that are important to recognize. Full-Scale 1Q is a composite index that
averages a child’s performance across many functional domains, providing a good overall
picture of cognitive health. An extensive body of data documents the predictive validity of full-
scale 1Q, as measured at school age, and late outcomes such as academic and occupational
success (Neisser et al., 1996). In addition, methods are readily available for valuing shifts in IQ
and thus conducting a benefits analysis of interventions that shift the 1Q distribution in a
population. Methods for monetization of the other tests administered in the three studies have

not been developed.

It is important to recognize, however, that full-scale IQ might not be the cognitive
endpoint that is most sensitive to prenatal mercury exposure. Significant inverse associations
were found, in both the New Zealand and Faroe Islands studies, between prenatal mercury
levels and neurobehavioral endpoints other than IQ. If the effects of mercury are highly focal,
affecting only specific cognitive functions, taking full-scale IQ as the primary endpoint for a
benefits analysis might underestimate the impacts. In averaging performance over diverse
functions in order to compute full-scale 1Q, the specific effects of mercury on only certain of
these functions would be “diluted,” and the estimated magnitude of the change in performance

per unit change in the mercury biomarker would be underestimated.

Moreover, it is well known that there may be substantial deficits in cognitive wellbeing
even in individuals with normal or above average IQ. The criterion most frequently used to
identify children with learning disabilities for the purposes of assignment to special education
services is a discrepancy between IQ and achievement. Specifically, the child’s achievement in
reading, math, or other academic areas is significantly lower than what would be expected,
given his or her full-scale Q. Thus, there are deficits in cognitive functioning that are not
captured by 1Q scores. For example, two of the most sensitive endpoints in the Faroe Islands
study were the Boston Naming Test, which assesses word retrieval, and the California Verbal
Learning Test-Children, which assesses the acquisition and retention of information presented
verbally. Depending on the severity of the deficits, a child who has deficits in either of these
skills could be at a considerable disadvantage in the classroom setting and at substantial
educational risk. Neither of these abilities is directly assessed by the WISC-R or WISC-III,

however, and so do not explicitly contribute to a child’s 1Q score. Therefore, benefits

performance on neurobehavioral tests, such as those measuring attention, fine motor function, language skills,
visual-spatial abilities (like drawing), and verbal memory. For this analysis, EPA is adopting IQ as a surrogate for
the neurobehavioral endpoints that NAS and EPA relied upon for the RfD.
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calculations relying solely on IQ decrements are likely to underestimate the benefits to
cognitive functioning of reduced mercury exposures. In additions, impacts on other
neurological domains (such as motor skills and attention/behavior) are not represented by IQ

scores and thus are also excluded from the benefits analysis.

As discussed above, the Faroe Islands study did not include testing for full-scale 1Q. For
the Axelrad study, an estimate of a dose-response coefficient for full-scale IQ was estimated
using the three subtests. While this extrapolation introduces some uncertainty, information has
been presented that demonstrates a high correlation between the subtests and full-scale IQ

scores.

While the Seychelles and New Zealand studies use maternal hair mercury as the
exposure biomarker, the Faroe Islands study uses cord blood mercury. For purposes of the
integrated analysis, it was necessary to express results from all three studies in the same terms.
Several studies have examined the relationship between hair mercury and blood mercury, and
have reported hair:blood ratios typically in the range of 200 to 300 (see ATSDR, 1999, pages
249-252 for a review). However, these studies generally do not use cord blood mercury, which
is the exposure metric in the Faroe Islands study. One analysis found that mercury
concentrations in cord blood are, on average, 70 percent higher than those in maternal blood
(Stern and Smith, 2003). For conversion of Faroe Islands data from cord blood mercury to
maternal hair mercury, the Axelrad study used data specific to this population, indicating a

median maternal hair:cord blood mercury ratio of 200 (Budtz-Jorgensen et al., 2004a).

One uncertainty concerning the New Zealand study is the strong influence of one child
in the study population with a particularly high maternal hair mercury level. Published analyses
of the New Zealand study presented results with data for this child both included and excluded
(Crump et al., 1998). In keeping with the conclusions of the NRC (2000), the integrated dose-
response analysis in the Axelrad study made use of the dose-response coefficients calculated
with this child omitted. A sensitivity analysis using the New Zealand coefficient with this child
included results in an integrated dose-response coefficient that is reduced in magnitude by 25

percent (-0.125 versus a primary central estimate of -0.18).

Some uncertainty is also associated with the Seychelles study due to the exclusion of
some members of the cohort from the data reported by Myers et al. (2003) and used as input
to this integrated dose-response analysis. The Seychelles researchers did not include a small
number of outliers (defined as observations with model residuals exceeding 3 standard

deviation units), and no results are available for the full cohort. However, the authors report
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that “In all cases, the association between prenatal MeHg exposure and the endpoint was the

same, irrespective of whether outliers were included” (Myers et al., 2003).

Finally, the integrated dose-response analysis assumes the exposures assigned to each
study subject are accurate representations of true exposure. In reality, there is likely to be
some discrepancy between measured and actual exposures, for example, due to variation in
hair length. Alternatively, the true exposure of interest may have been during the first trimester
of pregnancy, whereas exposures in maternal hair and cord blood measured at birth reflect
exposures later in pregnancy. Presence of exposure measurement error could introduce a bias

in the results, most likely towards the null (Budtz-Jorgensen et al., 2004b).

4.6.5 Possible Confounding from Long-Chained Polyunsaturated Fatty Acids

Maternal consumption of fish during pregnancy exposes the fetus to long-chain
polyunsaturated fatty acids (LCPUFAs), believed to be beneficial for fetal brain development,
and to the neurotoxicant MeHg (Helland et al., 2003; Daniels et al., 2004; Dunstan et al., 2006;
Judge et al., 2007). Reports from the Seychelles Islands study cohort have suggested a negative
impact of MeHg exposure, accompanied by a simultaneous beneficial effect of omega-3
LCPUFAs on children’s development (Davidson et al., 2008; Strain et al., 2008). It is unclear
whether this result was evidence for independent influences of MeHg and LCPUFAs or effect
modification. A recent study by Lynch et al. (2010) used varying coefficient models to
characterize the interaction of mercury and nutritional covariates (Hastie and Tibshirani, 1993),

including omega-3 LCPUFAs, using data from the Seychelles Islands study.

The Seychelles Islands study cohort of mother-child pairs had fish consumption
averaging 9 meals per week. Lynch et al., (2010) assessed maternal nutritional status for five
different nutritional covariates known to be present in fish (n-3 LCPUFA, n-6 LCPUFA, iron
status, iodine status, and choline) and associated with children’s neurological development. The

study also included prenatal MeHg exposure (measured in maternal hair).

Lynch et al., (2010) examined two child neurodevelopmental outcomes (Bayley Scales
Infant Development-Il (BSID-11) Mental Developmental Index (MDI) and Psychomotor
Developmental Index (PDI)), each administered at 9 and at 30 months. The varying coefficient
models allowed the possible interactions between each nutritional component and MeHg to be
modeled as a smoothly varying function of MeHg as an effect modifier. Iron, iodine, choline,
and omega-6 LCPUFAs had little or no observable modulation at different MeHg exposures. In
contrast the omega-3 LCPUFA docosahexaenoic acid had beneficial effects on the BSID-II PDI

that were reduced or absent at higher MeHg exposures. The results from Lynch et al. (2010)
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suggest a potentially useful modeling method that could shed further light on the issue of

interactions between nutritional covariates.

A recent study by Rice et al. (2010) considered possible confounding in a probabilistic
assessment of the health benefits of reducing MeHg exposure in the United States. In deciding
on a dose-response relationship between MeHg exposure and effects on 1Q loss, the authors
chose to use the central estimate from the Axelrad study, noting however that Axelrad et al.
(2007) did not explicitly consider possible confounding of the MeHg-IQ relationship by the
concurrent consumption of LCPUFAs that might enhance cognitive development and bias
downward the observed regression coefficient estimates from the Faroe Islands, New Zealand,
and Seychelles Islands studies. Rice et al. (2010) therefore multiplied the central estimate from
Axelrad et al. (2010) by an adjustment factor to offset the possible downward bias from
inadequate confounder control. A factor of 1.5 was selected “to acknowledge the recent
argument of Budtz-Jorgensen et al. (2007) that the parameter estimates from the three
epidemiological studies may be biased downward by a factor of approximately 2 because of

failure to adequately control for confounding” (Rice et al., 2010).

There remains uncertainty with respect to the nature and magnitude of potential
confounding between LCPUFAs and MeHg, and the associated effects on childhood
neurodevelopment due to maternal ingestion during pregnancy. Additional research is needed
to provide further clarity on this issue, but recent studies such as those referenced above
reinforce the view that fish consumption during pregnancy should be approached as a case of
multiple exposures to nutrients and to MeHg, with a complex and potentially interactive set of
risks and benefits related to infant development. Due to the remaining uncertainty regarding
the potential confounding between LCPUFAs and MeHg exposure, we have not incorporated

any factors or other quantitative adjustments into this assessment.
4.7 Mercury Benefits Analysis Modeling Methodology

4.7.1 |Introduction

This section describes the methodology used to model fishing behavior and associated
MeHg exposure levels. The methodology incorporates data, assumptions, and analytical
techniques already described in previous sections. Sections 4.7.2 and 4.7.3 below describe
elements of the methodology applied to develop a national-scale estimate of benefits
associated with avoided 1Q loss among freshwater recreational anglers. Chapter 7 section 7.11
describes a variation of the methodology used to estimate risk levels (as measured by 1Q loss)

among modeled high-risk subpopulations.
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4.7.2 Estimation of Exposed Populations and Fishing Behaviors

This section describes the methodology used to estimate the average daily ingestion of
mercury (g/day) through noncommercial freshwater fish consumption (Hgl) for selected
populations of interest. Because the primary measurable health effect of concern—
developmental neurological abnormalities in children—occurs as a result of in-utero exposures
to mercury, the specific population of interest in this case is prenatally exposed children. To
identify and estimate the size of this exposed population, the benefits analysis focuses on

pregnant women in freshwater recreational angler households.

Generally speaking, estimating mercury exposures for this exposure pathway and
population of interest requires three main components:

N; = size of the exposed population of interest i (annual number of pregnant
women in freshwater angler households during the year),

CHg; = average concentration (ppm) of methyl mercury in noncommercial freshwater
fish filets consumed by population i, and
G = average daily consumption rate (gm/day) of noncommercial freshwater fish

by population i.

The flow diagram in Figure 4-3 illustrates the approach used to estimate the first two
components of this equation—N;and CHg;. It shows the spatial scale of the data used to
estimate these components and describes how these components are interrelated. For the
third component—C;—recommendations from EPA’s Environmental Exposure Factors
Handbook (EPA, 1997) were used to estimate an average consumption rate estimate for
recreationally caught freshwater fish.
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First, 2000 Census data (U.S. Census Bureau, Census 2000 Summary File 3, Detailed
Tables, United States) were used to define the size, age, gender distribution, and income of the

populations within each census tract in the 48 contiguous U.S. states.

1. Estimating the number of pregnant women (NP) living in the census tract as

NP = NF * f,, (4.1)
where

NF

number of females aged 15 to 44 in the tract (Census 2000) and

—h
(%]
1}

state-level general fertility rate (average number of live births in a year per
1,000 women aged 15 to 44) (2006 Vital Statistics).

2. Estimating the annual number of prenatally exposed children in angler households

(NPA) as
NPA = NP*(NAJ/N,), (4.2)
where
NA; = state-level number of angler residents (FHWAR) and
Ns = adult population of state s (Census).

Using Eq. (4.2) to estimate NPA implies that (1) the fraction of pregnant women in a
state who are in freshwater angler households is equal to the fraction of households in the
state that include freshwater anglers (i.e., pregnant women are no more or less likely than the
rest of the state population to live in households with freshwater anglers) and (2) the fraction
of households in the state that includes freshwater anglers is equal to the fraction of adult
residents in the state who are freshwater anglers.

To estimate NPA for years after 2000, it was assumed that state-level fertility rates (f;)
and angler participation rates (NAs/Ns) would remain constant; however, the number of women
of childbearing age in each block (NF) was increased based on county-level population growth
projections (Woods and Poole, 2008). In other words, for the period 2000 to 2016, the
estimated NPA for each census tract was assumed to increase at the same rate as the projected
annual population growth rates for females 15 to 44 in their corresponding counties.
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Figure 4-4.  Linking Census Tracts to Demographic Data and Mercury Fish Tissue Samples



Fourth, to match exposed populations in each tract with mercury concentrations, we
first divided the exposed population into four distinct demographic groups (i = 1 — 4):
urban/low income, urban/high income, nonurban/low income, and nonurban/high income. To
estimate the portion of households in each demographic group (p; for i = 1 — 4), tract-level
Census data were used to specify (1) the percentage of the population in each tract that resides
in an urban area and (2) the percentage with household income less than $50,000 (i.e., the

portion in the low-income group).

In addition, it was assumed that

1. each exposed individual in a census tract is associated with freshwater fishing in a
single distance interval and a single waterbody type (i.e., all the fish they consume
comes from the same distance and type of waterbody),’ and

2. the exposed populations in each census tract (rather than just the fishing trips) are
distributed across the distance intervals and waterbody types according to the
estimated proportions (i.e., parameters c, e, and p shown in Figure 4-4).

More specifically, a maximum of 32 separate exposed subpopulations were defined for each
census tract:

NPAj= NPA * p; * e; * ¢ (for all i, j, and k) (4.3)

for

1 — 4 demographic subgroup in the census tract,

1 -4 distance interval, and

—
1l

=~
1]

lake or river.
(See Figure 4-3 for definitions of p;, ej, and cy).

Using this approach, we were able to separately match each subpopulation NPA; with
the census tract’s average mercury concentration for the corresponding distance and
waterbody category (CHg;y).

’An alternative would be to assume that all anglers in the census tract have the same distribution of trips across
distance intervals and water types. This assumption would imply no variation in per-capita mercury exposures
within a census tract, but it would not affect the estimates of total exposure and total 1Q losses in the tract.
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To approximate the percentage freshwater fishing trips (and exposed individuals) from
each census tract matched to each waterbody type (c or ¢,), we used state-level averages.
These averages were calculated for each state, based on the portion of residents’ freshwater
fishing trips that are to each waterbody type, based on 2001 FHWAR data.

Data from NSRE 1994 were used to approximate the percentage of freshwater fishing
trips (and exposed individuals) matched to different distances from anglers’ residential location.
Four distance intervals were defined as 0-10 miles, >10—20 miles, >20-50 miles, and >50-100
miles. Based on self-reported trip distance information from nearly 2,000 respondents (see
Appendix B for details), each of these distance categories was associated with roughly 20% of
the reported trips in the NSRE sample. Four distinct demographic groups were also found to
have significantly different average travel distances for freshwater fishing in the NSRE sample:
high-income urban, high-income rural, low-income urban, and low-income rural. An annual
household income threshold of $50,000 (in 2000 dollars) was used to define high and low
income, because it is close to the median value for both the NSRE sample and the U.S.
population. The portion of trips for each demographic group (i = 1 — 4) to each distance interval

(j=1-4)is defined as ej. The estimated values for ej; are reported in Appendix B.

To estimate average daily mercury ingestion rates for each exposed subpopulation n=ijk,
we applied the following equation:

Hgl, = CHgFC,* C,= (CHg,* CCF) * C, (4.4)
where
Hgl = average daily mercury ingestion rate (ug/day);
CHg = average mercury concentration in uncooked freshwater fish (ppm);
CCF = cooking conversion factor: ratio of mercury concentration in cooked fish to
mercury concentration in uncooked fish (= 1.5);
CHgFC = average mercury concentration in cooked freshwater fish (ppm); and
C = average daily self-caught freshwater cooked fish consumption rate

(gm/day) = 8 gm/day.

To determine an appropriate daily fish consumption rate (C) for the analysis, EPA
conducted an extensive review of existing literature characterizing self-caught freshwater fish

consumption. Based on this review, it was decided that the ingestion rates for recreational
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freshwater fishers, specified as “recommended” in EPA’s Environmental Exposure Factors
Handbook (EPA, 1997) (mean of 8 gm/day and 95t percentile of 25 gm/day), represented the
most appropriate values to use in this analysis. These recommended values were derived based
on ingestion rates from four studies conducted in Maine, Michigan, and Lake Ontario (Ebert

et al., 1992; Connelly et al., 1996; West et al., 1989; West et al., 1993), which measured annual
average daily intake rates for self-caught freshwater fish by all recreational fishers including
consumers and non-consumers of fish. The mean values presented in these four studies ranged
from 5 to 17 gm/day, while the 95t percent values ranged from 13 to 39 gm/day (Note: the

39 gm/day value actually represents a 96" percent value). The EPA “recommended values”
were developed by considering the range and spread of means and 95t percentile values
presented in the four studies. EPA recognizes that using mean and 95t percentile consumption
rates based on these four studies may not be representative of fishing behavior across the
entire 48-state study area and that regional trends in consumption may differ from the values
used in this analysis. Moreover, rates of consumption by pregnant women in freshwater angler
households may be different from those of the recreational fishers themselves. However, EPA
believes that these four studies do represent the best available data for developing recreational

fisher ingestion rates in the United States.

Because the consumption rate estimate C is for cooked fish and the mercury
concentrations are estimated for uncooked filet, a conversion factor (CCF) was applied to
estimate mercury concentrations in cooked fish. Cooking fish tends to reduce the overall weight
of fish by approximately one-third (Great Lakes Sport Fish Advisory Task Force, 1993). Because
volatilization of mercury is unlikely to occur during cooking, the overall amount of mercury will
stay unchanged during cooking, and the concentration of mercury will increase by a factor of

roughly 1.5 (Morgan, Berry, and Graves, 1997).

4.7.3 Estimation of Lost Future Earnings

Estimating the IQ decrements in children that result from mothers’ ingestion of mercury
required two steps. First, based on the estimated average daily maternal ingestion rate, the
expected mercury concentration in the hair of exposed pregnant women was estimated as

follows:
CHgH,, = (0.08)™* * (Hgl./W), (4.5)

where

CHgH = average mercury concentration in maternal hair (ppm) and
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W = average body weight for female adults below age 45 (= 64 kg).

This conversion rate between average daily ingestion rate and maternal hair
concentration is based on the one compartment model developed by Swartout and Rice (2000).
The 2002 EPA Workshop on Methylmercury Neurotoxicity recommended that this one
compartment model might be better suited than the PBPK model in modeling dose-response
(EPA, 2002). The average body weight estimate (W) was based on EPA’s Exposure Factor
Handbook (EPA, 1997).

Second, to estimate the expected IQ decrement in offspring resulting from in-utero
exposure to mercury through mothers’ fish consumption, the following dose-response

relationship was applied:
dlQ, = 0.18 * CHgH,, (4.6)

where

dlQ = 1Q decrement in exposed mother/child (1Q pts).

The 0.18 dose-response coefficient in this equation is based on the summary findings reported
in Axelrad et al. (2007).

The valuation approach used to assess monetary losses due to I1Q decrements is based
on an approach applied in previous EPA analyses (EPA, 2008). The approach expresses the loss
to an affected individual resulting from IQ decrements in terms of foregone future earnings (net
of changes in education costs) for that individual. These losses were estimated using the

following equation:

V, = VIQ * dIQ;, (4.7)
where
Vv = present value of net loss per exposed mother/child (2006 dollars) and
VIQ = netloss per change in IQ point.

The net loss per 1Q point decrement is estimated based on the following relationship:

VIQ = (z * PVY) — (s * PVS), (4.8)
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where

PVY = median present value of lifetime earnings,
PVS = present value of education costs per additional year of schooling,
z = percentage change in PVY per 1-point change in I1Q, and

years of additional schooling per 1-point increase in 1Q.

(%)
1}

The estimate for PVY is derived using earnings and labor force participation rate data
from the 2006 Current Population Survey (CPS) and assuming (1) an individual born today
would begin working at age 16 and retire at age 67; (2) the growth rate of wages is 1% per year,
adjusted for survival probabilities and labor force participation by age; and (3) lifetime earnings
are discounted back to the year of birth. Using a 3% discount rate, the resulting present value of
median lifetime earnings is $555,427 in 2006 dollars.

Estimates of the average effect of a 1-point increase in IQ on lifetime earnings (z) range
from a 1.76% increase (Schwartz, 1994) to a 2.379% increase (Salkever, 1995). The percentage
increases in the two studies reflect both the direct impact of IQ on hourly wages and indirect
effects on annual earnings as the result of additional schooling and increased labor force
participation. The estimate for s is based on Schwartz (1994) who reports an increase of 0.131

years of schooling per IQ point.

In addition to this positive net effect on earnings, an increase in 1Q is also assumed to
have a positive effect on the amount of time spent in school (s) and on associated costs (PVS).
The range of estimate for s is based on Schwartz (1994) who reports an increase of 0.131 years

of schooling per 1Q point and Salkever (1995) who reports an increase of 0.1007 years.

The estimate for PVS is derived using an estimate of $16,425 per additional year of
schooling in 1992 dollars (EPA, 2005), which is based on U.S. Department of Education data
reflecting both direct annual expenditures per student and annual average opportunity cost
(i.e., lost income from being in school). We assume these costs are incurred when an individual
born today turns 19, based on an average 12.9 years of education among people aged 25 and
over in the United States. Discounting at a 3% rate to the year of birth results in an estimate of
$13,453 per additional year of schooling in 2006 dollars.

To incorporate (1) uncertainty regarding the size of z and (2) different assumptions

regarding the discount rate, the resulting value estimates for the average net loss per IQ point
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decrement (VIQ) are expressed as a range. Assuming a 3% discount rate, VIQ ranges from
$8,013 (using the Schwartz estimate for z and s) to $11,859 (using the Salkever estimates). With
a 7% discount rate assumption, the VIQ estimates range from $893 to $1,958.

4.8 Mercury Benefits and Risk Analysis Results

4.8.1 Baseline Incidence

Applying the methodology described in Section 4.7, we first used GIS to link census tract
centroids in the continental United States with HUC-12 watersheds containing mercury fish
tissue sample data for 1995 to 2007. We found that, out of the 64,500 tracts in the 48-state
area, almost all of them are located within 100 miles of at least one HUC-12 with freshwater
mercury fish tissue sampling data. Therefore, very few tracts were entirely excluded from the
analysis due to a lack of sampling data within 100 miles. Table 4-4 reports the number of tracts
linked to HUC-level river or lake mercury concentration estimates within each distance interval.
As expected, this number decreases as the size of the distance interval decreases. For example,
33% are within 10 miles of a HUC-12 containing a lake sample, and 52% are within 10 miles of a

HUC-12 containing a river sample.

Table 4-4 also reports the average river and lake HUC-level fish tissue mercury
concentrations found within each distance interval. Assuming that the 1995 to 2007 samples
are representative of baseline conditions in 2005, the distance-specific mean lake
concentrations range from 0.26 to 0.3 ppm, and the mean river concentrations vary from 0.25
t0 0.27 ppm.

Table 4-4 also reports corresponding river and lake mercury concentration estimates for
a 2016 base case scenario. This scenario represents total mercury deposition from all global
natural and anthropogenic sources based on projected 2016 conditions, including future
anticipated regulations (e.g., Transport Rule). As described in Section 4.4, CMAQ air quality
modeling runs were used to estimate average mercury deposition levels by HUC-12 sub-
watershed under both the 2005 base case and the 2016 base case scenarios. For this analysis, it
is assumed that HUC-level fish tissue mercury concentrations would change (between the two
scenarios) by the same percentage as the change in modeled deposition levels. Overall, the
mean concentrations decline by 6% to 9% in the 2005 base case compared with the 2016 base

case scenarios.

With these tract-level mercury concentration estimates, we then estimated the size of
the exposed populations (NPA) in 2005 and 2016. These estimates are reported in Table 4-5. As
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described in Section 4.7.2, a separate exposed population (NPAj) was estimated for each
distance interval (j = 1 — 4) and waterbody (k = lake or river) combination at each tract. If
mercury concentration data were not available for a specific distance-waterbody combination,
then the corresponding exposed population for the tract (NPA;,) was not included in the
analysis. Consequently, the exposed population estimates reported in Table 4-5 are best
interpreted as lower-bound estimates of the total exposed population. Excluding potentially
exposed populations from the analysis because of missing/unavailable mercury concentration
data reduced the total exposed population estimate by roughly 44%. These excluded
populations include the portions of the tract-level exposed populations that were matched with
fishing trip travel distances that either (1) did not overlap with at least one HUC-12 with
sampling data or (2) were greater than 100 miles (see Appendix C). For 2005, there were
estimated to be 239,174 prenatally exposed children, and for 2016 the estimate is 244,286
prenatally exposed children.

49



0s

Table 4-4. Summary of Baseline Mercury Fish Tissue Concentrations

2005 Base Case

2016 Base Case

Min Mean Max Median Min Mean Max Median
Distance from Tract Centroid N? (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Lake Sampling Sites
0-10 miles 20,998 0.000 0.297 3.561 0.198 0.000 0.276 3.420 0.178
>10-20 miles 35,149 0.000 0.285 3.561 0.209 0.000 0.264 3.420 0.187
>20-50 miles 55,885 0.000 0.289 3.561 0.223 0.000 0.270 3.420 0.202
>50-100 miles 61,820 0.000 0.264 2.333 0.241 0.000 0.247 2.251 0.227
River Sampling Sites
0-10 miles 33,342 0.006 0.246 4.967 0.185 0.005 0.224 4.924 0.168
>10-20 miles 44,493 0.006 0.269 4.967 0.195 0.005 0.247 4.924 0.174
>20-50 miles 54,970 0.019 0.270 4.480 0.203 0.019 0.251 4.441 0.183
>50-100 miles 62,868 0.023 0.267 4.967 0.214 0.022 0.251 4.924 0.192

a

Number of tracts (out of 64,419) with at least one HUC-12 with sample data in the distance interval.
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Table 4-5.

Baseline Levels of Mercury Exposure and IQ Impacts Due to Freshwater Self-Caught Fish Consumption

2005 Base Case 2016 Base Case
Number of Average Number of Average
Number of Prenatally Exposed Maternal Prenatally Exposed Maternal
Census Children (NPA) Daily Children (NPA) Daily Average
Tracts with Mercury Average 1Q Mercury 1Q Loss
Hg Samples Mean Ingestion Loss per Total IQ Mean Ingestion per Total IQ
w/in 100 per Total in (Hgl) Exposed Point per Total in (Hgl) Exposed Point

State Miles Tract State (ng/day) Child (d1Q) Losses Tract State (ug/day)  Child (dIQ) Losses
Total 63,978 3.74 239,174 3.04 0.11 25,544.9 3.82 244,286 2.84 0.10 24,419.4
AL 1,081 5.51 5,956 3.28 0.12 685.9 5.53 5,981 3.04 0.11 638.3
AR 623 6.45 4,017 3.80 0.13 537.1 6.55 4,084 3.66 0.13 525.9
AZ 1,097 3.17 3,476 221 0.08 269.8 3.75 4,117 2.18 0.08 316.3
CA 6,801 1.19 8,089 6.04 0.21 1,716.4 1.26 8,599 5.74 0.20 1,734.0
Co 1,045 3.53 3,693 1.20 0.04 155.3 3.92 4,101 1.18 0.04 169.8
CT 812 2.47 2,003 4.58 0.16 322.2 2.38 1,929 4.29 0.15 291.3
DC 181 2.23 404 1.67 0.06 23.7 2.03 367 1.35 0.05 17.4
DE 196 1.77 348 1.98 0.07 24.2 1.79 352 1.71 0.06 21.2
FL 3,144 3.28 10,299 5.24 0.18 1,897.5 3.71 11,651 5.17 0.18 2,118.9
GA 1,614 8.38 13,525 3.14 0.11 1,494.8 8.74 14,111 2.88 0.10 1,431.0
1A 791 6.39 5,052 1.21 0.04 215.3 6.18 4,888 1.15 0.04 197.5
ID 280 6.30 1,765 2.43 0.09 150.9 7.13 1,996 2.31 0.08 162.3
IL 2,950 2.33 6,884 1.83 0.06 442.3 2.32 6,831 1.49 0.05 356.9
IN 1,409 5.47 7,711 2.20 0.08 596.7 5.51 7,759 1.90 0.07 519.2
KS 716 2.08 1,490 2.38 0.08 124.8 2.06 1,478 2.34 0.08 121.8
KY 993 4.99 4,954 2.19 0.08 381.9 4.92 4,889 1.90 0.07 326.1

(continued)
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Table 4-5.

Baseline Levels of Mercury Exposure and IQ Impacts Due to Freshwater Self-Caught Fish Consumption (continued)

2005 Base Case 2016 Base Case
Number of Average Number of Average
Number of Prenatally Exposed Maternal Prenatally Exposed Maternal
Census Children (NPA) Daily Children (NPA) Daily Average
Tracts with Mercury Average 1Q Mercury 1Q Loss
Hg Samples Mean Ingestion Loss per Total IQ Mean Ingestion per Total IQ
w/in 100 per Total in (Hgl) Exposed Point per Total in (Hgl) Exposed Point

State Miles Tract State (ng/day) Child (d1Q) Losses Tract State (ug/day)  Child (dIQ) Losses
LA 1,103 6.91 7,623 3.82 0.13 1,022.9 6.59 7,269 3.77 0.13 962.6
MA 1,357 1.81 2,456 5.40 0.19 466.0 1.74 2,359 5.04 0.18 417.7
MD 1,210 2.23 2,703 2.16 0.08 204.8 2.35 2,840 1.76 0.06 176.2
ME 344 4.66 1,602 5.12 0.18 288.3 431 1,484 5.05 0.18 263.4
Ml 2,701 3.89 10,520 2.72 0.10 1,005.0 3.79 10,234 2.37 0.08 854.0
MN 1,294 11.53 14,915 2.86 0.10 1,501.2 11.71 15,157 2.77 0.10 1,474.7
MO 1,311 3.66 4,796 1.80 0.06 302.7 3.75 4,911 1.70 0.06 294.2
MS 604 9.18 5,546 5.11 0.18 996.2 9.32 5,632 4.98 0.18 986.9
MT 267 3.62 965 2.40 0.08 81.5 3.68 984 2.38 0.08 82.3
NC 1,554 5.13 7,976 3.29 0.12 921.5 5.33 8,280 2.95 0.10 859.1
ND 224 2.89 647 3.43 0.12 78.1 2.79 626 341 0.12 74.9
NE 500 3.97 1,984 1.60 0.06 111.9 4.03 2,014 1.56 0.05 110.5
NH 272 3.68 1,001 5.53 0.19 194.5 3.71 1,010 5.39 0.19 191.2
NJ 1,930 1.02 1,965 3.28 0.12 226.5 1.00 1,936 2.98 0.10 202.7
NM 244 1.75 426 1.74 0.06 26.0 1.89 461 1.77 0.06 28.6
NV 471 1.70 803 3.78 0.13 106.8 2.09 985 3.60 0.13 124.8
NY 4,791 1.41 6,770 3.86 0.14 918.4 1.35 6,486 3.54 0.12 807.0

(continued)
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Table 4-5.

Baseline Levels of Mercury Exposure and IQ Impacts Due to Freshwater Self-Caught Fish Consumption (continued)

2005 Base Case 2016 Base Case
Number of Average Number of Average
Number of Prenatally Exposed Maternal Prenatally Exposed Maternal
Census Children (NPA) Daily Children (NPA) Daily Average
Tracts with Mercury Average I1Q Mercury 1Q Loss
Hg Samples Mean Ingestion Loss per Total IQ Mean Ingestion per Total IQ
w/in 100 per Total in (Hgl) Exposed Point per Total in (Hgl) Exposed Point

State Miles Tract State (ng/day) Child (d1Q) Losses Tract State (ug/day)  Child (dIQ) Losses
OH 2,923 4.11 12,015 1.61 0.06 678.8 3.93 11,489 1.30 0.05 527.0
OK 987 5.65 5,580 3.07 0.11 602.9 5.73 5,653 3.03 0.11 601.4
OR 754 5.14 3,877 2.80 0.10 382.1 5.43 4,095 2.81 0.10 404.3
PA 3,116 2.40 7,485 2.30 0.08 605.9 2.31 7,194 1.91 0.07 482.2
RI 233 1.55 361 6.01 0.21 76.2 1.53 356 5.15 0.18 64.5
SC 864 7.39 6,388 4.43 0.16 995.4 7.59 6,559 4.08 0.14 941.0
SD 225 3.29 740 1.77 0.06 45.9 3.20 719 1.72 0.06 43.6
TN 1,253 4.95 6,204 3.01 0.11 656.7 5.06 6,335 2.76 0.10 615.5
X 4,310 3.97 17,127 2.83 0.10 1,701.2 4.32 18,633 2.67 0.09 1,748.9
uT 482 3.95 1,905 2.05 0.07 137.3 4.68 2,254 2.06 0.07 163.5
VA 1,524 3.66 5,580 2.61 0.09 512.7 3.82 5,820 2.19 0.08 448.7
VT 179 3.50 627 3.85 0.14 84.8 3.37 604 3.70 0.13 78.6
WA 1,315 3.67 4,823 1.69 0.06 287.2 3.90 5,133 1.68 0.06 302.8
Wi 1,313 8.03 10,543 2.77 0.10 1,026.2 7.85 10,309 2.59 0.09 938.1
WV 466 6.53 3,042 2.10 0.07 224.3 6.10 2,840 1.66 0.06 166.1
WY 124 4.13 512 1.97 0.07 35.5 3.99 495 1.97 0.07 34.3




For each exposed population, we then estimated their average mercury ingestion rate
(Hgl) using Equation (4.4) and the 1Q loss associated with this exposure level. As reported in
Table 4-5, in 2005, the average estimated mercury ingestion rate for the population of exposed
pregnant women was 3.04 ug/day. For 2016, the ingestion rate was estimated to be 2.84
ug/day (6.6% lower). The corresponding average 1Q loss per prenatally exposed child was 0.11
in 2005 and 0.10 in 2016. Multiplying these average 1Q losses by the size of the exposed
population, the total loss in IQ points due to mercury exposures through consumption of self-
caught freshwater fish was estimated to be 25,545 in 2005. For the 2016 base case, the total
decrease in 1Q points was estimated to be 24,419 (4.4% lower).

4.8.2 1Q Loss and Economic Valuation Estimates

In addition to the base case scenarios described above, CMAQ air quality modeling runs

were used to estimate average mercury deposition levels for three emissions control scenarios:

= 2005 EGU Zero-Out. This scenario represents total mercury deposition from all
global natural and anthropogenic sources except for U.S. EGUs based on current-day
conditions.

= 2016 EGU Zero-Out. This scenario represents total mercury deposition from all
global natural and anthropogenic sources except for U.S. EGUs based on projected
2016 conditions, including future anticipated regulations (e.g., Transport Rule).

= 2016 Toxics Rule. This scenario represents total mercury deposition from all global
natural and anthropogenic sources based on projected 2016 conditions, including
future anticipated regulations (e.g., Transport Rule) and the Toxics Rule.

For these three scenarios, it was again assumed that the HUC-level fish tissue mercury
concentrations would change (relative to the 2005 base case) by the same percentage as the
change in modeled deposition levels.

Mercury exposure and IQ loss estimates were then derived for these three scenarios,
using the exposed population estimates for the relevant year (2005 or 2016) and the
corresponding mercury concentration estimates for the relevant emission scenario (zero-out or
Toxics Rule). In addition, the valuation methodology summarized in Section 4.7.2 (in particular,
Equation [4.7]) was applied to estimate the present value of 1Q loss estimates for the two base

case and three emissions control scenarios.

To assess the aggregate benefits of reductions in EGU emissions, we evaluated five

emission reduction scenarios.
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= 2005 EGU zero-out (relative to 2005 base case)
= 2016 base case (relative to 2005 base case)

= 2016 EGU zero-out (relative to 2016 base case)
= 2016 Toxics Rule (relative to 2005 base case)

= 2016 Toxics Rule (relative to 2016 base case)

The benefits of each emission reduction scenario are calculated as the difference (i.e.,
decrease) in total present value of IQ losses between the selected emission control scenario

and the selected base case scenario.

4.8.3 Primary Results for National Analysis of Exposures from Recreational Freshwater Fish
Consumption

Table 4-6 summarizes the aggregate national IQ and present-value loss estimates for the
two base case and three emission control scenarios. The highest losses are estimated for the
2005 base case. For the population of prenatally exposed children included in the analysis
(almost 240,000, as reported in Table 4-5), mercury exposures under baseline conditions during
the year 2005 are estimated to have resulted in more than 25,500 IQ points lost. Assuming a 3%
discount rate, the present value of these losses ranges from $210 million to $290 million.* This
range of total loss estimates is based on the range of per-IQ-point value (VIQ) estimates
summarized in Section 4.7.3. These losses represent expected present value of declines in
future net earnings over the entire lifetimes of the children who are prenatally exposed during
the year 2005. With a 7% discount rate, the present value range is considerably lower: $23

million to $51 million.

The lowest losses are estimated to result from the 2016 zero-out scenario, with total 1Q
losses of less than 24,000 among roughly 244,000 prenatally exposed children and present

values of these losses ranging from $200 to $290 million (3% discount rate).

For the five emission reduction scenarios described above, Table 4-7 reports estimates
of aggregate nationwide benefits associated with reductions in mercury exposures and

resulting reductions in 1Q losses. Most importantly, the benefits of the 2016 Toxics Rule

®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.
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Table 4-6. Summary Estimates of the Aggregate Size and Present Value of 1Q Losses Under

Alternative Base Case and Emissions Control Scenarios

Value of Total IQ Losses in 2016

(millions of 2007$)
Average 1Q Loss per

Prenatally Exposed Child Total 1Q Losses from 7% Discount
Scenario (diQ) One Year of Exposure 3% Discount Rate Rate
2005 base case 0.1068 25,545 $210 to $310 $23 to S51
2005 EGU zero-out 0.0985 23,561 $190 to S$290 S22 to $47
2016 base case 0.1000 24,419 $200 to $300 S22 to $49
2016 EGU zero-out 0.0971 23,722 $200 to $290 $22 to %48
2016 Toxics Rule 0.0979 23,909 $200 to $290 S22 to %48

Table 4-7. Aggregate Benefit Estimates for Reductions 1Q Losses Associated with
Alternative Emissions Reduction Scenarios

Decrease in . Value of Total IQ Losses in 2016
A 1Q Decrease in -
Lverage Total IQ (millions of 20073)
Emission Reduction Scenario 0ss per Losses from
Prenatally One Year of
Exposed Exposure 3% Discount Rate 7% Discount Rate
Child (dIQ)° P
2005 EGU zero-out
. 16 t 24 1.8 t 4.0
(relative to 2005 base case) 0.00829 1,983 ? o 3 > o5
2016 base case
0.00684 1,126 93 t 14 1.0 t 2.3
(relative to 2005 base case) ! ? o 3 ? ° 3
2016 EGU zero-out
. 57 t 8.5 0.6 t 1.4
(relative to 2016 base case) 0.00285 697 ? o 3 > ° 3
2016 Toxics Rule
. . 1, 13 t 20 15 t 3.3
(relative to 2005 base case) 0.00893 636 ? ° 5 > ° 3
2016 Toxics Rule 0.00209 511 $42 to %6.2 $0.47 to $1.0

(relative to 2016 base case)

® As reported in Table 4-5, the estimated number of prenatally exposed children is 239,174 in 2005 and 244,286 in

2016.

scenario (relative to the 2016 base case) are estimated to range between $4.2 million and $6
million (assuming a 3% discount rate), because of an estimated 511 point reduction in 1Q loss

These benefits are 73% as large as the benefits of the 2016 zero-out scenario (relative to the
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same 2016 base case). Relative to the 2005 base case, the benefits of the 2016 Toxics Rule
scenario range from $13 million to $20 million (3% discount). Despite growth in the exposed
population from 2005 to 2016, the changes from the 2005 base case to the 2016 base case
account for 69% of these benefits, while the changes from the 2016 base case to the 2016

Toxics Rule account for 31%.

4.8.5 Discussion of Assumptions, Limitations, and Uncertainties

Uncertainty regarding the model results and estimates reported in Section 4.8 can arise
from several sources. Some of the uncertainty can be attributed to model uncertainty. For
example, to estimate exposures a number of different modeling approaches have been
selected and combined. The separate model components are summarized in Figure 4-4 and
equations (4.) to (4.8), each of which simplifies potentially complex processes. The results,

therefore, depend importantly on how these models are selected, specified, and combined.

Another important source of uncertainty can be characterized as input or parameter
uncertainties. Each of the modeling components discussed in this report requires summary data
and estimates of key model parameters. For example, estimating IQ losses associated with
consumption of freshwater fish requires estimates of the size of the exposed population of
interest, the average mercury concentrations in consumed fish, the freshwater fish
consumption rate for the exposed population, and the concentration-response relationship
between mercury ingestion and IQ loss. All of these inputs are measured with some degree of
uncertainty and can affect, to differing degrees, the confidence range of our summary results.
The discussion below identifies and highlights some of the key model parameters, characterizes
the source and extent of uncertainties associated with them, and characterizes the potential

effects of these uncertainties on the model results.

To organize this discussion, we discuss different components of the modeling
framework separately. This section first discusses issues related to estimating the mercury
concentrations and then those related to estimating the exposed population. After that, it
discusses issues related to matching these two components and then concludes by discussing

the estimation of mercury ingestion through fish consumption.

4.8.5.1 Mercury Concentration Estimates

As described in Section 4.2.2, the mercury concentration estimates for the analysis
come from several different sources, including fish tissue sample data from the National Listing

of Fish Advisories (NLFA) and several other state- and national-level sources. These estimates
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were then used to approximate mercury concentrations across the study area. Some of the key

assumptions, limitations, and uncertainties associated with these estimates are the following:

= The fish tissue sampling data from various sources are subject to measurement and
reporting error and variability. The NLFA is the largest and most detailed source of
data on mercury in fish; however, even this system was not centrally designed (e.g.,
by EPA) using a common set of sampling and analytical methods. Rather, states
collected the data primarily to support the development of advisories, and the data
are submitted voluntarily to EPA. Each state uses different methods and criteria for
sampling and allocates different levels of resources to their monitoring programs. In
addition, there are uncertainties regarding the precise locations (lat/long
coordinates) of some of the samples. The heterogeneity and potential errors across
state sampling programs can bias the results in any direction and contribute to
uncertainty.

= The fish tissue sampling data were assigned as either lake or river samples, based on
the site name and/or the location coordinates mapped to the nearest type of
waterbody. This process also involves measurement error and may have resulted in
misclassifications for some of the samples. These errors are not expected to bias
results, but they contribute to uncertainty.

= 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). However, even
though states use a variety of approaches to monitor and sample fish tissue
contaminants, in some cases, the sampling sites are selected to target areas with
high levels of angler activity and/or a high level of pollution potential. To the extent
that sample selection procedures favor areas with relatively high mercury, the
spatial extrapolation methods used in this report will tend to overstate exposures.
These approaches also implicitly assume that mercury concentration estimates are
strongly spatially correlated, such that closer sampling sites (i.e., from the same HUC
or distance interval) provide more information about mercury concentrations than
more distant sites. To the extent that spatial correlation is weaker than assumed,
this will increase the degree of uncertainty in the modeling results.

= To generate average mercury fish tissue concentration estimates, all available
samples from the three main data sources (1995-2009) and from freshwater fish
larger the 7 inches were included in the analysis. Smaller fish were excluded to
better approximate concentrations in the types of fish that are more likely to be
consumed, and samples from years before 1995 were excluded to better represent
more recent conditions. Even with these sample selection procedures, average
concentration estimates from the retained samples may still under or overestimate
actual concentrations in currently consumed fish.
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4.8.5.2 Exposed Population Estimates

The methods described in Section 4.7 to estimate the total exposed population of

interest in 2005 and 2016 involve the following key assumptions, limitations, and uncertainties:

= The approach relies on data from the FHWAR to estimate state-level freshwater
angler activity levels, including freshwater fishing participation rates and lake-to-
river trip ratios. Each of these data elements is measured with some error in the
FHWAR, but they are based on a relatively large sample. More importantly the state-
level averages are applied to each modeled census tract in the state; therefore, the
model fails to capture within-state variation in these factors, which contributes to
uncertainty in the model estimates.

= The analysis also uses state-level fertility rate data to approximate the rate of
pregnancy among women of childbearing age in angler households for a smaller
geographic area. The state-level fertility rates from the National Vital Statistics are
estimated with relatively little error; however, applying these rates to specific
census tracts (and specifically to women in angler households) does involve
considerably more uncertainty.

= The approach assumes that, in each census tract, the percentage of women who live
in freshwater angler households (i.e., households with at least one freshwater
angler) is equal to the percentage of the state adult population that fishes. Applying
the state-level participation rate to approximate the conditions at a block level
creates uncertainty. More importantly, however, using individual-based fishing
participation rates to approximate household rates is likely to underestimate the
percentage of women living in freshwater angler households.” Unfortunately, data
on household participation levels in freshwater fishing are not readily available.

= Census tract populations are only included in the model if they are matched to
distance intervals and waterbody types that have spatial overlap with at least one
HUC-12 sub-watershed containing a mercury concentrations estimate for that
waterbody type. By design, this approach undercounts the exposed population (by
roughly 40 to 45%) and, therefore, leads to underestimates of nationa