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Abstract:

The Tennessee Valley Authority has prepared this
Programmatic Environmental Impact Statement to
address the environmental impacts associated with
site preparation, construction, operation, and
decommissioning of facilities at an advanced
nuclear reactor technology park at TVA’s Clinch
River Nuclear Site.

Draft Programmatic Environmental Impact
Statement

Tennessee Valley Authority

J. Taylor Johnson
Tennessee Valley Authority
1101 Market Street, BR 2C-C
Chattanooga, TN 37402
Phone: (423) 751-2732
E-Mail: jtcates@tva.gov

Comments may be submitted online
www.tva.com/nepa or sent to Ms. Johnson at the
above address. Comments must be submitted by
April 4, 2022.

TVA is considering alternatives for the construction
and operation of an advanced nuclear technology
park at TVA’s Clinch River Nuclear (CRN) Site. In
addition to the No Action Alternative (Alternative A),
TVA considered alternatives for advanced nuclear
reactors at two different locations on the CRN Site
— Area 1 and Area 2. Alternative B includes a
Nuclear Technology Park at Area 1 with small
modular reactors (SMRs) and/or advanced non-
light water reactors (LWRs). Alternative C includes
a Nuclear Technology Park at Area 2 with
advanced non-LWRs; Alternative D includes a
Nuclear Technology Park at Area 1 and Area 2 with
SMRs and/or advanced non-LWRs. The PEIS uses
a bounding approach to the evaluation of impacts
from the proposed action using a Plant Parameter
Envelope established in TVA’s Early Site Permit
Application to the Nuclear Regulatory Commission
in 2019.
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Summary

SUMMARY

Introduction

The Tennessee Valley Authority (TVA) prepared this Draft Programmatic Environmental Impact
Statement (PEIS) to assess the environmental impacts associated with the proposed action
including site preparation, construction, operation, and decommissioning of various facilities at
an advanced nuclear reactor technology park (Nuclear Technology Park) at TVA’s Clinch River
Nuclear (CRN) Site. The proposed action provides an opportunity to evaluate and demonstrate
the feasibility of deploying advanced nuclear reactors at the CRN Site, and to evaluate
emerging nuclear technologies as part of TVA’s technology innovation efforts aimed at
developing future generation capabilities.

The CRN Site is located on the northern bank of the Clinch River arm of the Watts Bar
Reservoir (the Reservoir) in the City of Oak Ridge, Roane County, Tennessee, approximately 7
miles east of the City of Kingston, Tennessee, and approximately 25 miles west-southwest of
the City of Knoxville, Tennessee. The CRN Site comprises 935 acres of TVA-managed land
adjacent to the U.S. Department of Energy’s (DOE) approximately 33,000-acre Oak Ridge
Reservation (ORR). The site is situated on the historical Clinch River Breeder Reactor Project
(CRBRP) Site.

In May 2016, TVA submitted an application to the Nuclear Regulatory Commission (NRC) for an
Early Site Permit (ESP) at the CRN Site for two or more new nuclear power units demonstrating
small modular reactor (SMR) technology, with a total combined nuclear generating capacity not
to exceed 800 megawatts electric. The NRC prepared and released a Final Environmental
Impact Statement (NRC ESP FEIS) to assess the environmental impacts of the action proposed
in the TVA ESP application (ESPA). The NRC ESP FEIS identified issuance of an ESP for the
CRN Site as the preferred alternative.

Following the NRC ESP FEIS publication in April 2019, the NRC issued an ESP to TVA on
December 19, 2019. The ESP represents NRC’s approval of the CRN Site as suitable for the
future demonstration of the construction and operation of two or more SMRs with characteristics
presented in the ESPA, but it does not authorize TVA to construct or operate a nuclear facility.
The ESP establishes early resolution of numerous site safety, environmental, and emergency
preparedness issues, providing enhanced predictability and stability in future TVA licensing
actions related to the CRN Site. The ESP is valid until December 2039. Prior to initiating
construction or operation of advanced nuclear reactors at the CRN Site, TVA must apply for and
receive additional licenses from the NRC.

In June 2019, TVA released the Final 2019 Integrated Resource Plan (IRP) and the associated
IRP Final EIS. The IRP identified the various generating resources that TVA intends to pursue
to meet the energy needs of the Tennessee River Valley (the Valley) over a 20-year planning
period. The 2019 IRP recommended that TVA continue to evaluate emerging nuclear
technologies, including SMRs, as part of technology innovation efforts aimed at developing
future electricity generation capabilities. This Draft PEIS is TVA’s next step in exploring the
potential for new nuclear generation on the TVA system, to advance the recommendations of
the IRP.

In December 2021, the TVA Board of Directors (Board) authorized the implementation of a New

Nuclear Program to advance SMR planning efforts at the CRN site, and to explore plans for
potential additional reactors to support TVA’s 2050 decarbonization aspirations.
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TVA’s New Nuclear Program does not prejudice or foreclose any of the alternatives under
consideration in this PEIS. Rather, it facilitates the possibility that a reliable, affordable, and
flexible advanced nuclear reactor option could be potentially available by 2032, and it advances
necessary planning for future required TVA decision making for the potential deployment of
innovative new nuclear technology, in line with TVA’s 2019 IRP and 2021 Strategic Intent and
Guiding Principles (TVA 2021i). The implementation of the New Nuclear Program authorizes the
expenditure of resources not to exceed $200 Million for the period Fiscal Year 2022 through
Fiscal Year 2024.

Purpose and Need for Action

The purpose of the proposed action is to support TVA’s goal of demonstrating the feasibility of
deploying advanced nuclear reactor technologies at the CRN Site capable of incrementally
supplying clean, secure, and reliable power that is less vulnerable to disruption. The proposed
action is needed to support the recommendations outlined in TVA’s 2019 IRP of continuing to
evaluate emerging nuclear technologies, including SMRs, as part of technology innovation
efforts. Further, a Nuclear Technology Park at the CRN Site would expand future generation
optionality and support TVA’s mission of innovation towards a low carbon future for the Valley.
In addition to providing a place to demonstrate advanced nuclear technologies, a Nuclear
Technology Park at the CRN site could potentially include microgrid power generation
demonstration; grid resiliency analysis and support; and use of nuclear generation for hydrogen
production, water desalination, waste heat energy storage for grid support, and the intentional
production of valuable isotopes, all in support of TVA’s statutory missions.

Programmatic Approach

As defined by the Council on Environmental Quality (CEQ), a programmatic review “...describes
any broad or high-level National Environmental Policy Act (NEPA) review” in which subsequent
actions would be implemented that would “tier” to the programmatic NEPA review (CEQ 2020).
This Draft PEIS programmatically considers the site preparation, construction, operation, and
decommissioning of various types of advanced nuclear reactors bounded by the plant
parameter envelope (PPE) and the supplemental bounding site development attributes and
parameters. Supplemental NEPA analyses would tier from this Draft PEIS for any potential
project- or site-specific TVA actions at the CRN Site that are not evaluated in this Draft PEIS.

The programmatic analysis included in this Draft PEIS is consistent with the PPE that was
evaluated in TVA’s ESPA. The PPE developed for this proposed action consists of a set of
reactor-vendor and owner-engineered parameters or values that TVA used to bound the
characteristics of a reactor (or reactors) that could later be deployed at the CRN Site. The PPE
represents an “envelope” that encompasses a range of reactor types having varying levels of
design maturity. Analysis of environmental impacts based on a PPE allows TVA to defer the
selection of a reactor design until a future licensing stage, when more detailed site-specific and
technology-specific information would be available to make a technology selection decision. For
the present analysis, TVA has supplemented the ESPA PPE with information about advanced
nuclear reactor technologies not discussed in the ESPA and additional areas of potential
disturbance for transmission line and site access. This Draft PEIS provides a bounding analysis
of maximum potential impacts of implementing each of the alternatives considered, based on a
PPE approach.

Alternatives

This PEIS evaluates the environmental impacts associated with the deployment of one or more
advanced nuclear reactors at the CRN Site shown on Figure ES-1. TVA is currently considering
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negotiating and entering into one or more contracts with one or more SMR vendors to: (1)
perform design, engineering, scoping, estimating, and planning associated with potential future
deployment of a SMR at the CRN Site, and (2) develop content for a potential future licensing
application submittal to the NRC. TVA also plans to continue to study potential future
deployment of advanced nuclear reactors, light water reactors (LWR) and non-light water
reactors (non-LWR) at the CRN Site. These contemplated actions would not prejudice any of
the alternatives under consideration in this PEIS, as the contemplated actions would not: (a)
authorize or commit TVA to submit a licensing application to the NRC, (b) allow any construction
activities at the CRN Site, or (c) result in any potential environmental impacts to the CRN Site.

TVA is considering a range of alternatives for site preparation, construction, operation, and

decommissioning of a Nuclear Technology Park at the CRN Site, including two different Areas
on the site and roughly 14 different reactor designs.
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TVA identified two areas — Area 1 and Area 2 —within the 935-acre CRN Site that are best
suited for the Nuclear Technology Park development. Area 1 includes the area previously
disturbed by the CRBRP evaluated in the ESPA ER. A portion of Area 2 was also evaluated in
the ESPA ER for a proposed temporary laydown area.

TVA plans to evaluate four discrete alternatives (A-D) for the Nuclear Technology Park:

e Alternative A: No Action Alternative

e Alternative B: Nuclear Technology Park at Area 1 with SMRs and/or Advanced non-
LWRs

e Alternative C: Nuclear Technology Park at Area 2 with Advanced non-LWRs

e Alternative D: Nuclear Technology Park at Area 1 and Area 2 with SMRs and/or
Advanced non-LWRs

Under action Alternatives B thru D, activities would be undertaken within each of the following
areas that are referred to in the analyses of this PEIS:

1. CRN Site — lands contained within the boundaries of the CRN Site.
2. Associated Offsite Areas — a collective term that includes the following:

a. Barge and Traffic Area (BTA): Area outside of the CRN Site boundary that
encompasses proposed improvements to the intersection of Tennessee Highway
58 (TN 58) with Bear Creek Road. Improvements include those at Bear Creek
Road and the existing DOE barge landing facility on the Reservoir.

b. TN 95 Access: Area containing a proposed roadway access that extends from
TN 95 southwesterly, following Jones Island Road to the CRN Site boundary.

c. 161-kV Offsite Transmission Corridor: Area containing a proposed segment of
161-kV transmission line that extends outside of the CRN Site boundary to an
interconnection with the existing 161-kV line along Bear Creek Road.

3. Existing 500-kV Offsite Transmission Corridor: Segment of 500-kV transmission line that
extends northeast, outside of the CRN Site boundary to the Bethel Valley substation that
includes a potential future transmission upgrade.

TVA considered, but dismissed two alternatives:

e Alternative E: Construction of SMRs at Alternative Sites

o Alternative F: Construction of Alternative Energy Generation Sources

Overview of Environmental Impacts Associated with the Proposed Action
The environmental consequences of the proposed action were assessed in this Draft PEIS in
multiple phases, including those associated with site preparation, construction, operation, and
decommissioning activities at the CRN Site. For the purposes of this Draft PEIS the project
consists of construction phase activities that include pre-construction or site preparation
(grading, excavation, infrastructure development, and other actions), actual fabrication and

Draft Programmatic Environmental Impact Statement vii



CRN Site Advanced Nuclear Reactor Technology Park Programmatic EIS

erection of the nuclear reactor and associated facilities, and other site improvements and
related interfaces; and operation of the Nuclear Technology Park.

The proposed action was determined to result in primarily minor adverse impacts to resources
within the Project Area and a 6-mile vicinity surrounding the CRN Site. Minor adverse impacts
during construction of the Nuclear Technology Park include: stormwater discharge into local
surface waters and groundwater; alteration of stream habitat; loss of vegetated land cover;
impact to wetlands; and increased noise, dust, traffic, and air emissions. Minor to moderate
adverse impacts during construction were determined to occur as a result of soil disturbance
and erosion; impacts to onsite streams; and shoreline alteration. Moderate impacts would
include loss of upland plant and animal communities; loss of habitat for listed bat species;
disruption of views from adjacent properties; removal of low quality forest and herbaceous
habitat; impacts to three small areas of native cedar glades, and cumulative traffic increases on
the local transportation network.

Potential impacts to the state-listed rigid sedge and pale green orchid could occur from the
proposed development of the 161-kV offsite transmission line. TVA would ensure that these
species are not significantly impacted under all action alternatives by consulting with the TVA
botanist during design to avoid the plants and their associated calcareous wetland habitat to the
greatest extent possible. Consultation with the U.S. Fish and Wildlife Service (USFWS) under
Section 7 of the Endangered Species Act (ESA) would occur when specific designs have been
selected and scope of the project has been refined. By implementing minimization measures
such as winter tree removal and any additional conservation measures that may result from
Section 7 consultation, large impacts to gray bat, Indiana bat, northern long-eared bat, little
brown bat, and tricolored bat are not expected.

Additionally, moderate impacts to six archaeological sites eligible for the National Historic
Register would occur due to construction disturbance from the project. However, effects to
these sites would be mitigated through a Programmatic Agreement between TVA and the
Tennessee State Historic Preservation Officer. The proposed action would also result in minor
to moderate beneficial impacts associated with increased employment, payroll, and tax
revenues.

Minor impacts during operation of the Nuclear Technology Park would include localized
alteration of hydrologic patterns, limited scour diversion from the use and discharge of cooling
water from and into the Reservoir, noise, and increased traffic. The combined environmental
impacts from the uranium fuel cycle, the storage of spent fuel onsite, radioactive waste
management, and the transportation of unirradiated fuel and radioactive waste would be minor.
Additionally, the impacts associated with design basis accidents (DBAs), severe accidents, and
plant security would be minor.

Best Management Practices (BMPs), mitigation measures, and commitments designed to avoid,
minimize, or reduce adverse impacts to the environment are identified by TVA in Chapter 3 of
this Draft PEIS. Minor and moderate impacts resulting from construction and operation would be
minimized through the use of mitigative measures committed to by TVA through regulatory
permit processes and final design. Additional project specific BMPs may be applied as
appropriate on a site-specific or technology-specific basis to enable efficient maintenance of
construction projects and further reduce potential impacts on environmental resources.

The environmental impacts of each of the alternatives under consideration are summarized in
Table ES-1. The summaries presented are derived from the information and analyses provided
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in the Affected Environment and Environmental Consequences sections in Chapter 3 of the
PEIS.

TVA'’s Preferred Alternative

TVA'’s preferred alternative is Alternative D — Nuclear Technology Park at Area 1 and Area 2
with SMRs and/or Advanced non-LWRs. Alternative D provides the greatest flexibility to meet
the purpose and need of the project to support TVA’s goal of demonstrating the feasibility of
deploying advanced nuclear reactor technologies at the CRN Site capable of incrementally
supplying clean, secure, and reliable power that is less vulnerable to disruption. Alternative D
also supports the recommendations outlined in TVA’s 2019 IRP and TVA'’s 2021 Strategic Intent
and Guiding Principles.
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Table ES-1. Summary and Comparison of Alternatives by Resource Area

Alternative C—

Alternative D—

Alternative B2— Nuclear Nuclear Technology
Alternative B1— Nuclear Technology = Technology Park at Park at Area 1 and
Nuclear Technology Park at Area 1 with Area 2 with Area 2 with SMRs
Alternative A— Park at Area 1 with SMRs and/or Advanced non- and/or Advanced
Resource Area No Action SMRs Advanced non-LWRs LWRs non-LWRs
Construction: Minor to  Construction: Minor to  Construction: Minor  Construction: Minor to
Geology and Soils No impacts Moderate Moderate to Moderate Moderate
Operation: Minor Operation: Minor Operation: Minor Operation: Minor
Construction: Minor to  Construction: Minor to  Construction: Minor  Construction: Minor to
Water Resources No impacts Moderate Moderate to Moderate Moderate
Operation: Minor Operation: Minor Operation: Minor Operation: Minor
Floodplains and No imoacts Construction: Minor Construction: Minor Construction: Minor Construction: Minor
Flood Risk P Operation: None Operation: None Operation: None Operation: None
Wetlands No impacts Construction: Minor Construction: Minor Construction: Minor Construction: Minor
Construction: Minor to  Construction: Minor to  Construction: Minor  Construction: Minor to
Aquatic Ecology No impacts Moderate Moderate to Moderate Moderate
Operation: Minor Operation: Minor Operation: Minor Operation: Minor
. . Construction: Construction:
Terrestrial Ecology No impacts Construct/_on._querate Constr uct/_on._Mt?derate Moderate Moderate
Operation: Minor Operation: Minor SR SRR
Operation: Minor Operation: Minor
Threatened and Construction: Minor to  Construction: Minor to  Construction: Minor  Construction: Minor to
Endangered No impacts Moderate Moderate to Moderate Moderate
Species Operation: Minor Operation: Minor Operation: Minor Operation: Minor
Manaaged and Construction: Minor to  Construction: Minor to  Construction: Minor  Construction: Minor to
9 No impacts Moderate Operation: Moderate to Moderate Moderate Operation:
Natural Areas . ) . ) . .
Minor Operation: Minor Operation: Minor Minor
. . Construction: Minor Construction: Minor Construction: Minor Construction: Minor
Recreation No impacts Operation: Minor Operation: Minor Operation: Minor Operation: Minor
Meteorology, Air . . . .
Quality, and No impacts Construction and Construction and Construction and Construction and

Climate Change

Operation: Minor

Operation: Minor

Operation: Minor

Operation: Minor
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Alternative C—

Alternative D—

Alternative B2— Nuclear Nuclear Technology
Alternative B1— Nuclear Technology = Technology Park at Park at Area 1 and
Nuclear Technology Park at Area 1 with Area 2 with Area 2 with SMRs
Alternative A— Park at Area 1 with SMRs and/or Advanced non- and/or Advanced
Resource Area No Action SMRs Advanced non-LWRs LWRs non-LWRs
Construction: Minor to Construction: Minor to  Construction: Minor  Construction: Minor to
Transportation No impacts Moderate Moderate to Moderate Moderate
Operation: Minor Operation: Minor Operation: Minor Operation: Minor
Construction and Construction and Construction and Construction and
Visual Resources No impacts Operation: Minor to Operation: Minor to Operation: Minor to Operation: Minor to
Moderate Moderate Moderate Moderate
Noise No impacts Construction and Construction and Construction and Construction and
Operation: Minor Operation: Minor Operation: Minor Operation: Minor
Socioeconomics
. Construction and Construction and Construction and Construction and
Land Use No impacts Operation: Minor Operation: Minor Operation: Minor Operation: Minor
. . Construction and Construction and Construction and Construction and
Demographics No impacts Operation: Minor Operation: Minor Operation: Minor Operation: Minor
Construction and Construction and Construct/_on ?nd Construction and
Employment . o . o . Operation: o .
No impacts Operation: Beneficial, Operation: Beneficial, e . Operation: Beneficial,
and Income . : Beneficial, Minor to :
Minor to Moderate Minor to Moderate Minor to Moderate
Moderate
Communit Construction: Minor Construction: Minor Construction: Minor Construction: Minor
Characteri};tics No impacts Operation: Minor to Operation: Minor to Operation: Minor to Operation: Minor to
Moderate Moderate Moderate Moderate
Environmental No imoacts Construction and Construction and Construction and Construction and
Justice P Operation: Minor Operation: Minor Operation: Minor Operation: Minor
Archaeological o o . .
. Construction: Construction: Construction: Construction:
Resources and No impacts Moderate Moderate Moderate Moderate
Historic Structures
Solid and No impacts Construction and Construction and Construction and Construction and

Hazardous Waste

Operation: Minor

Operation: Minor

Operation: Minor

Operation: Minor
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Alternative C—

Alternative D—

Alternative B2— Nuclear Nuclear Technology
Alternative B1— Nuclear Technology = Technology Park at Park at Area 1 and
Nuclear Technology Park at Area 1 with Area 2 with Area 2 with SMRs
Alternative A— Park at Area 1 with SMRs and/or Advanced non- and/or Advanced
Resource Area No Action SMRs Advanced non-LWRs LWRs non-LWRs
Radiological . Construction and Construction and Construction and Construction and
Effects of Normal No impacts s s Y S
0 . Operation: Minor Operation: Minor Operation: Minor Operation: Minor
perations
Uranium Fuel No impacts Construction and Construction and Construction and Construction and
Effects P Operation: Minor Operation: Minor Operation: Minor Operation: Minor
Nuclear Plant . . . .
. Construction and Construction and Construction and Construction and
Safety and No impacts 0 tion: Mi 0 tion: Mi 0 on: Mi o on: Mi
Security peration: Minor peration: Minor peration: Minor peration: Minor
Decommissioning No impacts Minor Minor Minor Minor

Xii

Draft Programmatic Environmental Impact Statement



Contents

Table of Contents

CHAPTER 1 — PURPOSE AND NEED FOR ACTION ......ccciiiiiiiimsinn s ssssss s ssssssses s 1
1.1 INtrOAUCTION ... 1
1.2 BACKGIOUNG. ... 1
1.3 PUrPOSE and NEEA ...t e et e e e e e e eett e e e e aeeeenas 3
1.4 Decision to be Made ... 5
1.5  Programmatic APProacCh...........ee i 5
1.6 Related Environmental REVIEWS ..o 5
1.7 Scope of the Draft PEIS and Summary of Proposed Action .............ccceoeeeeiiiiiiieeeeee 7
1.8 Public and Agency INVOIVEMENT..........oooii i 10

LIS R RS T o] o PP 10
1.8.2 Public and Agency Review of the Draft PEIS.............cccuiiiiiiiiiee e 11
1.9  Necessary Permits and LICENSES ........cooiiiiiiiiii e 11

CHAPTER 2 — ALTERNATIVES ......coiiiiiiiiismiirr i issssss s sssssss s s ssss s s s ssmmss s 13

2.1 Overview of Nuclear Reactor TEChNOIOGIES ...........uuveiiiiiiiiiiiiiicee et 13
2.1.1  Nuclear Reactor Designs Under Consideration by TVA ... 13
2.2 Project ARREINatiVES .......cooo i 17
221 Alternative A — NO ACHON .....ooiiiiiiiiiiiiiiiiiie ettt bbb bbb beeber e 18
2.2.2 Alternative B — Nuclear Technology Park at Area 1 with SMRs and/or
Advanced NON-LWRS ... 18
2.2.3 Alternative C — Nuclear Technology Park at Area 2 with Advanced non-LWRs............. 19
2.2.4 Alternative D — Nuclear Technology Park at Area 1 and Area 2 with SMRs
and/or Advanced NON-LWRS ........coiiiiiiiiiiiie e e 19
2.3 Alternatives Eliminated from Consideration ...............ccoiiiiiiiiiiie e 19
2.3.1 Alternative E — Construction of SMRs at Alternative Sites............cccccceiiiiiiiiiciis 19
2.4 Alternative F — Construction of Alternative ENergy ..........ccooocuviiiiiiieiiiiiiiiieeeee e 23
2.5 Nuclear Technology Park Development Characteristics..............cccceeiiiiiiiiiiiii e, 23
2.5.1 General Site DEeVEIOPMENT ........ooviiiiiiiiiiiiiiiiiei ittt eeeeaeeeeeeaeesaeeeeeeseeeesereerrreererrrrrnnes 23
2.5.2  TransSmiSSION SYSIEM......coiiiiiiiiiiiii ettt e e e e e e e s e e e e e e e e e s nnbreeeaaaaeeeanns 27
2.5.3 CooliNg Water SYSIEM .....coiiiieiiiiiie et e et e e e e e e e e e 29
254  Other INfrastrUCIUIE..........ooi it a e e e e e e e 30
D TR T I - 1o TR 31
D TS - 111 T PP OUURTRT 31
2.5.7 Operational Water USE .........coeuiiiiiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeessseasesasesssssessssssssssssssesssrnsrrnnnes 32
2.5.8 Waste ManagemENt.........ooiiiiiiiiiiiiiiiiiiii ittt 33
2.6 Programmatic Bounding ANalySiS..........cooiiiiiiiiiiiii e 36
2.7 Comparison of AREINAtIVES .......ccooeiiii i 42
2.8 TVA’s Preferred AREINAtIVE .......c.oooiiiiiiiiiiiiee e 46
2.9 Summary of Mitigation Measures and Best Management Practices................cccceeeeeeeeenn. 46
2.9.1 Best Management PracliCes ..........ouuiiiiiiiiiiiiiiiiiiiiiiiiiieie ettt 46
2.9.2 Proposed Mitigation MEASUIES ............uiiiiiiiiiiiiiiiiiiiiiieeeeeeee et ee e eeeeeebeeeeeeeereereenne 48
CHAPTER 3 — AFFECTED ENVIRONMENT AND ENVIRONMENTAL
CONSEQUENCES..........cooiiemeiirrn s sss s sss s e e e amna e e e e e s annnnnns 51
3.1 SCOPE OF ANGIYSIS ..ottt e e ettt e e e e e e e s e nab b e e e e e e e e e e ennnbaeeeeeaas 51
311 IMPACt ASSESSIMENL. ...ttt e e e e e et e e e e e na e aaaeenaa 51
3.1.2 Content Incorporated by RefErencCe............ccooiiiiiiiiiiiiiiiie e 52
3.1.3 Reasonably Foreseeable Future ACtiONS.............ooooiiii 52
3.2 Geology and SEISMOIOGY ....cciiieiiiiiiiiiiiiiiee e ettt e e e e e e et e e e e e e e e s neb e e e e e e e e e e e annebaneeaaeas 57

Draft Programmatic Environmental Impact Statement Xiii



CRN Site Advanced Nuclear Reactor Technology Park Programmatic EIS

3.2.1  Affected ENVIFONMENL.........oooii 57
3.2.2  Environmental CONSEQUENCES ........cceeeiiiiieiieeieee e 67
3.3 Water RESOUICES ...ttt e ettt e e e e e e e ee e e e e e e e e e eenan e e eeeas 70
3.3.1  Affected ENVIrONMENL.........oooiii 70
3.3.2  Environmental CONSEQUENCES .......ccceeeiiiiieiieeeeeee e 94
3.4 Floodplains and FIOOd RISK .......couuuuuiiiiiiiii e 121
3.4.1 Affected ENVIFONMENL........cooiiiii 121
3.4.2 Reasonably Foreseeable Future Actions in Proximity to the CRN Site....................... 121
3.4.3 Environmental CONSEQUENCES ........cceeeiiiiiiieiee e 122
G TR T VA=Y 1 =1 g o £ 124
3.5.1 Affected ENVIrONMENL.........oooiiii 124
3.5.2  Environmental CONSEQUENCES ........cceeeiiiiiiieiiie et 132
3.6 AQUALIC ECOIOQY ....vvtttiiiiiiiiiiii s 137
3.6.1 Affected ENVIrONMENL.........ooooiiii 137
3.6.2 Environmental CONSEQUENCES ........cceeeiiiiiiieiieeeee e 141
3.7 TerreStrial ECOIOQY .. .uuuuuuuuuuiiiiiii s 149
3.7.1  Affected ENVIrONMENL.........ooiiiii 149
3.7.2  Environmental CONSEQUENCES .......ccceeeiiiieieieeeeee e 158
3.8 Threatened and Endangered SPECIES ..........ccuuuuiiiiiiaiiiiiiieieee et 174
3.8.1 Affected ENVIrONMENL.........oooiiii 174
3.8.2 Environmental CONSEQUENCES ........cceeeiiiiiiieieee e 180
3.9 Managed and Natural Ar€as. ..........uuuuuuueuuiii s 190
3.9.1 Affected ENVIrONMENL.........ooiiiii 190
3.9.2  Environmental CONSEQUENCES ........cceeeiiiiiiieiieeeeeeeeeeeee e 195
B Tt O = To7 (== o o R 197
3.10.1 Affected ENVIFONMENL.........oooiiii 197
3.10.2 Environmental CONSEQUENCES .......ccceeeiiiiiiieeeeeeeeeee e 200
3.11 Air Quality and Climate Change ..........ccoiiiiiiiiiiiiiiiiee et e e e e e 202
3.11.1 Affected ENVIrONMENL.........oooiiii 202
3.11.2 Environmental CONSEQUENCES ........ccceeiiiiiiieeeeeeeeee e 206
B Tt D I = < o T i = 14T o 1R 213
3.12.1 Affected ENVIrONMENL.........ooo i 213
3.12.2 Environmental CONSEQUENCES ........cceeeiiiieiieeeee e 221
313 ViSUAI RESOUICES ... .ot e e e e et e e e e e e eeaaannn s 232
3.13.1 Affected ENVIFONMENL.........ooo i 232
3.13.2 Environmental CONSEQUENCES ........cceeeiiiiiiieeieeeeee e 235
R Tt [ 1 USSR 239
3.14.1 Affected ENVIFONMENL.........ooo i 239
3.14.2 Environmental CONSEQUENCES .......cccceeiiiieiieieeeeeeeeeeee e 244
1 Tt K ST T T o =Y o T o o= 250
3.15.1 Affected ENVIFONMENL.........cooiiii 250
3.15.2 Environmental CONSEQUENCES ........ccceeiiiiiiieieee e 268
3.16 Environmental JUSHICE ... .o 279
3.16.1 Affected ENVIrONMENL.........cooiiiii 279
3.16.2 Environmental CONSEQUENCES ........ccceeiiiiiiieieeeeeeeeeeeeee e 288
3.17 Archaeological Resources and Historic Structures................uueeeeeiiiiiiiiiiiicceceeceeeeeeeen 291
3.17.1 Affected ENVIrONMENL.........oooiii 291
3.17.2 Environmental CONSEQUENCES .......ccceeeiiiieiieieeeee e 299
3.18 Solid and Hazardous WaSTE ..........uuuuuuuuieiiiiii e 302
3.18.1 Affected ENVIrONMENL.........oooiiii 302
3.18.2 Environmental CONSEQUENCES ........cceeeiiiiiiieieeeeeeeee e 303

Xiv Draft Programmatic Environmental Impact Statement



Contents

3.19 Public Safety and Nonradiological Health ..............ccccooiiiiiiiii e 308
3.19.1 Affected ENVIFONMENL.........oooiiii 308
3.19.2 Environmental CONSEQUENCES ........cceeeiiiiiieeieeeeeeeee e 310

3.20 Radiological Effects of Normal Operation ............cccccoiiiiiiiiiiiiiieiiieeee e 316
3.20.1 Affected ENVIFONMENL.........ooi i 316
3.20.2 Environmental CONSEQUENCES ........ccceeiiiieiieeiee e 317

3.21 Uranium FUEl USE EffECES ....uuuuiiiiiiiiiiiii s 329
3.21.1 Affected ENVIrONMENL.........oooiii 329
3.21.2 Environmental CONSEQUENCES ........cceeeiiiiiiieieee e 340

3.22 Nuclear Plant Safety and SECUNILY ........c.oooiiiiiiiiiiiiie e 354
3.22.1 Affected ENVIFONMENL.........cooiiii 354
3.22.2 Environmental CONSEQUENCES .......ccceeeiiiiiieeeieeeee e 359

3.23 DECOMMUSSIONING ...ttt e e e e e e e as 368
3.23.1 Affected ENVIFONMENL.........ooo i 368
3.23.2 Environmental CONSEQUENCES ........cceeeiiiieiieieeeeeeeee e 371

3.24 Unavoidable Adverse Environmental Impacts...........ooouuuiiiiiiiiii e 373
3.24.1 Unavoidable Adverse Impacts During ConstruCtion.............ccuueeeeiieiiiiiiiiiiieeee e 373
3.24.2 Unavoidable Adverse Impacts During Operation ..., 375

3.25 Relationship of Short-Term Uses and Long-Term Productivity ............ccccceeviiiiiiiieennennn. 375

3.26 Irreversible and Irretrievable Commitments of RESOUrCEeS .............uuuuuiuiiiiiiiiiiiiiceenn 376
3.26.1 lrreversible Commitments of RESOUICES............ccoooiiiiiiiiii, 376
3.26.2 Irretrievable Commitments of RESOUICES...........ccooiiiiiiiiiiii 377

CHAPTER 4 — LIST OF PREPARERS .........cooiiiiiiiiiiieeeeeeeeess s s s s s s s s s e s s s s s esss s se s s s ssssssesneensnennsssnsssnnnnns 379
4.1 NEPA Project Management..........ooooiiiiiiiiiiiii 379
4.2 Other CoNtriDULOrS .......ccoeiiiiieeceeeeeee e 380

CHAPTER 5 — LITERATURE CITED.........ccoiiiieiiiieieeeeeeeeeseess s s ss s s s s s s s s s s sessssssssssssssssssssssssssssnnssnnnnnn 385

LV R 399

List of Appendices

Appendix A — Plant Parameter Envelope (PPE)

Appendix B — Notice of Intent (NOI)

Appendix C — Scoping Report

Appendix D — List of Authorizations, Permits and Certifications

Appendix E — Coordination

Appendix F — Seismology Characteristics Relating to the CRN Site

Appendix G — CRN Project Area Baseline Conditions: Threatened and Endangered
Species

Draft Programmatic Environmental Impact Statement XV



CRN Site Advanced Nuclear Reactor Technology Park Programmatic EIS

Table 2-1.
Table 2-2.
Table 2-3.
Table 2-4.

Table 2-5.
Table 2-6.
Table 3-1.

Table 3-2.
Table 3-3.
Table 3-4.

Table 3-5.
Table 3-6.
Table 3-7.

Table 3-8.
Table 3-9.
Table 3-10

Table 3-11

Table 3-12.

Table 3-13.
Table 3-14.
Table 3-15.
Table 3-16.
Table 3-17.
Table 3-18.
Table 3-19.
Table 3-20.

Table 3-21.
Table 3-22.

Table 3-23.

Table 3-24.

Table 3-25.
Table 3-26.
Table 3-27.
Table 3-28.
Table 3-29.

Xvi

List of Tables
Potential SMR TeChNOIOGIES ..........uuiiiiiiiiiie e 14
Potential Advanced Non-LWR Technologies ... 15
Transmission System Upgrades Parameters.............ouvvvvviiiiiiiiiiiiiiiiiiiiiiiieeeeieeeieeeeeneenens 28
Representative PPE Bounding Parameters for SMRs and Advanced Non-
LV RS <.ttt e e e e e e e e e e e e s e — e e e e e e e e aaarees 38
CRN Site Characteristics and Bounding Values of Site Development Attributes............. 39
Summary and Comparison of Alternatives by Resource Area.............ccccccceeiiiiiiinineenn. 43
Summary of Reasonably Foreseeable Future Trends and Planned Actions in
Proximity to the CRN Site ... 54
Summary of Impacts to Geology and SeiSmMOIOGY...........oocurriiiiiieeiiiiieeee e 70
Reservoirs that Influence Flows atthe CRN Site ... 74
Surface Water Resources (streams/ponds) on the CRN Site and Associated
OffSItE AMBAS ..o 77
Water Use Characteristics within Melton Hill and Watts Bar Reservoirs in 2015............. 80
303(d)-listed Waterbodies in the Vicinity of the CRN Site.....................cccc 82
Maximum Values for Water Quality Parameters Measured by TVA in the
Clinch River Arm of Watts Bar RESErvoir............ccccooeeeiiiiie 85
ORR Legacy Contaminants Detected in CRN Site Groundwater Samples...................... 94
Summary of Impacts to Surface Water Resources (streams/ponds)............cccooecuvvveeeenn. 97
. Impacts to Identified Surface Water Resources on the CRN Site and
ASSOCIAtEd OffSIte ATBAS. ... .uuvueeeiieiiiiiii e s e e e e e e e e e e e 98
. Summary of Impacts to Identified Stream Resources on the CRN Site and
ASSOCIated OffSIte ATBAS. ... .uuueeueiiiiiiiii s s e e s e s e e e e e 101
Reduction in Clinch River Arm of Watts Bar Reservoir Flow from CRN Site

Withdrawal and ConsumMPtive USE...........ceviiiiiiiiiiiiiiiiiiiiiiieiiieieeveesseeeeeeeeeseeeeessnennne 105
Summary of Impacts to Water RESOUICES...........cuuuiiiiiieiiiiiieieeee e 119
Summary of Impacts to Floodplains and Flood RisSK ...............ccevvvviiiiiiiiiiiiiiiiiiiiiiinens 124
Wetlands Delineated in the ProjeCt Area ............ueeeeeiiiiiiii 126
Wetland Impacts on the CRN Site and Associated Offsite Areas ................cccoeevnnnnn... 134
Summary of Impacts to Wetlands ... 137
Summary of Impacts to Aquatic ECOIOGY .........ooiiuiiiiiiiie i 147
NCLD Land Cover Categories for the CRN Site and Vicinity...........ccccccceeiiiiiiiiiinneen. 156
Land Cover Types Potentially Disturbed by Development on the CRN Site

and Associated Offsite Areas...........coiiiiiiiiiii 162
Summary of Impacts to Terrestrial RESOUICES ............ocevvviiiiiiiiiiiiiiiiiiiiiieeieieeeeeeeeeaeees 172

Records of Federally and State-Listed Aquatic Animal Species Known from

Roane County and/or within Ten-digit HUC (0601020704) Clinch River

Watershed of the CRN Site (Clinch River Miles 14 - 19)"........c..cccoiiiiiiiiiiieiieee 174
Plant Species of Conservation Concern Previously Reported from within 5

Miles of the CRN Site and Federally Listed Plants Known from Roane

CoUNtY, TENNESSEE ..ottt etee et etae e 177
Federally and State-listed Terrestrial Animal Species Documented Within

Roane County, and Within 5 Miles of the CRN Site and Associated Offsite

ATAS ... e e e e et e e a e eteeeaaae e 179
Summary of Impacts to Threatened and Endangered Species.........ccccccccvvvvveveeveennnnn. 188
Natural Areas and Sensitive Areas withinthe ORR..........................l, 193
Summary of Impacts to Managed and Natural Areas..............cccceeeeiiiiiiiiiieeee e 197
Parks and Recreation Facilities in the Vicinity of the CRN Site............cccccccceiiinnnnnne 198
Summary of Impacts to Parks and Recreation Resources ...............coevvveveeveieveeeeeennnns 202

Draft Programmatic Environmental Impact Statement



Table 3-30.

Table 3-31.
Table 3-32.
Table 3-33.
Table 3-34.
Table 3-35.

Table 3-36.
Table 3-37.
Table 3-38.
Table 3-39.
Table 3-40.
Table 3-41.
Table 3-42.

Table 3-43.

Table 3-44.
Table 3-45.

Table 3-46.
Table 3-47.
Table 3-48.
Table 3-49.
Table 3-50.
Table 3-51.

Table 3-52.
Table 3-53.
Table 3-54.
Table 3-55.
Table 3-56.

Table 3-57.

Table 3-58.
Table 3-59.
Table 3-60.
Table 3-61.
Table 3-62.
Table 3-63.
Table 3-64.
Table 3-65.
Table 3-66.
Table 3-67.
Table 3-68.
Table 3-69.

Table 3-70.

Table 3-71.

Contents

Annual Estimated Emissions from Cooling Towers, Auxiliary Boilers, Diesel

Generators, and Gas Turbines at the CRN Site.............oooois 208
Summary of Impacts on Air Quality and GHG EmISSiONS.............ccovvvvvivveiiiiiiiiiieieennes 212
Traffic Conditions Associated with Level of Service ..........cccccceviiiiiiiiiiiiiiiciiiecceceen 215
Average Annual Daily Traffic Counts of Affected Roadways ..............ccccoeeeeveeieeeeeenn. 215
CRN Site Area Intersections Existing Conditions ..............ooociiiiiiiiiiiiiiiieees 218
Traffic Incident Rates in the Vicinity of the CRN Site (January 2019 to

SEPEMDET 20271 ...iiiii ittt e e e e e e e e e e e e aaas 220
Project-Related Traffic Impacts at CRN Site Area Intersections............ccccccvvvvveveeenen. 227
Summary of Impacts to Transportation ..............ceevvviiiiiiiiiiiiiiiiiiieeiiieeeeeeeeeeeeeeeeeeeeaeees 231
Summary of Impacts to Visual RESOUICES ..............uuiiiiiiiiiiiieieeee e 239
Common Indoor and Outdoor NOISE LEVEIS .............eeiiiiiiiiiiiiiiieeieae e 240
Summary of NOIS€ IMPACES .....cooiiiiiiiiiii e 248
Population of Municipalities within 10 miles of the CRN Site...............ccoooiiieiil 252
Recent Population and Growth Rates of Counties in the Geographic Area of

(T = PR 253
Historical and Projected County Populations in the Geographic Area of

INterest, 1970-2070 ......ooeriiii e e e e 254
Age and Gender Distribution in the Geographic Area of Interest and State ................ 255
2019 Racial and Ethnic Percentage Distribution within the Geographic Area

Lo 1 01 =T == 256
Employment by INAUSEIY ... 258
Household Income Distribution (Percent of Households) ..o, 261
Per Capita INCoOmME Trends ..........oouuuiiiiiiiiieee e 261
Total Revenues for Anderson, Knox, Loudon, and Roane Counties..............ccccceeen. 262
Appropriation of Tennessee State Funds for Fiscal Year 2020-2021............cccccc........ 262
Housing Characteristics in Anderson County, Knox County, Loudon County,

aNd ROANE COUNTY......iiiiiii ettt e et e e e e e e aee e e e e e e e e anas 264
Public and Private Schools in Anderson, Knox, Loudon, and Roane Counties ........... 265
Law Enforcement SErviCes. ... 266
Fir€ SEIVICES ..o 266
Projected Peak Construction Employment Onsite Labor Requirements ..................... 269
Estimated Population Increase and Employment in the Geographic Area of

Interest during the Peak Construction Employment Period.............ccccoeeiiiiiiiiinennn. 270
Estimated Population Increase in the Geographic Area of Interest during

Operations, Not Including Outage WOrKers ...........cccooeiiiiiiiiiiiiiaeeeiiiiieeee e 271
School Enroliment During Peak Construction Overlap .............ccccccoiiiiiiiiiiiines 275
Law Enforcement to Resident Ratios during Construction................cccoviiiiiiiiiinnne. 276
Firefighters to Resident Ratios during Construction ............ccccccoiiiiiiiiiiieii e, 276
Summary of Impacts t0 SOCIOECONOMICS ..........oiiuuiiiiiiiie e 278
Minority and Low-Income Populations within 50-Mile Radius of CRN Site.................. 282
Summary of Environmental Justice Impacts .............ccoeeiiiiiiiiii e 290
Summary of Impacts to Archaeological Resources and Historic Structures................ 301
Summary of Impacts from Solid and Hazardous Wastes...............ccovvviviiiiiiiiieeeineennnes 307
Summary of Impacts to Public Safety and Nonradiological Health ............................ 314
Liquid Effluent Doses from All Units to MEI(Mrem/yr).........ccccceeiiiiiiiiiiniiee e, 318
Gaseous Effluent Doses from All Units t0 ME ... 320
Compliance of MEI Annual Doses Per Unit with 10 CFR 50, Appendix |

107 ) (=14 - 322
Compliance of MEI Doses from All Units with 40 CFR 190.10 Criteria

(LT =1 00777 ) TR 323
Liquid Effluent Doses Per Unit to Population Within 50 Miles' (person-rem/yr)........... 324

Draft Programmatic Environmental Impact Statement

XVii



CRN Site Advanced Nuclear Reactor Technology Park Programmatic EIS

Table 3-72. Gaseous Effluent Dose per Unit to Population Within 50 Miles' (person-

£=1007 177 ) TP 324
Table 3-73. Doses from All Units to Population Within 50 Miles (person-rem/yr)'..............cc.......... 324
Table 3-74. Nonhuman Biota Dose Rates from All SMR Units at the CRN Site...........cccccceenne 326
Table 3-75. Summary of Impacts from the Radiological Effects of Normal Operation.................... 328
Table 3-76. Number of Radioactive Waste Shipments.............ccuviiiiiiiiiiiiiiiiiiiiiiiiiieeieieeeveeeeeeeeeenens 337
Table 3-77. Number of Truck Shipments of Unirradiated Fuel .................coovviiiiiiiiiiiiiiiiiiiiiiiiiiiinns 338
Table 3-78. CRN Site Comparisons to 10 CFR 51.52 Reference Conditions ............ccccccvvvvevveeeeen. 339
Table 3-79. Total Shipment Cumulative DOSE SUMMAIY ..........uuiiiiiiiiiiiiiiiiieee e 346
Table 3-80. CRN Site Model Non-Radiological Accident Analysis Results for Normalized

Number of Shipments: Fatalities .............cccoeeee e 349
Table 3-81. CRN Site Model Non-Radiological Accident Analysis Results for Normalized

Number of Shipments: INJUIIES .........coooiiiiiiie e 349
Table 3-82. Summary of Uranium Fuel Use Effects............ooccuuiiiiiiiiiiii e 351
Table 3-83. CRN Sit€ LOCA DOSES .....coevieiiiiiiiiiiiiiieieeeeeeeeeeeeeseeeseasassssssssssssssssssssssssnssssrsrnssrrnrnnnes 356
Table 3-84. Bounding CRN Site SMR Release Category Relative Frequencies............................ 357
Table 3-85. Environmental Impacts within a 50-Mile Radius for Severe Accidents at CRN

S (= T 362
Table 3-86. Comparison of Environmental Risks for the PPE with Risks for Current-

Generation Reactors at Five Sites Evaluated in NUREG-1150 and NRC

SAELY GOIS.....eeeieiiee ettt a e e e e e e e e e e 363
Table 3-87. Comparison of Environmental Risks from Severe Accidents for PPE with

Risks for New Nuclear Plants and Current Nuclear Power Plants

Undergoing Operating License Renewal ReView..............cccccooiiiiiiiiiiiiii i, 363
Table 3-88. Summary of Impacts Associated with Nuclear Plant Safety and Security ................... 366
Table 3-89. Summary of Impacts from DecommisSSIONING ...........ceiiieiiiiiiiiiiiiie e 372

List of Figures

Figure 1-1. CRN Site LOCAtioN .......ccooiiiiiiii e 4
Figure 1-2. CRN PrOJECE ATBa ... ...uuiiiiiiiee ettt ettt e e e e e ettt e e e e e e s e e ntbae e e e e e e e e s e annbneeeeeaens 9
Figure 2-1. Alternative B: Nuclear Technology Park at Area 1 with SMRs and/or

AdvanCed NON-LWRS ... ..o e e et e e e e eeeeananes 20
Figure 2-2. Alternative C: Nuclear Technology Park at Area 2 with Advanced non-LWRs............... 21
Figure 2-3. Alternative D: Nuclear Technology Park at Area 1 and Area 2 with SMRs

and/or Advanced NON-LWRS ... 22
Figure 3-1. CRN Sit€ Area G OIOGY .....ceeiiiiiiiiiiieiee ettt e e e ettt e e e e e e e s et eee e e e e e e e annbraeeeeaans 58
Figure 3-2. Quaternary Terrace Map Adjacent to the Clinch River Arm of the Watts Bar

Reservoir Within the Clinch River Nuclear Site.............cccooooeiii 60
Figure 3-3. Geologic Map and Location of Cross-Section A-A' to Basement..............occccvieeeennns 61
Figure 3-4. Geologic Cross-Section A-A' Ground Surface to Basement (Sheet 1 of 2)................... 62
Figure 3-5. Distribution of Mapped Karst Features in the Site Area...............ccooo 65
Figure 3-6. Local Hydrologic Features in the Vicinity of the CRN Site............ccccccciiiiiii, 72
Figure 3-7. CRN Site Regional Water RESOUICES.............ueiiiiiiiiiiiiiiieie e 73
Figure 3-8. Headwater Elevation at Watts Bar Dam, Showing Max, Min, and Average

Values of Daily Midnight Readings, 2004-2021 ............ooiiiiiiiiiiiiiiieee e eeeeeeea e 76
Figure 3-9. Identified Surface Water Resources on the CRN Site and Associated Offsite

N (== T 79
Figure 3-10. Average and Range of Hourly Water Temperature in the Tailwater below

Melton Hill Dam by Date (data from 2004 and 2008-2021) ........ccceeeeveeieeeeeeeeeeeeeee. 88
Figure 3-11. Wells Located within 1.5 Miles of the CRN Site .............oiiiiiiiiiiieeeeen 93

XViii

Draft Programmatic Environmental Impact Statement



Figure 3-12.

Figure 3-13.
Figure 3-14.
Figure 3-15.

Figure 3-16.
Figure 3-17.
Figure 3-18.
Figure 3-19.
Figure 3-20.
Figure 3-21.
Figure 3-22.
Figure 3-23.

Figure 3-24.
Figure 3-25.

Contents

TVA Simulation Results of Thermal Discharge Effects under Bounding
Conditions in Winter and Summer, 24 Hours from the Start of the Simulation

=T T Yo S 109
Land Cover within the 6-mile Vicinity of the CRN Site............cccciiiiiiiiiiii, 154
USGS Land Cover on the CRN Site and Associated Offsite Areas ............ccccvvvvvnnnne. 155
Sensitive Habitat Features for Species of Special Concern at the CRN Site

and Associated Offsite Areas...........ccoooiiiiiiiiii 178
Managed and Natural Areas Within the ORR in the Vicinity of the CRN Site............. 194
Parks and Recreation Facilities Within the Vicinity of the CRN Site...............c........... 199
LOS at Existing Intersections Near the CRN Site..........ccccciiiiiiiiiiiiii e, 219
Proposed TN 58 and Bear Creek Road Improvements.............ccccceeeeeieiieiccinennnennnnnnn 223
Proposed TN 95 Access INtersection............oooveiiiiiiiiiii e 224
Construction Phase LOS at Key Intersections Near the CRN Site ................occooe. 225
CRBRP Grading and EXCavation..............ooiuiiiiiiiiae e 233
Noise Sampling Locations and Sensitive Receptors Within a 1-Mile Radius

Lo LI O NV S L= 243
Block Groups with Minority Populations within 50 Miles of the CRN Site................... 284
Block Groups with Low-Income Populations within 50 Miles of the CRN Site............. 286

Draft Programmatic Environmental Impact Statement

XiX



CRN Site Advanced Nuclear Reactor Technology Park Programmatic EIS

Symbols, Acronyms, Abbreviations, and Glossary of Terms

AADT
AC
ACE
ACS
AlA
ALARA
AMSL
APE
ARAP
B/CTP
bgs
BMP
BP
BTA
Btu
BWR
CAA
CDC
CDF
CEC
CEQ
CERCLA
CEUS SSC
CFE
CFI
CFL
CFR
cfs
CH,4
Ci

Cl
Cilyr
co
CO;
CPP
CRBRP
CRM
CRN
CWA
Cwis
CWSs
dB
dBA
DBA
DC
DO
DOE
DOT
DRH
EAB
EIS
EMF
EMS

XX

Annual Average Daily Traffic
Alternating Current

Affordable Clean Energy

American Community Survey
Aircraft Impact Assessment

As Low as Reasonably Achievable
Above Mean Sea Level

Area of Potential Effects

Aquatic Resource Alteration Permit
Biocide/Corrosion Treatment Plan
Below Ground Surface

Best Management Practice
Containment Bypass

Barge and Traffic Area

British Thermal Units

Boiling Water Reactor

Clean Air Act

U.S. Centers for Disease Control and Prevention
Core Damage Frequency
Categorical Exclusion Checklists
Council on Environmental Quality
Comprehensive Environmental Response, Compensation, and Liability Act
Central and Eastern United States Seismic Source Characterization
Early Containment Failure
Intermediate Containment Failure
Late Containment Failure

Code of Federal Regulations
Cubic Feet per Second

Methane

Curies

Containment Isolation Failure
Curies per Year

Carbon Monoxide

Carbon Dioxide

Clean Power Plan

Clinch River Breeder Reactor Plant
Clinch River Mile

Clinch River Nuclear

Clean Water Act

Cooling Water Intake Structure
Circulating Water System

decibel

A-weighted Decibels

Design Basis Accidents

Direct Current

Dissolved Oxygen

U.S. Department of Energy

U.S. Department of Transportation
TDEC Division of Radiological Health
Exclusion Area Boundary
Environmental Impact Statement
Electromagnetic Field

Emergency Medical Services

Draft Programmatic Environmental Impact Statement



Symbols, Acronyms, Abbreviations, and Glossary of Terms

EO Executive Order

EPA U.S. Environmental Protection Agency
EPZ Emergency Planning Zone

ER Environmental Report

ESA Endangered Species Act

ESF Engineered Safety Features

ESP Early Site Permit

ESPA Early Site Permit Application

ESPA ER Early Site Permit Application Environmental Report
ESPA PPE Early Site Permit Application Plant Parameter Envelope
ETSZ Eastern Tennessee Seismic Zone
ETTP East Tennessee Technology Park
FAA Federal Aviation Administration

FBI Federal Bureau of Investigation

FEIS Final Environmental Impact Statement
FHWA Federal Highway Administration

FIRM Flood Insurance Rate Map

FPPA Farmland Protection Policy Act

FSLG Flood Storage Loss Guideline

FSz Flood Storage Zone

ft3lyr Cubic Feet per Year

FTE Full-Time Equivalent Employee

GEH General Electric Hitachi

GHG Greenhouse Gas

gpd Gallons per Day

gpm Gallons per Minute

GW Gigawatt

HALEU High-Assay Low-Enriched Uranium
HPA Habitat Protection Area

HUC Hydrologic Unit Code

HUD U.S. Department of Housing and Urban Development
HWEL Headwater Elevation

IAEA International Atomic Energy Agency
IC Intact Containment

IPaC Information for Planning and Consultation
IPPP Integrated Pollution Prevention Plan
IRP Integrated Resource Plan

ISFSI Independent Spent Fuel Storage Installation
ISL In-situ Leaching

kV Kilovolt

LERF Early Release Frequency

LLW Low-level Waste

LOCA Loss-of-coolant Accident

LOS Level of Service

LPZ Low Population Zone

LWR Light Water Reactor

MBtu/hr Million British Thermal Units per Hour
MCFR Molten Chloride Fast Reactor

MCL Maximum Contaminant Level

MEI Maximally Exposed Individual

MGD Million Gallons per Day

MMI Modified Mercalli Intensity

mph Miles per Hour

mrad Millirad

mrem Millirem

MT Metric Ton

Draft Programmatic Environmental Impact Statement XXi



CRN Site Advanced Nuclear Reactor Technology Park Programmatic EIS

MTU
Mwd
MWe
MWh
MWt
N2.O
NAAQS
NCRP
NDC
NEI
NEPA
NESC
NFIP
NHPA
NLCD
NO;
NOx
NOI
NOTAM
NPDES
NPS
NPG
NRC
NRC ESP FEIS

NRHP
NRI
NSSS
NWI
NWS
O3
ORR
OSHA
PA
Pb
PCB
PEIS
PM
PMC
PPE
PRA
PSD
PSDAR
PWR
RBI
RCRA
RFAI
RG
RIMS I
RLMP
RM
ROW
RPV
Ryr
SACTI
SHPO

XXii

Metric Ton of Uranium

Megawatt-days

Megawatts Electric

Megawatt-hours

Megawatts Thermal

Nitrous Oxide

National Ambient Air Quality Standards
National Council on Radiation Protection and Measurements
Nationally Determined Contribution

Nuclear Energy Institute

National Environmental Policy Act

National Electrical Safety Code

National Flood Insurance Program

National Historic Preservation Act

National Land Cover Database

Nitrogen Dioxide

Nitrogen Oxides

Notice of Intent

Notice to Airmen

National Pollutant Discharge Elimination System
National Park Service

Nuclear Power Group

Nuclear Regulatory Commission

Final Environmental Impact Statement for an Early Site Permit at the Clinch
River Nuclear Site, April 2019

National Register of Historic Places

Nationwide Rivers Inventory

Nuclear Steam Supply System

National Wetlands Inventory

National Weather Service

Ozone

Oak Ridge Reservation

Occupational Safety and Health Association
Programmatic Agreement

Lead

Polychlorinated Biphenyls

Programmatic Environmental Impact Statement
Particulate Matter

Plant Management Corporation

Plant Parameter Envelope

Probabilistic Risk Assessment

Prevention of Significant Deterioration
Post-Shutdown Decommissioning Activities Report
Pressurized Water Reactor

Reservoir Benthic Index

Resource Conservation and Recovery Act of 1976, as amended
Reservoir Fish Assemblage Index

Regulatory Guide

Regional Input-Output Modeling System

Watts Bar Reservoir Land Management Plan
River Mile

Right-of-Way

Reactor Pressure Vessel

Reactor Year

Seasonal and Annual Cooling Tower Impact
State Historic Preservation Officer

Draft Programmatic Environmental Impact Statement



SMR
SMz
SNA
SO
SOx
SvoC
SWPPP
TDEC
TDOT
TDS

TL

TN 58
TN 95
TOC
TRAM
TRC
TRISO
TRM
TSS
TVA
TWRA
u.s.
U-235
U-238
uco
UFe
UFC
UHS
UN

uo.
U308
UPF
USACE
usc
USCB
USDA
USFS
USFWS
USGS
ut
veh/day
VOoC
WBN
WOTUS
WSEL
WwWC

Symbols, Acronyms, Abbreviations, and Glossary of Terms

Small Modular Reactor

Streamside Management Zone

State Natural Area

Sulfur Dioxide

Sulfur Oxides

Semi-Volatile Organic Compounds
Stormwater Pollution Prevention Plan
Tennessee Department of Environment and Conservation
Tennessee Department of Transportation
Total Dissolved Solids

Transmission Line

Tennessee Highway 58

Tennessee Highway 95

Total Organic Carbon

Tennessee Rapid Assessment Method
TRC Environmental Corporation
Tri-structural Isotropic

Tennessee River Mile

Total Suspended Solids

Tennessee Valley Authority
Tennessee Wildlife Resources Agency
United States of America
Uranium-235

Uranium-238

Uranium Oxycarbide

Uranium Hexaflouride

Uranium Fuel Cycle

Ultimate Heat Sink

Uranium Nitride

Uranium Dioxide

Uranium Oxide

Uranium Processing Facility

U.S. Army Corps of Engineers

United States Code

U.S. Census Bureau

U.S. Department of Agriculture

U.S. Forest Service

U.S. Fish and Wildlife Service

U.S. Geological Survey

University of Tennessee

Vehicles per Day

Volatile Organic Compounds

Watts Bar Nuclear

Waters of the U.S.

Water Surface Elevation

Wet Weather Conveyance

Draft Programmatic Environmental Impact Statement

XXiii



This page intentionally left blank



Chapter 1 — Purpose and Need for Action

CHAPTER 1 — PURPOSE AND NEED FOR ACTION

1.1 Introduction

The Tennessee Valley Authority (TVA) prepared this Draft Programmatic Environmental Impact
Statement (PEIS) to assess the environmental impacts associated with the proposed action
including site preparation, construction, operation, and decommissioning of various facilities at
an advanced nuclear reactor technology park (Nuclear Technology Park) at TVA’s Clinch River
Nuclear (CRN) Site (Figure 1-1). The proposed action provides an opportunity to evaluate and
demonstrate the feasibility of deploying advanced nuclear reactors at the CRN Site, and to
evaluate emerging nuclear technologies as part of TVA’s technology innovation efforts aimed at
developing future generation capabilities.

TVA’s goal is to demonstrate emerging nuclear technologies are capable of incrementally
supplying clean, secure, reliable power that is less vulnerable to disruption, by constructing and
operating one or more advanced nuclear reactors at the CRN Site (Figure 1-1). This goal is
informed by four objectives, demonstrating:

(1) power generated by advanced nuclear reactors could be used to address critical energy
security issues;

(2) advanced nuclear reactors can assist TVA, stakeholders, and federal government facilities
with meeting various carbon reduction objectives;

(3) advanced nuclear reactor design features include underground containment and inherent
safe-shutdown features, longer station blackout coping time without external intervention, and
core and spent fuel pool cooling without the need for active heat removal; and

(4) advanced nuclear reactor power generating facilities are designed to be deployed in an
incremental fashion to more precisely meet the power generation needs of a service area.

This Draft PEIS was developed in accordance with the National Environmental Policy Act
(NEPA), at 42 United States Code (USC) § 4321 et seq.; the 2020 Council on Environmental
Quality’s (CEQ) regulations for implementing NEPA, at 40 Code of Federal Regulations (CFR)
Parts 1500-1508 (85 FR 17434, Mar. 27, 2020); TVA'’s corollary NEPA regulations at 18 CFR
Part 1318 and associated guidance from various federal and state agencies.

1.2 Background

The CRN Site is located on the northern bank of the Clinch River arm of the Watts Bar
Reservoir (the Reservoir) in the City of Oak Ridge, Roane County, Tennessee (Figure 1-1),
approximately 7 miles east of the City of Kingston, Tennessee, and approximately 25 miles
west-southwest of the City of Knoxville, Tennessee. The CRN Site comprises 935 acres of TVA-
managed land adjacent to the U.S. Department of Energy’s (DOE) approximately 33,000-acre
Oak Ridge Reservation (ORR). The site is situated on the historical Clinch River Breeder
Reactor Project (CRBRP) Site. At the time of the CRBRP cancellation in 1983, preliminary site
work was essentially completed, including all necessary sediment ponds, construction shops,
concrete batch plants, the nuclear island excavation, extensive site grading, and a foundation
for a ringer crane needed for the Breeder Reactor project. After the U.S. Congress terminated
the CRBRP, DOE’s Site Redress Plan was approved and implemented to leave the site in a
safe and environmentally stable condition. Subsequently, management of the CRN property
was transferred back to TVA in 1989.
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In May 2016, TVA submitted an application to the Nuclear Regulatory Commission (NRC) for an
Early Site Permit (ESP) at the CRN Site for two or more new nuclear power units demonstrating
small modular reactor (SMR) technology, with a total combined nuclear generating capacity not
to exceed 800 megawatts electric (MWe). The NRC prepared and released a Final
Environmental Impact Statement (NRC ESP FEIS) to assess the environmental impacts of the
action proposed in the TVA ESP application (ESPA). The Nashville District, Regulatory Division,
U.S. Army Corps of Engineers (USACE) was a cooperating agency with the NRC during
preparation of the EIS to verify that the information presented was adequate to support a
Department of the Army permit application, should TVA submit a permit application at a future
date.

The NRC ESP FEIS identified issuance of an ESP for the CRN Site as the preferred alternative.
Following the NRC ESP FEIS publication in April 2019, the NRC issued an ESP to TVA on
December 19, 2019. The ESP represents NRC’s approval of the CRN Site as suitable for the
future demonstration of the construction and operation of two or more SMRs with characteristics
presented in the ESPA, it but does not authorize TVA to construct or operate a nuclear facility.
The ESP establishes early resolution of numerous site safety, environmental, and emergency
preparedness issues, providing enhanced predictability and stability in future TVA licensing
actions related to the CRN Site. The ESP is valid until December 2039. Prior to initiating
construction or operation of advanced nuclear reactors at the CRN Site, TVA must apply for and
receive additional licenses from the NRC.

In June 2019, TVA released the Final 2019 Integrated Resource Plan (IRP) and the associated
IRP Final EIS. The IRP identified the various generating resources that TVA intends to pursue
to meet the energy needs of the Tennessee River Valley (the Valley) over a 20-year planning
period. The 2019 IRP recommended that TVA continue to evaluate emerging nuclear
technologies, including SMRs, as part of technology innovation efforts aimed at developing
future electricity generation capabilities. This Draft PEIS is TVA’s next step in exploring the
potential for new nuclear generation on the TVA system, to advance the recommendations of
the IRP.

In December 2021, the TVA Board of Directors (Board) authorized the implementation of a New
Nuclear Program to advance SMR planning efforts at the CRN site, and to explore plans for
potential, additional reactors to support TVA’s 2050 decarbonization aspirations. Further, TVA’s
Chief Executive Officer was delegated the authority to enter into one or more contracts with one
or more advanced nuclear reactor vendors and other private entities, as necessary and
appropriate, to pursue the initial planning for this Program. The New Nuclear Program includes
a multi-stage decision making process with three discrete “decision gates”, referred to as (1)
Authorize Planning, (2) Authorize Project, and (3) Authorize Construction. A multi-stage decision
gate process is consistent with both industry and TVA enterprise best practices for potential
projects on a similar scale to potential new nuclear deployment. The Board approval of the New
Nuclear Program at the first Decision Gate does not authorize the subsequent Decision Gate
actions, which would require future Board approvals.

TVA’s New Nuclear Program does not prejudice or foreclose any of the alternatives under
consideration in this PEIS. Rather, it facilitates the possibility that a reliable, affordable, flexible,
and clean advanced nuclear reactor option could be potentially available by 2032, and it
advances necessary planning for future required TVA decision making for the potential
deployment of innovative new nuclear technology, in line with TVA’s 2019 IRP and 2021
Strategic Intent and Guiding Principles (TVA 2021i). The implementation of the New Nuclear
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Program authorizes the expenditure of resources not to exceed $200 Million for the period
Fiscal Year 2022 through Fiscal Year 2024.

1.3 Purpose and Need

The purpose of the proposed action is to support TVA’s goal of demonstrating the feasibility of
deploying advanced nuclear reactor technologies at the CRN Site capable of incrementally
supplying clean, secure, and reliable power that is less vulnerable to disruption. The proposed
action is needed to support the recommendations outlined in TVA’s 2019 IRP and TVA’s 2021
Strategic Intent and Guiding Principles, and to support TVA’s mission of innovation towards a
low carbon future for the Valley. In addition to providing a place to demonstrate advanced
nuclear reactor technologies, a Nuclear Technology Park at the CRN Site could potentially
include microgrid power generation demonstration; grid resiliency analysis and support; and use
of nuclear generation for hydrogen production, water desalination, waste heat energy storage
for grid support, and the intentional production of valuable isotopes, all in support of TVA’s
statutory missions.
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