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Abstract: The 2019 Integrated Resource Plan (IRP) is a long-term plan that provides direction on how TVA

can best meet future demand for power. It will shape how TVA provides low-cost, reliable
electricity; supports environmental stewardship; and fosters economic development in the
Tennessee Valley for the next 20 years. TVA’s IRP is based upon a “scenario” planning approach
that provides an understanding of how future decisions would play out in future scenarios. A wide
variety of resource options and business strategies are considered in this IRP. TVA identified six
scenarios: (1) The Current Outlook, (2) Economic Downturn, (3) Valley Load Growth, (4)
Decarbonization, (5) Rapid Distributed Energy Resources (DER) Adoption, and (6) No Nuclear
Extensions. Five planning strategies were evaluated against the backdrop of these scenarios: (A)
Base Case, (B) Promote Distributed Energy Resources (DER), (C) Promote Resiliency, (D) Promote
Efficient Load Shape and (E) Promote Renewables. The modeling process applied each strategy
to each scenario, resulting in 30 resource portfolios. The model analyzed how to achieve the
lowest-cost portfolio with each strategy in each scenario, looking for the optimal solution within
that particular combination.

The EIS assesses the natural, cultural and socioeconomic impacts associated with the
implementation of the 2019 IRP. The Base Case serves as the No-Action Alternative, and the
remaining four strategies and the Target Power Supply Mix are the Action Alternatives. The EIS
analyzes and identifies the relationship of the natural and human environment to each of the five
strategies considered in the IRP. Under all the portfolios, there is a need for new capacity in all
scenarios modeled, in part to replace expiring or retiring capacity. Uncertainty around future
environmental standards for CO-, along with lower loads and gas prices, are key considerations
when evaluating potential coal retirements.

Emissions of air pollutants, the intensity of greenhouse gas emissions and generation of coal
waste decrease under all strategies and the Target Power Supply Mix. Strategies focused on
resiliency, load shape and renewables have the largest amounts of solar and storage expansion
and coal retirements, resulting in lower environmental impact overall but higher land use. For most
environmental resources, the impacts are greatest for Strategy A (the No Action alternative) except
for the land area required for new generating facilities, which is greater for the action alternatives,
particularly Strategies C, D, and E.
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1 Introduction

The Tennessee Valley Authority (TVA) has developed
the Integrated Resource Plan (IRP) and associated
programmatic Environmental Impact Statement (EIS) to
address the demand for power in the TVA power
service area (PSA), the resource options available for
meeting that demand, and the potential environmental,
economic and operating impacts of these options. The
IRP will serve as a roadmap for meeting the energy
needs of TVA’s customers over the next 20 years.

TVA is the largest producer of public power in the
United States. TVA provides wholesale power to 154
local power companies and directly sells power to 58
industrial and federal customers. TVA’s power system

serves nearly 10 million people in a seven-state,
80,000-square-mile region (Figure 1-1). TVA’s PSA
includes virtually all counties in Tennessee and portions
of Alabama, Georgia, Kentucky, Mississippi, North
Carolina, and Virginia.

TVA's generating assets include: six fossil plants, three
nuclear plants, 29 conventional hydroelectric plants,
one pumped storage hydroelectric plant, nine natural
gas combustion turbine (CT) gas plants, eight natural
gas combined cycle (CC) gas plants, one diesel
generator site and 14 solar energy sites. TVA has gas-
co-firing potential at one coal-fired site as well as
biomass co-firing potential at its coal-fired sites. In total,
these assets constitute a portfolio of 33,500 megawatts

(MW).

lIindjs
Missouri 4 S
NAsHville
3
lArkans
Tenhessee
Memphis 0
## .
Ala
Mississippi %
]
d
|

Kentucky

P Virgini
¢
{} 40
N. Carolina
Charlotte
|
S.C ina

LEGEND

D Tennessee River Watershed
D TVA Power Service Area
rgia [ ] TVARegion Counties

— Interstate Highway

X Atlanta :
. TVA Generating . Nuclear

Facilities
0 Hydro
d Goull Pump Storage
[l P g
d Coal/Gas Hydro
{} Solar
d Gas
¥ wind

0 Miles 50

Figure 1-1: Power Service Area and Tennessee River Watershed, herein the TVA region.
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1.1 Purpose and Need for Integrated
Resource Planning

TVA is developing this new IRP and associated EIS to
proactively address regional and national changes
within the utility marketplace, including the expansion of
distributed energy resources (DER) in the Tennessee
Valley. Upon adoption by the TVA Board, the new IRP
will replace the 2015 IRP (TVA 2015a). The purpose of
the IRP and EIS is to provide TVA with direction on how
to best meet future electricity demand. The IRP
process evaluates TVA’s current energy resource
portfolio and alternative future portfolios of energy
resource options on a “lowest system cost” basis to
meet the future electrical energy needs of the TVA
region while taking into account TVA’s mission of
energy, environmental stewardship and economic
development.

1.2 Statutory Overview

In addition to Section 113 of the Energy Policy Act of
1992 (now the least-cost, system-wide planning
provision of the TVA Act), several federal laws and
executive orders are relevant to TVA’s integrated
resource planning. Those that are specific to the
natural, cultural and socioeconomic resources
potentially affected by the TVA power system are
described below. This section begins with a detailed
description of the National Environmental Policy Act
and then lists other potentially applicable laws and
executive orders.

1.2.1 National Environmental Policy Act
This EIS has been prepared by TVA in accordance with
the National Environmental Policy Act (NEPA) of 1969
(42 United States Code [U.S.C.] §§ 4321 et seq.),
regulations implementing NEPA promulgated by the
Council on Environmental Quality (CEQ) (40 Code of
Federal Regulations [C.F.R] Parts 1500 to 1508), and
TVA NEPA procedures. TVA’s Board of Directors will
consider the analyses in this EIS and IRP when it
selects the resource plan to be implemented.

NEPA requires federal agencies to consider the impact
of their proposed actions on the environment before

making decisions. Actions, in this context, can include
new and continuing activities that are conducted,
financed, assisted, regulated or approved by federal
agencies, as well as new or revised plans, policies, or
procedures. For major federal actions with significant
environmental impacts, NEPA requires that an EIS be
prepared. This process must include public involvement
and analysis of a reasonable range of alternatives.

According to CEQ regulations, a programmatic EIS is
appropriate when a decision involves a policy or
program, or a series of related actions by an agency
over a broad geographic area. Due to the
comprehensive nature of the IRP, this EIS meets that
criterion. The environmental impacts of the alternative
actions are, therefore, addressed at a regional level,
with some extending to a national or global level. The
more site-specific effects of actions that are later
proposed to implement the IRP will be addressed in
subsequent tiered environmental reviews.

The IRP and EIS are developed with public input. TVA
used the input from the scoping period, summarized
below, in development of the draft EIS and the draft
IRP. The draft IRP and draft EIS were distributed to
interested individuals; groups; and federal, state and
local agencies for their review and comment. During the
public comment period for the draft EIS and draft IRP,
TVA conducted public meetings throughout the
Tennessee Valley region. Following the public comment
period, TVA responded to the comments received on
the draft IRP and draft EIS and incorporated any
necessary changes into the final IRP and final EIS
(Appendix F).

The completed final EIS has been placed on TVA’s
website, and notice of its availability was sent to those
who received the draft EIS or submitted comments on
the draft EIS. TVA also submitted the final IRP and final
EIS to the U.S. Environmental Protection Agency
(USEPA), which published a notice of its availability in
the Federal Register.

The TVA Board of Directors will make the final decision
on the IRP no sooner than 30 days after the publication
of the Federal Register notice of the filing of the final EIS
and final IRP. The TVA Board of Directors will consider
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the analyses in the EIS and IRP when it selects the
resource plan to be implemented. Following a decision
by the TVA Board of Directors, TVA will then issue a
Record of Decision (ROD), which will include (1) the
decision; (2) the rationale for the decision; (3)
alternatives that were considered; (4) the alternative that
was considered environmentally preferable; and (5)
associated mitigation measures and monitoring, and
enforcement requirements.

1.2.2 Other Laws and Executive Orders
Several other laws and executive orders are relevant to
the construction and operation of TVA’s electric power

system (Table 1-1). These laws and executive orders
may affect the environmental consequences of an
alternative plan, or measures needed during its
implementation. Most of these laws also have
associated implementing regulations.

Chapter 4 (Affected Environment) describes the
regulatory setting for each resource in more detail.
Chapter 5 (Anticipated Environmental Impacts)
discusses applicable laws and their relevance to this
analysis.

Table 1-1: Laws and Executive Orders relevant to the environmental effects of power system planning, construction

and operation.
Environmental Resource Area

Water Quality .

‘ Law / Executive Order

Clean Water Act

Groundwater

Safe Drinking Water Act
Resource Conservation and Recovery Act
e  Comprehensive Environmental Response, Compensation, and

Liability Act
e Federal Insecticide, Fungicide, and Rodenticide Act
Air Quality e (lean Air Act
Wetlands and Waters e Clean Water Act

e Executive Order 11990 - Protection of Wetlands

Executive Order 13778 — Restoring the Rule of Law, Federalism,
and Economic Growth by Reviewing the “Waters of the United
States” Rule

Floodplains

Executive Order 11988 — Floodplain Management

Endangered and Threatened Species

Endangered Species Act

Cultural Resources

National Historic Preservation Act
Archaeological Resources Protection Act
Native American Graves Protection and Repatriation Act

Environmental Justice

Executive Order 12898 — Federal Actions to Address
Environmental Justice in Minority and Low-Income Populations

Land Use

Farmland Protection Policy Act

Coal Mining

Surface Mining Control and Reclamation Act

Waste Management

Resource Conservation and Recovery Act

Comprehensive Environmental Response, Compensation, and
Liability Act

Toxic Substances Control Act
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1.3 Relationship with Other NEPA
Reviews

Several environmental documents and reviews are
relevant to TVA’s IRP and are briefly discussed in the
sections below. They are arranged by the type of
action.

1.3.1 Programs, Plans and Policies

Diesel-fueled Generation in TVA Demand Response
Program Environmental Assessment (February
2017)

Evaluated the potential use of diesel-fueled generators
by participants in TVA demand response programs to
provide backup generation during certain demand
response events (TVA 2017a).

2015 Integrated Resource Plan (August 2015)
Provides direction for how TVA will meet the long-term
energy needs of the Tennessee Valley region. This
document and the associated supplemental EIS
evaluated scenarios and strategies for providing
electricity through 2033.

Natural Resource Plan (July 2011)

Guides TVA’s natural resource stewardship efforts over
the following twenty years. This document and the
associated EIS evaluated the resource management
programs and activities, alternative approaches to
TVA’s resource management efforts, and the
environmental impacts of the alternatives.

Reservoir Operations Study Environmental Impact
Statement (May 2004)

Evaluated changes in TVA’s policy for operating its
reservoir system.

TVA Solar Photovoltaic Projects Programmatic
Environmental Assessment (September 2014)
Evaluated the potential impacts of constructing and
operating small solar photovoltaic (PV) systems
providing power for the TVA system.

1.3.2 Power Generation — Coal and Gas

Ash Impoundment Closure Programmatic EIS (June
2016)

Evaluated the closure of ash impoundments containing
coal combustion residuals (CCR) at fossil fuel plants
across the Tennessee Valley to support the
implementation of TVA’s goal to eliminate all wet CCR
storage at its coal plants (TVA 2016e).

Bull Run Fossil Plant Ash Impoundment Closure
Project Environmental Assessment (October 2017)
This environmental assessment (EA) tiers from the 2016
Ash Impoundment Closure Programmatic EIS, which
evaluated the closure of the Bull Run Fossil Plant
(herein, Bull Run) Sluice Channel and Fly Ash
Impoundment. TVA expanded the closure area at BRF
and determined a long-term need for wastewater
treatment at Bull Run. The new proposed action
included a plan to repurpose the Stilling Impoundment
and possibly a portion of the Fly Ash Impoundment to
be used as part of wastewater treatment at Bull Run.

Bull Run Fossil Plant Landfill Environmental Impact
Statement (November 2016)

Addressed the continued disposal of CCR from the Bull
Run Fossil Plant by constructing and operating a new
landfill for storage of CCR on TVA property adjacent to
the plant (TVA 2017b).

Colbert Fossil Plant Decontamination and
Deconstruction Environmental Assessment
(November 2016)

Evaluated the future disposition of the retired coal-fired
plant, including the powerhouse, coal handling facilities,
and support buildings.

Cumberland Fossil Plant Coal Combustion
Residuals Management Operations Environmental
Impact Statement (April 2018)

Evaluated the construction and operation of a bottom
ash dewatering facility, an onsite CCR landfill, and
process water basins at the Cumberland Fossil Plant.
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Flue Gas Desulfurization System at Kingston Fossil
Plant Supplemental Environmental Assessment
(February 2018)

Supplemented a 2006 EA to evaluate changes to the
proposed construction support areas and
environmental conditions within the area of the Phase 2
part of the landfill.

Gallatin Fossil Plant Bottom Ash Process
Dewatering Facility Environmental Assessment (July
2017)

Evaluated the construction of a bottom ash process
dewatering facility and sluice water recirculation system
at Gallatin Fossil Plant.

Gallatin Fossil Plant—Installation of Air Pollution
Control Equipment and Associated Facilities (March
2013)

Evaluated the construction and operation of air pollution
control equipment and associated facilities at Gallatin
Fossil Plant. The EA also evaluated the construction
and operation of a landfill on the Gallatin plant site for
the dry storage of the coal combustion residues.

Johnsonville Cogeneration Plant Environmental
Assessment (June 2015)

Evaluated the addition of a heat recovery steam
generator to an existing combustion turbine at the
Johnsonville Fossil Plant. The steam generator would
provide steam to an adjacent industrial customer that
was previously provided by now-retired coal-fired units.

Johnsonville Fossil Plant Decontamination and
Deconstruction Final Environmental Assessment
(December 2018)

Evaluated the future disposition of the physical
structures associated with the retired coal-fired plant
units, including the powerhouse, coal handling facilities,
and surrounding support buildings at Johnsonville
Fossil Plant.

Johnsonville Fossil Plant Proposed Actions
(December 2018)

Evaluating closure of the coal yard and coal yard runoff
pond, construction and operatation of a process water
basin for the Johnsonville CT plant site, and
development of a borrow site to facilitate closure of the
coal yard and coal yard runoff pond (TVA 2018m).

Paradise Coal Combustion Residuals Management
Operations Environmental Assessment (June 2017)
Evaluated the implementation of projects proposed to
support dry storage and CCR Rule compliance at
Paradise Fossil Plant, including the construction and
operation of a gypsum dewatering facility, a dry fly ash
handling system, and an onsite CCR landfill. The EA
also included the closures of the gypsum disposal area,
slag impoundment 2A/2B and stilling impoundment 2C,
and the Peabody ash impoundment.

Potential Retirement of Bull Run Fossil Plant
Environmental Assessment (February 2019)
Evaluation of the potential retirement of a single-
generator coal-fired plant in Anderson County,
Tennessee.

Potential Retirement of Paradise Fossil Plant
Environmental Assessment (February 2019)
Evaluation of the potential retirement of operating Unit 3
at a coal-fired plant in Muhlenberg County, Kentucky.
Units 1 and 2 were replaced with natural gas
generation in spring 2017.

Shawnee Fossil Plant Coal Combustion Residuals
Management Environmental Impact Statement
(December 2017, August 2018)

Evaluated the closure of an existing landfill and ash
impoundment and the construction and operation of a
new onsite CCR landfill. The 2017 EIS was
supplemented in 2018 to include the construction and
operation of two process water basins.

Widows Creek Fossil Plant Deconstruction
Environmental Assessment (June 2016)

Evaluated the future disposition of the physical
structures associated with the retired coal-fired plant,
including the powerhouse, coal handling facilities and
surrounding support buildings.

1.3.3 Power Generation — Nuclear

Watts Bar Nuclear Plant Unit 2 Replacement of
Steam Generators Environmental Assessment
(December 2017)

Evaluated the replacement of steam generators in
Watts Bar Nuclear Plant Unit 2, which would allow TVA
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to operate the plant more efficiently and maintain the
generating capacity of Unit 2.

Sequoyah Nuclear Plant Units 1 and 2 License
Renewal Supplemental Environmental Impact
Statement (2011)

Evaluated the operation of the two units for an
additional 20 years between 2020 and 2041.

1.3.4 Power Generation — Solar and Other
Renewables

Cumberland Solar Project Environmental
Assessment (January 2018)

Evaluated the construction and operation of a
proposed 20- MW solar PV facility on approximately
140 acres in Limestone County, Alabama. This solar
facility would connect to the existing adjacent 161-
kilovolt (kV) TVA Ardmore Substation. TVA proposed to
enter into a power purchase agreement (PPA) with
Cumberland Land Holdings, LLC to purchase the
electric power generated by the solar facility.

Latitude Solar Center Project Environmental
Assessment (August 2016)

Evaluated the construction and operation of a
proposed 20 MW solar PV facility on approximately 135
acres near Whiteville, Tennessee. The facility would
connect to the TVA transmission system through a
power line to an existing nearby Bolivar Electric
Authority substation. TVA proposed to enter into a PPA
with Latitude Solar Center, LLC.

Millington Solar Project Environmental Assessment
(December 2017)

Evaluated the construction and operation of a
proposed 53 MW solar PV facility on approximately 390
acres in Millington, Tennessee. The facility would
connect to the TVA electrical transmission network via
a new onsite substation and a new TVA 161-kV
transmission line. TVA proposes to enter into a PPA
with SR Millington, LLC (TVA 2017¢).

Naval Air Station Meridian Solar Farm Environmental
Assessment (April 2017)

Evaluated the construction and operation of a
proposed 6 MW solar PV facility on approximately 45

acres on Naval Air Station Meridian in Lauderdale
County, Mississippi. The facility would connect to the
existing substation located approximately one mile
away, which would transmit the power to the TVA
network. TVA proposed to enter into a PPA with SR
Meridian, LLC.

Providence Solar Center Environmental Assessment
(March 2016)

Evaluated the construction and operation of a
proposed 20 MW solar PV facility on approximately 118
acres in Madison County, Tennessee. The facility would
tie into a nearby Southwest Tennessee Electric
Membership Corporation substation. TVA proposed to
enter into a PPA with Providence Solar Center, LLC.

River Bend Solar Project Environmental Assessment
(November 2015)

Evaluated the construction and operation of a
proposed 80 MW solar PV facility on approximately 645
acres in Lauderdale County, Alabama. The facility
would be connected to TVA’s Colbert Fossil Plant -
Selmer 161-kV transmission line. TVA proposed to
enter into a PPA with River Bend Solar, LLC, a
subsidiary of NextEra Energy Resources, LLC (TVA
2015¢).

Selmer North | Solar Project Environmental
Assessment (October 2016)

Evaluated the construction and operation of a
proposed 20 MW solar PV facility on approximately 99
acres near Selmer in McNairy County, Tennessee. The
facility would connect to the TVA transmission system
through a connection to an existing nearby Pickwick
Electric Power Cooperative power line which would be
rebuilt. TVA proposed to enter into a PPA with Selmer
North I, LLC.

Selmer North Il Solar Project Environmental
Assessment (July 2016)

Evaluated the construction and operation of a
proposed 10 MW solar PV facility on approximately 73
acres near Selmer in McNairy County, Tennessee. The
facility would connect to the TVA transmission system
through a connection to an existing nearby Pickwick
Electric Cooperative power line. TVA proposed to enter
into a PPA with Selmer North Il, LLC.
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Wildberry Solar Center Project Environmental
Assessment (June 2016)

Evaluated the construction and operation of a
proposed 20 MW solar PV facility on approximately 135
acres in Fayette County, Tennessee. The facility would
tie into an existing nearby Chickasaw Electric
Cooperative substation. TVA proposed to enter into a
PPA with Wildberry Solar Center, LLC.

1.4 Overview of Volumes | and Il

Volume | of this document contains the 2019 IRP along
with descriptions on the methodology and
development of the recommended resource plan. This
works in conjunction with Volume Il of this document,
which contains the EIS. The EIS is a document required
by NEPA which describes the environmental effects of
proposed actions on the quality of the human
environment.
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2 TVA Power System

2.1 Introduction

This chapter describes the Tennessee Valley Authority’s
(TVA) existing power system, including power sales and
purchases; generating facilities; energy efficiency and
demand response programs; and the transmission
system.

As of September 30, 2018, TVA’s power system had a
summer net generating capability of 37,514 megawatts
(MW). Approximately 33,526 MW of the total capability

was provided by TVA facilities and the remainder was
provided by non-TVA facilities under long-term power
purchase agreements (PPAs). Power generation by
these facilities for the 2015 — 2018 fiscal years is
summarized in Table 2-1. TVA operates a network of
approximately 16,200 miles of transmission lines and
508 substations, switching stations and switchyards.
This system transmits power from TVA and non-TVA
generating facilities to 1,321 customer connection
points. TVA's power system is described in more detail
in the remainder of this chapter. Unless stated
otherwise, the capacity of energy resources described
in this EIS is the net summer dependable capacity.

Table 2-1: Fiscal year 2015-2018 generation by type from both TVA facilities and purchased power.

Generation in gigawatt-hours

Type of generation FY 2015 FY 2016 FY 2017 FY 2018
Nuclear 54,543 52,897 58,742 64,194
Coal 58,854 48,811 41.422 34,026
Natural Gas 26,639 37,494 36,597 43,481
Hydroelectric 16,453 15,018 13,250 16,399
Wind 4,171 4,129 4,245 4,055
Solar 202 350 534 491
Biomass 240 171 136 287
TOTAL 161,102 158,871 154,926 162,933

2.2 TVA Customers, Sales, and
Power Exchanges

TVA is primarily a wholesaler of power. In fiscal year
(FY) 2018, it sold nearly 163 billion kilowatt-hours (KWh)
of electricity; total revenue from these sales was $10.6
billion. Wholesale power is delivered to 154 local power
companies (LPCs) that, in turn, distribute electricity to
residential, commercial and industrial customers within
their service areas. These non-profit, publicly owned
LPCs are diverse and include municipal systems and
rural electric cooperatives. The largest, Memphis Light,
Gas and Water Division, serves approximately 421,000
electric customers and accounted for 9 percent of
TVA’s 2018 operating revenues. Some of the smallest
LPCs serve less than 1,500 customers. Many provide

only electrical service while others also provide water,
wastewater, telecommunications and/or natural gas
service. Sales to LPCs comprised 87.8 percent of TVA
2018 power sales and 92.6 percent of power sale
revenues.

In addition to the LPCs, TVA sells power directly to 58
industries and federal installations. The directly served
industries include chemical, metal, paper, textile, data
centers, and automotive manufacturers. The federal
installations include the Department of Energy (DOE)
Oak Ridge Operations in Tennessee and military bases.
Sales to directly served industries and federal
installations comprised 12.2 percent of 2018 power
sales and 7.4 percent of power sale revenues. Since
2015, power sales to federal installations have
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decreased while sales to directly served industries have
increased.

The TVA PSA (Figure 1-1) is defined by the TVA Act.
The TVA Act restricts TVA from entering into contracts
that would make TVA or its LPCs a source of power
outside the area for which TVA or its LPCs were the
primary source of power on July 1, 1957. The Federal
Power Act prevents the Federal Energy Regulatory
Commission (FERC) from ordering TVA to deliver power
generated by other entities to customers within the TVA
PSA.

The TVA Act authorizes TVA to exchange, buy or sell
power with 13 neighboring electric utilities. This
arrangement gives TVA the ability to purchase power
when its generating capacity cannot meet demand or

Pumped-Storage

when purchasing power from a neighboring utility is
more economical for TVA than generating it. The
arrangement also allows TVA to sell power to
neighboring utilities when its generation exceeds
demand. TVA conducts these exchanges through 69
transmission system interconnections. To the extent
allowed by Federal law, TVA offers transmission
services to others to transmit or “wheel” power through
the TVA PSA.

2.3 TVA-Owned Generating Facilities

TVA owns and/or operates under long-term lease
33,526 MW of summer generating capability (Figure 2-
1). These facilities generated about 141,505 million kWh
in FY18, a small increase over the preceding two years.

; Diesel 9 Non-Hydro
Hydroelectric \
1,616 . Renewable 1

P

Figure 2-1: Fiscal Year 2018 TVA-owned summer generating capability in megawatts by type of generation.
Source: FY2018 TVA 10-K Report.
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2.3.1 Coal-Fired Generation

As of October 2018, TVA had 26 active coal-fired
generating units at six plant sites with a total summer
net dependable capability of approximately 7,886 MW

(Figure 1-1, Table 2-2). The coal-fired units range in size
from 134 MW (Shawnee Units 1 - 9) to 1,239 MW
(Cumberland Unit 1). The oldest unit was placed in
service in 1953 at Shawnee, and the newest is
Cumberland Unit 2, which began operation in 1973.

Table 2-2: Characteristics of TVA coal-fired generating facilities.

Facility Number of 2018 Summer Commercial Boiler Type* Emissions Controls™*
Units Net Capability | Operation Date (First
(MW) and Last Unit)
Bull Run 1 865 1967 SCPC FGD, SCR
Cumberland 2 2,470 1973 SCPC FGD, LNB, SCR
Gallatin 4 976 1956, 1959 PC FGD, SCR
Kingston 9 1,398 1954, 1955 PC LNB (4 units), SCR, FGD
Paradise 1 971 1970 SCPC FGD, SCR
Shawnee 9 1,206 1953, 1955 PC DSI, FGD (2 units), LSC, LNB,
SCR (2 units), SNCR

Total Coal 26 7,886

*CF — cyclone furnace; PC — pulverized coal; SCPC — supercritical pulverizedcoal

**DSI - Dry sorbent injection; FGD — Flue gas desulfurization (“scrubber”); LNB — low-NOx burner; LSC — low sulfur coal, may be blended with high sulfur
coal; SCR - selective catalytic reduction; SNCR — selective non-catalytic reduction.

Since 2010, TVA has retired the 4-unit, 704-MW John
Sevier Fossil Plant; the 8-unit, 1,499-MW Widows
Creek Fossil Plant; the 126-MW, Unit 10 at Shawnese;
the 10 coal-burning units, totaling 2,130 MWs, at
Johnsonville Fossil Plant; the five coal-burning units,
totaling 1,542 MWs, at Colbert Fossil Plant; Units 1 and
2, totaling 1,176 MW, at Paradise Fossil Plant; and the
3 coal-burning units, totaling 741 MWs, at Allen Fossil
Plant. The potential retirements of the remaining
operating unit at Paradise in 2020 and of Bull Run in
2023 were the subject of environmental assessments
issued for public review in November 2018, and
finalized in February 2019 just prior to the release of this
EIS (TVA 2019a, 2019b). Both EAs resulted in a finding
of no significant impact. Based on these assessments,
the TVA Board made a decision to retire Paradise Unit
3in 2020 and Bull Run in 2023.

In April 2011, TVA entered into two agreements to
resolve litigation over Clean Air Act (CAA) New Source
Review requirements for maintenance and repair of its
coal-fired units. The first agreement is a Federal
Facilites Compliance Agreement with U.S.
Environmental Protection Agency (USEPA). The second
agreement is a Consent Decree with Alabama,
Kentucky, North Carolina, Tennessee, the Sierra Club,
National Parks Conservation Association and Our
Children’s Earth Foundation. Under the terms of these
agreements (collectively the “CAA Environmental
Agreements”), TVA agreed to either install and operate
selective catalytic reduction (SCR), nitrogen oxide
emission reduction equipment, and/or flue gas
desulphurization (FGD, “scrubber”) sulfur dioxide
emission reduction equipment; convert to burn
renewable biomass fuels, or retire specified units; and
operate emission reduction equipment at specified
units year-round instead of seasonally. TVA has
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substantially completed these actions and the coal-fired
unit retirements listed above (except those for Paradise
Units 1 and 2, Shawnee Unit 10 and Widows Creek
Units 7 and 8) were in response to the CAA
Environmental Agreements

In order to maintain adequate generating capacity in
the vicinity of some retired coal plants or units, TVA
recently constructed and operates natural gas-fired
combined cycle (CC) plants at the Allen, John Sevier,
and Paradise fossil plant sites. These CC plants are
described below.

Fuel Procurement — TVA coal consumption has greatly
decreased since 2010 as a result of the coal unit

14,000,000

12,000,000

10,000,000

8,000,000

6,000,000

4,000,000

2,000,000
0 i

2015 2016

million tons
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retirements described above, increased generation by
other types of power plants and increased energy
efficiency. From 2015 through 2018, TVA’s coal
consumption decreased from 28 to 17 million tons
(Figure 2-2). In 2017, the most recent year for which
detailed U.S. production data is available (USEIA
2018a), TVA consumed about 2.3 percent of eastern
U.S. coal production and 2.1 percent of western U.S.
coal production. In recent years, TVA has obtained coal
from the Central Appalachians (eastern Kentucky,
southern West Virginia, and Virginia) and lllinois Basin
(llinois, Indiana, and western Kentucky) regions in the
eastern U.S. and from the Powder River Basin
(Wyoming and Montana) and Uinta Basin (Colorado
and Utah) regions in the western U.S.

2017 2018

= Uinta Basin Central Appalachians

Figure 2-2: Fiscal Year 2015-2018 coal purchases by mining region.

Approximately 43 percent of the 14.9 million tons of
coal that TVA contracted to purchase in FY18 was
mined by underground mining methods; all of this coal
was from the lllinois Basin region (Figure 2-2, Table 2-
3). The remaining coal was mined from open pit/area
surface mines. The proportion of coal consumed by
TVA that is mined by each mining method, as well as
the proportion from each of the major mining regions,

varies somewhat from year to year due to market
conditions and the operating characteristics of TVA
coal units. All of the coal that TVA has purchased in
recent years from the Powder River Basin was mined
by open pit/area mining methods. All of the coal that
TVA has recently purchased from the Uinta Basin was
mined by underground mining methods, as was over
90 percent of the coal that TVA has recently purchased
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from the lllinois Basin and Central Appalachians.
Surface-mined coal from the lllinois Basin was mined
by open pit/area mining methods, and surface-mined
coal from the Central Appalachians was mined by
contour/highwall mining methods. TVA has not

purchased coal from Appalachian mountaintop removal
surface mines in recent years.

Table 2-3: TVA coal purchase contracts for FY18, in millions of tons, by mining region and mining method.

Underground Mining Method: Surface - Contour/ Totals
Surface - Open Highwall
Pit/Area
llinois Basin 6.4 0.5 0 6.9 (64%)
Powder River Basin 0 8.0 0 8.0 (46%)
Uinta Basin 0 0 0 0
Central Appalachians 0 0 0 0
Totals 6.4 (43%) 8.5 (57%) 0 14.9

TVA purchases coal under both long-term (more than
one year) and short-term (one year or less) contracts;
97 percent of 2018 purchases were with long-term
contracts. During 2018, 36 percent of TVA’s coal
supply was delivered by rail, 15 percent was delivered
by barge, and 43 percent was delivered by a
combination of barge and rail. The remaining 6 percent
was delivered by truck. These percentages vary from
year to year depending on the coal sourcing areas and
other factors.

TVA uses large quantities of limestone to operate the
FGD systems at its six coal plants. This limestone is
acquired from quarries in the vicinity of the plants and
transported to the plants primarily by truck.

2.3.2 Nuclear Generation

TVA operates seven nuclear units at three sites with a
total net summer dependable capacity of 7,723 MW
(Figure 1-1, Table 2-4). The newest nuclear unit, Watts
Bar Unit 2, began commercial operation in 2016 after
initial construction efforts were halted in the mid-1980s.
In 2017, TVA received approval from the Nuclear
Regulatory Commission for an extended power uprate
at Browns Ferry. The first of these uprates, completed
in July 2018, increased the capacity of Unit 3 by 155
MW. The uprate to Unit 3 was completed January 31,
2019, enabling the unit to generate an additional 155
MW of electricity (up to 1,311 MW electricity total). After
the planned completion of the remaining uprate, the
total generating capacity of Browns Ferry will be
increased by 465 MW.

Table 2-4: Characteristics of TVA nuclear generating units.

Facility ’ Units ‘ 2018 Net Summer Commercial Operation | Operating License
Capability (MW) Date (First and Last Unit) Expiration
Browns Ferry 3 3,309 Boiling Water 1974, 1977 2033, 2034, 2036
Sequoyah 2 2,292 Pressurized Water 1981, 1982 2040, 2041
Watts Bar 2 2,122 Pressurized Water 1996, 2016 2035, 2055
Total 7 7,723
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Fuel Procurement - TVA’s seven nuclear units use a
total of about 4 million pounds of natural uranium
equivalent (Uzzs) per year. Natural uranium equivalent is
used to make enriched uranium, which has a higher
concentration of the uranium Usss isotope than natural
uranium. This uranium, which comes from uranium
producing areas around the world, is processed into
enriched uranium and fabricated in North American
locations. In October 2018, TVA entered into a DOE
program for downblending highly enriched uranium to
low enriched uranium for use in TVA nuclear units. TVA
currently has sufficient enriched uranium and fabrication
in inventory or under contract to provide all of its
requirements through 2022.

2.3.3 Natural Gas-Fired Generation
TVA has 87 natural gas-fueled simple-cycle
combustion turbine (CT) units at 9 sites (Figure 1-1,

Table 2-5). The oldest CTs were completed in 1971
and the newest in 2002. Eight CTs are co-located at
the coal-fired Gallatin plant site and 48 are at the sites
of three now-retired coal plants (Allen, Colbert, and
Johnsonville). The remaining 31 CTs are located at five
stand-alone plant sites. The individual CT units range in
generating capacity from 15 MW (Allen CT Units 1 — 16)
to 180 MW (Gleason CT Units 1 and 2). Eighty of the
CT units are capable of using fuel oil and 60 are
capable of quick start-up, reaching full generation
capability in about 10 minutes. One of the newer CT
units at Johnsonville was recently converted to power a
steam generator to provide steam to an adjacent
chemical plant. This steam was previously produced by
now-retired Johnsonville coal plant.

Table 2-5: Characteristics of TVA natural gas-fueled plants.

Facility Combustion Steam 2018 Summer Commercial Oil Fueling Capability
Turbine Units Turbine Net Capability Operation Date
Units (MW) (First and Last
Unit)
Simple Cycle (CT)
Allen 20 - 456 1971,1972 Yes
Brownsville 4 -- 468 1999 No
Colbert 8 - 392 1972 Yes
Gallatin 8 - 642 1975, 2000 Yes
Gleason 3 -- 500 2000 No
Johnsonville 20 - 1,269 1975, 2000 Yes
Kemper 4 - 348 2002 Yes
Lagoon Creek 12 -- 1,048 2001, 2002 Yes
Marshall 8 -- 608e 2002 Yes
CT Subtotal 87 - 5,731
Combined Cycle (CC)

Ackerman 2 1 713 2007 No
Allen 2 1 1,106 2018 No
Caledonia 3 3 765 2003 No
John Sevier 3 1 871 2012 Yes
Lagoon Creek 2 1 525 2010 No
Magnolia 3 3 918 2003 No

2-6




2019 INTEGRATED RESOURCE PLAN

Chapter 2: TVA Power System

Facility Combustion Steam 2018 Summer Commercial Oil Fueling Capability
Turbine Units Turbine Net Capability Operation Date
Units MW) (First and Last
Unit)
Paradise 3 1 1,100 2017 No
Southaven 3 3 780 2003 No
CC Subtotal 21 15 6,778
Total Gas-Fueled 108 15 12,509

TVA also has 21 natural-gas fueled CC units at eight
sites. At CC plants, electricity is generated by
combustion turbines as at simple-cycle CT plants; the
hot exhaust from the combustion turbines drives a heat
recovery steam generator and the steam drives a
steam turbine generator. Two of the CC sites are
adjacent to now-retired coal plants (Allen, John Sevier),
and two are co-located with CT units (Allen, Lagoon
Creek). The Paradise CC plant is near the remaining
operating Paradise coal unit. The three-unit Caledonia
plant is leased by TVA and the other CC plants are
owned by TVA. The arrangement of CTs and steam
generators varies, with each steam generator paired
with a combustion turbine at some plants while at other
plants two or three CTs drive each steam generator.
Some of the turbines at the newest CC plants can be
operated as quick-start CT units, as well as more
efficient CC units. The total net summer dependable
capacities are 5,731 MW for the combustion turbine
units and 6,778 MW for the combined cycle units.

Fuel Procurement — TVA'’s consumption of natural gas
has greatly increased in recent years as natural gas-
fueled generation, particularly from CC plants, has
increased and coal-fired generation decreased. In
2014, TVA used about 56 billion cubic feet (BCF) of
natural gas to fuel its CT and CC plants and to fuel
generating facilities at some non-TVA plants that sell
power to TVA under terms of a PPA. Since 2014,
natural gas consumption increased to 213 BCF in
2015, 270 BCF in 2016, and 241 BCF in 2017. The
consumption in 2018 further increased to 297 BCF with
the start-up of the Allen CC plant and the year-long
operation of the Paradise CC plant.

TVA purchases natural gas from multiple suppliers
under contracts with terms of up to three years. TVA
transports the gas across multiple interstate pipelines
to gas generating facilities. TVA contracts for natural
gas storage to provide peaking supply and balancing
services to accommodate changes in generation. Due
to the variety of suppliers and characteristics of the
pipeline transportation network, it is not possible to
break down the natural gas supply by sourcing area or
extraction technique.

Fuel oil is purchased on the spot market for immediate
delivery to the plants. TVA maintains an inventory of fuel
oil at all of its plants with oil fueling capability to provide
a short-term backup supply in the event the gas supply
is disrupted.

2.3.4 Diesel-Fired Generation

TVA owns one diesel generating facility with a total net
summer capacity of 9 MW. This plant, located in
Meridian, Mississippi, consists of 5 units completed in
1998. Diesel fuel is purchased on the spot market and
transported via TVA tanker trucks from third party
terminals and/or other TVA on-site fuel tanks.

2.3.5 Hydroelectric Generation

The TVA hydroelectric generating system consists of 29
hydroelectric dams with 109 conventional hydroelectric
generating units. Twenty-eight of these dams are on
the Tennessee River and its tributaries and one dam
(Great Falls) is on a Cumberland River tributary (Figure
1-1). TVA also operates the four-unit Raccoon
Mountain pumped storage hydroelectric facility near
Chattanooga, Tennessee. The 85-MW Unit 2 at the
Hiwassee hydroelectric plant in southwestern North
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Carolina is a reversible turbine-generator with the ability
to operate as a pumped storage hydroelectric plant.

The total net summer capability of the TVA
hydroelectric system is 5,398 MW; this includes 3,782
MW of conventional hydroelectric generation and 1,616
MW from Raccoon Mountain. Conventional
hydroelectric plants range in size from the 4-unit, 11-
MW Wilbur plant to the 21-unit, 675-MW Wilson plant.
The oldest of the conventional plants, Ocoee No. 1,
was completed in 1911 and the newest, Tims Ford,
was completed in 1970. In 1992, TVA began its Hydro
Modernization Program to replace outdated turbines
and other equipment in the hydroelectric plants. At the
end of FY18, these modernization efforts had been
completed on 60 out of 109 conventional hydroelectric
units and the four pumped hydroelectric units. These
efforts resulted in a 444-MW increase in generating
capacity of the conventional units and an average
efficiency gain of 5 percent.

TVAis in the process of making additional
improvements and uprates to the Raccoon Mountain
facility which will add 76 MW of pumped storage
capacity. TVA is continuing the modernization of the
remaining hydroelectric units at the rate of two or three
units per year. These ongoing efforts are designed to
maintain the units’ generating capacity and improve
their efficiency; they will not necessarily result in
increased capacity. Details about the hydroelectric
plants and the operation of the hydroelectric system are
available in the Reservoir Operations Study (TVA 2004).

2.3.6 Non-Hydro Renewable Generation
TVA owns 14 small photovoltaic (PV) solar installations
with a total capacity of about 1,400 kW (Figure 1-1).
These include 13 small (<100 kW) installations which
generate power marketed through TVA’s Green Power
Switch program (see Section 2.5) and a recently
completed 1-MW facility at the Allen CC plant.

2.4 Purchased Power

For FY 2010 through 2018, purchased power
comprised 11 to 16 percent of TVA’s total power
supply. In FY18, TVA purchased 18,740 million kWh,
13 percent of its total power supply. Approximately 11
percent of this purchased power was purchased on the
spot market, one percent through short-term PPAs,
and 88 percent through long-term PPAs.

TVA has long-term PPAs for about 3,800 MW of
generating capacity; the major PPA contracts/facilities
other than those that are part of specific programs, are
listed in Table 2-6.

TVA purchases hydroelectric generation from nine U.S.
Army Corps of Engineers (USACE) dams on the
Cumberland River and its tributaries through a long-
term contract with the Southeastern Power
Administration, a federal power marketing agency. The
power generated by the Buffalo Mountain wind farm,
completed in 2004, is marketed through the Green
Power Switch program (see Section 2.5).

Table 2-6: Major power purchase agreement contracts/facilities.

Facility Owner/Marketer

Natural Gas —

Decatur Energy Center Capital Power

Morgan Energy Center Calpine

Red Hills Power Plant SE Choctaw (Southern

Company)

Location Capacity (MW)! Contract End
Date

Combined Cycle
Decatur, AL
Decatur, AL

ite Coal

Choctaw
County, MS

2-8



2019 INTEGRATED RESOURCE PLAN

Chapter 2: TVA Power System

Facility Owner/Marketer Location Capacity (MW)! Contract End
Date
Diesel various various total of 112 various
Wind
Buffalo Mountain Windfarm Invenergy Oliver Springs, 27 2024
TN
Lost Lakes Wind Farm EDP Renewables North Dickinson 101 2030
America County, IA
Caney River Wind ENEL Green Power North Elk County, KS 201 2031
America
Pioneer Prairie | Wind Farm EDP Renewables North Howard, 198 2031
America Mitchell
Counties, 1A
White Oak Energy Center NextEra Energy Resources McClean 150 2031
County, IL
Bishop Hill Wind Energy Invenergy Henry County, 200 2032
Center IL
Cimarron Wind Energy NextEra Energy Resources Gray County, 165 2032
Center KS
California Ridge Wind Invenergy Champaign 200 2032
Energy Center County, IL
Solar
West Tennessee Solar University of Tennessee Haywood 5 2032
Farm County, TN
River Bend Solar Energy NextEra Energy Resources Lauderdale 101 2036
Center County, AL
Millington Solar Facility SR Millington (Silicon Ranch | Shelby County, 69.5 2038
Corp.) TN
Biomass
Chestnut Ridge Landfill Gas WM Renewable Energy Heiskell, TN 4.8 2031
Hydroelectric
Cumberland River Southeast Power TN, KY 405 2037
Hydroelectric Dams (9 Administration/ USACE
dams)

'Capacities for the Solar PV facilities are direct current; all other capacities are alternating current.

TVA entered into PPAs with the other seven wind farms
listed in Table 2-6 in 2009 and 2010, after issuing a
request for proposals (RFP) in December 2008 for up
to 2,000 MW of electricity from renewable and/or clean
sources to be delivered by 2011. The Pioneer Prairie
wind farm in lowa began delivering power to TVA in
2010 and the other six wind farms were delivering

power by late 2012. TVA entered into a PPA with an
additional wind farm, the 300-MW Streator-Cayuga
Ridge wind farm in Livingston County, llinois, which
also began delivering power in 2010. TVA canceled this
PPA in May 31, 2016.




VOLUME Il - FINAL ENVIRONMENTAL IMPACT STATEMENT

Chapter 2: TVA Power System

Under the Public Utility Regulatory Policies Act
(PURPA), TVA is required to purchase energy from
qualifying facilities at TVA's avoided cost of either
generating this energy itself or purchasing this energy
from another source (TVA 2007a). Qualifying facilities
are cogeneration or small power production facilities
that meet certain ownership, operating, and efficiency
criteria. Cogeneration (also known as combined heat
and power) facilities produce electricity and another
form of useful thermal energy (heat or steam) for
industrial or other uses. A qualifying small power
production facility has a capacity of between 7 kW and
80 MW and generates power through renewable
(hydro, wind or solar), biomass, waste, or geothermal
resources. TVA fulfills this requirement through the
Dispersed Power Production program. As of December
1, 2018, there were 44 generation sources, with a
combined qualifying capacity of 157 MW, whose power
TVA purchases through the Dispersed Power
Production program. The majority of this power is
generated by a 40-MW cogeneration plant operated by
International Paper in Lowndes County, MS. and by a
26-MW cogeneration plant operated by DTE Energy in
Marshall County, Kentucky. Most of the smaller
Dispersed Power Production generation sources are
solar PV facilities with a capacity of less than 600 kW
installed on or in association with municipal,
institutional, and commercial buildings.

The Green Power Providers (GPP) program is an end-
user generation program that began in 2003 as the
Generation Partners (GP) pilot program. Under the GP
pilot program, TVA purchased renewable energy
generated by facilities installed by residential,
commercial, and industrial customers. TVA purchased
qualifying renewable generation at retail plus a premium
rate via a generation credit on the participant’s monthly
bill via a 10 year power purchase agreement. In 2007,
the TVA Board adopted a dual metering standard
under PURPA that required TVA to make available to its
distributors the option to participate in a dual metering
program “modeled after” the GP pilot program.

In 2012, the GP pilot program was replaced with the
GPP program, which operated similarly to its
predecessor and consistent with the dual metering
standard TVA adopted in 2007. Qualifying generating

systems had a maximum capacity of 50 kW (direct
current, DC) and included solar photovoltaic panels,
wind turbines, low-impact hydropower, and systems
using several types of biomass fuels. A $1,000
incentive for new participants was phased out in 2015
for new non-residential participants and in 2016 for
new residential participants. Additionally, the generation
credit paid decreased in concert with the significant
decrease in the installed cost of solar. For calendar year
2018, the Green Power Providers program capacity for
new applicants was capped at 10 MWopc. Generation
credit rates for the 20-year contract period were
$0.09/kWh for systems with a capacity of up to 10
KWocand $0.07/kWh for larger systems.

The maximum capacity of individual systems installed
under the two programs has varied from a high of 1
MWpc to the current 50 kWpc. As of December 2018,
the combined GP and GPP program had over 3,500
generating systems with a total nameplate capacity of
about 109 MWpc. Solar PV facilities comprised about
90 percent of this capacity. Biomass (landfill gas,
wastewater methane and wood waste and chips)
comprised about 10 percent of capacity. Wind
generation provided about 96 kWbc and small
hydroelectric systems provided 9 kWpc. An additional
171 projects, all solar, with a total capacity of about 4
MWhoc have been approved by TVA, under the GPP
program, and are in various stages of construction.
Additional information on the program is available at
https://www.tva.gov/Energy/Valley-Renewable-
Energy/Green-Power-Providers.

The GPP program is accepting applications for new
installations through the end of 2019. In February 2019,
the TVA Board approved a revised net metering
standard, the closure of the GPP program to new
applicants effective January 1, 2020, and the phasing
out of the GPP program completely as existing
contracts with participants expire. The Board
delegated to the CEO the authority to design and
implement a new program to replace the GPP
program.

In October 2010, TVA issued the Renewable Standard
Offer (RSO) to promote the development of renewable
energy in the TVA PSA. RSO offered set prices to
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developers of small to mid-size renewable projects
under long-term contracts up to 20 years. The
generating facilities must be between 50 kW and 20
MW in size and located within the TVA region.
Qualifying fuel sources included solar photovoltaic,
wind, and biomass from wood waste, agricultural crops
or waste, animal and other organic waste, energy
crops, and landfill gas and wastewater methane. The
RSO program was closed to new proposals in 2015.
As of December 2018, 20 RSO facilities with over 157
MWpc of generating capacity were operating (Table 2-
7). An additional 2 facilities with a total capacity of 40
MWoc have been approved but are not yet operating.

In February 2012, TVA initiated the Solar Solutions
Initiative (SSI), a targeted incentive program aimed to
support the existing TVA-region’s solar industry and to
recruit new industry to the region. In addition to terms
similar to those of the RSO, SSI provided incentive
payments for solar projects in the RSO program greater
than 50 kW and less than or equal to 1 MW that used
local certified solar installers. As of December 2018, the
program had 56 operating facilities with a total capacity
of about 43 MWpc and 1 facility with a total capacity of
1 MWhc approved but not yet operating.

At the end of 2015, TVA closed the SSI program to
new proposals and initiated the Distributed Solar
Solutions (DSS) program. The DSS program was
designed to encourage the TVA-region LPCs to
develop and operate solar projects with capacities
between 50 kW and 2 MW. The program was offered
in 2016 and 2017, and as of December 2018, the
program had 2 operating facilities with a total capacity
of 3 MWhpc and 11 facilities with a total capacity of
about 23 MWobc approved but not yet operating.

In September 2017, TVA issued an RFP for the
procurement of new renewable energy resources.
Qualifying facilities had to be located within the TVA
Power Service Area or be capable of delivering energy
to TVA through TVA'’s interconnections with
neighboring transmission systems. TVA received
multiple proposals in response to the RFP. These
proposals offered a total capacity of 6,700 MWac of
capacity, with 69 percent of this capacity from solar PV
facilities, 29 percent from wind facilities, and 2 percent
from biomass-fueled facilities. TVA closed the RFP in
December of 2017 and, as a result of the proposals
received, awarded four contracts to build 674 MWac of
new solar power.

In 2018 TVA launched two programs to support
accelerated renewable investment: Renewable
Investment Agreement (RIA) and the Flexibility Research
Project (FRP) pilot. RIA supports utility scale renewable
generating facilities for large commercial and industrial
customers, and FRP supports community solar, in
partnership with LPCs. Community scale solar provides
opportunities for LPC customers to invest in LPC-
sponsored community solar facilities as a lower cost
alternative to constructing and operating their own
rooftop or other solar facilities.

In April 2019, TVA issued an RFP for procurement of
200 MW of new renewable energy resources.
Proposals could include battery storage. Qualifying
facilities had to be located within the TVA Power
Service Area or be capable of delivering energy to TVA
through TVA'’s interconnections with neighboring
transmission systems. This RFP closed in May 2019; as
of late June, 2019, the evaluation of responses to the
RFP was still in progress.

Table 2-7: Renewable Standard Offer generating facilities operating in May 2018.

Facility Owner/Marketer

Location Capacity

West Camden Renewable
Energy Facility

Waste Management

Benton County, TN

Landfill gas 4.8

1 Capacities for the solar PV facilities are direct current; all other capacities are alternating current.
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Facility

Prairie Bluff Renewable
Energy Facility

BioEnergy Sand Valley

Columbus Cellulose Fibers
Cogeneration Facility
Bristol Landfill Gas
Mulberry Solar Farm
Selmer Solar Farm
Bi-County Landfill Gas
Selmer North | Solar Farm

Providence Solar Center

Wildberry Solar Center

Selmer North Il Solar Farm

Hampton Solar

Haywood County Solar
Farm

Latitude Solar Center

Chickasaw County Solar
Farm

Jonesborogh Solar

Owner/Marketer ‘

Waste Management

BioEnergy (Alabama) LLC

International Paper

Ingenco Renewable
Development, LLC

Mulberry Farm LLC
(Dominion)

Selmer Farm LLC
(Dominion)

Bi-County Landfill Gas
Producers LLC

Selmer North | LLC (Silicon
Ranch Corp.)

Providence Solar Center
LLC (Silicon Ranch Corp.)

Wildberry Solar Center LLC

Selmer North Il LLC (Silicon
Ranch Corp.)

Cumberland Land Holdings
LLC (Silicon Ranch Corp.)

Haywood Solar LLC (Silicon
Ranch Corp.)

Latitude Solar Center LLC
(Coronal Energy)

SR Houston Holdings LLC
(Silicon Ranch Corp.)

SR Jonesborough LLC
(Silicon Ranch Corp.)

Location Fuel ‘ Capacity’
Chickasaw County, MS Landfill gas 1.6
DeKalb County, AL Landfill gas 4.8
Columbus, MS Biomass 20
Bristol, VA Landfill gas 2.3
McNairy County, TN Solar PV 20
McNairy County, TN Solar PV 20
Montgomery County, TN Landfill Gas 2
McNairy County, TN Solar PV 10
Madison County, TN Solar PV 20
Fayette County, TN Solar PV 20
McNairy County, TN Solar PV 10
Limestone County, AL Solar PV 20
Haywood County, TN Solar PV 3.9
Hardeman County, TN Solar PV 20
Chickasaw County, MS Solar PV 3.9
Washington County, TN Solar PV 5

2.5 Demand-Side Management
Programs

TVA has had a portfolio of demand-side management
programs focusing on energy efficiency and demand
response for many years. Energy efficiency (EE)
programs are designed to reduce the use of energy
while still providing reliable electric service. Smart
electric technology programs improve consumer
energy performance, safety, and comfort. Demand
response (DR) programs are designed to temporarily
reduce a customer’s use of electricity, typically during

peak periods and for system reliability or economic
reasons. Because the energy use is typically shifted to
off-peak times, demand response typically has little
effect on total energy use. It does, however, provide
system reliability and reduce the need for peaking
generation capacity. DR program participants receive
credits on their electric bills. The TVA demand-side
management (DSM) portfolio is a combination of fully
deployed mature programs, recently initiated programs
and programs under development.

The 2015 Integrated Resource Plan (IRP) identified
goals of additional energy efficiency savings, through
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programs administered by TVA and the LPCs, of 900
to 1,300 MW by 2023 and 2,000 to 2,800 MW by
2033. It also identified the demand response goal of
450 to 750 MW of additional demand reduction by
2023 and similar additional amounts by 2033. Through
its EnergyRight Solutions program (described in more
detail below), TVA realized 379 gigawatt hours (GWh),
378 GWh, and 170 GWh of energy efficiency savings in
2016, 2017, and 2018, respectively. Based on the rate
at which additional energy efficiency savings are being
realized, TVA is unlikely to meet the 2023 goal. TVA
also provided 1,547 MW, 1,614, and 1,635 MW of
potential demand reduction through DR in 2016, 2017,
and 2018, respectively. Following are descriptions of
DSM programs that have operated since 2015.

2.5.1 Energy Efficiency Programs and
Smart Energy Technologies

TVA implements its DSM efforts through its
EnergyRight® Solutions (ERS) portfolio. EnergyRight®
Solutions targets three sectors: EnergyRight®
Solutions for the Home, EnergyRight® Solutions for
Business, and EnergyRight® Solutions for Industry. The
ERS programs include a variety of energy-saving tools
and incentives that help save energy and reduce power
costs while providing peak reduction benefits for the
power system. They change over time to adapt to new
technologies, TVA system needs, and other factors.
Unlike integrated power systems where the utility
generates and distributes electricity to end users, most
of the electricity TVA generates is distributed to end
users by the 154 LPCs. This complicates the
development and implementation of many types of
DSM programs that are delivered through partnerships
with participating LPCs, which requires coordination..
The TVA DSM portfolio is described in more detail
below; information about programs is also available at
http://www.energyright.com/.

EnergyRight® Solutions for the Home

eScore Program — eScore is a home energy upgrade
program designed to provide homeowners with smart
energy advice, access to a network of specially trained
and approved contractors through the TVA Quality
Contractor Network, a free inspection of any work
performed, and the assurance that the job will be done

correctly. The eScore Program is delivered by LPCs
and TVA. Homeowners can reengage with the
program as many times as needed to achieve their
home’s best possible energy performance. Financing is
available in most areas to help homeowners make
upgrades. Rebates are available for qualifying smart
energy technology upgrades. Through the end of 2018,
over 150,000 customers registered for the program
and nearly 70,000 have completed eScores. The
eScore program was created as part of the CAA
Environmental Agreement described in Section 2.3.

eScore Self Audit Program — Homeowners complete an
online home energy survey. The homeowners then
receive a personalized report that breaks down their
annual and monthly energy usage by category and
makes recommendations for increasing energy
efficiency. Participants also receive a free energy
efficiency kit that may include items such as light
emitting diode (LED) light bulbs and gaskets for wall
outlet and light switches. Over 37,000 self-audits were
conducted by the end of 2018.

Heat Pump Program — Under this program, TVA
promoted the installation of high-efficiency heat pumps
by providing low-interest, fixed-rate financing for up to
10 years through a third-party lender, with repayment
through the consumer’s electric bill. Installations were
performed by a member of the QCN and TVA
reimbursed LPCs for inspection and loan
processing/collection. During 2017, 939 heat pumps
were installed through the program with an estimated
annual energy saving of 1.78 GWh. In late 2017, the
Heat Pump Program was merged into the eScore
Program.

Volume Heat Pump Program for Manufactured Homes
—The Volume Heat Pump Program was an upstream
program that promoted the installation of electric heat
pumps in qualified manufactured homes. Its features
included a network of heating, ventilation, and air
conditioning (HVAC) wholesalers, incentives and an on-
site validation of 10 percent of randomly-selected
installations. The program had 128 installations in 2017
with annual energy savings of 504,220 kWh. This
program has since been terminated.
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ENERGY STAR® Pilot Program for Manufactured
Homes - This program was an upstream program
administered by Systems Building Research Alliance. A
rebate was paid to manufactured homes producers to
encourage them to build ENERGY STAR homes to be
sited in the Tennessee Valley. The program yielded
1,731 manufactured homes in 2014. It was terminated
in 2016.

New Homes Program — The New Homes Program
offers a suite of HYAC and water heating equipment
incentives to encourage builders to use electric
equipment instead of non-electric alternatives.
Incentives are offered for single family homes, duplexes,
and multi-family homes. The program incentives help
builders purchase technologies that are highly desired
for efficiency, effectiveness, and longevity, making
these new homes more marketable. Over 500
homebuilders have applied for memibership in the
Homebuilder Network. In FY18, nearly 4,500 homes
received incentives through the redesigned program.

Smart Communities Program — Smart Communities is a
mitigation program developed as part of TVA’'s CAA
Environmental Agreements described above in Section
2.3. The program is made up of two components:
Smart Energy Technologies and Extreme Energy
Makeovers. The Smart Energy Technologies
component tested the integration of ultra-efficient
homes with smart grid technologies, and the human
interaction with such technologies, in the Glasgow
(Kentucky) Electric Plant Board service area. The
ultimate goal of the program was to reduce emissions
of air pollutants. The Smart Communities Program
ended in 2017.

As part of the Extreme Energy Makeovers component,
whole-home, deep energy retrofits for 20-year-old or
older homes in lower income communities were
provided in the service areas of 4-County Electric
Power Association and Columbus Light & Water in
Mississippi, Cleveland Utilities, Knoxville Utilities Board,
and Oak Ridge Electric Department in Tennessee,
Huntsville Utilities in Alabama, and North Georgia
Electric Membership Corporation. The program goal
was to achieve a 25 percent energy reduction in each
home’s energy use for an estimated energy savings of

1,000 MWh/year at a cost of approximately $10/square
foot. Typical retrofits included insulation, new or
repaired heating, ventilation, and air conditioning
(HVAC) systems, air sealing, new windows/doors, and
energy-saving appliances. Through 2017, the program
had 3,400 participants and resulted in an average
energy bill reduction of 35 percent.

Home Energy Improvement Program — This pilot
program, begun in 2017, was modeled after the
Department of Energy (DOE) Weatherization Assistance
Program (WAP). It provided approximately $8,000 per
home for improvements to about 125 homes in the
Memphis area at no cost to the low-income
homeowners. Typical improvements included
insulation, air sealing, HVAC repair or replacement, and
water heater upgrades.

Home Uplift — Launched in 2018 in collaboration with
state and local community groups, Home Uplift
provides energy upgrades for low-to-moderate
households. Modeled after the DOE WAP, this program
provides approximately $8,000 per home at no cost to
qualified homeowners for improvements such as HVAC
repair or replacement, insulation, air sealing,
replacement windows, and water heater upgrades. As
of September 2018, 531 homes participated in this
pilot.

Weatherization Assistance Program — This program is a
partnership with the Tennessee Housing and
Development Agency to provide support for the DOE-
funded WAP program in Tennessee. Since 2010, TVA
has provided direct install kits for all pre-audits and in
2018 created an innovative platform, WAPez, to
streamline the WAP administrative process to help
serve more consumers and leverage all sources of
funding. As of September 2018, TVA has provided
support for 22,834 homes.

Home Energy Workshops — Launched as a Middle
Tennessee pilot in 2015, the Home Energy Workshops
expanded in 2018 to provide energy education
workshops throughout the Valley. Through September
2018, 1,236 participants attended workshops.
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Water Heating Program — The Water Heater Program
promotes the installation of electric water heaters in
homes and small businesses. A principal program
feature is a Market Value Payment from TVA to the LPC
for each electric water heater installed. In FY18, over
8,099 water heaters came through the program.

EnergyRight® Solutions for Business

ERS for Business program transitioned during 2018
from providing incentives for energy efficiency upgrades
through measures such as lighting upgrades to
providing incentives for smart energy technologies such
as dual fuel heat pumps, variable refrigerant flow HVAC
units, outdoor lighting for safety, and food service
equipment.

During the transition year, the ERS for Business
program saved 61 GWh, while providing incentives of
$4.9 million through 116 LPCs. Approximately 86
percent of the energy savings were through lighting
upgrades, and about 5 percent through HVAC
upgrades. The remaining 9 percent of energy savings
were through other comparatively small measures.
Incentives for energy efficiency measures through this
program were discontinued in 2018. TVA continues to
support energy efficiency through engagement
initiatives such as Strategic Energy Management.

While transitioning away from incentives for energy
efficiency, efforts to incentivize smart energy
technologies continue to grow. In 2018, the ERS for
Business program added 21.3 GWh of load while
providing incentives of $2.8 million through 39 LPCs.
Approximately 31 percent of load added was from
HVAC measures, 23 percent from non-road electric
vehicles, and 32 percent from custom projects where
TVA personnel found tailored solutions for consumers.
The remaining 14 percent of load was added from
other comparatively small measures.

EnergyRight® Solutions for Industry

EnergyRight® Solutions (ERS) for Industry program
transitioned during 2018 from providing incentives for
energy efficiency upgrades through measures like
lighting upgrades to providing incentives for smart
energy technologies such as dual fuel heat pumps,

variable refrigerant flow HVAC units, outdoor lighting for
safety, and process heating equipment.

During the transition year, the ERS for Industry program
saved 74.8 GWh, while providing incentives of $5.9
million through 82 LPCs. Approximately 58 percent of
the energy savings were through lighting upgrades, 19
percent through compressed air upgrades, and about
15 percent through HVAC upgrades. The remaining 8
percent of energy savings were through other
comparatively small measures. Incentives for energy
efficiency measures through this program were
discontinued in 2018. TVA continues to support
energy efficiency through engagement initiatives like
Strategic Energy Management.

While transitioning away from energy efficiency, efforts
to incent smart energy technologies continue to grow.
In 2018, the ERS for Industry program added 38.3
GWh of load while providing incentives of $3.2 million
through 27 LPCs. Approximately 19 percent of load
added was from process heating solutions, motors and
HVAC contributed approximately 7 percent of the
projects, and 63 percent was contributed from custom
projects where TVA personnel found tailored solutions
for consumers. The remaining 4 percent of load was
added from other comparatively small measures.

Education and Outreach

The EnergyRight® Solutions for Youth energy
education program that was in place in 2015 is now
run by the Tennessee Valley Public Power Association.

2.5.2 TVA Facilities

The Internal Energy Management Program, created by
TVAin 1978, is responsible for the planning,
coordination of regulatory reviews, performance
analysis and reporting, oversight of energy related
audits, and sustainable design for TVA facilities. The
program coordinates TVA compliance with energy
efficiency goals and objectives for Federal agencies
established by the National Energy Conservation Policy
Act, the subsequent Energy Policy Acts of 1992 and
2005, Energy Independence and Security Act of 2007,
and several Executive Orders (E.O.) including E.O.
13834, Efficient Federal Operations (2018). This
program has resulted in significant reductions in energy
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use; for example, between 2003 and 2017 energy
intensity in TVA facilities was reduced by 36.9 percent.
Over the past 10 years the program, through the
implementation of energy efficient projects in TVA
buildings, helped TVA save 540 GWh cumulatively,
which is enough to power 36,800 Valley homes for one
year. See https://www.tva.gov/About-TVA/Guidelines-
and-Reports/Sustainability-Plans-and-Performance for
more information and annual reports of
accomplishments.

2.5.3 Demand Response Programs
Interruptible Power — These programs enable TVA to
suspend a portion of the electric load of participants
during times of power system need. The three
Interruptible Power programs had a total capacity of
1,716 MW at the end of 2018. The programs are
differentiated by the time period between when
participants are notified to reduce their load and when
the load reductions must be in place. These programs
are Interruptible Power — 5 minutes (650 MW in 2018),
Interruptible Power — 30 minutes (769 MW), and
Instantaneous Response (297 MW). In early 2017, TVA
changed its policies to allow participants in the
Interruptible Power programs to generate power using
diesel-fueled generators during DR events.

Aggregated Demand Response — This program
provides peak load reduction to TVA during periods of
power system need, at TVA’s request. This program
had a total capacity of 188 MW at the end of 2018;
most of this capacity is implemented by Enel X (formerly
known as EnerNOC).

Voltage Optimization — This is a mitigation program
developed as part of TVA’'s CAA Environmental
Agreements described above in Section 2.3. In this
program, TVA works with LPCs to operate their
distribution lines in the lower half of the acceptable
voltage range, thereby lowering demand and reducing
energy consumption.

2.5.4 Renewable Energy Certificate (REC)

Programs
Under the Green Power Switch program, TVA
customers can support renewable energy by

purchasing 150-kWh blocks of renewable energy for
$4/olock/month. TVA generates or acquires the
renewable energy from specific sources, including the
Buffalo Mountain Windfarm described above and the
Green Power Providers program participants. In fiscal
year 2018, 10,568 residential and 425 business
participants in the Green Power Switch program
supported the generation of 62,641 MWh of renewable
energy. For 2018, 70 percent of this energy marketed
through the Green Power Switch program was from
solar, 20 percent from wind, and 10 percent from
biomass.

Green Power Switch Southeastern RECs is a pilot
program initiated in 2012 that provides a bulk purchase
option for businesses in the Valley. It gives an
organization the ability to make renewable energy
claims, using Green-e certified RECs, and allows them
to demonstrate to their customers and stakeholders
that they support green initiatives. The RECs
purchased through the program are delivered to the
Valley along with the renewable energy, and the cost of
the RECs are added to the customer’s regular
electricity bill. In fiscal year 2018, 14 customers
supported green initiatives through this program
accounting for 629,176 MWh sold.

2.6 Transmission System

TVA operates one of the largest transmission systems
inthe U.S. It serves an area of 80,000 square miles
through a network of approximately 16,200 miles of
transmission line; 508 substations, switchyards and
switching stations; and 1,321 individual customer
connection points. The system connects to
switchyards at generating facilities and transmits power
from them at either 161 kV or 500 kV to LPCs and
directly served customers. Substations at delivery
points reduce the voltage for delivery through LPC
distribution lines serving end users.

The TVA transmission system operates at a range of
voltages:

500-kV lines — 2,471 miles
345- and 230-kV lines — 150 miles
161-kV lines — 11,625 miles
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138- and 115-kV lines — 202 miles
69-kV lines — 1,120 miles

46-kV lines — 608 miles

26- and 13-kV lines — 15 miles

The TVA transmission system has 69 interconnections
with 13 neighboring utilities at interconnection voltages
ranging from 69-kV to 500-kV. These interconnections
allow TVA and its neighboring utilities to buy and sell
power from each other and to wheel power through
their systems to other utilities. To the extent that
Federal law requires access to the TVA transmission
system, the TVA transmission organization offers
transmission services to others to transmit power at
wholesale in a manner that is comparable to TVA's own
use of the transmission system. TVA has also adopted
and operates in accordance with the Standards of
Conduct for Transmission Providers (FERC 2008), and
appropriately separates its transmission functions from
its marketing functions.

In recent years, TVA has built an average of about 150
miles of new transmission lines and several new
substations and switching stations per year to serve
new customer connection points and/or to increase the
capacity and reliability of the transmission system. The
majority of these new lines are 161-kV. In 2008, TVA
completed a 39-mile 500-kV transmission line in
Tennessee which was the first major TVA 500-kV line
built since the 1980s. TVA also completed a 27-mile
500-kV transmission line in Tennessee in 2010. TVA
has also upgraded many existing transmission lines in
recent years to increase their capacity and reliability by

re-tensioning or replacing conductors, installing
lightning arrestors and other measures.

A major focus of recent transmission system upgrades
has been to maintain reliability when coal units are
retired. Between 2011 and 2018, TVA spent $419
million on these upgrades and anticipates spending
$10 million on coal-retirement related transmission
system upgrades in 2019 and 2020. The upgrades
include modifications of existing lines and substations
and new installations as necessary to provide adequate
power transmission capacity, maintain voltage support
and ensure generating plant and transmission system
stability. In May 2017, TVA began a $300 million, multi-
year effort to upgrade and expand its fiber-optic
network to help meet the power system’s growing
need for bandwidth as well as accommmodate the
integration of new distributed energy resources.
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3 Alternatives

Tennessee Valley Authority (TVA) uses a scenario
planning approach in integrated resource planning, a
common approach in the utility industry. Scenario
planning is useful for determining how various business
decisions will perform in an uncertain future. The goal of
the Integrated Resource Plan (IRP) is to develop a
least-cost plan that is consistent with TVA’s legislatively
mandated mission described in Section 1.1.1 of
Volume | and the IRP objectives described in Section
1.2.1 of Volume I. The final, optimal plan will be low-
cost, risk-informed, environmentally responsible,
reliable, diverse, and flexible.

Multiple strategies, which represent business decisions
that TVA can control, are modeled against multiple
scenarios, which represent uncertain futures outside of
TVA’s control. The intersection of a single strategy and
a single scenario results in a resource portfolio. A
portfolio is a 20-year capacity plan that is unique to
each combination of strategy and scenario. A detailed
description of the development of the portfolios is in
IRP Chapter 6).

3.1 Development of Scenarios

Based on the scoping comments, IRP Working Group
input, and further analysis, TVA identified six scenarios:

1. The Current Outlook — Continuation of TVA’s
current forecasts, including a regional gross
domestic product growth rate of 2 percent,
slow customer growth, and declining customer
energy use.

2. Economic Downturn — Prolonged, stagnant
economy resulting in weak growth and
delayed need for new generation.

3. Valley Load Growth — Rapid regional economic
growth resulting in higher energy sales.

4. Decarbonization — Federal push to curb
greenhouse gas (GHG) emissions with CO2
emission penalties and incentives for non-
emitting technologies.

5. Rapid Distributed Energy Resources (DER)
Adoption — High penetration of distributed
generation, energy storage, and energy

management resulting in decreased demand
from utilities.

6. No Nuclear Extensions — Regulatory
challenges to relicensing existing and
constructing new large-scale nuclear plants.

Each of the scenarios has a unique set of uncertainties,
attributes that are likely to change in the future. These
include the demand for electricity, the market price of
power, fuel prices, regulations affecting electric utilities,
regulations on CO2 emissions, availablility of power for
purchase from other producers, national energy
efficiency adoption, and regional and national economic
conditions. These and other aspects of the scenarios
are described in detail in IRP Section 6.1.

3.2 Alternative Strategies and
Associated Capacity Expansion
Plans

3.2.1 Development of Alternative

Strategies
After review of the scoping comments, five alternative
planning strategies were developed by TVA in
coordination with the IRP Working Group. The five
alternative strategies include the Base Case, which
represents the continued implementation of the 2015
IRP in accordance with least-cost optimization and
reliability constraints. For purposes of the Environmental
Impact Statement (EIS), Strategy A — Base Case
represents the No Action alternative and the four other
strategies represent action alternatives.

e Strategy A: Base Case

e Strategy B: Promote Distributed Energy
Resources (DER)

e Strategy C: Promote Resiliency

e Strategy D: Promote Efficient Load Shape

e Strategy E: Promote Renewables

The five alternative strategies differ in, among other
things, whether or not they include incentives for
particular resources. In this context, an incentive is the
mechanism to promote additional penetration of a
resource and is equal to the difference between the
cost of a resource in the Base Case and the cost to

3-1
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achieve the targeted level of penetration in the other
four strategies.

Strategy attributes were used in the modeling in several
different ways. Resources that were promoted
generally received a modeled incentive that improved
economics for their adoption or selection. In some
cases, a resource category may be limited, such as
new coal being excluded in the Promote Distributed
Energy Resources (DER) and Promote Renewables
strategies. Others have temporal restrictions, such as
allowing retirements to take effect in a certain year
when transmission work to allow plant separation could
be completed.

The Base Case represents the continuation of TVA's
current power supply plan based on least-cost planning
with no specific resources promoted and reflects
decisions made to date by the TVA Board of Directors.
Between the draft EIS and final EIS, TVA updated the

Dlstrlbuted Resources & Electrification

Base Case to reflect the Board of Directors’ decision in
February 2019 to retire the Paradise Fossil Plant Unit
#3 by the end of 2020 and the Bull Run Fossil Plant by
the end of 2023. The remaining strategies provide
incentives to promote adoption of certain resources,
with consideration of market potential, pace of
adoption, and reserve margin.

After defining each strategy’s key characteristics, three
incentive levels — Base (no incentive), Moderate, and
High — were determined to achieve the objectives of the
strategy as shown in Figure 3-1. These incentive levels
influenced the selection of the affected energy
resources during the development of the resource
portfolios. The Strategy Design Matrix provided the
roadmap for how resource promotions were applied in
capacity planning. The key characteristics of each
alternative strategy are summarized in Table 3-1.
Further information on the strategies can be found in
IRP Section 6.2 and IRP Appendix E.

Utility Scale Resources

Strategy Distributed | Distributed (s re Energy Demand | Beneficial Biomass & AeroCl & i
Heat& Solar Wind Storage Recip Modular

Solar Storage Eficiency | Response |Electrification Biogas "
Power Engines Reactors

Base Case Base Base Base Base Base

Pr°r.*?°‘e Moderate
Resiliency

Promote Efficient

Load Shape Base Moderate Base -- Moderate Base Base

Promote
Renewables

Moderate ~ Moderate Base Base Base

Promote DER - Moderate - Moderate ~ Moderate Base

Moderate Base Moderate

Base Base Base Base Base Base

Base Base Base Base Base Base
Base Base Base Moderate ~ Moderate ~ Moderate

Base - Base Base

Moderate ~ Moderate ~ Moderate ~ Moderate Base Base

Figure 3-1: Incentive levels for selected energy resources associated with each strategy.
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Table 3-1. Key characteristics of the five alternative strategies.

Strategies ‘ Description and Attributes

A- Base Case ®  Planning Reserve margins for summer and winter peak seasons are applied, targeting
an industry best-practice level of reliability (applies in all strategies)

¢ No specific resource types are promoted beyond business as usual

B- Promote DER ® DERis incented to achieve higher end of long-term penetration levels

¢ New coal is excluded, and all other technologies are available while Energy Efficiency,
demand response, distributed generation and storage are promoted

® Programs targeting low income customers will be part of Energy Efficiency promotion

C- Promote Resiliency o gmq)l, agile capacity is incented to maximize flexibility and promote ability to respond

to short-term disruptions on the power system

® All'technologies are available while small modular reactors (SMRs) and small gas
additions (aeroderivative turbines, reciprocating engines), demand response, storage
and distributed generation are promoted

¢ Combinations of storage and distributed generation could be installed as microgrids

® Flexible loads and DERs are aggregated to provide synthetic reserves to the grid to
promote resiliency

D- Promote Efficient °

Targeted electrification and demand and energy management are incented to
Load Shape

minimize peaks and troughs and promote an efficient load shape

® Alltechnologies are available but those that minimize load swings, including energy
efficiency, demand response and storage, are promoted

®  Programs targeting low-income customers will be a part of EE promotion

E- Promote °

Renewables at all scales are incented to meet growing prospective or existing
Renewables

customer demands for renewable energy

® New coal is excluded, and all other technologies are available while renewables are
promoted

3.2.2 Capacity Expansion Plans

The following section provides a summary of the
capacity expansion plans, also known as resource
portfolios, developed for each of the alternative
strategies. Capacity additions and reductions are
quantified in megawatts (MW) and energy additions and
reductions are quantified in gigawatt hours (GWh).

The capacity expansion plans are based on the
assumption that all pending coal unit or plant
retirements described in Section 3.2.3 will occur as

scheduled, with all retired by 2038. Several current
Power Purchase Agreements (PPAs) are assumed to
expire during the planning period, including wind
energy PPAs from 2024 through 2032, PPAs for diesel-
generated power totaling 115 MW, and the Red Hills
lignite coal plant PPA in 2032.

All portfolios considered in the 2019 IRP have the
following common features:

e In all strategies, except for Strategy A - Base
Case, promotions are applied first, and then

3-3
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the balance of the system is optimized in a
least-cost manner.

¢ No new hydroelectric or coal plants were
selected in any portfolio.

e Hydroelectric capacity and generation are the
same across all portfolios.

e Coal capacity is the same or less than currently
planned, as no coal was added. Coal
generation reflects potential facility retirements
described in Section 3.2.3.

¢ No new wind was selected in the portfolios,
while solar expansion was significant.

In the following descriptions of the alternative
strategies, the stated capacities are summer net
dependable (SND) capacities except for wind and solar
generation, which are nameplate capacities. For wind
and solar generation, SND capacities are significantly
less than nameplate capacities due to their intermittent
nature. For the other energy resources, the difference
between SND capacities and nameplate capacities is
relatively small. These differences, as well as the
methodology used to determine SND, are described in
Appendix A of Volume I. The portfolios associated with
the alternative strategies are described in greater detail
in Chapter 7 of Volume .

3.2.3 Potential Retirement of TVA

Generating Facilities
Several TVA facilities have units that are being
considered for retirement during the planning period.
The following sections describe in general the activities
that would occur upon potential retirement of these
facilities.

Combustion Turbine Facilities

All of the alternatives and portfolios include the potential
retirement of Allen CT Plant, Colbert CT Plant,
Johnsonville CT Units 1 — 16, and Gallatin CT Units 1 —
8 as early as 2020. Because these facilities are
considered for potential retirement within the next five
years, Chapter 4 and Chapter 5 of Volume Il provide
site-specific information about the affected environment
and impacts of retirement and decommissioning
activities for each CT facility.

Decommissioning is the performance of activities
required to ready a facility for deactivation. Key
decommissioning activities at CTs include:

o Tag out all unit or plant equipment except
service water, lighting, etc.
. Remove and properly dispose of hazardous

and other wastes, including polychlorinated
biphenyl (PCB)-containing equipment

o Empty all storage tanks and reuse or dispose
of contents (fuel oil, glycol, demin water, raw
water, condensable fluids from gas supply)

° Open all equipment electrical breakers not in
use

. Drain oil, fuel and fluids

. Salvage, store, and relocate as practical all

useable equipment, components, materials,
spare parts, office products, etc.
° Salvage and store all key plant records.

Deactivation is the shutting down of power and
energized systems as appropriate as well as severing
and/or isolating power, water, fuel supply and piping to
the plant to provide a cold, dark and dry structure.
Activities may also include rerouting of power and
services as required for any facilities that will remain
operational.

Limited decontamination involves removing select
regulated materials in a safe and practical manner in
such a way that the plant is left in a status that does not
present a hazard or risk to the environment or
personnel. Work may include abatement and disposal
of regulated materials. Regulated materials include but
are not limited to PCB equipment, asbestos, hazardous
waste, solid waste, products, etc. Key decontamination
activities at CTs include:

. Removal and proper disposal of regulated
materials, as practical.

) Periodic materials condition monitoring.

. Periodic waste removal as materials

deteriorate over time.

Coal Plants

All of the alternatives and portfolios include the potential
retirement of the coal-fired Shawnee, Cumberland,
Gallatin, and Kingston Fossil Plants by 2038.
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Depending on the plan selected for implementation,
these facilities could be retired in whole or in part during
the planning period. The strategies and portfolios also
include the retirement of the Paradise and Bull Run
Fossil Plants, which was approved by the Board of
Directors in February 2019. Actions associated with the
retirement of these two plants, and the associated
environmental impacts, are described in TVA 2019a
and TVA 2019b.

For coal plants or units selected for retirement, TVA
would cease most plant operations and reduce plant
staff at the time of retirement. In order to minimize
environmental and safety risks and comply with
applicable laws and regulations, TVA would implement
the actions described below.

Decommissioning is the performance of activities
required to ready a facility for deactivation. Work
performed includes removal of equipment,
components, and parts that can be used at other sites,
draining of oil/fluids from equipment, removal of coal
and ash from boilers and other equipment, removal of
hazardous materials and potential waste like materials,
removal of PCB equipment, removal of
furniture/furnishings, removal of installation technology
assets, removal of plant records. Key decommissioning
activities at coal plants include:

. Tagging out all unit or plant equipment
except service water, lighting, etc.

. Emptying and cleaning hoppers, bins,
bunkers, etc.

. Opening all equipment electrical breakers
not in use.

. Draining oil and fluids

. Salvaging, storing, and relocating as

practical all useable equipment,
components, materials, spare parts, office
products, etc.

. Salvaging and storing all key plant records.

Deactivation is the shutting down of power and
energized systems as appropriate as well as isolating
and/or severing power, water and piping to the plant to
provide a cold, dark and dry structure. Work includes
removing power and services, installing bulkheads, and

sealing tunnels. Activities may also include rerouting of
power and services as required for any facilities that
would remain operational. Key deactivation activities at
coal plants include:

. Performing electrical and mechanical
isolation of systems, components and
areas.

. Installing bulkheads and/or fill tunnels.

. Providing alternate power and services

(sump pumps, Federal Aviation
Administration stack lighting, etc.).

Limited decontamination involves removing select
regulated materials in a safe and practical manner in
such a way that the plant is left in a status that does not
present a hazard or risk to the environment or
personnel. Limited contamination work may include
abatement and disposal of regulated materials, which
include but are not limited to PCB equipment,
asbestos, hazardous waste, solid waste, products, etc.
Key decontamination activities at coal plants include:

e Removal and proper disposal of regulated
materials, as practical.

e Periodic materials condition monitoring.

e Periodic waste removal as materials
deteriorate over time.

3.3 Strategy A: Base Case - No
Action Alternative

The No-Action Alternative is Strategy A: Base Case,
which is TVA’s least-cost optimization plan that applies
no additional incentives or targets. Resources are
chosen economically to meet the reserve margin
constraint for reliability. In the Base Case, planning
reserve margins for summer and winter peak seasons
are applied, targeting an industry best-practice level of
reliability (applies in all strategies). No specific resource
types are promoted beyond business as usual.

Figure 3-2 summarizes the incremental capacity
changes in the portfolios associated with each
alternative strategy that would occur by 2038. Figure
3-3 presents the capacities, in SND MWs, of the
various energy resources comprising each portfolio.
The resulting generation by each energy resource is
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shown in Figure 3-4. Figure 3-5 provides additional
detail on the solar additions in each portfolio.

The nuclear portfolio is the same in all Strategy A
portfolios, except for Scenario 6 where the Browns
Ferry units are retired between 2033 and 2036 at the
expiration of their current operating licenses. Hydro
capacity is the same in all cases. Coal capacity is the
same in all scenarios, except for Scenario 4, where
carbon regulation leads to additional coal retirements..
Solar capacity is added beginning in the mid-2020 time
frame, and continues to be added throughout most of
the planning period. Including hydro, renewables
account for 18 percent of the capacity portfolio on
average. Natural gas assets increase over time,
beginning with CC additions that could be achieved
through renewal of existing contracts, acquisitions or
builds. These are augmented by combustion turbine
(CT) plant additions in Scenarios 1, 3 and 6. With
current cost projections and no promotion in Strategy
A, no new storage appears in any portfolios. Energy
efficiency increases modestly in all scenarios, with
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impacts lessened as efficiencies from codes and
standards increase. Demand response increases
similarly across scenarios, with some differentiation due
to load shape and strategic focus.

Nuclear generation remains the same over time across
the cases, with the exception of the Scenario 6 where
energy from the retired Browns Ferry units is replaced
primarily with solar and gas generation. Hydro energy
remains the same across portfolios. Coal generation
decreases over the planning horizon as units are retired
and declines further in lower load cases, especially in
Scenarios 4 and 5. Solar generation increases
substantially in all cases, with the highest increases
seen in the Scenario 3 and 4 portfolios. Including hydro,
renewables account for 20 percent of total generation
on average. Natural gas generation varies with load and
strategic focus, with the highest gas generation seen in
Scenario 3 and 6. The combination of incremental
energy efficiency and demand response contributes a
small amount to the portfolios. Strategy A results in 61
percent carbon-free generation in 2038 on average.

Strategy D: Strategy E:
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Figure 3-2: Incremental capacity by 2038, consisting of additions of new energy resources and retirement of
existing energy resources, for the portfolios associated with each alternative strategy.
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Figure 3-3: Total Capacity in 2038 by resource type in the portfolios associated with each alternative strategy.
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Figure 3-4: Energy in 2038 by resource type in the portfolios associated with each alternative strategy.
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Figure 3-5: Solar capacity additions, in nameplate capacity, through 2038 in the portfolios associated with each

alternative strategy.

3.4 Strategy B: Promote DER

Strategy B focuses on increasing the pace of DER
adoption by incentivizing distributed solar and storage,
combined heat and power, energy efficiency and
demand response. Programs targeting low income
customers is included in the EE promotion. Under
Strategy B, the retirement of TVA generating facilities
described in Section 3.2.3 can also occur. Figure 3-2
shows the capacity resources added by 2038 in
Strategy B across the six scenarios. The results from
this strategy are very similar to Strategy A with a few
notable differences. Distributed solar is promoted in this
strategy and generally replaces a portion of lower cost
utility solar. Distributed storage is also promoted,
replacing a portion of demand response but at a higher
cost. Finally, combined heating and power is promoted,
contributing to additional coal retirements in some
cases.

Figure 3-4 shows how the energy portfolios for Strategy
B play out driven by the capacity changes and other
factors in the scenarios. Including hydro, renewables
account for 21 percent of total generation on average.

Strategy B results in 61 percent carbon-free generation
in 2038 on average, similar to Strategy A.

3.5 Strategy C: Promote Resiliency

Strategy C promotes higher adoption of small, agile
capacity to increase the operational flexibility of TVA's
power system, while also improving the ability to
respond locally to short-term disruptions. Under
Strategy C, the retirement of TVA generating facilities
described in Section 3.2.3 can also occur.

Figure 3-3 presents the total capacity portfolios in 2038
for Strategy C. The hydro portfolio is the same as in
Strategy A. Nuclear capacity is the same as in Strategy
A, with the exception of Scenario 6 where two 600 MW
SMR units are added to replace one Browns Ferry
nuclear unit. Coal capacity is the same across all
scenarios, except for Scenario 4 in which carbon
regulation leads to additional coal retirements. In cases
where more coal is retired, solar capacity increases at
both utility and distributed scales. Storage additions are
promoted, resulting in somewhat lower gas capacity
additions on average. Energy efficiency and demand
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response volumes remain similar across the scenarios
in this strategy.

Figure 3-4 shows the resulting energy portfolios for
Strategy C driven by the capacity changes and other
factors in the scenarios. Including hydro, renewables
account for 22 percent of total generation on average.
Strategy C results in 63 percent carbon-free generation
in 2038 on average compared to 61 percent in Strategy
A

3.6 Strategy D: Promote Efficient
Load Shape

Strategy D promotes targeted electrification, demand
response, and energy management to optimize load
shape, including programs targeting low-income
energy efficiency. Under Strategy D, the retirement of
TVA generating facilities described in Section 3.2.3 can
also occur. Figure 3-2 shows the capacity resources
added by 2038 in Strategy D across the six scenarios.
The nuclear and hydro portfolios are the same as in
Strategy A. This strategy results in the highest amount
of coal retirements on average. That capacity is
replaced with a combination of solar, storage and gas
additions, with a high penetration solar achieved in all
cases. Storage is promoted to the greatest degree in
this strategy, resulting in the highest storage capacity
overall. The storage additions drive the lowest need for
gas capacity, especially CT peaking units. The highest
energy efficiency volumes are seen in this strategy, and
demand response volumes are similar to Strategy A, as
the promotion of storage meets peaking needs.

Figure 3-4 shows the corresponding energy portfolios
for Strategy D driven by the capacity changes and
other factors in the scenarios. Including hydro,
renewables account for 22 percent of total generation
on average. Strategy D results in 61 percent carbon-
free generation.

3.7 Strategy E: Promote Renewables

Strategy E promotes renewables at all scales to meet
growing prospective or existing customer demands for
renewable energy. Under Strategy E, the retirement of

TVA generating facilities described in Section 3.2.3 can
also occur.

Figure 3-3 presents the total capacity portfolios in 2038
for Strategy E. The nuclear and hydro portfolios are the
same as in Strategy A. Strategy E cases have similar
levels of additional coal retirements as in Strategy B.
The highest levels of solar additions are seen in this
strategy across all scenarios, averaging almost 6,000
MW SND capacity and 8,800 MW nameplate. Including
hydro, renewables account for 20 percent of the
capacity portfolio on average. Storage is also
promoted, resulting in comparable levels of storage
additions to Strategy C, and similarly reducing the need
for gas capacity additions. Energy efficiency and
demand response volumes remain similar across the
scenarios in this strategy, also resembling Strategy C.

Figure 3-4 shows the corresponding energy portfolios
for Strategy E driven by the capacity changes and other
factors in the scenarios. Including hydro, renewables
account for 22 percent of total generation on average.
Strategy E results in 62 percent carbon-free generation
in 2038 on average compared to 61 percent in the
Base Case.

3.8 Target Power Supply Mix -
Preferred Alternative

During and following the public review of the draft IRP
and draft EIS, TVA began the process of developing the
final, optimal resource plan. This process is described
in detail in IRP Chapter 9 and was guided by the IRP
objectives listed in IRP Section 1.2 and the goals of
being low-cost, risk-informed, environmentally
responsible, reliable, diverse, and flexible. The resulting
Target Power Supply Mix is TVA’s preferred alternative.

When analyzing results from the draft IRP, TVA
identified questions that warranted further evaluation
prior to finalizing the study. In addition, TVA received
stakeholder input from the IRP Working Group and the
Regional Energy Resource Council, as well as through
comments received from the public during the
comment period for the draft IRP and draft EIS. TVA
performed additional detailed modeling, termed
sensitivity analyses, to explore the impacts of changes
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in key assumptions and to inform the development of
the Target Supply Mix. These sensitivities include:

* Natural gas prices

»  Storage, wind, CHP, and SMR capital costs
»  Greater EE and DR market depth

* Integration cost and flexibility benefit

+  Pace and magnitude of solar additions

»  Higher operating costs for coal plants

*  More stringent carbon constraints

*  Variation in climate.

These sensitivity analyses and their results are
described in more detail in IRP Section 8.2.

In developing the Target Power Supply Mix, TVA
elected to establish guideline ranges for the key
resource types, both TVA-owned and contracted. This
general planning direction is expressed over the 20-
year study period while also including more specific
direction over the first 10-year period. In order to distill
the considerable number of cases evaluated through

the original scenario and strategy analysis and the
sensitivity cases, the plan uses ranges that are
centered on results obtained under the Current Outlook
scenario. The other scenario and sensitivity results
provide a sense of how the power supply mix may
change as the future changes.

Figure 3-6 shows, in megawatts (MW), the range of
resource additions and retirements proposed by the
end of the first 10 years of the study (2028) and by the
end of the study period (2038). The solid gray bars
represent expiring or retiring capacity included in the
Base Case and all of the other strategies. The solid blue
bars represent the range of results from all strategies
evaluated in the Current Outlook scenario, which
represents the best estimation of the future. The
broader ranges shown in horizontal black lines
represent potential changes in the resource portfolio in
response to different future scenarios and to conditions
under which the evaluated sensitivities are realized.
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Range of MW Additions and Subtractions by 2028 and 2038
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* MWs are incremental additions from 2019 forward. Board-approved coal
retirements are excluded from the totals.

* Browns Ferry Nuclear Plant license is not extended in the No Nuclear
Extensions Scenatio (outside of TVA control).

* Upper bounds of potential natural gas and solar additions are driven by
the Valley Load Growth Scenario.

* Solar and wind are shown in nameplate capacity; accelerated solar
additions are reflected in the IRP Recommendation

* Solar, gas, and storage ranges include utility-scale and distributed

additions (where promoted in a strategy).

Figure 3-6: Summary of the Target Power Supply Mix - Preferred Alternative.

The recommended ranges represent incremental
additions (or retirements) to the existing resource fleet
and could include contracted assets or new TVA
builds, providing flexibility for the portfolio. The results
are bounded by the full range of the alternative
strategies and sensitivity analyses which affirm the
merits of a diverse portfolio.

The implementation of this Target Power Supply Mix
will result in a diverse portfolio and provide TVA the
flexibility to make energy resource decisions, consistent
with least-cost planning, that fall within the power
supply ranges depicted in Figure 3-6. As the IRP is
implemented, TVA will closely monitor key input
variables, including changing market conditions, more
stringent regulations and technology advancements to
inform appropriate actions within the recommended

ranges and appropriate timing for initiating the next IRP.

Following is a summary of the Target Power Supply Mix
by resource type:

Coal: Continue with announced plans to retire Paradise
Unit 3 in 2020 and Bull Run in 2023. Evaluate
retirements of up to 2,200 MW of additional coal
capacity if cost effective.

Hydro: All portfolios include continued investment in
the hydro fleet to maintain capacity. Consider additional
hydro capacity where feasible.

Energy Efficiency: Achieve savings of up to 1,800 MW
by 2028 and up to 2,200 MW by 2038. Work with local
power company partners to expand programs for low-
income residents and refine program designs and
delivery mechanisms with the goal of lowering total
cost.
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Demand Response: Add up to 500 MW of demand
response by 2038, depending on availability and cost
of the resource.

Nuclear: Pursue option for secondary license renewal
of Browns Ferry for an additional 20 years. Continue to
evaluate emerging nuclear technologies including Small
Modular Reactors as part of technology innovation
efforts.

Wind: Existing wind contracts expire in the early 2030s.
Consider the addition of up to 1,800 MW of wind by
2028 and up to 4,200 MW by 2038 if cost effective.

Storage: Add up to 2,400 MW of storage by 2028 and
up to 5,300 MW by 2038. Additions may be a
combination of utility and distributed scale, and are
assumed to utilize batteries. The trajectory and timing
of additions will be highly dependent on the evolution of
storage technologies.

Gas Combustion Turbine: Evaluate retirements of up
to 2,000 MW of existing combustion turbines (CT) if
cost effective. Add up to 5,200 MW of CT by 2028 and
up to 8,600 MW by 2038 if a high level of load growth
materializes. Future CT needs are driven by demand for
electricity, solar penetration, and evolution of other
peaking technologies.

Gas Combined Cycle: Add between 800 and 5,700
MW of combined cycle (CC) by 2028 and up to 9,800
MW by 2038 if a high level of load growth materializes.
Future CC needs are driven by demand for electricity
and gas prices, as well as by solar penetration that
tends to drive CT instead of CC additions.

Solar: Add between 1,500 and 8,000 MW of solar by
2028 and up to 14,000 MW by 2038 if a high level of
load growth materializes. Additions may be a
combination of utility and distributed scale. Future solar
needs are driven by pricing, customer demand, and
demand for electricity.

3.9 Comparison of Environmental
Impacts of the Alternatives

This section provides a summary of the environmental
impacts of the alternatives. Detailed analysis of the

anticipated environmental impacts is provided in
Chapter 5. Emissions of air pollutants, the intensity of
greenhouse gas emissions and generation of coal
waste decrease under all strategies. Strategies focused
on resiliency, load shape and renewables have the
largest amounts of solar and storage expansion and
coal retirements, resulting in lower environmental
impact overall but higher land use. For most
environmental resources, the impacts are greatest for
Strategy A, the No Action alternative, except for the
land area required for new generating facilities that is
greater for the action alternatives, particularly Strategies
C, D, and E.

All alternative strategies and the Target Power Supply
Mix will result in significant long-term reductions in
emissions of sulfur dioxide (SO2), nitrogen oxides (NO),
and mercury. A large portion of these reductions,
especially for SOz and mercury, result from the full or
partial retirement of coal plants. The overall reductions
in emissions under each strategy, averaged across the
associated scenarios, show relatively little variation.
Total and annual direct emissions of COz, as well as
CO. emission rates, also referred to as COz intensity,
decrease under all alternative strategies and the Target
Power Supply Mix. The variation among the strategies
for both CO2 emissions and emission rates is relatively
small and much less than the variation among the
scenarios associated with each strategy. All alternatives
will result in the continued, significant, long-term
reductions in CO2 emissions from the generation of
power marketed by TVA. The reduction in CO2
emissions will likely have small but beneficial impacts on
the potential for associated climate change.

The volume of water used by thermal generating
facilities, (i.e., nuclear, coal, and CC facilities) decreases
between 2019 and 2038 under all alternative strategies
and the Target Power Supply Mix. The reductions in
water consumption would have beneficial impacts;
these impacts would generally be small and vary with
the characteristics of the source area of the water
withdrawal. The potential retirement of generating
facilities, as described in Section 3.2.3, would result in
minor, beneficial impacts to nearby rivers and
waterways. The reductions in water use would result in
localized beneficial impacts to aquatic ecosystems.
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All alternative strategies and the Target Power Supply
Mix will result in long-term reductions in the production
of CCRs due to the retirement of coal plants/units. The
quantity of CCR produced during the 2019-2038
planning period shows little variation between
alternative strategies. It varies much more between the
scenarios associated with each strategy and is greatest
with Scenario 3 and lowest with Scenario 5. Potential
retirement of coal and CT plants (Section 3.2.3) would
primarily result in a decrease in solid and hazardous
waste produced.

For all combinations of strategies and scenarios and
the Target Power Supply Mix, at least 97 percent of the
land required for new generating and storage facilities is
for utility-scale, single-axis tracking solar facilities.
Relative to other types of generation, solar PV facilities
have a high land requirement in relation to their

generating capacity. Smaller land areas would be
occupied by new natural gas-fired and storage facilities.

Socioeconomic impacts, as quantified by the change to
per capita income of TVA service area residents that is
attributable to the cost of operating of the TVA power
system, are minimal. The differences in annual per
capita income and employment of residents of the TVA
service area were compared to Strategy A for each
scenario. The differences in per capita income are
small; averaged across scenarios, there would be no
change in the per capita income under Strategies B
and E and small decreases under Strategies C and D.
The potential retirement of generating facilities, as
described in Section 3.2.3, would result in minor,
adverse, direct and indirect socioeconomic impacts.
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4 Affected Environment

4.1 Introduction

This chapter describes the natural and socioeconomic
resources that could be affected by the alternative
strategies and portfolios developed in the integrated
resource planning process. These resources are
generally described at a regional scale rather than a
site-specific scale. Site-specific conditions are,
however, described for some generating facilities that,
depending on the plan selected for implementation,
could be retired in whole or in part during the planning
period.

The primary study area, hereinafter call the Tennessee
Valley Authority (TVA) region, is the combined TVA PSA
and the Tennessee River watershed (Figure 1-1),
including all counties in Tennessee and portions of
Alabama, Georgia, Kentucky, Mississippi, North
Carolina, and Virginia. The TVA PSA is comprised of
202 counties and approximately 59 million acres. Al
but one of TVA'’s hydroelectric plants, as well as all of
its nuclear plants, are located in the Tennessee River
watershed. Its coal-fired plants are located in the
Tennessee River watershed as well as along the
Cumberland, Green, and Ohio rivers (Figure 1-1). Seven
of the eight windfarms from which TVA purchases
power (see Section 2.4) are outside the TVA region.
TVA also purchases power from several U.S. Army
Corps of Engineers’ (USACE) hydroelectric plants in the
Cumberland River drainage basin. Some of these
plants are located in the TVA region, and the others are
in southern Kentucky north of the TVA region.

For some resources such as air quality, climate change,
and renewable energy resources, the assessment area
extends beyond the TVA region. For most
socioeconomic resources, the primary study area
consists of the 180 counties where TVA is a major
provider of electric power and Muhlenberg County,
Kentucky, where the TVA Paradise coal and Combined
Cycle (CC) plants are located. The economic model
used to compare the effects of the alternative strategies
on general economic conditions in the TVA region
includes surrounding areas to address some of TVA's

major fuel sourcing areas and inter-regional trade
patterns.

4.2 Air Quality

4.2.1 Regulatory Framework for Air Quality
The Clean Air Act (CAA), as amended, is the
comprehensive law that affects air quality by regulating
emissions of air pollutants from stationary sources
(such as power plants and factories) and mobile
sources (such as automobiles). It requires U.S.
Environmental Protection Agency (USEPA) to establish
National Ambient Air Quality Standards (NAAQS) for
specific air pollutants and directs the states to develop
State Implementation Plans to achieve these standards.
This is primarily accomplished through permitting
programs that establish limits for emissions of air
pollutants from various sources. The CAA also requires
USEPA to set standards for emissions of hazardous air
pollutants.

4.2.2 Criteria Air Pollutants

USEPA has established NAAQS for the six criteria air
pollutants: carbon monoxide (CO), lead (Pb), nitrogen
dioxide (NOz2), ozone, particulate matter (PM), and sulfur
dioxide (SO2). TVA’s entire PSA, with the exception of a
small SOz nonattainment area in part of Sullivan
County, Tennesseg, is currently designated as
attainment, attainment/unclassifiable, or unclassifiable
with respect to all NAAQS. There are currently no other
NAAQS nonattainment areas within the TVA PSA.

An unclassifiable status or attainment/unclassifiable
status means that an area has insufficient air quality
monitoring data to make a firm determination of
attainment. However, the unclassifiable or
attainment/unclassifiable status areas are treated as in
attainment with NAAQS, for the purposes of CAA
planning and permitting requirements.

In general, for all of the six criteria pollutants regulated
under the NAAQS, air quality nationwide has been
improving for several decades. This has been due in
large part to compliance with CAA-related regulations
developed by the USEPA and state/local agencies that
have dramatically reduced pollutant emissions from
stationary and mobile sources. The reductions in
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emissions of air pollutants have come about as a result
of the development and use of emission control
technologies that prevent pollutants from forming
during combustion or other processes, technologies
that remove the pollutants from the exhaust streams
after the pollutants have formed, and the switch to
cleaner fuels. A summary of improvements in air quality
nationally is provided in Table 4-1, which shows the
percent improvement for each NAAQS-regulated
pollutant from the start of each decade since 1980
through 2017. For some of the listed pollutants, there
are multiple standards based on different sampling time
intervals. The standards for PM also address two
different sizes of particles, one for particles less than 10
microns in size (PM10), and one for particles less than
2.5 microns in size (PM2s). The major criteria pollutants
emitted by power plants are nitrogen oxides (NOx
including NO2) and SO2. Ozone is not directly emitted
by any source; it is formed by a chemical reaction
between NOx and volatile organic compounds (VOCs)
in the presence of sunlight. VOCs are produced by
both man-made and natural sources; in the Southeast,
most VOCs are from natural sources and power plants
are not significant emitters of VOCs.

Improvement in air quality has been realized in TVA's
service region as well, as many counties in this region
were previously designated as nonattainment for one or
more NAAQS, and in recent decades have come into
attainment.

The improvement in air quality and attainment of
NAAQS in the region is even more remarkable
considering that several of the NAAQS have been
made substantially more stringent in the past two
decades. The improvements in air quality in TVA's
service region is representative of what has happened
nationally.

Regional emissions trends for the TVA PSA are
approximated for this assessment by using statewide
Tennessee emissions. TVA serves nearly all of
Tennessee, and portions of several adjacent states, so
the emissions trends for Tennessee are used here as a
surrogate for regional emissions trends in the TVA
service region. Figure 4-1 shows the trend lines of
Tennessee pollutant emissions from 1990 through
2017, based on data obtained from USEPA’s National
Emissions Inventory web site at
https://www.epa.gov/air-emissions-inventories/air-
pollutant-emissions-trends-data (USEPA 2018b).
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Table 4-1: Percent change in ambient concentrations of air pollutants in the United States, 1980-2017.

Air Pollutant 1980 to 2017 1990 to 2017 2000 to 2017 2010 to 2017
Carbon Monoxide -84 =77 -61 -13
Lead -99 -98 -94 -80
Nitrogen Dioxide (annual) -63 -56 -49 -21
Nitrogen Dioxide (1-hour) -60 -50 -35 -14
Ozone (8-hour) -32 -22 -17 -5

PMio (24-hour) -34 -30 0
PM2s (@annual) --- --- -41 -18
PMas -40 -10
(24-hour)

Sulfur Dioxide (1-hour) -90 -88 -79 -66

Source: USEPA 2018a (https://www.epa.gov/air-trends/air-quality-national-summary)
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Figure 4-1: Trends in emissions of air pollutants in Tennessee, 1990-2017. Source: USEPA 2018b.

SO and NOx emission reductions since 1990. The
utility sector SOz emissions in Tennessee, the vast

The data in Figure 4-1 represent, for each pollutant, the
sum of emissions from all stationary and mobile source

sectors, including wildfires and prescribed fires for
those years where fires were inventoried. As shown in
this chart, there is a significant downward trend for all
pollutants in the region, especially for pollutants of
concern emitted from stationary combustion sources
such as SOz and NOx.

TVA’s emissions reductions are responsible for the
majority of the statewide Tennessee stationary source

majority of which were from TVA in 1990, decreased
from 817,612 tons in 1990 to 24,293 tons in 2017, a
decrease of over 97 percent.

Utility sector NOx emissions in Tennessee (most also
due to TVA in 1990) increased from 240,359 tons in
1990 to 283,464 tons in 1997, before decreasing for
the next two decades to 15,517 tons in 2017, a
decrease of nearly 95 percent from the 1997 peak.
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Electric utility emissions have fallen to the point where
they no longer represent the largest emitting sector for
the pollutants of primary focus. According to data from
the 2014 National Emissions Inventory, on-road
vehicles produce more than half (52%) of all NOx«
emissions in Tennessee (147,638 tons per year) and
non-road vehicles produce 9% of all NOx emissions in
Tennessee (25,953 tons per year). NOx is a concern
due to its role as a precursor in the formation of fine
particulate matter and ozone.

4.2.3 TVA Emissions

4.2.3.1 TVA System-Wide Emissions

The trends in TVA’s reported SOz, NOx, and mercury
emissions from 1990 through 2017 (TVA 2018a, TVA
2018b) are shown in Figure 4-2. These data represent
emissions from TVA'’s facilities across its entire PSA.

4.2.3.2 Emissions from Facilities Considered for
Retirement
Several TVA facilities have units that are being
considered for retirement in the next decade. Table 4-2
lists those units and the emissions by plant for the
potential retirement units over the past three years
(2015-2017). Two scenarios are shown for the
Shawnee Fossil Plant, one for retirement of just Units 1
and 4, and one for retirement of all units except for
Units 1 and 4. Table 4-2 shows the annual emissions
by plant in tons, and emission rates in units of pounds
per megawatt-hour (Ilb/MWh).

The coal-fired units/plants have significantly higher
emission rates than the Combustion Turbine (CT) units
due to the higher concentrations of pollutant-forming
compounds in coal. The relatively higher mercury
emissions from the Allen CTs are because that plant
burned mostly oil during the 3-year period from 2015 to
2017, whereas the other CT plants burned mostly
natural gas.

Table 4-2: Three-Year (2015-2017) average emissions of units considered for future retirement.

Facility and Units Generation SO: (3-yr average) NOx (3-yr average) Mercury (3-yr average)
(MWh)
3-year avg. Tons/yr lbs/MW-hr Tons/yr Ibs/MW-hr los/yr los/GW-hr
Coal Units

Shawnee 1, 4 1,461,122 4,841 6.63 2,213 3.03 1473 1.01E-02
Shawnee 2, 3, 5-9 5,656,417 18,027 6.49 7,865 2.83 46.73 8.41E-08
Kingston 1-9 5,126,243 1,974 0.77 1,759 0.69 33.03 6.44E-03
Gallatin 1-4 5,308,503 4,942 1.86 5,837 2.20 66.16 1.25E-02
Cumberland 1-2 13,380,397 8,541 1.28 4,472 0.67 49.44 3.69E-03

Combustion Turbine Units

Shawnee 1, 4 Retired

Allen 1-16 3,388 0.018 0.01 12 6.81 0.03 9.54E-03

Allen 17-20 1,774 0.008 0.01 6 6.70 0.01 7.08E-03
Gallatin 1-4 35,406 0.155 0.01 122 6.91 0.01 2.35E-04
Colbert 1-8 9,449 0.040 0.01 29 6.09 0.01 6.20E-04
Johnsonvile 1-16 42,237 0.156 0.01 117 5.53 0.04 9.74E-04
Total w/ Shawnee 1, 4 25,368,520 20,299 1.60 14,566 1.15 163 6.44E-03

Retired
Total w/all except 29,463,815 33,484 2.27 20,218 1.37 195 6.63E-03
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Figure 4-2: TVA emission trends for sulfur dioxide (S02), 1974-2017 (top), nitrogen oxides (NOx), 1974-2017
(middle), and mercury, 2000-2017 (bottom). Sources: TVA 2015b, 2018a, 2018b
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4.2.4 Hazardous Air Pollutants

Hazardous Air Pollutants (HAPs) are toxic air pollutants,
which are known or suspected to cause cancer or
other serious health effects or adverse environmental
effects. The CAA identifies 187 pollutants as HAPs.
Most HAPs are emitted by human activity, including
motor vehicles, factories, refineries and power plants.
There are also indoor sources of HAPs such as building
materials and cleaning solvents. Some HAPs are
emitted by natural sources, such as volcanic eruptions
and forest fires. Exposure to HAPs can result from
breathing air toxics, drinking water in which HAPs have
deposited, or eating food exposed to HAPs deposition
on soil or water. Exposure to high levels of HAPs can
cause various chronic and acute harmful health effects,
including cancer. The level of exposure which may
result in adverse health impacts varies for each
pollutant.

Emissions of HAPs including organic compounds, acid
gases, and heavy metals have also been generally
decreasing in recent decades along with the SO, and
NOx emissions, as coal use has decreased, and as coal
and gas-fired electric generating units are fitted with
better emissions controls.

4.2.5 Mercury

One HAP that has been singled out for a focused
effort at emission reduction with respect to fossil-
fueled facilities is mercury. Mercury is emitted to the
air by human activities, such as burning coal or
manufacturing, and from natural sources, such as
volcanoes. Once it is in the environment, mercury
cycles between air, water and soils, being re-emitted
and re-deposited.

Once mercury is deposited in streams and lakes, it
can be converted to methyl-mercury, the most toxic
form of mercury, through microbial activity. Methyl-
mercury accumulates in fish at levels that may cause
harm to the fish and the animals that eat them. Some
wildlife species with high exposures to methyl-mercury
have shown increased mortality, reduced fertility,
slower growth and development, and abnormal
behavior that affects survival (USEPA 1997). Studies
have also shown impaired neurological development

in fetuses, infants and children with high exposures to
methyl-mercury. In June 2014, USEPA and the Food
and Drug Administration issued an updated draft fish
consumption advisory recommending that pregnant
and breastfeeding women, those who may become
pregnant, and young children avoid some marine fish
and limit consumption of others. TVA region states
have also issued advisories on fish consumption due
to mercury for several rivers and reservoirs across the
TVA region (see Section 4.4.2).

Global emissions of mercury were estimated at
approximately 6,500 tons/year in 2010 (UNEP 2013).
As of 2011, USEPA estimated US mercury emissions
at 52 tons/year (USEPA 2011), or 0.8 percent of the
2010 global total estimate.

In 2011, USEPA finalized the Mercury and Air Toxics
Standards (MATS) rule to reduce mercury and other
toxic air pollution from coal and oil-fired power plants.
USEPA estimated this rule would prevent about 90
percent of the mercury in coal burned in power plants
from being emitted to the air. USEPA also estimated
the rule would result in a 5 percent reduction in U.S.
nationwide mercury deposition from 2005 levels. This
small overall reduction is largely due to the fact that
mercury emissions tend to be deposited globally,
rather than locally, with most of the deposition
occurring in precipitation. In the technical support
document for the 2011 MATS rule, USEPA estimated
that with partial MATS and other emission control rule
implementation, the contribution by US electric
generating units (EGUSs) to total US mercury
deposition would drop from 5 percent in 2011 to 2
percent in 2016 (USEPA 2011).

Deposition occurs in two forms: wet (dissolved in rain,
snow or fog) and dry (solid and gaseous particles
deposited on surfaces during periods without
precipitation). Wet mercury deposition is measured at
Mercury Deposition Network monitors operated by the
National Atmospheric Deposition Program. The
highest wet deposition of mercury in the U.S. occurs
in Florida and along the Gulf Coast, as shown in
Figure 4-3. Mercury deposition in the TVA region
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ranges from nine to 15 micrograms per square meter,
in the medium-high range for North America.

Sites not pictured:

Puerto Rico 20 15.9 pg/m?

Total Mercury Wet Deposition, 2015 :
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Figure 4-3: Total wet mercury deposition in the United States in 2015. Source: NADP 2018.

TVA mercury emissions have decreased 96 percent
from 4,388 pounds in 2000 to 175 pounds in 2017
(Figure 4-2). Much of this reduction has resulted from
the retirement of coal-fired units and the installation and
operation of flue gas desulphurization (FGD) and
selective catalytic reduction (SCR) systems on most of
the remaining coal units. TVA has also taken specific
measures to reduce mercury emissions in response to
MATS, including the installation of activated carbon
injection systems on some units and the retirement and
replacement of Paradise Fossil Plant Units 1 and 2 with
natural-gas fueled generation.

4.2.6 Visibility
Air pollution can impact visibility, which is a particularly
important issue in national parks and wilderness areas

where millions of visitors expect to be able to enjoy
scenic views. Historically, “visibility” has been defined
as the greatest distance at which an observer can see
a black object viewed against the horizon sky.
However, visibility is more than just a measurement of
how far an object can be seen; it is a measurement of
the conditions that allow appreciation of the inherent
beauty of landscape features.

Visibility in the eastern United States is estimated to
have declined by as much as 60 percent in the
second half of the 20" Century (USEPA 2001).
Visibility impairment is caused when sunlight is
scattered or absorbed by fine particles of air pollution
obscuring the view. Some haze-causing particles are
emitted directly to the air, while others are formed
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when gases are transformed into particles. In the TVA
region, the largest contributor to visibility impairment is
ammonium sulfate particles formed from SO-
emissions (primarily from coal-fired power plants).
Other particles impacting visibility include nitrates
(from motor vehicles, utilities, and industry), organic
carbon (predominantly from motor vehicles), elemental
carbon (from diesel exhaust and wood burning) and
dust (from roads, construction, and agricultural
activities). Visibility extinction is a measure of the ability
of particles to scatter and absorb light and is
expressed in units of inverse mega-meters (Mm™).
Another metric used to measure visibility impairment is
the deciview (dV), which is calculated from the
atmospheric light extinction coefficient (bex) expressed
in inverse megameters (Mm-1):

Deciview index (dV) = 10 In (bex/10 Mm~).

The deciview unit is used to establish thresholds
under visibility rules in 40 CFR 51, Appendix Y, as a
basis for determining whether modeled visibility

impacts from a source are great enough to warrant
Best Available Retrofit Technology (BART) retrofits.
Substantial progress toward attaining natural visibility
conditions nationwide has been made since the
issuance of the BART requirements in 2005. Some of
the improvement has been due to BART
implementation, and much improvement has also
resulted from other regulatory programs to reduce
stationary source and mobile source emissions.

The CAA designated national parks greater than
6,000 acres and wilderness areas greater than 5,000
acres as Class | areas in order to protect their air
quality under more stringent regulations. There are
eight Class | areas in the vicinity of the TVA region:
Great Smoky Mountains National Park, Mammoth
Cave National Park and the Joyce Kilmer, Shining
Rock, Linville Gorge, Cohutta, Sipsey, and Upper
Buffalo Wilderness Areas (Figure 4-4). The Great
Smoky Mountains National Park is the largest Class |
area in the TVA region.
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Figure 4-4: The TVA service area and Class | Areas.

In 1999, USEPA promulgated the Regional Haze Rule
to improve visibility in Class | areas. This regulation
requires states to develop long-term strategies to
improve visibility with the ultimate goal of restoring
natural background visibility conditions by 2064.
Visibility trends are evaluated using the average of the
20 percent worst days and the 20 percent best days
with the goal of improving conditions on the 20 percent
worst days, while preserving visibility on the 20 percent
best days.

The trend in visibility improvement measured at Great
Smoky Mountains National Park is shown in Figure 4-5,
which shows the visibility improvement in deciviews on
average for the worst 20 percent of days and the best
20 percent of days. From 1990 to 2016, there was a
47 percent improvement in the visibility on the worst
days and a 44 percent improvement on the best days.
For a comparison with natural conditions (no human
emissions impacts), the Federal Land Manager
Environmental Database lists the natural conditions at
the Great Smoky Mountains as 11.2 dV on the haziest
days and 4.6 dV on the clearest days.
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Figure 4-5: Change in visibility in the Great Smoky Mountains National Park on the worst 20 percent of days and the
best 20 percent of days, 1990-2016. Smaller deciview values indicate better visibility. Source: FLMED

2018.

4.2.7 Acid Deposition

Acid deposition, also called acid rain, is primarily
caused by SOz and NOx emissions which are
transformed into sulfate (SO4) and nitrate (NOs)
aerosols, then deposited in precipitation (rain, snow, or
fog). Acid deposition causes acidification of lakes and
streams in sensitive ecosystems, which can adversely
impact aquatic life. Acid deposition can also reduce
agricultural and forest productivity. Some ecosystems,
such as high elevation spruce-fir forests in the southern
Appalachians, are quite sensitive to acidification, while
other ecosystems with more buffering capacity are less
sensitive to the effects of acid deposition. The acidity of
precipitation is typically expressed on a logarithm scale
called pH which ranges from zero to 14 with seven
being neutral. pH values less than seven are
considered acidic and values greater than seven are
considered basic or alkaline. It is thought that the
average pH of pre-industrial rainfall in the eastern
United States was approximately 5.0 (Charlson and
Rodhe 1982).

Based on the data reflected in Figure 4-1, together with
TVA emissions data for Tennessee, as of 2017, the
TVA SO2 and NOx emission represented 40 percent
and less than 7 percent, respectively, of statewide total
emissions of these pollutants. As stated above, TVA's

SO» emissions in Tennessee have decreased by 97
percent since 1990 and its NOx emissions in the state
have decreased by 95 percent from their peak level in
1997. Emissions from utilities across the eastern US
have also decreased significantly, and emissions from
mobile sources have started a substantial downward
trend as well in the past decade or more.

The 1990 CAA Amendments established the Acid Rain
Program to reduce SO, and NOx emissions and the
resulting acid deposition. Since this program was
implemented in 1995, reductions in SO, and NOx
emissions have contributed to significant reductions in
acid deposition, concentrations of PM2s and ground-
level ozone, and regional haze. Other regulatory
programs aimed at industrial emitters and vehicle
engines (onroad and nonroad) are also driving down
emissions.

Figure 4-6 and Figure 4-7 illustrate the dramatic
decreases in total sulfate deposition between 2000 and
2016 (most recent data available) across the US (NADP
2018). Similar reductions in nitrate deposition have also
occurred over the 2006 to 2016 period. Even by the
year 2000, deposition of sulfate and nitrate was
decreasing across the US, as pollution control retrofits
were already in place for many large utility sources.
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However, the decreases since that time have been
even more dramatic. The values in Figure 4-6 and
Figure 4-7 are based on a hybrid approach of

P

N NN M

combining monitoring and modeling to develop the
plots.

Figure 4-6: Year 2000 total sulfate deposition. USEPA 08/28/18. Source: CASTNET/CMAQ/NADP.
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Figure 4-7: Year 2016 total sulfate deposition. USEPA 03/06/18. Source: CASTNET/CMAQ/NADP.

4.3 Climate and Greenhouse Gases

The TVA region spans the transition between a humid
continental climate to the north and a humid
subtropical climate to the south. This provides the
region with generally mild temperatures (i.e., a limited
number of days with temperature extremes), ample
rainfall for agricultural and water resources, vegetation-
kiling freezes from mid-autumn through early spring,
occasional severe thunderstorms, infrequent snow and
infrequent impacts—primarily in the form of heavy
rainfall —from tropical storms. The seasonal climate
variation induces a dual-peak in annual power demand,
one for winter heating and a second for summer
cooling. Rainfall does not fall evenly throughout the
year, but tends to peak in late winter/early spring and
again in mid-summer. Winds over the region are
generally strongest during winter and early spring and
lightest in late summer and early autumn. Solar
radiation (insolation) varies seasonally with the
maximum sun elevation above the horizon and longest
length in summer. However, insolation is moderated by

frequent periods of cloud cover typical of a humid
climate.

The remainder of this section describes the current
climate and recent climate trends of the TVA region in
more detail. It describes emissions of greenhouse
gases (GHGs), widely considered to be a major source
of climate change (NAS and RS 2014). It also describes
projected changes in climate during this century, based
on the Fourth National Climate Assessment (4" NCA,
USGCRP 2017) and related sources. Identifying recent
trends in regional climate parameters such as
temperature and precipitation is a complex problem
because year-to-year variation may be larger than the
multi-decadal change in a climate variable. Climate is
frequently described in terms of the climate “normal,”
the 30-year average for a climate parameter (NCEI
2011). The climate normals described below are for the
most recent period of record, 1981-2010. Earlier and
more recent data are also presented where available.
The primary sources of these data are National
Weather Service (NWS) records and records from the
rain gauge network maintained by TVA in support of its
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reservoir operations. NWS records, unless stated
otherwise, are from Memphis, Nashville, Chattanooga,
Knoxville, and the Tri-Cities area in Tennessee and
Huntsville, Alabama.

4.3.1 1981-2010 Climate Normals and
Trends
Temperature — Observed average monthly
temperatures for the TVA region during 1981-2010
ranged from 39.1°F in January to 79.3°F in July (Table
4-3). These data show considerable year-to-year
variability with an overall warming trend of 0.4-0.5°F
(0.2-0.3°C) per decade for 1981-2010. This is greater

than the global average trend reported by the U.S.
Climate Change Science Program (Lanzante et al.
2006), which shows an increase in global surface
temperature of about 0.16°C per decade between
1979 and 2004. Longer term temperature data for
Tennessee (assumed to be representative of the TVA
region) are illustrated in Figures 4-8, 4-9, and 4-10.
Both annual average temperature and annual average
winter temperature showed very small increases
(0.24°F/100 years and 0.67°F/100 years, respectively)
since the 1890s. The annual average summer
temperature showed a small, long-term decrease of
0.09°F/100 years.

Table 4-3: Monthly, seasonal and annual temperature averages for six NWS stations in the TVA region for 1981-

2010. Source: NCEI 2011.

| Jan ‘ Apr ‘ May | Jun ‘ Jul ‘ Aug | Sep ‘ Oct | Nov ‘ Dec
°F 39.1 59.7 68.1 76.0 79.3 78.6 71.9 60.8 50.5 415
°C 3.9 15.4 20.1 24.4 26.3 25.9 221 16.0 10.3 5.3
Winter Spring Summer Fall Annual
°F 41.2 59.7 78.0 61.1 60.0
°C 5.1 15.4 25.5 16.1 15.5
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Figure 4-8: Annual average temperature (°F) in Tennessee, 1895-2017. The dashed line is the trend based on least

squares regression analysis. Source: WRCC 2018.
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Figure 4-9: Annual average summer temperature (°F) in Tennessee, 1895-2017. The dashed line is the trend based
on least squares regression analysis. Source: WRCC 2018.
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Figure 4-10: Annual average winter temperature (°F) in Tennessee, 1896-2018. The dashed line is the trend based
on least squares regression analysis. Source: WRCC 2018.

Precipitation — The observed average annual
precipitation in the Tennessee River watershed during
1981-2010 was 49.92 inches; monthly averages range
from 2.86 inches in October to 4.73 inches in
December (Table 4-4). There is significant year-to-year
variability in precipitation with no discernable trend
during the 30-year period. The wettest locations in the
TVA region occur in southwestern North Carolina and

the driest locations are in northeast Tennessee (SERCC
2018). The annual average of snowfall across most of
the TVA region ranges from five to 25 inches, except in
the higher elevations of the southern Appalachians in
North Carolina and Tennessee. These locations can
receive up to 100 inches of snowfall (Walsh et al.
2014a).
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Table 4-4: Monthly, seasonal, and annual precipitation averages in the Tennessee River watershed for 1981-2010.
Source: TVA rain gage network data.

Inches 422 | 423 | 426 | 379 | 423 | 364 | 389 | 323 | 342 | 286 | 401 | 4.73
Centimeters | 10.7 | 108 | 108 | 96 | 108 | 9.2 9.9 8.2 8.7 7.3 ‘ 10.2 | 12.0 ‘
Winter Spring Summer Fall Annual ‘
Inches 13.18 12.28 10.76 10.29 46.51
Centimeters 33.5 31.2 27.3 26.1 118.1

Figure 4-11 shows Tennessee annual total precipitation
for the period 1895 through 2017. These data show
that over this period of record, the average annual
precipitation has increased at an average rate of
around 8 percent per 100 years, as is apparent from
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the linear regression equation provided on this chart.

The increase in average annual precipitation occurred
prior to 1970 and there has been no significant trend

for the last 50 years.
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Figure 4-11: Annual average precipitation in Tennessee, 1895-2017. The dashed line is the trend based on least

squares regression analysis.

4.3.2 Greenhouse Gas Emissions

The sun is the primary source of energy for the Earth’s
climate. About 30 percent of the sun’s energy that
reaches Earth is reflected back to space by clouds,
gases and small particles in the atmosphere. The
remainder is absorbed by the atmosphere and the
surface. Earth’s temperature depends on the balance
between the energy entering and leaving the planet’s
system. When energy is absorbed by the Earth’s
system, global temperatures increase. Conversely,

when the sun’s energy is reflected back into space,
global temperatures decrease (Walsh et al. 2014b).

In nature, carbon dioxide (CO») is exchanged
continually between the atmosphere, plants and
animals through processes of photosynthesis,
respiration and decomposition, and between the
atmosphere and oceans through gas exchange. Billions
of tons of carbon in the form of CO; are annually
absorbed by oceans and living biomass (i.e., sinks) and




VOLUME Il - FINAL ENVIRONMENTAL IMPACT STATEMENT

Chapter 4. Affected Environment

are annually emitted to the atmosphere through natural
and man-made processes (i.e., sources). When in
equilibrium, carbon fluxes among these various global
reservoirs are roughly balanced (Galloway et al. 2014).

Similar to the glass in a greenhouse, certain gases,
primarily COz, nitrous oxide (N20), methane (CHa),
hydroflurocarbons (HFCs), perflourocarbons (PFCs) and
sulfur hexafluoride (SFe), absorb heat that is radiated
from the surface of the Earth. Increases in the
atmospheric concentrations of these gases cause the
Earth to warm by trapping more heat. The common
term for this phenomenon is the “greenhouse effect,”
and these gases are typically referred to as GHGs.
Atmospheric levels of CO- are currently increasing at a
rate of 0.5 percent per year and between 1900 and
2017 increased from less than 300 parts per million
(ppm) to 405 ppm (NOAA 2018), higher than the Earth
has experienced in over a million years (Walsh et al.
2014b).

While water vapor is the most abundant GHG in the
atmosphere, it is not included in the above list of
GHGs because changes in the atmospheric
concentration of water vapor are generally
considered to be the result of climate feedbacks
related to the warming of the atmosphere, rather
than a direct result of human activity. That said, the
impact of water vapor is critically important to
projecting future climate change. Quantifying the
effect of feedback loops on global and regional
climate is the subject of ongoing data collection and
active research (Walsh et al. 2014b).

The magnitude of the warming induced by the
greenhouse effect depends largely on the amount of
GHG accumulating in the atmosphere (Walsh et al.
2014a). GHGs can remain in the atmosphere for
different amounts of time, ranging from a few years
to thousands of years (NAS and RS 2014). GHGs
are assigned global warming potentials, a measure
of the relative amount of infrared radiation they
absorb, their absorbing wavelengths and their
persistence in the atmosphere. All of these gases
remain in the atmosphere long enough to become
well mixed, meaning the amount that is measured in

the atmosphere is roughly the same all over the
world, regardless of the source of the emissions.

The primary GHG emitted by electric utilities is CO2
produced by the combustion of fossil fuels. CO: is also
produced by the combustion of biomass fuels,
although these fuels when derived from plant (i.e.,
vegetation) sources are often considered to be carbon-
neutral since the subsequent plant regrowth sequesters
carbon. Small amounts of SFs, which has a very high
global warming potential relative to other GHGs (Global
Warming Potential for SFs = 22,800 times CO2 on a
pound-for-pound basis, per 40 CFR 98), are released
due to its use in high-voltage circuit breakers,
switchgears, and other electrical equipment. CHa,
which has a global warming potential of 25 times that
of COz (per 40 CFR 98), is emitted during coal mining
and from natural gas wells and delivery systems.

Nationwide anthropogenic emissions of GHGs are
estimated by USEPA annually, for each of several
sectors of the economy. The 2016 estimates by sector
are shown in the chart in Figure 4-12 and represent the
most recent data available. Transportation and
electricity generation each represented approximately
28 percent of nationwide GHG emissions in 2016, with
industrial sources, commercial and residential buildings,
and agriculture each representing successively smaller
portions of the total.
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U.5. Environmental Protection Agency (2018). Inventory of U.5.
Greenhouse Gas Emissions and Sinks: 1990-2016

Figure 4-12: US 2016 GHG emissions by sector.

According to 2016 data from the U.S. Energy
Information Administration, transportation comprises
42.4% of Tennessee’'s CO2 emissions from fossil fuel
consumption and is the largest CO2 emitter of all end-
use sectors in the state (USEIA 2019).

4.3.2.1 TVA System-Wide Emissions

COz2 emissions from the TVA power system have
decreased by 51 percent since 1995 (Figure 4-13). This
decrease is mainly due to the retirement of coal plants,
which emit large quantities of CO:z relative to other
types of electrical generation, and the replacement of
coal generation with nuclear and natural gas-fueled
generation. Nuclear generation does not result in
emissions of COz, and CO2z emissions from natural gas-
fueled generation are about half that of coal.

Figure 4-13 also shows the trend in TVA system-wide
emission rate on a pounds per megawatt-hour
(Ilo/MWh) basis. This value has decreased as more coal
units have shut down, replaced by lower-emitting
natural gas-fired units and by renewables. The lb/MWh
rates included purchased and owned generation.
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Figure 4-13: 1995-2017 CO- emissions (million tons) and emission rate (Ib/MWHh) from generation of power marketed
by TVA. Source: TVA 2018c.
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4.3.2.2 Emissions from Facilities Considered for
Retirement

Table 4-5 shows the 2015-2017 three-year average

COz-equivalent emissions (CO2-eq) reported for the

facilities being considered for potential retirement.
These are the same facilities listed in Table 4-2 that
shows emissions of SOz, NOyx, and mercury.

Table 4-5: Three-Year (2015-2017) average COz-eq emissions and emission rates of units considered for future
retirement. Source: TVA annual emissions reports.

Facility and Units

3-year avg.

Coal Units

‘ Gen. (MWh)

CO2-eq (3-yr

CO2-eq (3-yr
average)

lbs/MW-hr

average)

Tons/yr

Shawnee 1, 4 1,461,122 1,693,176 2318

Shawnee 2, 3, 5-9 5,556,417 6,298,424 2267

Kingston 1-9 5,126,243 5,636,184 2199

Gallatin 1-4 5,308,503 5,819,979 2193

Cumberland 1-2 13,380,397 12,943,973 1935
Combustion Turbine Units

Allen 1-16 3,388 3,304 1950

Allen 17-20 1,774 1,566 1766

Gallatin 1-4 35,406 29,5647 1669

Colbert 1-8 9,449 8,375 1773

Johnsonville 1-16 42,237 33,917 1606

Total w/ Shawnee 1, 4 Retired 25,368,520 26,170,021 2063

Total w/all except Shawnee 1, 4 29,463,815 30,775,270 2089

4.3.3 Forecast Climate Trends

The modeled projections of temperature and
precipitation cited here are from the Fourth National
Climate Assessment (4" NCA) published by the U.S.
Global Change Research Program (USGCRP 2017).
This publication cites climate change projections for
various emissions scenarios, which result in
“representative concentration pathways” (RCPs) that
each relate to a given amount of radiative forcing in the
year 2100. For example, an RCP2.6 scenario means
that emissions would increase at a rate sufficient to
create 2.6 watts/m? of radiative forcing in 2100.

For the southeast U.S., the 4" NCA projects that
temperatures will rise under all emissions scenarios
presented, including a “very low” scenario where
emissions peak soon and begin to decrease globally

(RCP2.6). Under a low emissions increase scenario
(RCP4.5) that includes a modest rise in global GHG
emissions that peaks in about 20 years and then
declines steeply, the 4" NCA projects that average
annual temperatures in the Southeast U.S. will be 3.4°F
higher than recent climate normals by mid-century with
temperatures 4.4°F higher by late century. The report,
however, notes that Southeast temperatures have not
increased in the last century, contrary to climate model
projections of what should have happened with the
increase in atmospheric GHG concentrations that has
already occurred.

For extreme high temperatures, under a high emissions
scenario (RCP8.5, with GHG emissions continuing to
increase at near their present rate of increase) the 4"
NCA states that climate model predictions show large
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changes from the near present climate normals. For the
coldest and warmest day of the year, the climate
modeling predicts that the coldest day of the year will
be on average nearly 5°F warmer and the warmest day
of the year will be nearly 6°F warmer by mid-century in
the Southeast. The 4" NCA concludes that extreme
temperatures will increase by even more than average
temperatures. This prediction also deviates from
observed trends for hot days, which have decreased in
the Southeast over the past century.

Climate models are generally not good at predicting
precipitation variability and amounts across different
geographic areas, or variability over time. One reason
for this is their inability to simulate convective
precipitation processes, given that these processes
occur at scales smaller than the grid scales used to run
global circulation climate models. However, the 4" NCA
(see Figure 7.5 of that report) provides projections for
changes in seasonal precipitation across North America
for late this century, assuming the RCP8.5 high
emissions scenario. For the Southeast, the modeled
changes from current (1976-2005 average)
precipitation conditions are generally within the range of
natural variability, with the exception of a slightly greater
amount of winter precipitation predicted for much of
the TVA region.

4.3.4 Climate Adaptation

TVA has adopted a climate adaptation plan that
establishes adaptation planning goals and describes
the challenges and opportunities a challenging climate
may present to its mission and operations (TVA 2016g).
The goal of TVA's adaptation planning process is to
ensure that the Agency continues to achieve its mission
and program goals and to operate in a secure, effective
and efficient manner in a changing climate.

TVA manages the effects of climate change on its
mission, programs and operations within its
environmental management processes. TVA’s
Environmental Policy (TVA 2008a) provides objectives
for an integrated approach related to providing cleaner,
reliable and affordable energy, supporting sustainable
economic growth and engaging in proactive
environmental stewardship. The policy includes the
specific objective of stopping the growth in mass of

emissions and reducing the rate of carbon emissions
by 2020 by supporting a full slate of reliable, affordable,
lower-CQOz2 energy-supply opportunities and energy
efficiency. TVA’s Adaptation Plan (TVA 2016g) specifies
that each TVA major planning process shall identify any
significant climate change risks. Significant climate
change risks are those with the potential to
substantially impair, obstruct or prevent the success of
agency mission activities, both in the near term and
particularly in the long term, using the best available
science and information.

4.4 Water Resources

This section describes water resources in the TVA region
that could be affected by the alternative strategies.
Potentially affected water resources include
groundwater, surface water, water supply, and aquatic
life.

4.4.1 Groundwater

4.41.1 Regulatory Framework for Groundwater
The Safe Drinking Water Act of 1974 established the
sole source aquifer protection program which regulates
certain activities in areas where the aquifer (water-
bearing geologic formations) provides at least half of the
drinking water consumed in the overlying area. This act
also established both the Wellhead Protection Program,
a pollution prevention and management program used
to protect underground sources of drinking water, and
the Underground Injection Control Program to protect
underground sources of drinking water from
contamination by fluids injected into wells. Several other
environmental laws contain provisions aimed at
protecting groundwater, including the Resource
Conservation and Recovery Act (RCRA), the
Comprehensive Environmental Response,
Compensation, and Liability Act and the Federal
Insecticide, Fungicide, and Rodenticide Act. On April 17,
2015, the USEPA published the Disposal of Coal
Combustion Residuals from Electric Utilities final rule
(CCR Rule) in the Federal Register to provide a
comprehensive set of requirements for the safe disposal
of CCRs from coal-fired power plants. The CCR Rule
addresses the risks of coal ash contaminants migrating
into groundwater.
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4.41.2 TVA Region Aquifers

Three basic types of aquifers occur in the TVA region:
unconsolidated sedimentary sand, carbonate rocks,
and fractured non-carbonate rocks. Unconsolidated
sedimentary sand formations, composed primarily of
sand with lesser amounts of gravel, clay and silt,
constitute some of the most productive aquifers.
Groundwater movement in sand aquifers occurs
through the pore spaces between sediment particles.
Carbonate rocks are another important class of
aquifers. Carbonate rocks, such as limestone and
dolomite, contain a high percentage of carbonate
minerals (e.g., calcite) in the rock matrix. Carbonate
rocks in some parts of the region readily transmit
groundwater through enlarged fractures and cavities
created by dissolution of carbonate minerals by acidic
groundwater. Fractured non-carbonate rocks represent
the third type of aquifer found in the region. These
aquifers include sedimentary and metamorphic rocks
(e.g., sandstone, conglomerate, and granite gneiss)
which transmit groundwater through fractures, joints,
and beddings planes. Eight major aquifers occur in the
TVA region (Table 4-6). These aquifers generally align
with the major physiographic divisions of the region
(Figure 4-18).

The aquifers include (in order of increasing geologic
age): Quaternary age alluvium occupying the
floodplains of major rivers, notably the Mississippi River;
Tertiary and Cretaceous age sand aquifers of the

Coastal Plain Province; Pennsylvanian sandstone units
found mainly in the Cumberland Plateau section;
carbonate rocks of Mississippian, Silurian and Devonian
age of the Highland Rim section; Ordovician age
carbonate rocks of the Nashville Basin section;
Cambrian-Ordovician age carbonate rocks within the
Valley and Ridge Province; and Cambrian-Precambrian
metamorphic and igneous crystalline rocks of the Blue
Ridge Province.

The largest withdrawals of groundwater for public water
supply are from the Tertiary and Cretaceous sand
aquifers in the Mississippi Alluvial Plain and Coastal
Plain physiographic areas. These withdrawals account
for about two-thirds of all groundwater withdrawals for
public water supply in the TVA region. The
Pennsylvanian sandstone and Orodovician carbonate
aquifers have the lowest groundwater use (less than 1
percent of withdrawals) and lowest potential for
groundwater use. Groundwater use is described in
more detail in Section 4.4.3.

The quality of groundwater in the TVA region largely
depends on the chemical composition of the aquifer in
which the water occurs (Table 4-6). Precipitation
entering the aquifer is generally low in dissolved solids
and slightly acidic. As it seeps through the aquifer it
reacts with the aquifer matrix and the concentration of
dissolved solids increases.

Table 4-6: Aquifer, well, and water quality characteristics in the TVA region. Source: Webbers (2003).

Aquifer Description

Well Characteristics

Water Quality
Characteristics

(common range, maximum)

Depth (feet)

Quaternary alluvium: Sand, gravel, 10-75, 100

and clay. Unconfined.

Tertiary sand: Multi-aquifer unit of 100-1,300, 1,500
sand, clay, silt and some gravel
and lignite. Confined; unconfined in

the outcrop area.

Cretaceous sand: Multi-aquifer unit 100-1,500, 2,500
of interbedded sand, marl and
gravel. Confined; unconfined in the

outcrop area.

Yield (gpm®)

20-50, 1,500 High iron concentrations in

SOme areas.

200-1,000, 2,000 Problems with high iron
concentrations in some

places

50-500, 1,000 High iron concentrations in

soOme areas
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Aquifer Description Well Characteristics

(common range, maximum)

Water Quality
Characteristics

Pennsylvanian sandstone: Multi- 100-200, 250 5-50, 200
aquifer unit, primarily sandstone
and conglomerate, interbedded

shale and some coal. Unconfined

near land surface; confined at

depth.

Mississippian carbonate rock: 50-200, 250 5-50, 400
Multi-aquifer unit of limestone,
dolomite, and some shale. Water
occurs in solution and bedding-
plane openings. Unconfined or
partly confined near land surface;

may be confined at depth.

Ordovician carbonate rock: Multi- 50-150, 200 5-20, 300
aquifer unit of limestone, dolomite,
and shale. Partly confined to
unconfined near land surface;

confined at depth.

Cambrian-Ordovician carbonate 100-300, 400 5-200, 2,000
rock: Highly faulted multi-aquifer
unit of limestone, dolomite,
sandstone, and shale; structurally
complex. Unconfined; confined at

depth.

Cambrian-Precambrian crystalline 50-150, 200 5-50, 1,000
rock: Multi-aquifer unit of dolomite,
granite gneiss, phyllite, and
metasedimentary rocks overlain by
thick regolith. High yields occur in
dolomite or deep colluvium and

alluvium. Generally unconfined.

High iron concentrations are a
problem; high dissolved
solids, sulfide or sulfate are
problems in some areas

Generally hard; high iron,
sulfide, or sulfate
concentrations are a problem
in some areas

Generally hard; some high
sulfide or sulfate
concentrations in places

Generally hard, brine below
3,000 feet

Low pH and high iron
concentrations may be
problems in some areas

*gpm = gallons per minute
Source: TVA 2015b

through dry stacked waste can migrate

4.41.3 Causes of Degraded Groundwater Quality
Causes of degraded groundwater quality include:

vertically downward over time, carrying
contaminants into groundwater, particularly in

Spills - Electrical generating plants and other
industrial facilities often utilize chemicals,
including fuels, in their processes or to operate
machinery. If accidental spills of these
chemicals occur during usage, storage, or
transport, vertical migration of the chemicals
into the underlying groundwater aquifer may
occur.

Waste Storage — Over time, many electrical
generating stations stored waste byproducts
(e.g., CCRs) either in landfills or in surface
impoundments. Rainfall infiltration into and

unlined landfills or surface impoundments.
Storage of waste in unlined landfills and
surface impondments may result in direct
contact between the waste material and
groundwater, whereby contaminants can leach
from the waste material into groundwater over
time. Storage of waste in lined landfills could
result in degraded groundwater quality if the
liner fails and contaminants leach from the
landfill into groundwater over time.
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e  Air pollution — Airborne pollutants (e.g.,
mercury, sulfates) can affect groundwater
through rainfall and infiltration.

4.4.1.4 Groundwater Quality at Facilities
Considered for Future Retirement
Several TVA facilities have units that are being
considered for retirement in the next decade. The
following sections provide an overview of the
groundwater conditions at each of these facilities.

Cumberland Fossil Plant

Cumberland Fossil Plant (herein, Cumberland) is
located on the southern side of the Cumberland River
and is bordered by Wells Creek to the south and west.
It is located within the Wells Creek Impact Structure of
the Highland Rim Physiographic Province, which is
underlain by a sequence of sedimentary bedrock that
extends from Mississippi and Northern Alabama
through Tennessee, northward into Kentucky, Indiana,
and lllinois. The formations that underlie this province
consist of dolostone, limestone, shale, and sandstone.
Aquifers near Cumberland are described as the
bedrock carbonate aquifer and the alluvial aquifer
associated with the Wells Creek Embayment and the
Cumberland River. It is thought that groundwater
recharge occurs primarily along the elevated perimeter
of the basin where a portion of rainfall percolates into
the near-surface rock outcrops and overburden soils.
Groundwater flows downgradient by forces of gravity
through the pore spaces of soils and along any
fractures, faults, or joints in the bedrock (Law
Engineering 1992). The results of groundwater
monitoring at Cumberland indicate that groundwater
occurs in the unconsolidated alluvial aquifer and the
bedrock aquifer beneath the site.

In accordance with Rule 0400-11-.04(7) and the
current Groundwater Quality Assessment Plan
approved by TDEC on November 9, 2018, TVA
conducted the most recent groundwater sampling
event at Cumberland between October 3 and 10,
2018. The October 2018 groundwater assessment
monitoring results indicated an exceedance of the
arsenic maximum contaminant level (MCL) in one
monitoring well at the site; this concentration was
consistent with historical levels. A newly established

federally listed alternate regulatory limit was also
exceeded for lithium in one monitoring well; however,
this limit has not yet been adopted by TDEC. Over 13
consecutive sampling events from July 2013 to July
2016, no MCL exceedances were observed for target
analytes. Since October 2016, only arsenic has been
detected at concentrations that exceed the MCL. Note
that trends for several groundwater constituents
demonstrated stable or decreasing concentrations. In
addition to the exceedances of regulatory criteria,
statistical exceedances of upper prediction limits (UPLs)
established from background sampling were observed
for barium, cobalt, fluoride, nickel, vanadium, and zinc.
TVA currently conducts quarterly monitoring, but will
monitor in accordance with TDEC and USEPA CCR
Rule requirements, which may change that frequency.

In accordance with the CCR Rule, TVA established
groundwater monitoring well networks to evaluate
potential impacts to groundwater from four CCR units:
Dry Ash Stack, Gypsum Storage Area, Bottom Ash
Pond, and Stilling Pond (including Retention Pond). The
results of detection monitoring and comparison to
background concentrations indicated that statistically
significant increases (SSIs) of Appendix lll constituents
(boron, calcium, chloride, pH, sulfate, and TDS) above
background were detected at the Bottom Ash Pond,
Gypsum Storage Area, and Dry Ash Stack multi-unit
CCR unit. As allowed under 40 CFR 257.94(g)(2), TVA
performed an Alternate Source Demonstration (ASD)
for the multi-unit CCR unit to evaluate if an alternate
source was responsible for the SSls. The ASD did not
conclusively demonstrate an alternate source. Thus,
TVA has established an Assessment Monitoring
Program at the multi-unit CCR unit in accordance with
40 CFR 257.94(g)(2) and will continue to investigate
groundwater quality under the requirements of the CCR
Rule. On April 15, 2019, TVA initiated assessment of
corrective measures for the multi-unit CCR unit. TVA
will complete that assessment and any required
Corrective Action.

Gallatin Fossil Plant

Gallatin Fossil Plant (herein, Gallatin) is located on the
northern side of Odoms Bend in the Cumberland River.
It is located within the Interior Low Plateaus
Physiographic Province, which is characterized by
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carbonate rock (karst) aquifers composed of limestone
and minor dolostone, interlayered with shale and shaley
limestone confining layers (TVA 2017¢). Groundwater is
present in fractures within the limestone bedrock.
Locally, these fractures may be enlarged due to
dissolution of the limestone. Features characteristic of
karst development, such as sinkholes, have been
observed in specific areas at Gallatin, but there does
not appear to be significant groundwater conduit flow.
Beneath portions of the plant site, the limestone
bedrock is overlain by variable thicknesses of
overburden consisting primarily of residuum derived
from weathering of the underlying bedrock. Closer to
the river, significant thicknesses of a clay alluvium are
present. Groundwater at the project site is encountered
within the residuum and rocks of the Carters and
Lebanon Limestones. Groundwater is expected to flow
vertically downward from the clay-rich residuum to the
underlying bedrock, and then through bedrock
fractures towards the Cumberland River.

The groundwater in the carbonate formations in the
Central Basin aquifer system is typically of the calcium
or calcium-magnesium bicarbonate water type.
Groundwater chemistry is controlled primary by
dissolution of limestones, dolomites, and gypsum
(Hileman and Lee 1993). Water quality conditions can
be highly variable, with total dissolved solids varying
from under 500 mg/I to over 10,000 mg/l, due to the
presence of localized flow systems. Groundwater in the
Central Basin is commonly hard and contains hydrogen
sulfide gas (Brahana and Bradley 1986).

TVA has been working with TDEC to monitor the
closed ash impoundment (Non-Registered Site (NRS)
#83-1324)) and the North Rail Loop Landfill (NRL; IDL
#83-0219) in accordance with Rule 0400-11-01-.04(7)
and the facility Groundwater Monitoring Program Plan
that was approved by TDEC on October 14, 2009. At
the NRS, Groundwater Protection Standards (GWPSSs)
historically are exceeded for beryllium, cadmium and
nickel at one of the four compliance wells (GAF-19R).
Similar results were observed during recent sampling
conducted in October 2018. Elevated levels of
beryllium, cadmium and nickel at GAF-19R are
associated with unusually low pH (i.e., median pH is 3.8
standard units (SU) at this location). By comparison,

median pH values for compliance and background
wells range from 5.7 and 7.1 SU. The unusually low pH
is currently under investigation by TVA. Groundwater
sampling results for GAF-19R may be localized to this
portion of the NRS because the other three compliance
wells, along with the background well, did not exhibit
sampling results exceeding GWPs; therefore, the
results from those compliance wells may be more
representative of a greater portion of the site (TVA
2016h). At the NRL, no MCL exceedances were
reported during the recent sampling event conducted in
October 2018. Statistical analysis of the October 2018
data did indicate exceedances of the UPLs for barium,
calcium, chloride, fluoride, nickel, and sulfate. However,
based on evaluation of concentrations over time (time
series plots), the October 2018 results were within the
baseline range of concentrations and deemed to not be
the result of the landfill. Exceedances of alternative
regulatory limits recently promulgated by USEPA under
the CCR Rule were observed for lithium; however,
these limits have not yet been adopted by TDEC. The
results for lithium are consistent with historical results,
including results obtained prior to placement of waste
in the landfill. TVA continues to work with TDEC at the
site under a Groundwater Assessment Program.

In accordance with the CCR Rule, TVA established
groundwater monitoring well networks to evaluate
potential impacts to groundwater from five CCR units:
North Rail Loop Landfill, Ash Pond A, Ash Pond E,
Middle Pond A, and Bottom Ash Pond. As allowed
under the CCR Rule, Ash Pond A, Ash Pond E, Middle
Pond A, and Bottom Ash Pond were grouped in to a
multi-unit CCR unit for monitoring purposes. The
results of detection monitoring and comparison to
background concentrations indicated that SSls of
Appendix lll constituents (boron, calcium, pH, and
sulfate) above background were detected at the multi-
unit CCR unit. TVA performed an ASD for the multi-unit
CCR unit to evaluate if an alternate source was
responsible for the SSlis. The ASD did not conclusively
demonstrate an alternate source. Thus, TVA has
established an Assessment Monitoring Program at the
multi-unit CCR unit and will continue to investigate
groundwater in accordance with the requirements of
the CCR Rule. On April 15, 2019, TVA initiated
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assessment of corrective measures for the multi-unit
CCR unit. SSls for boron and chloride were identified at
the North Rail Loop Landfill CCR unit. An ASD was
performed by TVA in 2018 and the source of SSls for
boron and chloride was determined to be the multi-unit
CCR unit. Thus, the North Rail Loop Landfill remains in
detection monitoring, in accordance with the CCR
Rule.

In addition, TVA is conducting a site-wide
environmental investigation, including groundwater
monitoring, as a part of ongoing litigation related to the
Gallatin. The groundwater monitoring results from that
environmental investigation are consistent with the
discussion above.

Kingston Fossil Plant

Kingston Fossil Plant (herein, Kingston) is situated on a
peninsula formed by the confluence of the Clinch and
Emory Rivers. It is located in the Valley and Ridge
Physiographic Province and is underlain by folded and
faulted carbonate, sandstone, and shale bedrock.
Groundwater is derived from infiltration of precipitation
and from lateral inflow along the western boundary of
the reservation. Groundwater movement generally
follows topography with flow in an easterly direction
from Pine Ridge toward the Emory River and Watts Bar
Reservoir. An exception to this trend occurs on the
northern margin of the ash disposal area where
groundwater movement is northerly toward Swan Pond
Creek. Groundwater originating on, or flowing beneath,
the site ultimately discharges to the reservoir without
traversing off-site property.

In accordance with TDEC Rule 0400-11-01.04(7) and
the facility Groundwater Monitoring Plan, TVA conducts
periodic groundwater monitoring at the Kingston Class
Il Gypsum Disposal Facility, Ash Processing Area, and
the Ash Disposal Area (ADA,; IDL #73-0094). Results of
recent sampling activities conducted in September
2018 at the Gypsum Disposal Facility indicated that
concentrations for all Appendix | constituents (of Rule
0400-11-01.04) were below the site-specific
Groundwater Protection Standards (GWPs). Statistical
analysis of the September 2018 data identified
exceedances of background for arsenic and fluoride in
residuum and boron, calcium, chloride, sulfate, and

TDS in bedrock. These constituents have historically
exhibited statistical exceedances at this site. Observed
metals concentrations continue to decline from peak
levels following the conversion of the Gypsum Disposal
Facility from wet to dry disposal in 2011. Although the
concentrations have been around the GWPs, they do
not display a discernable trend. It is possible these
fluctuations are related to seasonality variations and/or
associated with solids remaining in the aquifer. As
demonstrated by historic arsenic results from the facility
compliance wells, TVA believes that elevated turbidity
and TSS values reflects the potential to impact / elevate
metal concentrations detected in the groundwater
samples collected from this site. Declining TDS levels
appear to correspond to the decreasing detections
noted for sample constituents since 2010. This
indicates the detections are not associated with a new
release from the lined landfill. Constituents will continue
to be closely examined and efforts to reduce turbidity in
samples collected from the facility wells and the
collection of filtered metals samples will continue.

Results of recent sampling activities conducted in
September 2018 at the Ash Processing Area indicate
that constituent concentrations reported for all samples
were below USEPA primary MCLs and TDEC MCLs,
except for zinc in two of the three wells sampled. This
constituent had been at or near the laboratory
detection limit during previous sampling events;
therefore, these detections appear anomalous. Data
from subsequent sampling events at the site will be
closely examined to see if a trend is developing. Results
from sampling conducted at the ADA in September
2018 indicate that arsenic and zinc were detected
above the MCLs in select wells. Concentrations of all
other Appendix | inorganic constituents were below
applicable MCLs. Statistical analysis of the September
2018 data indicated exceedances of UPLs for arsenic,
cobalt, nickel, and zinc. Confirmation resampling was
not conducted for these constituents since the results
are consistent with historical values. TVA continues to
work with TDEC to evaluate the MCL exceedance for
arsenic.

Also in accordance with the CCR Rule, TVA established
groundwater monitoring well networks to evaluate
potential impacts to groundwater from three CCR units:
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Peninsula Disposal Area, Stiling Pond, and Sluice
Trench and Area East of Sluice Trench. The results of
detection monitoring and comparison to background
concentrations indicated that SSls of Appendix |l
constituents (boron, calcium, chloride, fluoride, pH,
sulfate, and TDS) above background were detected at
the Peninsula Disposal Area CCR unit. TVA is currently
working to identify and assess, if necessary, the source
of SSls at this CCR unit. The Stilling Pond, and Sluice
Trench and Area East of Sluice Trench were originally
identified as a type of CCR unit known as an inactive
impoundment and, as a result, were subject to different
requirements under the CCR Rule when it was first
promulgated. Since then, the CCR Rule has been
modified to incorporate the same requirements for
inactive impoundments as active impoundments,
though on a different schedule. Accordingly, TVA is
currently evaluating groundwater quality data
associated with these CCR units to determine whether
SSls exist. If SSls are identified, TVA will continue to
investigate groundwater quality in accordance with the
CCR Rule and TDEC requirements.

Shawnee Fossil Plant

The Shawnee Fossil Plant (herein, Shawnee) is
bounded by the Ohio River to the northeast and Little
Bayou Creek to the southwest. It is located within the
northwestern limit of the Mississippi Embayment and
within the Gulf Coastal Plain Physiographic Province.
The plant site is underlain by more than 300 ft of
unconsolidated deposits of clay, silt, sand, and gravel,
ranging from Cretaceous to Holocene in age. The
principal aquifer beneath Shawnes is referred to as the
Regional Gravel Aquifer, which represents the lower
part of alluvial terrace deposits of the Ohio River and
averages approximately 47 feet thick in the vicinity of
the Dry Stack Area.

Groundwater sampling at the Shawnee Special Waste
Landfill is conducted semi-annually and has been
permitted by the Kentucky Division of Waste
Management (KDWM) since 1993. During sampling
conducted in June 2017, statistical exceedances were
identified for total alpha, aluminum, boron, calcium,
cobalt, fluoride, iron, magnesium, manganese,
molybdenum, nickel, pH, potassium, specific
conductance, strontium, sulfate, total organic carbon,

and total dissolved solids. Flood waters in May 2017
resulted in submerged wells within the sampling
network. Although wells were redeveloped prior to the
June sampling event, it is possible that the statistical
exceedances were, in part, attributable to the flooding
and not necessarily related to the Special Waste Landfill
(SWL) itself. Statistical findings indicate the likelihood of
coal-combustion by-product effects on groundwater
beneath and downgradient of the SWL. However,
current groundwater quality in the landfill locality does
not exceed KDEP or USEPA MCLs for drinking water.
In addition, the entire Shawnee reservation is within the
Department of Energy (DOE) Water Policy Boundary,
restricting use of groundwater and surface water (Little
Bayou Creek) due to adjacent DOE activities over the
past 50 years. Studies have not been conducted to
fully evaluate and distinguish between the constituents
in groundwater on the Shawnee reservation that
originate from off-site, as compared to on-site
contribution. TVA continues to monitor groundwater in
accordance with the requirements of KDWM.

In accordance with the CCR Rule, TVA established
groundwater monitoring well networks to evaluate
potential impacts to groundwater from a CCR multiunit
which combines the Special Waste Landfill with Ash
Pond 2 (Main Ash Pond and Stilling Pond). The results
of detection monitoring and comparison to background
concentrations indicated that SSIs of Appendix Il
constituents (boron, calcium, pH, sulfate, and TDS)
above background were detected at the multi-unit CCR
unit. TVA performed an ASD for the multi-unit CCR unit
to evaluate if an alternate source was responsible for
the SSls. The ASD did not conclusively demonstrate an
alternate source. Thus, TVA has established an
Assessment Monitoring Program at the multi-unit CCR
unit and will continue to investigate groundwater quality
in accordance with the requirements of the CCR Rule.
On April 15, 2019, TVA initiated assessment of
corrective measures for the multi-unit CCR unit.

4.4.2 Surface Water

The quality of the region’s surface waters — its streams,
rivers, lakes, and reservoirs — is critical to protection of
human health and aquatic life. Water resources provide
habitat for aquatic life, recreation opportunities,
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domestic and industrial water supplies and other
benefits. Major watersheds in the TVA region include
the entire Tennessee River basin, most of the
Cumberland River basin, and portions of the lower
Ohio, lower Mississippi, Green, Pearl, Tombigbee, and
Coosa River basins. Fresh water abounds in much of
this area and generally supports most beneficial uses,
including fish and aquatic life, public and industrial
water supply, waste assimilation, agriculture, and
water-contact recreation, such as swimming. Water
quality in the TVA region is generally good.

4.4.21 Regulatory Framework for Surface Water
Quality

The Federal Water Pollution Control Act, commonly
known as the Clean Water Act (CWA), is the primary
law that affects water quality. It establishes standards
for the quality of surface waters and prohibits the
discharge of pollutants from point sources unless a
National Pollutant Discharge Elimination System
(NPDES) permit is obtained. NPDES permits also
address CWA Section 316(b) requirements for the
design, location, construction and capacity of cooling
water intakes to reflect the best technology available for
minimizing environmental impact as well as Section
316(a) requirements for effluent limitations on thermal
discharges to assure maintenance of a balanced
indigenous population of fish and wildlife. Section 404
of the CWA further prohibits the discharge of dredge
and fill material to waters of the United States, which
include many wetlands, unless authorized by a permit
issued by the USACE.

The seven states in the TVA PSA have enacted laws
regulating water quality and implementing the CWA. As
part of this implementation, the states classify water
bodies according to their uses and establish water
quality criteria specific to these uses. Each state has
also issued an antidegradation statement containing
specific conditions for regulated actions and designed
to maintain and protect current uses and water quality
conditions.

4.4.2.2 Surface Water Quality of TVA Region River
Systems

Tennessee River Basin

The Tennessee River basin contains all except one of
TVA’s dams and covers about half of the TVA PSA
(Figure 4-14). A series of nine locks and dams built
mostly in the 1930s and 1940s regulates the entire
length of the Tennessee River and allows navigation
from the Ohio River upstream to Knoxville (TVA 2004).
Almost all the major tributaries have at least one dam,
creating 14 multi-purpose storage reservoirs and seven
single-purpose power reservoirs. The construction of
the TVA dam and reservoir system fundamentally
altered both the water quality and physical environment
of the Tennessee River and its tributaries. While dams
promote navigation, flood damage reduction, power
generation, water supply, water quality, and river-based
recreation by moderating the flow effects of floods and
droughts throughout the year, they also disrupt the
daily, seasonal and annual flow patterns characteristic
of a river. Damming of most of the rivers was done at a
time when there was little regard for aquatic resources
(Voigtlander and Poppe 1989). Beyond changes in
water quality, flood control activities and hydropower
generation have altered the flow regime (the main
variable in aquatic systems) to suit human demands
(Cushman 1985). This system of dams and their
operation is the most significant factor affecting water
quality and aquatic habitats in the Tennessee River and
its major tributaries. Portions of several rivers
downstream of dams are included on state CWA
Section 303(d) lists of impaired waters (e.g., Tennessee
Department of Environment and Conservation (TDEC)
2018) due to low dissolved oxygen (DO) levels, flow
modiifications and thermal modifications resulting from
impoundment. TVA has undertaken several major
efforts (e.g., TVA’s Lake Improvement Plan, Reservoir
Release Improvement Plans, and Reservoir Operations
Study (ROS, TVA 2004)) to mitigate some of these
impacts on aquatic habitats and organisms. While
these actions have resulted in improvements to water
quality and habitat conditions in the Tennessee River
basin, the Tennessee River and its tributaries remain
substantially altered by human activity.
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Major water quality concerns within the Tennessee
River drainage basin include point and nonpoint
sources of pollution that degrade water quality at
several locations on mainstream reservoirs and tributary
rivers and reservoirs.

Mainstem Reservoirs - The nine mainstem reservoirs on
the Tennessee River differ from TVA’s tributary
reservoirs primarily in that they are shallower, have
greater flows and retain the water in the reservoir for a
shorter period of time. Although DO in the lower lake
levels is often reduced, it is seldom depleted. Winter
drawdowns on mainstem reservoirs are much less
severe than tributaries, so bottom habitats generally
remain wetted all year. This benefits benthic (bottom-
dwelling) organisms, but promotes the growth of
aquatic plants in the extensive shallow overbank areas
of some reservoirs. Tennessee River mainstem
reservoirs generally support healthy fish communities,
ranging from about 50 to 90 species per reservoir.
Good to excellent sport fisheries exist, primarily for
black bass, crappie, sauger, white and striped bass,
sunfish and catfish. The primary commercial species
are channel and blue catfish and buffalo.

Tributary Reservoirs and Tailwaters - Tributary
reservoirs are typically deep and retain water for long
periods of time. This results in thermal stratification, the
formation of an upper layer that is warmer and well
oxygenated (high DO), an intermediate layer of variable
thickness and a lower layer that is colder and poorly
oxygenated (low DO). These aquatic habitats are
simplified compared to undammed streams and fewer
species are found. Aquatic habitats in the tailwater can
also be impaired due to intermittent flows and low DO

levels which restrict the movement, migration,
reproduction and available food supply of fish and other
organisms. Dams on tributary rivers affect the habitat of
benthic invertebrates, which are a vital part of the food
chain of aquatic ecosystems. Benthic invertebrates
include worms, snails and crayfish (which spend all of
their lives in or on the stream beds), and mussels,
clams and aquatic insects (which live on the stream
beds during all or part of their life cycles). Many benthic
organisms have narrow habitat requirements that are
not always met in reservoirs or tailwaters below dams.
Farther downstream from dams, the number of benthic
species increases as natural re-aeration occurs and DO
levels and water temperatures rise.

TVA regularly evaluates several water quality indicators
as well as the overall ecological health of reservoirs
through its Ecological Health Monitoring Program. This
program evaluates five metrics: chlorophyll
concentration, fish community health, bottom life,
sediment contamination and DO (TVA 2004: 4.4-3, -4).
Scores for each metric from monitoring sites in the
deep area near the dam (forebay), mid-reservoir, and at
the upstream end of the reservoir (inflow) are combined
for a summary score and rating. Vital Signs ratings,
major areas of concern, and fish consumption
advisories are listed in Table 4-7.

Two of TVA's six operating coal-fired power plants, one
CC natural gas plant and all of TVA’s nuclear plants are
in the Tennessee River watershed. All of these facilities
depend on the river system for cooling water. Two of
TVA’s CT plants are along or close to the Tennessee
River; they are not dependent for cooling water.
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Figure 4-14: Major watersheds within TVA region.

Other Major River Systems

The other major river drainages within the TVA region
(the Cumberland, Mobile, and Mississippi River
drainages) share a diversity of aquatic life equal to or
greater than the Tennessee River drainage. As with the
Tennessee River, these river systems have seen
extensive human alteration including construction of
reservoirs, navigation channels and locks. Despite
these changes (as with the Tennessee River drainage),
diverse aquatic communities are present in each of
these river systems.

Major TVA generating facilities located in these
watersheds include Cumberland and Gallatin Fossil
Plants (Cumberland River), Paradise Fossil and CC
Plants (Green River/Ohio River) and Shawnee Fossil
Plant (Ohio River). CT and CC plants are also located
on the Mississippi River, in the Hatchie, Obion and

Tallahatchie River (tributaries to the Mississippi River)
drainage basins, and the Tombigbee and Pearl River
drainage basins.

TVA operates two coal-fired plants on the main stem of
the Cumberland River and Great Falls, a small
hydroelectric plant on the Caney Fork River, a
Cumberland River tributary. In 2007, because of low
summer flows in the Cumberland River due to repairs
on Wolf Creek Dam by the USACE and drought
conditions, thermal discharges from the Cumberland
Fossil Plant led the State of Tennessee to place the
Barkley Reservoir segment of the Cumberland River on
the state 303(d) list of impaired waters (TDEC 2008).
The segment was listed as impaired due to low levels of
DO and temperature alterations. Repairs to Wolf Creek
Dam were completed in late 2013 and river flows
greatly improved in the summer of 2014, leading to the
delisting of DO as an impairment for the stream (TDEC
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2016). Due to a continued lowering of ambient CC plants. Otherwise, water resources conditions and
temperatures. the Barkley Reservoir segment was characteristics in these river systems are generally
completely delisted in the latest state 303(d) list (TDEC similar to those in the Tennessee system.

2018). Fish consumption advisories are in effect for
waters in the vicinity of the Shawnee Fossil and Allen

Table 4-7: Ecological health ratings, major water quality concerns, and fish consumption.

Reservoir Ecological Health Latest Concerns Fish Consumption Advisories
Rating — Score Survey
Date
Apalachia Good - 75 2015 -- Mercury (NC statewide)
Bear Creek Poor - 54 2017 DO, chlorophyll, Mercury (dam forebay area)
bottom life
Beech Fair — 66 2015 DO, chlorophyll Mercury
Blue Ridge Good - 84 2017 -- Mercury
Boone Fair — 63 2016 DO, chlorophyil, PCBs?, chlordane
bottom life, sediments
Cedar Creek Fair — 69 2017 DO Mercury (dam forebay to 1 mile upstream of
dam
Chatuge Fair — 62 2015 DO, chlorophyll Mercury
Cherokee Poor — 56 2015 DO, chlorophyll, None
bottom life
Chickamauga Good - 83 2017 -- Mercury (Hiwassee River from Hwy 58 (river mile
7.4) upstream to river mile 18.9.
Douglas Poor — 63 2016 DO, chlorophyll None
Fontana Fair — 67 2016 DO, bottom life Mercury
Fort Loudoun Fair — 60 2017 DO, chlorophyll, PCBs, mercury (upstream US 129)
bottom life
Fort Patrick Fair — 69 2016 Chlorophyll None
Henry
Guntersville Fair— 72 2016 Chlorophyll Mercury (Vicinity of Tennessee River mile 408,
just downstream of Widows Creek; Sequatchie
River)
Hiwassee Fair — 67 2015 DO Mercury (Statewide advisory)
Kentucky Good - 75 2017 Chlorophyll (Big Sandy Mercury (State of Kentucky statewide advisory;
only - DO, bottom life) State of Tennessee, Big Sandy River and
embayment)
Little Bear Fair — 69 2017 DO Mercury
Creek
Melton Hill Good - 80 2016 Sediments PCBs, mercury (Poplar Creek embayment)
Nickajack Good - 84 2016 -- PCBs, chlordane (Chattanooga Creek)
Normandy Poor — 40 2016 DO, chlorophyll, None
bottom life
Norris Fair — 69 2014 DO Mercury (Clinch River portion)
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Reservoir Ecological Health Latest
Rating — Score Survey

Concerns

Fish Consumption Advisories

Date

Nottely Poor — 47 2014 DO, chlorophyll, Mercury
bottom life
Parksville Fair — 66 2017 Sediments None
Pickwick Fair — 59 2016 DO, chlorophyll, None
bottom life
South Holston Fair - 67 2015 DO Mercury (Tennessee portion)
Tellico Fair — 63 2015 DO, bottom life PCBs
Tims Ford Poor - 52 2016 DO, chlorophyll, None
bottom life
Watauga Good - 77 2015 DO Mercury
Watts Bar Fair - 62 2016 DO, chlorophyil, PCBs
bottom life
Wheeler Fair - 68 2015 DO, chlorophyil, Mercury (Limestone Creek, Round Island Creek
bottom life embayments); PFOS® (Baker Creek embayment,
river miles 296-303)
Wilson Poor - 57 2016 DO, chlorophyil, Mercury (Big Nance Creek embayment)
bottom life

Source: TVA 2018d

Notes:
1. DO = Dissolved Oxygen
2. PCB = Polychlorinated biphenyls
3. PFOS = Perfluorooctane sulfonate

4.4.2.3 Causes of Degraded Surface Water
Quality
Causes of degraded surface water quality include:

o Wastewater discharges — Municipal sewage
treatment systems, industrial facilities,
concentrated animal feeding operations and other
sources discharge waste into streams and
reservoirs. These discharges are controlled through
state-issued NPDES permits issued under the
authority of the CWA. NPDES permits regulate the
amounts of various pollutants in the discharges
(including heat) and establish monitoring and
reporting requirements.

¢ Runoff discharges — Runoff from agriculture, forest
management (silvicultural) activities, urban uses
and mined land can transport sediment and other
pollutants into streams and reservoirs. Runoff from
some commercial and industrial facilities and some
construction sites is regulated through state
NPDES stormwater permitting programs. Runoff

from agriculture, silvicultural and other sources not
regulated under the NPDES program is referred to
as “nonpoint source” runoff.

Cooling Systems — Electrical generating plants and
other industrial facilities withdraw water from
streams or reservoirs, use it to cool facility
operations, and discharge heated water into
streams or reservoirs. The aquatic community may
be impacted due to temperature changes in the
receiving waters and from fish and other organisms
being trapped against the intake screens or sucked
into the facility cooling system. These water intakes
and discharges are controlled through state-issued
NPDES permits.

Air pollution — Airborne pollutants (e.g., mercury,
sulfates) can affect surface waters through rainout
and deposition.

Following is an overview of how power generation can
affect water quality.
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Coal and Natural Gas Plant Wastewater — Coal-fired
power plants have several liquid waste streams that are
released to surface waters following any required
treatment. These include condenser cooling water,
cooling tower blowdown, ash sluice water, metal-
cleaning wastewaters and various low volume wastes
including sumps and drains. Combined cycle natural
gas plant wastewaters include cooling tower blowdown
and various low volume wastewaters. Coal and gas
plant sites use best management practices to control
stormwater runoff such as retention ponds to capture
sediment and oil/water separators to remove oil and
grease. Discharges are regulated by each state under
the NPDES program. Many of the waste streams
receive treatment before they are discharged. Analytical
monitoring and periodic toxicity testing ensure there are
no acute or chronic toxic effects to aquatic life.
Discharges from coal plants include those from Coal
Combustion Residuals (CCR) storage areas; these
discharges can occur through permitted discharges
and from seepage into groundwater which then enters
surface waters. See Section 4.7 for further discussion
of CCR management at TVA coal plants.

Nuclear Plant Wastewater — Liquid waste streams at
nuclear plant sites include condenser cooling water,
cooling tower blowdown, water treatment wastewaters,
steam generator blowdown, liquid rad-waste including
tritiated wastewater and various low volume wastes
including sumps and drains.

Periodic analytical monitoring and toxicity testing is
performed on these discharges as required by the
NPDES permit to ensure that plant wastes do not
contain chemicals at deleterious levels that could affect
aquatic life. Best management practices are used to
control stormwater runoff and may include retention
ponds to capture sediment and oil/water separators.
The radiological component of discharges from nuclear
plants is regulated by the Nuclear Regulatory
Commission (NRC) and by states under the CWA.

Thermal Plant Cooling Systems — All of TVA’s coal-fired
and nuclear plants and two CC gas plants withdraw
water from reservoirs or rivers for cooling and discharge
the heated water back into the water body (see Section
4.4.3). In some cases, the cooling water is chemically

treated to prevent corrosion or biofouling of the cooling
system. TVA conducts extensive monitoring programs
to help ensure permit compliance and to provide
information about potential adverse effects from the
heated and/or chemically treated discharges. Plant-
specific monitoring includes concentrations of various
chemicals, toxicity, discharge flow rates, discharge and
receiving stream temperatures, DO, fish communities,
and benthic organisms.

Recent programs have also focused on spawning and
development of cool-water fish species such as sauger,
the attraction of fish to the heated discharges and
changes in undesirable aquatic micro-organisms such
as blue-green algae. In general, these monitoring
programs have not detected significant negative effects
resulting from release of heated water from TVA
facilities in the Tennessee River drainage basin.

Runoff and Air Pollution — Many nonpoint sources of
water pollution are not subject to government
regulations or control. Principal causes of non-point
source pollution are agriculture, including runoff from
fertilizer, pesticide applications, erosion and animal
wastes; silvicultural activities; mining, including erosion
and acid drainage; and urban runoff. Pollutants reach
the ground from the atmosphere as dust fall or are
carried to the ground by precipitation.

Low DO Levels and Low Flow Downstream of Dams -
A major water quality concern is low DO levels in
reservoirs and in the tailwaters downstream of dams.
Long stretches of river can be affected, especially in
areas where pollution further depletes DO. In addition,
flow in these tailwaters is heavily influenced by the
amount of water released from the upstream dams; in
the past, some of the tailwaters were subject to periods
of little or no flow. Since the early 1990s, TVA has
addressed these issues in the Tennessee River system
by installing equipment and making operational
changes to increase DO concentrations below 16
dams and to maintain minimum flows in tailwaters (TVA
2004: 4.4-3).

NPDES Permit Requirements — All of TVA's coal, CC
natural gas, and nuclear generating facilities have state-
issued NPDES permits for discharging to surface
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waters or pretreatment permits issued under state-
approved programs for discharging into public sewer
systems. At a minimum, these permits restrict the
discharge of pollutants to levels established by USEPA
Effluent Limitation Guidelines. Additional, and
sometimes more restrictive, limits may also be included
based on state water quality standards.

USEPA published an update of the Effluent Limitation
Guidelines rule on November 3, 2015, that revised and
strengthened the technology-based effluent limitations
guidelines and standards for discharges from steam
electric power plants. The final rule sets limits on the
amount of metals and other pollutants that are allowed
to be discharged from several of the largest sources of
wastewater at steam electric power plants, based on
technology improvements in the industry over the last
three decades. Generally, the final rule established new
requirements for wastewater streams from the following
processes and byproducts associated with steam
electric power generation: flue gas desulfurization, fly
ash, bottom ash, flue gas mercury control, and
gasification of fuels such as coal and petroleum coke.
The final rule phases in more stringent requirements in
the form of effluent limits for arsenic, mercury, selenium,
and nitrate/nitrite as nitrogen for wastewater
discharged from wet scrubber systems (flue gas
desulfurization waste stream) and zero discharge of
pollutants in ash transport water that must be
incorporated into the plants’ NPDES permits. The rule
has currently been stayed and certain points are being
reevaluated; however, it still requires that each plant
must comply between 2018 and 2023 depending on
when its NPDES permit is due for renewal.

After publication of the rule, the USEPA postponed the
earliest compliance dates for the new, more stringent,
best available technology effluent limitations and
pretreatment standards for bottom ash transport water
and FGD wastewater for a period of two years. The
outermost compliance date of 2023 remains in effect.

Finalized 316(b) regulations for existing facilities (USEPA
2014) require TVA and other utilities to perform
additional evaluations of the impacts of their facilities
and cooling water intakes and may require
modifications to plant cooling systems and/or plant

operations to reduce impacts to fish and other aquatic
organisms.

Fuel Cycle Impacts — The extraction, processing, and
transportation of fuel can affect water quality. Runoff
and other discharges from coal and uranium mines,
natural gas well sites, and from fuel processing facilities
can discharge sediment and other pollutants into
surface waters. These discharges are typically subject
to NPDES permit requirements, as well as permit
requirements specific to coal and uranium mining.
Mining operations can also result in the alteration and
elimination of streams. Mining and natural gas
extraction can also affect groundwater quality and
quantity. Impacts to water quality from the extraction of
natural gas by hydraulic fracturing are described in
more detail in Section 5.2.1.3.

4.4.2.4 Surface Water Quality at Facilities
Considered for Future Retirement
Several TVA facilities have units that may be considered
for retirement in the next decade. The following
sections provide an overview of the surface water
conditions at each of these facilities. Stormwater
discharges from each of TVA’s coal-fired power plants
are regulated under NPDES individual permits that are
administered at the state level. For those plants located
in Tennessee, some stormwater discharge associated
with industrial activity is also regulated under
Tennessee Storm Water Multi-Sector General Permit
for Industrial Activities permits. In general, storm water
is either comingled with process water or discharged
through permitted outfalls; only the major outfalls at
each plant are discussed herein.

Cumberland Fossil Plant

Cumberland Fossil Plant (herein, Cumberland) is
located on the southern side of the Cumberland River
and is bordered by Wells Creek to the south and west.
Cumberland withdraws an average of 2,096 million
gallons per day (MGD) from the Cumberland River for
use as condenser cooling water (CCW) and plant
process water (e.g., sluice water, fire protection, boiler
feed water, safety, and miscellaneous water uses).
Approximately 98 percent of the water withdrawal is
used for cooling, while approximately 2 percent is used
for other uses including process water. The withdrawn
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water is returned to the river after appropriate treatment
and complies with Cumberland’s NPDES permit
requirements.

Existing wastewater streams at Cumberland are
permitted under TDEC NPDES Permit No. TNO005789,
effective through 2023. The Internal Monitoring Point
(IMP) 001 discharges process and stormwater from the
Main Ash Impoundment to the CCW channel at an
average flow of 21.73 MGD. TVA is required under
NPDES Permit No. TNOO05789 to meet pH, total
suspended solids (TSS), and oil and grease effluent
limitations at IMP 001. TVA is required to report flow,
nitrogen, ammonia, fluoride, calcium, sulfate, total
dissolved solids (TDS), radium 226 and 228, and 20
additional metals on a monthly to quarterly basis under
the current NPDES permit.

Qutfall 002 discharges approximately 2,097 MGD of

once-through condenser cooling water, in addition to
flows from IMP 001 to the Cumberland River. Per the
2018 NPDES permit, TVA is required to meet effluent
limitations for temperature, toxicity, and total residual
oxidants on a daily to annual basis.

Gallatin Fossil Plant

Gallatin Fossil Plant (herein, Gallatin) is located on the
northern side of Odoms Bend in the Cumberland River.
Gallatin withdraws approximately 916 MGD for use as
CCW and plant process water (i.e., sluice water, fire
protection, boiler feed water, miscellaneous water
uses). Approximately 97 percent of the water
withdrawal is used for cooling, while approximately 3
percent is used for process water. The withdrawn
water is returned to the river after appropriate treatment
and complies with Gallatin’s NPDES permit.

There are several existing wastewater streams at
Gallatin permitted under NPDES No. TNO005428,
effective through May 2023. The main plant area is
drained by permitted stormwater outfalls, wet weather
conveyances, intermittent streams, the condenser
cooling water discharge (Outfall 002), and the intake
screen backwash (Outfall 004) along with process and
storm water discharges which were historically
discharged from the ash impoundment system (Outfall
001). However, now process waters are discharged

from a newly permitted outfall (Outfall 010) and only
storm water driven flows and landfill underdrains are
discharged from Qutfall 001.

From 2015 to 2018, an average of 20.86 MGD of water
was discharged from the ash pond system through
Qutfall 001. Now approximately 20 MGD of process
waters are discharged from Qutfall 010. Under the
current NPDES permit, TVA is currently required to
meet effluent limitations at Outfall 001 for pH, TSS, ail
and grease, and toxicity, in addition to periodic
reporting of flow, sulfate, fluoride, calcium, TDS, radium
226 and 228, and 19 metals. These limitations and
reporting requirements will change as dewatering of the
impoundment system is completed and bottom ash
transport waters discharge requirements change.
Required limitations and reporting requirements at
Qutfall 010 currently include limitations on pH, TSS, ail
and grease, and toxicity, in addition to periodic
reporting of flow and 16 metals.

Approximately 855 MGD is discharged from the CCW
discharge channel through Outfall 002. The plant’s
permitted discharges from Qutfall 002 are once-
through cooling water, auxiliary cooling water, and
storm water runoff. The current NPDES permit contains
limitations on the CCW discharge for temperature, and
total residual oxidants and toxicity (when chlorine,
bromine, or other oxidants are added to the cooling
water). This permit also requires reporting of flow and
intake temperature.

Kingston Fossil Plant

Kingston Fossil Plant (herein, Kingston) is situated on a
peninsula formed by the confluence of the Clinch and
Emory Rivers. Kingston withdraws approximately 1,107
MGD from the Clinch and Emory rivers for use as CCW
and plant process water (e.g., sluice water, fire
protection, boiler feed water, and other miscellaneous
uses). Approximately 99 percent of the water
withdrawal (1,096 MGD) is used for cooling, while
approximately 1 percent is used for other uses
including process water. The withdrawn water is
returned to the river after appropriate treatment and
complies with Kingston’'s NPDES permit.
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There are several existing wastewater streams at
Kingston permitted to be discharged under the
Kingston NPDES permit (Number TNO005452),
effective through February 2023. The main plant area is
drained by permitted stormwater outfalls, wet weather
conveyances, intermittent streams, the CCW discharge
(Qutfall 002), and the intake screen backwash (Outfall
004) along with process and storm water discharges
from the ash impoundment system (Outfall 001). Outfall
001 conveys an average of 13.67 MGD of treated ash
pond effluent and other wastewater, based on flow
data recorded by TVA between November 2016 and
November 2018. TVA is required to meet effluent
limitations at Qutfall 001 for pH, TSS, and oil and
grease, while reporting flow and 16 metals on a weekly
to monthly basis.

Over the same 2016-2018 time period, an average of
approximately 1,096 MGD of CCW and 7.42 MGD of
wastewater were discharged through Outfall 002.
Under the current NPDES permit, TVA is required to
meet effluent limitations for pH, temperature, mercury,
toxicity, duration of chlorination, and total residual
oxidants, while reporting flow and intake temperature.

Shawnee Fossil Plant

The Shawnee Fossil Plant (herein, Shawnee) is
bounded by the Ohio River to the northeast and Little
Bayou Creek to the southwest. Shawnee withdraws an
average of 1,487.72 MGD of water for use as CCW
and plant process water. Approximately 98 percent of
the water withdrawal is used for cooling, while
approximately 2 percent is used for process water.
Essentially all of the water withdrawn is returned to the
Ohio River.

There are several existing wastewater streams at
Shawnee permitted under Kentucky Pollutant
Discharge Elimination System (KPDES) Permit Number
KY0004219, effective through June 2023. The main
plant area is drained by permitted storm water outfalls,
wet weather conveyances, the CCW discharge (Outfall
002), the chemical treatment pond (Outfall 004), and
process and storm water discharges from the ash
pond system (Outfall 001). Potentially impacted onsite
wastewater streams include the dry stack storm water

discharge, CCW discharge channel, and ash pond
discharge.

The majority of wastewater from the Shawnee site is
discharged to the Ohio River through Outfalls 001 and
002. From August to November 2018 (under the new
KPDES Permit), an average of 19.74 MGD were
discharged from the ash pond through Outfall 001.
Qutfall 001 discharges into the CCW discharge
channel. During the same time period, the pH (a
measure of acidity) of the ash pond discharge ranged
from 7.31 to 8.22. The ash pond is being dewatered,
closed, and capped. From the effective date of the
permit until commencement of mechanical dewatering,
TVA is required to meet the ash pond effluent limits for
pH, oil and grease, total suspended solids, and acute
toxicity. During dewatering, TVA is required to meet
limitations for pH, oil and grease, total suspended
solids, and acute toxicity, in addition to the following
metals: antimony, arsenic, beryllium, cadmium,
chromium, copper, lead, mercury, nickel, selenium,
silver, thallium, and zinc, while reporting hardness.
Subsequent to completion of dewatering, the KPDES
permit reverts back to monitoring consistent with the
pre-dewatering requirements previously noted. Based
on data from weekly monitoring conducted between
August and October 2018, all permit-required
constituents were within regulatory limits at Outfall 001.

From 2016 to 2018, an average of 872 MGD of once-
through cooling water was discharged from the CCW
discharge channel through KPDES Outfall 002. The
current KPDES permit contains limitations on the CCW
discharge for temperature, free available chlorine, total
residual chlorine, total residual oxidants, and time of
oxidant addition, as well as reporting of flow, discharge
temperature, and pH.

Combustion Turbine Facilities

TVA currently operates CTs at their Allen (20 turbines),
Colbert (8 turbines), Gallatin (8 turbines), and
Johnsonville (20 turbines) plants. CTs require no
cooling, and therefore, operation and/or retirement of
CTs does not affect surface water at these facilities.
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4.4.3 Water Supply

The TVA PSA contains most of the Tennessee River
Basin, which is considered one of the most water rich
basins in the United States (Figure 4-14). The
Tennessee River Basin, which is about half of the TVA
PSA, has been defined as the most intensively used
basin in the contiguous United States as measured by
intensity of freshwater withdrawals in gallons per day
per square mile (gal/d/mi2) (Hutson et al. 2004). While
the withdrawal rate is highest, the basin has the lowest
consumptive use in the nation by returning about 96
percent of the withdrawals back for downstream use
(Bowen and Springston 2018).

Commercial
Domestic
Mining
Livestock
Aquaculture
Irrigation

Industrial

Public Supply

Thermoelectric

0 2,000

4,000

In 2015, estimated average daily water withdrawals in
the TVA PSA totaled 12,966 MGD (Dieter et al. 2018,
Bowen and Springston 2018). About 6.6 percent of
these water withdrawals were groundwater and the
remainder was surface water. The largest water use
(77.7 percent of all withdrawals) was for thermoelectric
generation as shown in Figure 4-15. Even though
thermoelectric generation has the greatest withdrawal,
about 99.2 percent is recycled and returned for
downstream use in the TVA system (Bowen and
Springston 2018).

® Surface Water

Groundwater

6,000 8,000 10,000

Water Withdrawn (MGD)

Figure 4-15: 2015 water withdrawals in the TVA power service area by source and type of use Source: Dieter et al.

(2018), Bowen and Springston (2018).
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Figure 4-16: Groundwater and surface water withdrawals by water public systems in Tennessee, 1950 to 2015.
Adapted from Webbers (2003). Additional Data: Kenny et al. (2009), Bohac and Bowen (2012), Bowen and

Springston (2018).

Since 1950, the annual increase in groundwater
withdrawals for public supply in Tennessee has
averaged about 2.2 percent and the increase in surface
water withdrawals has averaged about 3.5 percent
(Figure 4-16). For the first time since 1950, there was a
decrease in surface water withdrawal for public supply
systems in Tennessee between 2010 and 2015.
Although these data are for Tennessee public water
supplies, they are representative of the overall trends in
water use for the TVA PSA.

4.4.31 Groundwater Use

Groundwater data are compiled by the U.S. Geological
Survey (USGS) and cooperating state agencies in
connection with the national public water use inventory
conducted every five years (Dieter et al. 2018, Bowen
and Springston 2018). The largest use of groundwater
is for public water supply, illustrated in Figure 4-16.
Almost all of the water used for domestic supply and
55 percent of water used for irrigation in the TVA PSA is
groundwater. Groundwater is also used for industrial,
mining, livestock, and aquaculture purposes.

The use of groundwater to meet public water supply
needs varies across the TVA PSA and is the greatest in

West Tennessee and Northern Mississippi. This
variation is the result of several factors, including
groundwater availability, surface water availability,
where both surface and groundwater are present in
adequate quantity and quality, which water source can
be developed most economically, and public water
demand, which is largely a function of population.
There are numerous sparsely populated, rural counties
in the region with no public water systems. Residents in
these areas are self-served by individual wells or
springs.

Total groundwater use for public water supply in 2015
was 500 MGD in the TVA PSA. Approximately 60
percent of all groundwater withdrawals were supplied
by Tertiary sand aquifers in West Tennessee and North
Mississippi. Shelby County, Tennessee (Memphis)
accounted for about 38 percent of the total 2015 public
supply regional pumpage. The dominance of
groundwater use over surface water use in the western
portion of the TVA PSA is due to the availability of
prolific aquifers and the absence of adequate surface
water resources in some areas. Additionally, several
TVA facilities, primarily combined cycle plants, which
use groundwater for industrial purposes are in this area.
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Generally those purposes are for fire protection and
cooling, and are discharged through an NPDES outfall.

4.4.3.2 Surface Water Use

The majority of water used for thermoelectric, public
supply, agquaculture, and industrial uses is surface
water (Figure 4-15). Large public supply withdrawals
correspond to the population centers throughout the
valley. The top five counties for surface water public
supply are Davidson, Knox, Hamilton, and Rutherford
counties, Tennessee, and Madison County, Alabama.
These counties contain the large cities of Nashville,
Knoxville, Chattanooga, and Murfreesboro, Tennessee,
and Huntsville, Alabama, respectively. These five
counties account for 40 percent of all surface water
public supply for the entire TVA PSA. The remaining 60
percent of surface water public supply within the TVA
PSA is generally located in less-populated counties and
communities.

Thermoelectric withdrawal decreased about 2,400
MGD in 2015 compared to 2010. This was due to the
retirement of TVA coal-fired power plants that used
water withdrawals for cooling water. Public supply,
industrial, and livestock uses decreased in 2015.
Decrease in public supply use can be attributed to
technology upgrades at two of the most populous
counties in the PSA and general public decrease of
per-capita use. Industrial use decreased because of the
closure of a few larger demand plants. Mining,
aquaculture, and irrigation uses increased in 2015, but
these uses are more variable because they are sensitive
to weather and economic conditions.

4.4.3.3 Water Use for Thermoelectric Power
Generation

Thermoelectric power generation uses steam produced

from the combustion of fossil fuels or from a nuclear

reaction. A substantial volume of cooling water is

required to condense steam into water. All TVA coal-
fired plants and nuclear plants are cooled by water
withdrawn from adjacent rivers or reservoirs. Surface
water withdrawals may be supplemented by
groundwater withdrawn via production wells at some
plants, though the quantity of groundwater withdrawn
is significantly less than the quantity of surface water
withdrawn. The amount of water required is highly
dependent on the type of cooling system employed.
While the volume of water used to cool the plants is
large, most of this water is returned to the adjacent
rivers or reservoirs.

In 2015, TVA’s three nuclear plants and the 10 coal-
fired plants then in operation withdrew an average of
12,699 MGD (Table 4-8). The total plant water
withdrawal divided by the net generation is the water
use factor. All TVA coal-fired plants except Paradise
employ open-cycle (once-through) cooling all the time.
In open cycle systems, water is withdrawn from a water
body, circulated through the plant cooling condensers,
and then discharged back to the water body. Plant
water use factors for the coal plants, except for Colbert,
Johnsonville and Paradise, ranged from about 54,000
to 83,000 gal/MWh of net generation. Differences in
river temperature, plant design, atmospheric
conditions, and plant operation account for the
variability in water use factors.

Plant water use factors for Colbert were not within this
range because the plant was offline for a portion of
2016, so for several months the pumps were still
operational even though the units were not generating
electricity. Johnsonville was excluded from the plant
water use factor range because the plant was
converted to a CT plant, and four units were operating
at a decreased production, without commensurate
withdrawal reductions.

Table 4-8: 2015 water use for TVA coal-fired and nuclear generating plants. (TVA unpublished data)

Units Withdrawal
(MGD)

Return (MGD)

Consumption Net Water Use
(Withdrawal - Generation Factor
Return, MGD) (MWh/year) (gallons/MWh)

Coal-Fired

Allen’ 3 490.2

0.1 3,129,703 57,173
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Withdrawal Return (MGD) Consumption Net Water Use
(MGD) (Withdrawal - Generation Factor
Return, MGD) (MWh/year) (gallons/MWh)
Bull Run 1 528.6 528.2 0.4 2,487,210 64,611
Colbert’ 5 963.9 963.1 0.8 2,685,375 131,015
Cumberland 2 2319.2 2311.6 7.6 14,438,617 58,627
Gallatin 4 678.6 678.3 0.3 3,826,403 64,730
Johnsonville' 4 491.3 490.9 0.4 1,964,467 91,276
Kingston 9 956.6 955.7 0.8 3,857,821 83,006
Paradise? 3 333.8 273.1 60.7 12,008,149 10,145
Shawnee 9 902.8 902.4 0.4 6,141,807 53,654
Widows Creek’ 2 470.7 470.0 0.7 1,627,447 78,957
Nuclear
Browns Ferry 3 2850.6 2840.2 10.4 27,669,694 37,603
Sequoyah 2 1526.6 1524.3 2.3 16,511,322 33,747
Watts Bar 1 185.9 170.7 15.2 8,449,150 8,030

'Subsequently retired.
2Subsequently partially retired.

Paradise employs substantial use of cooling towers
(closed-cycle cooling) resulting in a relatively low plant
water use factor and less water returned to the river
(Table 4-8). In closed-cycle systems, water from the
steam turbine condensers is circulated through cooling
tower where the condenser water is cooled by transfer
of heat to the air by evaporation, conduction, and
convection. The proportion of cooling water discharged
to the river or reservoir is lower than for open-cycle
systems, as are the overall volume of water required
and the plant water use factor.

Browns Ferry and Sequoyah nuclear plants operate
primarily in the open-cycle mode, with infrequent use of
cooling towers. Watts Bar nuclear plant uses a
combination of open-cycle and closed-cycle cooling.

Natural gas-fueled CC plants (gas turbine followed by a
steam turbine) require water for steam generation and
condensation. Water use in 2015 for TVA’s CC plants
are shown in Table 4-9. The Caledonia plant uses
reclaimed wastewater. Ackerman, Lagoon Creek,
Magnolia, and Southaven use groundwater. John

Sevier uses surface water and closed-cycle cooling.
With the exception of the Ackerman plant, all of these
facilities return their process water to surface waters.
Ackerman does not discharge process water.

Although TVA generates the majority of electrical
energy in the TVA PSA and Tennessee River basin,
there are non-TVA power plants in these areas that
used substantial volumes of water in 2015 (Table 4-10).
Two of the non-TVA plants (Decatur and Morgan) sell
all or a large amount of their electricity to TVA. The
Clinch River (closed during 2015) and Asheville coal-
fired plants withdraw surface water from Tennessee
River tributaries, but are located outside of TVA’s PSA.
The coal-fired Asheville plant is scheduled to be retired
in 2020, following the completion of an adjacent 2-unit
combined cycle natural gas plant that is currently under
construction. Batesville, Morgan and Decatur withdraw
surface water and are in the TVA PSA. The Choctaw
Gas Plant is also in the TVA PSA, but utilizes saline
groundwater instead of fresh water.
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Table 4-9: 2015 water use for TVA combined cycle generating plants (TVA unpublished data).

Withdrawal Return (MGD) Consumption Net Water Use
(MGD) (Withdrawal - Generation Factor
Return, MGD) (MWh/year) (gallons/MWh)

Ackerman 1 1.3 0.0 1.3 1,991,097 935
Caledonia 3 2.3 0.6 1.7 3,390,679 244
John Sevier 3 3.6 0.9 2.7 4,766,759 279
Lagoon Creek 3 2.2 0.6 1.6 3,171,381 258
Magnolia 3 3.7 0.7 3.0 4,972,280 269
Southaven 3 2.2 0.4 1.8 3,798,356 208

Note: The TVA CC generating plants at Paradise and Allen are not included because these plants began commercial operation in 2017 and 2018,
respectively.

Table 4-10: 2015 water use by non-TVA thermal generating plants in the TVA power service area and Tennessee
River basin. Source: U.S. Department of Energy EIA-923 Database (2015).

Withdrawal Return (MGD) Consumption Net Water Use
(MGD) (Withdrawal - Generation Factor
Return, MGD) (MWh/year) (gallons/MWh)

Asheville, NC 4 116.8 2.3 114.5 1,590,539 26,303
Clinch River, VA 3 9.2 3.5 5.7 461,977 7,269
Batesville, MS 3 3.2 0.2 0.2 3,761,639 311
Decatur Energy 0.7 0.1 0.6 1,486,854 172

Center, AL
Morgan Energy 3.2 0.4 2.8 4,955,877 236

Center, AL
Choctaw Gas, MS' 41 3,033,410 493

'Saline groundwater.

4.4.3.4 Trends in Thermoelectric Water open-cycle cooling, and therefore has a lower
Withdrawal percentage of closed-cycle cooling systems than the

Nationally, water use factors have been declining since national average. While closed-cycle cooling systems

the 1960s. The national power plant water use factors withdraw less water, they actually consume more water

have declined from a high of about 60,000 gal/MWh to in their cooling tower systems due to evaporation.

a low of about 23,000 gal/MWh (Electric Power TVA’s systems are designed for less overall water

Research Institute (EPRI) 2002). The reduction was consumption, even though they do require more water

primarily due to increasing use of closed-cycle cooling, withdrawal upfront.

particularly in the western United States where water is

relatively scarce. TVA’'s water use factor is higher than Figure 4-17 shows the total withdrawal from 2000 to

the national average because the TVA system was 2015 and the combined water use factor for TVA’s

designed and located to specifically take advantage of coal-fired, nuclear, and CC plants. The combined water

use factors for 2000 and 2005 were about 39,300
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gal/MWh. A slight increase was observed in 2010 to
42,300 gal/MWh, largely as the result of abnormal
operation at Kingston Fossil Plant and reduced
generation without commensurate withdrawal
reductions at other plants such as Cumberland and
Bull Run. The combined water use factor remained
fairly steady in 2015 at 40,743 gal/MWh because while
Colbert and Widows Creek were being prepared to be
retired, the pumps for the open cycle cooling systems
were still operating even though the units were not
generating electricity. Further, while a heat recovery
steam generator was being added to a CT unit at
Johnsonville, a few coal units were still operating at a
decreased production rate.

In addition to recent historic combined water use
factors, Figure 4-17 also shows the anticipated
combined water use factor for changes that have
occurred since 2015. Those changes include the
startup of Watts Bar Unit 2, the retirement of the coal
units and construction of a CC plant at Allen, the
retirement of two coal units and construction of a CC
plant at Paradise, the closure of Colbert and Widows
Creek Fossil plants, and the retirement of the coal units

and startup of a heat recovery steam generator at
Johnsonville. The startup of Watts Bar Unit 2 results in
approximately 33 percent reduction in water use factor
because Watts Bar Unit 2 primarily operates in closed-
cycle mode. Therefore, the plant water use factor with
both units operating will decrease but water
consumption will increase from that of Unit 1 operation.
The Johnsonville heat recovery steam generator is not
included in the water use projections as this generator
does not use water.

Table 4-11 shows the changes in the combined water
use factor after the changes described in the previous
paragraph for Allen, Paradise and Watts Bar went into
effect. The additions, conversions, and closures would
reduce the combined water use factor for TVA-owned
facilities to about 24,100 gal/MWh in 2025. The data
point in Figure 4-17 in year 2025 is based on the
assumption that the plant modifications that are
currently under way are completed. It does not include
the proposed retirement of Paradise Fossil Plant Unit 3
and Bull Run Fossil Plant.
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Figure 4-17: Total withdrawal and combined water use factor for TVA-owned thermal generating plants.
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Table 4-11: Changes in water use factors for 2016-2018 plant conversions and unit additions .

Year Completed Average Water Use Factor 2000 — Water Use Factor after Modification —
2010 gal/MWh gal/MWh
Allen 2018 33,801 364
Paradise 2017 8,990 3,108
Watts Bar 2016 7,525 4,927

4.4.3.5 Water Use at Facilities Considered for
Future Retirement
Several TVA facilities have units that are identified for
potential retirement in the 20-year study period of this
IRP. Recent water use at the coal plants identified for
potential retirement (Shawnee, Cumberland, Gallatin,
and Kingston), as well as their water use factors, are
shown in Table 4-8. The CT units identified for potential
retirement (Allen, Gallatin, Colbert, and Johnsonville) do
not make water withdrawals and are not included in
water use factor calculations.

4.4.4 Aquatic Life

4.4.41 Regulatory Framework for Aquatic Life
Aside from the Endangered Species Act (ESA) and
related state laws described in Section 4.5.3, and
harvest regulations established by states, the CWA is
the major law affecting aquatic life. Water quality
standards and NPDES discharge limits are established,
in part, to protect aquatic life. CWA Section 316
regulates (a) the design and operation of cooling water
intake structures to minimize adverse effects to aquatic
life from entrainment and impingement, and (b)
wastewater discharges in order to minimize adverse
effects of heat on aquatic life.

4.4.4.2 Aquatic Life within the TVA Region

The TVA region encompasses portions of several major
river systems including all of the Tennessee River
drainage and portions of the Cumberland River
drainage, Mobile River drainage (primarily the Coosa
and Tombigbee Rivers), and larger eastern tributaries to
the Mississippi River in Tennessee and Mississippi
(Figure 4-14). These river systems support a large
variety of freshwater fishes and invertebrates (including
freshwater mussels, snails, crayfish, and insects). Due

to the presence of several major river systems, the
region’s high geologic diversity (see Section 4.5.1), and
the lack of glaciation, the region is recognized as a
globally important area for freshwater biodiversity (Stein
et al. 2000).

4.4.4.3 Aquatic Life at Facilities Considered for
Future Retirement

Aquatic life in the vicinity of the eight TVA plants that are

candidates for partial or full retirement is described in

this subsection.

Shawnee Fossil Plant

Shawnee Fossil Plant is located approximately 10 miles
west of Paducah, Kentucky along the Ohio River and
within the Ohio River—Bayou Creek Hydrologic Unit
(Code 051402060701). Natural streams in this region
generally are low-gradient, meandering channels with
silt and sand bottoms, often filled with woody debris,
and inhabited by fish fauna typical of the Ohio River
basin. The Shawnee facility is bordered by the Ohio
River and Little Bayou Creek, which are all classified as
warm-water aquatic habitat (TVA 2018e).

The Ohio River Valley Water Sanitation Commission
(ORSANCO) operates programs to improve water
quality in the Ohio River and its tributaries, including
setting waste water discharge standards, performing
biological assessments, and monitoring the physical
and chemical properties of the waterway. Fish
population data was collected in 2009 at 17 randomly
selected locations throughout the reach of the Ohio
River near Shawnee (ORSANCO 2009). Forty-eight fish
species and one hybrid taxon were collected,
representing 13 different families. Overall, the most
abundant species collected was gizzard shad, with
large numbers of freshwater drum, river carpsucker,
channel catfish, sauger, longear sunfish, yellow bass,
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and bluegill also collected. Benthic substrate samples
collected in the river revealed that it is dominated by
sand followed by fines then gravel. Woody cover was
present at all of the 17 sample sites and riparian land
cover was primarily natural forest with some agriculture
and residential uses present. The section of the Ohio
River adjacent to Shawnee is designated critical habitat
for the threatened rabbitsfoot mussel. A generally
balanced, indigenous, aquatic community exists in the
Ohio River adjacent to Shawnee, although fish
consumption advisories are in effect for Little Bayou
Creek due to pollutants that include metals and
radiation (KDEP 2016).

Kingston Fossil Plant

Kingston Fossil Plant is located on a peninsula at the
confluence of the Emory and Clinch rivers on Watts Bar
Reservoir. The Kingston discharge point is located
across the peninsula at Clinch River Mile (CRM) 2.6,
while the intake is located at Emory River Mile (ERM)
1.9. The Watts Bar Dam impounds the 39,090-ac
Watts Bar Lake (TVA 2016a).

Shoreline and substrate sections were evaluated for
aquatic habitat upstream and downstream of Kingston
in 2013. The shoreline sections had average scores of
“fair,” while limited aquatic macrophytes were noted
along approximately 25 percent of the banks during the
shoreline evaluation. The substrate was dominated by
clay (56.8 percent), silt (14.9 percent) and bedrock (9.3
percent) downstream of Kingston and by clay (36.7
percent), detritus (19.4 percent) and sand (14.7
percent) upstream of Kingston (TVA 2014a).

TVA has evaluated the health of the fish community
near CRM 1.5 downstream of Kingston and at CRM
4.4 upstream of Kingston. The fish community rated
“good” at both of these locations in 2013. Historically,
the fish community has rated “good” at these locations.
During the 2013 study, 31 indigenous species were
collected at the downstream site and 31 at the
upstream site; this includes 16 commercially valuable
and 23 recreationally valuable species as follows:

e Common centrarchid species present at
Kingston included bluegill, longear sunfish,
redear sunfish, warmouth and green sunfish.

e Benthic invertivore species present included
black redhorse, freshwater drum, logperch,
northern hogsucker, spotted sucker, golden
redhorse and silver redhorse.

e Top carnivore species present included
largemouth bass, skipjack herring, smallmouth
bass, spotted gar, yellow bass, striped bass,
spotted bass, hybrid bass, sauger, walleye,
rock bass and flathead catfish.

e Intolerant species present included skipjack
herring, northern hogsucker, spotted sucker,
black redhorse, longear sunfish, smallmouth
bass, brook silverside and rock bass. In
addition, two thermally sensitive species,
spotted sucker and logperch, were present.

e Aquatic nuisance species included common
carp, redbreast sunfish, striped bass and
Mississippi silverside that were collected at the
downstream and upstream of Kingston and
yellow perch that was collected upstream of
Kingston (TVA 2014a).

Benthic community data was collected from three sites
upstream and downstream of Kingston in 20183.
Monitoring results for 2013 support the conclusion that
a balanced indigenous population of benthic
macroinvertebrates is maintained downstream of
Kingston. Sites had taxa averages of 17.0, 14.1 and
17.5at CRM 1.5, 2.2 and 3.75, respectively. The
Ephemeroptera, Plecoptera and Trichoptera taxa
present were 1.2, 1.7 and 1.5 at CRM 1.5, 2.2 and
3.75, respectively, mid- to high-range numbers. In
addition, the proportion of oligochaetes were 15
percent, 7.2 percent and 10 percent, also mid- to high-
range numbers (TVA 2014a).

The mussel fauna in the Emory River near Kingston has
been greatly altered by the impoundment of Watts Bar
Reservoir while upstream impacts include mining and
urbanization. Six mussel species (the giant floater,
fragile papershell, pistolgrip, pimpleback, wartyback
and three-horn wartyback) and a common aquatic snalil
(hornsnail) were found in a survey of this area (Yokley
2005; Parmalee and Bogan 1998). All of these species,
except pistolgrip, are considered tolerant of reservoir
conditions.
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Cumberland Fossil Plant

Cumberland Fossil Plant is located on Barkley Reservoir
(Cumberland River, a tributary to the Ohio River). The
Cumberland River is impounded prior to its confluence
with the Ohio River to create Lake Barkley (TVA 2018f).
Near Cumberland, Lake Barkley-Cumberland River is
more riverine, approximately 72 miles upstream of Lake
Barkley Dam. Cumberland is located along the left
descending bank near river mile (RM) 103. Lake
Barkley-Cumberland River adjacent to Cumberland is
characterized as having poor to fair shoreline aquatic
habitat with no aquatic macrophytes. The fish
community consists of more warmwater species with a
mix of species typical of both rivers and reservoirs due
to the Cumberland proximity to the main stem of Lake
Barkley and more riverine conditions near the
Cumberland (TVA 2016b).

Wells Creek is a small tributary of the Cumberland River
that flows south-north through the central portion of the
Cumberland property. Scott Branch is a tributary of
Wells Creek that flows west-east through the property.
Due to their proximity and connection to the
Cumberland River, species composition and
abundances are expected to be similar to that
described above for the Cumberland River.

TVA has used a Reservoir Ecological Health monitoring
program since 1990 to evaluate ecological conditions in
major reservoirs in the region. A component of this
monitoring program is a multi-metric approach to data
evaluation for fish communities known as the Reservoir
Fish Assemblage Index (RFAI). Fish communities are
used to evaluate ecological conditions because of their
importance in the aquatic food web and because fish
life cycles are long enough to integrate conditions over
time. Benthic macroinvertebrate populations are
assessed using the Reservoir Benthic Index (RBI)
methodology. Because benthic macroinvertebrates are
relatively immobile, negative impacts to aquatic
ecosystems can be detected earlier in benthic
macroinvertebrate communities than in fish
communities. A component of this monitoring program
includes sampling the benthic macroinvertebrate
community (TVA 2016b).

TVA sampled fish upstream and downstream of
Cumberland between RM 102 and 107 in the spring,
summer, and autumn of 2015. Upstream of
Cumberland, 1,576 fish (34 species) were collected in
the spring 2015, 753 fish (32 species) were collected in
the summer 2015, and 597 fish (37 species) were
collected in the autumn 2015. Typical species
upstream of Cumberland included gizzard shad, spotfin
shiner, emerald shiner, yellow bass, bluegill, longear
sunfish, and largemouth bass. Downstream of
Cumberland, 1,643 fish (32 species) were collected in
the spring 2015, 604 fish (27 species) were collected in
the summer 2015, and 705 fish (31 species) were
collected in the autumn 2015. Typical species
downstream of Cumberland included threadfin shad,
longear sunfish, emerald shiner, largemouth bass,
bluegill, gizzard shad, and yellow bass. Ecological
health ratings were similar for both the upstream and
downstream sites for all three seasons, ranging from
fair to good (TVA 2016b).

As part of the same TVA 2015 study, benthic (or
bottom-dwelling) invertebrates were also collected.
Oligochaetes, chironomids, and Asiatic clams were the
dominant taxa both upstream and downstream of
Cumberland. Ecological health ratings were similar
between the upstream and downstream sites for all
three seasons, ranging from fair to good (TVA 2016b).

A 2011 mussel survey conducted to characterize the
freshwater mollusk community on the Cumberland
River (spot dives) and Wells Creek (along sampling
transects) near Cumberland found low abundances of
a small number of relatively common mussel species.
The three most numerous freshwater mussel species
included mapleleaf, wartyback, and pink heelsplitter.
On the Cumberland River, 24 mussels were collected
from 23 locations (catch per unit effort = 9
mussels/hour). On Wells Creek, 11 mussels were
collected along four transect locations (density = 0.05
mussels/square meter) (Third Rock Consultants 2011).

Gallatin Fossil Plant

The Gallatin Fossil Plant is located within a large
peninsula on Old Hickory Lake at Cumberland River
mile (RM) 241.5 to 246.0. The Cumberland River was
altered from a free-flowing river to a reservoir due to
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impoundment by Old Hickory Dam, located 27 river
miles downstream. Upstream of Gallatin, Old Hickory
Lake extends 70 river miles to Cordell Hull Dam (TVA
2017e).

The cooling water discharge channel is commonly
visited by local fishermen on the reservoir, particularly in
winter when the warm water of the discharge attracts
fish. Beginning in 2001, TVA began a fish community
monitoring program in the Cumberland River
downstream (RM 239 to 240.6) and upstream (RM
248.4 to 249.9) of the Gallatin discharge in order to
verify that a Balanced Indigenous Population of aquatic
life was being maintained. Fish community monitoring
was conducted during 2001, 2002, 2003, 2005, 2007,
2008, 2010, 2011, 2012, 2013, and 2014. (TVA
2016c). Over the 11 sampling years, the average RFA|
scores at the location just downstream of the Gallatin
discharge and at the reference location upstream of
Gallatin were identical, and differences between the
scores for each location was six points or less each
sample year, with the downstream location scoring
higher than or within two points of the upstream
location in eight of 11 years. The condition of the fish
community downstream of Gallatin has been rated as
fair to good in each of the years it was evaluated, with
an average rating of fair based on an average score of
40. The condition of the fish community upstream of
Gallatin also has been rated as fair to good in each of
the years it was evaluated, with an average rating of
good based on an average score of 41. Thus, the
difference in fish community ratings upstream and
downstream of Gallatin is minimal and does not
indicate that the fish community has been adversely
affected by the long-term operation of Gallatin.

Similar to the fish community monitoring program, the
benthic macroinvertebrate community is monitored at
two upstream and two downstream locations in the
Cumberland River. Benthic macroinvertebrate
monitoring was conducted during 2010, 2011, 2012,
2013, and 2014 (TVA 2016c). Recent benthic
macroinvertebrate data indicated healthy benthic
communities downstream and upstream of Gallatin,
with the downstream locations consistently scoring
higher than the upstream locations and rated as
excellent the last two years. Thus, the benthic

community ratings upstream and downstream of
Gallatin do not indicate that the benthic
macroinvertebrate community has been adversely
affected by the operation of Gallatin. Neither fish nor
benthic macroinvertebrate data indicate adverse
impacts from Gallatin to the aquatic community
downstream of the Gallatin discharge (TVA 2013a and
2016¢).

Allen Combustion Turbine Plant

Allen CT Plant is co-located on the Allen Fossil Plant
and CC plant reservation. Allen CT Plant and Fossil
Plant lies approximately 1.8 miles east of the
Mississippi River at Mississippi River Mile 725, and is
located approximately 7.7 miles from downtown
Memphis along the southern shore of McKellar Lake.
McKellar Lake is an oxbow lake (a lake formed in the
bend of a river) that has a watershed area of 2,176 ac
(TVA 2014b). It connects to the Mississippi and much
of the lake shoreline is developed for industrial and
commercial purposes. The water quality in the lake is
considered impaired (TDEC 2014). Fish consumption
advisories have been in effect for the entirety of
McKellar Lake since 2010 due to elevated levels of
mercury, chlordane and other organics.

Gallatin Combustion Turbine Plant
The Gallatin CT Plant is located adjacent to the Gallatin
Fossil Plant (see above).

Colbert Combustion Turbine Plant

The Colbert CT Plant is on the same reservation as the
recently retired Colbert Fossil plant. Colbert Fossil plant
is located within the Tennessee River-Pickwick Lake
watershed, on the eastern shore of the Pickwick
Reservoir at Tennessee River Mile (TRM) 245. The
reach of the Tennessee River adjacent to Colbert Fossil
plant has been altered from its former free-flowing
character by the presence of Pickwick Dam, located
approximately 38 river miles downstream of COF, and
Wilson Dam, located approximately 14 miles upstream
of Colbert Fossil plant (TVA 2016d).

TVA initiated a study in 2000 to evaluate fish
communities in areas immediately upstream and
downstream of Colbert Fossil plant in Pickwick
Reservoir using RFAI multimetric evaluation techniques.
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Overall results indicate that the fish assemblage in
Pickwick Reservoir has been consistently “good” to
“fair” from 2000 to 2014.

Johnsonville Combustion Turbine Plant

The Johnsonville CT Plant is located adjacent to the
retired Johnsonville Fossil Plant. Johnsonville Fossil
Plant is located in Humphreys County, Tennessee, in
the Western Highland Rim subregion of the greater
Interior Plateau ecoregion (Griffith et al. 1998).
Johnsonville Fossil Plant lies within the Tennessee River
10-digit Hydrologic Unit Code (HUC) watershed
0604000504. The Western Highland Rim of the Interior
Plateau is characterized by dissected, rolling terrain of
open hills, with elevations of 400-1000 feet. Sails in this
region tend to be acidic, cherty, and moderate in fertility
(Griffith et al. 1998). Streams in this region are relatively
clear with moderate gradients, with substrates
consisting primarily of course chert gravel and sand
with some bedrock. Much of the region is heavily
forested, with some agriculture in the stream and river
valleys.

Johnsonville Fossil Plant and CT Plantare located on
the eastern shore of Kentucky Reservoir at TRM 100.
The reach of the Tennessee River adjacent to
Johnsonville Fossil Plant has been altered from its
former free-flowing character by the presence of
Kentucky Dam, located approximately 76 river miles
downstream of Johnsonville Fossil Plant, and Pickwick
Dam, located approximately 107 river miles upstream

(TVA 2018g).

Reservoir Benthic Index data was collected upstream

and downstream of Johnsonville Fossil Plant from 2001
to 2017. Compared to stations at other TVA run-of-the-
river reservoirs, monitoring sites on Kentucky Reservoir
have consistently rated “Fair” to “Excellent” since 2001.

TVA initiated a study in 2001 to evaluate fish
communities in areas immediately upstream and
downstream of Johnsonville Fossil Plant using RFAI
multi-metric evaluation techniques. Electrofishing and
gill netting sampling stations correspond to those
described for benthic macroinvertebrate sampling (TVA
2011a). Overall Reservoir Ecological Health fish
community monitoring results indicate that the
Kentucky fish assemblage has been consistently
“good” from 2001 to 2017, with the exception of the
“excellent” score at the inflow in 2011 (TVA 2011a).

4.5 Land Resources

This section describes the land resources in the TVA
region that could be affected by the alternative
strategies. The potentially affected land resources
include geology, vegetation and wildlife, endangered
and threatened species, wetlands, parks, managed
areas and ecologically significant sites, land use, and
cultural resources.

4.5.1 Geology
The TVA region encompasses portions of the following
major physiographic provinces and physiographic
sections (Figure 4-18) (Fenneman 1938, Miller 1974):
Blue Ridge
Valley and Ridge
Interior Low Plateaus Province

o Highland Rim

o Nashville Basin
Appalachian Plateaus Province

o Cumberland Plateau

o Cumberland Mountains
Coastal Plain Province

o East Guif Coastal Plain

Physiographic provinces and sections are areas of
characteristic geomorphology and geology resulting
from similar geologic events.
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Figure 4-18: Physiographic areas of TVA region. Adapted from Fenneman (1938).

The easternmost part of the region is the Blue Ridge
physiographic province, an area composed of the
remnants of an ancient mountain chain. This province
has the greatest variation in terrain within the TVA
region. Terrain ranges from nearly level along
floodplains at elevations of about 1,000 feet to rugged
mountains that reach elevations greater than 6,000 feet
above sea level. The rocks of the Blue Ridge have been
subjected to significant folding and faulting and are
primarily sedimentary (shales, sandstones,
conglomerates, quartzite) and metamorphic (slate,
phyllite, gneiss) rocks of Precambrian and Cambrian
age.

Located west of the Blue Ridge and east of the
Appalachian Plateau, the Valley and Ridge Province is
characterized by alternating valleys and ridges that
trend northeast to southwest. Ridges have elevations
up to 3,000 feet and are generally capped by dolomites
and resistant sandstones, while valleys have been

formed in less resistant dolomites and limestones.
Dominant soails in this province are residual clays and
silts derived from in-place weathering of rock. Karst
features such as sinkholes and springs are common in
the Valley and Ridge province.

The Appalachian Plateaus Province is an elevated area
between the Valley and Ridge and Interior Low
Plateaus provinces. It is comprised of two sections in
the TVA region: the extensive Cumberland Plateau and
the smaller Cumberland Mountains (Figure 4-18). The
Cumberland Plateau rises about 1,000 — 1,500 feet
above the adjacent provinces and is formed by layers
of near horizontal Pennsylvanian sandstones, shales,
conglomerates and coals, underlain by Mississippian
and older shale and limestones. The sandstones are
resistant to erosion and have produced a relatively flat
landscape cut by deep stream valleys. Toward the
northeast, the Cumberland Mountains section is more
rugged due to extensive faulting and several peaks
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exceeding 3,000 feet elevation. The province has a
long history of coal mining and encompasses the
Appalachian coal field (USGS 1996). Coal mining has
historically occurred in much of the province. The most
recent Appalachian coal mining within the TVA region
has been from the southern end of the province in
Alabama, the northern portion of the Cumberland
Plateau section in Tennessee and the Cumberland
Mountains section.

Two sections of the Interior Low Plateaus Province
occur in the TVA region. The Highland Rim section is a
plateau that occupies much of central Tennessee and
parts of Kentucky and northern Alabama. The bedrock
of the Highland Rim is Mississippian limestones, chert,
shale, and sandstone. The terrain varies from hilly to
rolling to extensive relatively flat areas in the northwest
and southeast. The southern end of the lllinois Basin
coal region (USGS 1996) overlaps the Highland Rim in
northwest Kentucky and includes part of the TVA
region. The Nashville Basin (also known as the Central
Basin) section is an oval area in middle Tennessee with
an elevation about 200 feet below the surrounding
Highland Rim. The bedrock is composed of generally
flat-lying limestones. Soil cover is usually thin and
streams cut into bedrock. Karst is well-developed in
parts of both the Highland Rim and the Nashville Basin.

The Coastal Plain Province encompasses much of the
western and southwestern TVA region (Figure 4-18).
Most of the Coastal Plain portion of the TVA region is in
the extensive East Gulf Coastal Plain section. The
underlying geology is a mix of poorly consolidated
gravels, sands, silts and clays. Soils are primarily of
windblown and alluvial (deposited by water) origin, low
to moderate fertility and easily eroded. The terrain
varies from hilly to flat in broad river bottoms. The
Mississippi Alluvial Plain section occupies the western
edge of the TVA region and much of the historic
floodplain of the Mississippi River. Soils are deep and
often poorly drained. The New Madrid Seismic Zone,
an area of large prehistoric and historic earthquakes, is
in the northern portion of the section.

4.5.1.1 Geologic Carbon Dioxide Sequestration
Potential

The sequestration (i.e., capture and permanent storage)
of COz from large stationary point sources, such as
coal-fired power plants, is potentially an important
component of efforts to significantly reduce
anthropogenic CO2 emissions. Successful large-scale,
economical CO2 sequestration (also referred to as
carbon capture and storage (CCS)) would enable coal
to continue to be used as an energy source with greatly
reduced CO: emissions. Few power plant CCS
projects are currently operating and the technology is in
a relatively early stage of development.

Geologic CO- storage involves capturing and
separating the CO2 from the power plant exhaust;
drying, purifying, and compressing the COz; and
transporting it by pipeline to the storage site where it is
pumped through wells into deep geological formations.
When the CO: capacity of the formation has been
reached or when the pressure of the formation or
injection well has reached a pre-determined level, CO:
injection is stopped and the wells are permanently
sealed. The storage site would then be monitored for a
period of time.

The suitability of a particular underground formation for
CO: storage depends on its geology, as well as the
geology of adjacent and overlying formations. In the
central and southeastern U.S., deep saline formations,
unmineable coal seams, and oil and gas fields are
considered to have the best potential to store CO, from
large point sources (NETL 2012). A brief description of
each of these formations, as well as its storage
potential in and near the TVA PSA, is given below.

In 2002, the Department of Energy’s National Energy
Technology Laboratory launched the Regional Carbon
Sequestration Program to identify and evaluate carbon
sequestration in different regions of the country. Areas
studied include parts of the Southeast and the lllinois
Basin area of lllinois, Indiana and Kentucky.
Experimental CO: injection tests for enhanced coalbed
methane recovery have been conducted in southwest
Virginia and for enhanced oil recovery in southwest
Kentucky (NETL 2012a).
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Saline Formations — Saline formations are layers of
porous rock that are saturated with brine. They are
more extensive than unmineable coal seams and ail
and gas fields and have a high CO. storage potential.
However, because they are less studied than the other
two formations, less is known about their suitability and
storage capacity. Potentially suitable saline formations
are capped by one or more layers of non-porous rock,
which would prevent the upward migration of injected
CQO:z. Saline formations also contain minerals that could
react with injected CO:2 to form solid carbonates, further
sequestering the CO.. Saline formations provide the
greatest potential for CO2 storage in the TVA region.
Middle Tennessee and much of west-central Kentucky
are underlain by the Mt. Simon and associated basal
sandstone formations. These deep formations have a
potential CO- storage capacity of up to about 9 billion
metric tons. Recent research conducted by the
Tennessee Geological Survey has shown that the
shallower Knox-Stones River Groups underlying the
Cumberland Plateau may be a viable storage reservoir.
The extensive Tuscaloosa Group in Alabama and
Mississippi south of the TVA region also has a high
potential for CO2 storage (NETL 2012).

Unmineable Coal Seams — Unmineable coal seams are
typically too deep or too thin to be economically mined.
When CO: is injected into them, it is adsorbed onto the
surface of the coal. Although their storage potential is
much lower than saline formations, they are attractive
because they are relatively shallow and because the
injected CO- can be used to displace coalbed
methane, which can be recovered in adjacent wells and
used as a natural gas substitute. Coal seams within the
TVA region in Tennessee and Alabama have little
potential for CO:z storage. Coal seams with greater
potential near the TVA PSA occur in southwest Virginia,
in Alabama and Mississippi south of the TVA PSA, and
in the lllinois Basin of western Kentucky mostly north of
the TVA PSA (NETL 2012).

Natural gas-producing shales in the lllinois Basin also
offer the potential for storing CO», including its use for
enhanced gas recovery (NETL 2012). The occurrence
of suitable unmineable coal seams and organic-rich
shales in the TVA region is limited, but more extensive
elsewhere in the lllinois Basin, as well as in southeast

Kentucky/southwest Virginia, west-central Alabama,
and southwest Mississippi.

Qil and Gas Fields — Mature oil and gas fields/reservoirs
are considered good storage formations because they
held crude oil and natural gas for millions of years. Their
storage characteristics are also well-known and some
are currently used for storing natural gas. Like saline
formations, they consist of layers of permeable rock
with one or more layers of cap rock. Injected CO2 can
also enhance the recovery of ail or gas from mature
fields. The potential for CO- storage in the oil and gas
fields of Tennessee, southwest Virginia, and east-
central Mississippi is limited (NETL 2012). Greater
potential exists in oil and gas fields in central southern
Mississippi. The potential for CO:z storage is also high in
the gas-rich New Albany Shale in northwest Kentucky
and adjacent lllinois and Indiana (NETL 2012).

The Kemper County integrated gasification combined
cycle (IGCC) plant was constructed near the southern
edge of the TVA PSA in Mississippi; as originally
designed, CO- from the plant would have been
captured and used for enhanced oil recovery in oil fields
south of the TVA PSA (USDOE 2010, NETL 2012). Due
to problems unrelated to the area’s CO: sequestration
potential, the plant is being operated as a CC plant
fueled by natural gas (Wagman 2017).

4.5.2 Vegetation and Wildlife

The TVA region encompasses nine ecoregions
(Omernik 1987) which generally correspond with
physiographic provinces and sections (see Section
4.5.1 and Figure 4-18):

Blue Ridge

Ridge and Valley

Central Appalachian
Southwestern Appalachian
Interior Plateau

River Valley and Hills
Southeastern Plains
Mississippi Valley Loess Plain
Mississippi Alluvial Plain

—

© oN®OA N

The terrain, plant communities, and associated wildlife
habitats in these ecoregions vary from bottomland
hardwood and cypress swamps in the floodplains of
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the Mississippi Alluvial Plain to high elevation balds and
spruce-fir and northern hardwood forests in the Blue
Ridge. About 3,500 species of herbs, shrubs and trees,
55 species of reptiles, 72 species of amphibians, 182
species of breeding birds and 76 species of mammals
occur in the TVA region (Ricketts et al. 1999, Stein
2000, TWRA 2005, TOS 2014). Although many plants
and animals are widespread across the region, others
are restricted to one or a few ecoregions. For example,
high elevation communities in the Blue Ridge support
several plants and animals found nowhere else in the
world (Ricketts et al. 1999), as well as isolated
populations of species typically found in more northern
latitudes.

4.5.2.1 Regulatory Framework for Vegetation and
Wildlife

Aside from the ESA and related state laws described in
Section 4.5.3, there are few laws specifically focused
on protecting plant species and plant communities. The
Plant Protection Act of 2000 consolidated previous
legislation and authorized the U.S. Department of
Agriculture (USDA) to issue regulations to prevent the
introduction and movement of identified plant pests
and noxious weeds. E.O. 13112 - Invasive Species
directs Federal agencies to prevent the introduction of
invasive species (both plants and animals), control their
populations, restore invaded ecosystems and take
other related actions. E.O. 13751 — Safeguarding the
Nation from the Impacts of Invasive Species amends
E.O. 13112 and directs actions to continue coordinated
Federal prevention and control efforts related to
invasive species. Agencies are also directed to
incorporate consideration of human and environmental
health, climate change, technological innovation, and
other emerging priorities into their efforts to address
invasive species (USDA 2018a).

A number of species of wildlife are protected under the
ESA and related state laws. In addition to these laws,
the regulatory framework for protecting birds includes
the Migratory Bird Treaty Act (MBTA) of 1918, the Bald
and Golden Eagle Protection Act of 1940 and E.O.
13186 — Responsibilities of Federal Agencies to Protect
Migratory Birds. The MBTA and E.O. 13186 address
most native birds occurring in the U.S. The MBTA
makes the purposeful taking, killing, or possession of

migratory birds, their eggs, or nests unlawful, except as
authorized under a valid permit. Federal agency actions
are not subject to the MBTA. E.O. 13186, however,
focuses on Federal agencies taking actions with the
potential to have negative impacts on populations of
migratory birds. It provides broad guidelines on avian
conservation responsibilities and requires agencies
whose actions affect or could affect migratory bird
populations to develop a memorandum of
understanding (MOU) on migratory bird conservation
with the U.S. Fish and Wildlife Service (USFWS). TVA is
currently coordinating with USFWS the development of
an MOU under the E.O. 13186.

Aside from federal and state laws regulating the
hunting, trapping or other capture, and possession of
some species, most wildlife other than birds generally
receives no legal protection.

4.5.2.2 Regional Vegetation

The southern Blue Ridge Ecoregion, which
corresponds to the Blue Ridge physiographic province,
is one of the richest centers of biodiversity in the
eastern United States and one of the most floristically
diverse (Griffith et al. 1998). The most prevalent land
cover (80 percent) is forest, dominated by the diverse,
hardwood-rich mesophytic forest and its Appalachian
oak subtype (Dyer 2006; USGS 2016). About 14
percent of the land cover is agricultural and most of the
remaining area is developed. Relative to the other eight
ecoregions, the Blue Ridge Ecoregio