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EAS
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EDS
El
EMI
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EPA
EPRI
EPZ
ERDS
ERO

Advanced BWR

Alert and Notification System
American National Standards Institute
Air Quality Control Region

American Society of Civil Engineers
Boiling Water Reactor

Committed Effective Dose Equivalent
Council of Environmental Quality
Central and Eastern United States
Code of Federal Regulations

Cubic Feet per Second

Curies

Centimeter

Combined License

Central Virginia Seismic Zone

Clean Water Act

Cooling Water Intake System
decibels (A scale)

Design Basis Accident

Deep Dose Equivalent

Dominion Energy, Inc.

Virginia Department of Emergency Management
United States Department of Homeland Security
Decade of North American Geology
Dominion Nuclear Projects, Inc.
United States Department of Energy
Dominion Resources, Inc.

Exclusion Area Boundary

Evacuation Assembly Center
Emergency Action Level

Emergency Alert System

East Coast Fault System
Engineering Design Spectrum
Exposure Index

Emergency Management Institute
Emergency Operations Center
Emergency Operations Facility
United States Environmental Protection Agency
Electric Power Research Institute
Emergency Planning Zone
Emergency Response Data System
Emergency Response Organization

ESBWR Economic Simplified BWR
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GEIS Generic Impact Environmental Statement
gpd Gallons per Day
gpm Gallons per Minute

GSA Geological Society of America
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MEI Maximally Exposed Individual

mg/kg Milligrams Per Kilogram

mgpd Million Gallons per Day

MMMD  Mean Maximum Mixing Height Depth

mph Miles per Hour

MSA Metropolitan Statistical Area
msl Mean Sea Level

MT Metric Tons
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NAPS North Anna Power Station
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NPSEPT
NRC
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NRP
NWS
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ODEC
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PBMR
PMF
PMP
PPE
ppm
PSHA
PWR
RAA
RAP
RERP
RG
ROI
RP
RVA
SAMA
scc
SCDF
SCR
SDS
SDWIS
SEIS
SF
SHPO
SIR
SPRA
SRP
SSAR

National Climatic Data Center

Nuclear Energy Institute

Nuclear Emergency Preparedness

National Environmental Policy Act

National Environmental Satellite, Data and Information Service
National Oceanic and Atmospheric Administration
Nuclear Power Station Emergency Preparedness Training
United States Nuclear Regulatory Commission
National Register of Historic Places

National Response Plan

National Weather Service

Operating Basis Earthquake

Old Dominion Electric Cooperative
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Operational Support Center (Onsite Operations Assembly Area)
Protective Action Zone
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Plant Parameter Envelope

Parts Per Million

Probabilistic Seismic Hazards Analysis
Pressurized Water Reactor

Remote Assembly Area

Radiological Assistance Program

Radiological Emergency Response Plan
Regulatory Guide

Region of Interest

Reference Probability

Range of Variability Approach

Severe Accident Mitigation Alternatives

State Corporation Commission

Seismic Core Damage Frequency

Stable Continental Regions

Seismological Design Spectra

Safe Drinking Water Information System
Supplemental Environmental Impact Statement
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State Historic Preservation Officer
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Seismic Probabilistic Risk Assessment
Standard Review Plan

Site Safety Analysis Report
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SWR
SWU
TEDE
TSC
UFSAR
UHS
UHS
USACE
USFWS
USGS
VCU
VDCR
VDEQ
VDGIF
VDH
VDHR
VDOT
VEC
V/H
VMRC
VPDES
VSP
WHTF

Structures, Systems, and Components

Safe Shutdown Earthquake

Storm Water Pollution Prevention Plan

Service Water Reservoir

Separative Work Units

Total Effective Dose Equivalent

Technical Support Center

Updated Final Safety Analysis Report

Ultimate Heat Sink

Uniform Hazard Spectrum

U.S. Army Corps of Engineers

U.S. Fish and Wildlife Service

U.S. Geological Survey

Virginia Commonwealth University

Virginia Department of Conservation and Recreation
Virginia Department of Environmental Quality
Virginia Department of Game and Inland Fisheries
Virginia Department of Health

Virginia Division of Historic Resources

Virginia Department of Transportation

Virginia Employment Commission
Vertical-to-Horizontal
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Virginia Pollutant Discharge Elimination System
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Waste Heat Treatment Facility
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PART 1: ADMINISTRATIVE INFORMATION

Chapter 1 Introduction

Dominion Nuclear North Anna, LLC (“Dominion”) submits this application for an early site permit
(ESP) to the U.S. Nuclear Regulatory Commission (NRC) in accordance with the requirements of
Title 10 of the Code of Federal Regulations, Part 52, (10 CFR 52) Subpart A, Early Site Permits.
Dominion requests that the NRC issue an ESP to Dominion having a duration of twenty years for
the site described herein. The information in this application has been developed to support the
issuance of that permit.

The site selected for the ESP is a parcel of land on the North Anna Power Station (NAPS) site in
Louisa County, Virginia, approximately 40 miles north-northwest of Richmond, Virginia. Other,
existing nuclear facilities licensed by the NRC are located on the NAPS site. Those other facilities
are NAPS Units 1 and 2 (Docket Nos. 50-338/339; NRC Facility Operating License Nos. NPF-4/7)
and the North Anna Independent Spent Fuel Storage Installation (ISFSI) (NRC Docket No. 72-16;
Materials License No. SNM-2507). NAPS Units 1 and 2 have been producing electricity for
customers since 1978 and 1980, respectively. The site selected for the ESP, called the ESP site, is
located within the NAPS site. It is adjacent to and generally west of the existing units and is
illustrated in Figure 1.0-1.

The NAPS site, which includes the existing facilities and the ESP site, is owned by Virginia Electric
and Power Company (Virginia Power) and Old Dominion Electric Cooperative (ODEC), as tenants
in common. Virginia Power is the licensed operator of the existing facilities, with control of the
existing facilities and the authority to act as ODEC’s agent. Virginia Power supports this application.

Both Virginia Power and Dominion are direct and indirect wholly-owned subsidiaries, respectively,
of Dominion Resources, Inc. (DRI). If Dominion decides to proceed with the development of new
nuclear units on the ESP site, it would enter into and obtain, to the extent necessary, appropriate
state public utility commission approval(s) of an agreement to purchase or lease the ESP site.
Similarly, if Dominion decides to conduct any pre-construction activities authorized by the ESP
pursuant to 10 CFR 52.17(c), it would enter into and obtain, to the extent necessary, appropriate
state public utility commission approval(s) of site redress or related agreement(s) with Virginia
Power, before conducting the activities. The agreement would authorize Dominion to conduct the
pre-construction activities and confirm Dominion’s obligation to perform any site redress as may be
required pursuant to the site redress plan approved by the NRC. Dominion’s site redress obligation
would be supported by a guaranty provided by its ultimate parent, DRI (see Part 4, Programs and
Plans).
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1.1 Purpose of an Early Site Permit Application

For a commercial nuclear power plant to operate in the United States, it has to obtain a license from
the NRC. Over the decades, the NRC and its predecessor agency, the Atomic Energy Commission,
have issued more than a hundred operating licenses.

In the past, nuclear power plants were licensed under a two-step licensing process set forth in
Part 50 of NRC'’s regulations. That process required the NRC to first issue a construction permit
and later, an operating license. In 1989, the NRC established an alternative licensing process,
designated Part 52, that essentially combined the construction permit and operating license
processes, with certain conditions, into a single “combined license (COL).” Other licensing actions
governed by Part 52 include the ESP, which allows an applicant to obtain approval for a site and
“bank” it for future use, and the certified standard plant design, which can be used by an interested
applicant as an “off-the-shelf’ design already approved by the NRC.

Under Part 52, the NRC can issue an ESP approving one or more sites separate from any other
licensing action contained in NRC’s regulations. Such permits are valid for ten to twenty years and
can be renewed for an additional ten to twenty years.

Site safety issues, environmental issues, and certain aspects of emergency preparedness are
addressed as part of the ESP process. Those issues are addressed independent from NRC'’s
review of any specific reactor design. Licensing issues are resolved with finality under the ESP
process and are not re-examined in any subsequent licensing action involving the permitted site,
absent information meeting certain standards established by the NRC (Reference 1).

Section 1.1 References

1. 10 CFR 52.39, Finality of Early Site Permit Determinations.
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1.2 Early Site Permit Application Format and Content

1.2.1  Format and Content

This application contains the information required by NRC regulations (Reference 1) for an ESP
application. The application has been submitted to the NRC in accordance with NRC guidance
(Reference 2).

The application is organized as follows:

* Part 1 — Administrative Information. This part contains general corporate information about
Dominion and an overview of the application format and content.

» Part 2 — Site Safety Analysis Report (SSAR). This part contains information about site safety,
emergency preparedness, and quality assurance. The site safety section includes a description
of the ESP site and proposed facilities, an assessment of the site features affecting the facility
design, and meteorological, hydrologic, geologic, and seismic characteristics of the site.

Regarding the description of the facilities for which the proposed site may be used, Dominion
has not selected a particular reactor design to be constructed at the ESP site. Thus, in order to
provide sufficient design information to enable the NRC to determine that the proposed site is
suitable for new units, a surrogate design has been provided as part of the application. The
surrogate plant is in the form of a set of bounding plant parameters termed the “plant parameters
envelope (PPE).” The PPE approach has been accepted by the NRC (Reference 3). The
combination of PPE values and site characteristics that would form the licensing basis for NRC’s
issuance of an ESP are identified in the application.

This part also discusses the capability of the facilities to withstand the natural and man-made
environmental hazards of the site. The emergency preparedness information includes an
assessment of any impediments to implementing an emergency plan at the ESP site and
describes the major features of an emergency plan. The quality assurance program under which
ESP-related activities have been performed is provided.

Where possible, the SSAR section numbers correspond to the section numbers identified in
draft NRC Part 52 guidance (Reference 4). Consistent with that guidance, there are some gaps
in the numbering sequence. This is intentional. Also, in a few instances, information has been
located elsewhere in the application because it was deemed more appropriate for ESP
purposes. However, to the extent practical, the numbering sequence in this ESP application has
been maintained consistent with NRC guidance. This approach is intended to facilitate any
subsequent integration of the information in this ESP application with a design certification
and/or COL activity in which the complete numbering sequence would be used.

» Part 3 — Environmental Report. This part contains information about site environmental issues.
It focuses on the environmental impacts to the ESP site from the construction and operation of
one or more reactors having characteristics that fall within the plant parameters envelope.
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» Part 4 - Programs and Plans. This part contains information about site redress. Site redress
describes the actions that would be taken by Dominion to ensure that the ESP site is restored to
an environmentally stable and aesthetically acceptable condition if certain limited
pre-construction activities are conducted and the ESP expires before it is referenced in an
application for a COL.

Each part is intended to stand alone to the extent practical. That is, information appearing within
one part may be referenced elsewhere within the same part to minimize duplication. However, if the
same information is used in more than one part, that information may be replicated so that each
part may be used without reliance on another part. In the electronic format, references between
parts may be “hyperlinked.”

1.2.2 Labeling Conventions

Each page of this application, except Appendix 2.5.4B (a third-party report), has a header that
indicates the Part of this application to which it belongs. Other content identity is established as
follows.

1.2.2.1 Pagination

Content pages are numbered to indicate their Part, Chapter, and page within a chapter. For
example, page 3-2-36 is the 36th page in Part 3, Chapter 2.

Page numbers on part-level supporting pages, such as tables of contents, indicate the associated
part number and sequential page number (in lower-case roman numerals). Page numbers on
overall supporting pages, such as the table of contents for the entire application, consist only of
lower-case roman numerals.

1.2.2.2 Paragraph Numbering

Within each Part, chapters are numbered sequentially. Subtier content is numbered based on the
chapter number. For example, Chapter 2, Section 2.1, Section 2.1.1, etc. References to sections
are within a Part unless otherwise specified.

1.2.2.3 References
Reference lists appear at the end of each Section, i.e., the first subdivision within chapters. For
example, the References list for Part 3, Section 2.5 appears at the end of Section 2.5.

1.2.2.4 Tables and Figures

Table and figure numbers consist of the Section number, and a sequential number. For example,
Figure 2.3-10 is the 10th figure for Section 2.3. See the lists of Tables and Figures at the beginning
of this application for a complete inventory.
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1.2.2.5 Change Notation

In accordance with the NRC Final Rule on Electronic Maintenance and Submission of Information,
effective January 1, 2004, Appendix A, United States Nuclear Regulatory Commission (NRC)
Guidance for Electronic Submissions to the Commission, this application is considered a living
document. Accordingly, updates are submitted as total replacements, a list of changed pages is
provided (Changed Pages), and the location of changed content is denoted with a bold line in the
right margin. All pages display the current revision number and issue date.

1.2.3 Industry Coordination

As part of the activities undertaken in the preparation of this application, another DRI subsidiary,
Dominion Energy, Inc. (DEI), participated in the Nuclear Energy Institute’s (NEI) Early Site Permit
Task Force. The task force included the other lead applicants involved in demonstrating the Part 52
ESP process. The task force met periodically with the NRC staff over a two-year period. A number
of generic issues related to the ESP process were identified and resolved through those
interactions. In addition, DEI worked in concert with the other lead applicants to optimize
commonality among the lead applicants. The results of those issue resolutions and the common
approaches are reflected in this application.

Section 1.2 References
1. 10 CFR 52.17, Content of Applications.

2. NRC Regulatory Issues Summary 2001-05, “Guidance on Submitting Documents to the NRC
by Electronic Information Exchange or on CD-ROM,” January 25, 2001.

3.  NRC letter to NEI, J. E. Lyons to R. L. Simard, titled “Resolution of Early Site Permit Topic 6
(ESP-6), Use of Plant Parameter Envelope (PPE) Approach,” February 5, 2003.

4. NRC Review Standard RS-002, Processing Applications for Early Site Permits: Draft for
Interim Use and Public Comment, December 23, 2002, as supplemented.

1-1-6 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 1 - Administrative Information

1.3 Information Required by 10 CFR 50.33(a) through (d)

Dominion Nuclear North Anna, LLC (Dominion) is the applicant for this ESP. Dominion Nuclear
North Anna, LLC is an indirect wholly-owned subsidiary of DRI. DRI is one of the nation’s leading
energy companies, serving five million retail energy customers in nine states. DRI is the largest
fully-integrated natural gas and electric provider in the United States, with over $37 billion in assets,
over $10 billion in annual revenue, and over $2 billion in annual cash flow. DRI’s energy base
includes 24,000 megawatts (MW) of electric generation, 6.1 trillion cubic feet equivalent of proved
gas and oil reserves, and nearly 7,900 miles of natural gas transmission pipeline. Virginia Electric
and Power Company (Virginia Power), a subsidiary of DRI, is the NRC-licensed operator of NAPS,
the Surry Power Station, and their associated ISFSIs. Dominion Nuclear Connecticut, Inc., also an
indirect, wholly-owned subsidiary of DRI, is the licensed operator of the Millstone Power Station.

NRC regulations (Reference 1) require that an ESP application contain certain corporate
information about the applicant. The required information is provided in Table 1.3-1.

Section 1.3 References

1. 10 CFR 50.33(a) through (d), Contents of Applications, general information.
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Table 1.3-1 Dominion Nuclear North Anna, LLC, Officers and Directors

Name of Applicant

Dominion Nuclear North Anna, LLC, a Virginia limited liability company

Address

120 Tredegar Street

Richmond, Virginia 23219

Description of Business

Entity seeking to obtain an early site permit for new nuclear generation at the

North Anna site

Principal business location

120 Tredegar Street, Richmond, Virginia 23219

Names, addresses, and citizenship of member:

Name Title Address Citizenship
Dominion Nuclear Projects, | Sole Member 120 Tredegar Street USA
Inc. Richmond, VA 23219
Names, addresses, and citizenship of directors and officers:
Name Title Address Citizenship
Mark F. McGettrick President and Chief | 120 Tredegar Street USA
Executive Officer — | Third Floor
Generation Richmond, VA 23219
David A. Christian Senior Vice Innsbrook Technical Center - 2SW USA
President - Nuclear | 5000 Dominion Boulevard
Operations and Glen Allen, VA 23060
Chief Nuclear
Officer
G. Scott Hetzer Senior Vice 100 Tredegar Street USA
President and Third Floor
Treasurer Richmond, VA 23219
William R. Matthews Senior Vice Millstone Power Station USA
President - Nuclear | Rope Ferry Road
Operations Waterford, CT 06385
Martin L. Bowling, Jr. Vice President - Innsbrook Technical Center, 1NE USA
Technical Services 5000 Dominion Boulevard
Glen Allen, VA 23060
Pamela F. Faggert Vice President - Innsbrook Technical Center, 1SE USA
Chief Environmental | 5000 Dominion Boulevard
Officer Glen Allen, VA 23060
Eugene S. Grecheck Vice President - Innsbrook Technical Center, 2SE USA
Nuclear Support 5000 Dominion Boulevard
Services Glen Allen, VA 23060
Leslie N. Hartz Vice President - Innsbrook Technical Center, 2SE USA
Nuclear Engineering | 5000 Dominion Boulevard
Glen Allen, VA 23060
1-1-8 Revision 4
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Table 1.3-1 Dominion Nuclear North Anna, LLC, Officers and Directors

James K. Martin Vice President - 120 Tredegar Street USA
Business Third Floor
Development Richmond, VA 23219
Patricia A. Wilkerson Vice President and | 100 Tredegar Street USA
Corporate Secretary | Third Floor
Richmond, VA 23219
Lee D. Katz Controller 120 Tredegar Street USA
Third Floor
Richmond, VA 23219
James P. Carney Assistant Treasurer | 100 Tredegar Street USA
Second Floor
Richmond, VA 23219
E. J. Marks, IlI Assistant Secretary | 100 Tredegar Street USA
Second Floor
Richmond, VA 23219
Jerry G. Overman Assistant Treasurer | 100 Tredegar Street USA
Third Floor
Richmond, VA 23219

No Foreign Ownership, Control or Influence:

Dominion Nuclear North Anna, LLC, is wholly-owned by Dominion Nuclear Projects, Inc. (DNP). DNP is a
wholly-owned subsidiary of Dominion Energy, Inc., which in turn is wholly-owned by Dominion Resources,
Inc. (DRI). None of the aforementioned entities is owned, controlled, or dominated by an alien, foreign

corporation, or foreign government.
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PART 2: SITE SAFETY ANALYSIS REPORT

Chapter 1 Introduction and General Description

1.1 Introduction

This Site Safety Analysis Report (SSAR) supports Dominion’s application for its ESP site. The
SSAR addresses site suitability issues and complies with the applicable portions of 10 CFR 52,
Subpart A, Early Site Permits.

The site selected for the Early Site Permit (ESP) is a parcel of land on the North Anna Power
Station (NAPS) site in Louisa County, Virginia, approximately 40 miles north-northwest of
Richmond, Virginia. Other, existing nuclear facilities licensed by the U. S. Nuclear Regulatory
Commission (NRC) are located on the NAPS site. Those other facilities are NAPS Units 1 and 2
(Docket Nos. 50-338/339; NRC Facility Operating License Nos. NPF-4/7) and the North Anna
Independent Spent Fuel Storage Installation (ISFSI) (NRC Docket No. 72-16; Materials License
No. SNM-2507). NAPS Units 1 and 2 have been producing electricity for customers since 1978 and
1980, respectively. The site selected for the ESP, called the ESP site, is located within the NAPS
site. It is adjacent to and generally west of the existing units and is illustrated in Figure 1.2-4.

The NAPS site, which includes the existing facilities and the ESP site, is owned by Virginia Electric
and Power Company (Virginia Power) and Old Dominion Electric Cooperative (ODEC), as tenants
in common. Virginia Power is the licensed operator of the existing facilities, with control of the
existing facilities and the authority to act as ODEC’s agent. Virginia Power supports this application.

Dominion has not selected a particular reactor design to be constructed at the ESP site. Thus, in
order to provide sufficient design information to enable the NRC to determine that the site is
suitable for new units, a surrogate design has been provided. The surrogate design is in the form of
a set of bounding plant parameters termed the “plant parameters envelope (PPE).” The PPE
approach has been accepted by the NRC (Reference 1). The combination of PPE values and site
characteristics that would form the permit basis for NRC’s issuance of an ESP are identified in this
SSAR.

The SSAR contains information about site safety, emergency preparedness, and quality assurance.
The following paragraphs briefly describe the contents of the SSAR:

Chapter 1, Introduction and General Description, includes a general site description, an overview of
reactor types, and the PPE approach.

Chapter 2, Site Characteristics, includes geography and demography, nearby industrial
installations, transportation and military facilities, and meteorologic, hydrologic, geologic, and
seismic characteristics of the site, including information about aircraft hazards. It also includes
descriptions of effluents, thermal discharges, and conformance with 10 CFR 100, Reactor Site
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Criteria, requirements. This chapter provides the anticipated maximum levels of radiological and
thermal effluents the new units would produce.

Chapter 3, Design of Structures, Components, Equipment, and Systems contains a pointer to
information on air craft hazards located in Chapter 2.

Chapter 13, Conduct of Operations, includes the major features of the emergency plan and other
emergency preparedness information.

Chapter 15, Accident Analyses, includes accident and dose consequence analyses required by
10 CFR 52.17(a)(1), 50.34(a)(1) and 100.21(c)(2), applying the PPE approach.

Chapter 17, Quality Assurance, includes the Quality Assurance Program under which the ESP
application has been prepared.

Where possible, the SSAR section numbers correspond to the section numbers identified in draft
NRC Part 52 guidance (Reference 2). Consistent with that guidance, there are some gaps in the
numbering sequence. This is intentional. Also, in a few instances, information has been located
elsewhere in the application because it was deemed more appropriate for ESP purposes. However,
to the extent practical, the numbering sequence in this ESP application has been maintained
consistent with NRC guidance. This approach is intended to facilitate any subsequent integration of
the information in this ESP application with a design certification and/or combined license (COL)
activity in which the complete numbering sequence would be used.

Section 1.1 References

1.  February 5, 2003 NRC letter to NEI, J. E. Lyons to R. L. Simard, titled “Resolution of Early Site
Permit Topic 6 (ESP-6), Use of Plant Parameter Envelope (PPE) Approach.”

2. NRC Review Standard RS-002, Processing Applications for Early Site Permits: Draft for
Interim Use and Public Comment, December 23, 2002, as supplemented.
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1.2 General Site Description

1.2.1 Site Location

The ESP site is situated on a peninsula on the south shore of Lake Anna, at the end of State
Route 700 in Louisa County, in northeastern Virginia (see Figure 1.2-2). The ESP site is
approximately 40 miles north-northwest of Richmond, Virginia; 36 miles east of Charlottesville,
Virginia; and 22 miles southwest of Fredericksburg, Virginia. Interstates 95 and 64 pass within
16 miles to the east and 18 miles to the south of the ESP site, respectively.

The NAPS site comprises 1803 acres, of which about 760 acres are covered by water. The NAPS
site is laid out according to the site plan as shown in Figure 1.2-3. Virginia Power and ODEC own,
and Virginia Power controls, all of the land within the NAPS site boundary, including those portions
of the North Anna Reservoir and Waste Heat Treatment Facility (WHTF) that lie within the site
boundary. These companies also own all land outside the NAPS site boundary that forms Lake
Anna, up to the expected high-water marks. The NAPS site and all supporting facilities, including
the North Anna Reservoir, the WHTF, the earth dam, dikes, railroad spur, and roads constitute
approximately 18,643 acres. Lake Anna, which includes the North Anna Reservoir and the WHTF,
was created to serve the needs of the power station.

A more detailed description of the site can be found in Section 2.2.

1.2.2 Site Development

The NAPS site currently has two Westinghouse pressurized water reactors (PWR), rated at
2893 MWth and their supporting structures. These structures include a circulating water
pumphouse and discharge structure, water treatment building, switchyard, and training center. In
addition, an ISFSI is located on the site. Figure 1.2-3 shows the current NAPS site development.

The site selected for the ESP is a parcel of land on the NAPS site. The ESP site is adjacent to and
generally to the west of the existing units, and is illustrated in Figure 1.2-4.

No specific plant design has been chosen for the ESP site within the NAPS site. Instead, a set of
bounding plant parameters is presented to envelop future ESP site development. This PPE is
based on the addition of power generation from two distinct units, to be designated North Anna
Units 3 and 4. (The PPE is described in Section 1.3.) Each unit represents a portion of the total
generation capacity to be added and would consist of one or more reactors or reactor modules.
These multiple reactors or modules (the number of which may vary depending on the reactor type
selected) would be grouped into distinct operating units. Each unit would consist of a plant of one or
more modules that would not exceed 4300 MWth of nuclear generating capacity. Because a
specific design has not been selected, boundaries have been established for the placement of the
new units. The boundaries are shown in Figure 1.2-4.
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Section 1.2 References

None
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1.3 Plant Parameters Envelope

The required contents of an ESP application are specified in 10 CFR 52.17. The application should
specify the number, type and thermal power level of the facilities for which the ESP site may be
used [10 CFR 52.17(a)(1)(1)]. The concept of a PPE to describe the bounding plant for which the
ESP site is suitable has been accepted by the NRC (Reference 1). The PPE, its development, and
its use in this application is presented in the following sections. This PPE approach provides
sufficient design details to support NRC review of the ESP application while also recognizing that
technological developments may result in new reactor technologies becoming available that may
not have been envisioned at the time of ESP application submittal. The actual design selected
would be reviewed at the time of a COL application to ensure that the design fits within the PPE
envelope. Any differences would be addressed in the COL application.

1.3.1  Plant Parameters Envelope Approach

The listing of plant parameters necessary to define the plant-site interface — the PPE - was
developed in the early 1990s based on work sponsored by the U.S. Department of Energy (DOE)
and the nuclear industry, which included reactor vendors and utilities. The effort was intended to
provide a comprehensive list of plant parameters to accurately characterize a plant at a site. Over
time, this list has evolved to encompass information needed to support development of an ESP
application, including the SSAR and the Environmental Report.

The PPE was developed based on data from selected reactor designs of two types
(light-water-cooled reactors (LWRs) and helium-cooled reactors). To ensure that the resulting PPE
has the flexibility to bound multiple reactor designs, these designs were selected to provide a broad
cross section of available reactors. Brief descriptions of each of these reactor types are included in
Section 1.3.2.

The resulting PPE Table, Table 1.3-1, lists both the single and two unit values for each parameter.
The bounding parameters are the single largest (or smallest) value for each category, using
engineering, safety and environmental conservatism to select the appropriate value. As noted in
Section 1.3.2.2, a single unit may consist of more than one reactor for purposes of developing the
PPE. Definitions for each PPE parameter are supplied on this table. Additional supporting
information to support this table is included in Table 1.3-3 through Table 1.3-7. The PPE is not
intended to be limited to the designs selected to create the envelope, but rather to provide a broad
overall outline of a design concept and to include other potential designs if they can be
demonstrated to fall within the parameter values provided in the PPE.
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1.3.2 Overview of Reactor Types Used for PPE Development
Seven reactor designs have been used to develop the PPE bounding values.
* ACR-700, LWR, developed by Atomic Energy Canada Limited
» Advanced Boiling Water Reactor, developed by General Electric (ABWR)
+ AP-1000, PWR, developed by Westinghouse Electric Company
» Economic Simplified Boiling Water Reactor, developed by General Electric (ESBWR)
* Gas Turbine Modular Helium Reactor (GT-MHR), developed by General Atomics.

* International Reactor Innovative and Secure (IRIS) next generation PWR, developed by a
consortium led by Westinghouse Electric Company

* Pebble Bed Modular Reactor (PBMR), developed by PBMR (Pty) Ltd.

1.3.2.1 ACR-700

The ACR-700 is designed by Atomic Energy Canada Limited (AECL) and is based on the CANDU 6
design. The ACR-700 is a 1983 MWth light-water-cooled, heavy-water-moderated reactor. It uses
four heat transport pumps circulating light water through two steam generators to remove the heat
from the horizontal reactor vessel, called a calandria. This light water primary coolant circulates
through individual pressurized fuel channels in the calandria. On the other side of these fuel
channels, the calandria contains a heavy water moderator at low temperature and pressure, which
allows increased neutron efficiency.

The CANDU 6 design is a natural uranium fueled reactor; a design attained by using heavy water
as the primary heat removal fluid. For ACR-700, the primary coolant has been changed to light
water, reducing the cost and complexity of the plant. The resulting reduction in neutron efficiency
requires that the fuel be slightly enriched, to approximately 2 percent U235, The fuel elements,
however, are similar to those used in CANDU 6 with minor improvements to increase thermal
efficiency.

Unlike the ABWR and AP1000, the use of individual pressurized fuel channels in the ACR-700
allows the ACR-700 to be continuously refueled on power. Fueling machines are designed to
isolate an individual fuel channel, remove a selected number of fuel assemblies (which are only
about 20 inches long) and return the channel to service. Electrical power generation would be
through the use of a standard steam turbine cycle.

The CANDU reactor design has been inservice in a variety of countries. Thirty-four CANDU units
have been constructed worldwide. The ACR-700 design is configured in a two-reactor block, with
shared systems between the two reactors. This two-reactor block makes up one unit for purposes
of developing the PPE.
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1.3.2.2 Advanced Boiling Water Reactor

The ABWR is an evolutionary design of the boiling water reactor (BWR) design developed by the
General Electric Company. The ABWR design has been certified by the NRC (under 10 CFR 52,
Appendix A). The certified design is rated at 3926 MWth and is a single cycle, forced circulation
BWR. The design is based on existing BWR designs, similar to the ones operating in the United
States at Clinton and Grand Gulf, but incorporates several advanced features, including
vessel-mounted recirculation pumps, fine motion control rod drives and an advanced digital and
multiplexed instrumentation and control system. Additional changes have added a third division of
safety-related equipment and improved the containment design.

Studies performed by General Electric indicate that this design has sufficient operating margins to
allow uprate of the core thermal power. Based on this analysis, the PPE data supplied for this
design is based on the uprated, 4300 MWth design of this plant. Other than a thermal power uprate,
no other significant design changes are required. Electrical power generation is through the use of
a standard steam turbine cycle.

To date, two ABWR units have been constructed and are currently in operation in Japan. Additional
units are under construction in Taiwan (two) and Japan (two), with six others in various stages of
design in Japan. The ABWR is designed as a single-unit, stand-alone configuration.

1.3.2.3 AP1000

The Westinghouse AP1000 is a 3400 MWth PWR. Its design is based on the NRC design certified
AP600 (under 10 CFR 52, Appendix C), with design changes to accommodate the increase in
power output. The AP1000 is a two-loop, four-reactor-coolant-pump design that uses fuel, reactor
vessel, and internals similar to those in service today at South Texas. The reactor coolant pumps
are canned-type pumps to reduce the probability of leakage and to improve reliability. The design is
functionally similar to that of the AP600, with the containment building, reactor vessel, steam
generators, reactor coolant pumps and pressurizer increased in size to accommodate the increase
in thermal power.

The AP1000 is designed to use passive features for accident mitigation. An externally cooled steel
containment building, In-containment refueling water storage tank, rapid depressurizing capability
and other design features allow the elimination of all safety-related alternating current powered
equipment. Electrical power generation would be through the use of a standard steam turbine cycle.

The AP1000 is designed in a single-unit, stand-alone configuration.

1.3.24  Economic Simplified Boiling Water Reactor

The ESBWR is a further evolution from the ABWR and is designed by the General Electric
Company. The ESBWR is a 4000 MWth single cycle BWR with a rated electrical output of
1390 MWe. The ESBWR relies on the use of natural circulation and passive safety features to
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enhance plant performance and simplify the design. The use of natural circulation has allowed the
elimination of several BWR systems. This has also increased plant accident reliability by eliminating
active safety systems for emergency plant cooling.

The ESBWR has achieved its plant simplification by using innovative adaptations of operating plant
systems, for example combining shutdown cooling and reactor water cleanup systems. The only
major new concept or system is the passive containment cooling system (PCCS). In other cases,
key components such as depressurization valves and isolation condensers are new, but utilize
proven concepts.

The ESBWR is designed as a single, stand-alone unit.

1.3.2.5 Gas Turbine — Modular Helium Reactor

The Gas Turbine — Modular Helium Reactor (GT-MHR) is under development by General Atomics
Corporation. The GT-MHR is a modular, medium sized helium cooled graphite moderated reactor
using helium as the coolant. Each 600 MWth module includes a reactor and gas turbine, operating
in a high temperature (900°C) Brayton cycle. The fuel for the GT-MHR consists of triple coated
small uranium spheres formed into compacts and inserted into hexagonal graphite blocks. These
blocks, along with those without fuel, are assembled inside the reactor to form a reactor core. The
helium removes the heat from the reactor and is expanded across a gas turbine to generate
electricity. Low and high pressure turbines, located on the same shaft as the power turbine,
compress the gas and return it to the reactor.

Four GT-MHR modules are grouped together to make one unit for purposes of developing the PPE.

1.3.2.6 International Reactor Innovative and Secure

The IRIS is being designed by a consortium lead by Westinghouse Electric Company. The IRIS
design is a modular, medium-power, light-water reactor under development to meet DOE
Generation IV reactor design criteria. Using light water for both a coolant and moderator, the IRIS
design eliminates all loss of coolant accidents by placing the entire reactor coolant system within a
single reactor vessel. The components used for the design of IRIS are not new technology but
some of them are employed in nuclear power for the first time. The steam generators are of a
helical tube design, the reactor coolant pumps are spool type and require eight pumps per reactor,
and the pressurizer is located in the upper head of the vessel.

The reactor core is designed for long burns between refueling outages, with outages planned for
4-year to 6-year intervals. The fuel assemblies are similar to that used by Westinghouse in U.S. and
European reactors. Electrical power generation would be through the use of a standard steam
turbine cycle.

Individual IRIS modules are rated at 1000 MWth and are grouped two or three modules to each
power block. Three IRIS reactors make up one unit for purposes of developing the PPE.
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1.3.2.7 Pebble Bed Modular Reactor

The PBMR is designed as a small modular graphite moderated helium cooled gas turbine reactor.
PBMR (Pty) Ltd. of South Africa is developing the design. Each module is designed as a 400 MWth
reactor and gas turbine assembly. The reactor uses low enriched uranium fuel encased in small
triple coated spheres and then assembled into spheres, or pebbles. These pebbles are then loaded
into a graphite shielded and moderated reactor vessel. Heat generated in the reactor is removed
using the helium coolant and converted to electricity through a gas turbine operating on a high
temperature (900°C) Brayton cycle. Individual low-pressure and high-pressure gas turbines
compress the gas and return it to the reactor.

Specialized systems remove the pebbles one at a time, assay them to determine burnup, and then
replace or return the pebble to the reactor. This design allows on power refueling with the fuel
continuously replaced as needed. The PBMR design also stores all of its spent fuel (for its 40-year
operating life) on site in specially designed tanks.

The design of the PBMR groups one or more of these modules together using a common service
building. Eight PBMR modules are grouped together to make one unit for purposes of developing
the PPE.

1.3.3 Use of the PPE Tables

The PPE tables are based on information supplied by the reactor vendors for the plant designs
listed above. Site dependant PPE data was based on a typical site (not a specific site and not the
ESP site) and chosen to bound approximately 85 percent of all existing sites. Site specific
information is not listed on these tables.

The data included in this table is not to be taken as final design specific information. In some cases,
where designs are not mature, the data supplied is based on engineering judgement, prior
experience, or a calculation based on non-site specific assumptions. The data is reasonable and
would bound most applications. An example of this is in the design of the circulating water system,
which is based on site specific water supplies and temperature. Additionally, site specific
environmental data is used to design the condenser and circulating water heat removal systems.
The listed circulating water designs, which include once through cooling and both mechanical and
natural draft towers, are based on a bounding plant design and location and would be modified to
meet site characteristics when required. However, the data provided are reasonable and can be
used until site-specific design data is available.

Section 1.3 References

1. Letter from James E. Lyons of USNRC to Dr. Ronald L. Simard of NEI, dated
February 5, 2003.

2-1-13 Revision 4
May 2005



Table 1.3-1

Plant Parameters Envelope

(7]
Bound €
Bounding Value @ Notes £
[Value for 2 Units in See £
PPE Section brackets] P Table 1.3-2 8 Definition
1. Structures ¢
1.1 Building Characteristics
1.1.1 Height 234 -0 in. 1 The height from finished grade to the top of the tallest power block structure, excluding cooling
[Same for 2nd unit/group] towers.
1.1.2 Foundation Embedment 140 ft 2 The depth from finished grade to the bottom of the basemat for the most deeply embedded
[Same for 2nd unit/group] power block structure.
1.2 Precipitation (for Roof Design)
1.2.1  Maximum Rainfall Rate 19.4 in/hr (6.2 in/5 min) 2,3,4,5 The probable maximum precipitation (PMP) value that can be accommodated by a plant design.
[Same for 2nd unit/group] Expressed as maximum precipitation for 1 hour in 1 square mile with a ratio for five minutes to
the 1 hour PMP of 0.32 as found in National Weather Service Publication HMR No. 52.
1.2.2 Snow and Ice Load 50 Ib/sq ft 2,3,4 The maximum load on structure roofs due to the accumulation of snow and ice that can be
[Same for 2nd unit/group] accommodated by a plant design.
1.3 Safe Shutdown Earthquake (SSE)
1.3.1 Design Response Spectra RG 1.60 6 The assumed design response spectra used to establish a plant’s seismic design.
[Same for 2nd unit/group]
1.3.2 Peak Ground Acceleration 0.30g 6 The maximum earthquake ground acceleration for which a plant is designed; this is defined as
[Same for 2nd unit/group] the acceleration which corresponds to the zero period in the response spectra taken in the free
field at plant grade elevation.
1.3.3 Time History Envelope SSE Response 6 The plot of earthquake ground motion as a function of time used to establish a plant’s seismic
Spectra design.
[Same for 2nd unit/group]
1.3.4 Capable Tectonic No fault displacement 1 The assumption made in a plant design about the presence of capable faults or earthquake

Structures or Sources

potential within the
investigative area
[Same for 2nd unit/group]

sources in the vicinity of the plant site (e.g., no fault displacement potential within the
investigative area).
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Table 1.3-1 Plant Parameters Envelope

(7]
Bound ]
Bounding Value 2 Notes £
[Value for 2 Units in See £
PPE Section brackets] P Table 1.3-2 8 Definition
1.4 Site Water Level (Allowable)
1.4.1 Maximum Flood 1 ft below plant grade 2,3,4 Design assumption regarding the difference in elevation between finished plant grade and the
(or Tsunami) [Same for 2nd unit/group] water level due to the probable maximum flood (PMF) and PMP (defined in
ANSI/ANS 2.8-1992) used in the plant design.
1.4.2 Maximum Ground Water 1 meter below grade 7 Design assumption regarding the difference in elevation between finished plant grade and the
(i.e., 3.3 feet below maximum site ground water level used in the plant design.
grade) [Same for 2nd
unit/group]
1.5 Soil Properties Design Bases
1.5.1 Liquefaction None at Site-Specific 6 Design assumption regarding the presence of potentially liquefying soils at a site (e.g., none at
SSE Site-Specific SSE).
[Same for 2nd unit/group]
1.5.2 Minimum Bearing 15 ksf 2,3 Design assumption regarding the capacity of the competent load-bearing layer required to
Capacity (Static) [Same for 2nd unit/group] support the loads exerted by plant structures used in the plant design.
1.5.3 Minimum Shear Wave 23,500 fps 1 The assumed limiting propagation velocity of shear waves through the foundation materials
Velocity [Same for 2nd used in the plant design.
unit/group.]
1.6 Tornado (Design Bases)
1.6.1 Maximum Pressure Drop 2.0 psi 6 The design assumption for the decrease in ambient pressure from normal atmospheric
[Same for 2nd unit/group] pressure due to the passage of the tornado.
1.6.2 Maximum Rotational 240 mph 6 The design assumption for the component of tornado wind speed due to the rotation within the
Speed [Same for 2nd unit/group] tornado.
1.6.3 Maximum Translational 60 mph 6 The design assumption for the component of tornado wind speed due to the movement of the
Speed [Same for 2nd unit/group] tornado over the ground.
1.6.4 Maximum Wind Speed 300 MPH 6 The design assumption for the sum of maximum rotational and maximum translational wind

[Same for 2nd unit/group]

speed components.
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Table 1.3-1

Plant Parameters Envelope

(2]
Bound ]
Bounding Value 2 Notes £
[Value for 2 Units in See £
PPE Section brackets] P Table 1.3-2 8 Definition
1.6.5 Missile Spectra Spectrum Il from 4,8 The design assumptions regarding missiles that could be ejected either horizontally or vertically
NUREG-0800 SRP from a tornado. The spectra identify mass, dimensions and velocity of credible missiles.
Section 3.5.1.4
[Same for 2nd unit/group]
1.6.6 Radius of Maximum 150 ft 6 The design assumption for distance from the center of the tornado at which the maximum
Rotational Speed [Same for 2nd unit/group] rotational wind speed occurs.
1.6.7 Rate of Pressure Drop 1.2 psi/sec 6 The assumed design rate at which the pressure drops due to the passage of the tornado.
[Same for 2nd unit/group]
1.7 Wind
1.7.1 Basic Wind Speed 110 mph 2,3,4 The design wind, or “fastest mile of wind” with a 100-year return period (NUREG-0800, Sections
[Same for 2nd unit/group] 2.3.1 and 3.3.1) for which the facility is designed.
1.7.2 Importance Factors 1.0 (non-safety related)/ 2,3 Multiplication factors (as defined in ANSI A58.1-1982) applied to basic wind speed to develop
1.11 (safety related) the plant design.
[Same for 2nd unit/group]
2. Normal Plant Heat Sink
2.1 Ambient Air Requirements
2.1.1  Normal Shutdown Max 100°F db / 77°F wb 6 Assumption used for the maximum ambient temperature that will be exceeded no more than 1%
Ambient Temp coincident of the time, to design plant systems capable of effecting normal shutdown under the assumed
(1% Exceed) [Same for 2nd unit/group] temperature condition.
2.1.2 Normal Shutdown Max 80°F wb non-coincident 6 Assumption used for the maximum wet bulb temperature that will be exceeded no more than
Wet Bulb Temp [Same for 2nd unit/group] 1% of the time — used in design of plant systems that must be capable of effecting normal
(1% Exceed) shutdown under the assumed temperature condition.
2.1.3 Normal Shutdown Min -10°F 6 Assumption used for the minimum ambient temperature that will be exceeded no more than 1%

Ambient Temp
(1% Exceed)

[Same for 2nd unit/group]

of the time to design of plant systems that must be capable of effecting normal shutdown under
the assumed temperature condition.
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Table 1.3-1

Plant Parameters Envelope

(7]
Bound ]
Bounding Value 2 Notes £
[Value for 2 Units in See £
PPE Section brackets] P Table 1.3-2 8 Definition
2.1.4 Rx Thermal Power Max 115°F db/80°F wb 6 Assumption used for the maximum ambient temperature that will never be exceeded — used in
Ambient Temp coincident design of plant systems that must be capable of supporting full power operation under the
(0% Exceed) [Same for 2nd unit/group] assumed temperature condition.
2.1.5 Rx Thermal Power Max 81°F wb non-coincident 6 Assumption used for the maximum wet bulb temperature that will never be exceeded — used in
Wet Bulb Temp [Same for 2nd unit/group] design of plant systems that must be capable of supporting full power operation under the
(0% Exceed) assumed temperature condition.
2.1.6 Rx Thermal Power Min -40°F 6 Assumption used for the minimum ambient temperature that will never be exceeded — used in
Ambient Temp [Same for 2nd unit/group] design of plant systems that must be capable of supporting full power operation under the
(0% Exceed) assumed temperature condition.
2.2 Condenser
2.2.1 Max Inlet Temp 91°F 1,7 Design assumption for the maximum acceptable circulating water temperature at the inlet to the
Condenser/ Heat [Same for 2nd condenser or cooling water system heat exchangers.
Exchanger unit/group.]
2.2.2 Condenser / Heat 9.7 E9 btu/hr 3,5 Design value for the waste heat rejected to the circulating water system across the condensers.
Exchanger Duty [Additional 9.7 E9 btu/hr
for 2nd unit/group]
2.3 Mechanical Draft Cooling Towers d
2.3.1 Acreage 50 acres 3,5 € The land required for cooling towers or ponds, including support facilities such as equipment
[100 acres] sheds, basins, canals, or shoreline buffer areas.
2.3.2 Approach Temperature 10°F 1,4,7 The difference between the cold water temperature and the ambient wet bulb temperature.

2.3.3 Blowdown Constituents
and Concentrations

[Same for 2nd unit/group]

See Table 1.3-3
[Twice that shown in
table]

The maximum expected concentrations for anticipated constituents in the cooling water
systems blowdown to the receiving water body.
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Table 1.3-1

Plant Parameters Envelope

(2]
Bound ]
Bounding Value 2 Notes £
[Value for 2 Units in See £
PPE Section brackets] P Table 1.3-2 8 Definition
2.3.4 Blowdown Flow Rate 6400 gpm expected 1,5 9 The normal (and maximum) flow rate of the blowdown stream from the cooling water systems to
(24,500 gpm max) the receiving water body for closed system designs.
[12,800 gpm expected
(49,000 gpm max)]
2.3.5 Blowdown Temperature 100°F 1,2,3,4,5 The maximum expected blowdown temperature at the point of discharge to the receiving water
[Same for 2nd unit/group] body.
2.3.6 Cycles of Concentration 4 6 The ratio of total dissolved solids in the cooling water blowdown streams to the total dissolved
[Same for 2nd unit/group] solids in the make-up water streams.
2.3.7 Evaporation Rate 17,550 gpm expected 3 The expected (and maximum) rate at which water is lost by evaporation from the cooling water
(19,500 gpm max) systems.
[35,100 gpm expected
(39,000 gpm max)]
2.3.8 Height 60 ft 1,3,4,5,7 The vertical height above finished grade of either natural draft or mechanical draft cooling
[Same for 2nd unit/group] towers associated with the cooling water systems.
2.3.9 Make-up Flow Rate 23,950 gpm expected 9 The expected (and maximum) rate of removal of water from a natural source to replace water
(44,000 gpm max) losses from closed cooling water system.
[47,900 gpm expected
(88,000 gpm max)]
2.3.10 Noise 55 dBA at 1000 ft 6 The maximum expected sound level produced by operation of cooling towers, measured at
[Same for 2nd unit/group] 1000 feet from the noise source.
2.3.11 Cooling Tower 23°F 7 The temperature difference between the cooling water entering and leaving the towers or
Temperature Range [Same for 2nd unit/group] ponds.
2.3.12 Cooling Water Flow Rate 800,000 gpm 5 The total cooling water flow rate through the condenser/heat exchangers.

[1,600,000 gpm]
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Table 1.3-1

Plant Parameters Envelope

(7]
Bound ]
Bounding Value 2 Notes £
[Value for 2 Units in See £
PPE Section brackets] P Table 1.3-2 8 Definition
2.3.13 Heat Rejection Rate 6,400 gpm expected 3,5 The expected heat rejection rate to a receiving water body, expressed as flow rate in gallons
(Blowdown) (19,500 gpm max) per minute at a temperature in degrees Fahrenheit.
@100°F
[12,800 gpm expected
(39,000 gpm max)]
2.3.14 Maximum Consumption of 30,000 gpm 1 The expected maximum short-term consumptive use of water by the cooling water systems
Raw Water [60,000 gpm] (evaporation and drift losses).
2.3.15 Monthly Average 23,000 gpm 10 The expected normal operating consumption of water by the cooling water systems
Consumption of Raw [46,000 gpm] (evaporation and drift losses).
Water
2.3.16 Stored Water Volume 11,800,000 gal 5 The quantity of water stored in cooling water system impoundments, basins, tanks and/or
[23,600,000 gal] ponds.
2.4 Natural Draft Cooling Towers d
2.4.1 Acreage 34.5 acres 7 The land required for cooling towers or ponds, including support facilities such as equipment
[69 acres] sheds, basins, canals, or shoreline buffer areas.
2.4.2 Approach Temperature 10°F 1,4,7 The difference between the cold water temperature and the ambient wet bulb temperature.
[Same for 2nd
unit/group.]
2.4.3 Blowdown Constituents See Table 1.3-3 f' The maximum expected concentrations for anticipated constituents in the cooling water
and Concentrations [Twice that shown in systems blowdown to the receiving water body.
table]
2.4.4 Blowdown Flow Rate 6,400 gpm expected 1,5 9 The normal (and maximum) flow rate of the blowdown stream from the cooling water systems to
(24,500 gpm max) the receiving water body for closed system designs.
[12,800 gpm expected
(49,000 gpm max)]
2.4.5 Blowdown Temperature 100°F 1,3,4,5 9 The maximum expected blowdown temperature at the point of discharge to the receiving water

[Same for 2nd unit/group]

body.
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2.4.6 Cycles of Concentration 4 1,3,4,5,7 f The ratio of total dissolved solids in the cooling water blowdown streams to the total dissolved
[Same for 2nd unit/group] solids in the make-up water streams.
2.4.7 Evaporation Rate 17,550 gpm expected 3 h The expected (and maximum) rate at which water is lost by evaporation from the cooling water
(19,500 gpm max) systems.
[35,100 gpm expected
(39,000 gpm max)]
2.4.8 Height 550 ft 3,5,7 I The vertical height above finished grade of either natural draft or mechanical draft cooling
[Same for 2nd unit/group] towers associated with the cooling water systems.
2.4.9 Make-up Flow Rate 23,950 gpm expected 9 9 The expected (and maximum) rate of removal of water from a natural source to replace water
(44,000 gpm max) losses from closed cooling water systems.
[47,900 gpm expected
(88,000 gpm max)]
2.4.10 Noise 55 dBA at 1000 ft 1,3,4,5,7 i The maximum expected sound level produced by operation of cooling towers, measured at
[Same for 2nd unit/group] 1000 feet from the noise source.
2.4.11 Cooling Tower 23°F 7 The temperature difference between the cooling water entering and leaving the towers or
Temperature Range [Same for 2nd unit/group] ponds.
2.4.12 Cooling Water Flow Rate 800,000 gpm 5 The total cooling water flow rate through the condenser/heat exchangers.
[1,600,000 gpm]
2.4.13 Heat Rejection Rate 6,400 gpm expected 3,5 The expected heat rejection rate to a receiving water body, expressed as flow rate in gallons
(Blowdown) (19,500 gpm max) per minute at a temperature in degrees Fahrenheit.
@100°F
[12,800 gpm expected
(39,000 gpm max)
@100°F
2.4.14 Maximum Consumption of 33,720 gpm 4 The expected maximum short-term consumptive use of water by the cooling water systems
Raw Water [67,440 gpm] (evaporation and drift losses).
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2.4.15 Monthly Average 23,000 gpm 10 The expected normal operating consumption of water by the cooling water systems
Consumption of Raw [46,000 gpm] (evaporation and drift losses).
Water
2.4.16 Stored Water Volume 11,800,000 gal 5 The quantity of water stored in cooling water system impoundments, basins, tanks and/or
[23,600,000 gal] ponds.
2.5 Once-Through Cooling d
2.5.1 Cooling Water Discharge  127°F 2 9 Expected temperature of the cooling water at the exit of the condenser/heat exchangers.
Temperature [Same for 2nd
unit/group.]
2.5.2 Cooling Water Flow Rate 1,140,000 gpm 5 9 Total cooling water flow rate through the condenser (also the rate of withdrawal from and return
[2,280,000 gpm] to the water source).
2.5.3 Cooling Water 18°F 1,3,5 9 Temperature rise across the condenser (temperature of water out minus temperature of water
Temperature Rise [Same for 2nd in).
unit/group.]
2.5.4 Evaporation Rate 10,550 gpm expected 3 h The expected (and maximum) rate at which water is lost by evaporation from the receiving
(11,700 gpm max) water body as a result of heating in the condenser.
[21,100 gpm expected
(23,400 gpm max)]
2.5.5 Heat Rejection Rate 9.7 E9 Btu/hr 3,5 The expected heat rejection rate to a receiving water body.
[19.4 E9 Btu/hr]
3. Ultimate Heat Sink K
3.1 Ambient Air Requirements
3.1.1  Maximum Ambient Temp 115°F db/80°F wb 2,3,57 Assumption used for the maximum ambient temperature in designing the UHS system to
(0% Exceedance) coincident provide heat rejection for 30 days under the assumed temperature condition.
[Same for 2nd unit/group]
3.1.2 Maximum Wet Bulb Temp 81°F wb (non-coincident) 2,3,57 Assumption used for the maximum wet bulb temperature in designing the UHS system to

(0% Exceedance)

[Same for 2nd unit/group]

provide heat rejection for 30 days under the assumed temperature condition.
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3.1.3 Minimum Ambient Temp  -40°F 2,3,57 Assumption used for the minimum ambient temperature in designing the UHS system to provide
(0% Exceedance) [Same for 2nd unit/group] heat rejection for 30 days under the assumed temperature condition.
3.2 CCW Heat Exchanger
3.2.1 Maximum Inlet Temp to 95°F 3,57 The maximum temperature of safety-related service water at the inlet of the UHS component
CCW Heat Exchanger [Same for 2nd unit/group] cooling water heat exchanger.
3.2.2 CCW Heat Exchanger 420 E6 Btu/hr (shutdown) 3 The heat transferred to the safety-related service water system for rejection to the environment
Duty [Additional 420 E6 Btu/hr in UHS heat removal devices.
(shutdown) for 2nd unit]
3.3 Mech Draft Cooling Towers
3.3.1 Acreage 0.5 acre 3,5 K" The land required for UHS cooling towers or ponds, including support facilities such as
[1.0 acre] equipment sheds, basins, canals, or shoreline buffer areas.
3.3.2 Approach Temperature 15°F 3,5 The difference between the cold water temperature and the ambient wet bulb temperature.
[Same for 2nd unit/group]
3.3.3 Blowdown Constituents See Table 1.3-3 K" The maximum expected concentrations for anticipated constituents in the UHS blowdown to the
and Concentrations [Twice that shown in receiving water body.
table]
3.3.4 Blowdown Flow Rate 144 gpm expected 3,7 K" The normal (and maximum) flow rate of the blowdown stream from the UHS system to receiving
(850 gpm max) water body for closed system designs.
[288 gpm expected
(1700 gpm max)]
3.3.5 Blowdown Temperature  95°F 3,5 K" The maximum expected UHS blowdown temperature at the point of discharge to the receiving
[Same for 2nd unit/group] water body.
3.3.6 Cycles of Concentration 4 (2 Minimum) 3,5,7 K" The ratio of total dissolved solids in the UHS system blowdown streams to the total dissolved
[Same for 2nd unit/group] solids in the make-up water streams.
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3.3.7 Evaporation Rate 411 gpm normal 3,7 K The expected (and maximum) rate at which water is lost by evaporation from the UHS system.
850 gpm shutdown
[822 gpm normal
1700 gpm shutdown]
3.3.8 Height 60 ft 3,5,7 K The vertical height above finished grade of mechanical draft cooling towers associated with the
[Same for 2nd unit/group] UHS system.
3.3.9 Make-up Flow Rate 555 gpm 3,7,9 K The expected (and maximum) rate of removal of water from a natural source to replace water
1700 gpm max losses from the UHS system.
[1,110 gpm,
3,400 gpm max]
3.3.10 Noise 55 dBA at 1000 ft 2,3,57 K" The maximum expected sound level produced by operation of mechanical draft UHS cooling
[Same for 2nd unit/group] towers, measured at 1000 feet from the noise source.
3.3.11 Cooling Tower 16°F 5 The temperature difference between the cooling water entering and leaving the UHS system.
Temperature Range [Same for 2nd unit/group]
3.3.12 Cooling Water Flow Rate 26,125 gpm (normal) 3 The total cooling water flow rate through the UHS system.
52,250 gpm (shutdown/
accident)
[52,250 gpm (normal),
104,500 (shutdown/
accident)]
3.3.13 Heat Rejection Rate 100 gpm expected (850 3 The expected heat rejection rate to a receiving water body, expressed as flow rate in gallons
(Blowdown) gpm max) @95°F per minute at a temperature in degrees Fahrenheit.
[200 gpm expected
(1,700 gpm max) @95°F]
3.3.14 Maximum Consumption of 900 gpm 7 The expected maximum short-term consumptive use of water by the UHS system (evaporation
Raw Water [1800 gpm] and drift losses).
3.3.15 Monthly Average 533 gpm 10 The expected normal operating consumption of water by the UHS system (evaporation and drift
Consumption of Raw [1066 gpm] losses).
Water
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3.3.16 Stored Water Volume 30,600,000 gal 3 The quantity of water stored in UHS impoundments, basins, tanks and/or ponds.
[61,200,000 gal]
4. Containment Heat Removal System (Post-Accident)
4.1 Ambient Air Requirements
4.1.1 Maximum Ambient Air 115°F db/80°F wb 1,7 Assumed maximum ambient temperature used in designing the containment heat removal
Temperature coincident system.
(0% Exceedance) [Same for 2nd unit/group]
4.1.2 Minimum Ambient -40°F 1,7 Assumed minimum ambient temperature used in designing the containment heat removal
Temperature [Same for 2nd unit/group] system.
(0% Exceedance)
5. Potable Water/Sanitary Waste System
5.1 Discharge to Site Water Bodies
5.1.1 Flow Rate 60 gpm expected 7 ' The expected (and maximum) effluent flow rate from the potable and sanitary waste water
(105 gpm max) systems to the receiving water body.
[120 gpm expected
(210 gpm max)]
5.2 Raw Water Requirements
5.2.1 Maximum Use 120 gpm 5 I The maximum short-term rate of withdrawal from the water source for the potable and sanitary
[240 gpm] waste water systems.
5.2.2 Monthly Average Use 90 gpm 5 ' The average rate of withdrawal from the water source for the potable and sanitary waste water
[180 gpm] systems.

6. Demineralized Water System

6.1 Discharge to Site Water Bodies
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6.1.1 Flow Rate 110 gpm expected 57 ' The expected (and maximum) effluent flow rate from the demineralized system to the receiving
(150 gpm max) water body.
[220 gpm expected
(300 gpm max)]
6.2 Raw Water Requirements
6.2.1 Maximum Use 720 gpm 5 I The maximum short-term rate of withdrawal from the water source for the demineralized water
[1440 gpm] system.
6.2.2 Monthly Average Use 550 gpm 5 ' The average rate of withdrawal from the water source for the demineralized water system.
[1100 gpm]
7. Fire Protection System
7.1 Raw Water Requirements
7.1.1 Maximum Use 2,500 gpm 11 I The maximum short-term rate of withdrawal from the water source for the fire protection water
[5,000 gpm] system.
7.1.2 Monthly Average Use 675,000 gal/mo 7 ' The average rate of withdrawal from the water source for the fire protection water system.
[1,350,000 gal/mo]
7.1.3 Stored Water Volume 2,325,000 gallons 7 The quantity of water stored in fire protection system impoundments, basins or tanks.
[4,650,000 gallons]
8. Miscellaneous Drain
8.1 Discharge to Site Water Bodies
8.1.1 Flow Rate 100 gpm expected 3,7 ' The expected (and maximum) effluent flow rate from miscellaneous drains to the receiving
(150 gpm max) water body.
[200 gpm expected
(300 gpm max)]
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9. Unit Vent/Airborne Effluent Release Point
9.1 Atmospheric Dispersion M The atmospheric dispersion coefficients used in the design safety analysis to estimate dose
(CHI/Q) (Accident) consequences of accident airborne releases.
9.1.1 0-2 hr @EAB 0.61 E-3 sec/m® 1
[Same for 2nd unit/group]
9.1.2 0-8 hr @ Low Population 1.30 E-4 sec/m3 5
Zone (LPZ) [Same for 2nd unit/group]
9.1.3 8-24 hr @LPZ 1.0 E-4 sec/m® 1,5
[Same for 2nd unit/group]
9.14 1-4day @LPZ 3.36 E-5 sec/m® 3
[Same for 2nd unit/group]
9.1.5 4-30day @LPZ 7.42 E-6 sec/m® 3
[Same for 2nd unit/group]
9.2 Atmospheric Dispersion (X/Q) 1.17 E-6 sec/m3 3 M The atmospheric dispersion coefficients used in the safety analysis for the dose consequences
(Annual Average) [Same for 2nd unit/group] of normal airborne releases.
9.3 Dose Consequences n
9.3.1 Normal 10 CFR 20, 10 CFR 50 6 The estimated design radiological dose consequences due to gaseous releases from normal
App | operation of the plant.
[Same for 2nd unit/group]
9.3.2 Post-Accident 10 CFR 100 1,3,4,5,7 The estimated design radiological dose consequences due to gaseous releases from
[Same for 2nd unit/group] postulated accidents.
9.3.3 Severe Accidents 25remwbin 24 hr 0.5 mi 1,3,7
<1E-6/rx-yr

[Same for 2nd unit/group]
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9.4 Release Point °
9.4.1 Configuration Horizontal 2 The orientation of the release point discharge flow.
(Horiz vs. Vert)
9.4.2 Elevation (Normal) 95.5 ft 2 The elevation above finished grade of the release point for routine operational releases.
[Same for 2nd unit/group]
9.4.3 Elevation (Post Accident) Ground level 1,2,3,5,7 The elevation above finished grade of the release point for accident sequence releases.
[Same for 2nd unit/group]
9.4.4 Minimum Distance to Site 0.5 mi exclusion area 1,3,7 The minimum lateral distance from the release point to the site boundary.
Boundary [Same for 2nd unit/group]
9.4.5 Temperature No value bounds, overall The temperature of the airborne effluent stream at the release point.
range is 35-120°F
[Same for 2nd unit/group]
9.4.6 Volumetric Flow Rate 118,000 scfm for 2 units 5 The volumetric flow rate of the airborne effluent stream at the release point.
(normal operation)
[for 2 units]
9.5 Source Term p
9.5.1 Gaseous (Normal) 13,070 Cilyr 12 The annual activity, by isotope, contained in routine plant airborne effluent streams.
[26,140 Cl/yr]
See Table 1.3-8 for
isotopic breakdown
9.5.2 Gaseous (Post-Accident) See Chap 15 Tables 1,3 9 The activity, by isotope, contained in post-accident airborne effluents.
RG 1.70
[Same for 2nd unit/group]
9.5.3 Tritium 3530 cilyr 5 The annual activity of tritium contained in routine plant airborne effluent streams.
[7060 cilyr]
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10. Liquid Radwaste System
10.1 Dose Consequences r
10.1.1  Normal 10 CFR 50, Appendix |, 1,3,4,5 The estimated design radiological dose consequences due to liquid effluent releases from
10 CFR 20 normal operation of the plant.
10.1.2 Post-Accident 10 CFR 20, 10 CFR 100 1,3,4,5 The estimated design radiological dose consequences due to liquid effluent releases from
[Same for 2nd unit/group] postulated accidents.
10.2 Release Point s
10.2.1 Flow Rate 100 gpm + 10,000 gpm 3 The discharge (including minimum dilution flow, if any) of liquid potentially radioactive effluent
dilution streams from plant systems to the receiving water body.
[200 gpm + 20,000 gpm
dilution]
10.3 Source Term t
10.3.1 Liquid 0.313 cilyr 13 The annual activity, by isotope, contained in routine plant liquid effluent streams.
[0.626 cilyr]
See Table 1.3-7 for
isotopic breakdown
10.3.2 Tritium 3100 cilyr 5 The annual activity of tritium contained in routine plant liquid effluent streams.

11. Solid Radwaste System
11.1 Acreage

11.1.1 Low Level Radwaste

[6200 cilyr]

2 years in radwaste

The land usage required to provide onsite storage of low level radioactive wastes.

Storage building @ expected
generation rate
[Same for 2nd unit/group]
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11.2 Solid Radwaste
11.2.1 Activity 2700 cilyr 3 The annual activity contained in solid radioactive wastes generated during routine plant
[5400 cilyr] operations.
11.2.2 Volume 9041 cu ft/yr 4 The expected volume of solid radioactive wastes generated during routine plant operations.
[18,646 cu ft/yr]
12. Auxiliary Boiler System
12.1 Exhaust Elevation 110 ft above plant grade 5 V' The height above finished plant grade at which the flue gas effluents are released to the
[Same for 2nd unit/group] environment.
12.2 Flue Gas Effluents See Table 1.3-4 V' The expected combustion products and anticipated quantities released to the environment due
[Twice that shown in to operation of the auxiliary boilers, diesel engines and gas turbines.
table]
12.3 Fuel Type No. 2 1,3,57 V' The type of fuel oil required for proper operation of the auxiliary boilers, diesel engines and gas
[Same for 2nd unit/group] turbines.
12.4 Heat Input Rate (btu/hr) 156,000,000 Btu/hr 1 The average heat input rate due to the periodic operation of the auxiliary boilers.
[312,000,000 Btu/hr]
13. Heating, Ventilation and Air Conditioning System
13.1 Ambient Air Requirements
13.1.1  Non-safety HYAC max 100°F db/77°F wb 6 Assumption used for the maximum ambient temperature that will be exceeded no more than 1%
ambient temp coincident of the time, to design the non-safety HVAC systems.
(1% Exceed) [Same for 2nd unit/group]
13.1.2 Non-safety HVAC min -10°F 6 Assumption used for the minimum ambient temperature that will be exceeded no more than 1%
ambient temp [Same for 2nd unit/group] of the time, to design the non-safety HVAC systems.
(1% Exceed)
13.1.3 Safety HVAC max 115°F db/80°F wb 1,3,5 7 Assumption used for the maximum ambient temperature that will never be exceeded, to design
ambient temp coincident the safety-related HVAC systems.
(0% Exceed) [Same for 2nd unit/group]
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13.1.4 Safety HYAC min ambient -40°F 1,3,57 Assumption used for the minimum ambient temperature that will never be exceeded, to design
temp [Same for 2nd unit/group] the safety-related HVAC systems.
(0% Exceed)
13.1.5 Vent System max ambient 95°F dry bulb/ 77°F wb 3,5 Assumption used for the maximum ambient temperature that will be exceeded no more than 5%
temp coincident), of the time to design the non-HVAC ventilation systems.
(5% Exceed) 79°F wb (non-coincident)
[Same for 2nd unit/group]
13.1.6 Vent System min ambient - 5°F 3 Assumption used for the minimum ambient temperature that will be exceeded no more than 5%
temp [Same for 2nd unit/group] of the time to design the non-HVAC ventilation systems.
(5% Exceed)
14. Onsite/Offsite Electrical Power System
14.1 Acreage
14.1.1 Switchyard 15 acres 7 € The land usage required for the high voltage switchyard used to connect the plant to the
[30 acres] transmission grid.
15. Standby Power System
15.1 Diesels
15.1.1 Diesel Capacity 4 x 6500 kw 5 The capacity of diesel engines used for generation of standby electrical power.
[8 x 6500 kw]
15.1.2 Diesel Exhaust Elevation 30 ft 4 V' The elevation above finished grade of the release point for standby diesel exhaust releases.
[Same for 2nd unit/group]
15.1.3 Diesel Flue Gas Effluents See Table 1.3-5 V' The expected combustion products and anticipated quantities released to the environment due
[Twice that shown in to operation of the emergency standby diesel generators.
table]
15.1.4 Diesel Noise 55 dBA at 1000 ft 1,3,4,5,7 I The maximum expected sound level produced by operation of diesel engines turbines,
[Same for 2nd measured at 1000 feet from the noise source.
unit/group.]
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15.1.5 Diesel Fuel Type No. 2 per ASTM 1,3,4,5,7 The type of fuel oil required for proper operation of the diesel engines.
D975-1974
[Same for 2nd unit/group]
15.2 Gas Turbines
15.2.1 Gas Turbine Capacity 20 MWe at limiting site 3 The capacity of gas turbines used for generation of standby electrical power.
(kw) conditions
[40 MWe at limiting site
conditions]
15.2.2 Gas Turbine Exhaust 60 ft 3 V' The elevation above finished grade of the release point for standby gas turbine exhaust
Elevation [Same for 2nd unit/group] releases.
15.2.3 Gas Turbine Flue Gas See Table 1.3-6 V' The expected combustion products and anticipated quantities released to the environment due
Effluents [Twice that shown in to operation of the emergency standby gas-turbine generators.
table]
15.2.4 Gas Turbine Noise 55 dBA at 1000 ft 2,3 I The maximum expected sound level produced by operation of gas turbines, measured at 1000
[Same for 2nd unit/group] feet from the noise source.
15.2.5 Gas Turbine Fuel Type Distillate 2,3 V' The type of fuel oil required for proper operation of the gas turbines.
[Same for 2nd unit/group]
16. Plant Characteristics
16.1 Access Routes
16.1.1 Heavy Haul Routes 7 acres 3,7 € The land usage required for permanent heavy haul routes to support normal operations and
[Same for 2nd unit/group] refueling.
16.1.2 Spent Fuel Cask Weight 150 tons 3 Y The weight of the heaviest expected shipment during normal plant operations and refueling.

[Same for 2nd unit/group]
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16.2 Acreage 87 acres 2 X The land area required to provide space for plant facilities.
[174 acres]
16.2.1 Office Facilities 1.8 acres 2
[2.18 acre (95,200 sq ft)]
16.2.2 Parking Lots 3.86 acres 3
[7.72 acres]
16.2.3 Permanent Support 12 acres 2
Facilities [8.4 acres]
16.2.4 Power Block 11.64 acres 7
[23.3 acres]
16.2.5 Protected Area 40 acres 7
[80 acres]
16.3 Megawatts Thermal 4300 MWt 3 The thermal power generated by one unit (may be the total of several modules).
[8600 MWH1.]
16.4 Plant Design Life 60 years 1,2,3,5,7 Y The operational life for which the plant is designed.
[Same for 2nd unit/group]
16.5 Plant Population
16.5.1 Operation 580 people 5 Y The number of people required to operate and maintain the plant.
[1160 people]
16.5.2 Refueling / Major 1000 people 1 Y The additional number of temporary staff required to conduct refueling and major maintenance
Maintenance [Same for 2nd unit/group] activities.
16.6 Station Capacity Factor 96% 2 The percentage of time that a plant is capable of providing power to the grid.

[Same for 2nd unit/group]
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17. Construction
17.1 Access Routes
17.1.1 Construction Module 90" (H) x 82' (W) x 93' (L) 1,7 W' The maximum expected length, width, and height of the largest construction modules or
Dimensions or 130" (Dia) x 51" (H) components and delivery vehicles to be transported to the site during construction.
[Same for 2nd unit/group]
17.1.2 Heaviest Construction 2,200,00 Ib. 2 W' The maximum expected weight of the heaviest construction shipment to the site.
Shipment [Same for 2nd unit/group]
17.2 Acreage The land area required to provide space for construction support facilities.
17.2.1 Laydown Area 29 acres 3 e
[58 acres]
17.2.2 Temporary Construction 52 acres 3 e
Facilities [104 acres]
17.3 Construction
17.3.1  Noise 76-101 db @ 50 ft 1,3,4,5,7 i The maximum expected sound level due to construction activities, measured at 50 feet from the
[Same for 2nd unit/group] noise source.
17.4 Plant Population
17.4.1  Construction 3150 people max 3,14 Y Peak employment during plant construction.
[5,355 for unit
simultaneous
construction]
17.5 Site Preparation Duration 18 months 1,3, 7 Y Length of time required to prepare the site for construction.

Comments:

[Same for 2nd unit/group]

a. PPE values should be based on plant designs being considered. The Bounding PPE values provide an envelope (most restrictive values selected) for the ABWR, ESBWR,
AP1000, IRIS, GT-MHR, PBMR and ACR-700 designs. A composite PPE should be used for the actual set of plant designs under consideration for the site.
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b. The values in brackets reflects the values corresponding to a plant that is twice the vendor’s specified standard size plant, i.e., two ABWR units, two ESBWR units, two
AP1000 units, six IRIS units, two sets of four GT-MHR modules, two sets of eight PBMR modules and two ACR-700 twin unit plants.

c. Visual resources impacts.

d. Applicants must identify main condenser cooling system alternatives (e.g., mechanical or natural draft cooling towers, cooling ponds, or once-through cooling). To maintain
multiple options, the most restrictive value for each cooling system PPE section should be used in the ESP application (e.g., 550-foot cooling tower height selected if both
mechanical and natural draft towers are being considered).

e. Construction impacts on ecological resources.
f. Operational impacts on water quality and ecological resources.

g. Operational impacts on water quality and ecological resources. An NPDES permit must be obtained for this blowdown rate, blowdown temperature, withdrawal rate or
temperature rise.

h. Operational impacts on water quality and local climatology.
i. Noise impacts.
j. Visual impacts.
Impacts of the main condenser cooling system will usually bound impacts from operation of the Ultimate Heat Sink.
Operational impacts on water quality and aquatic ecological resources.
. The atmospheric dispersion values presented in PPE Sections 9.1 and 9.2 represent typical site parameter values assumed by reactor vendors.

Values listed for Section 9.3 are regulatory standards for effluent concentrations, doses from routine operations, and doses from postulated accidents. The applicant must
demonstrate that the plant is capable of meeting these standards considering the plant design and, for the dose standards, dilution and dispersion conditions at the site.

Release point characteristics (Section 9.4.1 - Section 9.4.6) are used to calculate atmospheric dispersion factors used: S - In the Site SAR to demonstrate compliance with
requirements listed in Section 9.3, and, E - In the ER to estimate impacts from routine and accident-scenario atmospheric releases.

p. Source term data (Section 9.5.1 -Section 9.5.3) are used to calculate dose consequences used: S - In the Site SAR to demonstrate compliance with requirements listed in
Section 9.3, and, E - In the ER to estimate impacts from routine and accident-scenario atmospheric releases.

gq. See Section 9.5. Tables in Chapter 15 of RG 1.70 list the design and accident sequence parameters necessary to derive these source terms. Applicants must obtain
calculated release values from the vendor/A-E for designs under consideration.

r. Values listed for Section 10.1 are regulatory standards for effluent concentrations, doses from routine operations, and doses from postulated accidents. The applicant must
demonstrate that the plant is capable of meeting these standards considering the plant design and, for the dose standards, dilution and dispersion conditions at the site.

s. Flow rate and dilution characteristics (Section 10.2) are used to calculate dilution factors used: S - In the Site SAR to demonstrate compliance with requirements listed in
Section 10.1, and, E - In the ER to estimate impacts from liquid effluents.

t. Liquid discharge data (Section 10.3.1 - Section 10.3.2) are used to calculate dose consequences used: S - In the Site SAR to demonstrate compliance with requirements
listed in Section 10.1, and, E - In the ER to estimate impacts from liquid effluents.

Environmental effects of the uranium fuel cycle, including solid waste management, are set forth in Table S-3 of 10 CFR 51.20. Reference to this Table is made in the
applicant’s ER.

Operational impacts of non-radiological atmospheric emissions.

. Transport requirements for component delivery.
Total acreage footprint for site facilities is used to estimate construction impacts on ecological resources.
Socio-economic impacts of plant construction and operation.

23 - %

°

c

< x g <

North Anna Revision 4
Early Site Permit Application 2-1-34 May 2005



Table 1.3-2 Bounding Value Notes for Table 1.3-1

1.

® N o o b~ w DN

Bounding value from AP1000 criteria.

Bounding value from GT-MHR criteria.
Bounding value from ABWR/ESBWR criteria.
Bounding value from PBMR criteria.

Bounding value from ACR-700 criteria.
Bounding value common for the seven designs.
Bounding value from IRIS criteria.

The Spectrum A missiles were for plants that used the November 24, 1975 version of the SRP; for all plants since, the Spectrum | or Il of the July 1981 version of the SRP was
to be used.

9. The bounding Make-up Flow Rate is a calculated value based on the sum of the bounding Evaporation rate plus the bounding Blowdown Flow Rate.

The bounding value for the Monthly Average Consumption of Raw Water is a calculated value based on the maximum bounding make-up flow rate times the bounding
capacity factor (PPE Section 16.6).

11. Bounding value from ESBWR criteria.

12. The Gaseous (Normal) source term bounding value is the sum of the bounding values of the yearly released activity for each nuclide type for each reactor (ABWR, AP1000,
ACR-700). These were the only reactor types with adequate information available. See Table 1.3-8.

13. The liquid waste source term bounding value is the sum of the bounding values of the yearly released activity for each nuclide type for each reactor (ABWR, AP1000,
ACR-700). These were the only reactor types with adequate information available. The PBMR value was not supported by isotopic data and was not used in the evaluation.
See Table 1.3-7.

14. Two-unit simultaneous construction staffing is based on 170% of single unit build. This assumes optimum timing between units and is based on rough estimates by Bechtel.
Refined information will be contingent upon type of plant built, and plant location.
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Table 1.3-3 Blowdown Constituents and Concentrations?

Bounding Value

Concentration (ppm)b

Constituent

River Well/
Treated Envelope Notes
Source
Water

Chlorine demand 10.1 -- 10.1 c,d,e
Free available chlorine 0.5 -- 0.5 f
Chromium -- -- --
Copper -- 6 6 f
Iron 09 3.5 3.5 f
Zinc -- 0.6 0.6 f
Phosphate -- 7.2 7.2 c,d.e
Sulfate 599 3500 3500 f
Oil and grease -- -- --
Total dissolved solids -- 17,000 -- cd,e
Total suspended solids 49.5 150 150 f
BOD, 5-day -- -- --

a. See PPE Section 2.3.3, 2.4.3, and 3.3.3.

b. Assumed cycles of concentration equals 4.

c. Bounding value from ABWR/ESBWR criteria.

d. Bounding value from AP1000 criteria.

e. Bounding value from PBMR criteria.

f. Bounding value common for the seven designs.
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Table 1.3-4 Yearly Emissions Auxiliary Boilers?

Bounding Value

Pollutant Dischargedb Quantity (Ib.) Notes

Particulates 9,900 c
Sulfur oxides 31,703 d
Carbon monoxide 1749 d
Hydrocarbons 50,100 e
Nitrogen oxides 19,022 d
a. See PPE Section 12.2.
b. Emissions are based on 30 days/yr operation for each of the generators.
c. Bounding value from ABWR/ESBWR criteria.
d. Bounding value from ACR-700 criteria.
e. Bounding value from AP1000 criteria.

Table 1.3-5 Yearly Emissions From Standby Diesel Generators?

Bounding Value

Pollutant Dischargedb Quantity (Ib.) Notes

Particulates <1,230 c
Sulfur oxides 4,608 d
Carbon monoxide 4,600 e
Hydrocarbons 3,070 e
Nitrogen oxides 28,968 d

See PPE Section 15.1.

Emissions are based on 4 hrs/month operation for each of the generators.
Bounding value from IRIS criteria.

Bounding value from ABWR/ESBWR criteria.

Bounding value from ACR-700 criteria.

® oo o
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Table 1.3-6 Standby Power System Gas Turbine Flue Gas Effluents?

Fuel: Distillate 20°F Ambient
9,890 BTU/kWH (LHV)
10,480 BTU/KWH (HHV)

Bounding Value

Fuel Consumption Rate 121,200 Ib/hr b

Effluent Quantity® (Ib.) Notes
NOy (PPMVD @15% O5) 42 d
NO, as NO, 2016 d
CO (PPMVD) 31 d
CO 912 d
UHC (PPMVD) 3 d
UHC 48 d
VOC 10 b
SO, 1882 d
S04 30 b
Sulfur Mist 50 b
Particulates 22 b
Exhaust Analysis % Vol
Argon 0.87 d
Nitrogen 72.56 b
Oxygen 12.52 d
Carbon Dioxide 5.19 b
Water 9.87 b

a. See PPE Section 15.2.

b. Bounding value from GT-MHR criteria.

c. Emissions are based on 4 hrs/month operation for each of the generators.

d. Bounding value from ABWR criteria.
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Table 1.3-7 Radionuclides in Annual Normal Liquid Releases (ci/yr)?

Corrosion and

Activation Bounding Fission Bounding Fission Bounding Fission Bounding
Products Value Notes Products Value Notes Products Value Notes Products Value Notes
C-14 0.000440 b Br-84 0.00002 d Rh-103m 0.00493 d Cs-136 0.00063 d
Na-24 0.00281 c Rb-88 0.00027 d Ru-106 0.07352 d Cs-137 0.01332 d
P-32 0.00018 c Rb-89 0.0000441 c Rh-106 0.07352 d Ba-137m 0.01245 d
Cr-51 0.00770 c Sr-89 0.00011 c Ag-110m 0.00105 d Cs-138 0.00019 c
Mn-54 0.0026 c Sr-90 0.0000351 c Ag-110 0.00014 d Ba-140 0.00552 d
Fe-55 0.00581 c Y-90 0.0000031 c Sb-124 0.000679 b La-140 0.00743 d
Mn-56 0.00381 c Sr-91 0.0009 c Te-129m 0.00012 d Ce-141 0.00012 c
Co-56 0.00519 c Y-91 0.00011 c Te-129 0.00015 d Ce-143 0.00019 d
Co-57 0.0000719 c Y-91m 0.00001 d Te-131m 0.00009 d Pr-143 0.00013 d
Fe-59 0.00020 d Sr-92 0.0008 c Te-131 0.00003 d Ce-144 0.00316 d
Co-58 0.00336 d Y-92 0.0006 c I-131 0.01413 d Pr-144 0.00316 d
Co-60 0.00911 c Y-93 0.0009 c Te-132 0.00024 d All others 0.00002 d
Ni-63 0.00014 c Zr-95 0.00104 b 1-132 0.0026 c Total 0.313
(except tritium)
Cu-64 0.00751 c Nb-95 0.00191 b 1-133 0.01 c
Zn-65 0.00041 d Mo-99 0.000830 c I-134 0.0017 c Tritium 3100 b
release

W-187 0.00013 d Tc-99m 0.0008 c Cs-134 0.00993 d
Np-239 0.00311 c Ru-103 0.00493 d 1-135 0.00751 c

a. See PPE Section 10.3.

b. Bounding Value from twin ACR-700 criteria.

c. Bounding Value from design certified ABWR.

d. Bounding Value from AP1000 criteria.
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Table 1.3-8 Radionuclides in Annual Normal Gaseous Releases (ci/yr)?

Bounding Bounding Bounding Bounding
Radionuclide Value Notes Radionuclide Value Notes Radionuclide  Value Notes Radionuclide  Value Notes
Noble Gases lodines Cu-64 1.00E-02 c Ag-110m 2.00E-06 c
Ar-41 3.03E+02 b 1-131 2.59E-01 c Zn-65 1.11E-02 c Sb-124 1.81E-04 ¢
Kr-83m 8.38E-04 ¢ 1-132 219E+00 ¢ Rb-89 432E-05 ¢ Sb-125 6.1E-05 d
Kr-85m 3.6E+01 d 1-133 1.70E+00 ¢ Sr-89 5.68E-03 ¢ Te-129m 219E-04 ¢
Kr-85 4.1E+03 d 1-134 3.78E+00 ¢ Sr-90 1.2E-03 d Te-131m 7.57E-05 ¢
Kr-87 251E+01 ¢ 1-135 241E+00 ¢ Y-90 459E-05 ¢ Te-132 1.89E-05 ¢
Kr-88 4.6E+01 d Others Sr-91 1.00E-03 ¢ Cs-134 6.22E-03 ¢
Kr-89 241E+02 ¢ C-14 9.19E+00 ¢ Sr-92 7.84E-04 ¢ Cs-136 5.95E-04 ¢
Kr-90 3.24E-04 ¢ Na-24 4.05E-03 ¢ Y-91 241E-04 ¢ Cs-137 9.46E-03 ¢
Xe-131m 1.8E+03 d P-32 9.19E-04 ¢ Y-92 6.22E-04 ¢ Cs-138 1.70E-04 ¢
Xe-133m 8.7E+01 d Cr-51 3.51E-02 ¢ Y-93 1.11E-03 ¢ Ba-140 2.70E-02 ¢
Xe-133 4.6E+03 d Mn-54 541E-03 ¢ Zr-95 1.59E-03 ¢ La-140 1.81E-03 ¢
Xe-135m 4.05E+02 ¢ Mn-56 3.51E-03 ¢ Nb-95 8.38E-03 ¢ Ce-141 9.19E-03 ¢
Xe-135 459E+02 ¢ Fe-55 6.49E-03 ¢ Mo-99 5.95E-02 ¢ Ce-144 1.89E-05 ¢
Xe-137 514E+02 ¢ Co-57 8.2E-06 d Tc-99m 297E-04 ¢ Pr-144 1.89E-05 ¢
Xe-138 432E+02 ¢ Co-58 2.3E-02 d Ru-103 3.51E-03 ¢ W-187 1.89E-04 ¢
Xe-139 4.05E-04 ¢ Co-60 1.30E-02 ¢ Rh-103m 1.11E-04 ¢ Np-239 1.19E-02 ¢
Fe-59 8.11E-04 ¢ Ru-106 7.8E-05 d Total 1.307E+04
Ni-63 6.49E-06 ¢ Rh-106 1.89E-05 ¢

a. See Table 1 Section 9.5.1.

b. Bounding Value from twin ACR700 criteria.

c. Bounding Value from ABWR criteria.

d. Bounding Value from AP1000 criteria.
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1.4 Identification of Agents and Contractors

Dominion selected Bechtel Power Corporation (Bechtel) as its primary contractor to assist with the
preparation of the ESP application. In this role, Bechtel supplied personnel, systems, project
management, and resources to work on an integrated team with Dominion.

1.4.1 Bechtel Power Corporation

Bechtel is the nation’s largest power contractor, headquartered in San Francisco. Bechtel has a
history of supporting the nuclear power industry, beginning with the construction in 1950 of the
EBR-1 reactor. Since then, Bechtel has engineered and constructed more than 60,000 MWe of
nuclear power capacity worldwide. Currently, Bechtel has 50,000 employees working on
1,100 projects in 66 different countries around the globe.

1.4.2 Other Contractors

In addition to Bechtel, contractual relationships were established with several specialized
consultants to assist in developing the ESP application.

1.4.2.1 Tetra Tech NUS, Inc.

Tetra Tech NUS, Inc. performed data collection and analysis, and prepared several sections of the
Environmental Report, including the ecological description of the site and vicinity, environmental
impacts of construction, and plant cooling system impacts on terrestrial and aquatic ecosystems.

14.2.2 MACTEC Engineering and Consulting, Inc.

MACTEC Engineering and Consulting, Inc. performed geotechnical field investigations and
laboratory testing in support of SSAR Section 2.5, Geology, Seismology, and Geotechnical
Engineering. That effort included performing standard penetration tests; obtaining core samples
and rock cores; performing cone penetrometer tests, cross-hole seismic tests, and laboratory tests
of soil and rock samples; installing ground water observation wells; and preparing a data report.

1.4.2.3 William Lettis & Associates, Inc.

William Lettis & Associates, Inc. performed geologic mapping and the characterization of seismic
sources in support of SSAR Section 2.5, including literature review, geologic field reconnaissance,
review and evaluation of existing seismic source characterization models, identification and
characterization of any new or different sources, and preparation of the related SSAR sections.

1.4.2.4 Risk Engineering, Inc.

Risk Engineering, Inc. performed probabilistic seismic hazard assessments and related sensitivity
analyses in support of SSAR Section 2.5. These assignments included sensitivity analyses of
seismic source parameters and updated ground motion attenuation relationships, development of
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updated Safe Shutdown Earthquake (SSE) ground motion values, and preparation of the related
SSAR sections.

Section 1.4 References

None
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1.5 Requirements for Further Technical Information

There are no technical information development programs remaining to be performed to support
this application.

Section 1.5 References

None
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1.6 Material Incorporated by Reference

No material has been incorporated by reference in this application.

Section 1.6 References

None
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1.7 Drawings and Other Detailed Information

No such information has been submitted separately as part of this application.

Section 1.7 References

None

2-1-45 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

1.8 Conformance to NRC Regulations and Regulatory Guidance

This section discusses the conformance of the ESP application SSAR with applicable NRC
regulations and guidance. NRC regulations are contained in Title 10 of the Code of Federal
Regulations. NRC guidance is contained in NRC Regulatory Guides (RGs) and the draft NRC
review standard for ESP applications (Reference 1). Exemptions, exceptions, and clarifications to
the requirements and guidance are described below.

NRC regulations are legally binding requirements. If a legally binding requirement applicable to
ESP can not be met, an exemption from the applicable regulation is needed. No exemptions to
NRC regulations are required to support this ESP application. In certain instances, a regulation is
listed because it could have applied under certain conditions. If the conditions are not met,
conformance is specified as “not required” or “not applicable” and an explanation provided.

Exceptions are identified when the guidance can not be met as stated, but the intent or objective
can be achieved by acceptable alternatives.

Clarifications are identified when guidance is met, but additional information is needed to provide
complete understanding of the method of conformance.

Conformance with NRC regulations is described in Section 1.8.1, conformance with NRC RGs is
described in Section 1.8.2, and conformance with NRC Review Standard RS-002 is described in
Section 1.8.3.

1.8.1 Conformance with NRC Regulations

This section describes conformance with the applicable requirements of NRC regulations.
Conformance with the regulation was determined using the acceptance criteria sections of
NUREG-0800, as modified by draft RS-002 (Reference 1, Attachment 2). The NRC regulation
number, title, description of applicable requirements, affected SSAR sections, and statement of
conformance are provided. Exceptions and clarifications to conformance with the regulation are
noted, as appropriate.

Regulation 10 CFR 20
Title Standards for Protection Against Radiation
Description 2.1.1 - Describe the restricted area boundaries in order to determine whether releases in

excess of limits may occur.
13.3.2 - Establishes occupational dose limits for emergencies

Affected Sections 2.1.1,13.3.2
Conformance Conforms
Exceptions None
Clarifications None
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Regulation 10 CFR 20, Appendix B, Table 2

Title Annual Limits on Intake and Derived Air Concentrations of Radionuclides for Occupational
Exposure; Effluent Concentrations; Concentrations for Release to Sewerage

Description Provides radionuclide-specific concentration limits for ingestion of water.

Affected Section 2413

Conformance Conforms

Exceptions None

Clarifications

Defer to the COL application. The types of facilities that would be used to store radioactive
liquids and any associated inventory are unique to each design. Therefore, it is not feasible
to complete this evaluation until a reactor design is selected.

Regulation 10 CFR 50.34(a)(1)
Title Contents of Applications; Technical Information
Description Requires that reactors reflect an extremely low probability for accidents that could result in

Affected Sections
Conformance
Exceptions
Clarifications

the release of significant quantities of radioactive fission products. Section (a)(1)(ii)(D)
further states that EAB and LPZ accident doses should be within 25 Rem TEDE.

2.1.3, Chapter 15
Conforms
None

None

Regulation 10 CFR 50.34(a)(12) [referenced in 52.17]

Title Contents of Applications; Technical Information

Description Requires conformance to current (i.e., probabilistic) NRC seismic criteria
Affected Section 252

Conformance Conforms

Exceptions None

Clarifications None

Regulation 10 CFR 50.34(b)(10) [referenced in 52.17]
Title Contents of Applications; Technical Information
Description This section of the regulation requires conformance to current (i.e., probabilistic) NRC

Affected Section
Conformance
Exceptions
Clarifications

seismic criteria
252
Conforms
None

None
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Regulation 10 CFR 50.47
Title Emergency Plans
Description Describe additional meteorological measurements taken for emergency preparedness

Affected Section
Conformance
Exceptions
Clarifications

planning.
233
Conforms
None
None

Regulation 10 CFR 50.47(b)(4)

Title Emergency Plans

Description Provides requirement for standard emergency classification and action level scheme.
Affected Section 13.3.2

Conformance Conforms

Exceptions None

Clarifications

Following initial approval, any necessary updates in the emergency planning information
would be handled in a COL application.

Regulation 10 CFR 50.55a
Title Codes and Standards
Description Requires structures, systems, and components to be designed and constructed to quality

Affected Sections
Conformance
Exceptions
Clarifications

standards commensurate with the importance of the safety function to be provided.
2.48,24.10,2.5.5

Conforms

None

None

Regulation 10 CFR 50, Appendix A, GDC 2
Title Design Bases for Protection Against Natural Phenomena
Description Requires structures, systems, and components important to safety to be designed to

Affected Sections
Conformance
Exceptions
Clarifications

withstand the effects of natural phenomena.
231,23.2,24.1,248,2.4.10,24.11,2.5.1,25.3

Conforms

None

Section 2.5.3 — This section evaluates the potential for surface deformation only.

Regulation 10 CFR 50, Appendix A, GDC 4

Title Environmental and Dynamic Effects Design Bases

Description Provide information on tornadoes that could generate missiles.
Affected Section 231

Conformance Conforms

Exceptions None

Clarifications None
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Regulation 10 CFR 50, Appendix A, GDC 44
Title Cooling Water
Description Requires an ultimate heat sink capable of accepting the plant’s heat load under normal and

Affected Sections
Conformance
Exceptions
Clarifications

accident conditions.
24.8,249,2411,254,255
Conforms

None

None

Regulation 10 CFR 50, Appendix B

Title Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing Plants
Description Provide a description of the Quality Assurance Program/Plan

Affected Section 171

Conformance Conforms

Exceptions None

Clarifications None

Regulation 10 CFR 50, Appendix E
Title Emergency Planning and Preparedness for Production and Utilization Facilities
Description Section 2.3.3 - Describe additional meteorological measurements taken for emergency

Affected Sections
Conformance
Exceptions

Clarifications

preparedness planning.
Section 13.3.2 - Provide a discussion of plans for coping with emergencies.

2.3.3,13.3.2
Conforms
None

Section 13.3.2 - Following initial approval, any necessary updates in the emergency planning
information would be handled in a COL application.
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Regulation 10 CFR 50, Appendix |

Title Numerical Guides for Design Objectives and Limiting Conditions for Operation to Meet the
Criterion “As Low As Reasonably Achievable” for Radioactive Material in Light-Water-Cooled
Nuclear Power Reactor Effluents

Description Section 2.1.1 - Provides guidelines for radiation exposures to meet ALARA criterion at the

Affected Sections
Conformance
Exceptions

Clarifications

5000 ft radius Exclusion Area Boundary.

Section 2.3.3 — Describe meteorological data used in the compliance with the numerical
guides for doses to meet the criterion of ALARA.

Section 2.3.5 — Demonstrate compliance by characterizing atmospheric transport and
diffusion conditions in order to estimate the radiological consequences of routine releases of
materials to the atmosphere.

2.1.1,2.3.3,2.35
Conforms
None

Section 2.3.5 - Actual values for venting locations, structural dimensions, and layout would
be established during detailed engineering for the selected reactor design. The COL
application would provide confirmation that the actual values are acceptable with respect to
the evaluation in the ESP SSAR

Regulation 10 CFR 50, Appendix S IV(a)
Title Earthquake Engineering Criteria for Nuclear Power Plants
Description The SSE ground motion must be characterized by free-field ground motion response spectra

Affected Section
Conformance
Exceptions
Clarifications

at the free ground surface. The OBE must be characterized by response spectra.
252

Conforms

None

Surface rock conditions are assumed. The OBE has been defined as one third of the SSE
ground motion design response spectra.

Regulation 10 CFR 50, Appendix S IV(b)
Title Earthquake Engineering Criteria for Nuclear Power Plants
Description The potential for surface deformation must be taken into account in the design of the nuclear

Affected Section
Conformance
Exceptions

Clarifications

power plant by providing reasonable assurance that in the event of deformation, certain
structures, systems, and components will remain functional.

253
Conforms
None

This section evaluates the potential for surface deformation only.
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Regulation 10 CFR 50, Appendix S IV(c)
Title Earthquake Engineering Criteria for Nuclear Power Plants
Description Account for seismically induced floods and water waves from either locally or distantly

Affected Sections
Conformance
Exceptions
Clarifications

generated seismic activity and other design conditions.
242,245

Conforms

None

None

Regulation 10 CFR 52, Subpart A
Title Early Site Permits
Description Section 1.1 - Provides requirements for Early Site Permit application.

Affected Sections
Conformance
Exceptions
Clarifications

Sections 2.5.1, 2.5.2 - Describe the seismic and geologic characteristics of the proposed
site.

11,251,252
Conforms
None

None

Regulation 10 CFR 52.17(a)
Title Contents of Applications
Description Sections 2.4.1,2.4.2,2.4.5,2.4.6, 2.4.10, 2.4.12 — Describe the hydrologic characteristics of

Affected Sections
Conformance
Exceptions

Clarifications

the site.

Section 2.4.7 — Provide a description of any icing phenomena with the potential to result in
adverse effects to the intake structure or other safety-related facilities for a nuclear power
plant or plants of specified type that might be constructed on the proposed site.

Section 2.4.9 — Requires that physical characteristics of the site are taken into account to
determine acceptability of site for nuclear power plants.

24.1,242,24.5,2.4.6,24.7,24.9,2.4.10,2.4.12
Conforms
None

Section 2.4.6 — The North Anna Site is not located in a coastal region and not subject to
tsunami flooding.

Regulation 10 CFR 52.17(a)(1)
Title Contents of Applications
Description Provide an analysis and evaluation of the major structures, systems, and components of the

Affected Section
Conformance
Exceptions
Clarifications

facility that bear significantly on the acceptability of the site under the radiological
consequence evaluation factors identified in 10 CFR 50.34(a)(1).

Chapter 15

Conforms

None

The PPE provides this information. Results conform to 50.34(a)(1).
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Regulation 10 CFR 52.17(a)(1)(i)
Title Contents of Applications
Description Specify the number, type and thermal power level of the facilities for which the ESP site may

Affected Section
Conformance
Exceptions
Clarifications

be used.
1.3
Conforms
None
None

Regulation 10 CFR 52.17(a)(1)(ii)

Title Contents of Applications
Description Provide the site boundaries
Affected Section 211

Conformance Conforms

Exceptions None

Clarifications None

Regulation 10 CFR 52.17(a)(1)(vi)
Title Contents of Applications
Description Describe the hydrologic characteristics of the proposed site.

Affected Sections
Conformance
Exceptions

Clarifications

243,244
Conforms
None

None

Regulation 10 CFR 52.17(a)(1)(vii)
Title Contents of Applications
Description Provide the location and description of any nearby industrial, military, or transportation

Affected Sections
Conformance
Exceptions
Clarifications

facilities and routes.
221,222
Conforms

None

None

Regulation 10 CFR 52.17(a)(1)(viii)

Title Contents of Applications

Description Provide the existing and projected population profiles for the area around the site.
Affected Section 213

Conformance Conforms

Exceptions None

Clarifications None
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Regulation 10 CFR 52.17(b)(1)
Title Contents of Applications
Description This section of the regulation requires that certain emergency preparedness information be

Affected Section
Conformance:
Exceptions:
Clarifications:

submitted. The application must identify physical characteristics unique to the proposed site
that could pose a significant implement to the development of emergency plans.

13.3
Conforms
None
None

Regulation 10 CFR 52.17(b)(2)
Title Contents of Applications
Description Provides an option in the regulation to submit a major features emergency plan as part of an

Affected Section
Conformance

Exceptions

Clarifications

ESP application.
13.3
Conforms

Certain EP criteria are not implementable at the ESP stage. See Section 4.0 of the Major
Features Emergency Plan

The applicant has the option to submit the Major Features of an Emergency Plan or a
complete and integrated Emergency Plan. Dominion has elected to exercise the major
features option and has included the required information.

Regulation 10 CFR 52.17(b)(3)
Title Contents of Applications
Description Requires the applicant to identify contacts and arrangements with local, state and federal

agencies with emergency preparedness responsibilities.

Affected Section 13.3

Conformance Conforms

Exceptions None

Clarifications None

Regulation 10 CFR 73.55

Title Requirements for Physical Protection of Licensed Activities in Nuclear Power Reactors
Against Radiological Sabotage

Description Specifies requirements for physical protection of licensed activities against radiological

Affected Section
Conformance
Exceptions
Clarifications

sabotage.
13.6
Conforms
None
None
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Regulation 10 CFR 100
Title Reactor Site Criteria
Description All Sections Not Listed Below — Evaluate the hydrologic characteristics of the site.

Affected Sections
Conformance
Exceptions
Clarifications

Sections 2.5.1, 2.5.2, 2.5.4, 2.5.5 — Provides general criteria that guide the evaluation of the
suitability of the site for nuclear power reactors.

Sections 15.2, 15.4 — Provide requirements that radiological dose consequences meet site
acceptance criteria.
241,245,246,24.7,24.8,24.9,24.11,24.13,2.51,2.5.2,2.5.4,255,152,154
Conforms

None

Section 2.4.13 — Defer to the COL application. The types of facilities that would be used to
store radioactive liquids and any associated inventory are unique to each design. Therefore,
it is not feasible to complete this evaluation until a reactor design is selected.

Regulation 10 CFR 100.3
Title Definitions
Description Defines exclusion area, low population zone, and population center distance as they apply to

Affected Sections
Conformance
Exceptions

Clarifications

10 CFR 100.
212,213
Conforms
None

None

Regulation 10 CFR 100, Subpart B
Title Evaluation Factors for Stationary Power Reactor Site Applications on of After
January 10, 1997
Description Provide information on the exclusion area, low population zone, and population center

Affected Sections
Conformance
Exceptions

Clarifications

distance to the site.
212,213
Conforms

None

None

Regulation 10 CFR 100.20
Title Reactor Site Criteria
Description Sections 2.2.1, 2.2.2 - Provide details of the use characteristics of the site environs.

Affected Sections
Conformance
Exceptions
Clarifications

Section 2.2.3 - The nature and proximity of man-made hazards must be evaluated to
establish site parameters for use in determining whether a plant design can accommodate
commonly occurring hazards, and whether the risk of others hazards is low.

221,222,223
Conforms

None

None
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Regulation 10 CFR 100.20(c)
Title Reactor Site Criteria
Description Sections 2.3.1, 2.3.2 — Describe the consideration that has been given the meteorological

Affected Sections
Conformance
Exceptions
Clarifications

characteristics of the site.

Section 2.3.3 — Describe meteorological data collected for use in characterizing the
meteorological conditions of the site.

Sections 2.4.1,2.4.2,2.4.3,2.4.5, 2.4.6, 2.4.10 — Describe the hydrologic characteristics of
the proposed site.

Section 2.4.4 — Requires that the physical characteristics of the site, including hydrology, be
taken into account when determining site acceptability.

2.4.5 — Provide a description of the surface and subsurface hydrologic characteristics of the
region and an analysis of the potential for flooding due to surges and seiches.

2.4.6 — Provide a description of the hydrologic characteristics of the coastal region in which
the proposed site is located and an analysis of severe seismically induced waves.

Section 2.4.7 — Provide a description of any icing phenomena with the potential to result in
adverse effects to the intake structure or other safety-related facilities for a nuclear power
plant or plants of specified type that might be constructed on the proposed site.

Section 2.4.9, 2.4.12 — Requires that physical characteristics of the site be taken into
account to determine acceptability of site for nuclear power plants.

2.3.1,23.2,23.3,24.1,24.2,24.3,24.4,245,246,24.7,2.4.9,2.4.10,2.4.12
Conforms
None

Section 2.4.6 — The North Anna Site is not located in a coastal region and, therefore, not
subject to tsunami flooding.

Regulation 10 CFR 100.21
Title Non-seismic Siting Criteria
Description Discuss meteorological considerations used in the evaluation to determine an acceptable EA

Affected Section
Conformance
Exceptions

Clarifications

and LPZ.
2.34
Conforms
None

None

Regulation 10 CFR 100.21(c)(1)
Title Non-seismic Siting Criteria
Description Radiological effluent release limits associated with normal operation can be met for any

Affected Sections
Conformance
Exceptions

Clarifications

individual located offsite.
2.35.1

Conforms

None

None
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Regulation 10 CFR 100.21(c)(2)
Title Non-seismic Siting Criteria
Description Radiological dose consequences of postulated accidents shall meet the criteria in

Affected Sections
Conformance
Exceptions
Clarifications

10 CFR 50.34(a)(1).
2.1.3, Chapter 15
Conforms

None

None

Regulation 10 CFR 100.21(d)
Title Non-seismic Siting Criteria
Description Sections 2.3.1, 2.3.2 — Describe the consideration that has been given the meteorological

Affected Sections
Conformance
Exceptions
Clarifications

characteristics of the site.
Section 2.3.3 — Describe meteorological data collected for use in characterizing the
meteorological conditions of the site.

2.3.1,23.2,2.3.3
Conforms

None

None

Regulation 10 CFR 100.21(f)

Title Non-Seismic Siting Criteria

Description Describe the security-related characteristics of the site.
Affected Section 13.6

Conformance Conforms

Exceptions None

Clarifications None

Regulation 10 CFR 100.23
Title Geologic and Seismic Siting Criteria
Description Section 2.4.12 - Sets forth the criteria to determine the suitability of design bases with

Affected Sections
Conformance
Exceptions
Clarifications

respect to seismic characteristics of the site.

Section 2.5.1, 2.5.3, 2.5.5 - Obtain the seismic and geologic data necessary to address site
suitability and identify seismic and geologic factors to be taken into account in the siting and
design of the nuclear power plant.

24.12,25.1,253,255
Conforms

None

None
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Regulation 10 CFR 100.23(c)
Title Geologic and Seismic Siting Criteria
Description Section 2.4.4 — Requires an investigation to obtain geologic and seismic data for evaluating

Affected Sections
Conformance
Exceptions
Clarifications

seismically induced floods, including failure of an upstream dam during an earthquake or low
water levels from failure of a downsteam dam.

Section 2.4.6 — Investigate distantly and locally generated waves or tsunami that have
affected or could affect the proposed site, including available evidence regarding the runup
or drawdown associated with historic tsunami in the same coastal region and local features
of coastal topography that might modify runup or drawdown.

Section 2.4.7 — Provide a description of any icing phenomena with the potential to result in
adverse effects to the intake structure or other safety-related facilities for a nuclear power
plant or plants of specified type that might be constructed on the proposed site.

Section 2.4.11, 2.4.12 — Requires that physical characteristics of the site be taken into
account to determine acceptability of site for nuclear power plants.

Sections 2.5.1, 2.5.2, 2.5.3 — Determine the SSE and its uncertainty, the potential for surface
tectonic and nontectonic deformations, the design bases for seismically induced floods and
water waves, and other design conditions.

Section 2.5.4, 2.5.5 — Consider the geologic and seismic conditions at the site during the
siting and design of the nuclear plant. Investigate the geological and seismological
characteristics of the site in sufficient scope and detail to permit an adequate evaluation of
the proposed site.

24.4,246,24.7,24.11,24.12,251,25.2,25.3,25.4,25.5
Conforms
None

Section 2.4.6 — Since the site is inland and not subject to tsunami flooding, no wave analysis
was performed or investigated. The site is protected from tsunami flooding.

Regulation 10 CFR 100.23(d)(4)
Title Geologic and seismic siting factors
Description Section 2.4.12 — Requires that the physical properties of materials underlying the site be

Affected Section
Exceptions

Clarifications

considered when designing a system to supply cooling water for emergency and long-term
shutdown decay heat removal.

2.4.12
None

None

Regulation 10 CFR 100, Appendix A
Title Seismic and Geologic Siting Criteria for Nuclear Power Plants
Description Investigate the seismic and geologic data necessary to determine site suitability and identify

Affected Sections
Conformance
Exceptions
Clarifications

seismic and geologic factors to be taken into account in the siting and design of the nuclear
power plant.

251,253,255
Conforms
None

None
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1.8.2 Conformance to NRC Regulatory Guides

This section describes conformance with the applicable guidance in published NRC RGs, as
specified in the acceptance criteria sections of NUREG-0800, as modified by draft RS-002
Reference 1, Attachment 2. The RG title, description of applicable guidance, revision number, date,
affected SSAR sections, and statement of conformance are provided. Exceptions and clarifications
to conformance with the guidance in the RG are noted, as appropriate.

Document Regulatory Guide 1.3

Title Assumptions Used for Evaluating the Potential Radiological Consequences of a Loss of
Coolant Accident for Boiling Water Reactors

Description Identifies acceptable methods for implementing AST.

Revision Rev. 2

Date June 1974

Affected Section 15.3

Conformance Conforms

Exceptions None

Clarifications None

Document Regulatory Guide 1.5

Title Assumptions Used for Evaluating the Potential Radiological Consequences of a Steam Line
Break Accident for Boiling Water Reactors

Description Provides information, recommendations, and guidance and in general describes an
acceptable basis to implement the requirements of 10 CFR 100.

Revision [Initial issue]

Date March 1971

Affected Section 234

Conformance Conforms

Exceptions None

Clarifications None

Document Regulatory Guide 1.23

Title Onsite Meteorological Programs

Description Provides the criteria for an acceptable onsite meteorological measurements program.
Revision [Initial Issue]/ Proposed Revision 1

Date 1972/1980

Affected Sections 2.3.2,2.3.3,2.34

Conformance Conforms

Exceptions None

Clarifications None

2-1-58 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

Document Regulatory Guide 1.24

Title Assumptions Used for Evaluating the Potential Radiological Consequences of a Pressurized
Water Reactor Radioactive Gas Storage Tank Failure

Description Provides information, recommendations, and guidance and in general describes an
acceptable basis to implement the requirements of 10 CFR 100.

Revision [Initial Issue]

Date March 1972

Affected Section 234

Conformance Conforms

Exceptions None

Clarifications None

Document Regulatory Guide 1.25

Title Assumptions Used for Evaluating the Potential Radiological Consequences of a Fuel
Handling Accident in the Fuel Handling and Storage Facility for Boiling and Pressurized
Water Reactors

Description Provides information, recommendations, and guidance and in general describes an
acceptable basis to implement the requirements of 10 CFR 100.

Revision [Initial Issue]

Date March 1972

Affected Sections 2.3.4,15.3

Conformance Conforms

Exceptions None

Clarifications None

Document Regulatory Guide 1.27

Title Ultimate Heat Sink for Nuclear Power Plants

Description Section 2.3.1 — The ultimate heat sink meteorological data should be based on long-term
regional records that represent site conditions.
Section 2.4.7 — Describes the ultimate heat sink capabilities that apply.
Section 2.4.8 — Use as a basis for the adequacy of design criteria and provisions where
canals or reservoirs comprise a part of the ultimate heat sink.
Sections 2.4.9,2.4.11,2.4.12,2.4.13, 2.5.4, 2.5.5 — Provides guidance on acceptable criteria
for the ultimate heat sink.

Revision Rev. 2

Date January 1976

Affected Sections 2.31,24.7,248,249,2411,2412,2.413,25.4,255

Conformance Conforms (all sections except as noted below)
Not Required (Sections 2.4.8, 2.4.11, 2.4.13)
Not Applicable (Section 2.4.12)

Exceptions Section 2.4.8 — Canals or reservoirs do not comprise a part of the ultimate heat sink.

Clarifications

Sections 2.4.11, 2.4.13 - The design of the ultimate heat sink would be provided in the COL
application.
Section 2.4.12 — Groundwater will not be used as part of any safety-related function.

None
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Document Regulatory Guide 1.29

Title Seismic Design Classification

Description Identifies the seismic design classification of structures, systems, and components.
Revision Rev. 3

Date September 1978

Affected Sections 242,243,244,245,246,24.7,2.4.8,2.4.10,2.4.12

Conformance Conforms

Exceptions None

Clarifications None

Document Regulatory Guide 1.58

Title Qualification of Nuclear Power Plant Inspection, Examination, and Testing Personnel
Description Provides qualification requirements for inspection, examination and testing personnel.
Revision Rev. 1

Date September 1980

Affected Section 171

Conformance Conforms

Exceptions None

Clarifications

Some of the activities described in this section are included in the operational QA program
and may not be needed for ESP application development.

Document Regulatory Guide 1.59

Title Flood Design Basis for Nuclear Power Plants

Description Provides guidance for estimating the design basis for flooding, considering the worst single
phenomenon and combinations for less severe phenomena.

Revision Rev. 2

Date August 1977

Affected Sections 242,243,244,245,246,24.7,2.48,2.4.10

Conformance Conforms

Exceptions None

Clarifications None
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Document Regulatory Guide 1.60

Title Design Response for Seismic Design of Nuclear Power Plants

Description Smoothed response spectra are generally used for design purposes, for example, a
standard spectral shape that has been used in the past is presented in RG 1.60. These
smoothed spectra are still acceptable when the smoothed design spectra compare favorably
with site-specific response spectra.

Revision Rev. 1

Date December 1973

Affected Section 252

Conformance Not Required

Exceptions Site-specific response spectra are lower than RG 1.60 for low frequencies and exceed

Clarifications

RG 1.60 spectra for high frequencies.
None

Document Regulatory Guide 1.70

Title Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants — LWR
Edition

Description Section 2.0 — Provide information on the geological, seismological, hydrological and

meteorological characteristics of the site and vicinity, in conjunction with present and
projected population distribution and land use and site activities and controls.

Section 2.1.1 — Specify the location of each reactor at the site. Provide a site area map that
shows property lines, site boundary, principal plant structures, other structures within the site
area, exclusion area boundary, and highways, railways, and waterways that traverse the
site. Describe the boundaries of the restricted area (per 10 CFR 20) and how access to this
area will be controlled.

Section 2.1.2 — Address ownership of all lands within the exclusion area. Describe any
activities unrelated to plant operation that may be permitted within the exclusion area.
Describe how traffic on any highways, railways, or waterways that traverse the exclusion
area will be controlled in the event of an emergency.

Section 2.1.3 — Describe the population distributions within 50 miles of the site, including any
seasonal or transient populations. Specify the low population zone. Identify the nearest
population center and the projected cumulative population density.

Section 2.2.1 — Provide maps showing the location and distance from the nuclear plant of all
significant industrial facilities, military installations, oil and gas pipelines, etc. Also show any
nearby air traffic patterns or transportation routes.

Section 2.2.2 — Describe all significant industrial facilities, military installations, oil and gas
pipelines, etc. Detail products manufactured and shipped of a hazardous nature, relationship
of shipping to the intake structure, and airport operations. Also provide a project of future
growth of existing and new types of activities in the vicinity of the plant.

Section 2.2.3 — Determine the design basis external events considering explosions,
flammable vapor clouds, toxic chemical, fires, collisions with the intake structure, and liquid
spills and evaluate the effects of these events on safety-related SSCs.

Section 2.3.1 — Describe the: 1) general climate of the region, 2) seasonal and annual
frequencies of severe weather phenomena, 3) meteorological data used for evaluating the
performance of the ultimate heat sink, 4) design basis tornado, and 5) all other regional
meteorological and air quality conditions used for design and operating basis considerations.

(continued)
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Description
(continued)

Regulatory Guide 1.70 (continued)

Section 2.3.2 — Provide monthly and annual summaries of: 1) wind roses and wind
persistence, 2) air/dewpoint temperatures, 3) extremes of atmospheric water vapor,

4) precipitation, 5) fog and smog, and 6) atmospheric stability, 7) monthly mixing height data,
8) and hourly averages of wind speed and direction. Discuss and evaluate the potential
impact of the plant on the meteorological parameters. Provide all local meteorological and air
quality conditions used for design and operating basis considerations.

Section 2.3.3 — Describe the preoperational and operational programs for meteorological
measurements at the site. Provide joint frequency distributions of wind speed and direction
by atmospheric stability class.

Section 2.3.4 — Provide conservative and realistic estimates of atmospheric diffusion (X/Q) at
the EA and LPZ. Base diffusion estimates on the most representative meteorological data.
Discuss any impacts due to local topography.

Section 2.3.5 — Provide realistic estimates of annual average atmospheric transport and
diffusion characteristic to a distance of 50 miles from the plant. Provide a detailed description
of the model used to calculate realistic annual average X/Q values. Provide a calculation of
the maximum annual average X/Q at or beyond the site boundary for each venting location.
Section 2.4.1 — Describe the site and all safety-related elevations, structures, exterior
accesses, equipment, and systems from the standpoint of hydrologic considerations.
Describe the location, size, shape, and other hydrologic characteristics of streams, lakes,
shore regions, and ground water environments influencing plant siting. Include a description
of existing and proposed water control structures, both upstream and downstream, that may
influence conditions at the site.

Section 2.4.2 — Provide date, level, peak discharge, and related information for major
historical flood events in the site region. The considerations taken to determine the design
basis flood elevation, as well as the elevation itself should be discussed. The effects of local
intense precipitation at the site should be discussed.

Section 2.4.3 — Indicate the methodology and approach used to determine the PMF level.
Include discussion on development of PMP, precipitation losses, runoff models, PMF flow
hydrograph, water level determination, and coincident wave activity.

Section 2.4.4 — Discuss the investigation of seismically induced floods including results for
seismically induced dam failures and antecedent flood flows coincident with the flood peak.
Section 2.4.5 — Discuss the maximum water levels associated with the probable maximum
surge and seiche flooding at the site. Areas to be considered include the probable maximum
hurricane or other probable maximum wind, antecedent water levels, coincident wave action
and run-up and resonance.

Section 2.4.6 — Discuss historical tsunami, either recorded or translated and inferred, that
provide information for use in determining the probable maximum water levels and the
geoseismic generating mechanisms available.

Section 2.4.7 — Describe potential icing effects and design criteria for protecting
safety-related facilities from the most severe ice jam flood, wind-driven ice ridges, or other
ice-produced effects and forces that are reasonably possible and could affect safety-related
facilities with respect to adjacent streams, lakes, etc., for both high and low water levels.
Section 2.4.8 — Present the design basis for the capacity and operating plan for
safety-related cooling water canals and reservoirs.

Section 2.4.9 — Discuss the potential for upstream diversion or rerouting of the source of
cooling water.

Section 2.4.10 — Describe the static and dynamic consequences of all types of flooding on
each pertinent safety-related facility. Present the design bases required to ensure that the
safety-related facilities will be capable of surviving all design flood conditions.

(continued)
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Regulatory Guide 1.70 (continued)

Description
(continued)

Section 2.4.11 — Discuss the impact of low water conditions on safety-related facilities as
well as cooling water and service water systems. For safety-related structures demonstrate
ability to perform adequately with probable minimum flow rate and level. For
non-safety-related water supplies, demonstrate that the supply will be adequate during a
100-year drought.

Section 2.4.12 — Describe ability of the surface water environment to disperse, dilute, or
concentrate accidental liquid releases of radioactive effluents as related to existing or
potential future water users.

Section 2.4.13 (except 2.4.13.3) — Describe the regional and local groundwater aquifers,
formations, sources and sinks and onsite groundwater use, including present and projected
future use. Describe the effects of present and projected groundwater use on gradients and
groundwater or piezometric levels beneath the site. Note any potential groundwater recharge
areas. Indicate the range of values and method of determination for vertical and horizontal
permeability and total and effective porosity (specific yield). Discuss the potential for
reversibility of groundwater flow resulting from local areas of pumping for both plant and
non-plant use. Discuss plans, procedures, safeguards, and monitoring programs to be used
to protect present and projected groundwater use. Identify existing groundwater users.
Discuss the history of groundwater or piezometric level fluctuations beneath and in the
vicinity of the site. Provide groundwater or piezometric contour maps of aquifers beneath and
in the vicinity of the site.

Section 2.4.13.3 — Provide a conservative analysis of a postulated accidental release of
liquid radioactive material at the site.

Section 2.5.1 — Discuss the regional and site geology including:

All geologic and man-made hazards within the site region and relate them to the regional
tectonic structures and tectonic provinces, and geomorphology.

Identify and describe tectonic structures underlying the region surrounding the site and
discuss their geologic history.

Detailed discussions of regional tectonic structures of significance to the site.

Structural geology in the vicinity of the site.

The relationship of the site structure to regional tectonics, with particular attention to specific
structural units such as folds, faults, anticlines, synclines, domes, and basins.

Section 2.5.2 — Determine the SSE and OBE design ground motion based on identification of
tectonic provinces or active geologic structures with which earthquake activity in the region
can be associated.

Section 2.5.3 — Information should be provided to describe whether there exists a potential
for surface faulting at the site.

Section 2.5.4 — Present information that thoroughly defines the conditions and engineering
properties of both soil and/or rock supporting nuclear power plants. The stability of the soils
and rock under plant structures should be evaluated both for static and dynamic loading
conditions. Both the operating and safe shutdown earthquakes should be used in the
dynamic stability evaluation.

Section 2.5.5 — Present information concerning the static and dynamic stability of all soil or
rock slopes, both natural and man-made. Evaluate the stability of the slopes using classic
and contemporary methods of analyses. Include in the evaluation, comparative field
performance of similar slopes. Include in the stability evaluation of man-made slopes
summary data and a discussion of construction procedures, record testing, and
instrumentation monitoring.

Section 2.5.6 — Include information related to the investigation, engineering design,
proposed construction, and performance of all earth, rock, or earth and rock fill
embankments used for plant flood protection or for impounding cooling water required for the
operation of the nuclear power plant.

(continued)
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Regulatory Guide 1.70 (continued)

Description
(continued)

Revision
Date
Affected Sections

Conformance

Exceptions

Clarifications

Chapter 15 — Evaluate the response of the plant to postulated disturbances in process
variables, malfunctions, or failures of equipment. Examine the effects of anticipated process
disturbances and postulated component failures to determine their consequences and to
evaluate the capability of the plant to control or accommodate such failures and situations.

Rev. 3
November 1, 1978

1.1,14,15,16,1.7,1.8,2,2.1.1,21.2,21.3,2.21,2.2.2,2.2.3,2.3.1,2.3.2,2.3.3, 2.3 4,
23.5,24.1,24.2,243,24.4,245,24.6,24.7,24.8,2.4.9,2.4.10,2.4.11,2.4.12, 2.4.13,
251,25.2,253,254,25.5, 2.5.6, Chapter 15

Conforms (all except those listed below)

Partial Conformance (Sections 2.3.5, 2.4.11, 2.5.4, Chapter 15)
Not Required (Section 2.4.13.3)

Not Applicable (Sections 2.4.8, 2.5.6)

Specific design information is not provided.

Section 2.3.5 — Actual values for venting locations, structural dimensions, and layout would
be established during detailed engineering for the selected reactor design. The COL
application would provide confirmation that the actual values are acceptable with respect to
the evaluation in the ESP SSAR.

Section 2.4.11 — Since the Lake Anna water level during drought conditions is determined by
many factors in addition to inflow rate (i.e. air temperature and rejected heat load) the
100-year drought condition does not directly apply to Lake Anna and has not been
determined. Historic and predicted low water levels and durations are presented.

Section 2.4.13.3 — Defer to the COL application. The types of facilities that would be used to
store radioactive liquids and any associated inventory are unique to each design. Therefore,
it is not feasible to complete this evaluation until a reactor design is selected.

Section 2.5.4 — Discussed excavation and backfill in general terms — specific locations,
quantities etc. would be addressed in the COL application when details are known. A brief
summary of the derivation of the SSE and OBE is provided. Discussed subsurface
instrumentation in overall terms — specific locations, types of instrumentation, reading
schedule would be addressed in the COL application when details are known.

Chapter 15 — Most but not all the accidents listed in RG 1.70 are analyzed (e.g., waste gas
decay tank failure not analyzed). The main criteria for selecting the accidents are RG 1.183
and NUREG-0800, as suggested in Chapter 15 of RS-002.

The guidance is written for Part 50 applicants with a known plant design. It is followed to the
extent feasible for an ESP application submitted in accordance with Part 52 using the PPE
approach.

Section 2.4.8 — The cooling water canals and reservoirs at the ESP site are not
safety-related.

Section 2.5.2 — Per RG 1.165, EPRI 1989, evaluated for any needed updating, provides an
acceptable basis for source model description.

Section 2.5.6 — No embankments or dams for plant flood protection or cooling water will be
constructed.

2-1-64 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

Regulatory Guide 1.76, Including March 25, 1988 Interim Staff Position, ALWR Design

Document Basis Tornado

Title Design Basis Tornado for Nuclear Power Plants
Description Defines the design basis tornado.

Revision [Initial Issue]

Date April 1974

Affected Section 2.3.1

Conformance Conforms

Exceptions None

Clarifications None

Document Regulatory Guide 1.77

Title Evaluating the Habitability of a Nuclear Power Plant Control Room During a Postulated
Hazardous Chemical Release

Description Provides information, recommendations, and guidance and in general describes an
acceptable basis to implement the requirements of 10 CFR 100.

Revision [Initial Issue]

Date May 1974

Affected Section 234

Conformance Not Required

Exceptions Control room impacts would be evaluated in the COL application.

Clarifications

None

Document Regulatory Guide 1.78

Title Assumptions for Evaluating the Habitability of a Nuclear Power Plant Control Room During a
Postulated Hazardous Chemical Release

Description Sections 2.2.1, 2.2.2, 2.2.3 — Provides guidance for evaluating the habitability of the control
room during a postulated hazardous chemical release.
Section 2.3.4 — Provides information, recommendations, and guidance and in general
describes an acceptable basis to implement the requirements of 10 CFR 100.

Revision Rev. 1

Date December 2001

Affected Sections 221,222,223,234

Conformance Not Required

Exceptions Section 2.2.3 - The locations and quantities of chemicals that would be stored for the new

Clarifications

units at the ESP site have not been determined, and no detailed control room design
parameters are available at this time. The impact on the new units from chemicals stored
onsite or nearby would be evaluated in the COL application.

None
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Document Regulatory Guide 1.91

Title Evaluations of Explosions Postulated to Occur on Transportation Routes Near Nuclear
Power Plants

Description Describes methods for ensuring that the risk of damage due to an explosion on a nearby
transportation route is sufficiently low.

Revision Rev. 1

Date February 1978

Affected Sections 221,222,223

Conformance Conforms

Exceptions None

Clarifications None

Document Regulatory Guide 1.101

Title Emergency Planning and Preparedness for Nuclear Power Reactors

Description Provides guidance on methods acceptable for complying with regulations for emergency
response plans and preparedness at nuclear power reactors.

Revision Rev. 3

Date August 1992

Affected Sections 13.3.2,13.34

Conformance Conforms

Exceptions Site-specific EALs would be proposed in the COL application.

Clarifications

Revision 4 provides for use of an EAL scheme not referenced in NUREG-0654,
Supplement 2. The yet-to-be-selected design may dictate use of another EAL scheme, or a
site-specific model may be needed. (See Section 13.3.4.)

Document Regulatory Guide 1.102

Title Flood Protection for Nuclear Power Plants
Description Provides guidance on flood protection measures.
Revision Rev. 1

Date September 1976

Affected Sections 242,243,244,245,246,24.7,2.4.8,2.4.10
Conformance Conforms

Exceptions None

Clarifications None
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Document Regulatory Guide 1.111

Title Methods for Estimating Atmospheric Transport and Dispersion of Gaseous Effluents in
Routine Releases from Light-Water-Cooled Reactors

Description Provides criteria for characterizing atmospheric transport and diffusion conditions for
evaluating the consequences of routine releases.

Revision Rev. 1

Date July 1977

Affected Sections 234,235

Conformance Conforms

Exceptions None

Clarifications None

Document Regulatory Guide 1.113

Title Estimating Aquatic Dispersion of Effluents from Accidental and Routine Reactor Releases
for the Purpose of Implementing Appendix |

Description Provides guidance in selecting and using surface water models.

Revision Rev. 1

Date April 1977

Affected Section 2413

Conformance Not Required

Exceptions Defer to the COL application. The types of facilities that would be used to store radioactive

Clarifications

liquids and any associated inventory are unique to each design. Therefore, it is not feasible
to complete this evaluation until a reactor design is selected.

None

Document Regulatory Guide 1.125

Title Physical Models for Design and Operation of Hydraulic Structures and Systems for Nuclear
Power Plants

Description Provides guidance on the use of physical models of hydraulic structures and systems.

Revision Rev. 1

Date October 1978

Affected Sections 245,24.6,2.48,2.4.10

Conformance Not Required

Exceptions None

Clarifications

Physical modeling of hydraulic structures is not necessary for the ESP.
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Document Regulatory Guide 1.132
Title Site Investigations for Foundations of Nuclear Power Plants
Description Provides guidance for site investigation programs.
Revision Rev. 1/Proposed Rev. 2 (Draft RG DG-1101)
Date March 1979/February 2001
Affected Sections 25.1,252,253,254,25.5
Conformance Conforms (all except those listed below)
Partial (Section 2.5.4, 2.5.5)
Exceptions Section 2.5.4 — Only borings used for cross-hole seismic tests were surveyed for deviation.

Clarifications

Only split-spoon and rock core samples were taken. Soil sampling was continuous to 5 m
depth and rock coring was continuous in all borings. Appendix D Borings were spaced
farther apart than recommended because of the general nature of the investigation.

Section 2.5.5 — Only borings used for cross-hole seismic tests were surveyed for deviation
(DG Section 4.3.1.2); Only split-spoon and rock core samples were taken

(DG Section 4.3.2); Soil sampling was continuous to 5 m depth and rock coring was
continuous in all borings. Appendix D Borings were spaced further apart than recommended
because of general nature of investigation (DG Section 4.3.2.2).

None

Document Regulatory Guide 1.138

Title Laboratory Investigations of Soils for Engineering Analysis and Design of Nuclear Power
Plants

Description Describes laboratory investigations and testing practices acceptable for determining soil and
rock properties and characteristics needed for engineering analysis and design for
foundations and earthwork.

Revision [Initial Issue]/Proposed Rev. 1 (Draft RG DG-1109)

Date April 1978/August 2001

Affected Sections 254,255

Conformance Partial Conformance

Exceptions No new cyclic triaxial tests were performed since a large number of high quality cyclic triaxial

Clarifications

tests had been performed previously. No resonant column tests were performed.

None

Document Regulatory Guide 1.145

Title Atmospheric Dispersion Models for Potential Accident Consequence Assessments at
Nuclear Power Plants

Description Identifies acceptable methods for choosing X/Q values for evaluations.

Revision Rev. 1

Date November 1982

Affected Sections 2.3.4,15.2

Conformance Conforms

Exceptions None

Clarifications None
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Document Regulatory Guide 1.165

Title Identification and Characterization of Seismic Sources and Determination of Safe Shutdown
Earthquake Ground Motion

Description Describes acceptable methods to: 1) conduct geological seismological, and geophysical
investigations of the site and region around the site, 2) identify and characterize seismic
sources, 3) perform PSHA, and 4) determine the SSE for the site.

Revision [Initial Issue]

Date March 1997

Affected Sections 251,252,253

Conformance Conforms

Exceptions None

Clarifications

Section 2.5.2 — The evaluation of vibratory ground motion in Section 2.5.2 includes the
development of a conservative SSE ground motion based on two alternate approaches: a
RG 1.165 reference probability approach and a “performance-based” approach. See
Section 2.5.2.6.7. The RG 1.165 approach uses a revised reference probability of mean

5 x 10°°. Section B.3 of RG 1.165, Appendix B recognizes that there are situations in which it
is appropriate to establish a new reference probability on which design-basis ground motions
should be calculated, including, “...if general revisions to PSHA methods or data bases
result in significant changes in hazard predictions for the selected plant sites in Table B.1.”
As discussed in Section 2.5.2.6.7, the PSHA and related analyses performed for the North
Anna ESP site indicate that a new reference probability is appropriate.

Document Regulatory Guide 1.183

Title Alternative Radiological Source Terms for Evaluating Design Basis Accidents at Nuclear
Power Plants

Description Identifies acceptable evaluation methods and dose acceptance criteria for various design
basis accidents using AST.

Revision [Initial Issue]

Date July 2000

Affected Sections 15.1,15.2,15.3, 154

Conformance Conforms

Exceptions None

Clarifications None

2-1-69 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

Document Draft Regulatory Guide DG-1105

Title Procedures and Criteria for Assessing Seismic Soil Liquefaction at Nuclear Power Plant
Sites

Description Provides guidance for evaluation of the behavior of soils subjected to earthquake shaking.

Revision [Initial Issue]

Date March 2001

Affected Sections 252,254,255

Conformance Conforms (Section 2.5.2)
Partial Conformance (Sections 2.5.4, 2.5.5)

Exceptions Sections 2.5.4, 2.5.5 — For updated analysis for ESP, SPT and CPT values were used. The

Clarifications

original analyses using cyclic triaxial test results were modified using newly generated peak
accelerations.

None

Document Regulatory Guide 4.2

Title Preparation of Environmental Reports for Nuclear Power Stations
Description Provide at least one annual cycle of onsite meteorological data.
Revision Rev. 2

Date July 1976

Affected Section 233

Conformance Conforms

Exceptions None

Clarifications None

Document Regulatory Guide 4.4

Title Reporting Procedure for Mathematical Models Selected To Predict Heated Effluent
Dispersion in Natural Water Bodies

Description Provides reporting procedure for mathematical models selected to predict heated effluent
dispersion in natural water bodies

Revision [Initial Issue]

Date May 1974

Affected Section 2413

Conformance Not Required

Exceptions Defer to the COL application. The types of facilities that would be used to store radioactive

Clarifications

liquids and any associated inventory are unique to each design. Therefore, it is not feasible
to complete this evaluation until a reactor design is selected.

None
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Document Regulatory Guide 4.7

Title General Site Suitability Criteria for Nuclear Power Stations

Description Discusses the major site characteristics related to public health and safety that the NRC
considers in determining the suitability of the site.

Revision Rev. 2

Date April 1998

Affected Sections 21.3,234,251,25.2,25.3,254,13.6

Conformance Conforms

Exceptions None

Clarifications None
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1.8.3 Conformance to NRC Review Standard

This section describes conformance to the published draft NRC review standard RS-002
(Reference 1). Draft RS-002, Attachment 2 incorporates and clarifies NRC guidance from the
Standard Review Plan (SRP). For each applicable SRP section listed, the corresponding SSAR
section(s), and a statement of conformance are provided. Exceptions and clarifications are noted,

as appropriate.

RS-002 Section and Title

2.1.1 Site Location and Description

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

2.1.1
Conforms
None

None

2.1.2 Exclusion Area Authority and Control

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

21.2
Conforms
None

None

2.1.3 Population Distribution

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

21.3
Conforms
None

None

2.2.1-2.2.2 Identification of Potential Hazards in Site Vicinity

Sections
Conformance
Exceptions
Clarifications

RS-002 Section and Title

221,222
Conforms
None

None

2.2.3 Evaluation of Potential Accidents

Section
Conformance
Exceptions
Clarifications

RS-002 Section and Title

2.2.3
Conforms
None

None

2.3.1 Regional Climatology

Section
Conformance
Exceptions
Clarifications

2.3.1
Conforms
None

None
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RS-002 Section and Title

2.3.2 Local Meteorology

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

2.3.2
Conforms
None

None

2.3.3 Onsite Meteorological Measurements Program

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

2.3.3
Conforms
None

None

2.3.4 Short-Term Dispersion Estimates for Accidental Atmospheric Releases

Section
Conformance

Exceptions

Clarifications

RS-002 Section and Title

234
Conforms (except as noted below)

Atmospheric dispersion estimates for the Control Room from radiological and onsite
hazardous material releases would be evaluated in the COL application.

None

2.3.5 Long-Term Diffusion Estimates

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

235
Conforms
None

Section 2.3.5 - Actual values for venting locations, structural dimensions, and layout
would be established during detailed engineering for the selected reactor design. The
COL application would provide confirmation that the actual values are acceptable with
respect to the evaluation in the ESP SSAR.

2.4.1 Hydrologic Description

Section 2.4.1
Conformance Conforms
Exceptions: None
Clarifications None
RS-002 Section and Title 2.4.2 Floods
Section 2.4.2
Conformance Conforms
Exceptions None
Clarifications None
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RS-002 Section and Title

2.4.3 Probable Maximum Flood (PMF) on Streams and Rivers

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

24.3
Conforms
None

None

2.4.4 Potential Dam Failures

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

244
Conforms
None

None

2.4.5 Probable Maximum Surge and Seiche Flooding

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

245
Conforms
None

None

2.4.6 Probable Maximum Tsunami Flooding

Section
Conformance
Exceptions
Clarifications

RS-002 Section and Title

24.6
Conforms
None

None

2.4.7 Ice Effects

Section
Conformance
Exceptions
Clarifications

RS-002 Section and Title

247
Conforms
None

None

2.4.9 Channel Diversions

Section
Conformance
Exceptions
Clarifications

RS-002 Section and Title

249
Conforms
None
None

2.4.11 Low Water Considerations

Section
Conformance
Exceptions
Clarifications

2411
Conforms
None
None
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RS-002 Section and Title

2.4.12 Groundwater

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

2.4.12
Conforms
None

None

2.4.13 Accidental Releases of Liquid Effluents in Ground and Surface Waters

Section
Conformance

Exceptions

Clarifications

RS-002 Section and Title

2413
Not Required

Defer to the COL application. The types of facilities that would be used to store
radioactive liquids and any associated inventory are unique to each design. Therefore, it
is not feasible to complete this evaluation until a reactor design is selected.

None

2.5.4 Stability of Subsurface Materials and Foundations

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

254
Conforms
None

None

2.5.5 Stability of Slopes

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

255
Conforms
None

None

3.5.1.6 Aircraft Hazards

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

3.5.1.6
Conforms
None

None

13.3 Emergency Planning

Section
Conformance
Exceptions
Clarifications

RS-002 Section and Title

13.3

Conforms

See Section 13.3.4.
See Section 13.3.4.

15.0 Radiological Consequences of Design Basis Accidents

Section
Conformance
Exceptions
Clarifications

Chapter 15

Conforms

None

The PPE approach in RS-002 was used for the evaluation.
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RS-002 Section and Title 17.1.1 Early Site Permit Quality Assurance Controls

SSAR Section Chapter 17

Conformance Conforms

Exceptions See Section 17.1, QA Manual, Appendix B
Clarifications None

Section 1.8 References

1.  NRC Draft Review Standard RS-002, Processing Applications for Early Site Permits,
December 23, 2002, as supplemented.
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1.9 Site Characteristics and Design Parameters

Table 1.9-1 provides a summary listing of site characteristics that have been established by
analyses presented throughout the SSAR. This list provides a summary of important site
characteristics necessary to establish the findings required by 10 CFR Parts 52 and 100 on the
suitability of the proposed ESP site. This listing is intended to support development of Table 2, “Site
Characteristics and Plant Design Parameters for the Early Site Permit,” as defined by Reference 1.
Table 1.9-1 also provides a listing of design parameters and assumptions about the design of a
nuclear power plant that might in the future be constructed on the ESP site. It was necessary to
assume certain design parameters in order to assess site characteristics.

Section 1.9 References

1. NRC letter to Dominion, J. E. Lyons to D. A. Christian, “Early Site Permit Template,”
June 22, 2004.

2. Draft Regulatory Guide DG-1105, Procedures and Criteria for Assessing Seismic Soil
Liquefaction at Nuclear Power Plant Sites, NRC, March 2001.
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Table 1.9-1

Single Unit/Group Value

Item [Second Unit/Group Value]

ESP Site Characteristics and Design Parameters

Description and References

Part 1 - Site Characteristics

18.3 inches in one hour
(6.1 inches in 5 minutes)
[Same for 2nd unit/group]

Maximum Rainfall Rate

PMP for 1-hour and 5-minute durations of precipitation
at the site

ltem 1.2.1 of Table 1.3-1

Refer to Section 2.4.2.3; Table 2.4-3.

Winter Precipitation

* 100-year Snowpack 30.5 Ib/sq ft

[Same for 2nd unit/group]

* 100-year Snowpack plus
48-hour Maximum
Snowfall

45.5 Ib/sq ft
[Same for 2nd unit/group]

* 48-hour Winter PMP 20.75 inches

[Same for 2nd unit/group]

Weight, per unit area, of the 100-year return period
snowpack at the site

ltem 1.2.2 of Table 1.3-1

Refer to Section 2.3.1.3.4 & Section 2.4.7.6

48-hour maximum snowfall (28.5 inches, =15 Ib/sq ft)
on top of a 100-year return snowpack (30.5 Ib/sq ft).
Iltem 1.2.2 of Table 1.3-1

Refer to Section 2.3.1.3.4 & Section 2.4.7.6

Maximum probable winter rainfall in 48-hour period.
Iltem 1.2.2 of Table 1.3-1
Refer to Section 2.3.1.3.4 & Section 2.4.7.6

Design Response Spectra  Values specified and
illustrated in Section 2.5.2.6

[Same for 2nd unit/group]

Site-specific response spectra
Iltem 1.3.1 of Table 1.3-1
Refer to Section 2.5.2.6.

Capable Tectonic Structures
or Sources

No fault displacement
potential within the
investigative area

[Same for 2nd unit/group]

Conclusion on presence of capable faults or
earthquake sources in the vicinity of the site
Iltem 1.3.4 of Table 1.3-1

Refer to Section 2.5.1.2.4 & Section 2.5.3.2.2

267.39 ft msl
[Same for 2nd unit/group]

Maximum Flood (or
Tsunami)

Water level in the power block area due to the probable
maximum flood (PMF)

Iltem 1.4.1 of Table 1.3-1

Refer to Section 2.4.2.2 & Section 2.4.3

Maximum Ground Water <270 ft msl (maximum
groundwater elevations
range from 265 to 270 ft msl)

[Same for 2nd unit/group]

Site basis for subsurface hydrostatic loading due to
difference in elevation between the site grade elevation
in the power block area and the maximum site ground
water level

ltem 1.4.2 of Table 1.3-1

Refer to Section 2.4.12.4

Maximum Hydraulic
Conductivity

3.4 ft/day
[Same for 2nd unit/group]

Hydraulic conductivity used to assess the accidental
release of liquid effluent to the groundwater
Refer to Section 2.4.12.1.2

0.03 ft/ft
[Same for 2nd unit/group]

Hydraulic Gradient

Hydraulic gradient used to assess groundwater flow
across the ESP site to Lake Anna

Refer to Section 2.4.12.1.2
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Table 1.9-1

Item

Single Unit/Group Value

[Second Unit/Group Value]

ESP Site Characteristics and Design Parameters

Description and References

Distribution Coefficients (Ky)

* Mn-54

+ Fe-55

» Co-60

* Zn-65

* Sr-90

* Ru-106

+ Cs-134

* Cs-137

50 cm3/g
[Same for 2nd unit/group]

165 cm®/g
[Same for 2nd unit/group]

60 cm3/g
[Same for 2nd unit/group]

200 cm3/g
[Same for 2nd unit/group]

15 cmd/g
[Same for 2nd unit/group]

55 cm3/g
[Same for 2nd unit/group]

30 cm®/g
[Same for 2nd unit/group]

30 cm®/g
[Same for 2nd unit/group]

 Distribution coefficients used to assess subsurface
hydrological radionuclide transport
* Refer to Section 2.4.13

Subsurface Material
Properties

+ Liquefaction

* Minimum Bearing
Capacity (Static)

¢ Minimum Shear Wave
Velocity

None at site-specific SSE
(see Note 1)
[Same for 2nd unit/group]

Values in Table 2.5-47
[Same for 2nd unit/group]

Values in Table 2.5-45
[Same for 2nd unit/group.]

 Liquefaction potential at the site
+ ltem 1.5.1 of Table 1.3-1

* Refer to Section 2.5.4.8

+ Allowable load-bearing capacity of layer supporting

plant structures

e Item 1.5.2 of Table 1.3-1
* Refer to Sections 2.5.4.10.1 & 2.5.4.11; Table 2.5-47

» Propagation velocity of shear waves through

foundation materials

e Item 1.5.3 of Table 1.3-1
* Refer to Section 2.5.4.7.1; Table 2.5-45
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Table 1.9-1

Item

Single Unit/Group Value
[Second Unit/Group Value]

ESP Site Characteristics and Design Parameters

Description and References

Tornado

* Maximum Pressure Drop 1.5 psi

* Maximum Rotational
Speed

* Maximum Translational
Speed

* Maximum Wind Speed

* Radius of Maximum
Rotational Speed

* Maximum Rate of
Pressure Drop

[Same for 2nd unit/group]

208 mph
[Same for 2nd unit/group]

52 mph
[Same for 2nd unit/group]

260 mph
[Same for 2nd unit/group]

150 ft
[Same for 2nd unit/group]

0.76 psi/sec
[Same for 2nd unit/group]

Decrease in ambient pressure from normal
atmospheric pressure at the site, due to passage of a
tornado having a probability of occurrence of 1077 per
year

Item 1.6.1 of Table 1.3-1

Refer to Section 2.3.1.3.2.

Rotation component of maximum wind speed at the
site, due to passage of a tornado having a probability of
occurrence of 1077 per year

ltem 1.6.2 of Table 1.3-1

Refer to Section 2.3.1.3.2.

Translation component of maximum wind speed at the
site, due to the movement across ground of a tornado
having a probability of occurrence of 107 per year
Iltem 1.6.3 of Table 1.3-1

Refer to Section 2.3.1.3.2.

Sum of the maximum rotational and maximum
translational wind speed components at the site, due to
passage of a tornado having a probability of occurrence
of 1077 per year

Iltem 1.6.4 of Table 1.3-1

Refer to Section 2.3.1.3.2.

Distance from the center of the tornado at which the
maximum rotational wind speed occurs at the site, due
to passage of a tornado having a probability of
occurrence of 1077 per year

Iltem 1.6.6 of Table 1.3-1

Refer to Section 2.3.1.3.2.

Maximum rate of pressure drop at the site, due to
passage of a tornado having a probability of occurrence
of 1077 per year

Iltem 1.6.7 of Table 1.3-1

Refer to Section 2.3.1.3.2.

Basic Wind Speed

96 mph
[Same for 2nd unit/group]

3-second gust wind velocity, associated with a
100-year return period, at 33 feet (10 meters) above
ground level in the site area.

Refer to Section 2.3.1.3.1

Cooling Water Intake
Structure Ice Formation

Potential for formation of
frazil and anchor ice
[Same for 2nd unit/group]

Refer to Section 2.4.7.4
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Table 1.9-1

Single Unit/Group Value
Item [Second Unit/Group Value]

ESP Site Characteristics and Design Parameters

Description and References

Ultimate Heat Sink Ambient

Air Controlling Parameters
(for reactor designs
requiring an external UHS
system to reach safe
shutdown)

» Worst 30-day daily
average of wet-bulb
temperatures and
coincident dry-bulb
temperatures

+ Worst 1-day daily
average of wet-bulb
temperatures and
coincident dry-bulb
temperatures

+ Worst 5-day daily
average of wet-bulb
temperatures and
coincident dry-bulb
temperatures

* Maximum-Cumulative-
Degree-Days-Below-
Freezing

76.3°F wb/79.5°F db
coincident
[Same for 2nd unit/group]

78.9°F wb/87.7°F db
coincident
[Same for 2nd unit/group]

77.6°F wb/80.9°F db
coincident
[Same for 2nd unit/group]

322 degree (F)-days
[Same for 2nd unit/group]

Iltem 3 of Table 1.3-1
Refer to Section 2.3.1.3.8

Meteorological conditions resulting in the maximum
evaporation and drift loss during any consecutive
30 days.

Meteorological conditions resulting in the minimum
water cooling during any one day.

Meteorological conditions resulting in the minimum
water cooling during any consecutive 5 days.

Meteorological condition resulting in the maximum
formation of surface ice in the UHS basin
Refer to Section 2.3.1.3.8

Atmospheric Dispersion
(CHI/Q) (Accident)

= 0-2 hr @EAB

= 0-8 hr@LPZ

= 8-24 hr @LPZ

= 1-4day @LPZ

» 4-30 day @LPZ

2.26 E-4 sec/m®
[Same for 2nd unit/group]

2.05 E-5 sec/m3
[Same for 2nd unit/group]

1.36 E-5 sec/m®
[Same for 2nd unit/group]

5.58E-6 sec/m®
[Same for 2nd unit/group]

1.55E-6 sec/m3
[Same for 2nd unit/group]

Atmospheric dispersion coefficients used in the design
safety analysis to estimate dose consequences of
accident airborne releases.

Iltem 9.1 of Table 1.3-1

Refer to Sections 2.3.4 & 15.2; Tables 2.3-3, 2.3-13,
& 2.3-14
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Table 1.9-1

Item

Single Unit/Group Value

[Second Unit/Group Value]

ESP Site Characteristics and Design Parameters

Description and References

Dose Consequences

» Post-Accident

10 CFR 50.34(a)(1) and
10 CFR 100 dose limits
[Same for 2nd unit/group]

Iltem 9.3 of Table 1.3-1

Radiological dose consequences due to gaseous
releases from postulated plant accidents

Iltem 9.3.2 of Table 1.3-1

Refer to Sections 15.2 & 15.4

Release Point

¢ Minimum Distance to Site

Boundary

2854.9 ft
[Same for 2nd unit/group]

Item 9.4 of Table 1.3-1

Minimum lateral distance from the ESP Plant
Parameter Envelope (PPE) boundaries to the
Exclusion Area Boundary (EAB)

Iltem 9.4.4 of Table 1.3-1

Refer to Figure 2.1-1.

Selected Site Characteristic
Ambient Air Temperatures

* Maximum Dry Bulb

2% annual exceedance

0.4% annual exceedance

0% exceedance

100-year return period

* Minimum Dry Bulb

1% annual exceedance

0.4% annual exceedance

100-year return period

* Maximum Wet Bulb

0.4% annual exceedance

0% exceedance

100-year return period

Site characteristic wet bulb
and dry bulb temperatures

90°F db/75°F wb coincident
[Same for 2nd unit/group]

95°F db/77°F wb coincident
[Same for 2nd unit/group]

104.9°F db/79°F wb
coincident
[Same for 2nd unit/group]

109°F db
[Same for 2nd unit/group]

18°F db
[Same for 2nd unit/group]

14°F db
[Same for 2nd unit/group]

-19°F db
[Same for 2nd unit/group]

79°F wb
[Same for 2nd unit/group]

84.9°F wb
[Same for 2nd unit/group]

88°F wb
[Same for 2nd unit/group]

Site characteristic wet bulb and dry bulb temperatures
associated with the listed exceedance values and the
100-year return period

Refer to Section 2.3.1.2; Table 2.3-18
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Table 1.9-1 ESP Site Characteristics and Design Parameters

Single Unit/Group Value
Item [Second Unit/Group Value] Description and References

Population Density

» Population density at the Population density meets the + At the time of initial site approval and within about 5

time of initial site guidance of RS-002, Section years hereafter, the population densities, including

approval and within about 2.1.3 for RG 4.7, Regulatory weighted transient population, averaged over any radial

5 years thereafter Position C.4 distance out to 20 miles (cumulative population at a
[Both units/groups] distance divided by the circular area at that distance),

would not exceed 500 persons per square mile.
» Refer to Section 2.1.3.6; Figure 2.1-14

* Population density at the Population density meetsthe < The population densities, including weighted transient

time of initial operation guidance of RS-002, Section population, averaged over any radial distance out to 30
213 miles (cumulative population at a distance divided by
[Both units/groups] the area at that distance), would not exceed 500

persons per square mile at the time of initial operation.
» Refer to Section 2.1.3.6; Figure 2.1-14

« Population density over  Population density meets the + The population densities, including weighted transient

the lifetime of the new guidance of RS-002, Section population, averaged over any radial distance out to 30
units until 2065 21.3 miles (cumulative population at a distance divided by
[Both units/groups] the area at that distance), would not exceed 1000

persons per square mile over the lifetime of new units.
» Refer to Section 2.1.3.6; Figure 2.1-14

» Site Is Away From Very 10 CFR 100.21(h) » Reactor sites should be located away from very
Densely Populated Meets requirement densely populated centers. Areas of low population
Centers [Both units/groups] density are, generally, preferred. However, in

determining the acceptability of a particular site located
away from a very densely populated center but not in
an area of low density, consideration will be given to
safety, environmental, economic, or other factors,
which may result in the site being found acceptable.

» Refer to Section 2.1.3.5.

Population Center Distance 10 CFR 100.21(b) « The distance from the ESP plant parameter envelope
Meets requirement to the nearest boundary of a densely populated center
[Both units/groups] containing more than about 25,000 residents is not less

than one and one-third times the distance from the ESP
plant parameter envelope to the outer boundary of the
LPZ.

» Refer to Sections 2.1.3.5 & 2.3.4

Exclusion Area Boundary 10 CFR 100.21(a) » The exclusion area boundary is the perimeter of a
Meets requirement 5000-ft-radius circle from the center of the abandoned
[Both units/groups] Unit 3 containment.

* Refer to Sections 2.1.1.3, 2.1.2.2,2.2.2.1,2.3.4, 2.3.5,
15.2, & 15.4; Tables 2.3-3, 2.3-13, 2.3-16, 15.4-1,
15.4-3, 15.4-5, 15.4-7, 15.4-9, 15.4-10, 15.4-12,
15.4-14, 15.4-16, 15.4-18, 15.4-19, 15.4-21, 15.4-23,
15.4-25, & 15.4-27; Figure 2.1-1.
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Table 1.9-1

Single Unit/Group Value
Item [Second Unit/Group Value]

ESP Site Characteristics and Design Parameters

Description and References

Low Population Zone (LPZ) 10 CFR 100.21(a)
Meets requirement

[Both units/groups]

The low population zone is a 6-mile-radius circle
centered at the Unit 1 containment building.

Refer to Sections 2.1.3.1, 2.1.3.4, 2.3.4, 2.3.5, 15.2,

& 15.4; Tables 2.3-3, 2.3-14, 15.4-1, 15.4-3, 15.4-5,
15.4-7, 15.4-9, 15.4-10, 15.4-12, 15.4-14, 15.4-16,
15.4-18, 15.4-19, 15.4-21, 15.4-23, 15.4-25, & 15.4-27;
Figure 2.1-2.

Part 2 - Design Parameters

<234 ft
[Same for 2nd unit/group]

Structure Height

The height from finished grade to the top of the tallest
power block structure, excluding cooling towers

Iltem 1.1.1 of Table 1.3-1

Refer to Sections 2.2.3.2.2,2.3.3.1.2, & 2.3.4.

<140 ft
[Same for 2nd unit/group]

Structure Foundation
Embedment

The depth from finished grade to the bottom of the
basemat for the most deeply embedded power block
structure

Iltem 1.1.2 of Table 1.3-1

Refer to Section 2.5.4; Figures 2.5-57 & 2.5-58.

Normal Plant Heat Sink

+ Unit 3 Once-Through
Cooling

Cooling Water Flow Rate 1,140,000 gpm, nominal

Item 2 of Table 1.3-1
Item 2.5 of Table 1.3-1

Total cooling water flow rate through the condenser at
specified heat rejection rate and temperature rise of
18°F.

Iltem 2.5.2 of Table 1.3-1

Refer to Sections 2.4.1.1 and 2.4.8.

Unit 4 Dry Cooling Towers

» Evaporation Rate None or negligible (on the

order of 1 gpm, average)

The expected rate at which water is lost by evaporation
from the cooling water system.
Refer to Sections 2.4.1.1, 2.4.7.2, and 2.4.11.3.

* Makeup Flow Rate None or negligible (on the

order of 1 gpm, average)

The expected rate of removal of water from Lake Anna
to replace evaporative water losses from the cooling
water system.

Refer to Sections 2.4.1.1,2.4.7.2,2.4.11.3, & 2.4.11.4.

Release Point

« Elevation (Post Accident) Ground level

The elevation above finished grade of the release point
for accident sequence releases.
Iltem 9.4 of Table 1.3-1
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Table 1.9-1

Single Unit/Group Value
Item

[Second Unit/Group Value]

ESP Site Characteristics and Design Parameters

Description and References

Source Term

» Gaseous (Post Accident) Values in Section 15.4 tables

(maximum values)
[Same for 2nd unit/group]

Item 9.5 of Table 1.3-1

The activity, by isotope, contained in post-accident
airborne effluents.

Item 9.5.2 of Table 1.3-1

Refer to Section 15.4; Tables 15.4-2, 15.4-4, 15.4-6,
15.4-8, 15.4-11, 15.4-13, 15.4-15, 15.4-17, 15.4-20,
15.4-22, 15.4-24, & 15.4-26.

Plant Characteristics

<4300 MWt
[<8600 MWi]

+ Megawatts Thermal

Item 16 of Table 1.3-1

The thermal power generated by one unit (may be the
total of several modules).

Iltem 16.3 of Table 1.3-1

Refer to Sections 1.2.2, 1.3.2.2, & 15.4.

Notes: 1. Safety-related structures would be founded on rock with no liquefaction potential, or on soil with a factor of
safety against liquefaction equal to or greater than 1.1 (Reference 2), at the SSE ground motion.
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Chapter 2 Site Characteristics

Chapter 2 describes the characteristics of the ESP site.
This section is divided into the following subsections:
» Geography and demography
* Nearby industrial, transportation, and military facilities
* Meteorology
» Hydrology

» Geology and seismology

2.1 Introduction
2.1.1 Site Location and Description

2.1.1.1 Site Location

The ESP site is located within the existing NAPS site. The location of the new units would be
confined to the plant envelope area shown in Figure 2.1-1 and Figure 1.2-4. The eastern boundary
of the plant envelope area is approximately 570 feet west of the center of the existing Unit 1
containment building.

The ESP site is located in the northeastern portion of Virginia in rural Louisa County. The site is on
a peninsula on the southern shore of Lake Anna at the end of State Route 700. The earth dam that
creates Lake Anna is about 5 miles southeast of the site. The North Anna River flows southeasterly,
joining the South Anna River to form the Pamunkey River about 27 miles southeast of the site.

Louisa County includes two incorporated towns, Louisa and Mineral. According to the 2000 Census
survey, the Town of Mineral, which has a population of 424 located within about 1 square mile
(incorporated), is the largest community within 10 miles of the ESP site (Reference 1). Figure 2.1-2
shows the general location of the ESP site and localities surrounding the site within 10 miles.

Regionally, as indicated in Figure 2.1-3, the site is about 40 miles north-northwest of Richmond,
Virginia; 36 miles east of Charlottesville, Virginia; and 22 miles southwest of Fredericksburg,
Virginia. Highways U.S. Route 1 and 1-95, the two principal eastern corridor highways passing
through Richmond, pass within 15 and 16 miles, respectively, east of the site.

2.1.1.2  Site Description

The topography surrounding the ESP site is characteristic of the central Piedmont Plateau with a
gently rolling surface varying from 200 to 500 feet above sea level.

Lake Anna was created to serve the needs of the power station. It is about 17 miles long and has
272 miles of irregular shoreline with various contour and scenic views (Reference 2, Section 2.1).

2-2-1 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

The ESP site lies along the lake shoreline. The land adjacent to Lake Anna is becoming
increasingly residential as the area is developed.

Lake Anna is divided into two separate impoundments: the North Anna Reservoir and the WHTF.
The North Anna Reservoir covers 9600 acres and functions as a storage impoundment for plant
cooling. The smaller 3400-acre WHTF, consisting of three cooling ponds, is separated from the
North Anna Reservoir by a series of dikes.

The NAPS property comprises 1803 acres, of which about 760 acres are covered by water. NAPS
is laid out according to the site plan shown in Figure 2.1-1. Virginia Power and ODEC own, and
Virginia Power controls, all of the land within the NAPS site boundary, including those portions of
the North Anna Reservoir and WHTF that lie within the site boundary. These companies also own
all land outside the NAPS site boundary that forms Lake Anna up to the expected high-water marks.
The NAPS site and all supporting facilities, including the North Anna Reservoir, the WHTF, the earth
dam, dikes, railroad spur, and roads constitute approximately 18,643 acres (Reference 3,
Section 2.1.1.2).

If Dominion decides to proceed with the development of new units at the ESP site, it would first
enter into and obtain appropriate regulatory approvals of an agreement with the NAPS owners to
purchase or lease the ESP site. The agreement or conveyance documents would provide for
mutual use of the NAPS site as a single exclusion area and single restricted area for all nuclear
units within the NAPS property including the new units located within the ESP site.

2.1.1.3 Boundary For Establishing Effluent Release Limits

The ESP exclusion area, shown in Figure 2.1-1, is the perimeter of a 5000-ft-radius circle from the
center of the abandoned Unit 3 containment. This is the same as the exclusion area for the existing
units. There are no residents in this exclusion area. The new units would be located within the ESP
plant envelope area west of the existing units protected area and would be well within the exclusion
area.

Consistent with the licenses for the existing units, the gaseous effluent release limits for the new
units would apply at or beyond the ESP exclusion area, as shown in Figure 2.1-1. The liquid effluent
release limits for the new units would apply at the end of the discharge canal, which is designated
as the release point to unrestricted areas.

All areas outside the exclusion area would be unrestricted areas in the context of 10 CFR 20.
Additionally, the guidelines provided in 10 CFR 50, Appendix | for radiation exposures to meet the
criterion “as low as is reasonable achievable” would be applied at the 5000-ft-radius exclusion area
boundary (EAB).
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2.1.2 Exclusion Area Authority and Control

2.1.21  Authority

As presented in Section 2.1.1.2, if Dominion decides to proceed with the development of new units,
it would enter into and obtain appropriate regulatory approvals to purchase or lease the ESP site
from Virginia Power and ODEC. Under the Virginia Electric Utility Restructuring Act, a certificate
issued by the Virginia State Corporation Commission (“SCC”) will be required before DNNA may
construct and operate additional nuclear units at North Anna. Virginia Code, § 56-580 D. That
section provides that the SCC will permit the construction and operation of electrical generating
facilities upon a finding that such generating facility and associated facilities: 1) will have no
material adverse effect upon the reliability of electric energy service provided by any regulated
public utility and 2) are not otherwise contrary to the public interest.

DNNA and Virginia Electric Power Company (“Virginia Power”) are “affiliated interests” as defined in
the Virginia Affiliates Act, Va. Code §§ 56-76 et seq. As a result, the SCC must also grant prior
approval of any agreements to purchase or lease the ESP site and to provide for joint control of the
exclusion area before DNNA will have access to the site to commence construction. Under Virginia
law, no contract or “arrangement” between a public utility and an affiliate for, among other things,
the purchase, sale, lease or exchange of any property, right or thing is effective unless and until
approved by the SCC. Va. Code § 56-77. (A similar approval may be required in North Carolina, in
which a portion of Virginia Power’s utility service territory is located.)

Under this statutory framework, if DNNA decides to proceed with the construction of new nuclear
units at North Anna, it will negotiate an appropriate agreement to purchase or lease the ESP site
and to provide joint control of the NAPS exclusion area. It is reasonable to presume that if the site
owners are willing to sell or lease the ESP site to allow DNNA to construct and operate new nuclear
units, they will be willing to allow the necessary joint control of the exclusion area. After this
agreement is negotiated, DNNA and Virginia Power will apply to the SCC (and any other public
utility commissions if required) for approval to make the agreement effective. DNNA would also
apply to the SCC for a certificate of public convenience and necessity to allow construction and
operation of the new units. If these approvals—both of which are prerequisites to construction—are
granted, DNNA will have the requisite authority over the exclusion area before construction begins,
consistent with section 2.1.2 of the Standard Review Plan. If these approvals are not granted,
construction cannot occur.

The agreement or conveyance documents would provide for the mutual use of the NAPS site as a
single exclusion area. As part of this arrangement, each party would agree to immediately notify the
other in the event of an emergency and to abide by the reasonable requests of the party declaring
an emergency to exclude non-plant personnel and property from the exclusion area. The parties
would also agree to work cooperatively to control third party activity that might otherwise present an
unacceptable hazard to nuclear operations. Because the appropriate regulatory approvals of the
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conveyance and agreement (pursuant to Virginia Code, 56-77 and 56-580) would be a prerequisite
to Dominion’s development of the new units, such arrangements would be in place before issuance
of a COL for the new units.

The perimeter of the existing NAPS EAB on land is adequately posted with “No Trespassing” signs.
Also, floating bottom-moored buoys supporting the “No Trespassing” signs have been implanted,
with suitable spacing, across the entrance to the small inlet of the North Anna Reservoir
immediately north of the existing units. All markers conform to Virginia state standards. Also, a
log-type boom arrangement and a small number of bottom-moored floating buoys supporting “No
Trespassing” signs have been placed across the entrance to the main cooling water canal
(Canal C). No additional posting would be necessary for the new units.

Along Lake Anna, outside the exclusion area, Virginia Power has granted each land owner an
easement to use a portion of Virginia Power’s property above the fluctuating water line for the
erection of piers, jetties, or other recreational structures for access to the lake. Such structures
require Virginia Power approval as to type and location and are permitted only to the extent that
they would not be detrimental to the development, operation, and maintenance of the electric
generating facilities, the dam, the reservoir, the dikes, and the cooling lagoons. With respect to the
land bordering the cooling lagoons, Virginia Power has granted each land owner a permit to use the
Virginia Power-owned land above the fluctuating water level; however, this permission is expressly
revocable by Virginia Power to the extent necessary to preserve the character and maintain the
operation of the WHTF (cooling lagoons) as a private water treatment facility. A limited number of
landowners have been granted permissions to erect docks on the shoreline within the exclusion
area. Since the ESP plant envelope (as shown in Figure 2.1-1) is located close to the existing units,
Dominion intends to maintain the above practices for the new units in order to safeguard the proper
use of the lake and the cooling lagoons.

2.1.2.2 Control of Activities Unrelated to Plant Operation

A portion of the smallest cooling lagoon, where recreational use is primarily for fishing, lies within
the EAB. Water skiing and recreational boating are more prevalent in the other two, much larger
cooling lagoons, which are entirely outside the exclusion area. Access to the cooling lagoons is
restricted to property owners and their guests, as there is no means of access by boat from the
North Anna Reservoir to any of the cooling lagoons.

Boaters on the North Anna Reservoir also have access to the portion of the lake within the
exclusion area. Such use is largely transient as boaters from the marinas and boat ramps north and
west of the NAPS site access the area between the existing units and the dam.

Should an event that necessitates implementing boating and water use restrictions on Lake Anna
occur, the restrictions would be under the direction and authority of the Virginia Department of
Game and Inland Fisheries (VDGIF), and the Sheriffs’ Departments of Louisa, Spotsylvania, and
Orange Counties. Such arrangements would be documented in the new units’ emergency plan. In
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parallel, the appropriate portions of the emergency plan would be implemented in support of those
state and local actions.

2.1.2.3  Arrangements for Traffic Control

No state or county roads, railways or waterways traverse the ESP exclusion area; therefore, no
traffic control would be required. State Routes 700 and 652 provide access for NAPS staff and
access by the general public to the North Anna Visitor Center. These same routes would provide
similar access to the ESP site.

2.1.3 Population Distribution

The population distribution surrounding the ESP site, up to an 80-kilometer (50-mile) radius, has
been estimated, based on the most recent United States Census Bureau decennial census data
(Reference 4). The population distribution encompasses 9 concentric rings at 2 km (1.2 mi.), 4 km
(2.5 mi.), 6 km (3.7 mi.), 8 km (5.0 mi.), 10 km (6.2 mi.), 16 km (10 mi.), 40 km (24.9 mi.), 60 km
(37.3 mi.), and 80 km (50 mi.), and 16 directional sectors. The projected population estimates for
Years 2010, 2020, 2030, 2040, and 2065 have been calculated with a formula adopted from the
Weldon Cooper Center for Public Service (Reference 6) using the 1990 Census and 2000 Census
data as the base.

2.1.3.1 Resident Population Within 10 Miles

Figure 2.1-2 shows the general locations of the municipalities and other features within 10 miles
(16 kilometers) of the ESP site. According to the 2000 Census survey, Mineral, which has a
population of 424 located within about 1 square mile (incorporated), is the largest community within
10 miles of the site (Reference 4). As reported in NAPS Updated Final Safety Analysis Report
(UFSAR) (Reference 3, Section 2.1.3.1), the population in 1990 was 452. Therefore, the population
of Mineral has remained constant during the past decade.

The population distribution within 10 miles of the site has been computed by overlaying the 2000
Census block points data (the smallest unit of census data) (Reference 4) on the grid shown on
Figure 2.1-2, and summing the population of the census block points falling in each of the polar
sectors comprising the grid. The census block-point summation and allocation has been
accomplished using the Landview 5 (LV5) software, operating directly on census data, and the
MARPLOT mapping software (Reference 5). The system can display Census 2000 demographic
data, jurisdictional entities, and many statistical entities of the U.S. Census Bureau. It can also
calculate Census 2000 population, racial distribution, census block count, and housing unit count
within a user-defined radius. Using MARPLOT, the grid system was created as shown on
Figure 2.1-2. LV5 was designed to summarize the population distribution and other information
once the user selected an area of interest within the grid system. The entire grid system is evenly
divided into sixteen directions, each direction consisting of 22.5 degrees.
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The population distributions and related information were collected and the results tabulated in all
distances of interest for all sixteen directions. In order to generate more accurate counts, census
block points were used in LV5 to calculate population distributions. The LV5 results show that the
Year 2000 resident population within 10 km (6 miles) and 16 km (10 miles) of the ESP site were
5890 and 15,511 persons, respectively.

Population projections for the area within 10 miles of the ESP site up to 65 years from the 2000
census were developed. The formula used for average annual growth (percentage of growth) is
adopted from Reference 6. The Weldon Cooper Center for Public Service group has performed the
2001 provisional population estimates for the Commonwealth of Virginia.

Logro (Population, 4/ Population ;g9)

Annual Average Growth =
(2000 - 1990) x 0.4342945

The 1990 population distributions within each county and city considered in Virginia and Maryland
were also obtained from the U.S. Census Bureau (Reference 12). The same formula also is used
for projection of the transient population up to the Year 2065. The 16-km (10-mile) resident and
transient population for Year 2000 is shown on Figure 2.1-4. The resident and transient 16-km
(10-mile) population projections for the years 2010, 2020, 2030, 2040, and 2065 are given in
Figure 2.1-5 through Figure 2.1-8A.

2.1.3.2 Resident Population Between 10 and 50 Miles

The 50-mile (80-km) radius centered at the ESP site covers thirty counties and four cities in Virginia
and one county in Maryland. The Town of Louisa is approximately 12 miles to the west of the ESP
site. The population of the town has increased from 1088 (Reference 12) to 1401 (Reference 2,
Section 2.2.8.5) between 1990 and 2000. Estimates of the Year 2000 resident population from
within 10 miles to 50 miles from the ESP site were computed using the same methodology used to
develop the 10-mile population distribution.

The population grid from 10 to 50 miles is shown on Figure 2.1-3 and the 50-mile population
distribution for Year 2000 is shown on Figure 2.1-9.

Population projections for the area between 10 and 50 miles for the years 2010, 2020, 2030, 2040,
and 2065 are based on the same methodology as the 10-mile projections. These population
projections are given in Figure 2.1-10 through Figure 2.1-13A, respectively.

Besides the thirty counties within Virginia, the 50-mile radius from the ESP site also encompasses a
portion of Charles County, Maryland. The population portion within that 50-mile radius for Charles
County, which at its closest point is 37 miles northeast of the site, is 9270 based on the 2000
Census data.
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2.1.3.3 Transient Population

2.1.3.3.1  Transient Population Within 10 miles

Information concerning transient population for the area has been collected from several sources,
because this information is not available from the 2000 Census data. The area within 10 miles of
the ESP site is predominantly rural and characterized by farmland and wooded tracts of land. Since
there are no significant industrial or commercial facilities in the area, and none are anticipated
(Reference 3, Section 2.1.3.3), the transient employment population is likely to move out of, rather
than into, the area.

Recreational use of Lake Anna, including Lake Anna State Park, is the greatest contributor to
transient population in the area. The usage of the lake has been estimated from a number of
contributing factors including the number of boat ramps, wet slips, campsites, picnic areas, etc.
These contributing factors are listed in Table 2.1-1.

An estimate of lake usage on a peak weekend day in the peak summer season has been
developed based on representative use of recreational facilities (e.g., boating, picnicking, camping)
provided by the Virginia Department of Conservation and Recreation (Reference 3, Section 2.1.3.3)
and the Lake Anna facilities listed in Table 2.1-1. This estimate does not include lake use by local
residents with their own docks. However, residents should be included in the census data. In
addition, many residents without docks keep their boats in marina wet slips or use the boat ramps
and are, therefore, included in the lake usage.

There are six marinas in the vicinity of the ESP site. The closest one is 1.4 miles north-northeast of
the site. The remaining marinas are from 2 to 2.5 miles distant. A survey of several of the marina
owners indicates that their actual boat launches per ramp range from 15 to 40 per ramp per peak
day, which is significantly lower than the number of 80 per day provided by the Virginia Department
of Conservation and Recreation as an upper limit for ramp usage. The usage per ramp has dropped
as new ramps are added. This has been attributed to parking space limitations and the fact that the
lake usage by recreational boaters may be approaching saturation. A rate of 50 launches per ramp
per day has been selected as being representative of Lake Anna conditions.

Based on 50 launches per ramp per day, these marinas and other boat ramps, including those at
Lake Anna State Park, could provide access for up to 1450 pleasure crafts on the North Anna
Reservoir. Peak day usage estimates of boats moored in wet slips have ranged from 30 to
50 percent. Assuming that all slips are rented, 150 additional boats would be added, bringing the
total (excluding boats from private docks) to 1600. The resulting transient population at three
persons per boat would be 4800 (Reference 3, Section 2.1.3.3).

The two commercial campgrounds, with a combined total of more than 200 campsites, are
estimated by the Virginia Department of Conservation and Recreation to contribute about 650
persons to the transient population, assuming three persons per campsite. The number of
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picnickers has been estimated at 450. Since both campsites have boat ramps, significant double
counting is likely (Reference 3, Section 2.1.3.3).

Lake Anna State Park, which provides facilities for picnicking, fishing, boat launching, swimming,
and biking, has increased in popularity each year. The Park Manager has estimated a peak daily
attendance at 4372 from June through August 2002, and an annual attendance of 187,302 between
July 1, 2001 and June 30, 2002 based on traffic counters. Double counting is likely, as boaters are
included in the traffic count.

The resulting estimated total peak daily transient population on Lake Anna (including the WHTF
and Lake Anna State Park) is less than 11,270 (Table 2.1-2). Given these assumptions and the
potential for double counting, this number is conservative.

Since use of the WHTF is limited to residents and their quests, there are no public boat ramps. The
transient population, estimated at less than 1000, is based on one guest for each resident in the
polar sectors encompassing the WHTF.

Annual transient population is uncertain because of the dramatic drop in boating on weekdays and
non-summer months. Based on Lake Anna State Park data, assuming 180 days of operation, the
average daily attendance is less than one quarter of the peak daily attendance. Conservatively
assuming that the average attendance, excluding the park, is one half the peak daily figure, the total
annual attendance would be about 807,300, based on a 180-day season.

Transient population within 10 miles of the ESP site when combined with the resident population in
that same area for Year 2000 and for projected years 2010, 2020, 2030, 2040, and 2065 are
presented in Figure 2.1-4 through Figure 2.1-8A.

2.1.3.3.2 Transient Population Between 10 and 50 Miles

It is difficult to provide an accurate count of the transient population between 10-mile and 50-mile
concentric circles from the ESP site. There are colleges, schools and hospitals within the 50-mile
radius of the site. However, compared to the resident population within the same 50-mile radius
area, transient population use of these facilities is expected to be insignificant.

Between 10 and 50 miles of the ESP site, Paramount’s Kings Dominion Amusement Park is a
major recreational facility that induces a significant amount of transient population. Paramount’s
Kings Dominion is located 35 miles southeast of the ESP site. The park opens from March to
November and hosts about 2 to 2.5 million visitors annually. According to the park’s public relations
manager, the park could experience slow growth in the future until it reaches its current maximum
capacity of 2.875 million visitors per year (i.e., an additional 15 percent above the current
attendance). On average, the park opens to the public about 138 days per year (Reference 7).
Using the maximum capacity of the park and the average number of days open, the average daily
park visitor count is estimated to be 20,830.
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There is no official count of visitors that come from areas outside the 50-mile radius from the ESP
site. However, the majority of the park visitors are expected to come from the Richmond and
Fredericksburg areas due to their proximity to the park. It is conservatively assumed that 40 percent
of the daily park visitors come from areas outside the 50-mile radius. The 8350 park visitors from
further than 50 miles are considered transient population and that number is included in the
population distribution estimates.

Transient population between 10 and 50 miles of the ESP site when combined with the resident
population in that area for Year 2000 and for projected years 2010, 2020, 2030, 2040, and 2065 are
presented in Figure 2.1-9 through Figure 2.1-13A.

2.1.3.4 Low Population Zone

The Low Population Zone (LPZ) for the ESP site is the same as the LPZ for the existing units. As
shown in Figure 2.1-2, a 6-mile-radius circle centered at the Unit 1 containment building defines the
LPZ. Design basis accidents (DBAs) are evaluated in Chapter 15 to demonstrate that doses at the
LPZ are within the dose limits of 10 CFR 100.21(c). Exposure of individuals to radiation in the LPZ
would be within the limits established in 10 CFR 50.34(a)(1)(ii).

The resident and transient population distribution within the LPZ is indicated in Figure 2.1-4 through
Figure 2.1-8A, based on the 2000 Census and projections through Year 2065. These figures use an
increment of 2 km for distances within a 10-km radius of the ESP site. The 6-mile radius LPZ falls
within the 8—10 km (5-6.2 mile) range. For reporting purposes, the LPZ population is represented
by the population enclosed within the 10-km distance circle.

In summary, the LPZ population for Year 2000 and the projected population through Year 2065 are
as follows:

Year Population

2000 16,705
2010 22,841
2020 28,978
2030 35,112
2040 41,247
2065 56,588

The only school in the LPZ is Livingston Elementary, which is in Spotsylvania County, 5.7 miles to
the north-northeast of the ESP site. Schools within 10 miles of the ESP site are listed in Table 2.1-3
(Reference 8) (Reference 9).
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As demonstrated in the previous section, the only significant source of transient population within
10 miles is recreational use of Lake Anna. Since most of the lake area falls within the LPZ, almost
the entire estimated peak transient population within 10 miles could be in the LPZ.

Considering the available road network leading from the LPZ, together with the availability of private
as well as public vehicles, there is reasonable assurance that these populations could be
evacuated in a timely manner in the event of a DBA.

2.1.3.5 Population Center

The nearest population center to the ESP site with more than 25,000 residents is the City of
Charlottesville, with a 2000 Census population of 45,049 (Reference 4). The closest point of
Charlottesville to the site is 36 miles west. The next closest population center is Fredericksburg,
which is 22 miles northeast of the ESP site. Fredericksburg has a projected Year 2065 population of
about 20,950. The distance to Fredericksburg is well in excess of the minimum population center
distance required by 10 CFR 100.

2.1.3.6  Population Density

Given an approved ESP period of 20 years and an assumed ESP approval date of 2005, the
startup date of new units is conservatively assumed to be 2025. Assuming an operational period of
40 years for new units, new unit operations could extend until 2065.

Figure 2.1-14 shows the actual cumulative populations in Year 2000 and projected cumulative
population in Year 2065 as a function of 10-mile to 50-mile radial distances from the site. On the
same figure, population density curves, spanning the same radial distances, are shown for 500
persons per square mile, and 1000 persons per square mile.

By inspection of the curves for actual population densities of Year 2000 and Year 2065 projections,
it is concluded that at the time of initial site approval and within about 5 years thereafter, the
population densities, including weighted transient population, averaged over any radial distance out
to 20 miles (cumulative population at a distance divided by the circular area at that distance), would
not exceed 500 persons per square mile. The results conform to the guidance in RG 4.7,
Regulatory Position C.4 (Reference 10).

Similarly, by inspection and projection of the same curves to account for trends over the lifetime of
new units, it is concluded that the expected population densities, including weighted transient
population, averaged over any radial distance out to 30 miles (cumulative population at a distance
divided by the area at that distance), would not exceed: 1) 500 persons per square mile at the time
of initial operation, and 2) 1000 persons per square mile over the lifetime of new units
(Reference 11, Section 2.1-3).
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Table 2.1-1 Lake Anna Recreational Facilities

Number of Number of Camp

Facility Distance Wet Slips Ramps Sites

Marinas
Anna Point 2.3 miles NNW 25 1 —
Dukes Creek 2.2 miles E 55 5 —
High Point 2.3 miles NNW 50 4 —
Lake Anna 1.4 miles NNE 160 2 —
Rocky Branch 2.3 miles NNE — 4 —
Sturgeon Creek 2 miles N 36 5 —

Public Landings

Christopher Run Campground 6 miles WNW — 1 152
Hunters Landing 6.6 miles NW — 1 —
Lake Anna Campground 2.5 miles NW — 1 61
Lake Anna Landing 9 miles NW — 1 —
Lake Anna State Park 4.3 miles NNW — 2 —
Pleasants Landing 5.6 miles SE — 1 —
Sullivan’s Landing 8 miles NW — 1 —
Total 326 29 213
Source: Reference 3, Table 2.1-1
Note: “—” means no data was reported in source
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Table 2.1-2 Tourist Attractions, Parks and Recreational Areas

Annual Peak Daily

Facility Location Usage Usage * Comments

Lake Anna 1.4 mi, NNE 530,000 5900 **  Annual usage based on 180 days at 2950
Recreational Usage people per day.

Waste Heat — 90,000 <1000 Peak daily usage based on doubling the
Treatment Facility resident population in cooling lagoon sectors

(one guest per resident). Annual usage based
on 180 days at 500 people per day.

Lake Anna State 2.8 mi, NNW 187,300 4370 Annual use was 187,300 between July 1,

Park 2001 and June 2002. Park closed in winter.
Use includes occupants of boats launched at
the park.

Paramount’s Kings 35mi, SE 2,875,000 20,830 Annual use was 2 to 2.5 million between

Dominion March and November. Add 15% to calculate

Amusement Park maximum capacity. Park closed in winter.

*

Peak daily usage is based on a peak weekend day during the summer.
** This number is based on an average of 3 persons per boat, campsite and picnic area.

Table 2.1-3 Schools Within 10 Miles of ESP Site

Number of Direction

School Students (2002) Distance (miles) from Plant
Louisa County
Louisa County High School 12322 7 WSsSwW
Louisa County Middle School 1.035° 7 WSwW
Spotsylvania County
Livingston Elementary a1t 6 NE

a. Source: Reference 8

b. Source: Reference 9
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Figure 2.1-4 16-Kilometer (10-Mile) Resident and Transient Population
Distribution—2000
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Figure 2.1-5 16-Kilometer (10-Mile) Resident and Transient Population

Distribution—-2010
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Figure 2.1-6 16-Kilometer (10-Mile) Resident and Transient Population
Distribution—2020
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Figure 2.1-7 16-Kilometer (10-Mile) Resident and Transient Population
Distribution—2030

2-2-20 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

Ring Kilor\r’\;r:gers I\T:Ir:egs FS
A 0-2 0-124
B 2-4 124-25
C 4-86 25-3.73
D 6-8 3.73-5.0
E 8-10 50-6.2
F 10-16 6.2-10.0

Figure 2.1-8 16-Kilometer (10-Mile) Resident and Transient Population
Distribution—-2040
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Figure 2.1-8A 16-Kilometer (10-Mile) Resident and Transient Population
Distribution—-2065
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Figure 2.1-10 80-Kilometer (50-Mile) Resident and Transient Population
Distribution—2010
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Distribution—2020
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Distribution—2030
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Figure 2.1-13 80-Kilometer (50-Mile) Resident and Transient Population
Distribution—2040

2-2-27 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

NNE
WNW 213,480
16,009 236,494
19,847
46,04

ENE

3

SSW SSE
D
Ring Kiloﬁ"eﬁ’ers Ring Miles S
A 0-16 0-10
B 16 - 40 10-24.9
c 40-60 | 24.9-37.3
D 60 - 80 37.3-50

Figure 2.1-13A 80-Kilometer (50-Mile) Resident and Transient Population
Distribution—-2065

2-2-28 Revision 4
May 2005



North Anna

Early Site Permit Application
Part 2 - Site Safety Analysis Report

8.0E+06 -

7.0E+06

6.0E+H06 —F

5.0E+06 -

4.0E+06 -

Population

3.0E+06 -

—e—1000/SQ. MI
—=—500/SQ. MI
——Actual 2000

—x— Projected 2040
—x— Projected 2065

2.0E+06

10E+06 -

0.0E+00

Distance From North Anna Site in Miles

40

50

Figure 2.1-14 Population Density

2-2-29

Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

2.2 Nearby Industrial, Transportation, and Military Facilities

2.2.1 Location and Routes

Based on the NAPS UFSAR, Section 2.2.1(Reference 1)), no military bases, missile sites,
manufacturing plants, chemical plants, chemical or other storage facilities, airports, major railroad
lines, major water transportation, or oil and gas pipelines are located within 5 miles of the ESP site.

Major highways, such as Interstates 95 and 64, are located more than 16 miles away from the site.
Nearby U.S. Route 522, is located about 5 miles west of the site. The closest point of Virginia Route
652 is 1.5 miles to the south of the site. The only road that provides access to the site is State
Route 700, coming from the southwest to within about half a mile of the site. No public or
commercial highways, railroads, or waterways traverse the site.

2.2.2 Descriptions

2.2.21 Industrial Facilities

Louisa County is a rural and residential area. There are no substantial industrial activities within 5
miles of the ESP site. Any major industrial expansion in the area is subject to the approval from the
local county planning commission. The Louisa County Board of Supervisors has approved a zoning
ordinance allowing industrial development of approximately 620 acres near the site EAB. Within
10 miles of the site, there are several other areas zoned for industrial development, the largest one
being 150 acres near Pendleton, Virginia. However, there are no plans for development in this area
(Reference 1, Section 2.2.1.1).

Population projections provided in Section 2.1 indicate that among all the neighboring counties,
Spotsylvania County is one of the largest and fastest growing counties in Virginia. The development
in the county is concentrated in the City of Fredericksburg, 22 miles northeast of the ESP site, and
along the 1-95 corridor, which is about 16 miles away from the proposed site (Reference 2). In
addition, nearly half of the county residents commute to the DC area or to Richmond. Therefore,
future major industrial developments are more likely to be concentrated along the 1-95 corridor
rather than within 5 miles of the site.

2.2.2.2  Mining Activities

There are no mining activities within 5 miles of the ESP site.

2.2.2.3 Roads

The roads within 10 miles of the ESP site are shown in Figure 2.1-1. Virginia State Route 700
provides access to the site and State Routes 601 and 652, which run parallel to the Lake Anna
shoreline, pass about 2.2 miles northeast and 1.5 miles south of the site, respectively. Primary
State Route 208 crosses Lake Anna at a point about 2 miles northwest of the site and joins U.S.
Route 522 about 5 miles west of the site.

2-2-30 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

2224 Railroads

The closest railroad line to the ESP site is the main line of the Chesapeake and Ohio Railway,
which runs from Newport News to Chicago. It passes through the towns of Louisa, Mineral,
Fredericks Hall, and Bumpass; its closest approach to the site is about 5.5 miles southwest. A spur
line connects the ESP site with this line.

2.2.2.5 Marine Transportation

There are six marinas in the vicinity of the ESP site (Reference 1, Table 2.1-1). These marinas,
including wet slips and other boat ramps, provide access for up to 1600 pleasure craft on Lake
Anna on a peak day. The closest marina is 1.4 miles north-northeast of the site. The remaining
marinas are from 2 to 2.3 miles distant. The nearest marina stores gasoline in amounts up to about
4000 gallons. There are no large boats or barges on Lake Anna.

2.2.2.6 Airports and Airways

2.2.2.6.1  Airports

Airports within 15 miles of the ESP site as of 2002 are listed in Table 2.2-1; their locations are
presented in Figure 2.2-1. None of the airports are expected to grow substantially in the
foreseeable future (Reference 1, Section 2.2.1.6.1). Only two of the airports are within 10 miles of
the site: Lake Anna Airport and Cub Field.

The Louisa County Airport (Freeman Field), located 11 miles west-southwest of the site, began
operation in 1987 after NAPS was licensed. The airport has a 4300-foot east-west-oriented asphalt
runway, and a shorter 2000-foot turf runway. Operations involve single-engine light aircraft,
primarily. Thirty-two aircraft are based at this airport: 25 single-engine airplanes, 6 multi-engine
airplanes, and one jet. It is a modern well-maintained facility with 120 aircraft operations per week.
(Reference 3)

The Lake Anna Airport, near Bumpass, is 7 miles south-southeast of the site. The airport has
limited facilities. A flight instructor at the Louisa County Airport stated that traffic at the Lake Anna
Airport was very light and consisted primarily of practice landings (Reference 1, Section 2.2.1.6.1).
Landing facilities consist of a 2560-foot asphalt runway. Only two single-engine airplanes are based
at this airport, and on average there are about 70 landings per week (Reference 4).

Cub Field, a private landing strip with an unlighted 1400-foot turf runway, is 10 miles southwest of
the site. It is not licensed and the reported volume of traffic is very light. No aircraft are based at this
field. (Reference 1, Section 2.2.1.6.1)

Data on these airports are provided in Table 2.2-1.
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2226.2 Airways

One civil airway — V223 — and three military training routes — IR714, IR760, and VR1754 — pass
near the ESP site as shown in Figure 2.2-1, which is extracted from the Washington Sectional
Aeronautical Chart issued in 2003 (Reference 5). The centerline of V223 is 5.5 miles west of the
ESP site, and the corridor width is 4 miles on either side of the centerline. No data are kept on traffic
in this airway. The Federal Aviation Administration (FAA) stationed at Richmond International
Airport has characterized the airway as “not heavily used” and estimates traffic at no more than 200
aircraft per day. (Reference 1, Section 2.2.1.6.2)

The centerlines of the military training routes, which are 10 miles across, lie within 1 mile south of
the ESP site. The Oceana Naval Air Station in Virginia Beach, Virginia, which provided data on their
use, controls these routes. Pilots are directed to avoid the NAPS site by flying at the edge of the air
corridor. An officer at Oceana has stated that the aircraft pass no closer than 3 to 4 miles from the
NAPS site. The combined number of flights using these three routes has remained fairly constant.
Flights typically consist of 1 or 2 aircraft, rarely 4 aircraft in a flight. (Reference 1, Section 2.2.1.6.2)

2.2.2.7 Natural Gas or Petroleum Pipelines

There are no oil or gas pipelines within 5 miles of the ESP site.

2.2.2.8 Military Facilities

There are no military facilities within 5 miles of the ESP site.
2.2.3 Evaluation of Potential Accidents

2.2.3.1 Explosions and Flammable Vapor Clouds

The effects of explosion and formation of flammable vapor clouds from the nearby sources are
evaluated below.

2.2.31.1 Truck Traffic

The largest explosive load routinely transported by truck on Virginia highways contains
8500 gallons of gasoline. The explosive force of this quantity of gasoline is estimated to be
equivalent to 50,700 pounds of TNT, using a simple TNT-equivalent yield formula. (Reference 1,
Section 2.2.2.1.1)

According to NRC RG 1.91 (Reference 6), if this amount of gasoline were to explode, a peak
overpressure of 1 pound per square inch (psi) would be experienced as far as 1900 feet away from
the point of explosion. The closest point of Virginia Route 652 to the ESP site is 1.5 miles
(6420 feet). RG 1.91 cites 1 psi as a conservative value of peak positive incident overpressure,
below which no significant damage would be expected. Thus, no significant damage would occur in
the event of an explosion resulting from a gasoline truck traffic accident.
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2.2.3.1.2 Pipelines

No natural gas pipeline or mining facilities are located within 10 miles of the ESP site. There are no
pipelines carrying potentially hazardous materials within 5 miles of the ESP site. Therefore, the
potential for hazards from these sources that could adversely affect safe operation of the plant is
minimal.

2.2.3.2 Aircraft Crashes

In accordance with NUREG-0800, Section 3.5.1.6 (Reference 8), a review of aircraft hazards was
performed because the ESP site lies within 5 miles of the edge of a military route and within 2 miles
of the edge of a federal airway.

2.2.3.21 Airports

None of the airports within 10 miles of the ESP site, as described in Section 2.2.2.6.1 and
Table 2.2-1, supports operations in excess of the threshold criteria specified in RG 1.70
(Reference 7, Section 2.2.2.5).

2.2.3.2.2 Airways

The probabilities (Pgp) per year of an aircraft flying on the nearby airways crashing into a new unit
at the ESP site were estimated using the following relationship, as specified in NUREG-0800
(Reference 8, Section 3.5.1.6).

PFA =CxNxAW
Where:

C = crash rate per mile of flight

N = number of flights per year

A = effective plant area in square miles

W = width of airway (plus twice the distance from the airway edge to the site when the site
is outside the airway) in miles

The PPE indicates that the tallest reactor height is 234 feet above grade. Including consideration of
the nearby safety-related structures (i.e., control building, service building, and auxiliary building)
(Reference 9, Figures 1.2-13, 1.2-15, 1.2-17, 1.2-21, 1.2-23, 1.2-26, 1.2-28, 1.2-29, and 1.2-30), a
total effective plant area of 0.013 square miles was conservatively used in the evaluation.

For Civil Airway V223:
C =4 x 10719 (Reference 8)
W =8+ (2x1.5) =11 miles
N =200 x 365 = 73,000 aircraft/year
Pep = 3.45x 10
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For the military routes:
C =0.2 x 10°® (Reference 1, Section 2.2.2.2.2)
W =10 miles
N = 3000 flights/year x 2 aircraft/flight = 6000 aircraft/year
Pea = 1.56 x 108
These accident probabilities are within the NUREG-0800 guideline of less than 10”7 per year.

2.2.3.3 Toxic Chemicals

RG 1.78 (Reference 10) requires evaluation of control room habitability for a postulated release of
chemicals stored within 5 miles of the control room. As described in Section 2.2.2, there are no
manufacturing plants, chemical plants, storage facilities, major water transportation routes, and oil
or gas pipelines within 5 miles of the ESP site. Therefore, as described in RG 1.78, only two
scenarios were evaluated:

1. Chemicals transported on routes within a 5-mile radius of the site, at a frequency of 10 or more
per year, and with weights outlined in the RG.

2. Chemicals stored within 0.3 miles of the control room in a quantity greater than 100 pounds.

Four roads (State Roads 652, 601, and 208, and U.S. Route 522) pass within 5 miles of the ESP
site. U.S. Route 522 passes about 5 miles to the west-northwest; the other three routes pass the
site at closer distances.

The NAPS UFSAR (Reference 1, Section 6.4.1.3.3) states that due to lack of chemicals and
industrial facilities along these state routes, and considering the longer distance between
Route 522 and the site, no chemicals are transported along these routes at a frequency and weight
sufficient to require evaluation in accordance with the RG. Therefore, the UFSAR concludes that no
significant control room habitability impact on the existing units is expected due to chemicals being
shipped along these routes. Because of the close proximity of the new units to the existing units, no
significant impact would be expected on those persons inhabiting future control rooms for the new
units due to chemical accidents on these routes.

Reported toxic chemicals stored at the NAPS site, which could impact control room habitability for
the existing units, are listed in Table 2.2-2. The list is comparable to that used for the toxic release
evaluation reported in Reference 1, Section 6.4.1.3.3. These chemicals have been evaluated for
the worst-case accidental release of each type of chemical. The results of the evaluation indicate
that the worst-case concentration inside the control room of the existing units for each chemical
analyzed is less than the toxicity limit that could cause a health hazard to the control room
operators. (Reference 1, Section 6.4.1.3.3)
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The locations and quantities of chemicals that would be stored for the new units at the ESP site
have not been determined, and no detailed control room design parameters are available at this
time. The impact on the new units from chemicals stored onsite or nearby would be evaluated in the
COL application.
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Table 2.2-1

Airports Within 15 Miles of the ESP Site

Number of Flight Operations

Longest Runway

Airport Type Distance Sector Commercial Total@ kd2(®  Orientation Length Comments
Lake Anna Civil 6 miles SSE None 3640 12,500 WSW-ENE 2560 ft Occasional use for practice landings.
Planes based there.
Cub Field Private 10 miles WSW None Few 100,000 SSW-NNE 1400 ft Unpaved strip, no facilities, no planes based there.
Louisa Civil 11 miles  WSW None 6240 121,000 W-E 4300 ft 32 planes based there.
County

Source: Reference 1, Table 2.2-1.

a. Year 2002

b. RG 1.70: d < 10 miles, k = 500; d >10 miles, k = 1000; where d is the distance in miles from the site, and k is a constant.

Table 2.2-2 Toxic Chemicals— Largest Single Container Stored at the NAPS Site

Chemical

Quantity

Ammonium Hydroxide 55 gallons

Carbon Dioxide 17 gallons
Hydrazine 300 gallons
Sodium Hydroxide 700 gallons

Source: Reference 1, Table 2.2-3.

North Anna
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Figure 2.2-1 Location of Airports And Airways
Source: Reference 5
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2.3 Meteorology
2.3.1 Regional Climatology

2.3.1.1 Data Sources

Data acquired by the National Weather Service (NWS) at its Richmond, Virginia first-order station
and from its network of cooperative observer stations, as compiled and summarized by the National
Climatic Data Center (NCDC) and its predecessor agencies, have been used to characterize the
regional climatology pertinent to the ESP site.

Normals (i.e., 30-year averages), means and extremes of temperature, rainfall, and snowfall are
based on:

* The 2003 Local Climatological Data (LCD) Annual Summary with Comparative Data for
Richmond, Virginia (Reference 1),

 Climatography of the United States No. 20 (CLIM 20) summaries for the cooperative network
stations of Louisa (Reference 10), Piedmont Research Station (Reference 11) and
Charlottesville 2W, Virginia (Reference 8),

 Climatography of the United States No. 20-44 summary for Partlow 3WNW, Virginia
(Reference 12),

 Climatography of the United States No. 81 (CLIM 81), U.S. Daily Climate Normals (1971-2000)
summaries for Fredericksburg National Park and Gordonsville 3S, Virginia (Reference 39), and

» Cooperative Summaries of the Day (TD3200) for Charlottesville 2W, Fredericksburg National
Park, Gordonsville 35, Louisa, Partlow 3WNW, Piedmont Research Station, Bremo Bluff PWR
and Free Union, Virginia (Reference 40).

First-order NWS stations record observations of other weather elements including winds and
relative humidity (typically on an hourly basis), as well as fog and thunderstorms (when those
events occur). LCD summaries for the Richmond NWS station have been used to describe these
characteristics. Several databases containing hourly temperature measurements (dry- and
wet-bulb) made at this station between 1961 and 2003, or summaries based on portions of that
period of record, have been used to represent various frequencies of occurrence for these
parameters and to evaluate characteristics associated with the ultimate heat sink (Reference 41)
(Reference 42) (Reference 43) (Reference 44).

Design basis extreme wind conditions are characterized based on information in the American
National Standards Institute’s (ANSI) publication “Minimum Design Loads for Buildings and Other
Structures” (Reference 45) and its current version by the American Society for Civil Engineers and
the Structural Engineering Institute (Reference 46). In addition, since the NWS changed the
averaging interval for collecting maximum wind speeds in 1990, the 1989 LCD for Richmond has
been used to report observed fastest-mile-wind information on a long-term basis for the ESP site
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area (Reference 6). Similarly, design basis snow load conditions are characterized based on the
weights of probabilistic snow pack and winter PMP amounts derived from (Reference 46) and
(Reference 47), respectively.

Information on severe weather has been collected from a variety of sources. Severe storm, tornado
and hurricane data have been obtained from the NCDC’s Storm Events database for Virginia
(Reference 3) (Reference 48), Thom (Reference 4), the historical tropical cyclone tracks database
available through the National Oceanic and Atmospheric Administration’s (NOAA) Coastal Services
Center (Reference 49), and Virginia Tropical Cyclone Climatology (Reference 7).

The frequency and magnitude of hailstorms, snowstorms and ice storms have been characterized
by information available in the Climate Atlas of the United States (Reference 50), measurements
from NWS cooperative observation network stations in the ESP site area (Reference 40), and
entries from the NCDC publication “Storm Data” (Reference 51).

Information regarding the climatology of restrictive dilution conditions has been obtained from a
variety of sources dealing with the potential for stagnating conditions and atmospheric mixing
heights in the United States (Reference 14) (Reference 15) (Reference 16).

2.3.1.2 General Climate

The climate in the Piedmont region of Virginia, where the ESP site is located, is classified as
modified continental. Summers are warm and humid, and winters are generally mild. The Blue
Ridge Mountains to the west act as a partial barrier to outbreaks of cold, continental air in winter.
The mountains also tend to channel winds along a general north-south orientation.

Temperatures in the site region rarely exceed 100°F or fall below 0°F (Reference 1).
Site-characteristic dry- and wet-bulb temperatures associated with various exceedance values and
a 100-year return period are listed in Table 2.3-18. The exceedance values were obtained directly
from the NCDC’s Engineering Weather Data summary for Richmond, Virginia covering the 1973 to
1996 period of record (Reference 41). The 100-year return period maximum and minimum dry-bulb
temperatures and wet-bulb temperature are extrapolations of several databases for Richmond
covering the 30-year period from 1973 to 2002 (Reference 42) (Reference 43) (Reference 44).

Based on the latest 30-year normal period from 1971-2000 at Richmond, the area around the site
receives an annual average rainfall of approximately 44 inches. Rainfall is fairly well distributed
over the entire year, with the exception of July and August, when thunderstorm activity raises
monthly totals to between about 4.2 and 4.7 inches (Reference 1). Tropical cyclones can also
contribute significantly to precipitation (rainfall) totals.

Based on the latest 30-year normal period at Richmond, monthly snowfall is greatest during
January and February, averaging 4.3 and 4.8 inches, respectively, with an annual average total of
12.4 inches. The long-term period of record for this station (62 years) is similar: 4.7 and 3.8 inches
in January and February, with a slightly higher annual total of 13.5 inches (Reference 1). Snow
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generally remains on the ground for only 1 or 2 days (Reference 1) although durations of a week or
more have occurred following heavy snowfall events and/or cold air outbreaks after the storm’s
passage (Reference 40).

2.3.1.2.1 Interaction Between Synoptic Scale Processes and Local Conditions

Synoptic scale processes are commonly examined with respect to the general circulation and
general climatological characteristics of a region. Therefore, synoptic scale processes generally
involve examination of gross meteorological conditions, such as prevailing wind patterns,
temperature variability, precipitation patterns, and the occurrence of meteorological phenomena
(e.g., fog, severe storms) in the site region. The analysis of the micrometeorology (local conditions)
of a region usually encompasses the examination of the gross climatic characteristics of the region
with respect to how local conditions can alter or influence a change in the general climatology of the
region at a specific location. There are times when certain meteorological variables would deviate
from the expected normal due to topographic effects or man-made interference.

In general, during light wind conditions, the local environmental conditions predominate, resulting in
a channeling effect of winds such that the airflow patterns follow the contour lines of the region.
Lake Anna has a moderating effect with respect to extreme temperatures in the immediate vicinity
of the site region. For the most part, the general synoptic conditions predominate in regard to
climatic characteristics of the site region; however, during periods of extreme temperatures or light
wind conditions, the local conditions have an influence on the micrometeorology.

2.3.1.3 Severe Weather

2.3.1.3.1 Extreme Winds

According to American National Standard, ANSI A58.1-1982, the operating basis wind velocity at
33 feet (10 meters) above ground level in the ESP site area associated with a 100-year return
period is 64 miles per hour (mph) (Reference 45). The fastest-mile-wind speed is defined as the
passage of one mile of wind with the highest speed for the day. The actual observed
fastest-mile-wind speed at Richmond (68 miles per hour) was recorded at that station in
October 1954 (Reference 6). The 3-second gust wind speed that represents a 100-year return
period is 96 mph at 10 meters above ground. This wind speed was determined in accordance with
the guidance in Reference 46, and is selected as a conservative basic wind speed site
characteristic.

2.3.1.3.2 Tornados

During the period of January 1950 through December 2003, a total of 235 tornadoes were reported
within a 2-degree square area around the ESP site (Reference 3). The 2-degree square is the area
enclosed by two degrees of longitude and latitude lines centered on the ESP site. (Reference 18).
This averages 4.35 tornadoes per year within this area, which includes counties in Virginia, three
counties (Charles, Prince Georges, and Montgomery) in Maryland, one county in West Virginia
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(Hardy), and Washington, D.C. Among those 235 tornadoes, 204 occurred in Virginia, 29 in
Maryland, 2 in Washington, D.C., and none in West Virginia.

Tornado strength is classified according to the Fujita-Pearson scale, ranking from FO (gale) to F5
(incredible). During the 54-year period, no F3 or higher tornadoes were reported in Louisa or
Spotsylvania counties. The most intense tornadoes outside of these counties, and within the
2-degree square area, were three classified as F4. The wind speeds of an F3 tornado range from
158 mph to 206 mph; the wind speeds of an F4 tornado range from 207 mph to 260 mph
(Reference 18).

According to statistical methods proposed by Thom, the probability of a tornado striking a point
within a given area may be estimated as follows (Reference 4) (Reference 18):

ZXt

P ==
A

Where
P = the mean probability per year
z = the mean path area of a tornado
t = the mean number of tornadoes per year
A = the area of concern

The Event Record Details provided in the Storm Events Report list path length and path width for
specific tornadoes (Reference 3). For tornado events within the 2-degree square area around the
ESP site, according to the available recorded data, the calculated mean tornado path length is
3.1 miles and the calculated mean path width is 116.7 yards. These values yield a z value of
0.2056 square mile. Using a 2-degree square area as a basis for A and a value of 4.35 tornadoes
per year yields an annual strike probability of 5.94 x 107, or a recurrence interval of 16,835 years.
The strike probability, multiplied by the intensity probability yields the total probability that a tornado
of a certain strength will strike a certain area. Table 2.3-1 describes the tornado with a total annual
strike probability equal to 1077 of striking the ESP site.

The tornado maximum wind speed consists of two components, a rotational wind speed and a
translational wind speed. Using methods provided in Reference 18, Reference 38, and
Reference 52, and an assumed radius of maximum rotational wind speed of 150 feet, other tornado
parameters have been calculated and are provided in Table 2.3-1. The radius of maximum
rotational wind speed of 150 feet was suggested in Reference 18 for intense tornadoes.
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Table 2.3-1 ESP Site Tornado Parameters

Site
Tornado
Unit of (10-7 per year

Criteria Measure occurrence)
Max. Wind Speed mph 260
Max. Rotational Velocity mph 208
Max. Translation Velocity mph 52
Radius of Max. Rotational Velocity ft 150
Pressure Drop psi 1.5
Rate of Pressure Drop psi/sec 0.76

In 1988, the NRC developed an interim position (Reference 38) to replace the criteria for design
basis tornadoes as specified in the 1974-issued RG 1.76 (Reference 17). Because a considerable
quantity of tornado data is now available that was not available when RG 1.76 was developed, the
Interim Position has concluded that regional maximum wind speeds, as reported in RG 1.76, were
too conservative and that the contiguous United States is better represented by four tornado
regions instead of three. The ESP site is in Region Il, as designated in the Interim Position, which
has a maximum wind speed of 300 mph.

2.3.1.3.3 Tropical Cyclones

On average, a tropical cyclone, or its remnants, can be expected to impact some part of the
Commonwealth of Virginia each year (Reference 7). Tropical cyclones include not only hurricanes
and tropical storms, but systems classified as tropical depressions, sub-tropical depressions, and
extra-tropical storms, among others.

This characterization considers all “tropical cyclones” (rather than systems classified only as
hurricanes or tropical storms) because storm classifications are generally downgraded once landfall
occurs and the system weakens although it may still result in significant rainfall events as it travels
through the site region.

A comprehensive database of historical tropical cyclone tracks (i.e., currently extending from 1851
through 2003), available through the NOAA’s Coastal Services Center and based on information
compiled by the National Hurricane Center (Reference 49), indicates that a total of 55 tropical
cyclone centers or storm tracks have passed within a 100-nautical mile radius of the North Anna
ESP site. Storm classifications and respective frequencies of occurrence over this period of record
are as follows:

* Hurricanes - Category 3 (1), Category 2 (1), and Category 1 (5)

» Tropical Storms - 27
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» Tropical Depressions - 13
» Subtropical Depressions - 1
» Extra-Tropical Storms - 7

Tropical cyclones are responsible for at least two separate record rainfall events in the North Anna
ESP site area. In August 1969, Hurricane Camille, a tropical depression by the time it passed
through the area within 100 nautical miles of the site, resulted in a record 24-hour (daily) rainfall
total of 11.18 inches at the nearby Louisa observation station (see Table 2.3-5). The Louisa station
is part of the NWS'’s cooperative climatological network.

In August 1955, Hurricane Connie passed within about 120 nautical miles of the site at its closest
approach. Although not included in the count of tropical cyclones above, Connie, then classified as
a tropical storm, was responsible for the current record 24-hour (daily) rainfall total at Richmond
International Airport (i.e., 8.79 inches) (see also Table 2.3-5).

2.3.1.3.4 Precipitation Extremes

Historical precipitation extremes (rainfall and snowfall) are listed in Table 2.3-5 along with
climatological extremes of temperature for the available periods of record at selected NWS and
cooperative observing stations in the ESP site area.

As noted in the preceding section, the remnants of Hurricane Camille passed through the site area
in August 1969 and resulted in the overall highest 24-hour (daily) rainfall total recorded at any
station to date in the ESP site area—11.18 inches at the nearby Louisa cooperative observation
station (Reference 10) (Reference 49). Similarly, record 24-hour (daily) rainfall totals for other
nearby stations listed in Table 2.3-5 were attributable to tropical cyclones that passed beyond 100
nautical miles of the ESP site, including:

» Piedmont Research Station (7.85 inches) in June 1972 due to Tropical Storm Agnes
(Reference 40) (Reference 51),

» Richmond (8.79 inches) and Partlow 3WNW (5.45 inches) in August 1955 due to Tropical Storm
Connie (Reference 1) (Reference 12) (Reference 49).

The other 24-hour (daily) rainfall records in Table 2.3-5 are due to both synoptic-scale (e.g., stalled
frontal boundaries) and regional-scale events (i.e., thunderstorms) (Reference 51). For several of
these observing stations (i.e., Louisa, Gordonsville 3S and Charlottesville 2W), record monthly
rainfall totals coincide with these 24-hour (daily) station records.

Table 2.3-5 also summarizes 24-hour (daily) and monthly record snowfall totals for selected stations
in the ESP site area. For the available periods of record, Richmond has logged the highest 24-hour
(daily) amount measuring 21.6 inches in January 1940 (Reference 1). Comparable maxima have
been observed at the other stations ranging from 16.0 to 20.7 inches, many associated with the
same snowstorm (e.g., March 1962).
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Similarly, record monthly totals coincide with several of these 24-hour (daily) station records (e.g.,
at Richmond and Partlow 3WNW) or have occurred at multiple stations in the site area during the
same month, including the overall highest and second-highest monthly totals of 41.0 and
32.2 inches at Partlow 3WNW and Louisa, respectively (Reference 12) (Reference 10) as well as
the records at Piedmont Research Station, Gordonsville 3S and Fredericksburg National Park.

Overall, then, in terms of extreme precipitation events, these station histories indicate that rainfall
and snowfall maxima over the ESP site area, when they occur, are fairly similar.

The weight of the estimated 100-year return period snow pack for the ESP site area is 30.5 pounds
per square foot (Ib/ft2), as determined in accordance with Figure 7-1 and Table C7-3 in the snow
load guidance of Reference 46. The 48-hour winter PMP is 20.75 inches. This estimated
precipitation was linearly interpolated from the 24-hour and 72-hour, 10-square-mile area, values
shown in Figures 35 and 45, respectively, for December (Reference 47). The highest winter PMP
values for the site area occur in December (Reference 47).

As Section 2.4.7.6 indicates, the design features that demonstrate acceptable roof structure
performance for the selected reactor design would be described in the COL application.

2.3.1.3.5 Hail, Snowstorms, and Ice Storms

Frozen precipitation typically occurs in the form of hail, snow, sleet and freezing rain. The frequency
of occurrence of these types of weather events in the ESP site area are based on the latest version
of the Climate Atlas of the United States (Reference 50), published by the NCDC in 2002, which
has been developed from observations made over the 30-year period of record from 1961 to 1990.

Hail can occur at any time of the year and is associated with well-developed thunderstorms, but has
been observed primarily during the spring and summer months. The data indicate that Louisa and
Spotsylvania Counties can expect, on average, hail with diameters greater than or equal to
0.75 inch about one day per year. The occurrence of hailstorms with hail greater than or equal to
1.0 inch in diameter averages less than one day per year.

However, the annual mean number of days with hail 0.75 inch or greater is slightly higher in nearby
southern and eastern Hanover County (just to the southeast of the ESP site), eastern Goochland
County (south of the ESP site) and Henrico County (also southeast of the ESP site), ranging from
one to two days per year. Similarly, hailstorms with hail 1.0 inch or greater occur about one day per
year on average. NCDC cautions that hailstorm events are point observations and somewhat
dependent on population density.

While no hailstorms of note have been recorded in some years, multiple events have been
observed in other years, including four in Louisa County during 1998 and three in Spotsylvania
County during 1993, both with diameters up to 1.75 inches (Reference 48). Therefore, the slightly
higher annual mean number of hail days may be a more representative frequency for the relatively
less-populated ESP site area.
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In terms of extreme hailstorm events, softball size hail (about 4.5 inches in diameter) has been
observed in recent years at two locations in the general ESP site area (Reference 48) - on June 4,
2002 at Free Union, just northwest of Charlottesville in Albemarle County (about 42 miles west of
the ESP site) and on May 4, 1996 at Lignum in central Culpeper County (about 28 miles
north-northwest of the ESP site).

The Climate Atlas (Reference 50) indicates that the occurrence of snowfalls greater than or equal to
1 inch in the ESP site area ranges from about three to five days per year. However, the frequency of
such snow events increases to the west and northwest of the ESP site in far western Louisa
County, north-central Fluvanna County, and much of Albemarle and Orange Counties, ranging
between 6 and 10 days per year. In general, these differences can be attributed to topographic
effects.

On the other hand, the frequency of snowstorms of greater magnitude is similar over the ESP site
area because the weather systems that produce such events often affect fairly large areas. On
average, the data indicate that daily snowfall totals greater than or equal to thresholds of 5 and
10 inches occur less than one day per year.

Nevertheless, daily snowfall totals greater than these threshold values have occasionally occurred
in the site area on more than one day during a given year, e.g., the winters of 1962, 1966, 1987,
and more recently 1996 and 2003 at Louisa and other NWS cooperative observation network
stations in the ESP site area (Reference 40) (Reference 51) - some of the events during these
years appear as daily or monthly total snowfall extremes in Table 2.3-5.

2.3.1.3.6 Thunderstorms

Based on a 67-year period of record, Richmond averages 36 thunderstorm-days per year. July has
the highest frequency of occurrence—about 8 days, on average (Reference 1).

The mean frequency of lightning strikes to earth can be estimated using a method reported by the
Electric Power Research Institute (EPRI) (Reference 53). The EPRI formula assumes a relationship
between the average number of thunderstorm-days per year (T) and the number of lightning strikes
to earth per square mile per year (N).

N=0.31T

As indicated previously, there are 36 thunderstorm-days per year, on average, at Richmond.
Consequently, the number of lightning strokes to earth per square mile is about 11.2 per year. The
ESP site plant envelope area is approximately 0.068 mi?. Using this area as the potential reactor
area, the annual average number of lightning strokes in the reactor area can be calculated as
follows:

11.2/mi%/year x 0.068 mi? = 0.76 lightning strokes per year at the reactor area
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2.3.1.3.7 Restrictive Dilution Conditions

In the ESP site region, the annual frequency of low-level inversions or isothermal layers based at or
below a 500-foot elevation is approximately 30 percent according to Hosler (Reference 14).
Seasonally, the greatest frequencies of inversions occur during the fall and winter (34 and
33 percent, respectively). Spring and summer have the lowest inversion frequencies (about
28 percent of the time for each season). Most of these inversions are nocturnal in nature, generated
through nighttime cooling.

The mean maximum mixing height depth (MMMD) is another indication of the restriction to
atmospheric dilution at a site. The mixing depth is the distance above the ground to which relatively
free vertical mixing occurs in the atmosphere (Reference 15). According to Holzworth, the annual
afternoon MMMD value for the ESP site, is about 4900 feet (Reference 16). The seasonal
afternoon MMMD values for fall and winter are about 4600 feet and 3300 feet, respectively. Shallow
mixing depths have a greater frequency of occurrence during the fall and winter seasons: fall and
winter have a higher frequency of inversions. The actual effect of the mixing height on pollutants
emitted within the mixing depth is determined by the actual hourly mixing heights.

2.3.1.3.8 Meteorological Data for Evaluating the Ultimate Heat Sink

The evaluation for determining the meteorological conditions resulting in the maximum evaporation
and drift loss of water from and the minimum cooling by the ultimate heat sink (UHS) is in
accordance with the guidance of RG 1.27 (Reference 54) and uses data from Reference 42,
Reference 43, and Reference 44. The controlling parameters for the type of UHS selected for the
ESP application (i.e., mechanical draft cooling tower over a buried water storage basin or other
passive water storage facility, as required by the reactor design) are the wet-bulb temperature and
coincident dry-bulb temperature.

The meteorological conditions resulting in the maximum evaporation and drift loss of water from the
UHS are the worst 30-day average combination of the controlling atmospheric parameters.
Calculating “running, 30-day,” daily averages and selecting the 30-day period with the highest daily
average wet-bulb temperature, determined the worst 30-day period. The worst 30-day daily
average of wet-bulb temperatures and coincident dry-bulb temperatures is 76.3°F and 79.5°F,
respectively, based on the referenced data encompassing a 25-year period of record from 1978
to 2003.

The meteorological conditions resulting in minimum water cooling are the worst combination of
controlling atmospheric parameters, including diurnal variations where appropriate, for the critical
time periods unique to the UHS design. The worst 1-day and the worst 5-day daily average of
wet-bulb temperatures and coincident dry-bulb temperatures are considered to conservatively
represent these conditions.

The worst 1-day is the day having the highest daily average wet-bulb temperature. Calculating
‘running, 5-day,” daily averages and selecting the 5-day period with the highest daily average
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wet-bulb temperature determined the worst 5-day period. Both the worst 1-day and the worst 5-day
temperatures were determined using the same reference data over the same period of record as
the worst 30-day temperatures.

The worst 1-day wet-bulb temperature and coincident dry-bulb temperature is 78.9°F and 87.7°F,
respectively. The worst 5-day daily average of the wet-bulb temperatures and coincident dry-bulb
temperatures is 77.6°F and 80.9°F, respectively.

The meteorological conditions resulting in the maximum formation of surface ice (and therefore the
minimum initial volume of liquid water available for cooling) is the cumulative dry bulb temperature
depression below freezing, measured in degree-days. This is determined by integrating over time,
from December 1st of any given year through the following March 31st, the depression below
freezing of the daily mean dry bulb temperature using the meteorological data for the Piedmont
Research Station (Reference 40). The maximum-cumulative-degree-days-below-freezing was
determined to be approximately 322 degree (F)-days, and it occurred in the December 1976—
March 1977 period.

2.3.2 Local Meteorology

2.3.21 Data Sources

Data acquired by the NWS at its Richmond, Virginia first-order station and from six nearby locations
in its network of cooperative observer stations, as compiled and summarized by the NCDC, have
been used to characterize normals (i.e., 30-year averages), means and extremes of temperature,
rainfall and snowfall in the ESP site area. Section 2.3.1.1 lists the sources of these climatological
summaries and data resources. The approximate distance and direction of these climatological
observing stations relative to the ESP site are listed in Table 2.3-2.

First-order NWS stations also record observations of other weather elements including winds and
relative humidity (typically on an hourly basis), as well as fog when those conditions occur, among
others. The 2003 Local Climatological Data summary for the Richmond NWS station has been used
to describe the characteristics of these parameters (Reference 1).

Table 2.3-2 NWS and Cooperative Observing Stations Near the ESP Site

Distance
Station (miles)  Direction
Partlow 3WNW 5 East
Louisa 12 West
Piedmont Research Station 21 Northwest
Gordonsville 3S 22 West
Fredericksburg Nat'l Park 26 Northeast
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Table 2.3-2 NWS and Cooperative Observing Stations Near the ESP Site

Charlottesville 2W 40 West
Richmond 46 Southeast

The closest station to the ESP site, Partiow 3WNW, was decommissioned on December 31, 1976
(Reference 20). Nevertheless, a climatological summary of means and extremes of temperature
and precipitation covering a 20-year period of record from 1952 through 1971 was prepared by the
NCDC (Reference 12). With the exception of temperature measurements from Gordonsville 3S,
longer-term periods of record for the other stations listed in Table 2.3-2, as well as summaries of the
latest 30-year station normals (averages) from 1971 through 2000, are available from NCDC and
have been taken into consideration.

Besides using data from these nearby climatological observing stations, data collected from the
meteorological monitoring system at the existing units was also used to characterize local
meteorological conditions. The onsite primary meteorological tower is about 1750 feet
east-northeast of the Unit 1 containment building (see Figure 2.3-23 and Figure 2.3-24). Based on
proximity, the meteorological parameters (i.e., wind speed and wind direction) collected by this
tower are representative of the ESP site. Consequently, they are appropriate for use in describing
local meteorological conditions.

2.3.2.2 Normal and Extreme Values of Meteorological Parameters

2.3.2.21 Local Climatological Data

Historical extremes of temperature, rainfall and snowfall are presented in Table 2.3-5 for the seven
nearby NWS and cooperative observing stations in the ESP site area that are listed in Table 2.3-2.
The normals, means, and extremes of the more extensive set of measurements and observations
made at the Richmond, Virginia first-order NWS station are provided in Table 2.3-6 (Reference 1).
Table 2.3-7 compares the annual normal (i.e., 30-year average) daily maximum, daily minimum and
daily mean temperatures, as well as the normal annual rainfall and snowfall totals for these stations.
The precipitation extremes have been discussed previously in Section 2.3.1.3.4.

Extreme maximum temperatures have ranged from 100°F to 107°F with the highest reading
observed at Charlottesville 2W in September 1954 (Reference 8). As seen for the extreme rainfall
and snowfall events, the synoptic-scale conditions responsible for periods of excessive heat affect
the overall ESP site area. For example, the record high temperature at Charlottesville 2W was
coincident with the station maxima at Louisa and Piedmont Research Station. Similarly, the 106°F
record maxima at Partlow 3WNW at the end of August and the beginning of September 1953
occurred at the same time that the station records were tied at Louisa and set at Fredericksburg
National Park.

2-2-48 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

Extreme minimum temperatures have ranged from —10°F to —21°F, with the lowest reading
observed at Louisa (about 12 miles west of the ESP site) in February 1996 (Reference 10). Like the
extreme maximum temperatures discussed above, excessive cold air outbreaks affect the overall
ESP site area considering that comparable low temperature records were also set at the same time
at Gordonsville 3S and Bremo Bluff PWR (i.e., —18°F) (Reference 40) and Piedmont Research
Station. The slightly higher record minimum temperatures for Richmond and to some extent
Fredericksburg National Park (i.e., —12°F) (Reference 1) (Reference 40) are probably moderated
somewhat by urban heat-island effects.

Daily mean temperatures for the NWS and cooperative observing stations in Table 2.3-7 are fairly
similar ranging from a low of 54.2°F at Louisa (Reference 10) to a high of 57.6°F at Richmond
(Reference 1). In general, the diurnal (day-to-night) temperature ranges, as indicated by the
differences between the daily maximum and minimum temperatures, are slightly greater at the
more rural stations closest to the ESP site (i.e., Louisa and Partlow 3WNW) than at those stations
within or adjacent to urban areas (i.e., Richmond, Fredericksburg National Park and
Charlottesville 2W). These rural settings typically allow for greater radiational cooling at night.

Normal annual precipitation totals are fairly comparable for these stations ranging from 42.24 to
48.87 inches of rainfall, and from 12.4 to 18.8 inches of snowfall. Notwithstanding the record
24-hour (daily) snowfall total for the site area, the lowest of the range of annual average snowfall
totals (i.e., at Richmond) is considered to be another consequence of urban heating.

On balance then, the more extensive meteorological data available for the Richmond NWS station
are fairly representative of conditions in the ESP site area although slight differences are noted with
respect to minimum temperature extremes, diurnal temperature ranges, and annual average total
snowfall.

The closest station to the ESP site at which observations of fog are made and routinely recorded is
the NWS station at Richmond Byrd International Airport. The 2003 LCD summary for Richmond
(Reference 1) indicates an average of 27.2 days per year of heavy fog conditions based on a
75-year period of record. The NWS defines heavy fog as fog that reduces visibility to one-quarter of
a mile or less.

The frequency of fog conditions at the ESP site would be expected to be somewhat different than
for Richmond. The ESP site is characterized by gentle rolling terrain that rises to an average height
of 50 to 150 feet above Lake Anna’s level. Low regions at the site and in the vicinity of the lake
would be expected to have a higher frequency of fog occurrences attributed to the accumulation of
relatively cool surface air due to drainage flows from higher elevations when compared to the
relatively flat region of the Richmond airport.

a. Average Wind Direction and Speed
The distribution of wind direction and speed is an important consideration when evaluating
transport conditions relevant to site diffusion climatology. The topographic features of the site
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region and/or the general circulation to the atmosphere (i.e., movement of pressure systems
and location of semi-permanent zones) are factors in influencing the wind direction within the
site region. For the ESP site, the prevailing wind is from the south-southwest during the
summer season and from the northwest and north during the winter season. These wind
directions are due primarily to the location of the Bermuda High off the eastern coast of the
United States during the summer season and the development of a cold, high-pressure zone
over the eastern portion of the United States during the winter season.

However, the topographic features of the ESP site region, in conjunction with the movement of
pressure systems and the location of the semi-permanent pressure zones, have a definite
influence on the wind direction distribution. The Blue Ridge Mountains, which are oriented in a
south-southwest to north-northeast direction, are approximately 40 to 50 miles northwest of
the ESP site. Consequently, the prevailing winds during the summer season are from the
south and south-southwest because of the channeling effect created by the presence of the
Blue Ridge Mountains. Additionally, the Blue Ridge Mountains act as a barrier to the prevailing
westerly winds at the surface; but even more so, they act as a barrier to the movement of
low-pressure cells from the Gulf of Mexico region to the northeast portion of the United States.
Consequently, low-pressure cells that are generated in the Gulf are frequently forced to move
toward the east on the back (west) side of the Blue Ridge Mountains, therefore resulting in a
southerly flow of air in the ESP site region instead of a southeast or easterly wind.

Topographic features also influence the wind direction distribution during light winds. Usually,
during episodes of near calm, the pressure gradient is weak and there is no organization in the
general circulation. However, due to topographic effects such as the presence of Lake Anna,
the airflow would typically follow the contour lines of the land. Air is channeled along Lake
Anna and the North Anna River Valley during light wind conditions. If there is a sufficient
temperature gradient between the ambient air over the lake and surrounding land, a weak lake
breeze could form. However, the lake breeze would affect only the area in the immediate
vicinity of the lake (less than 1 mile) (Reference 13, Section 2.3.2.2.1.1).

The seasonal and annual average distributions of wind direction based on site data are
presented in Figure 2.3-1 through Figure 2.3-10 for the lower (33 ft) and upper (159 ft) tower
levels (Reference 13). Winds occur on an annual basis along a north-south orientation with a
general westerly component. Wind direction distributions based on the lower level data are
similar to those based on the upper level data. However, the upper level data indicate a more
distinct north-south orientation of wind flows. Richmond wind data show a
south-southwest/north orientation (Reference 1) that is similar to the general wind flow at the
ESP site.

Wind direction distributions show seasonal variations. The frequencies of northerly and
southerly winds are generally equivalent during the fall season. Winds from the northwest and
south-southwest sectors characterize wind flows during the winter. During the spring season,
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the wind flow is predominantly from the northwest at the lower level. During the summer
months, the predominant wind is from the south-southwest.

Atmospheric dilution is directly proportional to the wind speed (other factors remaining
constant). The seasonal and annual median wind speeds at the ESP site are presented in
Table 2.3-8. As indicated in the table, mean wind speeds show seasonal variations.

The mean annual wind speeds at the ESP site are 6.3 mph and 8.6 mph at the lower and
upper tower level, respectively. The annual frequencies of calm are 0.37 and 0.75 percent for
the lower and upper tower levels, respectively (Reference 13, Section 2.3.2.2.1.1).

. Wind Direction Persistence

Wind persistence is important when considering potential effects of radiological release. It is
defined as a continuous flow from a given direction or range of directions. Wind persistence
roses for meteorological data collected at the NAPS site are presented in Figure 2.3-11
through Figure 2.3-20. The maximum 22.5-degree range direction persistence episodes
recorded at NAPS during the period of record from the data for the lower level was a 26-hour
wind from the north. The maximum persistence period at the upper level was 33 hours from
the west-northwest. In general, extreme persistence periods (greater than 18 hours) at the
ESP site are associated with moderately high winds and relatively low or moderate turbulence
(Reference 13, Section 2.3.2.2.1.2).

. Atmospheric Stability

Atmospheric stability, as applied in this report, is determined by the AT method as defined by
the NRC (Reference 13, Section 2.3.3.2).

The seasonal and annual frequencies of stability classes and associated wind speeds for the
ESP site are presented in Table 2.3-9. The vertical stability data, based on AT site
measurements, indicate the predominance of neutral and slightly stable conditions
(Reference 13, Section 2.3.2.2.1.1).

Extremely unstable conditions (Stability Class A) are more frequent and extremely stable
conditions (Stability Class G) are less frequent during the summer than during the winter. This
situation is attributed to the greater solar heating of the surface during the summer and the
large-scale restrictive dilution conditions that generally occur during the winter. Also, ground
snow cover is conducive to the formation of stable (or inversion) conditions.

Instrumentation is available in the main control room of the existing units by which personnel
can identify atmospheric stability. This instrumentation is presented in Section 2.3.3.1.5. From
the temperature recorder presented in Section 2.3.3.1.3, a AT can be ascertained. The
existing units” Emergency Plan Implementing Procedures identify station-specific instructions
and appropriate temperature values for determining RG 1.23, Table 2 (Reference 21)
atmospheric stability classifications. This stability classification method allows for the rapid
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assessment of pertinent meteorological parameters by control room personnel in the event of
an accidental release of radioactive material to the atmosphere.

2.3.2.3 Potential Influence of the Plant and the Facilities on Local Meteorology

Lake Anna, comprising the North Anna Reservoir and the WHTF, has some effects on diffusion
climatology, with those effects mainly confined to the immediate area of the lake. Slade
(Reference 22) has documented that on average, a 50 percent reduction of horizontal wind
direction fluctuation values and a 25 percent increase in wind speeds occurs after over-water
trajectories of 7 miles. Because of the complex configuration of the lake, over-water trajectories
would generally be less than 2.5 miles. Since the average water temperature in the reservoir is
higher at the outfall and immediate surroundings within the WHTF than the average air temperature
is, enhanced low-level atmospheric turbulent vertical mixing would occur. Although it is difficult to
extrapolate Slade’s results to other distances, the reduction of horizontal wind direction fluctuation
values and the increase in wind speeds would be smaller than those reported by Slade due to the
shorter over-water trajectories near the ESP site. Therefore, the offsite impact due to the effect of
the lake on local diffusion climatology would be minimal.

The dimensions of the new nuclear plant structures and the associated paved, concrete, or other
improved surfaces are insufficient to generate discernible impacts to local and regional
meteorological conditions. While wind conditions may be altered in areas immediately adjacent to
the larger site structures, these impacts will likely dissipate within ten-structure heights downwind of
the intervening structure. Likewise, the daytime ambient atmospheric temperatures immediately
above any newly improved surfaces could increase. However, these localized temperature
influences are too limited in their vertical profile and coverage area to alter local ambient or regional
temperature patterns.

As discussed in Part 3: Section 5.3.2.1.2, maximum daily surface water temperature on the Lake
resulting from operation of the Unit 3 cooling system would increase over the existing 2-unit
operating temperature by 4.6°F at the discharge, 3.6°F near the dam and 2.8°F near the cooling
water intake. These small and localized temperature increases are not expected to significantly
impact the ongoing moderation of temperature extremes and alterations of wind patterns by the
lake. Under extreme humidity conditions during cooler seasons, cooling lake induced-fog formation
could occur. However, these induced fogging conditions would most likely coincide with naturally
occurring foggy conditions. Therefore, these effects are not expected to significantly increase the
occurrence of local fog.

Similarly, the convective and conductive heat losses to the atmosphere resulting from operation of
the Unit 4 closed-loop dry tower system would dissipate rapidly through continuous mixing and
entrainment with the surrounding moving air mass. Therefore, any increases in overall ambient
temperature would be very localized to the NAPS site and would not affect the ambient atmospheric
and ground temperatures beyond the NAPS site boundary, or otherwise significantly alter local
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temperature patterns. The potential impact on the design or operation of the new unit(s) from any
cooling-tower-induced increase in the local ambient air temperature would be considered as part of
detailed engineering.

2.3.2.4 Topographic Description

The ESP site and exclusion area (approximately 1803 acres) is located in the northeastern portion
of Virginia in Louisa County along the North Anna River. The site region is characterized by gently
rolling terrain that rises to an average height of 50 to 150 feet above Lake Anna’s level and is
divided by the North Anna River. The topography in the site region is characteristic of the Central
Piedmont Plateau, which has a gently undulating surface that varies from 200 to 500 feet above
sea level. Figure 2.3-21 and Figure 2.3-22 present the topographic features of the site.
Section 2.3.2.2.1 discusses how the topographic features of the site influence wind direction
distribution.

Lake Anna, which extends approximately 17 miles along the old North Anna riverbed, was formed
by damming up the North Anna River about 5 miles southeast of the site. The lake comprises the
North Anna Reservoir and WHTF, which together cover a surface area of about 13,000 acres and
contain approximately 100 x 109 gallons of water (Reference 13, Section 2.1.1.2).

Because of the gently rolling terrain, cold air drains into low-lying areas at night. Some wind
channeling along Lake Anna is expected during low wind speed conditions. This same effect also
occurred in the natural lowland area before the lake was developed.

The ESP site for the new Units 3 & 4 is immediately west of the existing units. The primary
topographic influences on local meteorological conditions at the ESP site are Lake Anna and the
North Anna River Valley. During construction of the new units, a portion of the currently
undeveloped area of the ESP site would be cleared of existing vegetation and subsequently graded
to accommodate the new units and their ancillary structures. No large-scale cut and fill activities
would be needed in order to accommodate the new units since a large portion of the area to be
developed is already relatively level. Therefore, the expected terrain modifications associated with
development of the new nuclear power plant(s) at the ESP site would be limited to the existing
NAPS site and would not impact terrain features around the Lake and/or Valley, nor significantly
alter the site’s existing gently undulating surface that is characteristic of its location in the Piedmont
region of Virginia.

2.3.2.5 Current and Projected Site Air Quality Conditions

The ESP site is located within the Northeastern Virginia Intrastate Air Quality Control Region
(AQCR). The region is designated as being in attainment or unclassified for all criteria pollutants
(40 CFR 81.347) (Reference 55). Attainment areas are areas where the ambient air quality levels
are better than the EPA-designated (national) ambient air quality standards. Criteria pollutants are
those for which National Ambient Air Quality Standards (NAAQS) have been established (i.e., sulfur
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dioxide (SO,), fine particulate matter (PM4g), carbon monoxide (CO), nitrogen dioxide (NO5,),
Ozone (O3), and Lead (Pb)) (Reference 56).

The Commonwealth of Virginia is also subject to the revised 8-hour O3 standard and the new
standard for PM, 5 (fine particulate matter with an aerodynamic diameter of less than or equal to
2.5 microns), both promulgated by the EPA in July 1997 (Reference 56). Currently, Louisa County
is designated as attainment for the ozone 8-hour standard (Reference 55). The attainment status
for PM, 5 standards has not been determined for the Northeastern Virginia Intrastate AQCR or
resident ESP site. However, both the Virginia Department of Environmental Quality (VDEQ)
recommendations and the EPA response as provided in a “Comparison of state and EPA
recommendations” conclude that the entire Northeastern Virginia Intrastate AQCR should be
designated attainment for the fine particulate matter (PM, 5) standards (Reference 58). Attainment
status designations for this pollutant are expected to be finalized in December 2004.

The ESP site development could be influenced by its relative proximity to two pristine regions
referred to as Class | areas (the James River Face Wilderness and the Shenandoah National Park).
Maintenance and restoration of visibility is the primary focus in these sensitive areas.

These air quality characteristics are not expected to be a significant factor in the design and
operating bases of the new nuclear plant(s). The new nuclear steam supply system and other
related radiological systems are not sources of criteria pollutants or other air toxics. The addition of
supporting auxiliary boilers, emergency diesel generators, station blackout generators (and other
non-radiological emission sources) are not expected to be significant sources of criteria pollutant
emissions because these units operate on an intermittent test and/or emergency basis. Thus, these
emissions are not expected to significantly impact ambient air quality or visibility in Class | areas,
and they are likely to be regulated by the VDEQ via an Exclusionary General Permit - the permit
that currently regulates all non-radiological emission sources on the NAPS site.

2.3.3 Onsite Meteorological Measurements Program

2.3.3.1  Onsite Meteorological Measurements Program for Station Operation

The existing onsite meteorological monitoring program would be used for the ESP site. Detailed
information about the existing program is described in Section 2.3 of the NAPS UFSAR
(Reference 13). The existing program is ideally suited for the ESP-required onsite meteorological
measurements, because the ESP site is within the existing NAPS site.

2.3.3.1.1  General Program Description

Based on the NAPS UFSAR (Reference 13), the existing onsite meteorological measurements
program meets the requirements of 10 CFR 50.47 (Reference 23) and the criteria set forth in
NUREG-0696 (Reference 24), NUREG-0737 (Reference 25), NUREG-0654, Appendix 2
(Reference 26), as well as the system accuracy presented in the Proposed Revision 1 to RG 1.23
(Reference 27).
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The onsite meteorological program has three basic functions:
* Makes meteorological measurements
* Makes real-time predictions of atmospheric effluent transport and diffusion

» Enables remote interrogation of the atmospheric measurements and predictions by appropriate
organizations

Meteorological measurements are available from both a primary and backup system, as required in
10 CFR 50, Appendix E (Reference 28). The backup system functions when the primary system is
out of service, thus providing assurance that basic meteorological information is available during
and immediately following an accidental airborne radioactivity release.

Because of the proximity of the new units to the existing units, meteorological parameters collected
at the onsite primary and backup towers would be representative of the dispersion conditions at the
ESP site.

The primary NAPS meteorological monitoring program consists of a Rohn Model 80, guyed,
160-foot tower located approximately 1900 feet east of the Unit 1 reactor containment building.
Sensors are located at the 10-meter, 48.4-meter, and ground levels. Wind speed, wind direction,
horizontal wind direction fluctuation, ambient temperature, one-half of differential temperature, and
dew point temperature are measured at the 10-meter elevation. Wind speed, wind direction,
horizontal wind direction fluctuation, and one-half of differential temperature are measured at the
48.4-meter elevation. Precipitation is monitored at the ground level. Signal cables are routed
through conduit from each location into the instrument shelter at the base of the tower. Inside the
shelter, the signals are routed to the appropriate signal-conditioning equipment whose outputs go
to: 1) digital data recorders, and 2) an interface with the intelligent remote multiplex system.

The NAPS backup meteorological monitoring site consists of a Rohn Model 25, freestanding
10-meter tower. This tower is located approximately 1300 feet northeast of the Unit 1 containment
building and serves as the backup meteorological monitoring site. A sensor at the top of the mast
monitors wind speed, wind direction, and horizontal wind direction fluctuation. The signal path,
instrument shelter, and data recording are identical to those described at the primary tower. All
three parameters are interfaced to the intelligent remote multiplexing system equipment.

2.3.3.1.2 Location, Elevation, and Exposure of Instruments

The location of the primary meteorological tower is shown on Figure 2.3-23. Distances and
bearings to ground features in the vicinity of the primary tower are shown on Figure 2.3-24. The
nearest major structure is the training center building (completed in 1982) located 740 feet from the
tower on a line of bearing of 205 degrees from true north. The minor structures, forming the
recreational facility in the immediate vicinity of the tower have been evaluated as having no adverse
effect on the measurements taken at the tower. Trees in the immediate vicinity of the tower have
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been topped to heights of 10—15 feet. The nearest contiguous tree line is more than 500 feet away
from the tower and tree heights are 40 to 50 feet (Reference 13, Section 2.3.3.2.2).

The PPE shows that the highest structure at the ESP site would be about 234 feet above grade
level. The primary tower is located about 2500 feet east of the proposed plant envelope. Since the
primary tower is located more than 10 building heights away from the tallest structure within the
plant envelope, the structure would not influence the meteorological measurements
(Reference 27). The backup tower is located about 1800 feet to the closest ESP plant envelope
boundary. However, the tallest structure (234 feet above grade) could be located about 650 feet
west of the eastern edge plant envelope boundary. As a result, the backup tower would be located
about 2400 feet away from the highest structure. Therefore, the structure would not influence the
meteorological measurements taken at the backup either. These towers and the original satellite
tower have the same relative proximity to Lake Anna.

Ground cover at the location is characteristically native grasses. Comparable cover is maintained at
the base of the tower.

The primary tower is a guyed, triaxial, open-lattice structure. The lower level instrumentation is at
32.8 feet (10 m) above ground level. The upper instrumentation is at 158.9 feet above the finished
plant grade of 271 ft mean sea level (msl).

The wind sensors are positioned so that the tower would not influence the prevailing
south-southwest wind flow detected by the sensors. The wind speed, wind direction, and horizontal
wind direction fluctuation sensors are mounted on booms longer than one times the tower face
width.

Ambient temperature, differential temperature, and dew point temperature sensors are housed in
motor-aspirated shields to insulate them from thermal radiation. These shields have a less than
0.2°F error at a maximum solar radiation of 1.6 gm-cal/cmzlmin (Reference 13, Section 2.3.3.2.2).

At the primary meteorological monitoring site, a lithium chloride dew point sensor measures dew
point temperature at the 32.8-foot (10-meter) level. The sensor signals are input into a dew point
processor, which provides output signals proportional to the ambient dew point temperatures. The
dew point levels are recorded to an accuracy of at least £1.5°C (2.7°F), in accordance with
(Reference 27). The backup tower does not collect dew point temperature.

At the primary meteorological monitoring site, precipitation is monitored at the ground level. The
precipitation is measured with a recording rain gauge that has a resolution of 0.25 mm (0.01 in.).
The accuracy is at least £10 percent of the total accumulated catch, in accordance with
Reference 27. The backup tower does not collect precipitation.

2.3.3.1.3 Meteorological Sensor Type and Performance Specifications

Wind speed, wind direction, and horizontal wind direction fluctuation are measured at both the
lower and upper tower levels. Electro-mechanical instruments are used to measure wind speed and
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wind direction, and horizontal wind direction fluctuation is calculated by the digital data acquisition
system.

Temperature is measured at the 32.8-foot level and differential temperature is measured between
the 32.8-foot and 158.9-foot level. The sensors consist of one single-element, high-precision,
platinum resistance temperature sensor located at the 158.9-foot level for measuring part of the
differential temperature; and 1 single-element, precision, platinum resistance sensor located at
32.8-foot level for measuring ambient temperature and the other part of differential temperature.
The sensors’ signals are input into a temperature/delta temperature processor, which provides
output signals proportional to an ambient and differential (AT) temperature.

A lithium chloride dew point sensor measures dew point temperature at the 32.8-foot level. The
sensor signals are input into a dew point processor, which provides output signals proportional to
the ambient dew point temperatures (Reference 13, Section 2.3.3.2.3).

2.3.3.14 Instrument Calibration and Maintenance

The meteorological monitoring installation is calibrated not less than semi-annually. Inspection,
service, and maintenance are performed as required to ensure not less than 90 percent data
recovery (Reference 27). Instrument technicians have the requisite expertise to service and, in the
event of a system failure, repair the monitoring equipment. The on-site instrument group provides
these technicians.

An inventory of spare sensors and parts are maintained for the replacement of major components in
the event of a system outage. Redundant recording systems are incorporated into the program to
further minimize data loss due to recorder failure. As an example, for this ESP application, the data
recovery rates for more recent observations are presented. As shown in Table 2.3-10, the data
recovery rates for meteorological parameters (wind direction, wind speed, and atmospheric stability
class) used for the dispersion analyses presented in Section 2.3.4 and Section 2.3.5 are very high
and exceed the 90 percent requirement stated in Reference 27.

2.3.3.1.5 Data Recording Systems

a. Control Room Systems

Meteorological data collected from the primary and backup towers would be electronically sent
to the designated control room and technical support center (TSC) to provide direct access to
operators in the event of emergency. The required meteorological parameters are collected by
the emergency response facility (ERF) data system, via the intelligent remote multiplex system
(Reference 13). The parameters are also placed in the ERF database, thus making the site
meteorological field data available for display in the local emergency operations facility
(LEOF), the corporate emergency response center (CERC), and the central emergency
operations facility (CEOF) located in the CERC.
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Table 2.3-11 and Table 2.3-12 list each meteorological input parameter and its transmitted
location for the primary tower and backup tower, respectively. Table 2.3-11 and Table 2.3-12
describe data that can be made available for remote interrogation at any time. During
emergency conditions, selected meteorological parameters can be made available to the NRC
through the emergency response data system (ERDS). Once activated, this meteorological
data is transmitted from the ERF computer, via modem, to the NRC operations center
(Reference 13, Section 2.3.3.2.5.1).

. Tower Base Shelter Systems

A nominal 8 ft x 8 ft x 18 ft shelter is at the meteorological tower’s base. The shelter is
insulated, and thermostatically controlled heat and air conditioning maintain an interior
temperature within a range appropriate for proper equipment operation. The enclosure is
located so as to minimize any micrometeorological effects on the tower instrumentation.
Equipment and circuitry for two separate data recording systems are housed in the enclosure.

Microprocessor-based data acquisition systems are the primary method of data acquisition.
The sensor analog signals are collected, processed, and telemetered to a system computer.
The data acquisition systems have a built-in battery, which maintains the time and date and
initialized parameters. In addition to the power-up diagnostic checks, memory diagnostic tests
are continually being performed to insure data integrity (Reference 13, Section 2.3.3.2.5.2).

The instruments and data acquisition systems detailed herein are consistent with the current
level of technology for meteorological monitoring and the accuracy of the components ensures
system accuracy consistent with proposed Revision 1 to RG 1.23 (Reference 27).

. Meteorological Data Analysis Procedure

The collected data are used to generate a sequential file of 1-hour values for each parameter.
The average values are calculated by the digital data collection system.

In addition to being transmitted real-time to the ERF system, the data are telemetered daily to
a computer in the corporate office. Personnel in the air quality department check the data for
representativeness and reasonability. The data are compared with those recorded from other
offsite meteorological towers, as well as with the real-time data received at the corporate
meteorological operations center. The current calendar month of data is maintained on a
personal computer. At the end of each month, the data are transferred to the corporate
mainframe computer for inclusion in the historical database.

This sequential file is used as the database for all subsequent data summaries and historical
calculations. Routine data summaries are generated for each day, each calendar month, and
each calendar year on certain meteorological parameters recorded on strip charts in the
control room or the existing units. An annual summary is provided to health physics personnel
by the air quality department. Other data summaries are prepared by the air quality
department upon request.
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The format of the onsite data summaries conforms to the recommended format found in
RG 1.23, Table 1 (Reference 21). To facilitate comparison, the joint frequency distributions of
wind speed and wind direction for each stability class, as defined by horizontal wind sigma and
differential temperature, are displayed side by side. Joint frequency distributions for each wind
sensor are presented (Reference 13, Section 2.3.3.2.5.2).

2.3.4 Short-Term (Accident) Diffusion Estimates

2.3.4.1 Basis

To evaluate potential health effects for DBAs, a hypothetical accident is postulated to predict
upper-limit concentrations and dosages that might occur in the event of a radiological release. The
NRC-sponsored PAVAN computer code (Reference 29)was used to estimate relative ground-level
air concentrations (x/Qs) at the EAB and LPZ for potential accidental releases of radioactive
material.

Recent readily available site meteorological data (1996-1998) were used for a quantitative
evaluation of the hypothetical accident at the ESP site. Onsite data provide representative
measurements of local dilution conditions appropriate to the ESP site, and are reasonably
representative of long-term conditions. The use of the recent 3-year data for dispersion analysis
involving accidental releases is consistent with the approach used in the license renewal
application for the existing units (Reference 30), also satisfies the requirements of RG 4.7
(Reference 31).

According to 10 CFR 100 (Reference 32), it is necessary to consider the dosages for various time
periods immediately following the onset of a postulated ground-level release at the exclusion
distance and for the duration of exposure for the LPZ and population center distances. Therefore,
relative air concentrations (X/Qs) are estimated for various time periods ranging from 2-hours to 30
days.

Meteorological data were used to determine various hypothetical accident conditions as specified in
RG 1.145 (Reference 33). Compared to an elevated release, a ground-level release usually results
in higher ground-level concentrations at downwind receptors due to less dilution from shorter
traveling distances. Because the ground level release scenario provides a bounding case, elevated
releases were not evaluated.

The PAVAN program implements the guidance provided in RG 1.145 and performs the following
calculation procedures. The code computes X/Q values at the EAB and LPZ for each combination
of wind speed and atmospheric stability for each of the 16 downwind direction sectors. The X/Q
values for each sector are then ranked in descending order, and an associated cumulative
frequency distribution is derived based on the frequency distribution of wind speed and stabilities
for that sector. The X/Q value that is equaled or exceeded 0.5 percent of the total time becomes the
maximum sector-dependent X/Q value.
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The X/Q values are also ranked independent of wind direction into a cumulative frequency
distribution for the entire site. The PAVAN Program then selects the X/Q values that are equaled or
exceeded 5 percent of the total time.

The larger of the two values, the maximum sector-dependent 0.5 percent X/Q and the overall site 5
percent X/Q value, is used to represent the X/Q value for a 0-2 hour time period. To determine X/Q
values for longer time periods, the program calculates an annual average X/Q value using the
procedure described in RG 1.111 (Reference 34). The program then uses logarithmic interpolation
between the 0-to-2-hour X/Q values and the annual average X/Q values to calculate the values for
intermediate time periods (i.e., 8 hours, 16 hours, 72 hours, and 624 hours). As suggested in
NUREG/CR-2858, each of the sector-specific 0—2-hour X/Q values provided in the PAVAN output
file were examined for “reasonability” by comparing them with the ordered X/Q values presented in
the model output.

The PAVAN model was configured to calculate offsite X/Q values assuming both wake-credit
allowed and wake-credit not-allowed. As described in Section 2.1, the EAB is the perimeter of a
5000-foot-radius circle from the center of the abandoned Unit 3 containment. There are no
residential areas in the EAB. The PPE indicates that the highest expected structure would be about
234 feet above grade level. Therefore, the closest EAB is more than 10 building heights away from
the boundary of the plant envelope developed for the ESP site. As a result, the entire EAB is
located beyond the wake influence zone that would be induced by a containment building. The LPZ
is a 6-mile-radius circle centered at the Unit 1 containment building. Because it is located further
away from the plant site than the EAB, the “wake-credit not allowed” scenario of the PAVAN results
was used for the X/Q analysis at the EAB and LPZ.

To be conservative, the shortest distances between the ESP plant envelope boundaries to the
5000-ft-radius circle for each downwind sector were entered as input to calculate the X/Q values at
the EAB. Similarly, the shortest distance from the ESP plant envelope area boundary to the LPZ
was entered as input to calculate the X/Q values at the LPZ. With respect to the ESP site, the
shortest distance between the ESP plant envelope area and the LPZ is 8843 m (about 5.5 mi.)
measured from the southwest of the plant envelope area.

The PAVAN model input data are presented below:

* Meteorological Data: Three-year (January 1, 1996 to December 31, 1998) combined onsite joint
frequency distribution of wind speed, wind direction, and atmospheric stability.

L]

Type of Release: Ground level
* Wind Sensor Height: 33 ft
» Vertical Temperature Difference: 33 ft—158.9 ft

L]

Number of Wind Speed Categories: 7
Release Height: 33 ft (default height)
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» Distances From the Release Point to the EAB: See Table 2.3-13

» Distances From the Release Point to the LPZ: 8843 m (5.5 miles) for all downwind sectors

2.3.4.2 PAVAN Modeling Results

To calculate the maximum X/Q values, the shortest distances from the plant parameter envelope
boundary to the EAB at each downwind sector were used. These distances are presented in
Table 2.3-13. As presented in the table, the maximum 0-2 hours 0.5 percentile direction-dependent
X/Q value (2.26 x 1074 sec/m3) is greater than the corresponding 5 percentile overall site X/Q value
(1.56 % 10~ sec/m3) at the EAB. Therefore, the direction-dependent 0.5 percentile X/Q values were
used as the proper X/Q values at EAB.

To be conservative, this shortest distance has been used as the LPZ distance for all downwind
sectors in PAVAN modeling. Similarly, Table 2.3-14 shows the maximum 0-2 hours 0.5 percentile
direction-dependent X/Q value (4.65 x 10°° sec/m3) is greater than the corresponding 5 percentile
overall site X/Q value (2.72 x 10°° sec/m3) at the LPZ. Therefore, the direction-dependent
0.5 percentile X/Q values were used at the LPZ.

The maximum X/Q values presented in Table 2.3-13 and Table 2.3-14 for the EAB and LPZ,
respectively, are summarized below.

Table 2.3-3 PAVAN Results (0.5% Limiting Case, 1996-1998 Meteorological Data)

Source Receptor 0-2 hr 0-8 hr 8-24 hr 1-4 days 4-30 days Annual

Location Location (Dir, Dist) (Dir, Dist) (Dir, Dist) (Dir, Dist) (Dir, Dist) (Dir, Dist)

Plant Envelope EAB 2.26E-04 1.43E-04 1.14E-04 7.05E-05 3.55E-05 1.54E-05
(SE, (SE, (ESE, (ESE, (ESE, (ESE,

1300m)  1300m)  1420m)  1420m) 1420m) 1420m)

Plant Envelope ~ LPZ  4.65E-05* 2.05E-05 1.36E-05 5.58E-06  1.55E-06  3.25E-07
(ESE, (ESE, (ESE, (ESE, (ESE, (ESE,
8843m)  8843m)  8843m)  8843m) 8843m) 8843m)

* The 0-2-hour X/Q value is reported here for reference only. It is not required based on RG 1.145.

2.3.5 Long-Term (Routine) Diffusion Estimates

2.3.51 Basis

The NRC-sponsored XOQDOX computer code (Reference 35) was used to estimate X/Q values
due to routine releases. The XOQDOQ model implements assumptions outlined in RG 1.111
(Reference 34). A straight-line trajectory was assumed between the release point and all receptors
by the XOQDOQ model. (Reference 35) Radiological impacts of normal plant operation on
members of the public are described in Part 3: Section 5.4.
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The primary function of the XOQDOQ computer code, obtained from RSICC (Reference 36), is to
calculate annual X/Q values and annual average relative deposition, D/Q values, at interested
receptors (i.e., EAB, LPZ, nearest milk cow, residence, garden, meat animal, etc.). The X/Q and
D/Q values due to intermediate releases, which occur during routine operation, may also be
evaluated using the XOQDOQ model. The program assumes that the material released to the
atmosphere is a Gaussian distribution around the plume centerline. In estimating concentrations for
longer time periods, the Gaussian distribution is assumed to be evenly distributed within the
directional sector.

Input data and assumptions in the XOQDOQ modeling are presented below:

» Meteorological Data: Three-year combined (1996—1998) onsite joint frequency distribution of
wind speed, wind direction and atmospheric stability.

* Type of Release: Ground level

* Wind Sensor Height: 33 ft

» Vertical Temperature Difference: 33 ft—158.9 ft

* Number of wind speed categories: 7

» Release Height: 33 ft (default height)

« Minimum Building Cross-Sectional Area: 2250 m?

» Distances from the release point to the nearest residence, nearest site boundary, milk cow,
vegetable garden, milk goat, meat animal: See Table 2.3-15.

For dispersion analysis, a smaller cross-sectional area usually results in higher ground level
concentrations. To be conservative, the minimum building cross-sectional area of 2250 m? was
used to evaluate building downwash effect.

When compared to elevated releases, ground level releases usually produced higher pollutant
concentrations for receptors located at ground level. Therefore, ground level releases were
conservatively assumed in the X/Q analysis. Distances from the Unit 1 containment building to
various interested receptors (nearest residence, garden, meat animal and vegetable garden) for
each directional sector are provided in Reference 37, Appendix C. However, because the plant
envelope area proposed for the ESP site is an area (not a point), the shortest distances from any
point of the plant envelope to the interested receptors were re-calculated for each directional sector.
The results are presented in Table 2.3-15. The maximum annual X/Q (no decay) at the EAB
(0.88 mile to the ESE of the plant envelope) is 3.70 x 1076 sec/m3. The maximum annual average
X/Q value calculated for the nearest residence (0.96 mile to the NNE of the plant envelope) is
2.4 x 106 sec/m3. The maximum annual X/Q for the nearest vegetable garden (0.94 mile NE of the
plant envelope) is 2.0 x 107 sec/m?. Finally, the maximum annual X/Q for the nearest meat animal
(1.37 miles to the SE of the plant envelope) is 1.4 x 10" sec/m3.
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Table 2.3-16 summarizes the maximum X/Q and D/Q values predicted by the XOQDOQ model for
the sensitive receptors due to routine releases. Table 2.3-17 summarizes the annual average X/Q
values at distances between 0.25 mile to 50 miles and for various segment boundaries.
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Table 2.3-5 Climatological Extremes at Selected NWS and Cooperative Observing Stations in the ESP Site Area
(Date of Occurrence)
Piedmont
Partlow Research Fredericksburg Charlottesville

Parameter 3WNW Louisa Station Gordonsville 3S Nat’l Park 2W Richmond
Maximum 106°F2 104°FP 106°F4 100°F© 106°F© 107°Ff 105°F9
Temperature (8/53, 9/53) (c) (9/54, 7/59) (07/23/98) (09/01/53) (09/07/54) (07/77)
Minimum -16°F2 —21°FP —11°Fd —-18°F¢ —12°F¢ —-10°Ff —-12°F9
Temperature (1/53, 1/70) (02/05/96) (02/05/96) (02/05/96) (01/28/35) (01/19/94) (1/40)
Maximum Monthly ~ 16.20 in.® 16.33in.® 13.32in.® 14.69 in.© 16.20 in.® 17.96 in.f 18.87in.9
Rainfall (9/75) (8/69) (8/55) (6/95) (7/45) (9/87) (7/45)
Maximum Monthly ~ 41.0 in.2 32.2in.° 32.0ind 27.8in.° 30.5in.® 29.8in.° 28.5in.9
Snowfall (1/66) (1/66) (1/87) (1/87) (1/87) (3/60) (1/40)
Maximum 5.45in.2 11.18 in.? 7.85ind 9.30in.® 6.17 in.© 9.20 in.f 8.79in.9
24-hr Rainfall (08/12/55) (08/20/69) (06/22/72) (06/28/95) (10/16/42) (09/08/87) (08/55)
Maximum 20.0in.2® 16.0 in.P 18.0in.® 17.0in.® 17.0in.® 20.7 in.® 21.6in.9
24-hr Snowfall (1/66, 3/62) (01/07/96) (03/06/62) (03/06/62) (01/24/40) (03/06/62) (1/40)
Fastest Mile N/AD N/A N/A N/A N/A N/A 68 mph!
Wind Speed (10/54)
Fastest Mile N/A N/A N/A N/A N/A N/A SE!
Wind Direction (10/54)

a. Reference 12

b. Reference 10

c. Extreme maximum temperature occurred on more than two occasions at Louisa — 7/30/53, 8/31/53 and 9/7/54.

d. Reference 11

e. Reference 40

f. Reference 8

g. Reference 1

h. NA = Measurements not made

i. Reference 6
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Table 2.3-6 Richmond Climatological Data

NORMALS, MEANS, AND EXTREMES
RICHMOND, VA (RIC)
LATITUDE: LONGITUDE : ELEVATION (FT): TIME ZONE: WBAN: 13740
37° 30’ 40" N 77° 19’ 24" W GRND: 164 BARO: 167 EASTERN (UTC + 5)
ELEMENT POR| JAN FEB| MAR | APR| MAY| JUN| JUL| AUG| SEP | ocT| NoOV | DEC YEAR
NORMAL DAILY MAXIMUM 30| 45.3| 49.3] 58.4| 68.9| 76.2] 83.6| 87.5| 85.7| 79.7| 69.3| 59.7| 49.7 67.8
MEAN DAILY MAXIMUM 83 47.4| 50.3} 58.9( 69.3| 77.5| 85.1] 88.3| 86.5| 80.8| 70.6] 60.5| 50.0 68.8
HIGHEST DAILY MAXIMUM 74 81 83 93 96| 100] 104f 10S| 102| 103 99 86 81 105
YEAR OF OCCURRENCE 2002 1932| 1938| 1990| 1941 1952 1977| 1983| 1954| 1941 1993} 1998| JUL 1977
& |MBEAN OF EXTREME MAXS. 83l 69.5| 71.2| 80.2| 87.9| 91.0| 96.0f 97.5]| 96.0| 93.1| 85.4] 77.9| 70.0 84.6
 |NORMAL DAILY MINIMUM 300 27.6| 29.7[ 37.0| 45.3| 54.6| 63.3| 68.3| 66.8| 59.9| 47.2| 38.4| 31.1 47.4
MEAN DAILY MINIMUM 83l 28.4| 30.0| 36.6| 45.4| 54.7| 63.5] 68.0| 66.6| 60.1| 47.9] 38.5| 30.9 47.5
é LOWEST DAILY MINIMUM 74 -12| -0 11 23 31 40 51 46 35 21 10 -1 -12
5 YEAR OF OCCURRENCE 1940 1936] 1960f 1985 1956] 1967| 1965| 1934| 1974| 1962| 1933} 1942 JAN 1940
& |[MEAN OF EXTREME MINS. 83| 10.3] 14.4| 21.5] 30.9] 41.0f 51.1] 57.8| 55.7| 45.5] 32.4] 22.8] 14.7 33.2
£ |NORMAL DRY BULB 30 36.4| 39.5| 47.7] 57.1| 65.4] 73.5| 77.9| 76.3| 69.8] 58.3| 49.0] 40.4 57.6
& |MEAN DRY BULB 83| 38.0] 40.1| 47.8| 57.4| 66.2] 74.3]| 78.2| 76.6| 70.5] 59.2| 49.6] 40.4 58.2
™ |MEAN WET BULB 190 34.1| 36.6| 42.1| 50.8| 59.4] 67.3] 71.6| 66.6| 63.9| 53.8| 45.1] 36.7 52.3
MEAN DEW POINT 19 27.0} 28.9| 34.3| 43.5| 54.4| 63.2| 68.1| 63.7| 60.3| 49.0| 39.0[ 29.9 46.8
NORMAL NO. DAYS WITH:
MAXIMUM 2 90° 300 0.0] o0.0f * o.8)] 1.3 8.2| 15.0| 10.9] 3.6/ 0.3] 0.0/ 0.0 40.7
MAXIMUM < 32° 300 3.5| 1.9 o0.2| o0.0f o.0f o.0f o.0] o.o|] o.o0] o.0] o0.0f 1.e 7.2
MINIMUM < 32° 300 21.6| 18.3} 10.3| 1.9 0.0/ o0.0f o0.0] o0.0] 1.3] 9.2} 18.3 80.9
MINIMUM < 0° 30 o0.2] o0.1f o.o| o.0/] o0.of o.0| o.of 0.0l o.0] o0.0f 0.0 0.0 0.3
U |NORMAL HEATING DEG. DAYS 300 873 70s5| 528f 254 80 8 0 1 27| 22s5| 470| 748 3919
= |NORMAL COOLING DEG. DAYS 30 0 1 8 33| 107} 277| 415| 367 187 33 6 1 1435
NORMAL (PERCENT) 300 69 66 63 62 70 72 74 76 76 74 70 69 70
HOUR 01 LST 300 75 73 72 73 83 86 88 90 89 87 80 76 81
T| HOUR 07 LST 300 80 79 78 76 81 83 85 89 90 89 84 81 83
HOUR 13 LST 300 57 53 50 46 53 54 56 57 57 53 52 56 54
HOUR 19 LST 300 66 62 57 54 63 66 68 72 75 76 69 68 66
« |PERCENT POSSIBLE SUNSHINE| 46| 54 58 62 66 65 69 68 66 65 63 59 54 62
o |MEAN NO. DAYS WITH:
=|HEAVY FOG (VISBYS1/4 MI) 79y 2.7 =2.1] 1.7] 1.6] 1.9 1.s| 2.0 2.4] 2.9 3.3] 2.3} 2.8 27.2
THUNDERSTORMS 671 o0.2| o0.4f 1.6] 2.5 5.3 6.5|] 8.1] 6.3 2.9] 1.0/ o0.6] 0.2 35.6
u |MEAN:
& |SUNRISE-SUNSET (OKTAS) bl 5.6 5.6/ 3.2
& [MIDNIGHT-MIDNIGHT (OKTAS) 1 5.6
£ [MEAN NO. DAYS WITH:
g CLEAR Y 2.0 1.0/ s.0 9.0] 10.0
o PARTLY CLOUDY i 1.0|] 5.0 4.0/ 8.0
CLOUDY iy 7.0] 4.0| 10.0 8.0l 1.0
o |MEAN STATION PRESSURE(IN) | 30129.91(29.89|29.85/29.81|29.81|29.81|29.83|29.86[29.89{29.92|29.92|29.93| 29.87
& IMEAN SEA-LEVEL PRES. (IN) 1930.12(30.11{30.05[29.99(30.00}29.99[30.01(30.04[30.08/30.12{30.13|30.24| 30.06
MEAN SPEED (MPH) 43! 8.3| 8.7 9.3 9.2 7.9 7.s| 7.1} 6.6 7.0f 7.2 7.7 7.9 7.9
PREVAIL.DIR(TENS OF DEGS) | 2 01 01 36 19 19 20 19 19 36 36 19 36 19
MAXIMUM 2-MINUTE:
Q SPEED (MPH) 8 38 39 37 46 41 45 33 44 46 37 36 40 46
g DIR. (TENS OF DEGS) 31 22 36 33 30 26 29 36 09 10 30 1s 09
] YEAR OF OCCURRENCE 2000 2002| 2003f 1999| 1997 2000| 1999| 1996| 2003| 1996| 2003| 1996| SEP 2003
MAXIMUM S5-SECOND:
SPEED (MPH) 8| 48 49 49 56 60 55 48 59 72 46 46 48 72
DIR. (TENS OF DEGS) 31 26 22 25| 28 27 19 32 10 10 27 16 10
YEAR OF OCCURRENCE 2000} 1997| 1996| 1998| 1996/ 2000| 2003| 2000]{ 2003| 1996 2003| 1996| SEP 2003
NORMAL (IN) 300 3.55| 2.98| 4.09| 3.18| 3.96/ 3.54| 4.67| 4.18] 3.98]| 3.60| 3.06] 3.12| 43.91
% [MAXIMUM MONTHLY (IN) 66| 7.97| 5.97| 8.65| 7.31| 8.87 9.24|18.87|14.10{16.60| 9.39| 7.64| 7.07| 18.87
4 YEAR OF OCCURRENCE 1978| 1979| 1984 1987 1972 1938| 1945| 1955| 1999 1971| 1959| 1973| JUL 1945
£t |[MINIMUM MONTHLY (IN) 66| 0.64| 0.48| 0.94| 0.64| 0.87| 0.38| 0.51]| 0.52| 0.26| 0.01| 0.17| 0.40 0.01
[ YEAR OF OCCURRENCE 1981 1978| 1966| 1963 1965| 1980 1983f 1943| 1978| 2000| 2001| 1980| ocT 2000
i |[MAXIMUM IN 24 HOURS (IN) 66| 3.31| 2.67| 3.43| 2.97| 3.40| 4.61| 5.73] 8.79| 6.52| 6.50| 4.07| 3.16 8.79
3] YEAR OF OCCURRENCE 1962 1979} 1992| 1987 2003 1963} 1969| 1955| 1999| 1961 1956] 1958| AUG 1955
9 INORMAL NO. DAYS WITH:
Y PRECIPITATION = 0.01 300 10.7| 9.s5{ 10.5f 9.2| 11.0f 9.6f r1.1| 9.0| 8.7/ 7.5{ 8.1 9.7] 114.6
PRECIPITATION 2 1.00 300 1.0 0.7 1.0f o.8f 1.0f o.8] 1.3 1.2 1.2{ 1.2] o.8f 0.5 11.5
NORMAL (IN) 300 4.3 4.8/ 1.4] o.*| 0.0l o0.0f o0.0] o0.0f 0.0 o.*[ o0.3] 1.6 12.4
.2 [MAXIMUM MONTHLY (IN) 64| 28.5| 21.4f 19.7| 2.0 T o.0l T 0.0 o.0f T 7.3] 12.5 28.5
g YEAR OF OCCURRENCE 1940| 1983} 1960 1940 1994 2003 1979| 1953] 1958| JAN 1940
£ |MAXIMUM IN 24 HOURS (IN) 64 21.6| 16.8/ 12.1| 2.0| T o.0] T 0.0} o0.0f T 7.3] 7.5 21.6
% YEAR OF OCCURRENCE 1940 1983 1962| 1940| 1994 2003 1979| 1853| 1966| JAN 1940
= |MAXIMUM SNOW DEPTH (IN) 79 18 20 13 1 0 0 0 0 0 0 6 9 20
w YEAR OF OCCURRENCE 1922] 1922| 1980| 1964 1938| 1958| FEB 1922
NORMAL NO. DAYS WITH:
SNOWFALL 2 1.0 300 1.1 1.3] o0.4) o.o] o0.0f o.ol o.0]l o0.0] o0.0f o0.0f o0.1] oO.6 3.8
published by: NCDC Asheville, NC 3

Source: Richmond, Virginia, 2003 Local Climatological Data, Annual Summary with Comparative Data,

NCDC, NESDIS, NOAA. (Reference 1).

2-2-70

Revision 4
May 2005



North Anna

Early Site Permit Application
Part 2 - Site Safety Analysis Report

Table 2.3-7 Climatological Normals (Means) at Selected NWS and Cooperative

Observing Stations in the ESP Site Area

Normal Annual Normal Normal
Temperatures (°F) Annual Annual
Rainfall Snowfall
Station Daily Max Daily Min  Daily Mean (inches) (inches)
Partlow 3WNW 2 68.9 415 55.2 42.24 18.6
Louisa P 67.1 41.2 54.2 44.02 16.8
Piedmont Research Station © 65.3 44.8 55.1 44.64 18.8
Gordonsville 3S ¢ — — — 45.42 —
Fredericksburg Nat'| Park d 68.4 435 55.9 42.72 —
Charlottesville 2W © 67.7 46.3 57.0 48.87 17.8
Richmond 67.8 47.4 57.6 43.91 12.4
a. Reference 12
b. Reference 10
c. Reference 11
d. Reference 39
e. Reference 8
f. Reference 1
Table 2.3-8 ESP Site Mean Wind Speeds (mph) 1974-1987
Spring Summer Fall Winter
Elevation (Mar, Apr, May) (Jun, Jul, Aug) (Sept, Oct, Nov) (Dec, Jan, Feb) Annual
Upper Level 9.6 7.5 8.3 9.2 8.6
Lower Level 7.1 54 5.9 6.6 6.3
Source: Reference 13
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Table 2.3-9 ESP Site Vertical Stability (AT) and Low Level Wind Speed Distribution

1974-1987
Vertical Stability Categories

Period A B Cc D E F G
Spring
Frequency (%) 20.04 5.41 4.86 29.87 2418 7.92 7.71
Wind Speed (MPH) (8.6) (8.4) (8.6) (7.9) (6.3) (4.0) (2.9)
Summer
Frequency (%) 25.33 5.38 5.10 29.52 27.21 6.42 1.44
Wind Speed (MPH) (6.1) (6.2) (6.2) (5.7) (4.3) (3.2) (2.9)
Fall
Frequency (%) 21.28 4.16 4.25 28.71 25.57 10.26 6.14
Wind Speed (MPH) (6.9) (7.1) (7.4) (6.8) (4.9) (3.4) (3.2)
Winter
Frequency (%) 13.39 4.82 4.85 35.10 27.55 8.09 6.60
Wind Speed (MPH) (7.6) (7.8) (8.2) (7.4) (5.6) (3.5) (2.8)
Annual
Frequency (%) 20.00 4.91 4.74 30.69 26.08 8.22 5.46
Wind Speed (MPH) (7.2) (7.4) (7.6) (7.0) (5.2) (3.5) (3.0)

Source: Reference 13
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Table 2.3-10 Meteorological Data Recovery Rates (percent)
(ESP Site, January 1, 1996 — December 31, 2001)

AT Included AT not Included

33-ft 150-ft 33-ft 150-ft
Year Wind Data Wind Data Wind Data Wind Data
1996 98.88 99.30 98.92 99.48
1997 98.96 90.09 99.36 99.20
1998 99.21 99.43 99.12 99.34
1999 98.91 98.90 99.45 99.44
2000 98.73 98.76 99.23 99.24
2001 98.88 91.78 99.76 92.59

Source: NAPS onsite meteorological monitoring program

Table 2.3-11 Primary Tower Parameters

Transmitted Locations

ERF Data Control Remote
Parameter Base Room Interrogation
Wind Direction (upper) X X X
Wind Speed (upper) X X X
Sigma theta (upper) X
Wind Direction (lower) X
Wind Speed (lower) X
Sigma theta (lower) X
Ambient Temperature (lower) X X X
Dew point (lower) X
Delta Ambient Temperature (upper-lower) X X X
Precipitation X

Note:All parameters going to the ERF database are available for printout in the existing TSC and EOF.
The Units 1 & 2 control room parameters are hardwired.
Source: Reference 13

2-2-73 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

Table 2.3-12 Backup Tower Parameters

Transmitted Locations

ERF Data Control Remote
Parameter Base Room Interrogation
Wind Speed X X X
Wind Direction X X X
Sigma Theta X X X

Note:All parameters going to the ERF database are available for printout in the existing TSC and EOF.
The Units 1 & 2 control room parameters are hardwired.
Source: Reference 13
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Table 2.3-13 PAVAN Results for X/Q Values at the EAB

Plant Name: North Anna ESP
Data Period: 1996-1998 JFD

Type of Release: Ground-Level Release
Source of Data: Onsite
Comments: Data period: 1/1/96 - 12/31/98
Program: PAVAN, 10/76, 8/79 Revision, Implementation of Regulatory Guide 1.145

Meteorological Instrumentation

Wind Sensors Height: 32.8 ft
AT Heights: 32.8 ft-158.9 ft

0 Relative Concentration (X/Q) Values (sec/cubic meter) versus Averaging Time
Hours Per Year
Max 0-2 hr X/Q Is
Downwind Distance Exceeded in Downwind
Sector (Meters) 0-2 Hours 0-8 Hours 8-24 Hours 1-4 Days 4-30 Days Annual Average Sector Sector
N 1378 1.07E-04 7.04E-05 5.70E-05 3.61E-05 1.88E-05 8.42E-06 47 N
NNE 1399 1.17E-04 7.79E-05 6.37E-05 4 11E-05 2.20E-05 1.02E-05 4.2 NNE
NE 1432 1.10E-04 7.17E-05 5.78E-05 3.62E-05 1.85E-05 8.15E-06 7.1 NE
ENE 1474 1.13E-04 6.78E-05 5.25E-05 3.01E-05 1.35E-05 5.08E-06 8.5 ENE
E 1435 1.56E-04 9.92E-05 7.91E-05 4.84E-05 2.39E-05 1.01E-05 16.4 E
ESE 1420 2.20E-04 1.42E-04 1.14E-04 7.05E-05 3.55E-05 1.54E-05 40.5 ESE
SE 1300 2.26E-04 1.43E-04 1.13E-04 6.89E-05 3.37E-05 1.40E-05 43.7 SE
SSE 1086 1.30E-04 8.61E-05 7.01E-05 4.49E-05 2.37E-05 1.08E-05 26.0 SSE
S 954 8.87E-05 6.32E-05 5.33E-05 3.69E-05 2.17E-05 1.14E-05 10.5 S
SSW 877 8.89E-05 6.24E-05 5.23E-05 3.57E-05 2.06E-05 1.05E-05 1.4 SSw
SwW 872 9.03E-05 6.24E-05 5.19E-05 3.47E-05 1.95E-05 9.66E-06 11.9 SwW
WSW 865 9.30E-05 6.34E-05 5.23E-05 3.45E-05 1.90E-05 9.14E-06 12.9 WSW
W 872 1.16E-04 7.97E-05 6.59E-05 4.37E-05 2.43E-05 1.18E-05 21.7 W
WNW 902 1.02E-04 6.83E-05 5.59E-05 3.61E-05 1.94E-05 9.01E-06 12.5 WNW
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Table 2.3-13 PAVAN Results for X/Q Values at the EAB

Plant Name: North Anna ESP Meteorological Instrumentation
Data Period: 1996-1998 JFD Wind Sensors Height: 32.8 ft
Type of Release: Ground-Level Release AT Heights: 32.8 ft—158.9 ft

Source of Data: Onsite

Comments: Data period: 1/1/96 - 12/31/98

Program: PAVAN, 10/76, 8/79 Revision, Implementation of Regulatory Guide 1.145

0 Relative Concentration (X/Q) Values (sec/cubic meter) versus Averaging Time

Hours Per Year
Max 0-2 hr X/Q Is

Downwind Distance Exceeded in Downwind
Sector (Meters) 0-2 Hours 0-8 Hours 8-24 Hours 1-4 Days 4-30 Days Annual Average Sector Sector
NW 988 9.67E-05 6.40E-05 5.21E-05 3.33E-05 1.75E-05 7.98E-06 9.8 NW
NNW 1165 8.20E-05 5.17E-05 4.10E-05 2.49E-05 1.21E-05 5.04E-06 4.6 NNW

Max X/Q 2.26E-04 Total Hours Around Site: 246.5

Site Limit 1.56E-04 1.06E-04 8.78E-05 5.80E-05 3.19E-05 1.54E-05
00.5 Percent X/Q to an Individual Is Limiting
North Anna Revision 4
Early Site Permit Application 2-2-76 May 2005



Table 2.3-14 PAVAN Results for X/Q Values at the LPZ

USNRC Computer Code-PAVAN, Version 2.0

Plant Name: North Anna ESP
Data Period: 1996-1998 JFD

Type of Release: Ground-Level Release
Source of Data: Onsite

Comments: Data period: 1/1/96 - 12/31/98

Meteorological Instrumentation

Wind Sensors Height: 32.8 Ft
AT Heights: 32.8 ft—158.9 ft

Program: PAVAN, 10/76, 8/79 Revision, Implementation of Regulatory Guide 1.145

0 Relative Concentration (X/Q) Values (sec/cubic meter) versus Averaging Time
Hours Per Year
Max 0-2 hr X/Q Is
Downwind Distance Exceeded in Downwind
Sector (Meters) 0-2 Hours 0-8 Hours 8-24 Hours 1-4 Days 4-30 Days Annual Average Sector Sector
N 8843 1.47E-05 6.88E-06 4.70E-06 2.06E-06 6.30E-07 1.48E-07 23 N
NNE 8843 1.77E-05 8.35E-06 5.73E-06 2.53E-06 7.81E-07 1.86E-07 25 NNE
NE 8843 1.69E-05 7.83E-06 5.33E-06 2.31E-06 6.93E-07 1.59E-07 5.0 NE
ENE 8843 1.79E-05 7.72E-06 5.07E-06 2.03E-06 5.48E-07 1.10E-07 7.0 ENE
E 8843 2.86E-05 1.27E-05 8.46E-06 3.51E-06 9.90E-07 2.11E-07 15.8 E
ESE 8843 4.65E-05 2.05E-05 1.36E-05 5.58E-06 1.55E-06 3.25E-07 43.7 ESE
SE 8843 4.48E-05 1.88E-05 1.22E-05 4.74E-06 1.22E-06 2.34E-07 39.3 SE
SSE 8843 1.51E-05 6.72E-06 4.49E-06 1.87E-06 5.34E-07 1.15E-07 18.2 SSE
S 8843 6.73E-06 3.29E-06 2.30E-06 1.06E-06 3.49E-07 8.94E-08 5.7 S
SSW 8843 6.03E-06 2.90E-06 2.01E-06 9.08E-07 2.90E-07 7.19E-08 166.2 SSW
SwW 8843 6.14E-06 2.90E-06 2.00E-06 8.86E-07 2.76E-07 6.61E-08 47 SwW
WSW 8843 5.91E-06 2.78E-06 1.91E-06 8.41E-07 2.60E-07 6.18E-08 4.1 WSW
W 8843 8.48E-06 3.95E-06 2.69E-06 1.17E-06 3.56E-07 8.27E-08 8.6 W
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Table 2.3-14 PAVAN Results for X/Q Values at the LPZ

USNRC Computer Code-PAVAN, Version 2.0

Plant Name: North Anna ESP Meteorological Instrumentation
Data Period: 1996-1998 JFD Wind Sensors Height: 32.8 Ft
Type of Release: Ground-Level Release AT Heights: 32.8 ft—158.9 ft

Source of Data: Onsite

Comments: Data period: 1/1/96 - 12/31/98

Program: PAVAN, 10/76, 8/79 Revision, Implementation of Regulatory Guide 1.145

0 Relative Concentration (X/Q) Values (sec/cubic meter) versus Averaging Time

Downwind Distance

Hours Per Year
Max 0-2 hr X/Q Is
Exceeded in Downwind

Sector (Meters) 0-2 Hours 0-8 Hours 8-24 Hours 1-4 Days 4-30 Days Annual Average Sector Sector
WNW 8843 7.81E-06 3.55E-06 2.39E-06 1.02E-06 2.97E-07 6.61E-08 47 WNW
NW 8843 8.54E-06 3.86E-06 2.59E-06 1.10E-06 3.18E-07 7.00E-08 3.2 NW
NNW 8843 8.42E-06 3.71E-06 2.46E-06 1.01E-06 2.83E-07 5.94E-08 24 NNW
Max X/Q 4.65E-05 Total Hours Around Site: 333.6
Site Limit 2.72E-05 1.31E-05 9.07E-06 4.10E-06 1.31E-06 3.25E-07
00.5 Percent X/Q to an Individual Is Limiting
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Table 2.3-15 ESP Application Nearby Sensitive Receptors

Nearest Site Milk* Meat Milk* Veg. Garden
Nearest Resident Boundary Cow Animal Goat 500 ft2

Sector (mile) (km) (mile) (km) (mile) (km) (mile) (km)
N 1.48 2.38 0.87 1.40 2.18 3.51 1.78 2.86
NNE 0.96 1.54 0.88 1.42 1.56 2.51 1.66 2.67
NE 0.94 1.51 0.90 1.45 1.44 2.32 0.94 1.51
ENE 2.18 3.51 0.91 1.47 2.58 415 2.18 3.51
E 1.38 2.22 0.89 1.43 3.58 5.76 1.38 2.22
ESE 1.77 2.85 0.88 1.42 None None 3.57 5.74
SE 1.37 2.20 0.83 1.34 1.37 2.20 1.37 2.20
SSE 0.91 1.46 0.73 1.17 2.71 4.36 1.21 1.95
S 1.01 1.63 0.62 0.99 None None 1.11 1.79
SSW 1.1 1.77 0.57 0.92 1.90 3.06 1.50 2.41
Sw 2.78 4.47 0.54 0.87 None None 2.78 4.47
WSW 1.22 1.96 0.55 0.88 1.22 1.96 1.52 245
W 1.30 2.09 0.54 0.87 4.20 6.76 4.80 7.72
WNW 0.98 1.58 0.56 0.90 3.98 6.40 None None
NW 0.88 1.42 0.62 0.99 None None 0.98 1.58
NNW 0.93 1.50 0.72 1.16 1.93 3.1 1.13 1.82

Note: No milk cow or goats within a 5-mile radius of the NAPS. Source: Reference 37.
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Table 2.3-16 XOQDOQ Predicted Maximum X/Q and D/Q Values at Specific Points of

Interest
xXiQ
Type of Direction Distance xiQ (2.26 Day xiQ
Location from Site  (miles) (No Decay) Decay) (8 Day Decay) D/Q
Residence NNE 0.96 2.4E-06 2.4E-06 2.1E-06 7.2E-09
EAB ESE 0.88 3.7E-06 3.7E-06 3.3E-06 1.2E-082
Meat Animal SE 1.37 1.4E-06 1.4E-06 1.2E-06 3.1E-09°
Veg. Garden NE 0.94 2.0E-06 2.0E-06 1.8E-06 6.0E-09
Notes:
X/Q — sec/m®
D/Q — 1/m?
a. direction = south
b. direction = north-northeast
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Table 2.3-17 XOQDOAQ Predicted Maximum Annual Averages (Ground-Level Release)

No Decay Undepleted

Distance in Miles From the Site

ESE 0.25 0.50 0.75 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
X/Q (s/md) 2.685E-5 8.740E-6 4.697E-6 3.103E-6 1.742E-6 1.163E-6 8.527E-7 6.634E-7 5.373E-7 4.482E-7 3.822E-7
Distance in Miles From the Site
ESE 5.00 7.50 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00
X/Q (s/m?3) 3.317E-7 1.934E-7 1.325E-7 7.833E-8 5.418E-8 4.079E-8 3.239E-8 2.668E-9 2.257E-8 1.948E-8 1.709E-8
Segment Boundaries in Miles From the Site
ESE 05-1 1-2 2-3 3-4 4-5 5-10 10-20 20-30 30-40 40 - 50
X/Q (s/m?3) 4.887E-6 1.787E-6 8.596E-7 5.394E-7 3.831E-7 1.971E-7 7.964E-8 4.100E-8 2.675E-8 1.951E-8
2.26 Day Decay, Undepleted
Distance in Miles From the Site
ESE 0.25 0.50 0.75 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
X/Q (s/m?3) 2.681E-5 8.712E-6 4.674E-6 3.083E-6 1.725E-6 1.148E-6 8.388E-7 6.504E-7 5.251E-7 4.365E-7 3.711E-7
Distance in Miles From the Site
ESE 5.00 7.50 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00
X/Q (s/m?3) 3.210E-7 1.841E-7 1.241E-7 7.095E-8 4.750E-8 3.462E-8 2.662E-8 2.124E-8 1.740E-8 1.455E-8 1.237E-8
Segment Boundaries in Miles From the Site
ESE 05-1 1-2 2-3 3-4 4-5 5-10 10-20 20-30 30-40 40 - 50
X/Q (s/m?3) 4.864E-6 1.770E-6 8.458E-7 5.272E-7 3.719E-7 1.878E-7 7.233E-8 3.485E-8 2.131E-8 1.459E-8
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Table 2.3-17 XOQDOAQ Predicted Maximum Annual Averages (Ground-Level Release)

8.0 Day Decay, Depleted

Distance in Miles From the Site

ESE 0.25 0.50 0.75 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50

X/Q (s/m?3) 2.540E-5 7.974E-6 4.180E-6 2.711E-6 1.475E-6 9.592E-7 6.875E-7 5.240E-7 4.166E-7 3.415E-7 2.866E-7
Distance in Miles From the Site

ESE 5.00 7.50 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00

X/Q (s/m?3) 2.450E-7 1.344E-7 8.739E-8 4.735E-8 3.047E-8 2.153E-8 1.614E-8 1.261E-8 1.015E-8 8.357E-9 7.007E-9
Segment Boundaries in Miles From the Site

ESE 05-1 1-2 2-3 3-4 4-5 5-10 10-20 20-30 30-40 40 - 50

X/Q (s/m?3) 4.370E-6 1.521E-6 6.945E-7 4.187E-7 2.874E-7 1.381E-7 4.874E-8 2.176E-8 1.268E-8 8.388E-9

Relative Deposition/Area

Distance in Miles from Site
NNE 0.25 0.50 0.75 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
D/Q (1/m2) 6.2570E-8 2.116E-8 1.086E-8 6.671E-9 3.326E-9 2.017E-9 1.364E-9 9.882E-10 7.514E-10 5.920E-10 4.793E-10

Distance in Miles from Site
NNE 5.00 7.50 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00
D/Q (1/m2) 3.964E-10 1.943E-10 1.219E-10 6.161E-11 3.729E-11 2.500E-11 1.792E-11 1.345E-11 1.046E-11 8.355E-12 6.820E-12

Segment Boundaries in Miles From the Site
NNE 05-1 1-2 2-3 3-4 4-5 5-10 10-20 20-30 30-40 40 - 50
D/Q (1/m2) 1.129E-8 3.487E-9 1.388E-9 7.583E-10 4.820E-10 2.070E-10 6.420E-10 2.544E-11 1.359E-11 8.410E-12

North Anna Revision 4
Early Site Permit Application 2-2-82 May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

Table 2.3-18 Selected Site Characteristic Ambient Dry-Bulb and Wet-Bulb
Temperatures

Parameter

Temperature (°F)

Maximum Dry-Bulb

2% annual exceedance

90 (75 concurrent wet-bulb)

0.4% annual exceedance

95 (77 concurrent wet-bulb)

0% exceedance

104.9 (79 concurrent wet-bulb)

Minimum Dry-bulb

Maximum Wet-bulb

100-year return period 109
1% annual exceedance 18
0.4% annual exceedance 14
100-year return period -19
0.4% annual exceedance 79
0% exceedance 84.9
100-year return period 88

Sources: Exceedance temperatures from Reference 41; 100-year return period
temperatures calculated using data from Reference 42, Reference 43, and
Reference 44.
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Figure 2.3-11 North Anna Seasonal Wind Persistence Roses: Low-Level Winds:
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Figure 2.3-12 North Anna Seasonal Wind Persistence Roses: High-Level Winds:
1974-1987: Season = Spring
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Figure 2.3-13 North Anna Seasonal Wind Persistence Roses: Low-Level Winds:
1974-1987: Season = Summer
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Figure 2.3-14 North Anna Seasonal Wind Persistence Roses: High-Level Winds:
1974-1987: Season = Summer
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Figure 2.3-15 North Anna Seasonal Wind Persistence Roses: Low-Level Winds:
1974-1987: Season = Fall
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Figure 2.3-16 North Anna Seasonal Wind Persistence Roses: High-Level Winds:
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Figure 2.3-17 North Anna Seasonal Wind Persistence Roses: Low-Level Winds:
1974-1987: Season = Winter
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Figure 2.3-18 North Anna Seasonal Wind Persistence Roses: High-Level Winds:
1974-1987: Season = Winter
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Figure 2.3-19 North Anna Seasonal Wind Persistence Roses: Low-Level Winds:
1974-1987: Season = Overall
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Figure 2.3-20 North Anna Seasonal Wind Persistence Roses: High-Level Winds:
1974-1987: Season = Overall

2-2-103 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

ey N LA
(& : LA 8; : \ : };%%:?(r».,)«;
- > S ¢"‘Q"/ L \AM«*“/W/W
N fn 5 o /V(} ),(S%‘;-?;em
\ "-"’ & 240 :. S ',‘;"(’C‘;’é‘;} ‘% -;gi\v\v‘ ) )
3 J(b’\ 5 )\')‘, ‘s“) 8¢ /" ’{tﬁ)&sﬁ{gﬁ\”
Gy ) {/// ). §9)‘ 7 \% " : \}';}’2/\44@
5 3 }Lﬁ;} s \JEL\.\H’J‘% g L"C‘}-'ﬁ;‘}”[ Z0 ‘é‘ﬁy; Y
b gt \S‘q%\u‘v PO ‘(‘\65‘&\_’!}5’% i (‘y‘f‘i\,{#f
TRNE Ve e
)" 5 =3 \; }Q/” S Pty & ‘ \v,}: el

Al

) YO )
¢ f‘\«“}fq‘lf ’?’DV )g\\; '/‘J

/7S

Sy
=

\ ' ﬁ&’_,{: " Sy
AT L
N (S AN { gk
‘ 7\”‘%{’%&%{{@}} «7/(7%, \\J\\\%s kel h
S ;,,za?'!(ii\(‘i‘ ‘;“}K@d&&\g’g”
\ (R A SRR o
4’ A

)fﬂ‘ o o :'*— TR A G
ok 5% &

e

ST

)
:

4

rﬁﬂ
R

D)
RO\ "{Q"zr“‘)—\

0 r!%nm
KA
Teozelny
=

o P\

s ! ( W f‘}
W o2 - 95 S '\f“
g\/‘d\“&‘ A ( 4 i
2/ S W [N &

o) OUAANE B

L

Figure 2.3-21 Topographic Map

2-2-104 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

400

300

Elevation (feet)

200

100

Distance (feet x 10%)

From Reactor 3 to Reference Point (Lat. 38°-07°-127,

¢
N
N 7N '\/":’ : J/J—\\/ w E
\ /] ': “'\'\4/-':- i
o il s s— ]
\«-FEE,( i i : ¢
1 | 1 |
| ! ! |
T T T
: : : ;
5 10 15 20 25
1 mi 2 mi 3 mi 4 mi 5mi

Long. 77°-04°-20”)

Distance (feet x 10°)

From Reactor 3 to Reference Point (Lat. 38°-03’-03”,

400
B 300 N \ I'\\ /
H { A ! T DNL —
= [ ey m— T T
3 ;; [} I I |
o 200 ! ; ; :
| [} 1 |
] | | !
i | i !
100 ! ! ! L
5 10 15 20 25
1 mi 2mi 3mi 4 mi 5mi
Distance (feet x 10%)
From Reactor 3 to Reference Point (Lat. 38°-04°-20”, Long. 77°-43’-57”)
400
g w L | ~N
H A A _A Al N .—/ \—/
S = i i ~ !
@ 200 ! d d :
| [} 1 H
] | | !
i i i !
100 ! ! ! L
5 10 15 20 25
1 mi 2mi 3mi 4 mi 5mi
Distance (feet x 10°)
From Reactor 3 to Reference Point (Lat. 38°-03°-02”, Long. 77°-42°-517)
400
3 300 — ' :
E \..Lv,.‘ o ! E ' —\‘:Vﬁ\ Y
[ — 1/ N I | = —
@ 200 ‘\v' / ! ! ; LE;:
| 1 | '
] | | !
i i i !
100 ! ! ! L
0 5 10 15 20 25
1mi 2mi 3mi 4 mi 5mi

Long. 77°-42°-307)

Figure 2.3-22 Vertical Profiles (Sheet 1 of 4)
Source: Reference 13

2-2-105

Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

2
400 N
w E
g o x : :
£ N\ H H
g AN — e ) M~ \=L :
5 = =+ S = |
5 0 \L e i \ i \,/ i
N | i !
] | 1 !
i i i !
100 i | i !
0 5 10 15 20 25
1mi 2mi 3mi 4 mi 5mi

Distance (feet x 10%)

From Reactor 3 to Reference Point (Lat. 38°-01°-37”, Long. 77°-42’-517)

400
g W ! !
£ ™t H
s / Al [V ]| = Poan M\ v A
K] i —-_—7 N : : \
==/
= 200 : - : : N et :
i i i i
T T T 1
1 | 1 1
100 ! ! ! L
0 5 10 15 20 25
1mi 2 mi 3 mi 4 mi 5mi

Distance (feet x 10%)

From Reactor 3 to Reference Point (Lat. 38°-00°-40”, Long. 77°-43’-57")

400
T 300 ' '
= / | ~ |
S =/ = —A ! \/
W 200 i T T H
\ | | :
| | | !
| | | :
100 i | i !
0 5 10 15 20 25
1mi 2 mi 3 mi 4 mi 5 mi

Distance (feet x 10°)

From Reactor 3 to Reference Point (Lat. 38°-00°-00”, Long. 77°-45°-307)

400
g 300 — ! | !
= / | 1
é : / /\. ! /— \r\hﬁ_,v = A
2 1 \ / 1 =/ A
2 20 : . ; i
|
| ! ! ]
| 1 1 !
! i ! :
100 i | | |
0 5 10 15 20 25
1mi 2mi 3mi 4 mi 5mi

Distance (feet x 10%)

From Reactor 3 to Reference Point (Lat. 37°-59°-59”, Long. 77°-47°-28”)

Figure 2.3-22 Vertical Profiles (Sheet 2 of 4)
Source: Reference 13

2-2-106 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

¢
400 N
= .~ w E
£ %0 N~ i ’ / : i:
5 :\-/ HEvAEN Y= O v . :
S | i ] = !
& 200 i ‘: i :
| | ! |
i i i !
100 ! ! ! L
0 5 10 15 20 25
1 mi 2 mi 3 mi 4 mi 5mi
Distance (feet x 10°%)
From Reactor 3 to Reference Point (Lat. 38°-00’-00”, Long. 77°-49°-28")
400
= L/ /’l—-\‘u, \_'\
3 300 L ! | —
= 4 ) i i
o | | | ,
| | | |
B 200 : . ' |
B : : : :
i i i !
100 | [} ] |
0 5 10 15 20 25
1mi 2 mi 3 mi 4 mi 5 mi
Distance (feet x 10%)
From Reactor 3 to Reference Point (Lat. 38°-00°-00”, Long. 77°-30°-39”)
400
/
JAV’-“‘QI/
3 300 S~ e | \.f
R ! : . —
s ! : : :
| 1 ; |
w 1 ] ] :
| | ! |
i i i !
100 ! ! ! L
0 5 10 15 20 25
1 mi 2 mi 3 mi 4 mi 5 mi
Distance (feet x 10°%)
From Reactor 3 to Reference Point (Lat. 38°-01°-37”, Long. 77°-32’-03")
400
_ /l—\\h —
:8,:’ 300 ,\ J/—/ {-r'\ J// n
5 ™ ) LN A .
1 T~ :
2 200 ; : ; :
| | ] !
i i i !
100 ! ! ! :
0 5 10 15 20 25
1mi 2 mi 3 mi 4 mi 5 mi
Distance (feet x 10%)
From Reactor 3 to Reference Point (Lat. 38°-03°-30”, Long. 77°-52°-28")
Figure 2.3-22 Vertical Profiles (Sheet 3 of 4)
Source: Reference 13
2-2-107 Revision 4

May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

Distance (feet x 10°)

400 ¢
_ /’\_ N
-4
A ~
T 300 \L ! N\ ! w E
£ ~N W (V]
g [—
E A /St ha'd : -
2 1 V I 1 f S
w200 : : : | @
| i i ]
i i i !
100 | [} ] H
0 5 10 15 20 25
1mi 2 mi 3 mi 4 mi 5mi

From Reactor 3 to Reference Point (Lat. 38°-05°-02”, Long. 77°-52°-05")

Distance (feet x 10°)

400
‘g}‘? 300 ,f\_\ : I ~
E=4
s =TS . NT A i v/ e
= -/ T = T T = =/
] ! 1 | |
o 200 ; ' ' f
1 1 1 :
] 1 1 !
i i i !
100 | | | !
0 5 10 15 20 25
1 mi 2mi 3mi 4 mi 5mi

Distance (feet x 10°)

From Reactor 3 to Reference Point (Lat. 38°-06°-20”, Long. 77°-50°-59”)
400
/ y
g 300 ! ! //'_J
E —— ™ JJ VvV _ i ’\\ o] A
g = = \— i =— !
w200 ! ! ! g
i i i |
i i i !
100 ! ! ! f
0 5 10 15 20 25
1 mi 2mi 3mi 4 mi 5mi

From Reactor 3 to Reference Point (Lat. 38°-07°-12”, Long. 77°-47°-23”)

400
—

T %0 [ . = e

g / \L_Vf\\_\ v ,/ i 1 A

< = | | !

@ 200 :\"/ : ' ;
| | 1 q
| ] | !
i i i !

100 ! ! ! L
0 5 10 15 20 25
1 mi 2 mi 3mi 4mi 5mi
Distance (feet x 10°)
From Reactor 3 to Reference Point (Lat. 38°-07°-30”, Long. 77°-47°-23")

Figure 2.3-22 Vertical Profiles (Sheet 4 of 4)
Source: Reference 13

2-2-108

Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

I:“\' b] ° ST = e_' o
fu' J?—-’ - ( / .
n‘ (} ), 78 }/ P , %; r_—j/{/ l

i
3 P
\.Q._{_-"T’j'_!{

1 MILE

6000 7000 FEET
1

1 KILOMETER

CONTOUR INTERVAL 10 FEET
NATIONAL GEODETIC VERTICAL DATUM OF 1929

Figure 2.3-23 Location of Meteorological Tower
Source: Reference 13

2-2-109 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

1 Current Tower Base
A \@261 MSL
\@ :
f
®

®

Approximated Directions and Distances

@ Basketball Backboard 095° 100
@ 30 x 50 Pavilion 122° 222'
@ 20 x 30 Pavilion 160° 294'
@ Softball Backstop 200° 203"
@ Nearest Contiguous Tree Line >500'
@ Training Center 205° 740'
(@) Unit 1 Containment 250° 1750'
Original Tower 272° 1020'
@ Back-up Tower - -

Figure 2.3-24 Location of Meteorological Tower Relative to Local Ground Features
Source: Reference 13

2-2-110 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

2.4 Hydrology

241 Hydrologic Description

This section identifies the interface of the new units with the hydrosphere, the hydrological causal
mechanisms that may require special plant design bases or operating limitations with regard to
floods and water supply requirements, and the surface water and groundwater uses that may be
affected by operation of new units at the ESP site.

2411 Site and Facilities

The water source for the new units on the ESP site is an impoundment of the North Anna River,
referred to as Lake Anna. This impoundment was created by a dam constructed across the North
Anna River as part of the overall development of the NAPS site. The North Anna Reservoir
currently serves as the principal water source for the two existing units, which use once-through
cooling systems to dissipate heat from the turbine condensers.

The ESP site is situated approximately 5 miles upstream from the main dam and adjacent to the
existing units. The grade of the proposed site would have the same minimum elevation as the
existing units, which is 271 ft msl (Reference 1). There are no natural drainage features that require
changes to accommodate new units at the ESP site. Figure 1.2-4 shows the external structures and
components, to the extent known, of the new units that might be constructed at the ESP site.

The new units would also use the North Anna Reservoir as the source of cooling water. New Unit 3
would use a once-through cooling system that would withdraw water at rate of about 2540 cubic
feet per second (cfs) from the North Anna Reservoir, circulate it through the condensers, and return
the water to the reservoir via the WHTF. New Unit 4 would use a closed-cycle cooling system with
dry cooling towers in which the exhaust from the plant’s steam turbines would be directed to a
surface condenser where the heat of vaporization would be rejected to a closed loop of cooling
water. The heated cooling water would be circulated to the finned tubes of the dry cooling towers
where heat content of the cooling water would be transferred to the ambient air. To increase heat
rejection to the atmosphere, electric motor driven fans would be used to force airflow across the
finned tubes. After passing through the cooling towers, the cooled water would be recirculated back
to the surface condenser to complete the closed-cycle cooling water loop. Except for the initial filling
of the cooling water loop, Unit 4 would have no make-up water need since dry tower systems
typically have no evaporative water losses and would have no continuous blowdown discharge to
the WHTF. In the event that the cooling water loop used an open pump sump configuration with a
free surface, a small amount of evaporation losses, estimated to be about 1 gpm (0.002 cfs), will
occur. Any make-up water necessary to replenish the small evaporative losses for Unit 4 and other
service water needs for the new units would be obtained from the North Anna Reservoir.
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2.4.1.2 Hydrosphere

24.1.21 Hydrologic Characteristics of Streams, Lakes, and Groundwater

The North Anna River originates in the eastern slopes of the Southwestern Mountains in the
Appalachian mountain range near Gordonsville, Virginia, and follows a southeasterly course to its
confluence with the South Anna River 5 miles northeast of Ashland, Virginia, where the Pamunkey
River is formed. The Pamunkey continues on a general southeasterly course to West Point,
Virginia, where it is joined by the Mattaponi River to form the York River. The York River flows into
the Chesapeake Bay about 15 miles north of Hampton, Virginia (Reference 1). The North Anna
River drains a watershed area of 343 square miles above the dam, which is located about 4 miles
north of Bumpass, Virginia, and about a half mile upstream of Virginia Route 601.

As shown in Figure 2.4-1, Lake Anna is about 17 miles long and inundates several small tributaries;
thereby, resulting in an irregular shape having a shoreline length of approximately 272 miles. To
provide optimum thermal performance for the existing units, Lake Anna is separated into two
segments by a series of dikes and canals. The larger segment of about 9600 acres is referred to as
the North Anna Reservoir and functions as a storage impoundment to ensure adequate water
supplies for condenser cooling. The smaller segment, called the WHTF, has an area of about
3400 acres and functions primarily as a heat exchanger for transferring most of the existing units
heat rejection to the atmosphere. When both existing units are operating, eight circulating water
pumps draw water from Lake Anna at a rate of 4246 cfs, circulate it through the condensers, and
return it to the reservoir via the WHTF (Reference 1).

The principal tributaries of Lake Anna include the North Anna River, Pamunkey Creek, and
Contrary Creek. Several smaller tributaries drain to the lake as well. Only two of the tributaries
draining into Lake Anna are gauged: Pamunkey Creek at Lahore, Virginia (USGS 01670180), and
Contrary Creek Near Mineral, Virginia (USGS 01670300). The Pamunkey Creek station gauges a
drainage area of 40.5 square miles, while the daily streamflow record extends from August 1989
through July 1993 (Reference 2). The Contrary Creek station gauges a drainage area of
5.53 square miles. The daily streamflow record for this station extends from October 1975 through
January 1987 (Reference 3). The remaining 297 square miles of the 343 square mile Lake Anna
watershed are not gauged and cannot be characterized accurately for inflows to the impoundment.
Inflows can be estimated, however, from records obtained from the North Anna River near Doswell,
Virginia, which has a record that measures streamflow from April 1929 through September 1988.
This gauging station is located approximately 15 miles downstream of the dam and gauges a
drainage area of 441 square miles (Reference 4).

Using the portion of the Doswell, Virginia record preceding dam closure (i.e., April 1929 through
December 1971), inflows to Lake Anna were estimated. The flows at Doswell are larger than the
flows at the dam due to the larger contributing drainage area. Thus, these flows were adjusted by
multiplying by the ratio of the drainage area at the dam to the drainage area at Doswell, Virginia.
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Table 2.4-2 summarizes the observed and estimated mean monthly inflows to Lake Anna estimated
as described above.

Outflows from Lake Anna have been measured on the North Anna River near Partlow, Virginia,
which is located just downstream of the dam at the Virginia Route 601 bridge. The drainage area at
this stream gauge is 344 square miles. The daily streamflow record for this gauging station extends
from October 1978 through September 1995. The discharge at this station reflects the regulated
outflow from Lake Anna for the entire period of record since the dam was completed in 1972.
(Reference 5) Table 2.4-2 summarizes the mean monthly outflows from the Lake Anna
impoundment using streamflow data from the U.S. Geological Survey (USGS). Note that the period
of record for the estimated total inflow precedes the closure of the North Anna Dam whereas the
period of record for the outflow occurs after dam closure. Mean monthly outflows may, therefore,
exceed the mean monthly inflows for some months.

Lake Anna water levels have been recorded since the existing units began operating. The available
record extends from August 1978 through March 2003. Mean monthly water levels were calculated
from these data and are summarized in Table 2.4-2.

Section 2.4.12 describes the regional and local groundwater environments.

2.4.1.3 Existing and Proposed Water Control Structures

The North Anna Dam is the only existing water control structure on the North Anna River. The
design basis of the North Anna Dam is described in the NAPS UFSAR (Reference 1).

The dam is an earth-filled structure about 5000 feet long, with a central concrete spillway about
200 feet long. The dam crest is at Elevation 265 ft msl and has a width of 30 feet. The dam has a
maximum height above the streambed of about 90 feet and contains approximately 900,000 cubic
yards of compacted earth materials. The concrete spillway section is founded on sound bedrock
and the earthen section of the dam is founded partly on firm residual soils and partly on the
bedrock. (Reference 1)

The earth dam section is constructed of local soils with a cross-section of a homogeneous-type
compacted fill provided with vertical chimney and horizontal downstream foundation drains
constructed of select pervious sand. An upstream impervious blanket is provided where it is
necessary to lengthen the seepage path through residual foundation materials. Earth slopes are
protected with riprap, and, where necessary, they are placed on suitable filters. Other earth slopes
are seeded with grass. A service road is constructed on the dam crest. The stability of the earth
dam is ensured through the use of conservative design procedures coupled with closely controlled
construction techniques. The structure is designed with factors of safety that adequately resist all
applied loads and forces, which is presented in greater detail in the NAPS UFSAR (Reference 1).

The concrete spillway contains three radial crest gates, each 40 feet wide by 35 feet high,
separated by 10-foot-wide concrete piers. The discharge capacity of each of the three main gates is
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shown in Figure 2.4-3. The crest of the spillway ogee is at Elevation 219 feet msl. Concrete gravity
walls on each side of the spillway retain the earth portions of the dam.

A spillway bridge is provided at Elevation 265 feet msl for access to each of the individual electric
motor-operated gate hoists. An auxiliary generator at the dam operates the spillway gate hoists if
normal power supplies are interrupted. Two adjustable skimmer gates are provided for regulating
small releases. The discharge capacity of each of the two skimmer gates, which measure 8.5 feet
by 8.5 feet, is shown in Figure 2.4-4. A concrete apron downstream of the spillway provides energy
dissipation for Lake Anna releases.

The North Anna Dam also incorporates at its base an 855-kW hydroelectric power plant that is
owned and operated by Virginia Power. The hydroelectric facility consists of two separate
generating units (Units 5A and 5B), each unit possessing a single state, open runner-type vertical
turbine. Peak operational efficiency is at a flow of 40 cfs for Unit 5A and 133 cfs for Unit 5B. Water
for the hydroelectric facility, which is withdrawn from near the surface of Lake Anna (depth of less
than 7 feet), flows through a skimmer gate and associated sluice pipe that is connected to a
5-foot-diameter penstock. The water is then directed by a bifurcation piece through 24-inch and
48-inch conduits to Units 5A and 5B, respectively. After passing through the turbines, water is
discharged into the North Anna River just downstream of the dam’s spillway (Reference 6).

While Lake Anna was constructed for power generation purposes, it also provides the additional
benefits of low streamflow augmentation, flood control, and recreation. The normal pool level is
maintained at an elevation of 250 feet msl. The Commonwealth of Virginia requires a
40-cubic-feet-per-second minimum discharge of water from the North Anna Dam except under
drought conditions. These minimum flow requirements are established to maintain in-stream flows
and water quality in the North Anna River below the dam and in the Pamunkey and York Rivers,
which are further downstream. Should drought conditions occur such that the Lake Anna water
surface elevations fall below 248 feet msl, Virginia Power may reduce releases below 40 cfs, in
accordance with the Lake Level Contingency Plan as stipulated in Part |.F of the Virginia Pollutant
Discharge Elimination System (VPDES) Permit (Reference 7). A flood surcharge of 15 feet above
the normal pool level is provided for flood storage. The total Lake Anna volume of 550,000 acre-feet
is allocated as described in Table 2.4-1(Reference 1):

Table 2.4-1 Lake Anna Storage Allocation

Volume
Purpose (acre-feet)
Minimum recreational pool and inactive storage below 246 feet msl 255,000
Conservation and active storage, 246 to 250 feet msl 50,000
Flood control storage, 250 to 265 feet msl 245,000
Total storage 550,000
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No additional water control structures are necessary or proposed for the new units on the ESP site.

2414 Surface Water and Groundwater Users

Surface water users whose intakes could be adversely affected by the accidental release of
contaminants were identified using the water use database maintained by the VDEQ (Reference 8).
This database includes users whose average daily withdrawal in any single month exceeds
10,000 gallons per day (gpd). Users on Lake Anna are limited to the existing units which use the
lake for cooling water. Data reported for the 1996-2001 period indicates an average annual use of
744,313 million gallons per year. Users on the North Anna River include the Bear Island Paper Co.
and the Doswell Water Treatment Plant. The Bear Island Paper Co. is located at the confluence of
the North Anna River and the Little River. Data given for the 1996-2001 period indicates an average
annual use of 252.22 million gallons per year. The Doswell Water Treatment Plant obtains its water
from the North Anna River and supplies water to major customers in the Doswell area, including the
Bear Island Paper Co., the Doswell Limited Partnership electric generation facility, Paramount’s
Kings Dominion Amusement Park, and provides supplemental water to the Hanover County
suburban service area. The plant is rated at 4.0 million gallons per day (mgpd). There are no other
known users of either the North Anna River or the Pamunkey River into which it flows, until it
reaches the York River some 60 miles downstream at West Point, Virginia, where the St. Laurent
Paper Products plant is located. Although the St. Laurent Paper Products is included in the VDEQ
water use database, they reported no withdrawals for the 1996-2001 period.

Section 2.4.12 identifies groundwater users that may be affected by operation of new units on the
ESP site.
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Table 2.4-2 Mean Monthly Hydrologic Statistics for Lake Anna

Contrary
Pamunkey Creek Estimated
Creek Inflow?  Inflow®  Total Inflow® Outflow® Water Level®
Month (cfs) (cfs) (cfs) (cfs) (ft msl)
January 61.2 7.97 411 401 249.79
February 37.5 9.37 449 507 249.89
March 49.0 8.92 497 601 249.95
April 62.0 8.36 454 485 249.91
May 43.0 4.33 286 330 249.88
June 23.9 2.46 171 215 249.77
July 19.3 1.34 161 133 249.59
August 9.72 3.40 228 134 249.43
September 14.5 1.20 125 109 249.12
October 31.8 3.16 174 138 248.97
November 31.8 5.05 218 244 249.14
December 47.6 5.46 298 265 249.49

a. USGS 01670180 Pamunkey Creek at Lahore, Virginia, September 1989 —
April 1993 (Reference 2).

b. USGS 01670300 Contrary Creek Near Mineral, Virginia, October 1975 —
December 1986 (Reference 3).

c. USGS 01671000 North Anna River Near Doswell, Virginia, January 1929 —
December 1971 (Reference 4), scaled to Lake Anna drainage area.

d. USGS 01670400 North Anna River Near Partlow, Virginia, October 1978 —
September 1995 (Reference 5).

e. August 1978 — March 2003.
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24.2 Floods

2421 Flood History

Annual peak discharges for flooding events that have occurred on the North Anna River and
available annual peak North Anna Reservoir water levels, since completion of the dam, are
presented in Table 2.4-14. The flood history information for the period of record was obtained from
the North Anna UFSAR (Reference 1) and from USGS stream gage records (Reference 4)
(Reference 5). The reservoir water level data presented for the period of record from 1979 to 1995
is obtained from Lake Anna water level data compiled by Virginia Power.

The largest flood of record on the North Anna River occurred in 1969, with a peak discharge of
24,800 cfs at the Doswell, Virginia USGS gaging station, approximately 15 miles downstream from
the dam and 14 miles downstream of the Partlow, Virginia gaging station (Reference 4). The flood
that occurred as a result of hurricane Agnes in 1972 nearly matched the flood of record with a peak
discharge of 24,000 cfs at Doswell, VA. Although the North Anna Dam had been completed in
December 1971, the reservoir was not yet filled, thus the water level in North Anna Reservoir during
this event was well below the normal pool elevation of 250.00 ft, msl.

Since completion of the dam and subsequent filling of the reservoir, the largest flood of record
occurred on two separate occasions, February 1979 and June 1995. For both of these events, the
peak discharge at the Partlow gaging station was measured to be 11,700 cfs with a peak water
level in Lake Anna of 252.0 ft, msl, measured at the dam.

24.2.2 Flood Design Considerations

The design basis flood for the ESP site was determined by considering a number of different
flooding possibilities. The possibilities applicable to this site include the probable maximum flood
(PMF) on streams and rivers, potential dam failures, probable maximum surge and seiche flooding,
and ice effect flooding. Each of these flooding scenarios was investigated in conjunction with
stream flooding on the North Anna River as per guidelines addressed in ANSI/ANS-2.8-1992
(Reference 9). Details of the individual scenarios are presented in Section 2.4.3 through
Section 2.4.7.

The highest water level from among the number of flooding possibilities is selected as the design
basis flooding level. For the ESP site, the design basis flooding level was derived from the PMF on
Lake Anna produced by the PMP (Section 2.4.3.1) over the lake’s watershed. The PMP was
developed using Hydro-Meteorological Reports (HMR) 51 and 52, published by the NOAA
(Reference 10) (Reference 11). Wind generated setup and runup elevations were also considered
in conjunction with the maximum still water level on Lake Anna to produce a design basis flooding
level of 267.39 ft, msl at the site. Details of the flooding level determination are presented in
Section 2.4.3.
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Elevations for safety-related components and structures are not yet established for the new units.
However, the grade elevation in the power block area of the ESP site has been established at
Elevation 271.0 ft. msl, providing 3.61 ft of freeboard above the design basis flooding level. This is
the same grade elevation as the existing units. Therefore, all above grade, safety-related
structures, systems and components of the new units would be located above the Lake Anna
design basis flooding level.

2.4.2.3 Effects of Local Intense Precipitation

The design basis for local intense precipitation at the ESP site is the PMP. The PMP values
presented and listed in Section 2.4.3.1 were developed for the 343 square-mile Lake Anna
watershed. The drainage areas for storm water conveyance facilities around the ESP site would be
less than one square mile. Additionally, the time of concentration for these facilities would also be
much shorter than for the Lake Anna watershed. Thus, a different set of PMP values appropriate for
smaller watersheds and storm durations of less than one hour and drainage areas one square mile
or less were used for local intense precipitation at the site. These values were obtained from
HMR 52 (Reference 11) and are listed in Table 2.4-3.

Table 2.4-3 North Anna Power Station Local Probable Maximum Precipitation Values

1-Hour PMP Depth

Duration  Multiplier (in)
6-hour 1.527 27.9
1-hour 1.0 18.3

30-minutes 0.749 13.7
15-minutes 0.522 9.6

5-minutes 0.333 6.1

(Values are for a 1-mi? drainage area.)

The site layout and facilities at the ESP site have not been finalized. Thus, the location and design
of storm water conveyance facilities have not been determined. These tasks would be performed as
part of detailed engineering and described in the COL application. The general design of the storm
water conveyance facilities would be to discharge the runoff to Lake Anna. Using the PMP values
listed in Table 2.4-3, storm water conveyance facilities would be designed such that the peak
discharges from the PMP would not flood safety-related facilities of the new units or of the existing
units. Drainage facilities used during the construction phase of the new units would also be
designed such that safety-related facilities of the existing units would not be adversely affected by
flood elevations as a result of the local PMP and construction of the new units. In addition,
applicable federal, state, and local storm water management regulations would be followed in the
design of storm water conveyance facilities.
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2.4.3 Probable Maximum Flood on Streams and Rivers

Two previous Lake Anna PMF analyses have been performed. The first analysis was performed for
the original Unit 1 and 2 NAPS Final Safety Analysis Report. The second analysis was performed in
1976 to update the runoff model unit hydrograph based on water level observations since the
construction of North Anna Dam. The 1976 analysis is described in the current North Anna UFSAR
(Reference 1). The PMP values used in the 1976 analysis were based on information contained in
the NWS’s Hydro-Meteorological Report (HMR) No. 33 (Reference 12). Since 1976, the NWS, now
under the NOAA, has updated PMP estimates and published HMR Nos. 51, 52 and 53 to reflect the
updated estimates (Reference 10) (Reference 11) (Reference 13). In general, the PMP estimates in
the later HMRs are greater and of longer duration than those presented in HMR No. 33. Thus, for
this section, the PMF analysis has been revised to incorporate the updated PMP information from
HMR Nos. 51, 52, and 53.

The present analysis consisted of developing the PMP estimates from the current HMRs. The
runoff unit hydrograph and precipitation losses used in the 1976 study were compared with
observed results from storms that have occurred since 1976 and adjusted as necessary. Also, the
flood inflow hydrograph and still water elevations in Lake Anna were computed using the U.S. Army
Corps of Engineer’s (USACE’s) computer program, HEC-1 (Reference 14). The backwater effects
along with appropriate wind-generated setup and wave run-up in accordance with
ANS/ANSI-2.8-1992 (Reference 9) were added to the still water elevation to determine the final
PMF elevation and design basis flooding level at the ESP site. Details of the analysis are presented
in Section 2.4.3.1 through Section 2.4.3.6.

The results of the analysis indicate a design basis flooding elevation of 267.39 ft msl at the ESP
site, which is 3.61 ft below the ESP site grade elevation of 271.0 ft msl. Since the ESP site grade
elevation is above the design basis flooding level, all above-grade, safety-related structures,
systems, and components of the new units would be located above the design basis flooding
elevation.

2.4.3.1 Probable Maximum Precipitation

The PMP was developed according to procedures outlined in HMR Nos. 51, 52, and 53
(Reference 10) (Reference 11) (Reference 13). The values are presented in Table 2.4-4. They have
been estimated based on the size and shape of the combined North Anna Reservoir and WHTF
watershed drainage area in accordance with the procedures outlined in HMR No. 52
(Reference 11). The 343 square mile watershed drainage area is shown on Figure 2.4-5. The PMP
isohyetal pattern was oriented over the watershed such that the maximum precipitation volume over
the entire drainage area has been obtained. The 72-hour PMP storm was temporally distributed
according to guidelines in HMR No. 52 and ANS/ANSI-2.8-1992 (Reference 11) (Reference 9) and
is shown in Table 2.4-7.
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Table 2.4-4 Maximum Precipitation Depths

6-hour Incremental

Depths Total PMP Depths
Incremental Storm Total PMP
6-Hour  PMP Depth Duration Depth
Increment (in) (hr) (in)
1 17.71 6 17.71
2 3.67 12 21.38
3 2.24 24 24.89
4 1.27 48 29.09
5 1.27 72 30.65
6 1.07
7 0.98
8 0.88
9 0.59
10 0.39
11 0.29
12 0.29

For the runoff analysis, an antecedent storm condition was assumed as indicated in
ANS/ANSI-2.8-1992 (Reference 9). A rainstorm equivalent to 40 percent of the PMP was initially
modeled, followed by three days with no precipitation, and then the full 72-hour PMP storm was
applied. Based on the historical snowfall information for the NAPS region, snowmelt does not make
a significant contribution to flooding situations (Reference 15). Therefore, antecedent snow-pack
conditions were not considered in the PMF analysis.

2.4.3.2 Precipitation Losses

Precipitation losses for the 1976 study were determined by comparing the rainfall-runoff
relationships for various storms. Precipitation losses were determined using historical storms and
the HEC-1 loss rate parameter optimization (Reference 1).

In addition to the historical storms investigated for the 1976 study, three additional storms were
investigated in the present study to determine precipitation losses, including the influence of recent
data. The storms occurred in February 1979, March 1994, and June 1995, and were selected
because they produced high water levels in the North Anna Reservoir. Hourly precipitation data for
these storms were collected from various precipitation gaging stations near the watershed from the
National Climatic Data Center (Reference 16). The Theissen polygon method was used to
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determine a watershed basin average precipitation for each storm (Reference 17). The precipitation
weighting and basin average precipitation for each storm are shown in Table 2.4-8 through
Table 2.4-10. For these three recent storms, the HEC-1 loss rate parameters were also optimized
by comparing the North Anna Dam outflow HEC-1 results with North Anna Dam discharges
calculated from observed Lake Anna water levels and gate openings. The precipitation loss rates
from the recent storms were factored with the loss rates for the storms analyzed in the 1976 study,
and loss rates were determined for the PMF runoff analysis. The loss rates for each of the actual
storms and the loss rates for the 1976 and present PMF storms are shown in Table 2.4-11.

2433 Runoff Model

The revised 1976 analysis used the unit hydrograph method to determine the PMF levels in Lake
Anna. The unit hydrograph was developed using historical rainfall records from nearby precipitation
stations and historical stage-discharge data for the dam. The procedure, as presented in the NAPS
UFSAR, is outlined below:

1. An isohyetal map of total storm rainfall for each storm was plotted and a Thiessen’s polygon
was drawn on the isohyetal map to determine the distribution of basin rainfall.

2. Mass curves of rainfall were drawn to define the time distribution of rainfall.

3. The base flow was subtracted from the measured stream flow hydrograph to obtain the runoff
hydrograph for each storm.

4. The basin infiltration was adjusted to balance rainfall excess with flood runoff.

5.  Using the runoff hydrograph and the time distribution of rainfall excess for guidance, the unit
hydrograph for each flood was determined.

From the individual unit hydrographs, a composite unit hydrograph for the combined WHTF and
North Anna Reservoir watershed was developed. The composite unit hydrograph used in the 1976
HEC-1 runoff model for the combined watershed drainage area (322.7 square miles), excluding the
reservoir and WHTF surface areas, is shown on Figure 2.4-6. A separate runoff hydrograph was
developed for the drainage area comprising the reservoir and WHTF surface areas (20.3 square
miles). This second hydrograph directly reflected the storm precipitation pattern. No infiltration
losses were used for the runoff over the combined reservoir and WHTF surface areas.

For the current analysis, the precipitation data for each of the three recent storms presented in
Section 2.4.3.2 was applied to the 1976 watershed and lake unit hydrographs. The resulting runoff
hydrographs were then combined and routed through Lake Anna using the computer program
HEC-1 (Reference 14). The HEC-1 computed discharges from Lake Anna for each storm were then
compared with Lake Anna discharges calculated based on gate opening data and water levels
measured at the dam during the storms. Adjustments were made to both the base flow and the
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precipitation loss (infiltration) coefficients. Comparisons of the HEC-1 computed Lake Anna
discharges with the discharges based on measured water levels are shown on Figure 2.4-7 through
Figure 2.4-9. The results indicated that the 1976 unit hydrograph produced inflow hydrographs that
accurately represent the observed lake discharge hydrographs for recent storms. Thus, the same
1976 unit hydrographs were used for the present PMF runoff analysis.

Routing of flood flows through Lake Anna was accomplished using the level pool reservoir routing
procedure in HEC-1. For modeling purposes, the reservoir and the WHTF were treated as a single
storage facility, Lake Anna. Four dividing dikes, one of which allows limited flow exchange, separate
the two facilities. The top crest elevation of the dikes is 260 ft msl. However, there is a 350-foot long
saddle in Dike 3 at Elevation 253.5 ft msl, which functions as a spillway for the WHTF. Thus, once
the water level in either storage facility rises above 253.5 ft msl, equalization of the water level
between the two facilities occurs. In view of the fact that flow between the two facilities is restricted
for elevations below 253.5 ft msl, the reservoir modeling used in HEC-1 conservatively assumed
that all rainfall and runoff was routed only through the North Anna Reservoir until the water level
reached Elevation 253.5 ft msl. This is equivalent to assuming that the WHTF was full to
Elevation 253.5 ft msl at the beginning of the PMF. The Lake Anna stage-storage data provided to
the HEC-1 model reflected the conservative modeling approach for the WHTF. For elevations below
253.5 ft msl, only the North Anna Reservoir’s storage volume was input into the model and made
available for runoff and rainfall storage. For elevations above 253.5 ft msl, the storage from both
facilities was input into the model and made available. The stage-storage curve for the combined
WHTF and North Anna Reservoir, reflecting the conservative approach described, is shown on
Figure 2.4-10.

Two adjustable skimmer gates and three spillway radial gates provide control of the discharge from
the North Anna Dam, as described in Section 2.4.1.2. The stage-discharge relationship used in the
HEC-1 runoff model was based on the adopted spillway rule curve and is the same that was used in
the previous 1976 PMF analysis. The skimmer gate and spillway discharge capacities are shown
on Figure 2.4-3 and Figure 2.4-4.

The present PMF runoff analysis was performed by applying the PMP values in Section 2.4.3.1 to
the watershed and lake surface area unit hydrographs, combining the two hydrographs, and routing
the resultant inflow hydrograph through Lake Anna.

24.3.4 Probable Maximum Flood Flow

The computed PMF inflow hydrograph to the combined WHTF and North Anna Reservoir is shown
in Figure 2.4-11. The peak PMF inflow discharge is about 302,100 cfs, and the peak discharge over
the dam is about 141,000 cfs. The controlling PMF hydrograph shows a result of the runoff from a
72-hour storm with precipitation values equal to 40 percent of the PMP, followed by three days with
no precipitation and then the 72-hour PMP storm.
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There are no other dams in existence on the North Anna River, either upstream or downstream of
the ESP site. The only impoundments in the Lake Anna drainage area are small farm ponds and
two small recreational lakes, Lake Louisa and Lake Orange, whose failures would not produce any
measurable effect on the Lake Anna water levels. Thus, these effects were not included in the PMF
flow.

24.3.5 Water Level Determination

The PMF inflow hydrograph was routed through the combined reservoir using HEC-1 to determine
the maximum still water level associated with the PMF. This routing resulted in a peak outflow of
141,000 cfs with a maximum water level at the dam of 264.07 ft msl. These values may be
compared with the 1976 analysis that resulted in a peak outflow discharge of 142,000 cfs and a
peak water level of 264.2 ft. msl.

For the 1976 analysis, included in the NAPS UFSAR, a backwater profile curve was developed for
the peak discharge of 142,000 cfs, indicating the lake level at the NAPS site to be about 0.2 feet
higher than the water level at the dam (Reference 1). Since the peak outflow discharge for the
present analysis is slightly less than the previous discharge, the results of the previous backwater
analysis have been conservatively applied to the elevation computed for this PMF analysis. By
adding the backwater effect of 0.2 ft to the PMF still water elevation of 264.07 ft msl at the dam, the
PMF still water elevation at the site is 264.27 ft msl.

24.3.6 Coincident Wind Wave Activity

In accordance with procedures outlined in ANS/ANSI-2.8-1992, the wave setup and run-up
generated by a 2-year return period wind speed were added to the PMF still water elevation to
determine the maximum PMF water level at the ESP site (Reference 9). The 2-year overland wind
speed for the site was determined by investigating data presented in ANS/ANSI 2.8-1992 and
NUREG/CR-2639 (Reference 9) (Reference 18). From these two references a fastest-mile 2-year
wind speed of 50 mph, measured 30 feet above the ground over land, was selected. This translates
to a fastest-mile 2-year wind speed over water of 56.0 mph (Reference 19). The fetch diagram used
to determine an effective fetch length of 4700 ft with a maximum fetch of 10,600 ft is shown on
Figure 2.4-12.

Using these values and procedures outlined in the U.S. Bureau of Reclamation publication,
Freeboard Criteria and Guidelines for Computing Freeboard Allowances for Storage Dams,
(Reference 19) and the USACE-Shore Protection Manual (Reference 20), a significant wave height
of 2.15 ft and a maximum wave height of 3.60 ft were calculated. From these values a maximum
wind set-up value of 0.09 ft and a wave run-up value of 3.03 ft were calculated. Adding the wind
setup and wave run-up values to the PMF still-water elevation at the site resulted in a maximum
PMF elevation at the site of 267.39 ft msl.
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2.4.4 Potential Dam Failures

As indicated in Section 2.4.1.1, the ESP site is located adjacent to Lake Anna and approximately 5
miles upstream of the North Anna Dam. Lake Anna was created to supply water to the existing
power station. Amendment 15 to the North Anna Unit 1 and 2 Preliminary Safety Analysis Report
(PSAR) (Reference 21) demonstrates that the design of the North Anna Dam complies with the
requirements associated with Seismic Class | structures. Thus, as described in the NAPS UFSAR,
a seismically induced failure of the dam is not credible (Reference 1).

Lake Anna would serve as a cooling water source and the primary service water source for the new
units. As described in Section 2.4.11.6, the ultimate heat sink (UHS) would consist of a mechanical
draft cooling tower over a buried water storage basin or other passive water storage facility as
required by the reactor design. The UHS facilities would provide a source of water for the service
water system in the event that the primary source becomes unavailable. Therefore, adequate
service water would be immediately available to maintain any new unit or units in a safe condition,
even if Lake Anna were to be drained due to a dam failure. No safety-related structures or systems
of any new units would be adversely affected by the loss of water in Lake Anna due to dam failure.

No other dams exist on the North Anna River, either upstream or downstream of the ESP site. The
only impoundments in the area are small farm ponds and two small recreational lakes — Lake
Louisa and Lake Orange — that are located on small tributaries to the North Anna River and whose
failures would not produce any measurable effect on the Lake Anna, North Anna Dam, or any
safety-related systems.

245 Probable Maximum Surge and Seiche Flooding

Since the ESP site is not located on an estuary or open coast, surge or seiche flooding would not
produce maximum water levels at the site. The maximum surge and seiche flooding is to be
considered using an antecedent water level corresponding to the 100-year maximum water level in
the lake (Reference 22). The published Flood Insurance Study for Louisa County, Virginia, indicates
only an approximate flood hazard area for Lake Anna (Reference 23). From the flood hazard
shading, an approximate flood elevation of 255 ft msl was estimated. This elevation is 9.07 ft below
the maximum still-water elevation of 264.07 ft msl, as presented in Section 2.4.3.

Section 2.4.3 describes the analysis of wind setup (surge) and wave runup completed as part of the
PMF evaluation. This analysis indicates that the maximum fetch length at the site is 10,600 ft, and
the effective fetch length is 4700 feet. Given these relatively short lengths, the surges and waves
produced from winds generated in a probable maximum hurricane or from the oscillatory waves
generated by lake reflection or harbor resonance would not be sufficient to produce water levels
greater than the still water level resulting from the PMP over the watershed.
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2.4.6 Probable Maximum Tsunami Flooding
Since the site is at an inland location and not located on an estuary or open coast, tsunami flooding
is not a design consideration.

2.4.7 Ice Effects

24.7.1 Ice Conditions
Ice at a nuclear power plant site can occur in any one of the following forms:
» Surface ice and its associated forces

» Anchor ice formation on components

Frazil ice that could clog intake flow passages
* Ice jams that can affect flow path to the intake
* Ice accumulation on roofs of safety related structures and components.

Historical data quantifying ice and snow conditions at the NAPS site have been collected and
evaluated and are presented in Section 2.4.7.3.

The following subsections describe the cooling water system for the existing units and the new
units. A summary of the historic ice conditions at the NAPS site, as well as ice prediction and its
effects on the design of the new units are included.

2.4.7.2 Description of the Cooling Water System

The existing units use a once-thorough cooling system that withdraws water from the North Anna
Reservaoir, circulates it through condensers, and returns the water to the reservoir via the WHTF, as
is described in Section 2.4.1. The emergency cooling water and normal service water are provided
from a service water reservoir (SWR) equipped with a spray system. This SWR is completely
separated from the North Anna Reservoir and the WHTF. However, normal make-up water for the
SWR is pumped from the plant intake structure on the North Anna Reservoir.

For the new units, Unit 3 would use a once-through cooling system using the North Anna Reservoir
as the water source and discharging water to the WHTF. Unit 4 would use a closed-cycle cooling
system and dry towers, which would typically have no evaporative losses. Therefore, no make-up
water for Unit 4 would be obtained from the North Anna Reservoir. In the event that the secondary
cooling water loop of the selected dry tower system incorporates a pump sump with a free water
surface, a small amount of evaporation will occur. The evaporation from this surface has been
estimated to be about 1 gpm (0.002 cfs). Any Unit 4 make-up water and normal service water for
both new units would be provided from the reservoir through separate pumps located inside a new
pump intake structure. The emergency cooling water would be provided from a separate
underground concrete storage basin covered by cooling towers to dissipate the rejected heat from
the reactor during emergency conditions or from a passive water storage facility.
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The cooling designs for Units 3 and 4 separate the normal cooling and the emergency cooling water
systems. The discussion and analysis presented in this section demonstrates that the normal
once-through cooling (Unit 3) and closed-cycle, dry cooling tower (Unit 4) cooling systems are
reliable and would not be affected by the ice conditions in the lake. Furthermore, the section
includes data analysis and discussion of the effect of combined snow and winter PMP on
safety-related structures.

24.7.3 Historical Ice Formation

The climate at the ESP site is influenced throughout the year by the Chesapeake Bay climate. The
long-term mean daily air temperature in Richmond ranges from about 38.0°F in January to 78.2°F
in July, while the mean daily minimum air temperature for January is 28.4°F and for March is 36.6°F
(Reference 24).

Snowfall in the region is infrequent and does not accumulate with debilitating impact. The maximum
monthly snowfall in Richmond, Virginia occurred in January 1940 with a depth of 28.5 inches. The
maximum monthly snowfall in recent years occurred in February 1983 with a depth of 21.4 inches.
The maximum 24-hour snowfall in Richmond, Virginia occurred during January 1940 with a total
snowfall of 21.6 inches (Reference 24). Charlottesville, Virginia snowfall data have also been
examined. The maximum monthly snowfall observed in Charlottesville was 29.8 inches, which
occurred in March 1960.

Assuming a snow density of 0.1, the estimated maximum monthly water equivalent for the snowfall
at Richmond, Virginia is 2.85 inches in January to 1.97 inches in March. This depth is equivalent to
a maximum load of 15 pounds per square foot. For the maximum 24-hour snowfall, the estimated
water equivalent is 2.2 inches, which is equivalent to approximately 12 pounds per square foot on
the ground. For the snowfall in Charlottesville, the equivalent water depth is approximately
3 inches, and approximately 16 pounds per square foot.

The combination of moderate air temperature and the relatively low winter precipitation does not
lead to excessive snow and ice formation. Although, historically snowfall and ice have occurred at
the site, accumulation has lasted for only short periods of a few days. Based on snow depth
measurements recorded at the NAPS site, a maximum snow depth of 32 inches was observed on
the roofs and on the ground in the winter of 1995-1996. The equivalent water depth for this snowfall
is approximately 3.2 inches, which is equivalent to 17 pounds per square foot.

These historical monthly snow depths indicate that the maximum equivalent weight of water ranges
from 15 to 17 pounds per square foot.

During the winter of 1977, after the construction of the dam and the filling of Lake Anna, and before
the operation of the plant, an ice sheet was formed on the lake. However, since the beginning of the
operation of the existing units, ice sheets have formed only on the upper reaches of Lake Anna,

2-2-126 Revision 4
May 2005



North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

upstream of Route 208. This region is approximately 3 miles upstream of the cooling water intake
the new units.

Ice formation has occurred on the transmission towers and switchyard at the ESP site during
freezing rainfall. To date, events such as these have not affected the operation of the existing units.
According to NAPS operation records, there have been no incidents of ice blockage of storm
drains.

24.7.4 Frazil Ice

Research on the properties of frazil ice indicates that the nature and quantities of ice produced
depends on the rate of cooling within a critical temperature range. Frazil ice forms when the water
temperature is below 0°C (32°F), and the rate of super cooling is greater than 0.01°C (0.018°F) per
hour in turbulent flows, and there is no surface ice sheet to prevent the cooling (Reference 25)
(Reference 26). This type of ice, which is in the shape of discoids and spicules (Reference 25)
typically forms in shallow flowing water, such as in rivers and lakes, when the flow velocity is
approximately 2 feet per second (0.6 meters per second) (Reference 27).

If a submerged intake is located in shallow water where frazil ice is forming, ice may grow directly
on metal surfaces such as the trash rack and/or traveling water screens. This type of frazil ice is
called anchor ice (Reference 26).

At Lake Anna, formation of frazil ice is precluded due to the circulation of the Unit 1 and 2
condenser cooling water and current heat load. Historic water temperature data at the intake of
North Anna Units 1 and 2 have shown that the minimum intake water temperature reached has
been 1.2°C (34.2°F) with only one unit in operation.

The data presented in Table 2.4-12, obtained by Virginia Power as part of their thermal monitoring
program, show the number of days during which the intake water temperature fell below 4°C
(39.2°F). These data indicate that the water temperature at the intake during the winter months has
historically been above freezing. In the presence of surface turbulence generated by winds, frazil
ice would not form due to high surface temperature. With the operation of the new units, the
additional waste heat discharged to the lake would further decrease the risk of frazil ice formation.
Therefore, frazil ice would not be expected to form at the intakes of the new units.

If, for some reason, all of the units do not operate for a prolonged period in the winter, the lake water
temperature would eventually decrease at a rate dependant on the prevailing air temperature and
wind. Under these conditions super cooling could lead to the formation of frazil ice. However, for
frazil ice to form, sufficient turbulence is required. Since the only pumps operating under this
condition would be the service water pumps, the low flow (about 2 cfs) (Reference 1) would result in
a flow velocity much lower than the 2 feet per second. This low flow would not produce sufficient
turbulence to generate frazil ice, based on criteria stated in Reference 27 and others. Turbulence
also can be generated by strong and sustained wind over the lake during the same climatic
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conditions. Even though historical wind data at Richmond, Virginia (Reference 24) do not show the
occurrence of such events, it is possible that such winds could develop over an open water body
such as Lake Anna. If extreme events were to occur during a period when no units are operating, it
is possible that frazil ice could form in the intake area. In the event that it does, safety-related
facilities would not be adversely affected. The UHS would provide a source of cooling and service
water to maintain the plant in a safe mode should the North Anna Reservoir intake become
inoperable due to frazil ice formation. Further information on the UHS is found in Section 2.4.11.

The formation of anchor ice on the trash racks and screens would be assessed during the design of
the intake and described in the COL application.

24.7.5 Surface Ice

The formation of a surface ice sheet in a cooling water lake can exert forces on the contact
structures due to ice expansion or to the drag force caused by wind acting on unrestrained ice
sheets.

Shoreline intakes designed with approach channels can become obstructed by ice jams. This is
possible at lake intakes where wind may drive the ice toward the shoreline. However, trash racks
prevent the entry of large pieces of ice from broken ice sheets (Reference 28).

However, if all of the existing and new units were off-line during a relatively sustained freezing
weather period, the formation of surface ice is possible, based on examination of the mean daily air
temperature for the 1961-1995 time period. The data show that there were several years in which
the mean daily temperature in the December through March time frame was below freezing for one
to three weeks.

The maximum ice thickness that could have formed under historic low air temperatures with no
units in service has been predicted. The meteorological data for the Piedmont Research Station
(Reference 61) have been analyzed to determine the degree-days below freezing. In the
December 1976 through March 1977 period, there were about 322 cumulative degree-days below
freezing. Using this information and employing Assur’s method as presented in Chow
(Reference 29) (Reference 30), the calculated ice thickness is approximately 17.1 inches. This ice
layer would not impact water flow upon restart due to the water depth at the new intakes (a
minimum of approximately 24 feet). Instead, this surface ice layer would insulate and provide
protection against the formation of frazil ice. However, the formation of surface ice can exert a high
load on the intake structure wall in contact with the water. Ice forces would be accounted for in the
design of the intake and described in the COL application. It should also be noted that the intakes
and associated pumps for the new units would not be safety-related facilities. Emergency cooling
and service water needed to maintain the new units in a safe mode would be supplied by a
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separate UHS. Therefore, no safety-related facilities would be affected by ice layer formation on the
lake.

Upon restart of the units and the circulation of warm water, the ice would gradually melt and break.
The velocity induced by the flow can cause some of the ice floes to be withdrawn or moved by the
water (Reference 31). Although the design of the intake has not been developed to enable the
determination of ice floe size that might be withdrawn, the presence of trash racks and traveling
screens would prevent such ice from reaching the pumps. The accumulation of ice at the trash
racks and traveling screens could clog them and reduce the flow capacity of the intake structure.
However, since emergency cooling and service water would be provided by the UHS, no
safety-related facilities would be affected by ice floe accumulation on the lake.

2476 Ice and Snow Roof Loads on Safety Related Structures

Historical data indicate that since the existing units were put into operation, snowfall in Richmond
and at the ESP site has been infrequent and without debilitating impacts when compared to other
“snow” regions in the country, as presented in Section 2.4.7.3. The presence of snow/ice
accumulation could cause blockage of the roof drains and its effects must be considered in the
design of the roofs of the safety-related structures.

According to RG 1.70, Section 2.3.1.2, the weight of a 48-hour winter PMP and the weight of a
100-year return-period snow pack should be considered for the design of the roofs of safety-related
structures. Based on the climatological conditions at the site, the weight of a 100-year snow pack is
estimated to be 30.5 pounds per square foot and the 48-hour winter PMP is estimated to be
20.75 inches, as indicated in Section 2.3.1.

The maximum load experienced by the roof structure, due to precipitation, is dependent on the roof
design/configuration. For example, the roof load could be governed by the maximum accumulation
of snow and a surcharge due to the loading from the overflow depth as runoff flows over the roof.
The design capacity of the roof structure, and possibly other design features, which demonstrate
acceptable roofing structure performance for the selected reactor design, would be described in the
COL application.

2.4.7.7 Effect of Ice and Snow Accumulation on Site Drainage

Historic observations at the ESP site do not indicate the presence of ice and snow that would cause
blockage of the storm drains. From the winter air temperature data summarized in Table 2.4-13,
mean daily temperatures below freezing in the winter have historically lasted between 5 to
16 consecutive days. This introduces the possibility of blockage of small catch basins and drains.
However, the design of on-site drainage facilities would assume that culverts, catch basins, and
storm drains are blocked. With this assumption, the drainage facilities would be designed to pass
the flows from the PMP without flooding any safety-related facility. Therefore, local flooding
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produced by PMP, coincident with ice and snow on the ground, would be precluded. Details of site
drainage are presented in Section 2.4.2.3.

2.4.8 Cooling Water Canals and Reservoirs

As described in Section 2.4.1, new Unit 3 would use a once-through cooling system for normal
plant cooling. The cooling system would withdraw cooling water at a rate of about 2540 cfs, from a
new intake structure located west of the intake structures for the existing units, pump it through the
Unit 3 condensers and auxiliary heat exchangers, and discharge it to the WHTF for heat dissipation
through a new outfall located adjacent to the existing units’ outfall at the head of the discharge
channel.

As described in Section 2.4.1, new Unit 4 would use a closed-cycle cooling system with dry cooling
towers to transfer the rejected heat to the atmosphere during normal plant operation. The dry
cooling system would have practically no make-up water requirements, and no blowdown
discharge. A dedicated pump bay in the new structure would be used to supply service water, and a
small amount of make-up water as required by the pump configuration selected for the closed-loop
cooling water system, to the plant.

The UHS for the new units would consist of a mechanical draft cooling tower over a buried water
storage basin or other passive water storage facility, as required by the reactor type. These UHS
facilities would have their own source of water, independent of the lake, for safety-related cooling in
the event that use of the UHS is required. Therefore, the North Anna Reservoir and the WHTF
would not be safety-related facilities. The design basis for these existing non-safety-related cooling
facilities is presented in the following paragraphs.

As indicated in Section 2.4.1.2, a series of dikes and canals divide Lake Anna into two segments,
the smaller segment forming the WHTF and the larger segment forming the North Anna Reservoir
(Figure 2.4-1). Circulating water for the existing units is withdrawn from the North Anna Reservoir at
the existing screen well and pump house near the power station and, from there, is pumped through
the condenser and discharged through circulating water discharge tunnels into the circulating water
discharge canal at the upstream end of the WHTF (Figure 2.4-13). The circulating water then flows
through the ponds and interconnecting canals of the WHTF for heat dissipation, and reaches Dike 3
at the easternmost end of the WHTF. Dike 3 contains six submerged adjustable skimmer wall gates
through which the circulating water is discharged to the North Anna Reservoir, as shown in
Figure 2.4-14. About 40 percent of the rejected heat is lost to the atmosphere in the WHTF, mainly
through evaporation. The remaining heat is dissipated in the main reservoir with only a small
percentage of heat released from the North Anna Dam. (Reference 1)

Three dikes and two canals form and interconnect the three ponds of the WHTF. Hydraulic losses of
circulating water as it flows through the canals and the Dike 3 skimmer wall structure cause the
water level in the upstream end of the WHTF to be about 1.5 feet higher than the normal North
Anna Reservoir pool level. (Reference 1)
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The dikes used to create the WHTF consist of compacted earth materials, except for a 700-foot
length of the easternmost dike, Dike 3, which is constructed of dumped rock fill. The submerged
skimmer wall discharge structure is constructed within this rock fill section. The rock fill section
serves as an emergency overflow for the WHTF. The crest of the rock fill section is at
Elevation 253.5 ft msl, while the crest of the earth fill section for the remainder of the dikes is at
Elevation 260 ft msl. Thus during high water conditions, when the water level in the WHTF exceeds
Elevation 253.5 ft msl, the rock fill section would be overtopped, thereby allowing excess flood
waters to enter the main body of the reservoir without causing the differential level between the
reservoir and the WHTF to exceed 2 feet. It is expected that the emergency overflow spillway would
operate once in approximately 100 years. (Reference 1)

The earth dikes have a crest width of 26 feet and a side slope of 2.5 to 1 (horizontal to vertical).
Each side slope has rip-rap erosion protection. Diversion pipes through the base of each dike,
which were necessary for construction purposes, have been closed off with stop logs and left intact
during the filling of Lake Anna. (Reference 1)

The discharge canal and the two interconnecting canals in the WHTF are each designed to convey
approximately 8000 cfs (Reference 1). This capacity is in excess of the circulating water flow rate of
4246 cfs from the existing units plus the circulating water flow rate of 2540 cfs from the new Unit 3
cooling system, the total being 6786 cfs. The new Unit 4 would not discharge any cooling water to
the WHTF. Therefore, with the addition of Units 3 and 4, the normal design water level of
Elevation 251.5 feet for the WHTF would not be affected, since total flow through the facility is less
than the original 8000 cfs design capacity of the cooling water canals and discharge structure.

The canals are constructed through soil and bedrock and are unpaved. Erosion protection is
provided by vegetation along all banks, except in the vicinity of the circulating water discharge
structure at Dike 3, where riprap is provided (Reference 1).

The physical characteristics and design parameters for the North Anna Reservoir and the North
Anna Dam are described in Section 2.4.1. Discussion of the PMF level in the North Anna Reservoir
and its derivation is provided in Section 2.4.3. The effects of potential dam failures, probable
maximum surge and seiche flooding, and ice effect flooding are addressed in Section 2.4 .4,
Section 2.4.5, and Section 2.4.7, respectively.

2.4.9 Channel Diversions

The possibility of an upstream diversion of the North Anna River is considered extremely remote.
Historical information indicates that the river has not had a major change of course in recent history
(Reference 1) (Reference 6). Inspection of US Geological Survey 7.5-minute topographic maps and
pre-Lake Anna aerial photography shows that the North Anna River lies in a valley that is at least
250 feet lower than the surrounding drainage divide. There is no apparent man-made or natural
event (e.g., earthquake, subsidence, landslide, or ice blockage) that could divert the North Anna
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River from its current drainage basin. Thus, the flow of water into Lake Anna from the North Anna
River and tributaries is secure from unexpected upstream diversions.

2.4.10 Flooding Protection Requirements

The maximum design basis Lake Anna flood elevation, presented in Section 2.4.2, is 267.39 ft msl.
This elevation is below the site grade at Elevation 271.0 ft msl. Since the ESP site grade is above
the maximum water level, including wind setup and wave runup, the possibility of flooding
above-grade, safety-related structures, systems, and components of the new units at the ESP site
is precluded. Rip-rap protection of the slope embankment at the circulating water intake location on
Lake Anna would be provided to prevent wave activity from eroding the embankment near the
on-shore intake structure. It should be noted that although protection would be provided for this
structure, the intake is not a safety-related facility.

As mentioned in Section 2.4.2, the effects of intense local precipitation would be considered in the
design of drainage facilities for the ESP site. These facilities would be designed such that the peak
discharge from the local PMP would not produce flood elevations that would pose a flooding hazard
to any safety-related structure, system, or component of the potential new generation units at the
ESP site. Additionally, the design of the drainage facilities would incorporate measures to ensure
that the existing units safety-related facilities would not be subject to flooding during the
construction or operation of the new units. Applicable NRC, federal, state, and local storm water
management regulations would be followed in the design of the drainage facilities.

2.4.11 Low Water Considerations

24.11.1 Low Flow in Streams

Prior to construction of the North Anna Dam, the average daily flow measured at Doswell, Virginia
was 370 cfs (Reference 32). The lowest instantaneous flow recorded at Doswell, Virginia, was
1 cfs; however, the lowest recorded flow for a 24-hour period was 2 cfs. (Reference 1)

Since construction of the dam, minimum release requirements have maintained the low flows in the
North Anna River downstream of the dam at flow rates higher than those listed above. For lake
water elevations at or above Elevation 248 ft msl, a minimum release of 40 cfs is mandated. For
water levels below 248 ft msl the release may be lowered in accordance with the criteria set forth in
VPDES Permit Number VA0052451, which requires a minimum instantaneous release from the
dam of no less than 20 cfs. (Reference 7) The minimum daily flows recorded at Partlow, Virginia
(1978-1995) and Doswell, Virginia (1972—1988) since construction of the dam are 38 and 40 cfs,
respectively (Reference 5) (Reference 4). Since 1995, Lake Anna water level and dam operation
data compiled by Virginia Power, indicate that the minimum release from the dam during this period
was 20 cfs (occurring during severe drought conditions).
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Lake Anna, which was formed by the construction of the North Anna Dam on the North Anna River,
provides cooling water for the existing units. Lake Anna would also provide cooling water for the
new units, as described in Section 2.4.1. Currently, the lake is maintained at an operating water
level of 250 ft msl. The existing units can continue to operate with lake water levels as low as
Elevation 242.0 ft msl before shutdown of the units must occur in accordance with the plant’s
Technical Requirements Manual (Reference 33). For the new units, the anticipated minimum lake
level for operation is also Elevation 242.0 ft msl. All intake elevations for cooling water and plant
service water needs would be based on this elevation, with sufficient margin to ensure plant
operation during low water events. The historic low water levels in Lake Anna are presented in
Section 2.4.11.3.

Although low water levels could conceivably require a shutdown of the existing units and the new
units, no safety-related structures, systems or components at the existing units or the new units
would be affected. Thus, low water levels do not pose a safety-related risk to either the existing or
new units. The UHS for the new units would also be unaffected by low water levels in the lake.
Details on the design basis for the UHS of the new units are addressed in Section 2.4.11.6.

2.411.2 Low Water Resulting from Surges, Seiches, or Tsunami

As presented in Section 2.4.11.1, Lake Anna does not provide the cooling water to safety-related
structures, systems, or components. In accordance with RG 1.70, low water resulting from surges,
seiches, or tsunami need only be considered when such conditions could affect safety-related
facilities. A low-water surge of 0.3 feet below the lake’s still water level during a probable maximum
hurricane has been estimated in the UFSAR for the existing units (Reference 1). Low water
conditions as a result of icing have also been considered and are described in Section 2.4.7.

2.4.11.3 Historical Low Water

Table 2.4-5 shows the annual minimum recorded water levels on Lake Anna since the
commencement of plant operations in 1978. The lowest minimum recorded water level on the lake
was Elevation 245.1 ft msl on October 10, 2002. This low water level followed the driest September
to August period and the third driest October to September period in the 108-year record for Virginia
state-wide precipitation (Reference 34) (Reference 35). Prior to this historic low, the lowest
recorded water level was Elevation 247.4 ft msl in 2001. Since 1978, the water level has fallen
below Elevation 248.0 ft msl on five occasions, and below Elevation 247.0 ft msl only once. Historic
low water flows are presented in Section 2.4.11.1.
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Table 2.4-5 Lake Anna Annual Minimum Water Level

Minimum Minimum Minimum
Water Level Water Level Water Level

Year ft msl Year ft msl Year ft msl
1978 249.03 1987 248.90 1996 249.80
1979 249.01 1988 248.40 1997 249.10
1980 248.38 1989 249.42 1998 247.60
1981 248.00 1990 249.51 1999 247.60
1982 249.02 1991 248.50 2000 249.20
1983 248.11 1992 249.30 2001 247.40
1984 248.87 1993 247.90 2002 245.10
1985 249.18 1994 249.40

1986 248.16 1995 248.80

During drought conditions, the water level in the lake is determined by a combination of the lake
inflow, dam release, lake evaporation, and any consumptive uses of water. The heat load rejected
from the existing units influences lake evaporation. With the addition of waste heat to the WHTF
from the new Unit 3 via its once-through cooling system, lake evaporation would increase and
reduce water levels during times of drought when inflow is insufficient to replace outflows from dam
releases and evaporation. Unit 4 would use a closed-cycle cooling system with dry towers that
typically have no evaporative losses, require no make-up water to replace evaporative loses, and
have no blowdown discharge compared to mechanical (or natural) draft cooling towers. In the event
the secondary cooling water loop of the selected dry tower system incorporates a pump sump with
a free water surface, a small amount of evaporation will occur. The evaporation from this surface
has been estimated to be about 1 gpm (0.002 cfs). Any