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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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1.2.3 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. 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.”

4. 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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1.3 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 0
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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 discussed 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.

2-1-9 Revision 0
September 2003



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

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.
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Table 1.3-1 Plant Parameters Envelope

[72]
Bound €
Bounding Value @ Notes £
[Value for 2 Units in See £
PPE Section brackets] P Table 1.3-2 8 Definition
1. Structures c
1.1 Building Characteristics
1.1.1 Height 234 ft-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. A site
specific value is used for this parameter.
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. A site
[Same for 2nd unit/group] specific value is used for this parameter.
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. A site specific value is used for this parameter.
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. A site specific value is used for this parameter.
[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 and probable maximum precipitation (defined in
ANSI/ANS 2.8-1992) used in the plant design. A site specific value is used for this
parameter.

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. A site specific value is used for
grade) [Same for 2nd this parameter.
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). A site specific value is used for this parameter.

[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. A site specific value is
used for this parameter.

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. A site specific value is used for this parameter.
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. A site specific value is used for this parameter.

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. A site specific value is used for this parameter.
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. A site specific value is used for this parameter.
North Anna Revision 0
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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
1.6.4 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. A site specific value is used for this parameter.
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 psilsec 6 The assumed design rate at which the pressure drops due to the passage of the tornado. A site
[Same for 2nd unit/group] specific value is used for this parameter.
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. A site specific value is used for this
parameter.
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. A site specific value is used for this parameter.
[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
(1% Exceed)

[Same for 2nd unit/group]

1% of the time — used in 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
2.1.3 Normal Shutdown 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 of plant systems that must be capable of effecting normal shutdown under
(1% Exceed) the assumed temperature condition.
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
2.21 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. A site specific value is used for this
Exchanger unit/group.] parameter.
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 e The land required for cooling towers or ponds, including support facilities such as equipment
[100 acres] sheds, basins, canals, or shoreline buffer areas. A site specific value is used for this
parameter.
2.3.2 Approach Temperature 10°F 1,4,7 The difference between the cold water temperature and the ambient wet bulb temperature. A

[Same for 2nd unit/group]

site specific value is used for this parameter.
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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
2.3.3 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. A site specific value is used for this
table] parameter.
2.3.4 Blowdown Flow Rate 6400 gpm expected 1,5 g 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. A site specific value is used for this
[12,800 gpm expected parameter.
(49,000 gpm max)]
2.3.5 Blowdown Temperature 100°F 1,2,3,4,5 g 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 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 makeup water streams. A site specific value is used for this parameter.
2.3.7 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. A site specific value is used for this parameter.
[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 Makeup Flow Rate 23,950 gpm expected 9 g 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. A site specific value is used for this parameter.
[47,900 gpm expected
(88,000 gpm max)]
2.3.10 Noise 55 dba at 1000 ft 6 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.
2.3.11 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. A site specific value is used for this parameter.
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. A site specific value is used for this
@100°F parameter.
[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). A site specific value is used for this parameter.
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. A site specific value is used for this
parameter.
2.4.2 Approach Temperature 10°F 1,4,7 The difference between the cold water temperature and the ambient wet bulb temperature. A
[Same for 2nd site specific value is used for this parameter.
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. A site specific value is used for this
table] parameter.
2.4.4 Blowdown Flow Rate 6,400 gpm expected 1,5 g 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. A site specific value is used for this
[12,800 gpm expected parameter.
(49,000 gpm max)]
2.4.5 Blowdown Temperature 100°F 1,3,4,5 g The maximum expected blowdown temperature at the point of discharge to the receiving water

[Same for 2nd unit/group]

body.
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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
2.4.6 Cycles of Concentration 4 1,3,4,5,7 f Theratio of total dissolved solids in the cooling water blowdown streams to the total dissolved
[Same for 2nd unit/group] solids in the makeup water streams. A site specific value is used for this parameter.
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. A site specific value is used for this parameter.
[35,100 gpm expected
(39,000 gpm max)]
2.4.8 Height 550 ft 3,5,7 j  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 Makeup Flow Rate 23,950 gpm expected 9 g 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. A site specific value is used for this parameter.
[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. A site specific value is used for this parameter.
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]
Bound ]
Bounding Value 2 Notes £
[Value for 2 Units in See £
PPE Section brackets] P Table 1.3-2 8 Definition
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 g Expected temperature of the cooling water at the exit of the condenser/heat exchangers. A site
Temperature [Same for 2nd specific value is used for this parameter.
unit/group.]
2.5.2 Cooling Water Flow Rate 1,140,000 gpm 5 g 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 g 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. A site specific value is used for this
[21,100 gpm expected parameter.
(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]
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(2]
Bound ]
Bounding Value 2 Notes £
[Value for 2 Units in See £
PPE Section brackets] P Table 1.3-2 8 Definition
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.
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 makeup 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 Makeup 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 I 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 |  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 I 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 |  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 I 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 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 @QEAB 0.61 E-3 sec/m® 1 A site specific value is used for this parameter.
[Same for 2nd unit/group]
9.1.2 0-8 hr @LPZ 1.30 E-4 sec/m® 5 A site specific value is used for this parameter.
[Same for 2nd unit/group]
9.1.3 8-24 hr @LPZ 1.0 E-4 sec/m® 1,5 A site specific value is used for this parameter.
[Same for 2nd unit/group]
9.1.4 1-4 day @LPZ 4.18 E-5 sec/m® 3 A site specific value is used for this parameter.
[Same for 2nd unit/group]
9.1.5 4-30day @LPZ 9.24 E-6 sec/m® 3 A site specific value is used for this parameter.
[Same for 2nd unit/group]
9.2 Atmospheric Dispersion (X/Q) 1.17 E-6 sec/m? 3 The atmospheric dispersion coefficients used in the safety analysis for the dose consequences
(Annual Average) [Same for 2nd unit/group] of normal airborne releases. A site specific value is used for this parameter.
9.3 Dose Consequences m
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 20, 1,3,4,5,7 The estimated design radiological dose consequences due to gaseous releases from
10 CFR 50 APP |, postulated accidents.
10 CFR 100
[Same for 2nd unit/group]
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 n
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 0
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 p 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 q
10.1.1  Normal 10 CFR 50, Appendix I, 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 r
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 ]
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.
[6200 cilyr]
11. Solid Radwaste System t
11.1 Acreage
11.1.1 Low Level Radwaste 2 years in radwaste 1 The land usage required to provide onsite storage of low level radioactive wastes.
Storage building @ expected
generation rate
[Same for 2nd unit/group]
North Anna Revision 0

Early Site Permit Application

2-1-28 September 2003



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
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 u 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 u 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 u 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 e 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 u 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 u 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 u 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 u 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 u 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 e 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 v 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 w The land area required to provide space for plant facilities. A site specific value is used for
[174 acres] this parameter.
16.2.1 Office Facilities 1.8 acres 2 A site specific value is used for this parameter.
[2.18 acre (95,200 sq ft)]
16.2.2 Parking Lots 3.86 acres 3 A site specific value is used for this parameter.
[7.72 acres]
16.2.3 Permanent Support 12 acres 2 A site specific value is used for this parameter.
Facilities [8.4 acres]
16.2.4 Power Block 11.64 acres 7 A site specific value is used for this parameter.
[23.3 acres]
16.2.5 Protected Area 40 acres 7 A site specific value is used for this parameter.
[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 x 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 x  The number of people required to operate and maintain the plant. A site specific value is used
[1160 people] for this parameter.
16.5.2 Refueling / Major 1000 people 1 x  The additional number of temporary staff required to conduct refueling and major maintenance
Maintenance [Same for 2nd unit/group] activities. A site specific value is used for this parameter.
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 v 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 v 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 A site specific value is used for this parameter.
[58 acres]
17.2.2 Temporary Construction 52 acres 3 e A site specific value is used for this parameter.
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 x Peak employment during plant construction. A site specific value is used for this parameter.
[5,355 for unit
simultaneous
construction]
17.5 Site Preparation Duration 18 months 1,3, 7 x 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.

k. Impacts of the main condenser cooling system will usually bound impacts from operation of the Ultimate Heat Sink.
I.  Operational impacts on water quality and aquatic ecological resources.

m. 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.

n. 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.

0. 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.

p. 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.

g. 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.

r. 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.

s. 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.

—

X g < ¢
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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 Makeup 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 makeup 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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North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

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 0.9 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 - c,d,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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North Anna
Early Site Permit Application
Part 2 - Site Safety Analysis Report

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
a. See PPE Section 15.1.
b. Emissions are based on 4 hrs/month operation for each of the generators.
c. Bounding value from IRIS criteria.
d. Bounding value from ABWR/ESBWR criteria.
e. Bounding value from ACR-700 criteria.
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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 Rh-103m 0.00493 d Cs-136 0.00063 d
Na-24 0.00281 c Rb-88 0.00027 Ru-106 0.07352 d Cs-137 0.01332 d
P-32 0.00018 c Rb-89 0.0000441 Rh-106 0.07352 d Ba-137m 0.01245 d
Cr-51 0.00770 c Sr-89 0.00011 Ag-110m 0.00105 d Cs-138 0.00019 c
Mn-54 0.0026 c Sr-90 0.0000351 Ag-110 0.00014 d Ba-140 0.00552 d
Fe-55 0.00581 c Y-90 0.0000031 Sb-124 0.000679 b La-140 0.00743 d
Mn-56 0.00381 c Sr-91 0.0009 Te-129m 0.00012 d Ce-141 0.00012 c
Co-56 0.00519 c Y-91 0.00011 Te-129 0.00015 d Ce-143 0.00019 d
Co-57 0.0000719 c Y-91m 0.00001 Te-131m 0.00009 d Pr-143 0.00013 d
Fe-59 0.00020 d Sr-92 0.0008 Te-131 0.00003 d Ce-144 0.00316 d
Co-58 0.00336 d Y-92 0.0006 I-131 0.01413 d Pr-144 0.00316 d
Co-60 0.00911 c Y-93 0.0009 Te-132 0.00024 d All others 0.00002 d
Ni-63 0.00014 c Zr-95 0.00104 I-132 0.0026 c Total 0.313
(except tritium)
Cu-64 0.00751 c Nb-95 0.00191 1-133 0.01 c
Zn-65 0.00041 d Mo-99 0.000830 I-134 0.0017 c Tritium 3100 b
release

W-187 0.00013 d Tc-99m 0.0008 Cs-134 0.00993 d
Np-239 0.00311 c Ru-103 0.00493 I-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 4.32E+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 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
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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 Describe the restricted area boundaries in order to determine whether releases in excess of
limits may occur.

Affected Section 211

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 50.33(a) through (d)
Title Contents of Applications; General Information
Description Provide the name, address, description, and citizenship of applicant.

Affected Sections
Conformance
Exceptions
Clarifications

Part 1 of the ESP Application
Conforms

None

None

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 Section
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.

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 245

Conformance Conforms

Exceptions None

Clarifications None
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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
seismic criteria

Affected Section 245

Conformance Conforms

Exceptions None

Clarifications None

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 50.55a
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 2.3.1

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 E
Title Emergency Planning and Preparedness for Production and Utilization Facilities
Description Describe additional meteorological measurements taken for emergency preparedness

Affected Section
Conformance
Exceptions
Clarifications

planning.
233
Conforms
None
None

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 2.3.3 — Describe meteorological data used in the compliance with the numerical

Affected Sections
Conformance
Exceptions

Clarifications

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.

2.3.3,2.35
Conforms
None

None

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.
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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.

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 Describe the seismic and geologic characteristics of the proposed site.
Affected Sections 251,252

Conformance Conforms

Exceptions None

Clarifications None

Regulation 10 CFR 52.17(a)
Title Contents of Applications
Description Section 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.
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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).

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 24.3,24.4

Conformance Conforms

Exceptions None

Clarifications 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(a)(2)
Title Contents of Applications
Description This section of the regulation requires that a complete environmental report be submitted in

Affected Section
Conformance
Exceptions
Clarifications

accordance with 10 CFR 51.45 and 51.50.
Part 3

Conforms

None

None

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

Affected Section
Conformance
Exceptions

Clarifications

agencies with emergency preparedness responsibilities.
13.3

Conforms

None

None
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Regulation 10 CFR 52.17(c)
Title Contents of Applications
Description This section of the regulation specifies information the applicant must submit as part of its

Affected Section

ESP application if it later wishes to perform activities at the site allowed for under
10 CFR 50.10(e)(1) [typically referred to as Limited Work Authorization-1] without first
obtaining separation authorization required by that section.

Part 4 of the ESP Application

Conformance Conforms

Exceptions None

Clarifications None

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

24.1,245,24.6,24.7,24.8,24.9,24.11,2.4.13,25.2,2.54,2.5.5
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 Section
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.
211,213
Conforms

None

None
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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

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.

2.3.1,23.2,23.3,24.1,24.2,24.3,24.4,2.45,2.46,24.7,2.4.9,2.4.10,2.4.12
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.
234
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 Section
Conformance
Exceptions
Clarifications

50.34(a)(1).
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 100.23
Title Geologic and Seismic Siting Criteria
Description Section 2.4.12 - Sets forth the criteria to determine the suitability of design bases with

Affected Section
Conformance
Exceptions

Clarifications

respect to seismic characteristics of the site.

Section 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.

24.12,255
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.

24.4,246,24.7,2.4.11,24.12,251,2.52,25.3,254,255
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.

2412
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.

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 1.5

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 Rev. 0

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 Rev. O/Rev. 1

Date 1972/1986

Affected Sections 2.3.2,2.3.3,2.34,2.7

Conformance Conforms

Exceptions None

Clarifications None

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 Rev. 0

Date March 1972

Affected Section 234

Conformance Conforms

Exceptions None

Clarifications None
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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 Rev. 0

Date March 1972

Affected Section 234

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 231,247,248,24.9,24.11,24.12,24.13,254,255

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

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
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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 242,243,244,245,246,24.7,24.8,24.10

Conformance Conforms

Exceptions None

Clarifications None

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
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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.
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.

(continued)
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Description
(continued)

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.

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.

(continued)
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Description
(continued)

Revision
Date
Affected SSAR Sections

Conformance

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.

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

1.1,14,15,16,1.7,1.8,2.0,21.1,21.2,21.3,2.21,2.2.2,2.2.3,2.31,2.3.2,2.3.3,2.34,
235,24.1,24.2,243,24.4,245,24.6,24.7,24.8,2.49,24.10,2.4.11,2.4.12,2.4.13,
251,25.2,253,2.54,2.5.5, 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)
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Exceptions

Clarifications

Specific design information is not provided.

Section 2.3.5 — As the venting locations would not be fixed until at the COL stage, the
calculation of the maximum annual average X/Q at or beyond the site boundary for each
venting location will be provided in the COL application.

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.

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 Rev. 0

Date April 1974

Affected Section 2.3.1

Conformance Conforms

Exception None

Clarifications None
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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 Rev. 0

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 — 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 221,222,234

Conformance Not Required

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

Clarifications

None

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

Conformance Conforms

Exceptions None

Clarifications None
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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

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 2.3.5,27

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 Sections 2413

Conformance Not Required

Exceptions 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.
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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, 246,2.4.8,2.4.10

Conformance Not Required

Exceptions None

Clarifications

Physical modeling of hydraulic structures is not necessary for the ESP.

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
Affected Sections 25.1,252,253,254,255
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
further apart than recommended because of the general nature of the investigation.
Section 2.5.5 —

4.3.1.2 Only borings used for cross-hole seismic tests were surveyed for deviation.
4.3.2  Only split-spoon and rock core samples were taken.

4.3.2.2 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.

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 Proposed Rev. 1 (Draft RG DG-1109)

Date April 1978

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
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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 234,27

Conformance Conforms

Exceptions None

Clarifications None

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 Rev. 0

Date March 1997

Affected Sections 251,252,253

Conformance Conforms (2.5.1, 2.5.3)
Partial Conformance (2.5.2)

Exceptions Section 2.5.2 — The evaluation of vibratory ground motion conformance to RG 1.165 with the

Clarifications

exception of the development of the selected SSE ground motion spectrum. The selected
spectrum was developed in accordance with an alternate approach as described in Sections
25.2and 2.5.2.6.7.

None

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

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
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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 2.3.3

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

Revision Rev. 0

Date May 1974

Affected SSAR Sections 2.4.13

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 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 SSAR Sections 2.1.3,2.3,25.1,25.2,25.3,2.54,27

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

211
Conforms (except as noted below)
For security reasons, UTM coordinates not provided

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

2.2.1-2.2.2
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

None

2.4.1 Hydrologic Description

Section 241
Conformance Conforms
Exceptions: None
Clarifications None
RS-002 Section and Title 2.4.2 Floods
Section 242
Conformance Conforms
Exceptions None
Clarifications None

RS-002 Section and Title

2.4.3 Probable Maximum Flood (PMF) on Streams and Rivers

Section
Conformance
Exceptions
Clarifications

243
Conforms
None
None
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RS-002 Section and Title

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

RS-002 Section and Title

2411
Conforms
None
None

2.4.12 Groundwater

Section
Conformance
Exceptions
Clarifications

2.4.12
Conforms
None
None
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RS-002 Section and Title

2.4.13 Accidental Releases of Liquid Effluents in Ground and Surface Waters

Section
Conformance

Exceptions

Clarifications

RS-002 Section and Title

2.4.13
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

244
Conforms
None
None

2.5.5 Stability of Slopes

Section
Conformance
Exceptions

Clarifications

RS-002 Section and Title

245
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

RS-002 Section and Title

Chapter 15

Conforms

None

The PPE approach in RS-002 was used for the evaluation.

17.1.1 Early Site Permit Quality Assurance Controls

SSAR Section
Conformance
Exceptions
Clarifications

17

Conforms

See Section 17.1, Appendix B
None
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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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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 0
September 2003



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 discussed 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. 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 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.
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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
parallel, the appropriate portions of the emergency plan would be implemented in support of those
state and local actions.

21.2.3 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, and 2040 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 1). As reported in NAPS Updated Final Safety Analysis Report
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(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.

The population distributions and related information were collected and the results tabulated in all
distances of interest for all sixteen directions. The 10-mile population distribution for Year 2000 is
shown on Figure 2.1-4. In order to generate more accurate counts, census block points were used
in LV5 to calculate population distributions.

Population projections for the area within 10 miles of the ESP site for 10-year increments up to
40 years from the 2000 census are provided. Population projections for the year 2010, 2020, 2030
and 2040 are given in Figure 2.1-5 through Figure 2.1-8. 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.
Logto (Population,,,/ Population 1g9()
(2000 — 1990) x 0.4342945

Annual Average Growth =

The 1990 population distributions within each county and city considered in Virginia and Maryland
were also obtained from the U.S. Census Bureau (Reference 4). The LV5 results show that the Year
2000 resident population within 6 miles (the low population zone (LPZ)) and 10 miles of the ESP
site were 5890 and 15,511 persons, respectively.

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 located approximately 12 miles to the west of
the ESP site. The population of the town has increased from 1088 (Reference 12) to 1400
(Reference 2, Section 2.2.8.5) between 1990 and 2002. Estimates of the Year 2000 resident
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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, and
2040 are based on the same methodology as the 10-mile projections. These population projections
are given in Figure 2.1-10 through Figure 2.1-13, respectively.

Besides the thirty counties within Virginia, the 50-mile radius from the ESP site also encompasses
Charles County, Maryland. The population distribution 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.

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
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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
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, and 2040 are presented in
Figure 2.1-4 through Figure 2.1-8.

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
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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.

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, and 2040 are
presented in Figure 2.1-9 through Figure 2.1-13.

2.1.3.4 Low Population Zone

The 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 100.11(a)(2). Exposure of individuals to radiation in the LPZ would be within
the limits established in 10 CFR 20.

The resident population distribution within the LPZ is indicated in Figure 2.1-4 through Figure 2.1-8,
based on the 2000 Census and projections every 10 years through Year 2040. 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 mi.) range. For reporting purposes, the LPZ population is
represented by the population enclosed within the 10-km distance circle.
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In summary, the LPZ population for 2000 and the projected population through 2040 are as follows:

Year Population

2000 5890
2010 7910
2020 9940
2030 11,960
2040 13,980

The only school in the LPZ is Livingston Elementary, which is located 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).

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 design-basis accident.

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 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 2040 population of about 20,300.
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 2040 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 2040 projections,
it is concluded that at the time of initial site approval and within about 5 years thereafter, the
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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 None 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 2.1-1 Site Boundary
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Figure 2.1-2 Ten-Mile Surrounding Area
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Figure 2.1-3 Fifty-Mile Surrounding Area
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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

2-2-18 Revision 0
September 2003



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

Ring KiIoF:TI:a%ers I\F/T:Ir:egs FS
A 0-2 0-1.24
B 2-4 1.24-25
C 4-6 25-3.73
D 6-8 3.73-5.0
E 8-10 5.0-6.2
F 10-16 6.2-10.0

Figure 2.1-6 16-Kilometer (10-Mile) Resident and Transient Population
Distribution—2020
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Figure 2.1-8 16-Kilometer (10-Mile) Resident and Transient Population
Distribution—2040
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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.
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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.

2-2-30 Revision 0
September 2003



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

2.2.3.1.2 Pipelines

No natural gas pipeline or mining facilities are located within 10 miles of the ESP site. Therefore,
the potential for explosions from these sources 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 =CxNxA/W
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 1019 (Reference 8)
W =8+ (2x1.5) =11 miles
N =200 x 365 = 73,000 aircraft/year
Pep = 3.45x 10
For the military routes:

C =0.2 x 10°® (Reference 1, Section 2.2.2.2.2)
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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)

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
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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.
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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) and summarized by the Environmental Data
Service have been used to determine the regional climatology pertinent to the ESP site.

The 2001 Local Climatological Data (LCD), Annual Summary with Comparative Data (Reference 1)
for Richmond, Virginia, prepared by the National Oceanic and Atmospheric Administration (NOAA)
has been used to determine the climatological characteristics of the region.

Extreme wind data have been obtained from studies by Thom (Reference 2). Severe weather data
have been obtained from a variety of sources. Severe storm, tornado, and hurricane data have
been obtained from Storm Events for Virginia (Reference 3), Thom (Reference 4), Neumann
(Reference 5), 1989 LCD for Richmond, Virginia (Reference 6), and Virginia Tropical Cyclone
Climatology (Reference 7). Since the NWS changed the averaging interval for collecting the
maximum wind speeds in 1990, the 1989 LCD (Reference 6) has been used to provide the fastest
mile wind information on a long-term basis (1958-1989).

Data for meteorological extremes have been obtained from the 2001 LCD for Richmond
(Reference 1). Temperature and precipitation extremes for other meteorological stations in the site
region have been obtained from climatological summaries (Reference 8 through Reference 12) and
from the NAPS UFSAR (Reference 13).

Storm events for Virginia (Reference 3) have been used for reporting the number of occurrences of
hail and ice storms. Data for thunderstorms have been obtained from the 2001 Richmond LCD
(Reference 1).

Climatological data for restrictive dilution conditions have been obtained from a variety of sources
dealing with stagnating conditions 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 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).

Based on 30 years of data (1971-2001), the area around the site receives an annual average
rainfall of approximately 43.2 inches. Rainfall is fairly well distributed over the entire year, with the
exception of July and August, when thunderstorm activity raises monthly totals to about 5.0 inches
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(Reference 1). Extra-tropical storms can also contribute significantly to precipitation during
September.

The 60-year climatological records show that monthly average snowfall of 4 inches or more occurs
only in January. Snow usually remains on the ground only 1 or 2 days at a time. Richmond
averages about 16.3 inches of snow a year (Reference 1).

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 Thom’s latest compilation for characterizing extreme winds, the extreme 1-mile wind
speed at 30 feet above the ground (100-year return period) is 80 MPH (Reference 2). The values
for other occurrence intervals are listed in Table 2.3-4 (Reference 2). The fastest mile wind speed is
defined as the 1-mile passage of wind with the highest speed for the day. The fastest mile wind
recorded at Richmond during the 1958-1989 period of record, 68 MPH, occurred in October 1954
(Reference 6).

2.3.1.3.2 Tornados

During the period of January 1950 through June 2002, a total of 71 tornadoes were reported within
a 50-mile radius of the ESP site (Reference 3). This averages 1.35 tornadoes per year within this
50-mile radius, which includes thirty counties in Virginia and one county (Charles County) in
Maryland. Among those 71 tornadoes, 70 of them occurred in Virginia, and one occurred in
Maryland.
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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):

Z Xt
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 of a
specific tornado (Reference 3). For tornado events with the 50-mile radius from the North Anna site,
the calculated mean tornado path length is about two miles and the calculated mean path width is
about 115 yards, according to the available recorded data. These values yield a z value of
0.131 square miles. Using a 50-mile radius as a basis for A and a value of 1.35 tornadoes per year
yields an annual probability of 2.25 x 107, or a recurrence interval of 44,400 years.

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 speed as reported in RG 1.76 were too
conservative, and the contiguous United States is better represented by four tornado regions
instead of three. The ESP site is located in Interim Position designated Region I, which has a
maximum wind speed of 300 mph.

Tornado strength is measured by the Fujita-Pearson scale, ranking from FO (gale) to F5 (incredible).
During the 53-year period, no F3 or higher tornadoes were reported in Louisa or Spotsylvania
counties. The wind speeds of an F3 tornado range from 158 mph to 206 mph (Reference 18).

The tornado maximum wind speed consists of two components, a rotational wind speed and a
translational wind speed. Using methods provided in Reference 18 and an assumed radius of
maximum rotational wind speed of 150 feet, other tornado parameters have been calculated and
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
Criteria Unit Tornado
Max. Wind Speed mph 206
Max. Rotational Velocity mph 164.8
Max. Translation Velocity mph 41.2
Radius of Max. Rotational Velocity — ft 150
Pressure Drop psi 0.92
Rate of Pressure Drop psi/s 0.37

2.3.1.3.3 Tropical Storms and Hurricanes

From January 1950 through June 2002, a total of 7 hurricanes and 2 tropical storms passed within
100 nautical miles of the ESP site (Reference 3). The last of these hurricanes was Hurricane Irene,
which was a Category 1 (weak) hurricane at the time of closest approach to Wakefield, Virginia
(80 miles southeast of the site), during the overnight hours of October 18, 1999. The storm brought
heavy rain into southeast Virginia. The highest sustained wind speeds were 24 MPH at the Norfolk
International Airport. The hurricane did not impact the site area any more than a heavy summer
thunderstorm or a major winter storm.

The most recent tropical storm to affect the area was induced a month earlier by Hurricane Floyd on
September 16, 1999. Rainfall reports for this tropical storm of over 3 inches were common,
including a 5.97-inch measurement in Spotsylvania, Virginia (Reference 3). A maximum rainfall of
6.52 inches and a maximum 2-minute wind of 40 MPH were recorded in Richmond, Virginia, on that
day (Reference 19).

Over the past 100-year period (1899-1998), a total of 164 Category 1 (weak) through 5
(devastating) hurricanes have crossed the U.S. coastline at one or more points. This frequency is
equivalent to an average of five hurricanes every three years (Reference 5). On average, a tropical
storm can be expected to impact Virginia annually, with hurricanes expected once every 2.3 years
(Reference 7).

2.3.1.3.4 Precipitation Extremes

Table 2.3-5 lists some extremes of meteorological measurements in Richmond and Charlottesville.
The maximum amount of precipitation recorded for a 24-hour period was 8.79 inches, which
occurred in Richmond in August 1955. This rainfall occurred during the passage of several
thunderstorms associated with a frontal passage. The maximum monthly snowfall measured in the
region was 29.8 inches at Charlottesville in March 1960 (Reference 8). The maximum 24-hour
snowfall observed in Richmond was 21.6 inches in January 1940 (Reference 1).
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2.3.1.3.5 Hail, Snowstorms, and Ice Storms

Hail can occasionally occur at the ESP site (associated with well-developed thunderstorms). A
review of data for the period between 1950 and 2002, indicates that there was a total of 65 reported
hail storms in Louisa County, and in the immediately surrounding counties of Hanover, Caroline,
Spotsylvania, and Orange (Reference 3). Among those hail storms, 17 occurred in Louisa County.
There were four cases of 1.75-inch hailstones.

During the same 53-year period, there were 19 snowstorms in Louisa County, while the
immediately surrounding counties had 19 to 22 snowstorms during the same period (Reference 3).

An examination of the same period indicates that there were 10 documented ice storms in Louisa
County and in the immediately surrounding counties (Reference 3). Two of these storms occurred
in Louisa County, and also impacted Hanover, and Caroline counties. One of the two storms
affected Spotsylvania County also. Two other ice storms affected Orange and Spotsylvania
Counties, within 8 hours of each other. The ice storms that occurred in Louisa County caused
damage to trees and power lines in the nearby Hanover and Caroline Counties.

2.3.1.3.6  Thunderstorms

Based on 65 years of records, Richmond averages 36 days of thunderstorms per year, with July
having the highest frequency of thunderstorms, 8.2 days (Reference 1).

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.
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2.3.2 Local Meteorology

2.3.21 Data Sources

Data acquired from the National Climatic Data Center (in Asheville, NC) have been used to
determine the norms, means, and extremes of temperature, precipitation, relative humidity, and fog
applicable to the ESP site. The 2001 Richmond Local Climatological Data (Reference 1) provides
detailed climatological data for this first-order station. Climatological summaries (Reference 8
through Reference 12) provide data for other stations in the area also provide supplemental
information.

Direction and distance of the NWS stations closest to the ESP site are provided in Table 2.3-2.

Table 2.3-2 NWS Stations Near ESP Site

Distance
NWS Station (miles) Direction

Richmond 44 Southeast
Fredericksburg 25 Northeast
Charlottesville 41 West
Gordonsville 25 West-Northwest
Louisa 14 West

Partlow 8 East

The closest station, Partlow, was closed on December 31, 1976 (Reference 20); therefore, recent
data are not available from this station.

Besides using data from the nearby meteorological stations, data collected from the existing units
meteorological monitoring system was also used to characterize local meteorological conditions.
The the onsite primary meteorological tower is located about 1750 feet east-northeast from 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

Climatological extremes for Richmond and Charlottesville are presented in Table 2.3-5. Normal and
extremes of available temperature, precipitation, relative humidity, fog and other data are presented
for Richmond in Table 2.3-6. Temperature and precipitation means for other applicable stations are
presented in Table 2.3-7.
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The closest available fog data for the ESP site area are from the NWS observations at Richmond
International Airport in Richmond. The local climatological data for Richmond through 2001
(Reference 1) indicate an average of 27.1 days per year of heavy fog, based on 73 years of
records. Heavy fog is defined by the NWS 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
from 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 also 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
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 located 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

2-2-42 Revision 0
September 2003



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

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,
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).
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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 (A) are more frequent and extremely stable conditions (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 discussed in Section 2.3.3.1.5. From
the temperature recorder discussed 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
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.

2.3.24 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
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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 10° 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.

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).

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.
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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
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.
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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
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).
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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 discussed 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.

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).

b. 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.
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234

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.

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).

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

2-2-49 Revision 0
September 2003



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

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.

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
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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.

» 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)

+ 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

2.34.2 PAVAN Modeling Results

To calculate the maximum X/Q values, the shortest distances from the plant 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
(1.77 x 1074 sec/m3) is greater than the corresponding 5 percentile overall site X/Q value
(1.16 x 10~4 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.
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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 (3.85 x 1070 sec/m3) is greater than the corresponding 5 percentile
overall site X/Q value (1.61 x 107° 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, 1996-98 Meteorological Data)

Source Receptor Downwind

Location Location Dir/Dist(m) 0-2 hr 0-8hr 8-24hr 1-4days 4-30days Annual
Plant EAB ESE/1420 1.77E-04 1.17E-04 9.53E-05 6.09E-05 3.21E-05 1.46E-05
Envelope

Plant LPZ ESE/8843 3.85E-05* 1.73E-05 1.16E-05 4.89E-06 1.41E-06 3.08E-07
Envelope

* 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)

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
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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?2 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 10 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 10% sec/m3. The maximum annual X/Q for the nearest vegetable garden (0.94 mile NE of the
plant envelope) is 2.0 x 100 sec/m3. 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/m?.

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 2.3-4 Extreme 1-Mile Wind Passage at Richmond, Virginia

Speed Recurrence Interval

Probability (MPH) (years)
0.5 48 2
0.1 60 10
0.04 68 25
0.02 72 50
0.01 80 100
0.001 105 1000

Source: Thom, H. C. S., New Distribution of Extreme Mile Winds in the United States, ASCE Environmental

Engineering Conference, Dallas, Texas, 1967.

Table 2.3-5 Selected National Weather Service Stations for Meteorological

Extremes in the ESP Site Region (Date of Occurrence)

Meteorological Extremes Charlottesville Richmond
Maximum Temperature 107°F (9/54) 105°F (7/77)
Minimum Temperature -9°F (1/85) -12°F (1/40)
Maximum Monthly Rainfall 16.96 in. (10/44) 18.87 in. (7/45)
Maximum Monthly Snowfall 29.8 in. (3/60) 28.5in. (1/40
Maximum 24-hr Rainfall 8.00 in. (9/44) 8.79in. (8/55)
Maximum 24-hr Snowfall N/A 21.6in. (1/40)
Fastest Mile Wind, Speed N/A 68 mph (10/54)
Fastest Mile Wind, Direction N/A SE (10/54)

N/A — Data not available.
Source: NAPS, UFSAR, Revision 38.
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Table 2.3-6 Richmond Climatological Data
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Source: Richmond, Virginia, Local Climatological Data, Annual Summary with Comparative Data 2001,
NCDC, NOAA.
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Table 2.3-7 Mean Annual Meteorological Data for Stations in the Site Region

Mean Annual Mean Annual Mean Annual
Location Temperature (°F) Precipitation (in.) Snowfall (in.)
Charlottesville 56.8 45.72 242
Fredericksburg 56.2 40.99 17.7
Louisa 56.3 41.62 19.9
Piedmont Research Station 55.9 38.68 22.0
Partlow 55.2 42.24 18.6

Source: Reference 8 through Reference 12.

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 71 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
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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: 1996-98 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: 33 ft
AT Heights: 33 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
S 954. 8.96E-05 6.29E-05 5.27E-05 3.59E-05 2.07E-05 1.06E-05 8.3 S
SSW 894. 8.83E-05 6.09E-05 5.06E-05 3.39E-05 1.90E-05 9.37E-06 6.9 SSW
SwW 872. 8.83E-05 6.03E-05 4.99E-05 3.30E-05 1.82E-05 8.79E-06 7.0 SwW
WSW 876. 8.76E-05 5.92E-05 4.86E-05 3.18E-05 1.72E-05 8.16E-06 7.3 WSW
W 872. 1.03E-04 7.06E-05 5.83E-05 3.85E-05 2.12E-05 1.03E-05 13.0 W
WNW 902. 9.22E-05 6.20E-05 5.09E-05 3.31E-05 1.78E-05 8.36E-06 8.5 WNW
NW 988. 8.72E-05 5.79E-05 4.72E-05 3.03E-05 1.60E-05 7.34E-06 6.7 NW
NNW 1164. 7.06E-05 4.51E-05 3.61E-05 2.22E-05 1.11E-05 4.72E-06 2.7 NNW
N 1399. 7.85E-05 5.35E-05 4 .42E-05 2.91E-05 1.60E-05 7.72E-06 2.6 N
NNE 1420. 8.96E-05 6.17E-05 5.12E-05 3.42E-05 1.92E-05 9.43E-06 3.9 NNE
NE 1454. 8.20E-05 5.50E-05 4 .50E-05 2.92E-05 1.56E-05 7.29E-06 3.7 NE
ENE 1474. 8.11E-05 5.01E-05 3.94E-05 2.34E-05 1.11E-05 4.43E-06 3.8 ENE
E 1433. 1.21E-04 7.95E-05 6.44E-05 4.07E-05 2.10E-05 9.39E-06 135 E
ESE 1420. 1.77E-04 1.17E-04 9.53E-05 6.09E-05 3.21E-05 1.46E-05 43.7 ESE
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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: 1996-98 JFD Wind Sensors Height: 33 ft
Type of Release: Ground-Level Release AT Heights: 33 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
SE 1338. 1.72E-04 1.10E-04 8.84E-05 5.47E-05 2.75E-05 1.18E-05 39.9 SE
SSE 1166. 1.03E-04 6.79E-05 5.51E-05 3.50E-05 1.82E-05 8.20E-06 14.4 SSE
Max X/Q 1.77E-04 Total Hours Around Site: 185.8
Site Limit 1.16E-05 8.20E-05 6.92E-05 4.77E-05 2.80E-05 1.46E-05
00.5 Percent X/Q to an Individual Is Limiting
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Table 2.3-14 PAVAN Results for X/Q Values at the LPZ

1USNRC Computer Code-PAVAN, Version 2.0

/Plant Name: North Anna ESP
Data Period: 1996-98 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: 33 Ft
AT Heights: 33 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
S 8843. 7.27E-06 3.46E-06 2.39E-06 1.07E-06 3.36E-07 8.16E-08 2.6 S
SSW 8843. 6.26E-06 2.94E-06 2.02E-06 8.90E-07 2.75E-07 6.53E-08 128.8 SSW
SwW 8843. 6.02E-06 2.80E-06 1.91E-06 8.34E-07 2.54E-07 5.91E-08 1.6 Sw
WSW 8843. 6.11E-06 2.81E-06 1.90E-06 8.19E-07 2.44E-07 5.55E-08 1.7 WSW
W 8843. 8.25E-06 3.75E-06 2.53E-06 1.08E-06 3.16E-07 7.05E-08 3.3 W
WNW 8843. 7.35E-06 3.33E-06 2.24E-06 9.46E-07 2.75E-07 6.06E-08 22 WNW
NW 8843. 7.80E-06 3.53E-06 2.37E-06 1.00E-06 2.91E-07 6.40E-08 21 NW
NNW 8843. 7.96E-06 3.50E-06 2.32E-06 9.52E-07 2.65E-07 5.53E-08 9 NNW
N 8843. 1.25E-05 5.93E-06 4.09E-06 1.83E-06 5.76E-07 1.40E-07 1.3 N
NNE 8843. 1.49E-05 7.16E-06 4. 96E-06 2.24E-06 7.18E-07 1.78E-07 22 NNE
NE 8843. 1.38E-05 6.53E-06 4 .48E-06 1.99E-06 6.16E-07 1.47E-07 2.6 NE
ENE 8843. 1.39E-05 6.11E-06 4.05E-06 1.66E-06 4 .59E-07 9.54E-08 3.1 ENE
E 8843. 2.34E-05 1.06E-05 7.14E-06 3.03E-06 8.83E-07 1.96E-07 11.1 E
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Table 2.3-14 PAVAN Results for X/Q Values at the LPZ

1USNRC Computer Code-PAVAN, Version 2.0

/Plant Name: North Anna ESP Meteorological Instrumentation
Data Period: 1996-98 JFD Wind Sensors Height: 33 Ft
Type of Release: Ground-Level Release AT Heights: 33 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
ESE 8843. 3.85E-05 1.73E-05 1.16E-05 4.89E-06 1.41E-06 3.08E-07 43.7 ESE
SE 8843. 3.54E-05 1.52E-05 9.94E-06 3.96E-06 1.06E-06 2.1ME-07 34.1 SE
SSE 8843. 1.40E-05 6.13E-06 4.06E-06 1.66E-06 4.61E-07 9.61E-08 8.4 SSE
Max X/Q 3.85E-05 Total Hours Around Site: 249.9
Site Limit 1.61E-05 8.37E-06 6.03E-06 2.97E-06 1.07E-06 3.08E-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
XIQ
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/m?3) 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/m3) 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/m3) 4887E-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/m3) 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/m3) 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/m3) 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/m3) 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/m3) 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/m3) 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
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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 2.3-18 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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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 water system
and mechanical or natural draft cooling towers for heat rejection. Approximately 44 cfs of water
would be required for the Unit 4 cooling tower make-up. About 9 cfs would be discharged to the
WHTF as blowdown from the Unit 4 cooling towers. Make-up water would be obtained from the
North Anna Reservoir and supplemented by an external source during critical low flow periods to
maintain acceptable lake levels. The external source of make-up water and the associated
demands would be identified during detailed engineering and described in the COL application.

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
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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.
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
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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.

24.1.3 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 discussed 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
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.
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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 msi 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

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 Virginia Department
of Environmental Quality (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
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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 discussed 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 probable maximum precipitation (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 discussed 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
discussed 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 discussed 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 discussed 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 makeup 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-cooling water
system and mechanical or natural draft cooling towers for heat dissipation. Cooling water make-up
for Unit 4 would be obtained from the North Anna Reservoir and supplemented from outside
sources, as necessary, to maintain acceptable lake levels. Normal service water for both new units
would be provided from the reservoir through separate pumps located inside the 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 (Unit 3) and closed-cycle (Unit 4) cooling water 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,
upstream of Route 208. This region is approximately 3 miles upstream of the cooling water intake
the new units.
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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 for Units 1 and 2, 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 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
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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).

During the operation of the existing units, ice sheets have not formed in the area of the cooling lake
between the discharge and the intake. The only area that has experienced the formation of ice
sheets is upstream of Route 208. Since this area is far from the main circulation path of the cooling
water, an ice sheet in this area would not impact operation of intakes for the new units.

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 January and/or February mean daily temperature was below freezing for one to three weeks, as
summarized in Table 2.4-13.

The maximum ice thickness that could have formed under historic low air temperatures with no
units in service has been predicted. The meteorological data have been analyzed to determine the
degree-days below freezing. In the 1977 January and February period, there were about 200
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 13.5 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
separate UHS. Therefore, no safety-related facilities would be affected by ice layer formation.
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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.

2476 Ice and Snow Roof Loads on Safety Related Structures

Historic 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 discussed in Section 2.4.7.3. The presence of snow accumulation
could cause blockage of roof drains. The design snow load presented in the PPE is 50 pounds per
square foot, which is equivalent to a water depth of 9.6 inches. Because winter PMP depths in the
region are greater than 9.6 inches (Reference 13), the design of roofs and roof scuppers for the
new units would be evaluated as part of detailed engineering to demonstrate acceptable
performance and the results 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
produced by PMP, coincident with ice and snow on the ground, would be precluded. Details of site
drainage are discussed 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- or
wet-evaporative cooling towers to transfer the rejected heat to the atmosphere during normal plant
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operation. Cooling tower make-up would come from the North Anna Reservoir or an external
source, the design and requirements of which would be determined during detailed engineering and
described in the COL application. Based on the characterization of the lake water quality at the ESP
site, it is estimated that the closed-cycle wet cooling tower system for new Unit 4 would require
approximately 44 cfs of make-up water and would discharge about 9 cfs of blowdown during normal
plant operation. An equivalent dry cooling system would have minimal make-up water
requirements, and no blowdown discharge. A separate screen well and pump house next to the
Unit 3 intake structure would be used to supply make-up water to the plant, if necessary. Any
blowdown would be discharged to the WHTF via the new outfall.

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 discussed 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)

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
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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 and the blowdown discharge rate of 9 cfs from the new Unit 4 cooling system, the
total being 6795 cfs. 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). Localized ice jams would not create a low-flow period of sufficient
duration to affect the cooling water supply.

2.4.10 Flooding Protection Requirements

The maximum design basis Lake Anna flood elevation, discussed 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.
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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).

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 244.0 ft msl before shutdown of the units must occur in accordance with the plant’s
Technical Requirements Manual (Reference 33). Changes to the existing intake configuration may
lower the shutdown elevation for the existing units to Elevation 242.0 ft msl. For the new units, the
anticipated minimum lake level for operation is Elevation 242.0 ft msl. Dominion would work with
Virginia Power to change the minimum operating level of the existing units to 242 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 discussed in Section 2.4.11.3.
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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.

2.4.11.2 Low Water Resulting from Surges, Seiches, or Tsunami

As discussed 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 discussed in Section 2.4.11.1.

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 24510
1985 249.18 1994 249.40

1986 248.16 1995 248.80
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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, which would use a closed-cycle cooling system, may withdraw
make-up water from the North Anna Reservoir to replace the water lost to evaporation from its
cooling towers. During critical low flow periods, however, water from a source other than Lake Anna
would be needed to supplement the make-up water supply to maintain acceptable lake levels. The
effects of new units on the Lake Anna water levels are discussed in Section 2.4.11.4.

2.4.11.4 Future Controls

Other than the required releases from the North Anna Dam, the only other consumptive water user
for Lake Anna is the existing units. To determine the impact of new units on Lake Anna water levels,
a water budget analysis of the lake with the existing and future units was performed. This analysis
can be found in Part 3: Section 5.2.2. The period analyzed extended from October 1979 to April
2003 with two different water use scenarios investigated, which are described below.

Existing The existing units running at a plant capacity factor of 93%, which is in excess of their
historical operating experience.

Proposed The existing units and new Unit 3, all using once-through cooling systems
withdrawing water from the North Anna Reservoir and discharging to the WHTF.

The minimum calculated Lake Anna water levels for the Existing and Proposed scenarios are 245.1
and 242.6 ft msl, respectively. The durations of low lake water levels from the analysis are shown in
Table 2.4-6. While the type of cooling towers and source of make-up water for Unit 4 have not been
determined, the impact on minimum lake level would be constrained to the minimum level required
for operations. The impact evaluation would be described in the COL application.

2.4.11.5 Plant Requirements

Based on the calculated water levels and the cooling system selected for the new units, a minimum
plant operating lake level would be established in the COL application. When the lake water level
falls below this elevation, a plant shutdown sequence would be initiated. All sump inverts, pump
levels, and submergence requirements would be based on the minimum plant operating lake level.
Lake Anna would not directly supply cooling water to any safety-related facilities and would not
serve as the UHS.
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Table 2.4-6 Lake Anna Low Water Level Durations

Percent of the Time Water Level
Is Less Than Indicated Value

Lake Level
(ft, msl) Existing Proposed
248.0 5.2% 11.6%
246.0 1.1% 3.0%
244.0 0% 1.1%
242.0 0% 0%

Existing — Unit 1 and 2 using once-through cooling

Proposed — Units 1, 2 and 3 using once-through cooling

2.4.11.6 Heat Sink Dependability Requirements

The UHS concept used for the new units would depend on the reactor type selected. According to
the PPE, certain reactor types (e.g., the AP-1000, IRIS, and PBMR reactors) do not require a
conventional UHS to provide safety-related cooling during emergency shutdown. Some (e.g., the
AP-1000 and IRIS reactors) make use of a passive cooling system and utilize water stored in onsite
tanks. Others (e.g., the PBMR) provide for safety-related decay heat removal by the RCCS boil-off
mode.

For the other three reactor types listed in the PPE and any other reactor requiring a UHS, the
concept would consist of a mechanical-draft cooling tower separate from the condenser circulating
water system. The UHS cooling tower would be located over a concrete basin water reservoir with
sufficient water to maintain the plant in a safe shutdown mode for 30 days. Since the cooling tower
basin for the UHS would contain its own 30-day water supply, water levels in Lake Anna would not
affect the ability of the UHS to provide emergency cooling for safe shutdown. A detailed description
of the UHS, if required by the reactor design selected, would be provided in the COL application.

2.4.12 Groundwater

24121 Description and Onsite Use

24.12.1.1 Regional Hydrogeology

The region within a 200-mile radius around the ESP site encompasses parts of six physiographic
provinces as described in Section 2.5.1.1.1. These include, from east to west, the Continental
Shelf, Coastal Plain, Piedmont, Blue Ridge, Valley and Ridge, and Appalachian Plateau
Physiographic Provinces. Groundwater occurrence is of significance to the ESP site only within the
Piedmont Province. However, a brief discussion of groundwater within the other provinces, except
the Continental Shelf off the east coast, is included below to provide a more complete picture of
regional hydrogeologic conditions.
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Unconsolidated to semiconsolidated deposits and bedrock throughout the region comprise the
aquifers and intervening confining layers that determine the hydrogeologic characteristics of the
subsurface materials. When two or more aquifers are grouped together they are considered to
constitute an aquifer system. Within the site region, the aquifers and aquifer systems have
generally been grouped into three categories based on the degree of consolidation of the materials
comprising them. (Reference 36) Quaternary age deposits are generally unconsolidated;
Cretaceous and Tertiary age materials are generally considered to be semiconsolidated; and
Precambrian, Paleozoic, and early Mesozoic age materials are generally consolidated. In some
areas, particularly the Piedmont Physiographic Province, unconsolidated materials overlying the
bedrock are derived from in situ weathering of the consolidated rock strata. In other areas such as
stream valleys, unconsolidated sediments of sand and gravel generally occur as alluvial deposits.

a. Coastal Plain Physiographic Province

Within the Coastal Plain Physiographic Province in the site region (200-mile radius), 6 regional
aquifers, consisting primarily of semiconsolidated sands separated by clay confining layers,
have been described as comprising the Northern Atlantic Coastal Plain aquifer system. These
6 aquifers, from youngest to oldest, are the: 1) Surficial aquifer, 2) Chesapeake aquifer,
3) Castle Hayne-Aquia aquifer, 4) Severn-Magothy aquifer, 5) Peedee-upper Cape Fear
aquifer, and 6) Potomac aquifer. Local aquifers and confining units of limited areal extent and
variable thickness comprise all or part of these regional aquifers on a site-specific basis. The
Coastal Plain sediments are thin along the western boundary of the province, where they
terminate at the contact with the Piedmont Province, and they thicken in an easterly to
southeasterly direction. The sediments, ranging in age from Holocene to Early Cretaceous,
overlie crystalline igneous and metamorphic rocks that are an eastward extension of the
bedrock underlying the Piedmont Physiographic Province. (Reference 36) In Virginia, these
sediments reach a thickness of over 3000 feet at the Atlantic Ocean shoreline.

Almost half of Virginia’s groundwater use occurs in the Coastal Plain Province. Groundwater is
withdrawn from the unconfined Surficial aquifer and from the deeper confined aquifers of the
Northern Atlantic Coastal Plain aquifer system. These aquifers are recharged principally in
their outcrop area along the western boundary of the province and, to a lesser degree, from
leakage through the overlying strata. The thickness and areal extent of the aquifers results in a
very large storage capacity for groundwater, more than that of aquifers in any other
physiographic province in Virginia. The quality of the groundwater in the 6 regional aquifers is
generally good, except where they approach the coastline and saltwater begins to intrude into
them. (Reference 37)

The U.S. Environmental Protection Agency (EPA) has designated two aquifers within the
Coastal Plain Physiographic Province of Virginia as Sole Source Aquifers. EPA defines a Sole
Source Aquifer as:
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“...one which supplies at least 50 percent of the drinking water consumed in the area
overlying the aquifer. These areas can have no alternative drinking water source(s) that
could physically, legally, and economically supply all those who depend upon the aquifer
for drinking water.”

The designation protects an area's groundwater resource by requiring that the EPA review any
proposed projects receiving federal financial assistance within the designated area. All such
projects are subject to review to ensure that they do not substantially impact the groundwater
source. The two Coastal Plain Sole Source Aquifers in Virginia are located at the southern end
of the Delmarva Peninsula in Accomack and North Hampton Counties, about 120 miles
southeast of the ESP site. The aquifers are the Columbia, correlative with the Surficial aquifer,
and the Yorktown-Eastover aquifer, correlative with the upper portion of the Chesapeake
aquifer. (Reference 38)

An area southeast of the site has been designated as the Eastern Virginia Ground Water
Management Area by the VDEQ. Groundwater withdrawal in this area is permitted based on
need and an evaluation by the VDEQ of the impacts of proposed withdrawals. The area,
comprised of several counties or portions thereof in southeastern Virginia, lies entirely within
the Coastal Plain Province. (Reference 39)

. Piedmont Physiographic Province

In addition to the Surficial aquifer system in the unconsolidated deposits in the Piedmont
Physiographic Province in the site region (200-mile radius), three types of aquifers are present
within the consolidated rock strata. The consolidated aquifer types are comprised of crystalline
and undifferentiated sedimentary rocks, carbonate rocks, and early Mesozoic age rift-basin
sedimentary and ignaceous rocks. Although the crystalline rocks form the predominate
aquifers in the Piedmont Province, the carbonate rocks, which are primarily found from
Maryland northward in the Piedmont, form the most productive aquifers. (Reference 36)
Development of significant water supplies generally occurs within a few hundred feet of the
ground surface due to the presence of water-bearing fractures, which tend to decrease in size
and number with depth. The potential for groundwater development in the Piedmont Province
is much lower than for the Coastal Plain Province. Yields from wells in the Piedmont commonly
range from 3 to 20 gallons per minute (gpm). Wells yielding in excess of 50 gpm are
considered to be exceptional and are generally in areas of extensive fracture or fault systems
that are often found along the western margin of the Piedmont Province at its boundary with
the Blue Ridge Mountains. (Reference 37) No Sole Source Aquifers have been designated in
the Piedmont Province of Virginia (Reference 38). A more complete description of
groundwater conditions in the Piedmont Province in the vicinity of the ESP site is provided in
Section 2.4.12.1.2.
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c. Blue Ridge Physiographic Province

The Blue Ridge Physiographic Province lies along the western boundary of the Piedmont
Province and consists of a relatively narrow band of mountains with the highest elevations in
Virginia. Igneous and metamorphic rocks are generally found along the eastern flank of the
Blue Ridge Province while sedimentary rocks are generally found on the western flank.
Bedrock underlies a generally thin layer of soil and weathered rock. Beneath the weathered
zone, the rock is relatively impervious, with groundwater generally occurring in fractures in the
rock. (Reference 37)

Goundwater development is most likely achieved along the lower slopes of the mountains.
However, well yields are generally low in the Blue Ridge Province (less than 50 gpm) and
withdrawal is primarily used for domestic purposes. (Reference 37) (Reference 40)
Groundwater emanating from springs is common and is often used as a source of domestic
water supply.

d. Valley and Ridge Physiographic Province

The Valley and Ridge Physiographic Province lies about 50 miles west of the ESP site and is
separated from the Piedmont Province by the Blue Ridge Province. Aquifers underlying the
Valley and Ridge Province occur within Paleozoic age folded and faulted rock strata of
sedimentary origin. The strata consist mostly of sandstone, shale, and limestone, with minor
amounts of coal, dolomite and conglomerate. Locally, the rocks have been metamorphosed
into quartzite, slate, and marble. (Reference 36)

Carbonate and sandstone layers form the principal aquifers in the Virginia through New Jersey
portion of the Valley and Ridge Province. Carbonate rocks, primarily limestone, generally form
most of the more productive aquifers and underlie valleys within the province. The folded rock
strata and network of surface streams in the Valley and Ridge have resulted in the creation of
a series of shallow, isolated, local groundwater flow systems. Recharge to these flow systems
is generally a result of direct precipitation and the down-gradient movement of surface and
subsurface water from the ridges to the valley floors. Groundwater flow paths are generally
short, except where carbonate-rock aquifers consist of an extensive network of solution
openings. Yields to wells in carbonate-rock strata of the Valley and Ridge Province in western
Virginia can range from 150 to 1000 gpm, but may be less in rocks with fewer fractures or
solution cavities. (Reference 36)

e. Appalachian Plateau Physiographic Province
The eastern boundary of the Appalachian Plateau Physiographic Province is over 100 miles
west of the ESP site. Aquifers underlying the Province occur in Paleozoic age sedimentary
rock strata. These strata are nearly flat-lying to gently folded and consist mainly of shale,
sandstone, conglomerate, and carbonate rocks. Most of the aquifers are sandstone of
Pennsylvanian and Mississippian age. Locally, carbonate rocks of Mississippian age are also
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productive aquifers, and small volumes of water are obtained from conglomerate beds of
Pennsylvanian age. (Reference 36)

Recharge to the bedrock aquifers in the Appalachian Plateau Province from precipitation is
limited due to generally thin soil cover and the highly dissected nature of the land surface,
resulting in slopes that facilitate runoff. Groundwater circulation is generally limited to local or
intermediate-scale flow systems rather than large-scale regional flow. This results in a
relatively shallow zone of fresh water, underlain by saline water or brine within close proximity
to the ground surface. The limited circulation of fresh water can generally be attributed to one
or more of the following factors:

+ the flat-lying nature of the rock strata impeding the vertical movement of groundwater;

* less intense fracturing of the rock strata compared with that in the Valley and Ridge
Province and a decrease in the number of fractures with depth; and

+ a lack of solution-riddled carbonate rock units like those in the Valley and Ridge Province
that facilitate the vigorous circulation of groundwater.

Yields to wells in southwestern Virginia are generally less than 12 gpm but may reach 50 gpm
in carbonate rock strata. (Reference 36)

24.12.1.2 Local Hydrogeology

Recharge to aquifers in the Piedmont Physiographic Province occurs largely as infiltration of local
precipitation in interstream areas. That portion of the precipitation that does not migrate laterally
through the unconsolidated surficial materials for discharge to nearby streams or low areas
percolates vertically downward to the bedrock, where it enters water-bearing openings in the rock.
(Reference 36) The average recharge to aquifers from precipitation in the Piedmont Province of
Virginia is estimated to be about 8 to 10 inches per year (Reference 41) (Reference 42). Although
an intricate network of rivers and streams that follow a dendritic drainage pattern generally dissects
the Piedmont Province, some of the drainage (or portions thereof) follow nearly straight courses
that are controlled by joint or fault systems in the underlying bedrock. Those streams passing
through the area from other geologic provinces provide a secondary source of recharge to the
groundwater. The Piedmont Province of Virginia is estimated to have as much as 1.5 billion gallons
of water per square mile held in storage in the consolidated and unconsolidated aquifers. This
volume of water is considered suitable for domestic and other small supply requirements.
(Reference 42)

In the area around the ESP site, the bedrock consists of Precambrian to Paleozoic age crystalline
metamorphic and igneous rocks, while the overlying unconsolidated material is largely a weathering
product (residual soil or saprolite) of the underlying bedrock. Groundwater in the crystalline rocks is
stored and transmitted through joints and fractures in the rocks, while the main body of the rock
between the joints and fractures is essentially impermeable. The number and extent of the
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joints/fractures, and the width of the openings between their surfaces, generally decrease with
depth, thus limiting the significance of the water-transmitting capability of the bedrock to its upper
few hundred feet. (Reference 37)

Saprolite at the ESP site is generally exposed at the ground surface or underlies a thin layer of
residual soil or fill. The saprolite extends to the top of the rock from which it was derived; however,
the contact between the saprolite and sound rock may be gradational and not well defined
(Reference 1). The saprolite is reported to range in thickness from about 2 to 125 feet and is of
variable lithology, depending on the type of parent material from which it was derived
(Reference 43). Borings drilled as part of the ESP subsurface investigation program penetrated
saprolite to depths ranging from about 6 to 35 feet (Appendix 2.5.4B). The saprolite penetrated by
these borings is classified as a micaceous, silty-clayey, fine to coarse sand or sandy silt, with
occasional rock fragments.

Bedrock beneath the saprolite at the ESP site belongs to the Ta River Metamorphic Suite. In the
site area, these rocks are predominantly biotite gneiss and schist with smaller amounts of
amphibolite gneiss. (Reference 44) The results of borings at the ESP site indicate the main rock
type to be a gneiss. The gneiss is generally described as quartz gneiss with some biotite quartz
gneiss; and interbedded quartz gneiss, biotite quartz gneiss, and hornblende gneiss. The rock
exhibits a variable weathering profile and joint/fracture presence. The degree of jointing and
fracturing is the controlling factor for groundwater movement through the rock.

Groundwater at the ESP site occurs in unconfined conditions in both the saprolite and underlying
bedrock. The results of previous investigations at the site indicate that a hydrologic connection
exists between the saprolite and the bedrock. (Reference 45) This condition has been confirmed as
part of the ESP subsurface investigation program (Appendix 2.5.4B) by the presence of nearly
equal water level elevations recorded in two observation wells (OW-845 and OW-846, Table 2.4-15)
installed adjacent to each other and sealed in the bedrock and saprolite, respectively. At the ESP
site, the water table is considered to be a subdued reflection of the ground surface and, therefore,
the direction of groundwater movement is toward areas of lower elevations (Reference 45).
Measurements made between December 2002 and June 2003 in observation wells at the site
exhibit water level elevations ranging from about Elevation 241 ft msl to Elevation 311 ft msl, with
corresponding ground surface elevations of about Elevation 283 and Elevation 335 ft msl,
respectively (Table 2.4-15). The measurements shown in Table 2.4-15 represent three quarterly
rounds of groundwater level measurements taken at the ESP site to characterize seasonal
variability in the water levels. Figure 2.4-15 presents hydrographs based on the water levels
provided in this table for the nine observation wells (OW-841 through OW-849) installed as part of
the ESP subsurface investigation program. The other wells that were monitored (P- and WP-) were
installed previously for NAPS groundwater monitoring purposes around the SWR and the ISFSI,
respectively.
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A piezometric head contour map (Figure 2.4-16), prepared using the water levels measured in
March 2003 (Table 2.4-15), indicates that groundwater flow is generally to the north and east,
toward Lake Anna. Freshwater Creek and Elk Creek, both of which flow to Lake Anna, form
hydrologic boundaries to the west and south of the site, respectively (Reference 46). Because the
water levels in the observation wells are generally above the top of the well screen, the water level
elevation represents the piezometric head. An evaluation of the piezometric head contours shown
on Figure 2.4-16 indicates a hydraulic gradient toward Lake Anna of about 3 feet per 100 feet. This
gradient compares with an initial hydraulic gradient estimated for the site before the filling of Lake
Anna of 8 feet per 100 feet. At that time, groundwater flow was toward the North Anna River or its
tributaries. (Reference 43) Prior to the filling of Lake Anna, it was estimated that a gradient of 6 feet
per 100 feet would develop following filling of the lake (Reference 1).

Prior to construction of the existing units, it was predicted that the filling of Lake Anna would raise
the base level of groundwater discharge about 50 feet. It was estimated that this would result in a
small rise in the water table where it intersects the surface of the impoundment area. Beyond this
zone of intersection, however, it was estimated that the filling of the lake would have only a minor
effect on the water table, and that the water table in the area of the existing units would essentially
remain unchanged. (Reference 43)

The nine groundwater observation wells installed at the site as part of the ESP subsurface
investigation program were tested using the slug test method to determine hydraulic conductivity
values for the saprolite and underlying shallow bedrock (Appendix 2.5.4B). Hydraulic conductivities
calculated for the saprolite, based on tests in eight of the wells, range from 0.2 to 3.4 ft/day, with a
geometric mean value of 1.3 ft/day. The hydraulic conductivity of the shallow bedrock, as
determined from two tests in one of the wells, is estimated to be about 2 to 3 ft/day, although the
results of the test are of limited value due to the short duration of stable water level recovery
measurements. Table 2.4-16 summarizes the available hydraulic conductivity data.

Laboratory tests performed on samples of saprolite from the site indicate a bulk density for this
material of 125 to 130 pounds per cubic foot (pcf). Bulk densities for the bedrock range from 145 pcf
for highly to moderately weathered rock to 163 pcf for moderately weathered to fresh rock.
Laboratory tests to determine moisture contents of saprolite samples indicate an average moisture
content of about 26 percent, while the moisture content in the vadose zone ranges from about 11 to
40 percent with an average of about 22 percent. Using the average moisture content of 26 percent
and a value of 2.68 for the specific gravity of the saprolite (Reference 1), the void ratio of the
saprolite is estimated to be about 0.7. A total porosity of about 41 percent is estimated from this
void ratio and an effective porosity of about 33 percent is estimated based on 80 percent of the total
porosity. The specific yield of the saprolite at the ESP site was not determined; however, an
estimate of this value taken from published literature for materials of similar composition indicates
that it may be in the range of 0.30 to 0.33 (Reference 47).
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Based on the estimated hydraulic gradient, hydraulic conductivity, and effective porosity indicated
above, groundwater beneath the ESP site is expected to flow toward Lake Anna at a rate of about
0.12 ft/day. Using a distance of approximately 1800 feet from the center of the overall plant footprint
for the new units to the closest point along the shoreline of Lake Anna, the groundwater travel time
from the ESP site to Lake Anna is estimated to be about 40 years.

2.4.12.1.3 Plant Groundwater Use

Groundwater withdrawal for use by the existing units is accomplished from 4 water supply wells
permitted for public use by the Virginia Department of Health (VDH). These 4 wells (Nos. 2, 3A, 4
[new], and 6) comprise a single water supply system at the site. A 5th well (No. 4 [old]) was
originally part of this system but is no longer used and is considered to be available for emergency
purposes only. A separately permitted (NANIC) well provides the water supply for the North Anna
Nuclear Information Center. A new well was constructed at the site in 2003 to support an increase
in water demand at the security training building. The proposed location of this well was evaluated
by the VDH prior to its construction. The locations of these wells are shown on Figure 2.4-17 and
the wells are described in Table 2.4-17. Four small wells not requiring permits at the NAPS site
provide minor additional water for plant use (Reference 6). The locations of these 4 wells are not
well documented. One of the wells is likely to be the well used to supply the Metrology laboratory
and its location is shown on Figure 2.4-17. A second will is located at the Security Training Building
in the vicinity of the newly constructed will described above.

The four active wells comprising the primary groundwater supply system for the existing units have
individual capacities ranging from 9 to 55 gpm and a total capacity of 160 gpm. However, these four
wells are permitted for a total design capacity of only 53,040 gpd or about 37 gpm. This capacity is
currently dictated by the available storage tank capacity at the site. The NANIC well has a
measured capacity of 74 gpm but a design capacity of 19,600 gpd or only about 14 gpm.
(Reference 48) (Reference 49)

As a condition of the well permits, Virginia Power is required to submit an annual report of water
withdrawals for the previous year to the VDEQ by January 31 of each year. Table 2.4-18 shows the
monthly withdrawal quantities that were reported for the year ending December 31, 2002. It can be
determined from this table that the four combined primary wells withdrew a combined average of
almost 14 gpm for the year, and that the NANIC well withdrew an average of a little over 1 gpm. The
highest total monthly withdrawal in 2002 for the five wells averaged almost 38 gpm in January. This
is less than the highest previously reported monthly withdrawal average of 41 gpm in March 1994
(Reference 6). The four wells not requiring permitting are also not required to report their
withdrawals, but based on their small size and limited use they are not expected to add more than 1
or 2 gpm to the average withdrawal by the permitted wells (Reference 6).

Any groundwater supply required by the new units would likely come from an increase in the
storage capacity for the existing wells or from drilling additional wells. In either event, additional
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groundwater withdrawal by the new units is not expected to impact any offsite wells due to: 1) their
distance from the site, 2) the direction of the hydraulic gradient toward Lake Anna and the lake’s
recharge effect, and 3) the existence of hydrologic divides between the ESP site and the offsite
wells.

2.4.12.2 Groundwater Sources and Use

Groundwater for use in the vicinity of the ESP site is obtained from springs and wells in either the
saprolite or underlying crystalline bedrock. Most wells completed in the saprolite have been
excavated either by hand digging or augering. These wells are susceptible to becoming dry due to
seasonal fluctuations in the water table. Drilled wells generally extend through the saprolite to
depths of up to several hundred feet in the underlying bedrock. These wells are cased from the
ground surface to the top of bedrock. (Reference 50) The production of groundwater in the vicinity
of the ESP site is generally not sufficient to satisfy large water demands because of the relatively
low yield of the aquifers, as discussed in Section 2.4.12.1.2. The majority of groundwater
development in the area is for domestic and agricultural use, with some pubilic, light industrial and
commercial use (Reference 45).

There are no known users of large quantities of groundwater within 25 miles of the ESP site
(Reference 1). The vast majority of wells in the area yield less than 50 gpm (Reference 50). Based
on the presence of Lake Anna and the hydrologic boundary it presents to groundwater movement
north and east of the ESP site, further discussion of groundwater use in the vicinity of the site is
limited to Louisa County.

Every 5 years, the USGS compiles national water-use estimates and publishes a report containing
the results of this effort. Data from the latest available report, for the year 1995, are provided on the
USGS website for Virginia, by county or independent city (Reference 51). The following
groundwater withdrawal estimates for Louisa County, in millions of gallons per day (mgpd), are
provided by withdrawal category:

* Public water supply = 0.18 mgpd

* Domestic water supply = 1.45 mgpd

» Commercial/Industrial water supply = 0.10 mgpd
* Thermoelectric power water supply = 0.02 mgpd
 Agricultural water supply = 0.05 mgpd

The VDEQ requires that any groundwater user in Virginia whose average daily withdrawal during
any single month exceeds 10,000 gpd provide a report by January 31 of each year containing water
withdrawal and use data for the previous year. The only exceptions to this regulation are agricultural
users who have slightly modified requirements based on their location, withdrawal or withdrawal
facility. (Reference 8) For the year 2001, no withdrawals were reported for Louisa County that meet
or exceed this threshold.
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A study previously performed for Louisa County included the compilation and evaluation of records
of wells permitted by the Louisa County Health Department (Reference 50). These records
addressed 2155 drilled wells and 1743 dug or augered (bored) wells. The majority of the drilled
wells serve single-family residences. The locations of the wells are currently referenced only to
county tax maps.

The average yield of all wells in Louisa County is estimated to be about 14.5 gpm. However, the
average yield of public wells is estimated to be about 42 gpm. The public water supply wells have
an average depth of nearly 300 feet, and almost all are less than about 400 feet deep. The
residential wells are generally only 100 to 200 feet deep. The Louisa County and previous studies
in the Piedmont Province suggest that yields from individual wells in this area can vary greatly over
distances as small as 100 feet. (Reference 50)

Recent evidence for a connection between well yield and Lake Anna is contained in the Lake Anna
Special Area Plan (Reference 52). This plan indicates that average well yields are higher in areas
adjacent to Lake Anna than in other areas of the Lake Anna watershed, which are, in turn, slightly
higher than in other areas of Louisa County. It has been concluded that these higher yields are
likely due to the presence of Lake Anna, which enhances groundwater recharge.

There are 29 public water supplies in Louisa County that obtain their water from springs or wells.
Data describing these public water supplies are presented in Table 2.4-19. The public supplies
closest to the existing units are Lake Anna Plaza, about 2.6 miles to the northwest, and Jerdone
Island, about 4.3 miles to the south-southeast. Based on their distance from the ESP site and the
presence of one or more arms of Lake Anna between the site and these public water supplies, any
impact the new units may have on the aquifers beneath the site is not expected to affect these
supplies. Likewise, withdrawal by these public supplies would not affect the ability of the new units
to withdraw groundwater for potable water needs.

Private water wells provide about 80 percent of the domestic water supply to residents of Louisa
County (Reference 53). The residential water supply well nearest the existing units is located about
one mile to the south-southeast in Lot 32 of the Aspen Hill subdivision. Based on its distance from
the ESP site and the presence of Sedges Creek between the ESP site and this well, any impact the
new units may have on the aquifers beneath the site would not affect the domestic water supply
provided by this well. Likewise, withdrawal by the well would not affect the ability of the new units to
withdraw groundwater for potable water needs.

Population growth projections for Louisa County by the year 2015 range from about 32,000 to
46,000. Such growth would result in an estimated public water supply demand of between 2.8 and
4.1 mgd for an average day and between 4.5 and 6.6 mgd on a peak day. This water supply
demand is expected to be satisfied largely by the use of surface water sources such as Northeast
Creek Reservoir and Lake Gordonsville. However, these sources are expected to be supplemented
by groundwater supply where available. To meet projected water demands beyond the year 2015, a
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large groundwater supply may need to be considered in conjunction with the development of
alternative surface water sources. (Reference 50)

2.4.12.3 Monitoring or Safeguard Requirements

Groundwater monitoring for the ESP site takes place through programs implemented for both the
existing units and as part of Dominion’s ESP effort. Current groundwater monitoring programs for
the existing units are addressed in Station Administrative Procedure Number VPAP-2103N
(Reference 54), and NAPS Engineering Periodic Test Procedure Number 0-PT-75.7
(Reference 55). The results of these programs are reported to the NRC on a yearly or as-required
basis.

Station Administrative Procedure Number VPAP-2103N, the Offsite Dose Calculation Manual
(ODCM) for the existing units, establishes the requirements for the Radiological Environmental
Monitoring Program and specifies the conduct of the program. Groundwater samples are collected
and tested in accordance with the directions provided in the ODCM.

Engineering Periodic Test Procedure Number 0-PT-75.7 provides instructions for measuring and
evaluating groundwater levels beneath the SWR with respect to seepage through the embankment.
Seven open-tube standpipe piezometers (P-10, P-14, and P-18 through 22) are currently monitored
in accordance with the test procedure, along with two additional piezometers (P-23 and P-24) that
are monitored for information purposes only Figure 2.4-16.

A third groundwater monitoring effort at the site consists of three monitoring wells located around
the ISFSI. These wells, shown as WP-1 through WP-3 in the ISFSI SAR, Figure 2-11
(Reference 46), are sampled yearly and the samples are tested for radiological constituents in
accordance with a request from the Louisa County Board of Supervisors.

Because the existing units groundwater monitoring wells were not considered to be of sufficient
areal extent to determine groundwater levels beneath the ESP site, 9 additional observation wells
were installed as part of the ESP subsurface investigation program. Water levels in these 9 wells
and 10 of the existing units’ monitoring wells are being measured quarterly for one year to provide
data on groundwater flow direction, gradient, and seasonal groundwater level fluctuations at the
site.

As part of detailed engineering, an evaluation of the existing NAPS groundwater monitoring
programs, with respect to placement of the new units, would be performed to determine if any
additional sampling of existing wells or construction of new monitoring wells would be required to
adequately monitor for impacts on groundwater. This evaluation would include a review of the
observation wells installed for the ESP application to determine if they can be used as part of any
longer-term groundwater monitoring program. The results would be described in the COL
application.
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Safeguards would be used to minimize the potential for adverse impacts to the groundwater by
construction and operation of the new units. These safeguards may include the use of lined
containment structures around storage tanks and hazardous materials storage areas, emergency
cleanup procedures to capture and remove surface contaminants, or other measures deemed
necessary to prevent or minimize adverse impacts to the groundwater beneath the ESP site.

2.4.12.4 Design Bases for Subsurface Hydrostatic Loading

The existing units plant grade is at Elevation 271 feet. The containment (reactor) building and
associated structures for new units on the ESP site would be constructed at the same plant grade
elevation. Previous studies conducted for NAPS resulted in a prediction that maximum groundwater
elevations beneath the site in the plant area could reach as high as Elevation 265 to 270 feet
(Reference 1). This estimate was based on a simplified water table profile sloping uniformly from
Elevation 271 feet at the toe of the slope south of abandoned Units 3 and 4 (north of the SWR) to
Elevation 250 feet at Lake Anna.

One groundwater observation well (OW-844) was constructed at the existing plant grade as part of
the ESP subsurface investigation program (Appendix 2.5.4B). The well is located near the toe of
the slope north of the SWR (Figure 2.4-16). A second well (OW-841) was constructed in the
partially backfilled excavation for abandoned Units 3 and 4. The top of this well is about 20 feet
below the plant grade. Maximum measured groundwater level elevations in these wells ranged
from about Elevation 250 feet in OW-841 to Elevation 267 feet in OW-844 between December 2002
and June 2003 (Table 2.4-15). Considering the general conformance of the location of OW-844 with
the water table profile discussed above, these groundwater levels and the piezometric head
contours shown on Figure 2.4-16 appear to support the design groundwater level determined for
the existing units as described above.

Based on the preceding information, a design groundwater level ranging from Elevation 265 to
270 feet in the plant area of the ESP site appears to be reasonable. For other structures that may
be constructed at higher elevations in support of new units on the ESP site, a higher design
groundwater level may be justified.

2.4.13 Accidental Releases of Liquid Effluents to Ground and Surface Waters

The PPE approach adopted in this ESP application allows for the possibility of different reactor
designs at the ESP site. The locations, volumes, and radionuclide inventories of any above- or
below-ground tanks that might be associated with these designs are currently unknown. Therefore,
appropriate source term values would be developed and the consequences of accidental releases
of liquid effluents to ground and surface waters would be evaluated in the COL application. The
results of these analyses would be provided in the COL application and reviewed against the
applicable 10 CFR 20 effluent limits.
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Table 2.4-7 Probable Maximum Precipitation Temporal Distribution

Time Incremental PMP

Time (hours) Increment Depth (in)
0to6 12 0.29
6to 12 11 0.29

12t0 18 10 0.39
1810 24 9 0.59
24 10 30 4 1.27
30 to 36 2 3.67
36 to 42 1 17.71
421048 3 2.24
48 to 54 5 1.27
54 to 60 6 1.07
60 to 66 7 0.98
66 to 72 8 0.88
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Table 2.4-8 February 1979 Rainfall Data

Station Measured Precipitation (in.)

Columbia  Piedmont Elkwood Basin
#44192900 #44671200 #44272900 Weighted
Date Time (3 mi?) (307 mi?) (34 mi?2)  Average
24 Feb 6am—9am 0 0 0 0.00
9am — 12pm 0.6 04 0.3 0.39
12pm — 3pm 0.3 0.5 0.6 0.51
3pm — 6pm 0.5 0.3 0.3 0.30
6pm — 9pm 0.8 0.5 0.3 0.48
9pm — 12am 0.1 0.1 0.1 0.10
25Feb 12am - 3am 0 0 0.1 0.01
3am — 6am 0 0 0 0.00
6am — 9am 0.1 0 0 0.00
9am — 12pm 0 0 0 0.00
12pm — 3pm 0.3 0.1 0 0.09
3pm — 6pm 0.6 0.6 0.7 0.61
6pm — 9pm 0.2 0.3 0.4 0.31
9pm — 12am 0.1 0.1 04 0.13
Total 3.6 29 3.2 2.94
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Table 2.4-9 March 1994 Rainfall Data

Station Measured Precipitation (in.)

Bremo
Bluff Culpeper Richmond Basin
#440399302 #44215904 #44720102 Weighted
Date Time (0 mi?) (343 mi?) (0 mi?) Average
27 Mar 12am — 3am 0 0 0 0.00
3am — 6am 0.2 04 0.01 0.40
6am — 9am 0.7 0.7 0.43 0.70
9am — 12pm 0 0.1 0.46 0.10
12pm — 3pm 0 0 0 0.00
3pm — 6pm 0 0 0 0.00
6pm — 9pm 0.3 0.2 0 0.20
9pm — 12am 0.2 0.5 0.44 0.50
28-Mar 12am - 3am 0.5 0.7 0.01 0.70
3am — 6am 04 0.3 0 0.30
6am — 9am 0.3 0.1 0.12 0.10
9am — 12pm 0.2 0 0.32 0.00
12pm — 3pm 0 0 0.04 0.00
3pm — 6pm 0.1 0.1 0.1 0.10
6pm — 9pm 0.1 0.3 0.05 0.30
9pm — 12am 0.2 0.2 0.15 0.20
29 Mar 12am — 3am 0.3 0.2 0.2 0.20
3am — 6am 0.2 0.19* 0.17 0.19
6am — 9am 0.1 0.06* 0.02 0.06
9am — 12pm 0 0.04* 0.07 0.04
Total 3.8 4.1 2.59 4.09

*

Due to missing data at the station, the value is estimated from data at
Richmond and Bremo Bluff.
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Table 2.4-10 June 1995 Rainfall Data

Station Measured Precipitation (in)

Piedmont Richmond Basin
#44671204 #44720102 Weighted
Date Time (343 mi?) (0 mi?) Average
27 Jun  12am — 3am 0.7 0.0 0.7
3am — 6am 1.7 0.0 1.7
6am — 9am 3.4 0.0 3.4
9am — 12pm 0.1 0.0 0.1
12pm — 3pm 0.0 0.0 0.00
3pm — 6pm 0.0 0.02 0.00
6pm — 9pm 0.0 0.0 0.00
9pm — 12am 0.0 0.0 0.00
Total 59 0.02 5.90
Table 2.4-11 Lake Anna Watershed HEC-1 Precipitation Loss Rates
HEC-1 Precipitation Loss Coefficients
Storm DKLTR ERAIN RTIOL STRKR
June 1972* 4.02 0.55 3.86 0.44
April 1973* 1.93 0.34 22.07 0.14
March 1975* 0.00 0.52 10.39 0.12
1976 PMF Storm 2.00 0.47 12.11 0.233
February 1979 0.00 0.60 12.11 0.01
March 1994 0.80 0.55 12.11 0.10
June 1995 5.20 0.50 12.11 0.15
2003 PMF Storm 1.37 0.54 12.11 0.10

* Storms investigated in 1976 PMF analysis

ERAIN - Exponent of precipitation for loss rate function
RITOL — Loss coefficient recession constant

STRKR - Initial value of loss coefficient (in/hr)
DKLTRR - Initial accumulated rain loss during which the loss coefficient is

increased (in)
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Table 2.4-12 Historic Minimum Intake Water Temperature of Less Than 4°C (39.2°F)
During The Operation of North Anna Units 1 and 2 from 1978 to 2001

Temperature Range

Date °C (°F) Remarks

Feb 7, 1979-Feb 24, 1979 1.2-3.7 (34.2-38.7) Only Unit 1 was in Operation

Feb 2-Feb 21, 1980 2.8-3.9(37-39)  Only Unit 1 was in Operation

Jan 14—-Feb 5, 1982 2.1-3.8 (35.8-38.8) Unit 2 was put into operation in Fall 1980
Feb 1-Feb 7, 1985 3.0-3.9 (37.4-39) Units 1 and 2 in operation

Dec 24, 1989-Jan 4, 1990 2.9-3.6 (37.2-38.5) Units 1 and 2 in operation

Jan 19-28, 1994 2.1-3.9(35.8-39 F) Units 1 and 2 in operation

Feb 3-10, 1996 3.1-3.8 (37.6-38.8) Units 1 and 2 in operation

Jan 26-29,2001 3.6-3.8 (38.5-38.8) Units 1 and 2 in operation

Table 2.4-13 Historic Winter Minimum and Mean Low Daily Temperature with
Durations Equal to or Exceeding 5 Days in Richmond, Virginia, for the
Period of 1961 to 1995 (Reference 24)

Temperature °C (°F)

Number of

Year Month  Consecutive Days Minimum Mean

1964 Jan 7 -8.2 (17.2) -4.2 (24.4)
1966 Jan/Feb 14 -10.8 (12.5) -4.9 (23.1)
1968 Jan 8 -7.8 (18) -4.9 (23.2)
1970 Jan 7&6 ~-14 & ~-11 -7.9 & -6.6

(~7 & ~13) (17.7 & 20.2)
1970/71  Dec/Jan 9 -3.7 (25.4) -1.7 (29)
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Table 2.4-13 Historic Winter Minimum and Mean Low Daily Temperature with
Durations Equal to or Exceeding 5 Days in Richmond, Virginia, for the
Period of 1961 to 1995 (Reference 24)

Temperature °C (°F)

Number of
Year Month  Consecutive Days Minimum Mean
1973 Feb 5 -4.8 (23.4) -2.8 (27)
1977 Jan & Feb 24** 5&3 -13.16, -6.45, & -5.54 -4.82,-3.66, & -5.03

(8.34, 19.49 & 22.03) (23.32, 25.42, & 22.95)

1978 Feb 11 -6.39 (20.5) -3.8 (25.2)
1979 Feb 16 -12.7 (9.2) -5.8 (21.6)
1980 Jan/Feb 9 -4.9 (23.2) -2.6 (27.3)
1984 Jan 13* -9.2 (15.4) -3.6 (25.6)
1988 Jan 8 -8.2 (17.3) -2.6 (27.4)
1989 Dec 10 -10.2 (13.7) -5.9 (21.3)
1994 Jan 8 -14.6 (5.8) -7.1 (19.2)

* One day with T=0.03°C (32.06°F) is included.
** Two non-consecutive days with temperature greater than 0°C (32°F)
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Table 2.4-14 Annual Peak Discharges On the North Anna River

Water Peak Flow at Doswell Peak Flow at Partlow Peak North Anna Reservoir
Year Date? (cfs)P (cfs)® Water Level at Dam (ft, msl)
1972  Jun. 22,1972 23,300 -d 239.0°
1973 Apr. 28, 1973 7100 - -
1974 Sep. 7, 1974 6180 - -
1975 Sep. 26, 1975 11,600 - -
1976 Jan. 1, 1976 6520 - -
1977 Oct. 21, 1976 4160 - -
1978 Jan 26, 1978 9730 - -
1979 Feb. 26, 1979 13,900 11,700 252.00
1980 Oct. 2, 1979 7700 6050 251.10
1981 Feb. 11, 1981 - 87 248.95
1982 Feb. 4, 1982 4750 4080 250.90
1983 Apr. 25, 1983 5990 5200 250.97
1984 Mar. 30, 1984 11,700 9030 251.72
1985 Feb 2., 1985 46509 2240 250.34
1986 Nov. 5, 1985 10,700f 8690 251.51
1987 Apr. 17, 1987 - 6660 251.16
1988 Nov. 30, 1987 - 4810 250.80
1989 May 6, 1989 - 6680 251.25
1990 May 29, 1990 - 5230 250.89
1991  Jan. 12, 1991 - 4620 250.74
1992 Feb. 26, 1992 - 1970 250.20
1993 Mar. 5, 1993 - 8230 251.80
1994 Nov. 28, 1993 - 8690 251.60
1995  Jun. 27, 1995 - 11,700 252.00

a. Date shown corresponds to peak flow shown at Parlow and peak North Anna Reservoir water level.

b. Gage # 01671000, Drainage Area: 441 square miles.

c. Gage # 01670400, Drainage Area: 344 square miles.

d. Blank cells (-) represent dates outside the period of data record or missing data.

e. Lake Anna Reservoir was not yet completely filled.

f. The peak discharge at Doswell occurred one day later than indicated at Partlow.

g. The peak discharge at Doswell occurred on Aug. 19, 1985.
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Table 2.4-15 Quarterly Groundwater Level Elevations

Reference Well Groundwater Level Elevations
Well Reference Point Top of Screen

Observation Depth* Point Elev. Stickup** Well Screen Length

Well No. (ft) (ft) (ft) Elev. (ft) (f)  12/17/02 03/17/03 06/17/03
OW-841 34.3 251.6 1.5 228.1 9.7 248.9 249.6 249.6
OW-842 49.6 336.7 1.5 297.8 9.6 307.5 308.9 310.8
OW-843 49.2 320.6 1.5 282.1 9.7 285.1 288.1 290.8
Ow-844 24.6 273.5 1.5 257.6 9.6 265.5 266.7 267.3
OW-845 55.0 297.3 1.5 253.0 9.7 272.7 274.9 277.4
OW-846 32.7 297.3 1.5 273.5 9.8 272.5 274.8 2771
Oow-847 49.8 319.7 1.5 280.6 9.6 285.4 287.0 289.5
Ow-848 47.3 284.5 1.5 240.8 5.0 2417 2429 243.6
OW-849 49.8 298.5 1.5 259.4 9.7 265.5 269.5 271.7
P-10 22.5 286.4 2.4 267.0 5 274 .4 274.8 275.2
P-14 3271 271.6 272.2 272.8
P-18 329.0 285.7 286.5 287.5
P-19 58.5 322.3 5 284.3 285.2 286.3
P-20 61.0 320.6 5 274.9 275.4 275.8
P-21 58.5 319.2 5 Dry 261.2 262.0
P-22 60.0 320.5 5 276.8 277.8 278.6
P-23 41.2 296.4 1.9 258.7 5 2611 262.6 263.3
P-24 25.0 293.4 2.3 271.3 5 276.4 2771 278.4
WP-3 317.9(?) 266.5 5 299.7 301.0 302.8
Lake Anna Water Level Elevation 248.1 250.1 250.4
Service Water Reservoir Water Level Elevation 314.6 313.3 314.6

OW- wells installed in December 2002 as part of ESP Subsurface Investigation Program.

P- wells installed previously to monitor NAPS Units 1 and 2 Service Water Reservoir.

WP- well installed previously as part of Interim Spent Fuel Storage Installation monitoring program.
* Below ground surface at time of installation.

** Above ground surface at time of installation.

Note:Blank entries indicate data not available.
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Table 2.4-16 Hydraulic Conductivity Values

Observation Depth Interval

Hydraulic Conductivity

Well No. Tested (ft) Elevation Material cm/sec ft/day
PT-1 (@ Near-surface Unknown Saprolite 2.8x10° 0.08
PT-2 (@) Near-surface Unknown Saprolite 1.4 x 107 0.04
P-10 (®) 145-225  269.5-261.5 Saprolite 6.1 x 10%t0 6.1 x 10 1.7 t0 0.17
P-24 () 16.8-25.0  274.3-266.1 Saprolite 2.9%x10%1t0 6.6 x 10° 0.8 t0 0.02
p-23 (b) 33.7-412  260.7-253.2 Saprolite 6.6 x 10 0.19
OW-844 (©) 12.7-246  259.3-247.4 Saprolite 9.9t0 8.9 x 107 0.28t0 0.25
Ow-841 ©) 20.1-343  230.0-215.8 Saprolite 8.2t0 7.8 x 107 2.3t02.2
OW-846 (©) 20.3-32.7  275.5-263.1 Saprolite 1.2x103t06.8 x 10 3.4t01.9
OW-847 ©) 35.0-49.8  283.2-268.4 Saprolite 2.3t02.1x10% 0.66 to 0.58
Oow-842 (©) 35.3-496  299.9 - 285.6 Saprolite 3.3x10% 0.93
OW-849 ©) 35.6-49.8  261.4-247.2 Saprolite 1.1%x103107.0 x 10 3.2t02.0
Ow-843 ©) 36.4-49.2  282.7-269.9 Saprolite 49to04.5x 10 14t01.3
OW-848 (©) 39.1-47.3  243.9-2357 Saprolite 12x10%t09.9x10% @ 34t02.8
Ow-845 (©) 39.7-55.0  256.1-240.8 QuartzGneiss 1.1x103t06.3x10%®) 31t01.8(
Laboratory Test Results
B-48 2 35 290.5 Sandy silt 1x 100 0.003
B-82 5.5 293.5 Fine sand, 1 %10 0.003
tr. silt
B-22 15.5 269.5 Fine to med. 4 x107° 0.11
sand,
w/clayey silt

B-152 36 281 Silty fine sand 1.3x10°° 0.04

a. Reference 43

b. Reference 56

c. Appendix 2.5.4B

d. Results may not be accurate due to static water level approximately 0.5 ft below top of well screen.

e. Results may not be accurate due to short duration of stable water level recovery measurements.
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Table 2.4-17 North Anna Power Station Water Supply Wells

Depth Measured Design Water
Well (Ft) Yield (gpd) Yield (gpd) Treatment
No. 2 (@b) 385 12,960 53,040  Chlorination
(normally not in use)

No. 3A @b) 185 74,880
No. 4 (new) (@) 305 63,360
No. 6 (@) 375 79,200
No. 4 (old) @P) (not used) 200 77,760 NA NA
NANIC (&) 260 106,560 19,600  Calcite filtration
Security Training Building Unknown  Unknown Unknown  Unknown

a. Reference 50

b. Reference 48

c. Reference 49
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Table 2.4-18 North Anna Power Station Groundwater Use?
January 1, 2002 to December 31, 2002 (Millions of Gallons)

Month Well #2 Well #3A Well #4 Well #6 NANIC
January 0.0032 0.4268 0.4519 0.7444 0.0485
February 0.0032 0.1395 0.4010 0.5095 0.0467
March 0.0025 0.0263 0.1050 0.1642 0.0555
April 0.0046 0.0368 0.1253 0.1459 0.0474
May 0.0076 0.0376 0.2565 0.1041 0.0690
June 0.0021 0.0531 0.2524 0.1458 0.0502
July 0.0018 0.0511 0.3585 0.0189 0.0525
August 0.0077 0.0611 0.3434 0.0526 0.0656
September 0.0071 0.1020 0.4018 0.1655 0.0474
October 0.0062 0.0874 0.2118 0.1574 0.0651
November 0.0148 0.0694 0.2126 0.1846 0.0586
December 0.0037 0.2005 0.0648 0.2070 0.0482
Total 0.0645 1.2916 3.1850 2.5999 0.6547
Monthly Average 0.0054 0.1076 0.2654 0.2167 0.0546

a. Reference 57

2-2-149 Revision 0
September 2003



Table 2.4-19 Public Groundwater Supplies In Louisa County

Water Depth Measured Yield Design Yield Population
Installation Type(@ Source (ft) (gpd) (gpd) Served@
Town of Louisa () Community spring NA 38,880 1950
(primary source is surface water) 3 wells 200405 4320053280
Town of Mineral () Community 2 springs NA 57,600 670

4 wells 200-600 14,400-165,600
Acorn West Trailer Park () Community well 120 8640 70
Blue Ridge Shores ) Community 4 wells 163-405 288,000 160,000 1380
Bumpass Park/Lake Anna Rescue (@) Non-Community 250
Burger King Zion Crossroads (@) Non-Community 250
Christopher Run Campground @) Non-Community 608
Crescent Inn Restaurant (@) Non-Community 200
Crossing Point (VA Oil Co) ® Non-Community 2 wells 305 21,600—28,800 10,400 45
East End Elementary School (®) well 345 61,920 31,200
Expressions Learning Center (b) Non-Community well 205 17,280 45
Jerdone Island (®-¢) Community well 200 83,520 19,600 49
Jouette Elementary School (b) Non-Community well 345 61,920 19,600 741
Klockner Barrier Films () well 305 53,280 22,000
Klockner-Pentaplast (b) Non-Community 2 wells 205 - 280 21,600 - 57,600 44,000 526
Lake Anna Family Campground @ Non-Community 240
Lake Anna Plaza @) Community 2 wells 335 - 230 11,520 - 86,400 41,200
Louisa County Zion Crossroads @) Non-Community 30
Louisa Water Authority ®) well 550 34,560
North Anna Revision 0
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Table 2.4-19 Public Groundwater Supplies In Louisa County

Water Depth Measured Yield Design Yield Population
Installation Type(@ Source (ft) (gpd) (gpd) Served (@
Prospect Hill @ Non-Community 50
Shenandoah Crossing (b) Non-Community 2 wells 280 - 300 123,840 - 97,920 98,400 850
Siebert's Amoco & Dairy Queen @ Non-Community 25
Six-o-Five Village ®) Community 2 wells 310 - 365 64,800 - 10,800 10,700 201
Small Country Campground (@) Non-Community 112
Tavern on the Rail (@) Non-Community 150
Trevillians Elementary School ®) Non-Community well 204 57,600 19,600 676
Trevilians Square Apartments @ Community 61
Twin Oaks Community () Community well 250 (©) 7200 75
West End Elementary School ®) well 204 57,600 20,000
Note:Blank entries indicate data not provided in cited reference.
a. Reference 59
b. Reference 50
c. Reference 59
d. Reference 60
e. Reference 1
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Figure 2.4-2 Deleted

2-2-153 Revision 1
October 2003



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

GATE OPENING — FT.

10 12 14 16 18 20 22 24 26

SEEREN NN 7
7‘///// H’//

S
L] /@ |

I
[
245 l
|
240 [ /f //
[/
235 //J //
ry
230 l /
225 Iy

WATER SURFACE ELEVATION

220

5,000
10,000
15,000
20,000
25,000
30,000
35,000
40,000

DISCHARGE PER GATE ~ CFS

Figure 2.4-3 Spillway and Discharge Capacity (One Gate of Three) North Anna Dam

2-2-154 Revision 0
September 2003



North Anna

Early Site Permit Application
Part 2 - Site Safety Analysis Report

DISCHARGE
400 CONDITIONS
GOVERN
& APPROACH
e CONDITIONS
< 300 GOVERN
w
o
'
<
T
A
2 200
L
'—
<
O
w
-
® 100
z
wn
0 . GATE CREST
25I0 24i9 2118 24I7 24|6 21-5 2:1-4 243 ELEV.
0 y > . - . - . GATE OPENING
NOTE:

7 FT. IS MAXIMUM
GATE OPENING

Figure 2.4-4 Skimmer Gate Discharge Capacity North Anna Dam

2-2-155

Revision 0
September 2003



........

o =
-------

»
cay
Se

|
|

4

ke 5

1 0 1 2 3 Miles
™= ™ e

Map #1:
The Lake Anna Watershed

North Anna
* Power Station
" County Boundary
Watershed Boundary

- Lake Anna

B2 North Anna Power
Station Water
Cooling Area

EEE Towns

map produced by:
RADED <
PRI KA OevR OB Commistion

Figure 2.4-5 Combined Lake Anna and WHTF Drainage Area
North Anna Revision 0
Early Site Permit Application 2-2-156 September 2003



16000 1
1400072
12000—5
10000—5

8000 4

Discharge (cfs)

6000 4
4000 |

2000 |

0 : : : : f : : : : f : : : : f : : : : f : : : : f : : : : f
0 5 10 15 20 25 30 35

Time (hours)
Figure 2.4-6 Combined North Anna Reservoir and WHTF Watershed: 3-Hour Unit Hydrograph

North Anna Revision 0
Early Site Permit Application 2-2-157 September 2003




14000.0

12000.0

10000.0

8000.0 !

6000.0 , N

Discharge (cfs)

4000.0

2000.0

0.0 +=—

© O ® O © O W 0 © O X O 60 O Q® O © 0 % 0O © O % O o O W
Hour (Beginning 24 Feb 1979, 6:00)

Figure 2.4-7 1979 Storm Outflow Hydrograph Comparison

Lake Outflow (cfs) = = = Computed Outflow (cfs) ‘

North Anna

Revision 0
Early Site Permit Application 2-2-158

September 2003




10000.0

9000.0 L 2
’ )
1
I
8000.0

7000.0 x
1 N
/’ *
—~ 6000.0 1
8 /
o
2 5000.0 -
@
L
[&]
L
O 4000.0 -
3000.0 -
2000.0 -
1000.0
0.0
T R I T - T SN R N T RN R S T T TN o o
Hour (Beginning 27 Mar, 3:00)
‘ Lake Outflow (cfs) = = = Computed Outflow (cfs)‘
Figure 2.4-8 1994 Storm Outflow Hydrograph Comparison
North Anna Revision 0
Early Site Permit Application 2-2-159 September 2003



25000.0

20000.0

15000.0

Discharge (cfs)

10000.0 -

5000.0 -

0.0

2 9 O N D O 0
Hour (Beginning 27 March, 3:00)

o N D 9 8

Lake Outflow (cfs) = = = Computed Outflow (cfs) ‘

Figure 2.4-9 1995 Storm Outflow Hydrograph Comparison

North Anna
Early Site Permit Application

2-2-160

Revision 0
September 2003




270.0

265.0 +
260.0 |
%
£
8 2550 |
(0]
(o))
8
n
250.0
2450 +
240.0 : . —
150000 200000 250000 300000 350000 400000 450000 500000
Storage Volume (acre-feet)
Figure 2.4-10 North Anna Reservoir & WHTF Combined Stage-Storage
North Anna Revision 0
Early Site Permit Application 2-2-161 September 2003



350000

300000 +
250000 +

200000 +

Discharge (cfs)

150000 +
100000 -+

50000 +

100 150 200 250 300
Time (hour)

Figure 2.4-11 Combined North Anna Reservoir & WHTF PMF Inflow Hydrograph

North Anna

Revision 0
Early Site Permit Application 2-2-162

September 2003




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

j=J

3

&

&

8

S
S
IS
S
S/
S
7
P
SITE
%
4000

2000

SCALE IN FEET

_

DRAWING SHOWING ¢ FETCHAND
RADIALS USED TO DETERMINE
EFFECTIVE FETCH FOR WIND - WAVE

ACTIVITY CALCULATION

260

Figure 2.4-12 North Anna Site - Fetch Diagram

Revision 0

2-2-163

September 2003



Microwave -/

Tower

Lake

Boat Buoys ]\

Met TowerT &

[

Discharge
Structyre g Training
Bldg

Units 1 and 2 Service
Water Reservoir

North Anna
Nuclear
Information
Center

~—— Independent

LEGEND

o Groundwater well locations
-——- Railroad
»*—»  Fence

Spent Fuel
Storage
Installation

=~7.—Boat Buoys
Waste Heat %2, %
Treatment Facility é//
(WHTF) 7,
A
Utility\Grfx\ 2-3 N Anna Site Plan.ai

Figure 2.4-13 Existing Cooling Water Canals and Reservoirs

North Anna
Early Site Permit Application

2-2-164

Revision 0
September 2003



From Condensers

Submerged
Wall
/ EL. 251.5 Ft. \ EL. 250.0 Ft.
N Water
flow 77 £ EL.2270 Ft.\ Lake Anna
flow [ ﬂowi 7
/\F’Z\’/\\’/\\’/\ S S S S S SIS S S N 2N NN N AN INNA
5 7

EL. 212.0 Ft.
_ Dike 3
Discharge Canal Waste Heat Discharge
Treatment Facilit
3600 Ft y Structure
Figure 2.4-14 Schematic Cross-Sectional Diagram of Water Discharge System at Dike 3 WHTF
North Anna Revision 0

Early Site Permit Application 2-2-165 September 2003




320

310 -

L 4

300 -

290 /"’/” = OW-841
3 e —o—OW-842
g ] —+—0OW-843
< 207 — OW-844
< ] OW-845
c
S 570 | OW-846
© 1 OW-847
ﬁ ] —%x—OW-848
260 - —e— OW-849
250 | — -
X —X
240 |
230 - ‘ ‘
12/17/02 03/17/03 06/17/03 09/17/03
Date
Figure 2.4-15 Groundwater Level Hydrographs
North Anna Revision 0
Early Site Permit Application 2-2-166 September 2003



— — sz i i
r EY 3

I e, 20 11 (I
= gezm e i (|l

TRAecESSON TORERS:

£ 10000

|
J,I

|
||‘

PLANT MORTH

LEGEND

= (X OBSERVATION WELL LOCATIONS

t
|

~270~ PEZOMETRIC HEAD ELEVATION CONTOUR
LINE (5 FT CONTOUR INTERVAL)

WETEOROLOGEA. STANON

NOTES

1. COORDINATES SHOWN ARE NORTH ANNA SITE
SPECIFIC.

0
4
EARLY SITE PERMITTING
PIEZOMETRIC HEAD CONTOUR MAP
. - me
—————

Figure 2.4-16 Piezometric Head Contour Map

North Anna
Early Site Permit Application

2-2-167

Revision 0
September 2003



WETEOROLOGICAL STATION
2 ]
SEWAGE TREATMENT

North Anna

Figure 2.4-17
Early Site Permit Application

NOTES
1

1. COORDINATES SHOWN ARE NORTH ANNA SITE
SPECIFIC.

F
O sanry rmeec
BR0NG WELL

Existing North Anna Water Supply Wells

METROLOGY LAB WELL \\b'

2-2-168

ARLY SITE PERMITTING

EXISTING NORTH ANNA
WATER SUPPLY WELLS

PLANT hORTH
i
LEGEND
AR
= A\ WATER SUPPLY WELL LOCATIONS
Rt o

FIGURE ER 2.3.2-3/SSM 2.4.2-3

Revision 0
September 2003



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

2.5 Geology, Seismology, and Geotechnical Engineering

This section presents information on the geological, seismological and geotechnical engineering
properties of the ESP site. Section 2.5.1 describes basic geological and seismologic data, focusing
on those data developed since publication of the Electric Power Research Institute (EPRI) 1986
seismic source model (Reference 1) for the Central and Eastern United States. Section 2.5.2
describes the vibratory ground motion at the site, including an updated seismicity catalog,
description of seismic sources, and development of the Safe Shutdown Earthquake (SSE) and
Operating Basis Earthquake (OBE) design ground motions. Section 2.5.3 describes the potential
for surface faulting in the site area, and Section 2.5.4, Section 2.5.5 and Section 2.5.6 describe the
stability of surface materials and foundations at the site.

RG 1.165, Appendix D, “Geological, Seismological and Geophysical Investigations to Characterize
Seismic Sources” (Reference 2), provides guidance for the level of investigation recommended at
different distances from a proposed site for a nuclear facility. The site region is that area within
200 miles (320 km) of the site location. The site vicinity is that area within 25 miles (40 km) of the
site location. The site area is that area within 5 miles (8 km) of the site location. The site is that area
within 0.6 mile (1 km) of the site location. These terms, site region, site vicinity, site area, and site,
are used in Section 2.5.1 through Section 2.5.3 to describe these specific areas of investigation.
These terms are not applicable to other sections of the SSAR.

2.5.1 Basic Geologic and Seismic Information

This section presents information on the geological and seismological characteristics of the ESP
site region and area. The information is divided into two parts. Section 2.5.1.1 describes the
geologic and tectonic setting of the site region and Section 2.5.1.2 describes the geology and
structural geology of the site area. The geological and seismological information was developed in
accordance with the guidance presented in RG 1.70, Section 2.5.1, “Basic Geologic and Seismic
Information” (Reference 3), and RG 1.165, “Identification and Characterization of Seismic Sources
and Determination of Safe Shutdown Earthquake Ground Motion,” and is intended to satisfy the
requirements of 10 CFR 100, “Reactor Site Criteria,” Section 100.23, “Geologic and Seismic Siting
Criteria,” paragraph (c) “Geological, Seismological and Engineering Characteristics” (Reference 4).
The geological and seismological information presented in this section are used as a basis for
evaluating the geologic, seismic, and man-made hazards at the site.

RG 1.165 states that the vibratory design ground motion for a new nuclear power plant may be
developed using either the EPRI or Lawrence Livermore National Laboratory (LLNL) probabilistic
seismic hazard methodology. As described in Section 2.5.2, the EPRI methodology has been used
to develop the SSE and OBE design ground motions for the ESP site. RG 1.165 further requires
that the geological, seismological, and geophysical database be updated and any new data be
evaluated to determine whether revisions to the 1986 EPRI seismic source model would be
required (discussed in Section 2.5.2). This section, therefore, provides an update of the geological,
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seismological, and geophysical database for the ESP site, focusing on whether any data published
since 1986 would indicate a significant change to the 1986 EPRI seismic source model. In addition,
the geotechnical properties of the ESP site location are described to evaluate the ground motion
site response characteristics of the site and other non-tectonic geologic and man-made hazards at
the site (discussed in Section 2.5.4).

The geological and seismological information presented in this section was developed from a
review of previous reports prepared for the existing units and abandoned Units 3 and 4, published
geologic literature, interpretation of aerial photography, and a subsurface investigation and field and
aerial reconnaissance conducted in preparation of this ESP application. Previous site-specific
reports reviewed include the UFSAR (Reference 5) and the ISFSI Safety Analysis Report
(Reference 6). Reports prepared by Dames and Moore for design and construction of the existing
units (Reference 7) and the abandoned Units 3 and 4 (Reference 8) (Reference 9) were also
reviewed. A review of published geologic literature was used to supplement and update the existing
geological and seismological information. This literature was identified using the GeoRef database
(American Geological Institute) and the USGS library catalogue. In addition, relevant unpublished
geologic literature, studies and projects were identified by contacting the USGS and State
geological surveys and universities. A list of the references used to compile the geological and
seismological information presented in the following sections is provided at the end of Section 2.5.

2511 Regional Geology

This section discusses the physiography, geologic history, stratigraphy, and tectonic setting within a
200-mile radius of the ESP site. Summaries of these aspects of regional geology are presented to
provide the framework for evaluation of the geologic and seismologic hazards discussed in the
succeeding sections.

25.1.1.1 Regional Physiography and Geomorphology

The ESP site lies within the Piedmont Physiographic Province (Figure 2.5-1). The area within a
200-mile radius of the site (site region) encompasses parts of five other physiographic provinces.
These are: the Coastal Plain Physiographic Province and the Continental Shelf Physiographic
Province, which are located successively east of the Piedmont Province and the Blue Ridge
Physiographic Province, the Valley and Ridge Physiographic Province, and the Appalachian
Plateau Physiographic Province, which are located successively west and northwest of the
Piedmont Province (Reference 10).

Each of the physiographic provinces present within the site region is discussed in the following
sections. The physiographic provinces in the site region are shown on Figure 2.5-1.

a. Piedmont Physiographic Province
The Piedmont Physiographic Province is a rolling to hilly area that extends from the Fall Line
on the east to the foot of the Blue Ridge Mountains on the west (Figure 2.5-1). The Fall Line is
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a low east-facing scarp that separates crystalline rocks of the Piedmont Province to the west
from less resistant sedimentary rocks of the Coastal Plain Province to the east (Reference 11).
The Piedmont Province is about 40 miles wide in northern Virginia and broadens southwards
to about 165 miles along the Virginia-North Carolina border. Elevations range from about 800
to 1500 feet along the western border of the province and slope eastward to elevations of
about 200 feet at the Fall Line (Reference 12).

The Piedmont Province is divided into the Piedmont Upland section to the east and the
Piedmont Lowland section to the west (section is referred to as subprovince in some
publications) (Figure 2.5-1). The Piedmont Upland section is underlain by metamorphosed
sedimentary and crystalline rocks of Precambrian to Paleozoic age. These lithologies are
relatively resistant and their erosion has resulted in a moderately irregular surface.
Topographically higher terrain is underlain by Cambrian quartzites and Precambrian
crystalline rocks (Reference 13). The Piedmont Lowland section is a less rugged terrain
containing fault-bounded basins filled with sedimentary and igneous rocks of Triassic and
Early Jurassic age. Valleys are developed on sandstone and shale strata and trend
northeast-southwest, parallel to the strike of the bedrock. Higher and more rugged terrain is
underlain by intrusive and extrusive rocks consisting predominantly of diabase and basalt
(Reference 13).

The Piedmont Province is characterized by deeply weathered bedrock and a relative paucity of
solid rock outcrop (Reference 14). Saprolites that cover the bedrock may reach thicknesses of
up to 300 feet. In the hillslope areas, the saprolite is capped locally by colluvium
(Reference 15).

. Coastal Plain Physiographic Province

The Coastal Plain Physiographic Province extends eastward from the Fall Line to the coastline
(Figure 2.5-1). The Coastal Plain Province is a low-lying, gently rolling terrain developed on a
wedge-shaped mass of Cretaceous, Tertiary and Quaternary age non-metamorphosed
sedimentary rocks that thicken toward the coast. The thickness of the sediments at the New
Jersey coastline is about 4000 feet, but the sediments attain thicknesses of as much as
8000 feet along the coast of Maryland and about 10,000 feet along the coast of North Carolina
(Reference 16). Topographic relief is generally less than 200 feet and the topographic gradient
is usually less than 5 feet per mile (Reference 13).

Northeast of the Chesapeake Bay, the Coastal Plain consists of extensive areas of nearly level
plain, less than 100 feet above sea level. This morphology resulted from deposition and
erosion associated with the rise and fall of sea level during Pleistocene time. Southwest of the
Chesapeake Bay, marine and fluvial terraces developed during the Pliocene and Pleistocene.
As a result of post-Pleistocene sea level rise, the outline of the present day coastline is
controlled by the configuration of drowned valleys, typified by the deeply recessed
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Chesapeake and Delaware Bays. Exposed headlands and shorelines have been modified by
the development of barrier islands and extensive lagoons (Reference 13).

. Continental Shelf Physiographic Province

The Continental Shelf Physiographic Province is the submerged continuation of the Coastal
Plain Province and extends from the shoreline to the continental slope (Figure 2.5-1). The
shelf is characterized by a shallow gradient and many shallow water features that are relicts of
lower sea levels (Reference 13). The shelf extends eastward for about 75 to 80 , where
sediments reach a maximum thickness of about 40,000 feet (Reference 17).

The Continental Shelf can effectively be separated into two geomorphic regions based on the
100 m bathymetric contour. Southeast of the 100 m bathymetric contour, the contours
essentially follow the morphology of the shelf edge. Northwest of the 100 m bathymetric
contour, the majority of the shelf is characterized by linear, low relief features, more closely
aligned with the present shoreline (Reference 13).

. Blue Ridge Physiographic Province

The Blue Ridge Physiographic Province is bounded on the east by the Piedmont Province and
on the west by the Valley and Ridge Province (Figure 2.5-1). The Blue Ridge Province, aligned
in a northeast-southwest direction, is a deeply dissected mountainous area, divided into two
distinctly different parts by the Roanoke River, which flows to the southeast (Reference 12).

North of the Roanoke River a single ridge dominates the topography. The ridge is about
10 miles wide and summit elevations range from 2000 to over 3500 feet (Reference 18). Much
of the mountain range is underlain by a pervasively faulted anticlinorium, a large composite
anticline composed of lesser folds (Reference 19) that is strongly asymmetrical. South of the
Roanoke River, the province becomes broader, reaching a width of more than 50 miles along
the North Carolina border, with higher elevations than exhibited by the northern ridge. South of
the border it becomes a mountainous upland with elevations typically ranging from 2400 to
3000 feet and a few peaks rising to elevations of over 5000 feet (Reference 20). The Blue
Ridge is composed chiefly of granite, greenstone and other crystalline rocks along the crest
and eastern slopes of the anticlinorium. On the steeper western slope, it is underlain by
sandstones and shales (Reference 12).

. Valley and Ridge Physiographic Province

The Valley and Ridge Physiographic Province lies west of the Blue Ridge Province and east of
the Appalachian Plateau Province (Figure 2.5-1). It is aligned in a northeast-southwest
direction and is between 25 and 50 miles wide. The Great Valley portion of the province, to the
east, is divided into many distinct lowlands by ridges or knobs, the largest lowland being the
Shenandoah Valley. Elevations within the Shenandoah Valley typically range between 500
and 1200 feet. The Valley and Ridges (Appalachian Mountains) portion of the province, to the
west, is characterized by a series of roughly parallel ridges and valleys, some of which are
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long and narrow (Reference 12). Elevations within the Valley and Ridges range from about
1000 to 4500 feet (Reference 20). The Great Valley typically is underlain by long belts of
limestone and shale, while the rocks of the Valley and Ridges consist of more resistant
sandstone and other quartz-rich rocks (Reference 12).

f. Appalachian Plateau Physiographic Province

The Appalachian Plateau Physiographic Province lies west of the Valley and Ridge Province
(Figure 2.5-1). The Allegheny Front is the topographic and structural boundary between the
Appalachian Plateau on the west and the Valley and Ridge Province on the east
(Reference 15). It is a bold, high escarpment, underlain primarily by clastic sedimentary rocks
capped by sandstone and conglomerates. In eastern West Virginia, elevations along this
escarpment reach 4790 feet (Reference 21). The rocks of the Appalachian Plateau to the west
lie flat or are gently folded and consist of sandstone, shale and coal. In southwest Virginia, the
Appalachian Plateau has an average elevation of about 2000 feet. It is deeply dissected by
streams into a maze of deep, narrow valleys and high narrow ridges (Reference 12).

25.1.1.2 Regional Geologic History

The geologic and tectonic setting of the ESP site region is the product of a long, complex history of
continental and island arc collisions and rifting, spanning a period of over 1 billion years. This
history of deformation imparts a pre-existing structural grain in the crust that is important for
understanding the current seismotectonic setting of the region. Episodes of continental collisions
have produced a series of accreted terranes separated, in part, by low angle detachment faults.
Sources of modern day seismicity may occur in the overlying exposed or buried terranes or may
occur along structures within the North American basement buried beneath the accreted terranes.
That is, regional seismicity may not be related to any known surface structure. Intervening episodes
of continental rifting have produced high angle normal or transtensional faults that either sole
downward into detachment faults or penetrate entirely through the accreted terranes.
Understanding the history of evolution and geometry of these pre-existing crustal faults, therefore,
is important for identifying potentially active faults and evaluating the distribution of historical
seismicity within the tectonic context of the site region.

Major tectonic events in the site region include five compressional orogenies and two extensional
episodes (Reference 22). Currently the site region is located on the passive, divergent trailing
margin of the North American plate following the last episode of continental extension and rifting.
Each of these episodes of deformation is described in the following sections.

a. Grenville Orogeny
The first of the compressional orogenies was the Grenville orogeny that occurred during
Middle to Late Precambrian time as a result of the convergence of the ancestral North
American and African tectonic plates. During this orogeny, various terranes were accreted
onto the edge of the ancestral North American plate, forming the Grenville Mountains
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(Reference 22), which were likely the size of the present day Himalayas (Reference 23). The
Grenville orogeny was followed by several hundred million years of tectonic quiescence,
during which time the Grenville Mountains were eroded and their basement rocks exposed. In
Virginia, the Grenville basement rocks are exposed in the Blue Ridge Province and portions of
the Piedmont Province (Reference 23).

. Late Precambrian Extensional Episode

Following the Grenville orogeny, crustal extension and rifting began during Late Precambrian
time, which caused the separation of the North America and African plates and created the
proto-Atlantic Ocean (lapetus Ocean). Rifting is interpreted to have occurred over a relatively
large area, sub-parallel to the present day Appalachian mountain range (Reference 22).
During rifting, the newly formed continental margin began to subside and accumulate
sediment. Initial sedimentation resulted in an eastward thickening wedge of clastic sediments
consisting of graywackes, arkoses, and shales deposited unconformably on the Grenville
basement rocks. These rocks are presently exposed on the eastern side of the Blue Ridge
Anticlinorium (Reference 13). Subsequent sedimentation included a transgressive sequence
of additional clastic sediments followed by a thick and extensive sequence of carbonate
sediments. Remnants of the rocks formed from these sediments can be found within the
Valley and Ridge and Piedmont Provinces (Reference 23). Accumulation of this eastward
thickening wedge of clastic and carbonate sediments is thought to have occurred from the
Middle to Late Cambrian into Ordovician time (Reference 13).

. Penobscot Orogeny

During Late Cambrian time, as the now tectonically stable continental margin continued to
subside, micro-continents and volcanic arcs, characteristic of an intra-oceanic island-arc
terrane, began to develop in the proto-Atlantic Ocean as a result of east-directed oceanic
subduction and initial closing of the proto-Atlantic. The Penobscot orogeny, the earliest known
Paleozoic orogeny in the Appalachian region, is thought to have been caused by crustal
convergence and accretion of these volcanic arcs thrust over micro-continents along the North
American plate margin (Figure 2.5-2). This orogeny is considered to represent the beginning
of the convergent phase in the closing of the proto-Atlantic Ocean (Reference 22).
Subsequent convergent phases in the closing of the proto-Atlantic include the Taconic and
Acadian orogenies and the Allegheny orogeny that finally closed the proto-Atlantic in the
Permian.

. Taconic Orogeny

The Taconic orogeny occurred during Middle to Late Ordovician time and was caused by
continued collision of micro-continents and volcanic arcs with eastern North America along an
eastward dipping subduction zone during progressive closure of the proto-Atlantic Ocean
(Figure 2.5-2). Taconic terranes are preserved today in the Piedmont in a series of belts
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representing island-arcs and micro-continents. They include the Chopawamsic belt, the
Carolina Slate belt, the Eastern Slate belt and the Goochland-Raleigh belt. These Taconic
terranes are considered to have collided with and accreted to eastern North America at
different times during the orogeny (Reference 23).

Accretion of the island-arcs and micro-continents to the eastern margin of North America
created a mountain system, the Taconic Mountains, that became a major barrier between the
proto-Atlantic to the east and the carbonate platform to the west. The growth of this barrier
transformed the area underlain by carbonate sediments to the west into a vast, elongate
sedimentary basin, the Appalachian Basin. The present day Appalachian Basin extends from
the Canadian Shield in southern Quebec and Ontario Provinces, Canada, southwestward to
central Alabama, approximately parallel to the Atlantic coastline (Reference 24). The formation
of the Appalachian Basin is one of the most significant consequences of the Taconic orogeny
in the region defined by the Valley and Ridge and Appalachian Plateau Provinces. The
Taconic mountain system was the source of most of the siliclastic sediment that accumulated
in the Appalachian Basin during Late Ordovician and Early Silurian time. A continent-wide
transgression in Early Silurian time brought marine shales and carbonate sedimentation
eastward over much of the basin, and a series of transgressions and regressions thereafter
repeatedly shifted the shoreline and shallow marine facies. Carbonate deposition continued in
the eastern part of the basin into Early Devonian time (Reference 25).

. Acadian Orogeny

The Acadian orogeny occurred during the Middle to Late Devonian Period and was caused by
the collision of the micro-continent Avalon (formerly Armorica) with eastern North America. At
its peak, the orogeny produced a continuous chain of mountains along the east coast of North
America and brought with it associated volcanism and metamorphism. Remnants of the
Avalon terrane (the Acadian Mountains) can be found in the Piedmont Province within the
pre-existing Taconic Goochland belt, Carolina Slate belt and the Chopawamsic belt
(Reference 23). The Acadian orogeny ended the largely quiescent environment that
dominated the Appalachian Basin during the Silurian, as vast amounts of terrigenous sediment
from the Acadian Mountains were introduced into the basin and formed the Catskill clastic
wedge. Thick accumulations of clastic sediments belonging to the Catskill Formation are
spread throughout the Valley and Ridge Province (Reference 25). During the Mississippian
Period, the Acadian Mountains were completely eroded and the basement rocks of the Avalon
terrane were exposed (Reference 23).

. Allegheny Orogeny

The Allegheny orogeny occurred during the Late Carboniferous Period and extended into the
Permian Period. The orogeny represents the final convergent phase in the closing of the
proto-Atlantic Ocean in the Paleozoic. Metamorphism and magmatism were significant events
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during the early part of the Allegheny orogeny. The Allegheny orogeny was caused by the
collision of the North American and African plates and produced the Allegheny Mountains. As
the African continent thrust westward over North America, the Taconic and Acadian terranes
were detached and also were thrust westward over Grenville basement rocks (Reference 23).
The northwest movement of the displaced rock mass above the thrust was progressively
converted into deformation of the rock mass, primarily in the form of thrust faults and
fold-and-thrust structures, as seen in the Blue Ridge and Piedmont Provinces. The youngest
manifestation of the Allegheny orogeny was northeast-trending strike-slip faults and shear
zones in the Piedmont Province. The extensive thick and undeformed Appalachian Basin and
its underlying sequence of carbonate sediments were deformed and a fold-and-thrust array of
structures, long considered the classic Appalachian structure, was impressed upon the basin.
The tectonism produced the Allegheny Mountains and a vast alluvial plain to the northwest.
The Allegheny Front in the Appalachian Plateau Province is thought to represent the
westernmost extent of the Allegheny orogeny. Rocks throughout the Valley and Ridge
Province are thrust faulted and folded up to this front, whereupon they become relatively flat
and only slightly folded west of the Allegheny Front (Reference 26).

. Early Mesozoic Extensional Episode

Crustal extension during Early Mesozoic time (Late Triassic and Early Jurassic) marked the
opening of the Atlantic Ocean. This extensional episode produced numerous local, closed
basins (“Triassic basins”) along eastern North America (Reference 26). The elongate basins
generally trend northeast, parallel to the pre-existing Paleozoic structures. The basins range in
length from less than 20 miles to over 100 miles and in width from less than 5 miles to over
50 miles. Generally, the basins are asymmetric half-grabens with the principal faults located
along the western margin of the basins. Triassic and Jurassic age rocks that fill the basins
primarily consist of clastic sediments interbedded with basaltic volcanics.

. Cenozoic History

The Early Mesozoic extensional episode gave rise to the Cenozoic Mid-Atlantic spreading
center. The Atlantic seaboard presently represents the trailing passive margin related to the
spreading at the Mid-Atlantic ridge. Ridge push forces resulting from the Mid-Atlantic
spreading center are believed to be responsible for the NE-SW directed horizontal
compressive stress presently observed along the Atlantic seaboard.

During Cenozoic time, as the Atlantic Ocean opened, the newly formed continental margin
cooled and subsided, leading to the present day passive trailing divergent continental margin.
As the continental margin developed, continued erosion of the Appalachian Mountains
produced extensive sedimentation within the Coastal Plain. The Cenozoic history of the
Atlantic continental margin, therefore, is preserved in the sediments of the Coastal Plain
Province, and under water along the continental shelf. The sedimentary record is of a gently
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east-dipping, seaward-thickening wedge of sediments, caused by both subsidence of the
continental margin and fluctuations in sea level. Sediments of the Coastal Plain Province cover
igneous and metamorphic basement rocks and part or all of some of the Triassic basin rift
deposits (Reference 13).

During the Quaternary Period much of the northern United States experienced multiple
glaciations interspersed with warm interglacial episodes. The last (Wisconsian) Laurentide ice
sheet advanced over much of North America during the Pleistocene. The southern limit of
glaciation extended into parts of northern Pennsylvania and New Jersey, but did not cover the
ESP site vicinity. South of the ice sheet, periglacial environments persisted throughout the site
region (Reference 27). Present-day Holocene landscapes therefore, are partially the result of
geomorphic processes responding to isostatic uplift, eustatic sea level change, and alternating
periglacial and humid to temperate climatic conditions (Reference 28).

25.1.1.3 Regional Stratigraphy

The regional stratigraphy within each of the physiographic provinces is discussed below. The
generalized stratigraphy within a 200-mile radius of the ESP site is shown on Figure 2.5-3. The
stratigraphy shown on Figure 2.5-3 is from a portion of The Geologic Map of the United States
(Reference 29). The classification of the rock units shown on Figure 2.5-3 is illustrated by the
legend that accompanies the figure. The rock units are essentially classified based on age and
type. Rocks of approximately the same age are shown at the same horizontal level in the
legend. Successive vertical columns show different rock types and facies.

a. Piedmont Physiographic Province
There are two distinct divisions to the rocks of the Piedmont Physiographic Province. The first
is a set of Late Precambrian and Paleozoic age crystalline rocks and the second is a set of
Early Mesozoic (Triassic) age sedimentary rocks deposited locally in down-faulted basins
within the crystalline rocks (Reference 30) (Figure 2.5-3). The rocks are overlain by residual
soils derived from weathering of the crystalline rocks, and by Quaternary age alluvium and
colluvium.

1. Crystalline Rocks (Late Precambrian and Paleozoic)

Crystalline rocks of the Piedmont Province primarily occur within the Piedmont Upland
section. The crystalline rocks consist of deformed and metamorphosed meta-sedimentary,
meta-igneous, and meta-volcanic rocks intruded by mafic dikes and granitic plutons
(Reference 31). The rocks belong to a number of northeast-trending belts that are defined
on the basis of rock type, structure and metamorphic grade (Reference 32) and are
interpreted to have formed along and offshore of ancestral North America (Reference 33).
From east to west the main lithotectonic belts are: the Goochland-Raleigh belt; the
Carolina and Eastern slate belts; the Charlotte, Milton, and Chopawamsic belts; and the
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Western Piedmont belt (Reference 32) (Figure 2.5-4). These lithotectonic belts are
discussed in the following paragraphs.

Goochland-Raleigh Belt

The Goochland-Raleigh belt stretches southward from Fredericksburg, Virginia, to the
North Carolina State line east of the Spotsylvania fault (discussed in Section 2.5.1.1.4)
(Reference 34) (Figure 2.5-4). The Goochland belt (Virginia) is composed predominantly
of granulite facies (high grade) metamorphic rocks and the Raleigh belt (North Carolina) is
composed of sillimanite (very high grade) metamorphic rocks (Reference 30). The
Goochland-Raleigh belt is interpreted to be a micro-continent that was accreted to
ancestral North America during the Taconic orogeny. Some geologists believe that the
micro-continent was rifted from ancestral North America during the proto-Atlantic rifting
while others believe that it formed outbound of ancestral North America (exotic or suspect
terrane). Rocks of the Goochland-Raleigh belt are considered to be the oldest rocks of the
Piedmont Province and bear many similarities to the Grenville age rocks of the Blue Ridge
Province (Reference 35).

The Po River Metamorphic Suite and the Goochland terrane, that lie southeast of the
Spotsylvania fault, make up the easternmost part of the Goochland-Raleigh belt. The Po
River Metamorphic Suite was named after the Po River in the Fredericksburg area and
comprises amphibolite grade (high grade) metamorphic rocks, predominantly biotite
gneiss and lesser amounts of hornblende gneiss and amphibolite (Reference 36). The
age of this unit is uncertain, but it has been assigned a provisional age of Precambrian to
Early Paleozoic (Reference 37). The Goochland terrane was first studied along the James
River west of Richmond, Virginia, and contains the only dated Precambrian rocks east of
the Spotsylvania fault. It is a Precambrian granulite facies (very high grade) metamorphic
terrane comprised of, from the base up, the State Farm Gneiss, the Sabot Amphibolite,
and the Maidens Gneiss. The Maidens Gneiss, which is the most widespread unit, is
lithologically similar to the Po River Metamorphic Suite and is co-extensive with it. It is a
heterogeneous formation and dominant layered lithologies include garnet-biotite-quartz
plagioclase gneiss, biotite-quartz-plagioclase-potassium feldspar-augen gneiss, and
biotite granitic gneiss (Reference 36).

Carolina Slate and Eastern Slate Belts

The Carolina Slate belt extends southward from southern Virginia to central Georgia, while
the Eastern Slate belt is located predominantly in North Carolina, east of the
Goochland-Raleigh belt (Figure 2.5-4). Both the Carolina and Eastern Slate belts are
composed of greenschist facies (low grade) metamorphic rocks (Reference 30), including
meta-graywacke, tuffaceous argillites, quartzites, and meta-siltstones (Reference 32). The
Carolina and Eastern Slate belts are interpreted to be island-arcs that were accreted to
ancestral North America during the Taconic orogeny. The island-arcs are interpreted to
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have been transported from somewhere in the proto-Atlantic Ocean, and are therefore
considered to be exotic or suspect terranes. Rocks of the Carolina and Eastern Slate belts
generally are considered to be Early Paleozoic in age. Granitic and gabbro-rich plutons
that intrude the belts generally are considered to be Middle to Late Paleozoic in age
(Reference 32).

Charlotte, Milton, and Chopawamsic Belts

The Charlotte, Milton and Chopawamsic belts comprise a broad central part of the
Piedmont Province from Virginia to Georgia (Figure 2.5-4). The belts are interpreted to be
part of an island-arc and consist predominantly of meta-sedimentary and meta-volcanic
rocks.

The Charlotte belt extends southward from northern North Carolina to Georgia
(Figure 2.5-4). Meta-sedimentary rocks within this belt consist of epidote-bearing gneiss
and migmatite. The Milton belt extends southward from southern Virginia to northern North
Carolina (Figure 2.5-4) and is characterized by strongly foliated gneiss and schist
(Reference 32). The Chopawamsic belt extends southward from northern to central
Virginia (Figure 2.5-4). The ESP site is located within the Chopawamsic belt.

The Chopawamsic belt, also referred to as the “Chopawamsic Volcanic Belt”
(Reference 38) and the “Central Virginia Volcanic-Plutonic Belt (Reference 39), takes its
name from exposures along Chopawamsic Creek in northern Virginia. The belt trends
northeastward from the North Carolina state line, crosses the James River between
Richmond and Charlottesville and continues northeastward to south of Washington D.C.,
where it is covered by Coastal Plain deposits. The Chopawamsic belt is bounded on the
west by the Chopawamsic fault and on the east by the Spotsylvania fault. The
Chopawamsic belt is interpreted to be an island-arc that was accreted to ancestral North
America during the Taconic orogeny. The Chopawamsic belt is regarded as an exotic or
suspect terrain. Rocks in the Chopawamsic belt have long been known to be Early
Paleozoic in age. Recent U-Pb studies consistently yield Ordovician ages for
Chopawamsic volcanic rocks and Rb-Sr and U-Pb dating of granite rocks give late
Ordovician ages (Reference 35).

The Chopawamsic belt is comprised of the Chopawamsic Formation and the Ta River
Metamorphic Suite. The Chopawamsic Formation and the Ta River Metamorphic Suite
are interpreted to have formed as an island-arc. The Chopawamsic Formation is
interpreted to have formed as the continent-ward side of the island-arc and the Ta River
Metamorphic Suite as the ocean-ward side (Reference 40). The Chopawamsic Formation
consists of a sequence of felsic, intermediate and mafic meta-volcanic rocks with
subordinate meta-sedimentary rocks. The Ta River Metamorphic Suite consists of a
sequence of amphibolites and amphibole-bearing gneisses with subordinate ferruginous
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quarzites and biotite gneiss. Rocks of the Ta River Metamorphic Suite are generally
thought to be more mafic and to have experienced higher-grade regional metamorphism
than the rocks of the Chopawamsic Formation (Reference 35).

The Chopawamsic Formation and Ta River Metamorphic Suite are unconformably
overlain by the Quantico and Arvonia Formations. The Quantico and Arvonia Formations
consist of meta-sedimentary rocks including slates, phyllites, schists, and quartzites.
These meta-sedimentary rocks are considered to have been deposited in successor
basins after the subjacent terranes were eroded and formed depositional troughs. Rocks
of the Arvonia Formation are exposed in the Arvonia and Long Island synclines, while
rocks of the Quantico Formation are exposed in the Quantico syncline (Figure 2.5-5).
Rocks of the Arvonia, Long Island, and Quantico synclines form three belts across the
central Virginia Piedmont, the Quantico synclines to the southeast and the Arvonia and
Long Island synclines to the north (Reference 35).

The Chopawamsic Formation and the Ta River Metamorphic Suite are intruded by a
number of granite plutons. The number of plutons and their relation to one another,
however, remains uncertain (Reference 35). Rocks of the Falmouth Intrusive Suite intrude
the Ta River Metamorphic Suite and Quantico Formation in the form of dikes, sills, and
small irregular intrusions (Reference 37).

Western/Inner Piedmont Belt

The Western Piedmont belt, referred to as the Inner Piedmont belt in some publications,
extends southward from Virginia through North Carolina and into Georgia (Figure 2.5-4). It
is composed of greenschist facies (low grade) and amphibolite facies (high grade)
meta-sedimentary rocks. These meta-sedimentary rocks enclose blocks of meta-basalt,
ultramafic rocks, granite and other quasi-exotic lithologies and are called mélanges
(Reference 40). These mélanges are interpreted to have formed in a
Cambrian-Ordovician back-arc or marginal basin that lay on the continent-ward side of an
island-arc terrane (Reference 36).

Two distinct types of mélange deposits occur within a collage of thrust slices in the
Western Piedmont belt. The first type is a block-in-phyllite mélange that constitutes the
Mine Run Complex of Virginia. It consists of a variety of meta-plutonic, meta-volcanic,
mafic, and ultramafic blocks enclosed within a matrix of phyllite or schist and
meta-sandstones of feldspathic or quartz meta-graywacke. The Mine Run complex is
interpreted to consist of four imbricated thrust slices (numbered | through 1V), each with its
own distinctive exotic block content (Reference 36).

The second mélange type within the Western Piedmont belt is a meta-diamictite and
contains a less extensive variety of exotic blocks, the most common being mafic and
ultramafic blocks. The exotic blocks are enclosed in a micaceous quartzofeldspathic
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matrix, which has contemporaneously deposited schist and quartz-lump fragments as its
characterizing features. Several varieties of meta-diamictite have been recognized in
Virginia and described as the Lunga Reservoir and Purcell Branch Formations
(Reference 36).

The mélanges of the Western Piedmont are overlain unconformably by Ordovician age
meta-sedimentary rocks and are intruded by Ordovician age and Late Ordovician or Early
Silurian age felsic plutons, such as the Lahore and Ellisville plutons (Reference 36).

. Sedimentary Rocks (Early Mesozoic)

Mesozoic sedimentary rocks of the Piedmont Province occur primarily within the Piedmont
Lowland section. The sediments were deposited in a series of northeast-trending
down-faulted basins faulted into crystalline rocks. Structurally, the basins are half-grabens
with a main fault on the western side only (Reference 30). Sediments filling the basins
include intermontane fanglomerates, fresh-water limestone, mudstones, siltstones and
sandstones, and basic igneous and volcanic rocks (Reference 31). The Lower Mesozoic
sediments deposited in these basins usually are referred to as Triassic basin deposits,
although the basins are now known to also contain Lower Jurassic rocks. The Culpepper
basin in the Piedmont Lowland section of Virginia is the largest basin, but numerous
smaller basins include the Richmond, Farmville, and Danville, which are scattered
throughout the Piedmont Lowland section (Reference 30).

. Surficial Sediments (Cenozoic)

Surficial sediments in the Piedmont Province consist of residual and transported material.
The residual soils have developed in place from weathering of the underlying rocks, while
the transported material — alluvium and colluvium — has been moved by water or gravity
and laid down as unconsolidated deposits of clay, silt, sand, gravel and rock fragments
(Reference 41). Surficial sediments in the Piedmont Upland section are interpreted to be
the product of Cenozoic weathering, Quaternary periglacial erosion and deposition, and
recent anthropogenic activity (Reference 42).

Residual soil in the Piedmont Province consists of completely decomposed rock and
saprolite. Residual soils occur almost everywhere, except where erosion has exposed the
bedrock on ridges and in valley bottoms. Soils produced by the weathering of rock but
which retain the basic visual structure of the original rock are called saprolites. Saprolite
comprises the bulk of residual soil in the Piedmont Province and is defined as an earthy
material in which the major rock-forming minerals (other than quartz) have been altered to
clay but the material retains most of the textural and structural characteristics of the parent
rock. The saprolite forms by chemical weathering, its thickness and mineralogy being
dependent on topography, parent rock lithology and the presence of surface and/or
groundwater (Reference 28).
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Relief affects the formation of soils by causing differences in internal drainage, runoff, soil
temperatures, and geologic erosion. In steep areas where there is rapid runoff, little
percolation of water through the soil and little movement of clay, erosion is severe and
removes soil as rapidly as it forms. Gently sloping areas, on the other hand, are well
drained and geologic erosion in these areas is generally slight. The characteristics of the
underlying rock strongly influence the kind of changes that take place during weathering.
Because of differences in these characteristics, the rate of weathering varies for different
rock types. The igneous, metamorphic and sedimentary rocks of the Piedmont Province
are all sources of parent material for the soils. Gabbro, an igneous rock that is fairly
resistant to weathering, produces soils that are between about 3 and 5 feet thick. Granite
gneiss, however, weathers deeply and produces soils that range in thickness from about 6
to 20 feet (Reference 41).

Colluvium in the Piedmont Province occurs discontinuously on hilltops and side slopes,
while thicker colluvium occurs in small valleys lacking perennial streams. Alluvium is
present in all valleys with perennial streams (Reference 42).

b. Coastal Plain Physiographic Province

The Coastal Plain Physiographic Province is underlain by Mesozoic and Cenozoic age fluvial
and marine, predominantly clastic, sedimentary materials that dip gently to the east and
southeast (Reference 31). The Mesozoic and Cenozoic stratigraphic units that have been
mapped on the surface and in the subsurface of the Coastal Plain comprise a lower sequence
of Jurassic and Early Cretaceous age terrestrial sediments and an overlying sequence of well
defined marine stratigraphic units, primarily Late Cretaceous and Tertiary in age. Quaternary
deposits that overlie the Tertiary age sediments are found predominantly as valley fill, caps on
upland ridges and hills, and as a relatively thin blanket in the coastal areas (Figure 2.5-3). The
Quaternary age strata are generally not thicker than 50 feet (Reference 13).

c. Blue Ridge Physiographic Province

The Blue Ridge Physiographic Province is underlain by a broad, northeast-trending,
structurally complex metamorphic terrane (Reference 43). In its widest place, the Blue Ridge
is over 20 miles wide and can be traced southward from south-central Maryland through
Virginia into North Carolina (Reference 44). The Blue Ridge terrain consists of stratified
meta-sedimentary rocks and meta-basalts of Early Paleozoic and Late Precambrian age and
an underlying gneissic and granitic basement-rock complex of Middle to Late Precambrian age
(Figure 2.5-3).

d. Valley and Ridge Physiographic Province
The Valley and Ridge Physiographic Province is underlain primarily by layered sedimentary
rock that has been intensely folded and locally thrust faulted. The sedimentary rocks range in
age from Cambrian to Pennsylvanian. The valley areas within the Great Valley are underlain
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predominantly by thick sequences of limestone, dolomite and shale. The upland areas of the
Valley and Ridges (Appalachian Mountains) to the west are underlain predominantly by
resistant sandstones and conglomerates, while the lowland areas are underlain predominantly
by less resistant shale, siltstone, sandstone and limestone (Reference 16) (Reference 24)
(Figure 2.5-3).

e. Appalachian Plateau Physiographic Province

The Appalachian Plateau Physiographic Province is underlain by rocks that are continuous
with those of the Valley and Ridge Province, but in the Appalachian Plateau the layered rocks
are nearly flat-lying or gently tilted and warped, rather than being intensely folded and faulted
(Reference 16). Rocks of the Allegheny Front along the eastern margin of the province consist
of thick sequences of sandstone and conglomerate, interbedded with shale, ranging in age
from Devonian to Pennsylvanian. Rocks of the Appalachian Plateau west of the Allegheny
Front are less resistant and consist of Permian age sandstone, shale and coal (Reference 12)
(Reference 21) (Figure 2.5-3).

25.1.1.4 Regional Tectonic Setting

In 1986, the Electric Power Research Institute (EPRI) developed a seismic source model for the
Central and Eastern United States (CEUS), which included the ESP site region (Reference 1). The
EPRI source model included the independent interpretations of six Earth Science Teams and
reflected the general state of knowledge of the geoscience community as of 1986. The seismic
source models developed by each of the six teams were based on the tectonic setting and the
occurrence, rates, and distribution of historical seismicity. The original seismic sources identified by
EPRI (Reference 1) are thoroughly described in the EPRI 1986 reports and are summarized in
Section 2.5.2.2.

Since 1986, additional geological, seismological, and geophysical research has been completed in
the ESP site region. The focus of this section is to summarize the current state of knowledge on the
tectonic setting and tectonic structures in the site region and to highlight new information acquired
since 1986 that is relevant to the assessment of seismic sources. The following sections describe
the site region in terms of plate tectonic evolution, origin and orientation of tectonic stress, and
primary tectonic features and seismic sources. Historical seismicity occurring in the site region is
described in Section 2.5.2.1.

a. Plate Tectonic Evolution of the Appalachian Orogenic Belt at the Latitude of the Site Region
The ESP site lies within the central Appalachians region of Virginia, which is part of the
northeast-trending Appalachian orogenic belt, that extends nearly the entire length of the
eastern United States. The Appalachian orogenic belt formed during the Paleozoic Era by a
series of compressional tectonic events along the Precambrian continental margin of eastern
North America. The geologic history of the region surrounding the site was discussed in
Section 2.5.1.1.2.
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The Appalachian orogenic belt has been subdivided in different ways by geologists studying
the region. These subdivisions include provinces (physiographic and geologic), belts, and
terranes. Provinces, which are generally more regional in extent, have been defined based on
both physiography (landforms) and geology. As described in Section 2.5.1.1.1, six
Physiographic Provinces have been defined across Virginia. From west to east these are the
Appalachian Plateau, Valley and Ridge, Blue Ridge, Piedmont, Coastal Plain, and Continental
Shelf Physiographic Provinces. Provinces of the Appalachian orogen, such as the Piedmont
Province, have been subdivided into different lithotectonic belts of similar rock type and
tectonic origin (Figure 2.5-4). Some of the belts have been further subdivided by some
researchers (Reference 45) (Reference 46) into individual terranes. The two terms, belt and
terrane, are used interchangeably in this section to represent fault-bounded blocks of crust
that are internally homogeneous in terms of stratigraphy and tectonic history.

Figure 2.5-6 is a simplified tectonic map showing the five onshore physiographic provinces of
Virginia and the belts and terranes within the Blue Ridge and Piedmont Provinces, as
delineated by Hatcher (Reference 45) and Horton and others (Reference 46) since publication
of the 1986 EPRI study. As described by these authors the following is a brief discussion of the
major subdivisions of the Virginia Appalachian orogenic belt and the rock protoliths of these
regions from west to east (excluding the Appalachian Plateau Province). The Valley and Ridge
Province is a belt of sedimentary rocks originally deposited on North American crust and
deformed by folds and thrust faults. The Blue Ridge Province is a thrust-bounded sheet of
crystalline rocks with overlying sedimentary strata. The Jefferson terrane is the easternmost
terrane within this province and is composed of sedimentary and volcanic rocks. The Western
Piedmont, Chopawamsic, Carolina Slate, and Goochland belts belong to the Piedmont
Province. The southern terrane of the Western Piedmont belt in Virginia is the Smith River
terrane (Reference 45), and like the Jefferson terrane of the Blue Ridge Province, is
composed of sedimentary and volcanic rocks. The Chopawamsic and Carolina Slate belts
both consist of volcanic and intrusive rocks, whereas the Goochland terrane is composed of
intrusive rocks interpreted by some to be continental crust. The Coastal Plain Province is
composed of a sequence of predominantly Cretaceous and Tertiary marine sediments
overlying crystalline rocks.

There is general agreement that folded strata in the Valley and Ridge Province and the
crystalline rocks in the Blue Ridge Province are native to North America (Reference 40)
(Reference 45) (Reference 47) and that these units have been transported westward from
their original position along Paleozoic east-dipping, west-verging thrust faults. Interpretations
differ primarily over the origin and emplacement of belts and terranes in the Piedmont
Province.

Modern plate tectonic reconstructions of the southern and central Appalachian orogenic belt
published since the 1986 EPRI study interpret that at least some of the major regional
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Paleozoic deformation events (e.g., the Taconic, Acadian and Allegheny orogenies) are
associated with collisions of exotic or suspect terranes with ancestral North America
(Reference 40) (Reference 45) (Reference 47) (Reference 48). Major differences between
plate tectonic models arise from varying interpretations of which belts/terranes represent
exotic or suspect terranes (allochthons) and the location of primary tectonic boundaries or
sutures that juxtapose such exotic terranes against North American crust. The most important
of these differences are described in the following paragraphs as they relate to the age and
geometry of tectonic sutures and accreted terranes along the eastern North American margin.

In a reconstruction by Hatcher (Reference 45), bedrock east of the Blue Ridge was accreted to
North America during the Taconic and Acadian orogenies. These orogenies are interpreted to
be the result of collisions of two distinct terranes with North America at the latitude of central
Virginia (Figure 2.5-2). The Taconic orogeny is attributed to collision and suturing of a volcanic
island arc, which is interpreted to have formed in the lapetus Ocean east of North America
during the Paleozoic, above an east-dipping subduction zone. In this model, the Smith River
and Jefferson terranes (Figure 2.5-6) are interpreted to be remnants of the accretionary
complex that formed above the subduction zone on the west side of the island arc, and the
Chopawamsic volcanics are interpreted to be the remnants of the arc itself (Figure 2.5-2). The
Taconic suture between North America and the accreted units is interpreted to be the thrust
fault underlying the Smith River and Jefferson terranes (Figure 2.5-6 and Figure 2.5-2). During
Taconic accretion, an east-dipping thrust fault west of the Chopawamsic terrane is interpreted
to have detached a slice of North American continental basement and displaced it westward to
form the Blue Ridge nappe (Figure 2.5-2).

In the Hatcher (Reference 45) model, accretion of the Carolina Slate belt occurred during the
Acadian orogeny, although others interpret that the Caroline Slate belt was accreted during the
Taconic orogeny. Later strike-slip displacement along the continental margin during the
subsequent transpressional Allegheny orogeny in early Mississippian to Permian time
juxtaposed the Goochland terrane against the Chopawamsic terrane and Carolina Slate belt
along the Spotsylvania thrust fault (Figure 2.5-6 and Figure 2.5-2). Final closure of the lapetus
Ocean and collision of Africa with North America occurred during the Allegheny orogeny
(Reference 45).

An alternative model proposed by Glover and others (Reference 47) in 1995, which
incorporates detailed geologic and geophysical investigations across the Appalachian belt in
central Virginia, interprets fewer exotic terranes in the amalgam of Paleozoic belts and
terranes, and infers a different geometry for the major Paleozoic sutures (Figure 2.5-7). This
model represents the only significant alternative interpretation of the origin and affinity of the
crust east of the Spotsylvania thrust fault in the region of the ESP site published since the
1986 EPRI study. Glover and others attribute the Taconic orogeny to collision of an exotic
Chopawamsic volcanic arc, but interpret most of the sedimentary and volcanic rocks of the
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Smith River and Jefferson terranes to have originally been deposited on the passive margin of
North America, rather than accreted with the arc. Accordingly, Glover and others place the
Taconic suture in the central Piedmont east of the location proposed by Hatcher
(Reference 45) (Figure 2.5-8).

Glover and others correlate the Chopawamsic volcanics with the rocks of the Carolina Slate
belt, concluding that all of these rocks were part of a single island arc terrane (Carolina
terrane) that collided with ancestral North America during the Taconic orogeny. If this is
correct, then the western fault boundary of the Carolina Slate belt is a Taconic suture, not an
Acadian suture, as proposed by Hatcher (Reference 45). Glover and others propose that the
Acadian orogeny is associated with dextral transpressional deformation as the lapetus Ocean
progressively closed and Africa began to impinge on North America, and thus is not
associated with a collisional suture at the latitude of Virginia. They interpret the Allegheny
orogeny to be the final collision and suturing of Africa to North America.

Based in part on analysis of seismic reflection data (Figure 2.5-8), Glover and others interpret
the Goochland terrane not to be exotic to North America, but rather a deep slice of North
American basement that was detached during the Allegheny orogeny and thrust westward
along the Spotsylvania thrust fault, similar to the initial formation of the Blue Ridge Mountains
during the Taconic orogeny (Figure 2.5-2). The Spotsylvania thrust fault, in the site vicinity, is
interpreted to cut across Taconic units in the Piedmont, leaving them as isolated klippe. The
Taconic suture is interpreted to be offset and repeated by the Spotsylvania thrust fault, and
present beneath the deposits of the Coastal Plain Province as well as in the Piedmont
Province (Figure 2.5-8).

Despite varying interpretations of the origin and emplacement of fault-bounded belts and
terranes, there is good agreement among tectonic models regarding first-order structural
features of the Appalachian orogenic belt. In Virginia, the North American basement of the
lapetan passive margin underlies the Valley and Ridge, Blue Ridge, and Western Piedmont
Provinces. Deformed rocks in these provinces west of the Spotsylvania thrust fault lie above a
basal decollement (thrust), which is at a depth of about 3 to 6 miles below the ground surface
in the site vicinity (Figure 2.5-8). The basal decollement is a low angle thrust fault that dips
gently southeast and separates the overlying Appalachian crust from the underlying North
American basement. Given the shallow depth to the decollement, it is unlikely that the
Paleozoic thrust faults within these provinces have rupture widths sufficient to generate large
earthquakes. Although potential seismogenic sources may be present within the North
American basement below the decollement (Reference 49), the location, dimensions and
geometry of these deeper sources is not necessarily expressed in the exposed fold-thrust
structures above the detachment. Tectonic models generally agree that major Paleozoic faults
east of the Chopawamsic terrane, such as the Spotsylvania thrust fault, are not detached at
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shallow levels and penetrate deep into the crust, possibly extending to the base of the crust
(Reference 47) (Figure 2.5-8).

Wheeler (Reference 49) noted that many earthquakes in the eastern part of the Piedmont
Province and beneath the Coastal Plain Province are associated spatially with faults related to
rifting that occurred during the Mesozoic Era. Normal faults in this region that bound Triassic
basins may be listric into the Paleozoic detachment faults or may penetrate through the crust
as high angle faults. If active in the modern tectonic setting, Triassic normal faults east of the
Chopawamsic terrane have greater potential for generating large earthquakes by virtue of their
larger potential rupture dimensions.

. Tectonic Stress in the Mid-Continent Region

Expert teams that participated in the 1986 EPRI evaluation of intra-plate stress found that
tectonic stress in the CEUS region is primarily characterized by NE-SW-directed horizontal
compression. In general, the expert teams concluded that the most likely source of tectonic
stress in the mid-continent region was ridge-push force associated with the Mid-Atlantic ridge,
transmitted to the interior of the North American plate by the elastic strength of the lithosphere.
Other potential forces acting on the North American plate were judged to be less significant in
contributing to the magnitude and orientation of the maximum compressive principal stress.
Some of the expert teams noted that deviations from the regional NE-SW trend of principal
stress may be present along the east coast of North America and in the New Madrid region.
They assessed the quality of stress indicator data and discussed various hypotheses to
account for what were interpreted as variations in the regional stress trajectories.

Since 1986, an international effort to collate and evaluate stress indicator data has resulted in
publication of a new World Stress Map (Reference 50) (Reference 51). Data for this map are
ranked in terms of quality, and plate-scale trends in the orientations of principal stresses are
assessed qualitatively based on analysis of high-quality data (Reference 52). Subsequent
statistical analyses of stress indicators confirmed that the trajectory of the maximum
compressive principal stress is uniform across broad continental regions at a high level of
statistical confidence. In particular, the NE-SW orientation of principal stress in the CEUS
inferred by the EPRI experts is statistically robust, and is consistent with the theoretical trend
of compressive forces acting on the North American plate from the mid-Atlantic ridge
(Reference 53).

The more recent assessments of lithospheric stress do not support inferences by some EPRI
expert teams that the orientation of the principal stress may be locally perturbed in the New
England area, along the east coast of the United States, or in the New Madrid region. Zoback
and Zoback (Reference 50) summarized a variety of data, including well-bore breakouts,
results of hydraulic fracturing studies, and newly calculated focal mechanisms, which indicate
that the New England and eastern seaboard regions of the U.S. are characterized by
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horizontal NE-SW to E-W compression. Similar trends are present in the expanded set of
stress indicators for the New Madrid region. Zoback and Zoback grouped all of these regions,
along with a large area of eastern Canada, with the CEUS in an expanded “Mid-Plate” stress
province characterized by NE-SW directed horizontal compression.

In addition to better documenting the orientation of stress, research conducted since 1986 has
addressed quantitatively the relative contributions of various forces that may be acting on the
North American plate to the total stress within the plate. Richardson and Reding
(Reference 54) performed numerical modeling of stress in the continental U.S. interior, and
considered the contribution to total tectonic stress to be from three classes of forces:

* Horizontal stresses that arise from gravitational body forces acting on lateral variations in
lithospheric density. These forces commonly are called buoyancy forces. Richardson and
Reding emphasize that what is commonly called ridge-push force is an example of this class
of force. Rather than a line-force that acts outwardly from the axis of a spreading ridge,
ridge-push arises from the pressure exerted by positively buoyant, young oceanic
lithosphere near the ridge against older, cooler, denser, less buoyant lithosphere in the
deeper ocean basins (Reference 55). The force is an integrated effect over oceanic
lithosphere ranging in age from about 0 to 100 million years (Reference 56). The ridge-push
force is transmitted as stress to the interior of continents by the elastic strength of the
lithosphere.

» Shear and compressive stresses transmitted across major plate boundaries (strike-slip
faults and subduction zones).

« Shear tractions acting on the base of the lithosphere from relative flow of the underlying
asthenospheric mantle.

Richardson and Reding concluded that the observed NE-SW trend of principal stress in the
CEUS dominantly reflects “ridge-push” body forces. They estimated the magnitude of these
forces to be about 2 to 3 x 1072 N/m (i.e., the total vertically integrated force acting on a
column of lithosphere 1 m (3.28 ft) wide), which corresponds to average equivalent stresses of
about 40 to 60 MPa distributed across a 30-mile thick elastic plate. Richardson and Reding
found that the fit of the model stress trajectories to data was improved by the addition of
compressive stress (about 5 to 10 MPa) acting on the San Andreas fault and Caribbean plate
boundary structures. The fit of the model stresses to data further indicated that shear stresses
acting on these plate boundary structures must also be in the range of 5 to 10 MPa.

Richardson and Reding noted that the general NE-SW orientation of principal stress in the
CEUS also could be reproduced in numerical models that assume a shear stress, or “drag,”
acting on the base of the North American plate. Richardson and Reding (Reference 54) and
Zoback and Zoback (Reference 50) do not favor this as a significant contributor to total stress
in the mid-continent region, however, because it predicts or requires that the horizontal
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compressive stress in the lithosphere increases by an order of magnitude moving east to west,
from the eastern seaboard to the Great Plains. Zoback and Zoback noted that the state of
stress in the southern Great Plains is characterized by NNE-SSW extension, which is contrary
to this prediction. They further observed that the level of background seismic activity is
generally higher in the eastern United States than in the Great Plains, which is not consistent
with the prediction of the basal drag model that compressive stresses (and presumably rates
of seismic activity) should be higher in the middle parts of the continent than along the eastern
margin.

Analyses of regional tectonic stress in the CEUS since the 1986 EPRI studies have not
significantly altered the characterization of the NE-SW orientation of the maximum
compressive principal stress. The orientation of a planar tectonic structure relative to the
principal stress direction determines the magnitude of shear stress resolved onto the structure.
Given that the current interpretation of the orientation of principal stress is similar to that
adopted in the 1986 EPRI studies, a new evaluation of the seismic potential of tectonic
features based on a favorable or unfavorable orientation to the stress field would yield similar
results. Thus, there is no significant change in the understanding of the static stress in the
CEUS since the publication of the EPRI source models in 1986, and there are no significant
implications for existing characterizations of potential activity of tectonic structures.

. Principal Tectonic Structures

Principal tectonic structures within the 200-mile ESP site region can be divided into four
categories based on their age of formation or reactivation. These categories include structures
that were most recently active during Paleozoic, Mesozoic, Tertiary, or Quaternary time. Most
of the Paleozoic and Mesozoic structures are regional scale, and geologically and
geophysically recognizable. The Mesozoic rift basins and bounding faults show a high degree
of parallelism with the structural grain of the Appalachian orogenic belt, which generally
reflects reactivation of pre-existing Paleozoic structures. Tertiary and Quaternary structures
are generally more localized and may be related to reactivation of portions of older bedrock
structures.

1. Paleozoic Tectonic Structures
The central and western portions of the ESP site region encompass portions of the
Piedmont, Blue Ridge, Valley and Ridge, and Appalachian Plateau Physiographic
Provinces. Rocks and structures within these provinces are associated with thrust sheets
that formed during convergent Appalachian orogenic events of the Paleozoic Era.
Tectonic structures of this affinity also exist beneath the sedimentary cover of the Coastal
Plain Province. These types of structures include the following: 1) sutures juxtaposing
allochthonous (tectonically transported) rocks with North American crust, 2) regionally
extensive Appalachian thrust faults and oblique-slip shear zones, and 3) a multitude of
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smaller structures that accommodated Paleozoic deformation within individual blocks or
terranes (Figure 2.5-8). The majority of these structures dip eastward and shallow into a
low angle, basal Appalachian decollement. The Appalachian orogenic crust is relatively
thin across the Valley and Ridge Province, Blue Ridge Province, and western part of the
Piedmont Province, and thickens eastward beneath the eastern part of the Piedmont
Province and the Coastal Plain Province (Figure 2.5-8). Below the decollement are rocks
that form the North American basement complex. The basement rocks contain
northeast-striking lapetan normal faults that formed during the Late Precambrian to
Cambrian rifting of the lapetus Ocean.

Researchers have observed that much of the sparce seismicity in eastern North America
occurs within the North American basement below the basal decollement. Therefore,
seismicity within the Appalachians may be unrelated to the abundant, shallow thrust
sheets mapped at the surface (Reference 49). For example, seismicity in the Giles County
seismic zone, located in the Valley and Ridge Province, is occurring at depths ranging
from 3 to 16 miles (5 to 25 km) (Figure 2.5-8) (Reference 57), which is generally below the
Appalachian thrust sheets and basal decollement (Reference 58).

Paleozoic faults within 200 miles of the site are shown on Figure 2.5-3 and Figure 2.5-9.
No seismicity is attributed to these faults and published literature does not indicate that
any of these faults offset late Cenozoic deposits or exhibit geomorphic expression
indicative of Quaternary deformation. Crone and Wheeler (Reference 59) do not show any
of these faults to be potentially active Quaternary faults. Therefore, these Paleozoic
structures in the site region are not considered to be capable tectonic sources, as defined
in RG 1.165, Appendix A.

Major Paleozoic tectonic structures within the 25-mile ESP site vicinity include the Hylas
shear zone, Spotsylvania thrust fault, Long Branch thrust fault, Chopawamsic thrust fault,
Lake of the Woods thrust fault, and the Mountain Run fault zone (Figure 2.5-10). The
Spotsylvania, Chopawamsic, and Long Branch thrust faults extend to within 5 miles of the
ESP site. Four smaller faults also extend to within 5 miles of the site (Figure 2.5-11).
Additional smaller Paleozoic faults are present within 25 miles of the site and are typically
associated with larger Paleozoic structures and accommodate internal deformation within
the intervening structural blocks. None of the faults located within 25 miles of the site are
considered to be capable tectonic sources, as defined in RG 1.165, Appendix A.

Between 5 and 25 miles from the site, the Hylas shear zone, Mountain Run fault zone, and
Lake of the Woods thrust fault are prominent structural features. These structures exhibit
mylonitic textures, indicative of the ductile conditions in which they formed during the
Paleozoic Era. The Hylas shear zone, for example, comprises a 1.5-mile wide zone of
ductile shear fabric and mylonites, and was active between 330 and 220 million years ago
based on the presence of mylonitized and unmylonitized intrusive rocks across the fault
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zone (Reference 60). The Hylas shear zone and Mountain Run fault zone also locally
border Mesozoic basins and appear to have been locally reactivated during Mesozoic
extension to accommodate growth of the basins. The Mountain Run fault zone exhibits
geomorphic expression suggestive of potential Tertiary or Quaternary reactivation. There
is no geomorphic expression, historical seismicity, or Quaternary deformation along either
the Hylas shear zone or Lake of the Woods thrust fault (Reference 59). These structures
are not considered to be capable tectonic sources.

No new information has been published since 1986 on any Paleozoic fault in the site
region that would cause a significant change in the EPRI seismic source model.

. Mesozoic Tectonic Structures

Mesozoic basins have long been considered potential sources for earthquakes along the
eastern seaboard and were considered by most of the EPRI teams in their definition of
seismic sources (Reference 1). A series of elongate rift basins of early Mesozoic age are
exposed in a belt extending from Nova Scotia to South Carolina. These rift basins, also
commonly referred to as Triassic basins, exhibit a high degree of parallelism with the
surrounding structural grain of the Appalachian orogenic belt. The rift basins formed
during extension and thinning of the crust as Africa and North America rifted apart to form
the modern Atlantic Ocean.

Generally, the exposed rift basins are asymmetric half-grabens (Figure 2.5-8) with the
primary rift-bounding faults on the western margin of the half-grabens. Typically, in a rift
basin, strata dip toward the western border fault zone, and so basin deposits are thickest
along this margin. Ratcliffe and others (Reference 61) interpret most Mesozoic basins
appear to have formed as a result of extensional reactivation of east-dipping, low-angle
Paleozoic thrust fault. At depth, the faults are believed to merge with the low angle thrust
faults that formed during the compressional tectonics that characterize the Paleozoic
orogenies (Figure 2.5-8). As a result, the rift-bounding normal faults are listric at depth and
merge into the low angle basal decollement (Reference 62). Others interpret that the
rift-bounding faults penetrate the Paleozoic Appalachian thrust faults (Reference 49). The
Triassic basins, therefore, are relatively shallow crustal features and rocks of Triassic and
Jurassic age that fill the basins are generally comprised of a sequence of continental
clastic sediments interbedded with basaltic volcanics (Reference 63).

There are numerous Triassic basins within a 200-mile radius of the ESP site
(Figure 2.5-9). Basins exposed in the Piedmont and Blue Ridge Provinces include the
Culpeper, Newark, Gettysburg, Taylorsville, Richmond, Scottsville, Farmville, Danville,
and the Deep River basins. Five of these basins are located within 50 miles of the site.
These are the Culpeper, Taylorsville, Richmond, Scottsville, and Farmville basins. Two of
these basins (Culpeper and Taylorsville) are within 25 miles of the site. There are also
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several basins buried beneath the Atlantic Coastal Plain and Continental Shelf
(Figure 2.5-9).

The Culpeper basin is located about 20 miles northwest of the site. The Taylorsville basin
is located about 22 miles southeast of the site and the Richmond basin is about 30 miles
southeast of the site. The smaller Scottsville and Farmville basins are located about
40 miles southwest of the site (Figure 2.5-9 and Figure 2.5-10). All five of these structures
are asymmetric basins, with the major basin-forming fault located along the western
margin of the basin. The Culpeper basin, unlike the other basins, also has a complex of
faults along its eastern margin. One such fault along the eastern margin of the basin is the
Mountain Run fault zone.

Given the acquisition of additional offshore seismic profiles since the 1986 EPRI study,
more buried Mesozoic basins are recognized today than were known during the EPRI
study. However, all of the exposed major basins closest to the site were known to exist
during the 1980s and several were incorporated into seismic sources by the different EPRI
teams. No new data have been developed to demonstrate that any of the Mesozoic basins
are currently active, and Crone and Wheeler (Reference 59) do not recognize any
basin-margin faults that have been reactivated during the Quaternary in the site region.
Therefore, all of the information on timing of displacement was available and incorporated
into the EPRI seismic source models in 1986. No Mesozoic basin in the site region is
associated with a known capable tectonic source, and no new information has been
developed since 1986 that would require a significant revision to the EPRI seismic source
model. Seismicity potentially associated with reactivation of faults bordering or beneath
the Mesozoic basins is captured in the existing EPRI seismic source model. There is no
new published information on rate or size of earthquakes potentially associated with the
Mesozoic Basins that would cause a significant change in the 1986 EPRI source
parameters.

. Tertiary Tectonic Structures

Within a 200-mile radius of the ESP site, only a few faults have been active during the
Tertiary Period. These faults generally occur in the Coastal Plain Province where Tertiary
strata have exhibited deformation during this period (Figure 2.5-9). These faults include
the Brandywine fault system in Maryland, the National Zoo faults in Washington, D.C., the
Dutch Gap fault in Virginia, and several other small, unnamed faults that displace Tertiary
strata (Reference 64). Within 25 miles of the site, the only fault zone with well-documented
Tertiary displacement is the Stafford fault system, which is discussed in the following
paragraphs.
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Stafford Fault System

The Stafford fault system approaches to within 16.5 miles of the site to the northeast
(Figure 2.5-10). The 42-mile long fault system was identified and described by Newell and
others (Reference 65) and consists of a series of northeast-striking, northwest-dipping,
high-angle reverse faults including, from north to south, the Dumfries, Fall Hill, Hazel Run,
and Brooke faults. These individual faults are 10 to 25 miles long and are separated from
one another by 1.2- to 2.5-mile wide en echelon left step-overs. The left-stepping pattern
and horizontal slickensides found on the Dumfries fault suggest a component of dextral
shear on the fault system (Reference 66).

Locally, the Stafford fault system coincides with the Fall Line and a northeast-trending
portion of the Potomac River. Mixon and Newell (Reference 67) suggest that the Fall Line
and river deflection may be tectonically controlled. Following discovery of the fault system
by Newell and others (Reference 65), Dames & Moore (Reference 9) performed an
investigation of the origin and age of the fault system. Detailed drilling, trenching, and
mapping in the Fredericksburg region showed that the youngest identifiable fault
movement on any of the four primary faults comprising the Stafford fault system was
pre-middle Miocene in age (more than 10 million years ago).

Subsequent studies performed along the Stafford fault system, however, better document
the timing and origin of the fault system. Slip during the Mesozoic and Tertiary is
documented by displacement of Ordovician bedrock over lower Cretaceous bedrock along
the Dumfries fault and abrupt thinning of the Paleocene Aquia Formation across multiple
strands of the fault system (Reference 66). Minor late Tertiary activity of the fault system is
documented by an 11-inch displacement of a Pliocene terrace along the Rappahannock
River by the Fall Hill fault (Reference 68) (Reference 69) and an 18-inch displacement of
upland gravels of Miocene or Pliocene age on the Hazel Run fault (Reference 68). These
latter displacements indicate post middle to late Pliocene activity along the Stafford fault
system.

All of the information on timing of displacement was available and incorporated into the
EPRI seismic source models in 1986. No new significant information has been developed
since 1986 regarding the activity of the Stafford fault system. Field and aerial
reconnaissance performed for this ESP application also did not reveal any geologic or
geomorphic features indicative of potential Quaternary activity along the fault system.
Similarly, Crone and Wheeler (Reference 59) do not show the Stafford fault system as a
Quaternary structure in their compilation of active tectonic features in the CEUS. The
Stafford fault system, therefore, is not a capable tectonic source and there is no new
information developed since 1986 that would require a significant revision to the EPRI
seismic source model.
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4. Quaternary Tectonic Features

In an effort to provide a comprehensive database of Quaternary features, Crone and
Wheeler (Reference 59) compiled geological information on Quaternary faults,
liquefaction features, and possible tectonic features in the CEUS. They evaluated and
classified these features into one of four categories (Classes A, B, C, D) based on
geological evidence of Quaternary faulting or deformation. The definitions of the Crone
and Wheeler classes are provided in Table 2.5-1. Within a 200-mile radius of the ESP site,
11 potential Quaternary features were identified (Figure 2.5-12, Table 2.5-2). Based on
their evaluation, Crone and Wheeler (Reference 59) characterized only the Central
Virginia seismic zone as having geologic evidence demonstrating the existence of a
Quaternary fault of tectonic origin (Class A). The small set of faults at Pembroke in Giles
County, Virginia, were assigned to Class B and the remaining nine features were assigned
to Class C. The paleo-liquefaction features within the Central Virginia seismic zone
demonstrate the presence of a Holocene active seismogenic source. None of the other
features identified by Crone and Wheeler (Reference 59) have demonstrated evidence of
Quaternary activity that would imply recurrent activity in the past 500,000 years.

Within approximately 25 of the site, Crone and Wheeler (Reference 59) found only two
features described in the literature that exhibited potential evidence for Quaternary activity
(Figure 2.5-12, Table 2.5-2). These two features are the paleo-liquefaction features within
the Central Virginia seismic zone, and the Mountain Run fault zone. Both of these features
are described below. The Central Virginia seismic zone does not represent a tectonic
fault, and therefore, is not considered a capable tectonic source. Similarly, the Mountain
Run fault, which was categorized as a Class C feature in the Crone and Wheeler
(Reference 59) evaluation, does not exhibit evidence of Quaternary slip and, therefore, is
not a capable tectonic source.

In 1998, Weems defined and named seven fall lines across the Piedmont and Blue Ridge
Provinces of North Carolina and Virginia. These fall lines are based on the alignment of
short stream segments with anomalously steep gradients. Weems (Reference 70)
explores possible ages and origins (rock hardness, climatic, and tectonic) of the fall lines
and “based on limited available evidence favors a neo-tectonic origin” for these
geomorphic features during the Quaternary. This work has not been confirmed by detailed
studies and Crone and Wheeler (Reference 59) does not include these fall lines as
possible Quaternary features in their compilation. Therefore, these features do not
represent capable tectonic sources.

Paleo-Liquefaction Features within the Central Virginia Seismic Zone

The Central Virginia seismic zone is an area defined primarily by historical seismicity.
Crone and Wheeler (Reference 59) report that two Holocene paleo-liquefaction features
have been identified by Obermeier and McNulty (Reference 71) within the seismic zone.
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The presence of these paleo-liquefaction features on the James and Rivanna Rivers,
about 25-30 miles from the site, shows that the Central Virginia seismic zone reflects both
an area of paleo-seismicity as well as observed historical seismicity. Based on the
absence of widespread paleo-liquefaction, however, Obermeier and McNulty
(Reference 71) conclude that an earthquake of Magnitude 7 or larger has not occurred
within the seismic zone in the last 2000—-3000 years, or in the eastern portion of the
seismic zone for the last 5000 years. They also conclude that the geologic record of one
or more magnitude 6 or 7 earthquakes might be concealed between streams, but that
such events could not have been abundant in the seismic zone. In addition, these isolated
locations of paleo-liquefaction may have been produced by local shallow moderate
magnitude earthquakes of M 5 to 6. Thus, the presence of these liquefaction features do
not indicate a change in the minimum magnitude level assigned to the Central Virginia
seismic zone in the 1986 EPRI study. Because the causative faults remain unidentified,
the Central Virginia seismic zone is best characterized as a seismogenic source and not a
capable tectonic source, as defined by RG 1.165.

Mountain Run Fault Zone

The Mountain Run fault zone is located along the eastern margin of the Culpeper basin
and lies approximately 18 miles northwest of the site (Figure 2.5-9 and Figure 2.5-5). The
75-mile long fault zone is mapped from the eastern margin of the Triassic Culpeper basin
near the Rappahannock River southwestward to near Charlottesville, Virginia
(Reference 72). The fault zone is a broad zone of sheared rocks, mylonites, breccias, and
phyllites of variable width.

The Mountain Run fault zone is interpreted to have formed initially as a thrust fault upon
which back-arc basin rocks (mélange deposits) of the Mine Run Complex were accreted
onto ancestral North America at the end of the Ordovician (Reference 36). This suture
separates the Blue Ridge and Piedmont terranes (Reference 73). Subsequent reactivation
of the fault during the Paleozoic and/or Mesozoic produced strike-slip and dip-slip
movements. Horizontal slickensides found in boreholes at several places near the foot of
the Mountain Run scarp suggest strike-slip movement and small-scale folds in the uplands
near the scarp suggest a dextral sense of slip (Reference 40). The timing of the reverse
and strike-slip histories of the fault zone, and associated mylonitization and brecciation, is
constrained to be pre-Early Jurassic, based on the presence of undeformed Early Jurassic
diabase dikes that cut rocks of the Mountain Run fault zone (Reference 40).

The northeast-striking Mountain Run fault zone is one of the most clearly recognizable
faults in the region (Reference 40). Two pronounced northwest-facing scarps occur along
the fault zone, including the 1-mile long Kelly's Ford scarp located directly northeast of the
Rappahannock River and the 7-mile long Mountain Run scarp located along the southeast
margin of the linear Mountain Run drainage (Figure 2.5-5). Conspicuous bedrock scarps
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in the Piedmont, an area characterized by deep weathering and subdued topography, has
led some experts to suggest that the fault has experienced a Late Cenozoic phase of
movement (Reference 40) (Reference 73).

Near Everona, Virginia, a small reverse fault, found in an excavation, vertically displaces
“probable Late Tertiary” gravels by 5 feet (Reference 73). Others have estimated that the
offset colluvial gravels are Pleistocene age (Reference 62). This Everona fault, which has
no geomorphic expression, is located about 1/2 mile west of the Mountain Run fault zone.
Due to their proximity, these two features are considered to be part of the same zone of
faults (Everona fault-Mountain Run fault zone) (Reference 59). Crone and Wheeler
(Reference 59) assessed that the faulting at Everona is likely to be of Quaternary age, but
because the likelihood has not been tested by detailed paleo-seismological or other
investigations, this feature has been assigned to Class C.

Field and aerial reconnaissance performed for this ESP application did not reveal any
geologic or geomorphic features indicative of potential Quaternary activity along the
Mountain Run fault zone. A review of 1:24,000 scale topographic maps revealed that the
steeper portions of the Mountain Run scarp correlate with the areas where the Mountain
Run (stream) is impinging on the scarp. In addition, the northwest side of the narrow
Mountain Run valley is steepest where the stream is impinging on that side of the valley.
These observations suggest that the scarp most likely formed due to erosion, as
southeastward-migrating streams impinge against the more resistant rocks of the
Mountain Run fault zone.

All of the information on timing of displacement of the Mountain Run fault zone and
associated faults was available and incorporated into the EPRI seismic source models in
1986. No significant new information has been developed since 1986 regarding the
activity of the Mountain Run fault zone. Similarly, Crone and Wheeler (Reference 59) do
not show the Mountain Run fault zone as a known Quaternary structure in their
compilation of active tectonic features in the CEUS, having assigned it to Class C. It is
concluded that the Mountain Run fault zone is not a capable tectonic source and that no
new information has been developed since 1986 that would require a significant revision
to the EPRI seismic source model.

East Coast Fault System

The postulated East Coast fault system (ECFS) is located approximately 70 miles
southeast of the site (Figure 2.5-3). The 370-mile long fault system, which was identified
and described by Marple and Talwani (Reference 74), consists of three, 125-mile-long
segments extending from the Charleston area in South Carolina northeastward to near the
James River in Virginia (Figure 2.5-13). The three segments were initially referred to as
the southern, central, and northern zones of river anomalies (ZRA-S, ZRA-C, ZRA-N) and
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are herein referred to as the southern, central and northern segments of the ECFS. The
southern segment is located in South Carolina, the central segment is located primarily in
North Carolina, and the northern segment extends from northeast North Carolina to
southeast Virginia, and is located about 70 miles southeast of the ESP site. Marple and
Talwani (Reference 74) have mapped the northern terminus of the fault system between
the Blackwater River and James River, southeast of Richmond. Identification of the fault
system is based on the alignment of geomorphic features along Coastal Plain rivers,
areas of uplift, and local faulting (Reference 74).

The southern segment of the fault system, first identified by Marple and Talwani
(Reference 75) as an approximately 125-mile long and 6-9-mile wide zone of river
anomalies, has been attributed to the presence of a buried fault zone. The southern end of
this segment is associated with the Woodstock fault, a structure defined by fault-plane
solutions of micro-earthquakes and thought to be the causative source of the 1886
Charleston earthquake (Reference 74). The southern segment is geomorphically the most
well defined segment of the fault system and is associated with micro-seismicity at its
southern end. This segment was included as an alternative geometry to the areal source
for the 1886 Charleston earthquake in the 2002 USGS hazard model (discussed in more
detail in Section 2.5.2) for the National Seismic Hazard Mapping Project (Reference 76).

The central and northern segments of the fault system were not included in the 2002
USGS model, nor were they considered in the workshops to develop the USGS model
(Reference 77). The segments also were not presented in workshops or included in
models for the Trial Implementation Project (TIP), a study that characterized seismic
sources and ground motion attenuation models at two nuclear power plant sites in the
southeastern United States (Reference 78).

The ECFS represents, in part, a new tectonic feature that was not known to the EPRI
Earth Science Teams in 1986. The 1986 EPRI models include areal sources to model the
Charleston seismic source; therefore, the southern segment of the East Coast fault
system is in essence covered by the different Charleston sources zone geometries.
However, the central and northern segments represent a new tectonic feature in the
Coastal Plain that postdates the EPRI studies. The closest approach of the northern
segment to the site is approximately 70 miles as described above.

Although the postulated ECFS represents a potentially new tectonic feature in the Coastal
Plain of Virginia and North Carolina (Reference 74), current interpretations of the feature
and current existing data indicate that the fault zone probably does not exist and, if it
exists, is not a capable tectonic source. For example, Crone and Wheeler (Reference 59)
do not include the northern and central segments of the fault in their compilation of
potentially active Quaternary faults. In addition, workshops convened for the 2002 USGS
seismic hazard model (Reference 77) and for the TIP project (Reference 78) do not
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identify the northern and central segments of the fault system as a Quaternary active fault.
As a member of both the USGS and TIP workshops, Talwani did not propose the northern
and central segments of the fault system for consideration as a potential source of seismic
activity. In addition, the northern and central segments of the fault system are not
associated with any seismicity and are not associated with any gravity or magnetic
anomaly.

In summary, the northern segment of the ECFS, as postulated by Marple And Talwani
(Reference 74), is located approximately 70 miles southeast of the site. Marple and
Talwani (Reference 74) further suggest that the southern segment of the fault system may
be the source of the 1886 Charleston earthquake, implying that the northern and central
segments may produce earthquakes of similar size. Although current interpretations and
aerial reconnaissance performed for this ESP application indicate that the northern
segment of the fault zone probably does not exist or has a very low probability of activity if
it does exist, given the proximity of the fault to the site and uncertainty regarding the
existence and activity of the fault, a sensitivity analysis was performed to evaluate the
faults potential contribution to hazard at the ESP site. The results of this sensitivity
analysis are described in Section 2.2.2.6.2.

d. Seismic Sources Defined by Regional Seismicity
Within 200 miles of the ESP site, two seismic sources are defined by a concentration of small
to moderate earthquakes. These two sources have produced the two largest historical
earthquakes in the state of Virginia and have been identified as seismogenic sources in the
1986 EPRI studies as well as more recent seismic hazard models (Reference 57)
(Reference 79). These two seismic sources are the Central Virginia and Giles County seismic
zones (Figure 2.5-14).

1. Central Virginia Seismic Zone

The Central Virginia seismic zone is an area of persistent, low-level seismicity in the
Piedmont Province (Figure 2.5-14). The zone extends about 75 miles in a north-south
direction and about 90 miles in an east-west direction from Richmond to Lynchburg
(Reference 80). The ESP site is located near the northern boundary of the Central Virginia
seismic zone. The largest historical earthquake to occur in the Central Virginia seismic
zone was the body-wave magnitude (my) 5.0 Goochland County event on
December 23, 1875 (Reference 80). The maximum intensity estimated for this event was
Modified Mercalli Intensity (MMI) VIl in the epicentral region. Isoseismals indicate that the
ESP site experienced shaking of Intensity V (Reference 81).

Seismicity in the Central Virginia seismic zone ranges in depth from about 2 to 11 miles
(Reference 82). Coruh and others (Reference 83) suggest that seismicity in the central
and western parts of the zone may be associated with west-dipping reflectors that form the
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roof of a detached antiform, while seismicity in the eastern part of the zone near Richmond
may be related to a near-vertical diabase dike swarm of Mesozoic age. However, given
the depth distribution of 2 to 11 miles (Reference 82) and broad spatial distribution, it is
difficult to uniquely attribute the seismicity to any known geologic structure and it appears
that the seismicity extends both above and below the Appalachian detachment.

No capable tectonic sources have been identified within the Central Virginia seismic zone,
but two paleo-liquefaction sites, as discussed previously, have been identified within the
seismic zone (Reference 59) (Reference 71). The paleo-liquefaction sites reflect
pre-historical occurrences of seismicity within the Central Virginia seismic zone, and do
not indicate the presence of a capable tectonic source.

The 1986 EPRI source model includes various source geometries and parameters to
capture the seismicity of the Central Virginia seismic zone. Subsequent hazard studies
have used maximum magnitude (M,5) values that are within the range of maximum
magnitudes used by the six EPRI models. Collectively, upper-bound maximum values of
Mmax Used by the EPRI teams range from my, 6.6 to 7.2 (discussed in Section 2.5.2.2).
More recently, Bollinger (Reference 79) has estimated an M, of my, 6.4 for the Central
Virginia seismic source. Chapman and Krimgold (Reference 57) have used an M, ,, of
my, 7.25 for the Central Virginia seismic source and most other sources in their seismic
hazard analysis of Virginia. This more recent estimate of M54 is similar to the M5«
values used in the 1986 EPRI studies. Similarly, the distribution and rate of seismicity in
the Central Virginia seismic source have not changed since the 1986 EPRI study
(discussed in Section 2.5.2.2.8). Thus, there is no change to the source geometry or rate
of seismicity. Therefore, the conclusion is that no new information has been developed
since 1986 that would require a significant revision to the EPRI seismic source model.

. Giles County Seismic Zone

The Giles County seismic zone is located in Giles County, southwestern Virginia, near the
border with West Virginia. The largest known earthquake to occur in Virginia and the
second largest earthquake in the entire southeastern United States is the 1897 m,, 5.8
Giles County event. The earthquake would have produced an MMI VIII in the epicentral
area (Reference 84) and Intensity V at the ESP site (Reference 81).

Earthquakes in the Giles County seismic zone occur at depths between 3 and 16 miles
and appear to define a 25-mile long tabular zone striking N44E and dipping steeply
southeast beneath the Valley and Ridge thrust sheets (Reference 57) (Reference 58). The
lack of seismicity in the shallow Appalachian thrust sheets, estimated to be about 2 to
3.5 miles thick, implies that the seismogenic structures in the Giles County seismic zone
are unrelated to the surface geology of the Appalachian orogen (Reference 58). Potential
structures most likely responsible for the seismicity in Giles County are lapetan normal
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faults within the lapetan passive margin of the North American basement beneath the
Appalachian thrust sheets (Reference 49) (Reference 58).

No capable tectonic sources have been identified within the Giles County seismic zone,
but a zone of small Late Pliocene to Early Quaternary age faults have been identified
within the Giles County seismic zone, near Pembroke, Virginia (Reference 59). The
Pembroke zone is a set of extensional faults exposed in terrace deposits overlying
limestone bedrock along the New River (Reference 85) (Reference 86). These faults were
rated by Crone and Wheeler as Class B (Reference 59) (Table 2.5-1 and Table 2.5-2)
because it has not yet been determined whether the faults are tectonic or the result of
solution collapse. The shallow Pembroke faults do not appear to be related to the
seismicity within the Giles County seismic zone, which is occurring beneath the
Appalachian basal decollement in the North American basement.

The EPRI source model includes various source geometries and parameters to represent
the seismicity of the Giles County seismic zone. Subsequent hazard studies have used
Mmax Values that were within the range of maximum magnitudes used by the six EPRI
models. Collectively, upper-bound maximum values of M, used by the EPRI teams
ranged from my 6.6 to 7.2 (discussed in Section 2.5.2.2). More recently, Bollinger
(Reference 79) estimated an M, of m, 6.3 for the Giles County seismic source using
three different methods. Chapman and Krimgold (Reference 57) used an M, 5 of m,, 7.25
for the Giles County zone and most other sources in their seismic hazard analysis of
Virginia. Both of these more recent estimates of M,,,5, are similar to the range of M4
values used in the 1986 EPRI studies. Therefore, no new information has been developed
since 1986 that would require a significant revision to the EPRI seismic source model.

. Selected Seismogenic and Capable Tectonic Sources Beyond the Site Region

Because of the potential for distant, large earthquakes in the CEUS contributing to the
long period ground motion hazard, a discussion of three additional seismic sources based
on seismicity is provided in the following paragraphs. These sources include the Eastern
Tennessee, New Madrid and Charleston seismic sources, which produced the largest
historical earthquakes in the CEUS (Figure 2.5-14).

Eastern Tennessee Seismic Zone

The ESP site is located over 300 miles east of the Eastern Tennessee seismic zone,
which is a pronounced seismic source in the central and southeastern United States
(Figure 2.5-14). The zone, located in the Valley and Ridge Province of eastern
Tennessee, is about 185-miles long and 30-miles wide and has not produced a damaging
earthquake in historical time (Reference 87). However, this zone has produced the
second highest release of seismic strain energy in the CEUS during the 1980s, when
normalized by crustal area (Reference 87).
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Earthquakes in the Eastern Tennessee seismic zone are occurring at depths between 3
and 16 miles but none have exceeded a moment magnitude (M) of 4.6 (Reference 88).
The mean focal depth within the seismic zone is 9 miles, which is well below the
Appalachian basal decollement’s maximum depth of 3 miles. The lack of seismicity in the
shallow Appalachian thrust sheets implies that the seismogenic structures in the Eastern
Tennessee zone are unrelated to the surface geology of the Appalachian orogen.
Potential structures most likely responsible for the seismicity in Eastern Tennessee are
reactivated lapetan normal faults within the lapetan passive margin beneath the
Appalachian thrust sheets (Reference 49) (Reference 58).

The majority of earthquake focal mechanisms show right-lateral slip on northerly-trending
planes or left-lateral slip on easterly-trending planes (Reference 88). Statistical analyses
of focal mechanisms and epicenter locations suggest that seismicity is occurring on a
series of northeast-trending en echelon basement faults, intersected by several
east-west-trending faults (Reference 88).

Earthquakes within the Eastern Tennessee seismic zone cannot be attributed to known
faults (Reference 87) and no capable tectonic sources have been identified within the
seismic zone. However, the seismicity is spatially associated with major geophysical
lineaments. The large majority of seismicity lies between the New York-Alabama
lineament on the west and the Clingman and Ococee lineaments on the east
(Reference 89).

The EPRI source model includes various source geometries and parameters to represent
the seismicity of the Eastern Tennessee seismic zone. Subsequent hazard studies have
used M,,,x values that were within the range of maximum magnitudes used by the six
EPRI models. Collectively, upper-bound maximum values of M54 used by the EPRI
teams ranged from my, 6.6 to 7.4. Using three different methods specific to the Eastern
Tennessee seismic source, Bollinger (Reference 79) estimated an M54 of m, 6.45.
Chapman and Krimgold (Reference 57) used a M5« of m, 7.25 for the Eastern
Tennessee zone and most other sources in their seismic hazard analysis of Virginia. Both
of these more recent estimates of M, are similar to the range of M5, values used in the
1986 EPRI studies. Therefore, it is concluded that no new information has been
developed since 1986 that would require a significant revision to the EPRI seismic source
model.

Charleston Seismic Zone

The Charleston seismic source lies about 375 miles south of the ESP site. The
August 31, 1886, Charleston, South Carolina, earthquake is the largest historical event to
occur in the eastern United States. The event produced MMI X shaking in the epicentral
area and was felt strongly as far away as Chicago (MMI V) (Reference 90). As a result of
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this earthquake, considerable effort has gone into identifying the source of the earthquake
and recurrence history of large magnitude events in the region (Reference 74)
(Reference 91).

The 1886 Charleston earthquake produced no identifiable primary tectonic surface
deformation, and, therefore, the source of the earthquake has been inferred based on the
geology, geomorphology, and instrumental seismicity of the region. Talwani
(Reference 92) infers that the 1886 event was produced by the north-northeast-striking
Woodstock fault (inferred from seismicity) near its intersection with the northwest-striking
Ashley River fault (also inferred from seismicity). Marple and Talwani (Reference 74) have
more recently suggested that a northeast-trending zone of river anomalies, referred to as
the East Coast fault system, represents the causative fault for the 1886 Charleston event.
The southern segment of the East Coast fault system coincides with a linear zone of
micro-seismicity that defines the northeast-trending Woodstock fault of Talwani
(Reference 92) and the isoseismal zone from the 1886 earthquake.

Johnston (Reference 90) estimated a magnitude of M 7.3 £0.26 for the 1886 Charleston
event. More recently, Bakun and Hopper (Reference 93) estimated a smaller magnitude of
M 6.8 with a 95 percent confidence level corresponding to a range of M 6.4 to 7.1. Both of
these more recent estimates of M, are similar to the upper-bound maximum range of
Mpmax Values used in the 1986 EPRI studies (my, 6.8 to 7.5). Therefore, no new information
has been developed since 1986 that would require a significant revision to the EPRI
seismic source model in terms of magnitude.

Because there is very little surface expression of faults within the Charleston seismic
zone, earthquake recurrence estimates are based largely on dates of paleo-liquefaction
events. The most recent summary of paleo-liquefaction data (Reference 91) suggests a
mean recurrence time of 550 years for Charleston, which was used in the 2002 USGS
model (Reference 76). This recurrence interval is less than the 650 year recurrence
interval used in the 1996 USGS hazard model, and is roughly an order of magnitude less
than the seismicity-based recurrence estimates used in the 1986 EPRI studies.

Therefore, the most significant update of source parameters in the Charleston seismic
zone since the 1986 EPRI study is the reduction of the recurrence interval from several
thousand years based on seismicity data to the characteristic recurrence of 550 years
based on paleoseismic observations. This new information was incorporated into a
sensitivity analysis to evaluate its significance to hazard at the ESP site. This sensitivity
analysis is described in Section 2.5.2.

New Madrid Seismic Zone

The New Madrid seismic zone extends from southeastern Missouri to southwestern
Tennessee and is over 620 miles west of the ESP site. The New Madrid seismic zone lies
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within the Reelfoot Rift and is defined by post-Eocene to Quaternary faulting and historical
seismicity. Given the significant distance between the site and the seismic zone, the New
Madrid seismic zone did not contribute to 99 percent of the hazard at the NAPS site in the
1986 EPRI study. However, it is described in this section because several recent studies
provide significant new information regarding magnitude and recurrence interval for the
seismic zone.

The New Madrid seismic zone is approximately 125-miles long and 25-miles wide.
Research conducted since 1986 has identified three distinct fault segments embedded
within the seismic zone. These three fault segments include a southern northeast-trending
dextral slip fault, a middle northwest-trending reverse fault, and a northern
northeast-trending dextral strike-slip fault (Reference 94). In the current east-northeast to
west-southwest directed regional stress field, Precambrian and Late Cretaceous age
extensional structures of the Reelfoot Rift appear to have been reactivated as right-lateral
strike-slip and reverse faults.

The New Madrid seismic zone historically has produced three large magnitude
earthquakes between December 1811 and February 1812 (Reference 95). The
December 16, 1811 earthquake is associated with strike-slip fault displacement along the
southern portion of the New Madrid seismic zone. Johnston (Reference 90) estimated a
magnitude of M 8.1 £0.31 for the December 16, 1811 event. However, Hough and others
(Reference 95) have re-evaluated the isoseismal data for the region and concluded that
the December 16 event had a magnitude of M 7.2 to 7.3. Bakun and Hopper
(Reference 93) have similarly concluded this event had a magnitude of M 7.2.

The February 7, 1812, New Madrid earthquake is associated with reverse fault
displacement along the middle part of the New Madrid seismic zone (Reference 96). This
earthquake most likely occurred along the northwest-trending Reelfoot Fault that extends
approximately 43 miles from northwestern Tennessee to southeastern Missouri. The
Reelfoot Fault is a northwest-trending southwest-vergent reverse fault. The Reelfoot Fault
forms a topographic scarp developed as a result of fault-propagation folding
(Reference 97) (Reference 98) (Reference 99) (Reference 100). Johnston (Reference 90)
estimated a magnitude of M 8.0 £0.33 for the February 7, 1812 event. However, Hough
and others (Reference 95) have re-evaluated the isoseismal data for the region and
concluded that the February 7 event had a magnitude of M 7.4 to 7.5. More recently,
Bakun and Hopper (Reference 93) estimated a similar magnitude of M 7 4.

The January 23, 1812, earthquake is associated with strike-slip fault displacement on the
East Prairie Fault along the northern portion of the New Madrid seismic zone. Johnston
(Reference 90) estimated a magnitude of M 7.8 £0.33 for the January 23, 1812, event;
however, Hough and others (Reference 95) have re-evaluated the isoseismal data for the
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region and have concluded that the January 23 event had a magnitude of M 7.1. More
recently, Bakun and Hopper (Reference 93) have estimated a similar magnitude of M 7.1.

Because there is very little surface expression of faults within the New Madrid seismic
zone, earthquake recurrence estimates are based largely on dates of paleo-liquefaction
and offset geological features. The most recent summary of paleo-liquefaction data
(Reference 101) suggests a mean recurrence time of 500 years, which was used in the
2002 USGS model (Reference 76). This recurrence interval is half of the 1000-year
recurrence interval used in the 1996 USGS hazard model, and an order of magnitude less
than the seismicity-based recurrence estimates used in the 1986 EPRI studies.

The upper-bound maximum values of M5« used in the 1986 EPRI study range from
my, 7.2 to 7.9. Since the EPRI study, estimates of M, have generally been within the
range of maximum magnitudes used by the six EPRI models. The most significant update
of source parameters in the New Madrid seismic zone since the 1986 EPRI study is the
reduction of the recurrence interval to 500 years. This new information on recurrence
interval for the New Madrid Seismic zone is addressed for the probabilistic seismic
hazards analysis (PSHA) at the ESP site in Section 2.5.2.6.2.

2.5.1.1.5 Regional Gravity and Magnetic Data

Regional maps of the gravity and magnetic fields in North America were published by the
Geological Society of America (GSA) in 1987 as part of the Society’s Decade of North American
Geology (DNAG) project. The maps present the potential field data at 1:5,000,000-scale, and thus
are useful for identifying and assessing gravity and magnetic anomalies with wavelengths on the
order of tens of kilometers or greater. More recent gravity and magnetic data have been
incorporated in studies of crustal-scale structure of the Appalachian orogen in Virginia
(Reference 102). These studies combine geologic map data and reflection seismic data to evaluate
the down-dip geometry of major Appalachian tectonic units. Comparison of the crustal structure
with potential field data facilitates geologic interpretation of gravity and magnetic anomalies visible
on the regional maps. All of this information was published following the 1986 EPRI study.

a. Gravity Data
Gravity data compiled at 1:5,000,000 scale for the DNAG project provide additional
documentation of previous observations that the gravity field in the eastern United States at
the latitude of Virginia is characterized by a long-wavelength, east-to-west gradient
(Reference 103). Bouguer gravity values increase eastward from about —80 mgal in the Valley
and Ridge Province of western Virginia to about +10 mgal in the Coastal Plain Province
(Reference 104), corresponding to an approximately 90 mgal regional anomaly across the
width of the state. This regional gradient is called the “Piedmont gravity gradient”
(Reference 103), and is interpreted to reflect the eastward thinning of the North American
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continental crust and the associated positive relief on the Moho discontinuity with proximity to
the Atlantic margin.

The Piedmont gravity gradient is punctuated by several smaller positive anomalies with
wavelengths ranging from about 15 to 30 miles, and amplitudes of about 10 to 20 mgal. Most
of these anomalies are associated with accreted Taconic terranes such as the Chopawamsic
terrane. Collectively, they form a gravity high superimposed on the regional Piedmont gradient
that can be traced NE-SW on the 1:5,000,000 DNAG map relatively continuously along the
trend of the Appalachian orogenic belt through North Carolina, Virginia, and Maryland. The
continuity of this positive anomaly diminishes to the southwest in South Carolina, and the trend
of the anomaly is deflected eastward in Maryland, Pennsylvania, and Delaware
(Reference 104).

The short-wavelength anomalies and possible associations with upper crustal structure are
illustrated by combining gravity profiles with seismic reflection data and geologic data
(Reference 102) (Reference 103). In some cases, short-wavelength positive anomalies are
associated with antiformal culminations in Appalachian thrust sheets. For example, there is a
positive anomaly associated with the anticline at the western edge of the Blue Ridge nappe
along the Interstate 1-64 transect of Harris and others (Reference 103). The anomaly is
presumably due to the presence of denser rocks transported from depth and thickened by
antiformal folding in the hanging wall of the thrust. In other cases, positive anomalies are
directly associated with east-dipping, thrust-bounded bodies of relatively denser rock. For
example, Glover and Klitgord (Reference 102) show that a local positive gravity anomaly is
associated with an east-dipping body of meta-volcanic rock near the boundary between the
eastern Piedmont and Coastal Plain Provinces in central Virginia; they interpret that this body
of meta-volcanic rocks is the preserved Taconic suture at this latitude.

In general, expression of Triassic basins as local gravity lows at the 1:5,000,000 scale of the
DNAG map is modest to non-existent. There is a discernible, low-amplitude negative gravity
anomaly associated with the Richmond Basin, but no obvious or pronounced gravity low
associated with the Culpeper Basin (Reference 104).

Gravity data published since the mid-1980s confirm and provide additional documentation of
previous observations of a gradual “piedmont gravity gradient” across the Blue Ridge and
Piedmont Provinces of Virginia. Harris and others (Reference 103) depict this gradient as an
80 mgal increase from west to east over a distance of about 85 miles. The presence of the
“Piedmont Gravity Anomaly” was known at the time of the 1986 EPRI study. This anomaly is a
first-order feature of the gravity field and is interpreted to reflect eastward thinning of the North
American crust and lithosphere. Second-order features in the regional field primarily reflect
density variations in the upper crust associated with the boundaries and geometries of
Appalachian thrust sheets and accreted terranes. Negative anomalies in Virginia associated
with Triassic basins are third-order features of the regional gravity field.
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b. Magnetic Data

Magnetic data compiled for the DNAG project reveal numerous NE-SW-trending magnetic
anomalies, generally parallel to the structural features of the Appalachian orogenic belt
(Reference 104). Unlike the gravity field, the magnetic field is not characterized by a regional,
long-wavelength gradient that spans the east-west extent of the state. A magnetic profile along
Interstate 1-64 published to accompany a seismic reflection profile (Reference 103) shows an
approximately constant 11-gamma background field punctuated by anomalies with
wavelengths of about 6 to 30 miles. Harris and others (Reference 103) concluded that
anomalies in the magnetic field primarily are associated with upper-crustal variations in
magnetic susceptibility and, unlike the gravity data, do not provide information on crustal-scale
features in the lithosphere.

The most prominent magnetic anomalies in Virginia lie in a NE-SW-trending band across the
central part of the state (Reference 104). These anomalies are associated with accreted
Taconic units such as the Smith River, Jefferson, and Chopawamsic terranes. The high
magnetic intensities of these units probably are due to the presence of island-arc-related mafic
and ultramafic rocks. Lower intensities are associated with the Goochland terrane and related
eastern Piedmont units, which primarily represent thrust-bounded slices of autochthonous (in
place) North American basement. Discrete magnetic lows associated with the Richmond and
Culpeper basins are discernible at the 1:5,000,000 scale of the DNAG map (Reference 104).
The low magnetic intensities presumably arise because the basin fill deposits are derived from
a provenance region that contains fewer mafic and ultramafic rocks than the underlying
bedrock terranes.

A magnetic profile along an approximately WNW-ESE transect through central Pennsylvania
(Reference 102) indicates that paired high and low magnetic anomalies are associated with
the western margins of crustal units truncated by thrust faults. Many of these anomalies have
very high amplitudes and short wavelengths. For example, there is a 400-600 nT anomaly
associated with the western margin of the Blue Ridge thrust nappe. Similarly, there is a
1500-2000 nT anomaly associated with the western edge of the Jefferson and Smith River
terranes, and an 800 nT anomaly associated with a body of meta-volcanic rocks within the
Goochland terrane that Glover and Klitgord (Reference 102) interpret as the Taconic suture.

Magnetic data published since the mid-1980s provide additional information on the geometry
and extent of anomalies associated with fault-bounded upper crustal units, primarily in the
Blue Ridge and Piedmont Provinces. The magnetic data provide additional characterization of
the geophysical properties of upper crustal rocks, as well as supporting evidence for
interpretation of seismic reflection data (Reference 102) (Reference 103). The magnetic data
published since 1986 does not reveal any new anomalies related to geologic structures that
were not previously identified prior to the 1986 EPRI study.
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25.1.2 Site Area Geology

The following sections present a summary of geologic conditions of the ESP site and site area
(5-mile radius). They provide information concerning the physiography, stratigraphy, geologic
history, geologic structure, engineering geology and groundwater conditions relative to the ESP
site. The information presented in these sections is based on a review of previous NAPS reports,
geologic literature, and the results of recent geotechnical and geologic field reconnaissance
investigations conducted at and in the vicinity of the ESP site.

25.1.21 Site Area Physiography and Geomorphology

The ESP site is located within the Piedmont Upland section of the Piedmont Physiographic
Province. It is situated approximately 15 miles west of the Fall Line boundary between the
Piedmont and Coastal Plain Physiographic Provinces.

The site is bordered by Lake Anna to the north and east, and to the south and west by forest and
brushwood-covered land interspersed with an occasional farm (Reference 6). The area is well
dissected by streams; the inter-stream divides being generally fairly wide and sloping or rolling.
Some of the divides become steeper along the lower tributaries of the larger streams, and along
these tributaries entrenchment has been rapid (Reference 41) (Figure 2.5-15).

The topography in the site region is characteristic of the Piedmont Upland section, with a gently
undulating surface varying in elevation from about 200 to 500 feet (Reference 5). The slopes in the
region typically range from 2 to 5 percent, with steeper slopes along the lower tributaries of some of
the larger streams ranging from 7 to 10 percent (Figure 2.5-15).

Site grade for the existing units is at an approximate elevation of 271 feet. The ground surface
generally rises to the west and south to elevations of over 300 feet (Figure 2.5-16).

25.1.2.2 Site Area Geologic History

Since Early Paleozoic time, rocks of the Piedmont Physiographic Province have undergone
extensive tectonic activity, primarily from three compressional orogenies (Taconic, Acadian, and
Allegheny) during the Paleozoic Era and one extensional episode during the Mesozoic Era (as
discussed in Section 2.5.1.1.2). These orogenies produced a very complex regional pattern of
folding and faulting. The texture, mineralogy, and structure of rocks in the Piedmont Province, with
the exception of Triassic age rocks, generally reflect the effects of these major episodes of tectonic
activity. The rocks exhibit varying degrees of metamorphism, depending on their location in relation
to the axis of major stress, which generally trends northeast-southwest (Reference 8).

The ESP site is located within the previously described Chopawamsic lithotectonic belt
(Section 2.5.1.1.3). Within a 5-mile radius of the site are the Western Piedmont and the
Goochland-Raleigh belts, approximately 4.5 miles west and east of the site, respectively
(Figure 2.5-11). The rocks within these belts are believed to be derived from sediments deposited in
an intra-oceanic island-arc subduction zone, situated eastward of ancestral North America. Rocks

2-2-207 Revision 0
September 2003



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

of the Mine Run Complex within the Western Piedmont belt are interpreted to have formed in a
back-arc marginal sea between ancestral North America and an offshore island-arc. Rocks of the
Chopawamsic Formation and Ta River Metamorphic Suite, within the Chopawamsic belt, are
interpreted to have formed this island-arc. East of the island-arc, rocks of the Po River Metamorphic
Suite, within the Goochland-Raleigh belt, are interpreted to have formed as a micro-continent.
Successive thrusting and deformation of rocks within each of these belts in a general northwest
direction during Paleozoic time has produced the present day bedrock conditions at and in the
vicinity of the ESP site (Figure 2.5-17).

During the Penobscot orogeny westward and northward thrusting of the island-arc terrain was
initiated. Sediment was shed from the Chopawamsic island-arc (Figure 2.5-5) into the eastern parts
of the back-arc basin, where sediments of the Mine Run Complex were accumulating
(Reference 40).

During the subsequent Taconic orogeny, which occurred during Middle to Late Ordovician, the
Chopawamsic island-arc terrane and back-arc basin deposits continued to be thrust westward and
were accreted to the eastern margin of ancestral North America. The rocks were episodically folded
and faulted and plutonism occurred. Granitoids were emplaced in the back-arc terrane and tonalites
were emplaced in the island-arc terrane (Reference 33). This period of deformation and
metamorphism was followed by an interval of uplift and erosion during the Late Ordovician and
Early Silurian. To the east, sand and pelitic sediments were unconformably deposited on the
volcanic and plutonic rocks of the foundered and eroded island-arc rocks. These sediments now
constitute the meta-sedimentary Quantico Formation (Reference 33). The Quantico Formation
outcrops approximately 2 miles west of the ESP site. At about the same time as the sediments of
the Quantico Formation were being deposited, the Ellisville pluton intruded rocks of the back-arc
basin terrane. The Ellisville pluton outcrops approximately 5 miles west of the ESP site.

During the Acadian orogeny the micro-continent that had formed eastward of the island-arc terrane,
comprised of rocks of the Po River Metamorphic Suite, was thrust westward onto the island-arc
terrane. By Devonian time, the back-arc basin and island-arc terranes and the micro-continent were
all believed to have been accreted over the continental crust (Reference 40).

During the Allegheny orogeny that followed in the Late Carboniferous Period, the generally
undeformed Quantico Formation and the subjacent Ta River Metamorphic Suite were folded into
structurally conformable upright isoclinal folds. The unconformity between the Chopawamsic and
Quantico Formations became a decollement along which the Long Branch thrust fault developed
(discussed in Section 2.5.1.2.4). The upright isoclinal folding is inferred to be related to the
westward thrusting of rocks of the Po River Metamorphic Suite along the developing Spotsylvania
thrust fault. With continuing deformation, the upright isoclinal folds to the east of the Quantico
synclinorium became westward-verging recumbent folds (Reference 40). The Po River
Metamorphic Suite was metamorphosed to amphibolite grade and polydeformed. It is thought that
much of the deformation and metamorphism occurred before westward thrusting along the Long
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Branch and related faults and the juxtaposition, probably toward the end of the Allegheny orogeny,
of the eastern, higher grade metamorphic terranes with the greenschist facies rocks of the
Chopawamsic Formation. The granitoids of the Falmouth Intrusive Suite generally intruded rocks
within the Chopawamsic belt prior to final thrusting along the Long Branch fault (Reference 40).
Rocks of the Falmouth Intrusive Suite lie approximately 2 miles southwest and 3.5 northeast of the
ESP site (Figure 2.5-11).

During the Mesozoic extensional episode a series of northeast-trending grabens and half-grabens
formed in the Piedmont Province, predominantly along the boundaries of the Western Piedmont
belt. Within the ESP site area no such basins exist. The closest basin to the site, the Culpeper
Basin, lies about 20 miles northwest of the site.

During Cenozoic time, the area surrounding the ESP site was subject to erosion along the passive
continental margin. Erosion continued during the Pleistocene glacial and interglacial periods.
Periglacial environments persisted in the area of the ESP site during this time. Weathering
processes characteristic of periglacial environments include frost-shattering, freeze-thaw cycles,
accelerated wind erosion and accelerated solifluction. These weathering processes in conjunction
with down-cutting of streams and rivers during Cenozoic time have produced the residual soils that
cover bedrock at the ESP site.

25.1.2.3 Site Area Stratigraphy

The ESP site is underlain by rocks of the Ta River Metamorphic Suite, which are in turn underlain by
rocks of the Chopawamsic Formation and the Mine Run Complex. The Ta River Metamorphic Suite
is juxtaposed against the Quantico Formation west of the site and is juxtaposed against the Po
River Metamorphic Suite east of the site along north-northwest trending faults (Figure 2.5-11). The
Ta River Metamorphic Suite is intruded by rocks of the Falmouth Intrusive Suite to the southwest
and northeast of the site. Rocks of the Mine Run Complex and Chopawamsic Formation are
intruded by the Ellisville pluton west of the site. Surficial sediments at the site are comprised
predominantly of residual soil and saprolite, which mantles most of the site. Alluvium in the vicinity
of the site is generally found along stream channels, and marine and fluvial sands and gravels are
found locally capping the tops of hills and hill slopes.

Extensive geological and geotechnical data for the ESP site are available as a result of
investigations completed for the existing units and for the abandoned Units 3 and 4. Sixty borings
were completed to depths ranging between 20 and 150 feet during the investigation for the existing
units (Reference 7). Forty-seven borings were completed to depths ranging between 40 and
175 feet for the abandoned Units 3 and 4 (Reference 8). Additional borings were completed in the
areas of the SWR (Reference 5) and the ISFSI (Reference 6). The results of the borings are
discussed in detail Section 2.5.4.

In addition to the existing geological and geotechnical data for the existing units, 7 new borings, 8
cone penetrometer tests (CPTs), 2 seismic cone penetrometer tests, and cross-hole and down-hole
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seismic tests were performed as part of the ESP application subsurface investigation program. The
borings and geotechnical testing are discussed in detail in Section 2.5.4. The data developed are
presented in Appendix 2.5.4B.

The sequence and configuration of the stratigraphic units within a 5-mile radius of the site are
shown in Table 2.5-3 and on Figure 2.5-11 and Figure 2.5-17, respectively. The configuration of the
stratigraphic units within a 0.6-mile radius of the site is shown on Figure 2.5-18.

a. Po River Metamorphic Suite (Late Precambrian to Early Paleozoic)
The Po River Metamorphic Suite is juxtaposed along the Spotsylvania thrust fault against the
Ta River Metamorphic Suite, east and southeast of the site (Figure 2.5-11 and Figure 2.5-17).
The Po River Metamorphic Suite belongs to the Goochland-Raleigh lithotectonic belt of the
Piedmont Upland section. A provisional age of Late Precambrian to Early Paleozoic has been
assigned to the rocks of the Po River Metamorphic Suite (Reference 66).

Rocks of the Po River Metamorphic Suite are within the amphibolite facies (high grade) of
regional metamorphism (Reference 40) and consist of predominantly of biotite gneiss and
schist. Characteristically, the gneiss is a dark colored, layered and foliated rock with
micaceous minerals and quartz and feldspar typically concentrated in dark and light layers.
Feldspar also occurs as large augen-shaped grains. Hornblende-bearing gneiss is found
within the Po River, but in subordinate amounts compared to the biotite gneiss. It resembles
the biotite gneiss in color and texture but contains varying amounts of hornblende as well as
biotite. Garnetiferous mica schist is also found locally within the Po River and has a foliation
conformable with the adjacent gneisses (Reference 66).

Many foliated gneissic granitoid rocks, including pegmatoids, exist in tabular bodies as well as
non-tabular masses in the Po River. The tabular granitoid and pegmatoid bodies form
concordant sill-like layers that range from less than 2.5 centimeters (cm) to as much as 7.6 m
thick. Locally, granitoid layers about 0.5 to 1.0 cm thick are conformable with the foliation in the
gneiss. The non-tabular, irregularly shaped granitoid bodies generally form relatively large
masses that may be parts of plugs or plutons of various sizes (Reference 66).

b. Ta River Metamorphic Suite (Cambrian and/or Ordovician)

The Ta River Metamorphic Suite underlying the site is bounded on the east by the
Spotsylvania thrust fault and on the west is juxtaposed against the Quantico Formation by a
series of unnamed faults (Figure 2.5-11). Two thrust-fault-bounded slivers of the Ta River
Metamorphic Suite are located west of the Quantico Formation (Figure 2.5-11 and
Figure 2.5-17). The Ta River Metamorphic Suite belongs to the northeast-trending
Chopawamsic lithotectonic belt of the Piedmont Upland section. Rocks of the Ta River
Metamorphic Suite are thought to be Cambrian and/or Ordovician in age (Reference 35).
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The Ta River Metamorphic Suite is intruded by plutonic rocks to the southwest (Elk Creek
pluton) and northeast (Northeast Creek pluton) of the site (Figure 2.5-11). The rocks are
correlative with the Falmouth Intrusive Suite.

The Ta River Metamorphic Suite is thousands of feet thick (Reference 105) and the rocks
within the suite are within the amphibolite facies (high grade) of regional metamorphism
(Reference 40). The rocks are dark-gray to black gneisses, which range from amphibolite
through various types of amphibolite gneiss to biotite gneiss. In the site area, the rocks are
predominantly biotite gneiss and schist with smaller amounts of amphibolite gneiss. Regional
metamorphism is considered to be of a higher grade in this area than to the north
(Reference 66). Descriptions of the amphibolitic gneisses have ranged from well-foliated and
rarely layered (Reference 66) to poorly to well lineated and massive to well layered. Layers of
biotite gneiss, ferruginous quartz and minor felsic meta-volcanic rocks are common and
quartz-epidote lenses and veins often occur in the amphibole-bearing rocks (Reference 105).

Borings completed during previous subsurface investigations (Reference 7) (Reference 8) and
borings completed as part of the recent ESP application subsurface investigation program
(discussed in Section 2.5.4) encountered rocks of the Ta River Metamorphic Suite at the ESP
site. The main rock types at the site are shown on Figure 2.5-18 and consist of gray to dark
gray:

+ quartz gneiss with some biotite quartz gneiss,

* hornblende gneiss, biotite quartz gneiss, and quartz gneiss, and

* quartz mica schist.

Residual soil and saprolite at the ESP site have been categorized as Zone | and Il
respectively, while bedrock has been categorized as Zone I, IlI-IV and IV, based on the
degree of weathering of the rock (Reference 7) (Reference 8). Zone lll rocks are generally
highly to moderately weathered; Zone 1lI-1V rocks are slightly to moderately weathered; and
Zone |V rocks are slightly weathered to fresh.

Borings B-801 to B-805 encountered moderately to highly weathered rock (Zone lll) at depths
ranging between about 6 feet (Elevation 266) and 31 feet (Elevation 261) below the ground
surface. This Zone Ill rock ranges in thickness from about 1-foot to 18 feet, and is comprised
of brown, orange, tan, and gray, biotite quartz gneiss and quartz gneiss, with traces of clay,
iron oxide staining, epidote, chlorite, pyrite and magnetite. Slightly weathered to moderately
weathered rock (Zone IlI-1V) was encountered in the borings at depths ranging between about
8 feet (Elevation 263) and 39 feet (Elevation 232) below the ground surface. The Zone IlI-IV
rock ranges in thickness from about 2 feet to 37 feet and is comprised of gray to dark gray,
quartz gneiss and biotite quartz gneiss. The top of the slightly weathered to fresh rock
(Zone IV) was encountered in the borings at depths ranging between about 20 feet
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(Elevation 229) and 76 feet (Elevation 195) below the ground surface and is comprised of dark
gray, quartz gneiss and biotite quartz gneiss.

In boring B-806, alternating zones of moderately to highly weathered rock (Zone Ill) and
slightly weathered to moderately weathered rock (Zone lll-IV) were encountered throughout
much of the boring. The Zone Ill rock was encountered at depths of about 8 feet
(Elevation 292), 15 feet (Elevation 284), 26 feet (Elevation 273), and 56 feet (Elevation 243)
below the ground surface. The alternating Zone 1lI-IV rock was encountered at depths of about
11 feet (Elevation 288), 21 feet (Elevation 278), 33 feet (Elevation 266) and 60 feet
(Elevation 239) below the ground surface. The boring was terminated at a depth of 65 feet
below the ground surface, approximately 1 foot into slightly weathered to fresh rock (Zone 1V).

In boring B-807, alternating zones of moderately to highly weathered rock (Zone Ill) and
residual soils were encountered throughout the full depth of the boring. The Zone Ill rock was
initially encountered at a depth of about 35 feet (Elevation 276) below the ground surface and
was 14 feet thick. A second zone of this rock was encountered at a depth of about 56 feet
(Elevation 255) below the ground surface and extended for 16 feet, whereupon the boring was
terminated.

The borings drilled as part of the ESP application subsurface investigation program (discussed
in Section 2.5.4) revealed severely weathered, fractured and jointed intervals in the Zone IlI-IV
and Zone IV rock. Severely weathered fracture zones were encountered in Zone IlI-1V rock at
varying depths, ranging from about 11 feet (Elevation 260) to 81 feet (Elevation 211) below the
ground surface. These fracture zones were encountered in four of the borings (B-802, B-803,
B-805, and B-806) and ranged in thickness from about 0.5 to 1-foot thick. Characteristically
they exhibit clay filling, iron oxide staining, and quartz. Significant water loss during drilling
occurred in two of the fracture zones in boring B-803. Joints (typically sets of 3 to 10 joints) in
the slightly weathered to fresh (Zone IV) rock typically exhibit clay filling, iron oxide staining,
quartz, mica, and traces of chlorite and manganese oxide.

Several quartz, potassium feldspar and mica bands were encountered during the drilling of
boring B-803. The bands were encountered in the slightly weathered to fresh (Zone 1V) rock at
depths ranging between about 115 feet (Elevation 177) and 147 feet (Elevation 145) below the
ground surface. Quartz bands were also encountered in several of the borings. Borings
performed as part of the previous subsurface investigation programs (Reference 7)
(Reference 8) also encountered occasional quartz seams, in addition to bands containing
abundant mica and hornblende, and occasional chlorite, epidote and pyrite.

Petrographic analyses of thin sections prepared from the quartz gneiss at the ESP site have
revealed the predominant minerals to be quartz and feldspar (alkali and plagioclase).
According to these analyses, quartz makes up between 34 and 40 percent of the total volume
of the rock; alkali feldspar makes up between about 21 and 37 percent of the total volume of
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the rock, and plagioclase feldspar makes up between 23 and 33 percent of the total volume of
the rock. Biotite is the only major ferromagnesian mineral. Accessory minerals include
muscovite, vermiculite, magnetite and hematite. Minor accessory minerals include sphene,
zircon, cordierite, apatite and epidote (Reference 106).

. Chopawamsic Formation (Cambrian and/or Ordovician)

The Ta River Metamorphic Suite is underlain by the Chopawamsic Formation (Figure 2.5-17).
The formation crops out west and northwest of the site and is bounded on the east by the Long
Branch thrust fault and on the west by the Chopawamsic thrust fault (Figure 2.5-11). The
Chopawamsic Formation belongs to the Chopawamsic lithotectonic belt of the Piedmont
Upland section. Rocks of the Chopawamsic Formation are thought to be Cambrian and/or
Ordovician in age (Reference 35).

The Chopawamsic Formation is several thousand feet thick (Reference 105). Rocks within the
formation are typically within the greenschist facies (low grade) of regional metamorphism and
characteristically contain an albite-chlorite-epidote mineral assemblage (Reference 40). The
Chopawamsic Formation consists of laterally discontinuous lenses and tongues of
meta-volcanic and meta-sedimentary rocks. The meta-volcanic rocks include silic,
intermediate, and mafic varieties, some of which are interpreted to be flows as indicated by
their highly vesicular character. Fragmental rocks within the formation are mainly breccia and
tuff. Fine-grained feldspathic schist and phyllite of the formation are mineralogically and
chemically similar to the more distinctive volcanic rocks and may be tuffaceous. Schist,
meta-arenite, and, locally, amphibole-free gneiss of probable sedimentary origin are
interlayered with the meta-volcanic rocks; the proportion of meta-sedimentary rocks varies
from place to place along the formation. Silic meta-volcanic rock typically is light gray; some
varieties have small phenocrysts of quartz and/or feldspar. Some felsic meta-volcanic rocks
contain albitic plagioclase and quartz in a finer grained, quartzofeldspathic groundmass and
have been classified as keratophyres. Intermediate meta-volcanic rocks are dark to light green
and commonly have a nematoblastic groundmass texture formed by aligned prismatic
amphibole intergrown with fine-grained quartz and feldspar. Mafic rocks of the Chopawamsic
Formation include amphibolite greenstone, and various dark schists (Reference 66).

The Chopawamsic Formation lies close to the Ellisville pluton, which intruded the Mine Run
Complex west of the site (Figure 2.5-11 and Figure 2.5-17). The enclosing rocks of the pluton
show recognizable contact metamorphism. The phyllitic country rocks near the intrusive
contact have been metamorphosed to schists and gneissic rocks, and megacrystic muscovite
and biotite are common in addition to kyanite and staurolite. On the eastern side of the pluton
within the Chopawamsic Formation, kyanite is present in fine-grained sulfidic schist, which is
interlayered with meta-felsite and with chloritoid-bearing phyllite and schist. Minerals found in
the Chopawamsic Formation within the thermal aureole of the Ellisville pluton include gahnite,
margarite, tourmaline, allanite-clinozoisite, and chlorite (Reference 40).
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d. Mine Run Complex (Cambrian to Ordovician)

The Chopawamsic Formation is underlain by mélanges of the Mine Run Complex
(Figure 2.5-17). Mélange Zone Il of the Mine Run Complex outcrops west and northwest of the
site and is bounded on the east by the Chopawamsic thrust fault and on the west by the Lake
of the Woods thrust fault (Figure 2.5-11). Mélange Zones Ill and IV outcrop successively
northwest of Mélange Zone Il. The Mine Run Complex belongs to the Western Piedmont
lithotectonic belt of the Piedmont Upland section. The mélanges of the Mine Run Complex are
estimated to be Cambrian to Ordovician in age (Reference 36).

The Mine Run Complex is hundreds of feet thick (Reference 105). The mélanges of the
complex are typically within the greenschist facies (low grade) of regional metamorphism and
are characterized by chlorite-muscovite or chlorite-muscovite-garnet assemblages
(Reference 40). Mélange Zone Il contains felsic and mafic meta-volcanic blocks and granitoid
blocks of altered tonalite and granodiorite in a schist and phyllite mélange matrix. The exotic
blocks of the mélange are petrographically similar to rocks within the Chopawamsic Formation
and are interpreted as fragments of the Chopawamsic Formation (Reference 66). Mélange
Zone Il contains metamorphosed mafic and ultramafic blocks, while Mélange Zone IV
contains mafic and ultramafic blocks.

The mélanges of the Mine Run Complex are intruded by the Ellisville pluton. The phyllitic
country rocks near the intrusive contact have been metamorphosed to schists and gneissic
rocks and megacrystic muscovite and biotite are common in addition to kyanite and staurolite.
Chilorite also occurs within the thermal aureole of the pluton (Reference 40).

€. Quantico Formation (Ordovician)

The Quantico Formation is faulted against the Ta River Metamorphic Suite and the
Chopawamsic Formation west of the site (Figure 2.5-11 and Figure 2.5-17). It is bounded on
the west by the Long Branch thrust fault and on the east by a series of smaller thrust faults.
The Quantico Formation formed within the northeast-southwest trending Quantico
synclinorium. The Quantico formation belongs to the Chopawamsic lithotectonic belt of the
Piedmont Upland section. Fossils contained in the formation indicate a Late Ordovician age
(Reference 35).

Within the Quantico synclinorium, the Quantico Formation is at garnet-staurolite grade (high
grade) metamorphism. The Quantico Formation is comprised of dark-gray phyllite and
micaceous, fine- to medium-grained staurolite schist and biotite-muscovite garnetiferous schist
that locally contains kyanite. Calc-silicate layers are also present and quartzite forms
discontinuous lenses within the formation and locally at its base (Reference 66). The formation
thickness has been estimated at 300 feet (Reference 105).
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f. Ellisville Pluton (Silurian)

The Ellisville pluton intrudes the Mine Run Complex west of the site (Figure 2.5-11 and
Figure 2.5-17). The pluton is interpreted to have formed along the continental margin of
ancestral North America after accretion of the back-arc basin and island-arc terrane. It is
interpreted to have formed from a crustal source, as opposed to a mantle source. It is
considered to have intruded and thermally metamorphosed the surrounding country rock
during the Silurian Period (Reference 40). A general depth of emplacement of about 11 to
8 miles is estimated for the Ellisville pluton with a temperature of emplacement of about
760°C. Gravity data suggests that the Ellisville pluton may have an appreciable subsurface
extension to the northeast from its surface exposure (Reference 33).

The Ellisville pluton is composed almost entirely of coarse- to medium-grained biotite
granodiorite that is commonly mesocratic, equigranular to porphyritic in texture, and massive
to strongly foliated. It contains granitoid intrusions or inclusions of Cambrian and Silurian age
and a Late Precambrian to Cambrian age amphibolitic xenolith (Reference 66).

g. Falmouth Intrusive Suite (Carboniferous)
Two small irregularly shaped plutons containing rocks of the Falmouth Intrusive Suite intrude
the Ta River Metamorphic Suite (Figure 2.5-11). The Elk Creek and Northeast Creek plutons
intrude the Ta River suite southwest and northeast of the site, respectively. Rocks of the
Falmouth Intrusive Suite are the youngest felsic rocks in the area and have been isotopically
dated as Carboniferous in age (Reference 40).

The Falmouth Intrusive Suite is composed of fine-grained monzogranite and pegmatitic
granite, fine-grained granodiorite and, less commonly tonalite. The granitoids are strongly to
weakly foliated and are marked by the exceptional development of myrmekite (Reference 66).

h. Residual Soil and Saprolite (Cenozoic)
Residual Soil

The ESP site and surrounding area is generally mantled by residual soil derived from the
weathering of the underlying metamorphic rocks. Weathering has destroyed all parent
geologic structure in the residual soils to an average depth of 4 to 5 feet. The residual soil
generally consists of clay, silt, and sand-sized particles with minor rock fragments
(Reference 5).

Residual soil was encountered in only one of the borings drilled at the site as part of the ESP
subsurface investigation (B-804). It extends from the ground surface to a depth of 1.5 feet
below the ground surface in this boring. The soil consists of red and brown, slightly gravelly
sandy clay.
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Saprolite

Saprolite is encountered at the ground surface or underlies residual soil at the ESP site and in
the surrounding area. The saprolite is derived from weathering of the underlying metamorphic
rock, but retains many of the structural and mineralogical features of the rock. The saprolite
extends to the top of the rock from which it was derived, although the contact between the
saprolite and underlying rock may be gradational and poorly defined (Reference 5).

At the ESP site, the saprolite has been categorized based on its general composition and
grain-size (discussed in Section 2.5.4). Zone |IA saprolite is divided into coarse-grained
saprolite, comprised of sand-size particles, and fine-grained saprolite, comprised of clay-
and/or silt-size particles. Zone IlA saprolite typically contains less than 10 percent rock
fragments. Zone IIB saprolite consists predominantly of sand-size particles and contains
between 10 and 50 percent rock fragments.

Borings drilled as part of the ESP subsurface investigation program (Section 2.5.4)
encountered Zone IIA saprolite from the ground surface or just below the ground surface to
depths of between 6 feet (Elevation 265.5) and 35 feet (Elevation 261.4). The saprolite
consists of orange, brown, tan, and gray, micaceous, silty, clayey, fine to coarse sand, and
sandy silt with occasional rock fragments. Zone IIB saprolite was encountered at depths of
between 21 feet (Elevation 289.6) and 49 feet (Elevation 261.6) below the ground surface and
ranges in thickness from 7 to 14 feet. It consists of brown, orange, tan and gray, micaceous
silty, slightly clayey, fine to coarse sand with some to many rock fragments.

Results of mineralogical tests performed on samples of saprolite derived from the quartz
gneiss at the ESP site indicate that the saprolite consists of quartz, kaolin, mica and feldspar.
X-ray diffraction tests further indicate that the portion of the sample less than 2 microns in
diameter consists of 85 percent kaolinite and 15 percent mixed-layer minerals (Reference 7).
In fact, additional studies conducted on the clay mineralogy of the saprolite indicate that the
major clay mineral is halloysite, which is a hydrated form of kaolinite. Lesser amounts of the
clay minerals illite and montmorillinite are also found in the saprolite (Reference 5).

i. Sand and Gravel (Miocene)

Miocene age sand and gravel commonly cap interfluve areas and constitute the thin Coastal
Plain outliers capping the higher hills where deposits directly overlie the crystalline rocks
(Figure 2.5-11). The sand and gravel unit reaches a thickness of up 33 feet (Reference 66).

The sand and gravel unit consists of gray to light yellowish gray, fine-to-coarse gravelly sand,
sandy gravel, silt and kaolinitic clay. The sand and gravel are commonly oxidized to yellowish
orange and yellowish and reddish brown. Pebbles and cobbles in the unit are mainly quartz,
quartzite, and crystalline rocks and are commonly well rounded, deeply etched, and crumbly in
part (Reference 66).
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j- Alluvium (Quaternary)
Alluvium in the site area has been deposited mainly in the stream channels and along their
flood plains (Figure 2.5-11). Along the steeper valley walls at the margins of the deposits, they
grade into colluvium. The alluvium is mainly Holocene in age, but may include low-lying
Pleistocene terrace deposits. The thickness of the alluvium along the major streams is as
much as 49 feet (Reference 66).

The alluvium consists of light-to-medium gray and yellowish gray, fine-to-coarse gravelly sand
and sandy gravel, silt, and clay. Clasts in the alluvium consist mainly of vein quartz, quartzite,
and other metamorphic rocks (Reference 66).

k. Artificial Material

Artificial material (fill) is present at the ESP site in areas associated with construction of the
existing units and abandoned Units 3 and 4. Borings performed as part of the ESP application
subsurface investigation program encountered fill to depths of between 2.5 and 19 feet below
the ground surface. The fill consists of a mixture of orange, brown, and tan sand, silt and clay.
The maximum thickness of fill (19 feet) was encountered in boring B-801 in the excavated and
partially backfilled powerblock area for abandoned Units 3 and 4.

25.1.24 Site Area Structural Geology

The local structural geology of the ESP site described in this section is based primarily on a
summary of published geologic mapping (Reference 66) (Reference 105) and results of earlier
investigations performed at the NAPS site (Reference 7) (Reference 9) (Reference 107). Structural
features at and within a 5-mile radius of the ESP site consist of a series of northeast-striking faults
and folds (anticlines and synclines) within the metamorphic bedrock.

Seven bedrock faults have been identified within a 5-mile radius of the ESP site (Figure 2.5-11):
+ Spotsylvania thrust
* Chopawamsic thrust
» Long Branch thrust
» Sturgeon Creek fault
* Unnamed fault (“a”) traversing the NAPS site
* Unnamed fault (“b”) separating the Ta River Metamorphic Suite from the Quantico Formation
* Unnamed fault (“c”) separating the Northeast Creek pluton from the Quantico Formation

The faults are described in detail in Section 2.5.3. None of these faults are considered capable
tectonic sources, as defined in RG 1.165, Appendix A. One of the faults traverses the NAPS site
(unnamed fault “a”) and was the subject of intensive studies following its exposure within the
excavations for abandoned Units 3 and 4 (Reference 9). This fault is briefly described within this
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section of the report, but a more comprehensive summary of the fault and investigations is provided
in Section 2.5.3.

The Spotsylvania, Chopawamsic, and Long Branch thrust faults are northeast striking, east-dipping
Paleozoic structures that can be mapped for tens of miles within the Piedmont Province
(Reference 66). The Spotsylvania and Chopawamsic thrust faults bound the eastern and western
margins of the Chopawamsic belt, respectively, and therefore represent the largest surficial tectonic
structures within the site area.

The Sturgeon Creek fault and the three unnamed faults (“a”, “b”, and “c” on Figure 2.5-11) also
strike northeast; however, they are smaller structures than the other three thrust faults. The fault
closest to the ESP site is the unnamed fault (“a”) that traverses the site. This fault has been given a
length of about 3000 feet through the site by Dames & Moore (Reference 9) (Figure 2.5-18) based
on geologic mapping of excavations and trenches. The fault consists of 4 individual shear zones
and chlorite seams and generally strikes N65°E and dips between 45 degrees and 50 degrees to
the northwest (Reference 108). Dames & Moore (Reference 9) concluded that the fault was not
capable and the AEC (Reference 108) agreed stating:

“The North Anna fault zone is neither genetically nor structurally related to any known,
capable fault. Thus the staff concludes that the faults are not “capable,” as defined by
Appendix A of 10 CFR Part 100.”

(Refer to Section 2.5.3 for additional discussion.)

The three largest folds within a 5-mile radius of the ESP site include, from west to east, the
Quantico synclinorium, the Rappahannock anticlinorium, and the Matta nappe (Figure 2.5-5).
These structures exhibit multiple phases of metamorphism and deformation of Paleozoic age
(Reference 40). The Quantico synclinorium and Rappahannock anticlinorium are located within the
Chopawamsic belt, which is bounded on the west by the Chopawamsic thrust fault and on the east
by the Spotsylvania thrust fault (Figure 2.5-11). East of the Chopawamsic belt, lies the Matta nappe,
a west-verging, recumbently folded sheet of Po River Metamorphic Suite rocks that was thrust
westward over the island-arc terrane by the Spotsylvania thrust fault (Figure 2.5-5). Because the
nappe contains northeast-trending, generally upright folds parallel to compositional layering, the
Matta nappe is considered a large-scale recumbent foliation fold (Reference 40).

The Rappahannock anticlinorium, which is bounded by the Long Branch and Spotsylvania faults,
extends southwest from Stafford, Virginia, to the James River and beyond (Reference 36). Most of
the folds along the Rappahannock anticlinorium are foliation folds formed by the folding of an earlier
schistocity (Reference 40). In the site area, foliation folds within the Ta River Metamorphic Suite are
upright, northeast plunging or doubly plunging (Figure 2.5-11). The youngest set of folds within the
Rappahannock anticlinorium and Matta nappe refold the earlier foliation folds (Reference 40).

West of the Rappahannock anticlinorium lies the Quantico synclinorium, a large upright foliation fold
that is mapped over 20 miles parallel to the Long Branch thrust fault. Near the southern end of the
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fold, the Sturgeon Creek fault curves to the southwest into the axis of the Quantico synclinorium
(Reference 40).

The ESP site lies within the complexly folded Ta River Metamorphic Suite of the Rappahannock
anticlinorium. On Figure 2.5-11, 3 anticlines and 2 synclines, trending northeast and ranging in
length from 1.5 to 5 miles, are mapped within the Rappahannock anticlinorium near the site. The
folds are closely spaced with axes approximately 0.1 to 0.2 miles apart. Foliations in the
metamorphic rocks range in dip from 40 degrees to vertical (Figure 2.5-11).

The most detailed mapping at the site was performed by Dames & Moore in a series of reports in
the early 1970s as part of the site-specific studies for the existing NAPS site (Reference 7)
(Reference 8) (Reference 9). Field mapping was supplemented with geotechnical borings, bedrock
exposures in excavations, and geophysical surveys. The mapping delineated different
compositional layering within the gneisses and schists. These rocks, which were later classified as
the Ta River Metamorphic Suite, were split into three main rock types at the site and consist of gray
to dark gray quartz gneiss with biotite, interbedded with a biotite quartz gneiss; and interbedded
quartz gneiss, biotite quartz gneiss and hornblende gneiss. The distribution of these bedrock units
illustrates the folding at the site (Figure 2.5-18).

The most prominent folds at the site are the northerly plunging syncline/anticline pair located in the
western portion of the site (Figure 2.5-18). The axis of the syncline passes near an area of exposed
bedrock (quarry area shown on Figure 2.5-18) and foliations near the axis of the fold dip steeply
(65—-90 degrees).

In the deeply weathered Piedmont Province, the presence of a thick saprolite limits the quantity and
quality of structural observations and measurements in competent bedrock materials. However,
because the ESP site contains deep excavations and abundant subsurface explorations, a much
greater amount of structural data is available for the site than the surrounding region. Exposures of
bedrock, and therefore structural observations within the site, are concentrated in the excavations
for the existing units and abandoned Units 3 and 4, foundation excavations for other structures, and
cuts for roads and railroad spurs (Figure 2.5-18). There are still large portions of the site where
detailed structural measurements (orientations of foliations, joints, and fractures) are sparse.

Foliation in the metamorphic bedrock is generally oriented northeasterly across much of the site.
However, due to the deformed and folded nature of the metamorphic rocks, the strikes and dips are
highly variable. Dips of the foliation in the metamorphic rocks at the site range from as low as
=15 degrees to as steep as 90 degrees. The majority of dips measured at the site are typically
steeper than 45 degrees.

The existing units and abandoned Units 3 and 4 are located in an area of northeast-striking,
northwest-dipping bedrock foliations, which may represent the northwest flank of an anticline
(Figure 2.5-11 and Figure 2.5-5). Bedrock foliations generally strike about N45°E and dip
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moderately to the northwest in this portion of the site. Specifically, foliation orientations within
excavations for abandoned Units 3 and 4 strike N55-75°E and dip 40-60°NW (Reference 107).

The mapping of joints and fractures from rock outcrops and rock cores recovered from borings
drilled during previous site investigations (Reference 7) reveal that the bedrock is extensively
jointed. The joint pattern was characterized by Dames & Moore (Reference 7) from field outcrops
and test pits excavated into the saprolite, prior to mapping exposures in the large foundation
excavations at the site. Several joint sets were identified by the initial studies.

* Release joints are one of the most abundant sets of joints in the gneiss. They strike slightly east
of north, dip steeply to the west, are usually tight and smooth and rarely show any shear
movement or contain any clay fill.

» Bedding plane joints are also abundant. They form parallel to schistosity, are generally smooth,
tight, and rarely contain clay fill.

» Several sets of cross joints strike east-west, dip steeply to the north, are smooth and contain
some clay fill, while other sets are essentially horizontal, rough and generally highly weathered
with as much as 2 inches of clay fill. These joints are limited in areal extent.

» Two sets of diagonal joints in the gneiss strike northeast and northwest, are usually smooth,
contain some clay fill, and are slickensided in places. These joints are characterized as
extensive and widely spaced.

+ A set of joints that strike northeast and dip moderately to the southeast commonly exhibit
reverse shear movements. These discontinuities are more common near the hornblende gneiss
contact and are believed to be the result of minor adjustments of the rock mass during folding.
They are clay-filled, smooth, and show displacements of up to 1.5 feet.

Detailed mapping of excavation walls for the abandoned Unit 3 and 4 reactor containment
structures revealed a less weathered, more intact rock mass than was available in earlier studies of
the site by Dames & Moore (Reference 7). The deep excavations revealed three major joint sets
and less prominent sets similar to the joint pattern observed near the ground surface. The
orientation, properties, and spacing of major joint sets in excavations for abandoned Units 3 and 4
were characterized by Stone & Webster Engineering Corporation (Reference 107) as follows:

+ Strike N20E, dip 70-90°NW - tightly closed, clean with occasional iron staining, smooth, and
spaced at 8- to 24-inch intervals.

 Strike N55-75E, dip 40-60°NW (foliation plane joints) — tightly closed, variably iron stained,
smooth, and spaced at 6- to 36-inch intervals.

« Strike N50-80E, dip 20-55°SE (cross foliation joints) — closed, iron stained to moderately
weathered, rough, discontinuous, and spaced at irregular intervals.

In the excavation for abandoned Unit 3, a minor joint set exhibits strike of N20-60W and dip of
40-65°SW and is spaced at irregular intervals. In the abandoned Unit 4 excavation, a minor joint set
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was found to strike N4OE and dip 60-85°NW. This set is tightly closed and spaced at 8- to 24-inch
intervals.

25.1.25 Site Area Geologic Hazard Evaluation

The only geologic hazard determined to be associated with the ESP site is earthquake activity with
its resulting vibratory ground motion effects and potential for surface faulting. A detailed discussion
of earthquakes and their effects on the ESP site is provided in Section 2.5.2 and Section 2.5.3.

25.1.26 Site Engineering Geology Evaluation

Evaluation of engineering geology conditions at the ESP site has been performed based on a
review of existing site-specific reports, geologic and geotechnical investigations, and geologic
literature. The results of the geotechnical investigations are discussed in detail in Section 2.5.4.

a. Engineering Behavior of Soil and Rock

Soil

The saprolite at the ESP site is comprised of micaceous silty, clayey sand and sandy silt/clay
with occasional-to-many relict rock fragments. Depending on the degree of weathering, the
saprolite more or less retains the fabric or structure of the parent bedrock. Weathering tends to
decrease with increasing depth, resulting in a boundary between the saprolite and weathered
bedrock that is generally not well defined. While the saprolite has the relict structure of the
parent bedrock, its engineering properties typically resemble those of a soil. It exhibits certain
aspects that are characteristic of both cohesive and cohesionless soils.

The saprolite at the site has been categorized into Zone IIA and Zone IIB saprolite, based on
its general composition and grain size (Section 2.5.4). Zone IIA saprolite has been classified
as silty sand (SM), clayey sand (SC), and high and low plasticity silt and clay (MH, ML, CH,
and CL). Zone IIB saprolite has been classified as silty sand (SM). Zone |IA saprolite is the
more weathered of the two saprolites and contains less than 10 percent relict rock fragments.
An average SPT N-value of 20 blows per foot (bpf) for this saprolite indicates medium dense
conditions. Zone |IB saprolite contains between 10 and 50 percent relict rock fragments, and
an average SPT N-value of 100 bpf. Section 2.5.4 provides an extensive discussion of the
geotechnical properties of the saprolite at the ESP site.

The presence of mica in the saprolite is likely to reduce its maximum compacted density and
increase its compressibility. The SWR pump house for the existing units was constructed on
about 65 feet of Zone IlA saprolite, consisting mainly of sandy silt, with frequent layers of
micaceous sandy silt. For about two years after its construction, the pumphouse structure
underwent relatively high settlement that declined significantly thereafter. The settlement was
caused by the weight of the SWR dike fill built up around the pumphouse. The micaceous
nature of the material is considered to have played a major role in the settlement. High
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compressibilties and low maximum densities of the saprolite, therefore, preclude using it as
engineered fill at the ESP site.

The geotechnical engineering design properties of the saprolite are presented and discussed
in Section 2.5.4. The behavior of the saprolite with respect to liquefaction and slope stability is
discussed in Section 2.5.4 and Section 2.5.5, respectively.

Rock

Bedrock at the ESP site is comprised predominantly of gray to dark gray quartz gneiss with
biotite, interbedded with a biotite quartz gneiss; and interbedded quartz gneiss, biotite quartz
gneiss and hornblende gneiss of the Ta River Metamorphic Suite. The gneiss is a hard,
foliated rock, which exhibits various degrees of weathering. It is the degree of weathering of
the rock that affects its engineering behavior and properties.

The gneiss at the site has been categorized into Zone Ill, Zone IlI-IV, and Zone IV based on its
degree of weathering. Zone lll is the uppermost weathered part of the bedrock. It is highly to
moderately weathered and fractured and contains traces of clay and iron oxide. Based on the
results of the borings drilled for the ESP investigation (Appendix 2.5.4B) and previous
geotechnical investigations (Reference 7) (Reference 8), the average percentage of rock core
recovered by borings in Zone Il is 60 percent and the average rock quality designation (RQD)
value is 20 percent. An RQD of 20 percent is indicative of poor quality rock (Reference 109).
These results indicate that Zone Il is not a suitable bearing surface for the safety-related plant
structures.

Zones llI-1V and IV are considerably less weathered, the degree of weathering typically
decreasing with increasing depth. Zone llI-1V is slightly to moderately weathered and Zone IV
is slightly weathered to fresh. Based on the results of the borings drilled for the ESP
investigation (Appendix 2.5.4B) and previous geotechnical investigations (Reference 7)
(Reference 8), the average percentage of rock core recovered from Zones IlI-IV and IV are
90 percent and 100 percent, respectively. The average RQD values for Zones llI-IV and IV are
50 percent and 95 percent, respectively. RQD values of between 50 and 90 percent are
indicative of fair to excellent quality rock (Reference 109). Therefore, the boring results
indicate that Zones llI-1V and IV are suitable bearing surfaces on which to found the Category |
plant structures. The joints and fractures present in both zones are not considered to be of
sufficient density or areal extent to affect the engineering behavior of the rock with respect to
its foundation bearing capacity or integrity.

Geologic mapping of foundation rock performed during excavation for the abandoned Units 3
and 4 (Reference 107) revealed primarily fresh and sound gneiss, with weathering generally
limited to the joints and shear zones. Major joint sets were reported as generally tightly closed
and clean with some iron staining. While not evenly distributed throughout the rock mass,
minor joint sets were reported to yield rhombic blocks of intact gneiss with side dimensions of
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about 1 foot to 2 feet. Minor overbreak and the development of rock wedges, caused by
jointing in the rock, were reported during excavation.

The slipping of rock wedges and the “popping” of rock blocks would be likely to occur during
excavation at the site can be caused not only by the interception and condition of joints in the
rock mass but also by stress relief in the rock. The gneiss has been tectonically stressed and
so residual stress in the rock is likely to be relieved by slippage along foliations and joints, the
“popping” of rock blocks, and the opening of joints. These adjustments to stress are likely to be
minor and any unstable rock wedges or blocks would either be removed or adequately
supported; open joints would be filled with cement grout.

The geotechnical engineering design properties of the bedrock are presented and discussed
in Section 2.5.4. The behavior of the bedrock with respect to slope stability is discussed in
Section 2.5.5.

. Zones of Alteration, Weathering and Structural Weakness

Borings drilled as part of the ESP investigation (Appendix 2.5.4B) and previous geotechnical
investigations (Reference 7) (Reference 8), and excavations for construction of the existing
units and abandoned Units 3 and 4 (Reference 107) indicate that the gneiss at the ESP site is
moderately to intensely jointed. Several joint sets have been identified at the site, namely
foliation plane joints and cross foliation joints. They are typically of limited extent, slightly rough
to smooth, and contain iron oxide and some clay fill indicative of minor shear movement.
Those joints that are continuous over a larger area of the site are generally tight, smooth, and
seldom show any shear movement or clay fill.

Micro-shear zones and zones of severely weathered and fractured rock have also been
identified in the gneiss at the site. The micro-shear zones have developed within the foliation,
and are discontinuous. They reflect minor adjustment to stress during regional deformation.

Several zones of severely weathered and fractured rock were encountered in the borings
drilled as part of the ESP investigation (Appendix 2.5.4B). The zones were typically found in
slightly weathered to moderately weathered gneiss at depths ranging between 11 feet
(Elevation 260) and 81 feet (Elevation 211) below the ground surface. The zones are typically
0.5 to 1-foot thick and contain quartz, clay and iron oxides.

Because of the tendency for zones of severely weathered and fractured rock to weather
further upon exposure, they would be removed and replaced with cement grout where
encountered in excavations for the new units. This would ensure adequate bearing capacity of
the foundation rock mass.

. Deformational Zones

A shear zone was found in the Ta River Metamorphic Suite during the excavation for
abandoned Units 3 and 4. The shear zone was investigated by Dames and Moore
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(Reference 9) and the results presented to the U.S. Atomic Energy Commission
(Reference 105). The results of the investigation concluded that movement occurred along the
shear zone approximately 200 million years ago, and that movement has not occurred since,
or at least not within the last one million years, given the relatively undisturbed thickness of
residual soil that overlies the shear zone. The results of the investigation also concluded that
the shear zone is of limited extent, and while it was traced through the existing units foundation
area, no evidence of movement was observed along this section of the shear zone.

The U.S. Atomic Energy Commission, following a review of the results of the above mentioned
investigation, concluded that the shear zone at the site is not “capable”, within the meaning of
Section lll(g) of 10 CFR 100, Appendix A (Reference 108).

. Prior Earthquake Effects

There is no physical evidence of any fissuring, liquefaction, landsliding, lurching, or caving of
banks to indicate that past earthquake ground shaking has disturbed either the surficial
sediments or bedrock beneath the ESP site. Given the relatively low intensity of historic
ground shaking at the site, it its not expected that these types of features would have formed
during the historical period. Given the lack of seismically-induced features in the geologic
record, there is no evidence of any prior earthquake effects at the site.

The maximum earthquake intensity the site has experienced historically is MMI V. The site
experienced this level of shaking in both the 1897 Giles County and 1875 Goochland County
earthquakes, the two largest earthquakes to occur in the State of Virginia. The my 5.8 Giles
County earthquake occurred on May 31, 1897 and produced MMI VII-VIII shaking in the
epicentral area of Pearisburg in southwestern Virginia. Isoseismal maps of this event show
that the ESP site experienced MMI V (Reference 58). The earlier m,, 5.0 event centered in
Goochland County occurred on December 23, 1875 and is the largest earthquake to occur in
the Central Virginia seismic zone. The maximum intensity estimated for this event is MMI VIl in
the epicentral region (Reference 80). The ESP site is located within the Central Virginia
seismic zone, which is an area of persistent, low-level seismicity in the Piedmont Province (as
discussed in Section 2.5.1.1.4).

. Effects of Human Activities

Mineral Extraction

Massive sulfide and gold deposits have been mined from meta-sedimentary and
meta-volcanic rocks of the Chopawamsic belt in the vicinity of the ESP site from the 1700s to
1974. The deposits have been mined predominantly in and around the town of Mineral,
approximately 7 miles west of the site. Deposits within a 5-mile radius of the site have been
designated the Allah Cooper, Sulfur, Cofer, and Old Dominion. The Allah Cooper deposit is
about 3 miles northwest of the site, while the Sulfur, Cofer and Old Dominion deposits are
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approximately 5 miles southwest of the site (Reference 110) (Reference 111) (Reference 112)
(Reference 113).

Based on published documentation of these mining activities and their proximity to the site, the
ESP site has not been affected, nor would it be affected, by these mining activities.

Groundwater Withdrawal

Regional groundwater (discussed in Section 2.4.12) withdrawal from the surficial sediments
and bedrock around the ESP site is not an issue due to the low withdrawal quantities and
limited areal extent of the withdrawals. Withdrawals at the site have included temporary
dewatering for foundation construction of the existing units and abandoned Units 3 and 4. No
adverse affects from this dewatering are reported to have occurred. Current site groundwater
withdrawal is generally limited to water supply wells for plant drinking and process water
purposes. No adverse affects as a result of these water supply withdrawals have been
documented.

f. Construction Groundwater Control

Groundwater at the ESP site generally occurs at depths ranging from about 6 to 58 feet below
the present day ground surface. The exception to this is the area of the abandoned Unit 3
and 4 excavation, which was partially backfilled and where groundwater is within about 2 feet
of the ground surface. Groundwater levels at the site would likely result in the need for
temporary dewatering of foundation excavations extending below the water table. Dewatering
would be performed in a manner that would minimize drawdown effects on the surrounding
environment. Drawdown effects would be expected to be limited to the ESP site and no offsite
users would be anticipated to be affected.

g. Unforeseen Geologic Features
Future excavations for safety-related structures would be geologically mapped. Unforeseen
geologic features that are encountered would be evaluated. The NRC would be notified when
any excavations for safety-related structures are open for their examination and evaluation.

2.5.1.2.7 Site Groundwater Conditions

Groundwater is present in unconfined conditions in both the surficial sediments and underlying
bedrock at the ESP site. Between December 2002 and June 2003, nine observation wells installed
at the site as part of the subsurface investigation program have exhibited groundwater level
elevations ranging from about Elevation 241 to Elevation 311. Hydraulic conductivity values for the
saprolite in which eight of the wells were screened, based on the results of slug tests in the wells,
range from about 0.2 to 3.4 ft/day. The hydraulic conductivity of the shallow bedrock in which one of
the wells was screened is estimated to be about 2 to 3 ft/day. Groundwater movement at the site is
generally to the north and east, toward Lake Anna.

A detailed discussion of the site groundwater conditions is provided in Section 2.4.12.
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2.5.2 Vibratory Ground Motion

The purpose of Section 2.5.2 is to determine ground motions at the ESP site from possible
earthquakes that might occur in the NAPS site region and beyond. The information provided in this
section complies with NUREG-0800, Section 2.5.2, Revision 3 (Reference 114). The procedure
described in RG 1.165 (Reference 2) has been used with certain exceptions as discussed below,
and has its basis in the seismic hazard calculations published by the Electric Power Research
Institute (EPRI) (Reference 115). As recommended in the RG, the following general steps were
followed:

* Review and update EPRI seismic source models
* Review and update EPRI ground motion models

» Perform sensitivity studies or updated probabilistic seismic hazard analyses to determine
whether any new seismic source or ground motion models significantly increase the published
EPRI results

* Derive safe shutdown earthquake (SSE) ground motions from the original or updated seismic
hazard results

Section 2.5.2.1 through Section 2.5.2.4 document the review and update of the available EPRI
seismic source and ground motion models. Section 2.5.2.5 summarizes basic information about the
seismic wave transmission characteristics of the ESP site with reference to more detailed
discussion of all engineering aspects of the shallow subsurface in Section 2.5.4.

Section 2.5.2.6 describes development of the SSE ground motion for the ESP site. This
development begins with implementation of the provisions of RG 1.165, specifically Regulatory
Position 2 and Appendix E. As discussed in Section 2.5.2.6.5, the combined effect of new seismic
source/seismicity information is small, leading to an increase of only several percent in the longer
period (1 Hz) 10° median seismic hazard at the ESP site and no significant increase in the
higher-frequency (10 Hz) motion. The effect of the new EPRI recommended ground motion models
(Reference 116) is complex, depending on interplay between details of both the median ground
motion relations and their aleatory uncertainties, and the impact varies for different ground motion
spectral frequencies and specified seismic hazard levels. At the highest-frequency (10 Hz) ground
motion and seismic hazard level (10'5 median seismic hazard) specified under RG 1.165 guidance,
increased aleatory uncertainty in the new EPRI-recommended ground motion models results in
spectral accelerations over 55 percent higher than the previous EPRI model. Therefore, the change
in ground motion models would likely result in significant changes in hazard predictions for the
selected plant sites used to estimate the reference probability as shown in RG 1.165, Table B.1. 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 of RG 1.165, Appendix B, the RG provides the
methodology that should be used to determine a revised reference probability. The procedure
specified in RG 1.165, Appendix B to establish a reference probability requires a three-step
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calculation of the seismic hazard results for the 29 sites of Table B.1. First, the seismic hazard must
be determined at each site for spectral responses at 5 and 10 Hz. Second, the composite annual
probability of exceeding each site’s licensing-basis SSE must be determined for spectral responses
at 5 and 10 Hz using median hazard estimates. Finally, a reference probability is determined by
finding the median of the distribution of probabilities for the 29 plants in Table B.1. Any revised
calculation of the reference probability, therefore, would require a new seismic analysis for the
remaining 28 sites of Table B.1.

As an alternative to performance of a complete new 29-site reference probability analysis, the ESP
site seismic hazard analysis was performed with a methodology adopted from three recent studies
that recommend seismic design levels for nuclear facilities in the United States. These studies are
DOE 1020 (Reference 117), a draft ASCE standard (Reference 118), and NUREG/CR-6728
(Reference 119). This approach develops a “performance-based-spectrum” that has a mean annual
frequency of 107 of unacceptable performance of nuclear structures, systems, and components as
a result of seismically initiated events. The performance-based spectrum is achieved by starting
from a ground motion spectrum with a mean 10"+ annual frequency of exceedance, and modifying
this spectrum by a scale factor that is based on the slope of the mean seismic hazard curve
between 1074 and 107°. Although based on a different statistic (10* mean rather than the 10
median ground motion of RG 1.165), the same source and ground motion models may be used in
both cases and only seismic hazard curves at the ESP site need be used to develop the SSE.

Section 2.5.2.6 documents the calculations and derivation of the selected SSE ground motions for
the ESP site using this alternative approach. Definition of the OBE, as a simple multiple of the SSE,
is given in Section 2.5.2.7.

2521 Seismicity

The seismic hazard analysis conducted by EPRI (Reference 115) relied on an analysis of historical
seismicity in the Central and Eastern United States (CEUS) to estimate seismicity parameters
(rates of activity and Richter b-values) for individual seismic sources. The historical earthquake
catalog used in the EPRI analysis was complete through 1984. To evaluate the potential
significance of any re-interpretation of past earthquakes of more recent sesimicity, the EPRI
earthquake catalog was reviewed and updated for the ESP site region for the time period from 1985
through 2001.

25.2.1.1 Regional Seismicity Catalog Used for 1989 EPRI Study

Many seismic networks record earthquakes in the CEUS. A large effort was made during the EPRI
study to combine available data on historical earthquakes, and to develop a homogeneous
earthquake catalog that contained all recorded earthquakes for the region. “Homogeneous” means
that estimates of body-wave magnitude my, for all earthquakes are consistent, that duplicate
earthquakes have been eliminated, that non-earthquakes (e.g., mine blasts and sonic booms) have
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been eliminated, and that significant events in the historical record have not been missed. Thus, the
EPRI catalog forms a strong basis on which to estimate seismicity parameters.

2.5.2.1.2 Updated Seismicity Data

The EPRI catalog includes earthquakes in the CEUS through 1984. To extend the catalog, several
more recent sources of data were examined. The region within 200 miles of the ESP site was used
to guide the selection of catalogs and events, to concentrate on the area that has the most
significance to seismic hazard at the ESP site. This region is bounded by the latitude-longitude
window 35°-41°N and 74°-82°W. Regarding magnitude scales for this region, a variety of
body-wave magnitudes or their equivalents have been used in the CEUS, including m, MpLg: MN;
and my 4. For the purpose of this section, these magnitudes are considered equal.

The most complete regional catalog for recent times is considered to be that published by the
Virginia Polytechnic Institute and State University (VT) and maintained by Martin Chapman of VT.
This catalog is available through 2001 for the states of Virginia, Maryland, Delaware (south of
40°N), West Virginia (south of 40°N), North Carolina, South Carolina, Georgia, Florida, Alabama,
Tennessee (east of 88°W), and Kentucky (east of 88°W). This catalog is considered the
authoritative catalog for the southeastern US by the Advanced National Seismic System (ANSS)
website (quake.geo.berkeley.edu/anss). It is considered complete since 1985 down to my, = 3.0 for
the states surrounding the ESP site.

North of the southern border of Pennsylvania (approximately 39.7°N) the VT catalog is not
complete. To supplement the catalog of earthquakes within 200 miles of the site but north of
39.7°N, the catalog from ANSS was used. This catalog is considered complete through
May 15, 2003 for my, >3.

The VT catalog and the ANSS catalog were merged, using the VT catalog for latitudes below
39.7°N and using the ANSS catalog for latitudes of 39.7°N and higher, and retaining only
earthquakes with my, >3.0. This gave 97 earthquakes from the VT catalog (1985 through 2001) and
45 earthquakes from the ANSS catalog (1985 through May 15, 2003), 8 of which occurred in 2002
and 2003. Most of the VT catalog events had my magnitude values assigned instrumentally, with
coda and intensity-based magnitudes also assigned in some cases. (One earthquake from the VT
catalog north of 39.7°N with coda magnitude = 3.0 was retained because it was not included in the
ANSS catalog). For conservatism the largest of the magnitude assignments was used in later
analysis. Some of the ANSS catalog events (north of 39.7°N) indicated ML (local magnitude),
M (moment magnitude), or unknown magnitude values. These were taken to be equivalent to Mg
This approximation for these low-magnitude earthquakes was considered acceptable because the
region where the ANSS catalog was used (north of 39.7°N) does not include the Central Virginia
seismic zone, the dominant source of seismic hazard at the ESP site, as discussed in
Section 2.5.2.6.1. Further, only 6 ANSS earthquakes occurred within 200 miles of the ESP site, i.e.,
at latitudes less than 41°N.
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The result of the above process was a catalog of 30 earthquakes (24 from the VT catalog, 1985
through 2001, and 6 from the ANSS catalog, 1985 through May 15, 2003) within the region
bounded by 35°-41°N and 74°-82°W, again, which defines a region including everything within
200 miles of the ESP site. These earthquakes are listed in Table 2.5-4.

For the purpose of mapping updated regional seismicity along with the EPRI 1989 (Reference 115)
seismic source model beyond 200 miles of the ESP site—specifically, outside the area bounded by
35°-41°N and 74°-82°W—the ANSS catalog alone was used to supplement the seismicity catalog
update discussed above for events from 1985 onward, retaining the EPRI catalog for events
through 1984. As with the update of the seismicity within 200 miles of the ESP site, the largest of
the magnitude assignments in the ANSS catalog was used.

25.2.2 Geologic Structures and EPRI Seismic Source Model for the Site Region

As described in Section 2.5.1, a comprehensive review of available geological, seismological, and
geophysical data has been performed for the ESP site region and adjoining areas. The following
sections summarize in some detail seismic source interpretations from the 1989 EPRI study and
the interpretations of new sources based on more recent data.

Based on evaluation of this information, no new information was found that would suggest
potentially significant modifications to the EPRI seismic source model with the following three
exceptions:

» The East Coast Fault System (ECFS) represents a new postulated seismic source along the
Atlantic Seaboard, as described in Section 2.5.1. The northern segment comes within 70 miles
of the ESP site.

» The average recurrence interval for large magnitude earthquakes in the Charleston seismic
source zone currently is believed to be 550 years based on paleoliquefaction data, rather than
several thousand years based on seismicity used in the EPRI seismic source model, and the
Charleston source geometry has been modified to include the possibility that the Charleston
earthquake occurred on the southern segment of the ECFS.

» The average recurrence interval for large magnitude earthquakes in the New Madrid seismic
zone currently is believed to be 500 years based on paleoliquefaction data, rather than several
thousand years based on seismicity used in the EPRI seismic source model.

Sensitivity analyses were performed to evaluate the potential significance of the ECFS and of the
new reference model for a characteristic Charleston-type earthquake to seismic hazard at the ESP
site, as described in Section 2.5.2.6.3. Based on the results of these analyses it is shown that the
effect of the current model for recurrence of large New Madrid-type earthquakes is not significant.
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2.5.2.21 Summary of EPRI Seismic Sources

This section summarizes the seismic sources and parameters used in the 1989 EPRI project
(Reference 115). The description of seismic sources is limited to those sources within 200 miles of
the ESP site (the “site region”) and those at distances greater than 200 miles that may impact the
hazard at the ESP site.

In the EPRI project, six independent Earth Science Teams (ESTs) evaluated geologic, geophysical,
and seismological data to develop seismic sources in the CEUS. These sources were used to
model the occurrence of future earthquakes and evaluate earthquake hazards at nuclear power
plant sites across the CEUS. The six ESTs involved in the EPRI project were the Bechtel Group,
Dames & Moore, Law Engineering, Rondout Associates, Weston Geophysical Corporation, and
Woodward-Clyde Consultants. Each team produced a report (Volumes 5 through 10 of
Reference 120) providing detailed descriptions of how they identified and defined seismic sources.
The results were implemented into a probabilistic seismic hazard analysis (PSHA) reported in
Reference 115. For the computation of hazard in the 1989 study, a few of the seismic source
parameters were modified or simplified from the original parameters determined by the six ESTs.
The parameters used in final PSHA calculations are summarized in Reference 121, which is the
primary source for the seismicity parameters used in this study. Each of the six ESTs provided more
detailed descriptions of the philosophy and methodology used in evaluating tectonic features and
establishing the seismic sources (refer to Volumes 5 through 10 of Reference 120).

The seismic source models developed for each of the six EPRI teams are shown on Figure 2.5-19
through Figure 2.5-24. Within each figure, the sources that contributed 99 percent of the North
Anna site hazard are shown in color and are labeled. For the 1989 EPRI seismic hazard
calculations, a screening criterion was implemented so that all sources whose combined hazard
was less than 1 percent of the total hazard were excluded from the analysis (Reference 115,
Section 2). Earthquakes with body-wave magnitude my, >3.0 are also shown on Figure 2.5-19
through Figure 2.5-24 to show the spatial relationship between seismicity and seismic sources.
Earthquake epicenters include events from the EPRI earthquake catalog for the period between
1627 and 1984, updated with seismicity in the CEUS for the period between 1985 and 2001 as
described in Section 2.5.2.1.2.

The maximum magnitude, closest distance, and probability of activity of each team’s seismic
sources are summarized in Table 2.5-5 through Table 2.5-10. These tables present the parameters
assigned to each source and specify whether or not the source contributed to 99 percent of the site
hazard in the original EPRI seismic hazard analyses. The tables also indicate whether new
information has been identified that would lead to a revision of the source’s geometry, maximum
earthquake magnitude, or recurrence parameters. The seismicity recurrence parameters (a- and
b-values) used in the EPRI seismic hazard study were computed for each 1-degree latitude and
longitude cell that intersects any portion of a seismic source.
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The nomenclature used by each team to describe the various seismic sources in the CEUS varies
from team to team. That is, a number of different names may have been used by the EPRI teams to
describe the same or similar tectonic features or sources, or one team may describe seismic
sources that another team does not. For example, the Woodward-Clyde team identified their source
that covers the seismicity of central Virginia as the “State Farm Complex” source, whereas most of
the other teams named their source as the Central Virginia seismic zone. Each team’s source
names, data, and rationale are included in their team-specific documentation (Volumes 5
through 10 of Reference 120).

The EPRI seismic hazard study expressed maximum magnitude (My,5x) values in terms of
body-wave magnitude (my), whereas most modern seismic hazard analyses describe M5« in
terms of moment magnitude (M). To provide a consistent comparison between magnitude scales,
the current study uses an average of three individual magnitude conversion relations
(Reference 122) (Reference 123) (Reference 124) to convert m, to M and vice-versa. Throughout
this section, the largest assigned values of M, distributions assigned by the ESTs to seismic
sources are presented for both magnitude scales, to give perspective on the maximum earthquakes
that were considered possible in each source. For example, EPRI m,, values of M, are followed
by the equivalent M value.

The following sections describe the most significant EPRI sources for each of the six ESTs, with
respect to the ESP site. For each team, the listed sources contributed to 99 percent of the total
seismic hazard for that team at the ESP site. The assessment of these and other EPRI sources
within the site region has found that the EPRI source parameters (maximum magnitude, geometry,
recurrence) are sufficient to capture the current understanding of the seismic hazard in the site
region.

Except for the three specific cases described earlier, no new seismological, geological, or
geophysical information in the literature published since the publication of the 1986 EPRI source
model (Reference 120) suggests that these sources should be modified. The three cases where
new information requires modification of the EPRI source characterizations is the addition of the
northern segment of the East Coast Fault System (ECFS-N) as a new potential seismic source, the
new recurrence and geometry parameters for the existing Charleston source (modeled after the
southern segment of the East Coast Fault System (ECFS-S), and the new recurrence parameters
for the New Madrid source. These cases are discussed in Section 2.5.2.6.3, and sensitivity
analyses are performed for the new ECFS and the modified Charleston source in Section 2.5.2.6.5.

2.5.2.2.2 Sources Used for EPRI PSHA - Bechtel Group

Bechtel Group identified and characterized four seismic sources that contributed to 99 percent of
the hazard at the ESP site. All four of these sources are within the site region and are the:

+ Central Virginia (E)
» Southern Appalachians Region (BZ5)
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Bristol Block (24)

+ Atlantic Coastal Region (BZ4)

Also identified within the site region were seven other seismic sources that did not contribute to
99 percent of the hazard at the site. These sources included the:

Stafford Fault

Eastern Mesozoic Basins
New York-Alabama Lineament
Lebanon Trend

Giles County

SE Craton Region

SE Appalachians

Seismic sources identified by the Bechtel Group team within the site region are listed in Table 2.5-5.
A map showing the locations and geometries of the Bechtel seismic sources is provided in
Figure 2.5-19. Seismic sources identified by the Bechtel Group that contribute most to the site
hazard are the Central Virginia Seismic Zone and Southern Appalachians Region sources.
Following is a brief discussion of each of the seismic sources that contributed to 99 percent of the
site hazard.

a. Central Virginia (E)

The ESP site is located within the Central Virginia seismic zone (E) approximately 15 miles
south of its northern boundary. The source was defined exclusively on the basis of seismicity
in the central Virginia region. No tectonic features were identified within the source. The
largest maximum earthquake magnitude (M,,,x) that the Bechtel Group assigned to this zone
was body-wave magnitude (my) 6.6 (M 6.5).

Southern Appalachians Region (BZ5)

The ESP site is located within the Southern Appalachians Region background source (BZ5). It
is a large background source that extends from New York to Georgia and encompasses a
majority of the site region. The largest M,,,5x assigned by the Bechtel Group to this zone was
m, 6.6 (M 6.5).

Bristol Trends (24)

The Bristol Trends source (24) is about 38 miles northwest of the ESP site. This source was
defined based on series of magnetic and gravity lows bordered on the west by the New
York-Alabama lineament and on the east by the Clingman lineament. The largest M,y
assigned by the Bechtel Group to this zone was m, 6.6 (M 6.5).
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d. Atlantic Coastal Region (BZ4)

The Atlantic Coastal Region background source (BZ4) is located about 90 miles southeast and
east of the ESP site. This source is a large background zone that extends from offshore New
England to Georgia and encompasses the easternmost portion of the site region. The largest
Mnax @ssigned by the Bechtel Group to this zone was my, 7.4 (M 7.9).

2.5.2.2.3 Sources Used for EPRI PSHA — Dames & Moore

Dames & Moore identified and characterized 7 seismic sources that contributed to 99 percent of the
hazard at the ESP site. All 7 of these sources are within the site region and include:

Central Virginia Seismic Zone (40)
Southern Cratonic Margin (41)
Southern Appalachian Mobile Belt (53)
Newark-Gettysburg Basin (42)
Connecticut Basin (47)

Appalachian Fold Belts (4)

Kink in Fold Belt (4B)

Also identified within the site region were 12 other seismic sources that did not contribute to

99 percent of the hazard. These less significant sources include the Stafford Fault Zone, Hopewell

Fault Zone, several Triassic basins, and two combination zones.

Seismic sources identified by Dames & Moore within the site region are listed in Table 2.5-6. A map
showing the locations and geometries of these seismic sources is provided in Figure 2.5-20. The

seismic source identified by Dames & Moore that contributes the most to the North Anna site

hazard is the Central Virginia seismic zone. Following is a discussion of each of the seismic
sources that contribute to 99 percent of the hazard at the ESP site.

a. Central Virginia (40)

The Central Virginia seismic zone (40) is about 15 miles south of the ESP site. This source
was defined based on the pattern of clustered seismicity in the central Virginia area. No known
tectonic features were associated with this seismic activity. The largest M,,,5x assigned by the
Dames & Moore team to this zone was my, 7.2 (M 7.5).

Southern Cratonic Margin (41)

The ESP site is located within the Southern Cratonic Margin default zone (41), a large
background source. This large default zone is located between the Appalachian Fold Belt (4)
and the Southern Appalachian Mobile Belt (53) and includes the region of continental margin
deformed during Mesozoic rifting. Located within this default zone are many Triassic basins
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and border faults. The largest M,,,,x @ssigned by the Dames & Moore team to this zone was my
7.2 (M7.5).

Cc. Southern Appalachians Mobile Belt (53)
The Southern Appalachians Mobile Belt default zone (53) is about four miles east of the ESP
site. This default source comprises crustal rocks that have undergone several periods of
divergence and convergence. The source is bounded on the east by the East Coast magnetic
anomaly and on the west by the westernmost boundary of the Appalachian gravity gradient.
The largest M,,,5x assigned by the Dames & Moore team to this zone was my, 7.2 (M 7.5).

d. Newark-Gettysburg Basin (42)
The Newark-Gettysburg Basin source (42) is about 20 miles northwest of the ESP site. This
source incorporates the Newark, Gettysburg, and Culpeper Triassic basins that formed during
Mesozoic rifting. The largest M5« assigned by the Dames & Moore team to this zone was my
7.2(M7.5).

e. Connecticut Basin (47)
The Connecticut Basin (47) source is about 25 miles east of the ESP site. Similar to the
Newark-Gettysburg Basin (42), this source was defined based on the presence of a Triassic
basin and the assumption that the bounding Mesozoic rift structures could be reactivated. The
largest earthquake maximum magnitude value assigned by the Dames & Moore team to this
zone was m, 7.2 (M 7.5).

f. Appalachian Fold Belts (4)
The Appalachian Fold Belts source (4) is about 46 miles west of the ESP site. This source
extends from New York to Alabama and consists of the Appalachian folded mountain belt of
Paleozoic age. The largest M,,,5«x assigned by the Dames & Moore team to this zone was my
7.2(M7.5).

g. Kink in Fold Belt (4B)

The Kink in Fold Belt source (4B) is about 90 miles west of the ESP site. Kinks in Paleozoic
fold belts were defined based on bends of the fold belts and areas of greater seismicity. Kink
(4B) includes the zone of seismicity in the Giles County area and was thought to contain the
arm of a failed rift. The largest M,,,5x assigned by the Dames & Moore team to this zone was
my, 7.2 (M 7.5).

25.2.24 Sources Used for EPRI PSHA - Law Engineering

Law Engineering identified and characterized 14 seismic sources that contributed to 99 percent of
the hazard at the ESP site. These sources include:

« Eastern Basement (17)
+ seven individual mafic plutons (M19, M20, M21, M22, M23, M24, M27)
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Eastern Basement Background (217)
Eastern Piedmont (107)
Reactivated Eastern Seaboard Normal (22)

Mesozoic Basins (C09)

» two combination sources (C10 and C11)

Law Engineering also identified 15 other seismic sources within the site region that did not
contribute to 99 percent of the hazard. The majority of these 15 are mafic pluton seismic sources.

Seismic sources identified by Law Engineering within the site region are listed in Table 2.5-7. A map
showing the locations and geometries of the Law Engineering seismic sources is provided in
Figure 2.5-21. Seismic sources identified by the Law Engineering team that contribute most to the
North Anna site hazard are the Eastern Basement (17) and local mafic pluton source (M22).
Following is a brief discussion of each of the seismic sources that contributed to 99 percent of the
site hazard.

a. Eastern Basement (17)

The ESP site is located within the Eastern Basement source (17) approximately 5 miles from
its eastern boundary. This source was defined as an area containing pre-Cambrian and
Cambrian normal faults, developed during the opening of the lapetus Ocean, in the basement
rocks beneath the Appalachian decollement. The Giles County and eastern Tennessee zones
of seismicity are included in this source. The largest M,,,5x assigned by the Law Engineering
team to this zone was my, 6.8 (M 6.8).

. Mafic Plutons (M19, M20, M21, M22, M23, M24, M27)
The seven most significant mafic pluton sources (M19, M20, M21, M22, M23, M24, M27) are
located between 23 and 159 miles from the ESP site. Mafic pluton M22 is located 23 miles
west of the site and represents one of the two most significant sources to the site. Law
Engineering considered pre- and post-metamorphic plutons in the Appalachians to be stress
concentrators, and therefore, earthquake sources. Law Engineering did not define a seismic
source in central Virginia, but the plutons, of small areal extent, capture a majority of the
seismicity of central Virginia, due to the method in which 70 percent of the seismicity from the
surrounding 1 degree square area (111 km x 111 km) was assigned to each pluton. A single
Mmax of mp 6.8 (M 6.8) was assigned by the Law Engineering team to all mafic pluton sources.

. Eastern Basement Background (217)
The ESP site is located within the Eastern Basement Background source (217) approximately
five miles west of its eastern boundary. This source was characterized as a seismotectonic
region having a negative Bouger gravity field (Appalachian gravity low) and a pattern of long
wavelength magnetic anomalies. The western boundary is the New York-Alabama lineament
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and the eastern boundary is the Appalachian gravity gradient. The largest M, assigned by
the Law Engineering team to this zone was m, 5.7 (M 5.3).

. Eastern Piedmont (107)

The Eastern Piedmont (107) is about four miles east of the ESP site. This source was
characterized as a seismotectonic region having a positive Bouger gravity field and a pattern
of short wavelength magnetic anomalies. Law Engineering interpreted this source to represent
a crustal block underlain by mafic or transitional crust east of the relict North American
continental margin. The largest M,,,5x assigned by the Law Engineering team to this zone was
m, 5.7 (M 5.3).

. Reactivated Eastern Seaboard Normal (22)

The Reactivated Eastern Seaboard Normal (22) source is about four miles east of the ESP
site. This source was characterized as a region along the eastern seaboard in which Mesozoic
normal faults are reactivated as high-angle reverse faults. A singl