William States Lee III Nuclear Station
Units 1 and 2

2 SITE CHARACTERISTICS
Chapter 2, “Site Characteristics,” of the William States Lee III Nuclear Station (WLS) Final
Safety Analysis Report (FSAR) addresses 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.

2.0

Introduction

2.0.1

Introduction

The site characteristics are reviewed by the U.S. Nuclear Regulatory Commission (NRC) staff
(the staff) to determine whether the applicant has accurately described the site characteristics
and site parameters together with site-related design parameters and design characteristics in
accordance with Title 10 of the Code of Federal Regulations (10 CFR) Part 52, “Licenses,
certifications, and approvals for nuclear power plants.” The review is focused on the site
characteristics and site-related design characteristics needed to enable the staff to reach a
conclusion on all safety matters related to siting of WLS Units 1 and 2. Since this combined
license (COL) application references the AP1000 design certification (DC), this section focuses
on the applicant’s demonstration that the characteristics of the site fall within the site parameters
specified in the DC rule or, if outside the site parameters, that the design satisfies the
requirements imposed by the specific site characteristics and conforms to the design
commitments and acceptance criteria described in the AP1000 Design Control Document
(DCD).

2.0.2

Summary of Application

WLS COL FSAR, Revision 11, Section 2.0 incorporates by reference AP1000 DCD,
Revision 19, Chapter 2, including Section 2.0. In this section, the applicant provided WLS COL
FSAR Table 2.0-201, which provides a comparison of the AP1000 DCD site parameters against
WLS site parameters. In addition, in WLS COL FSAR Section 2.0, the applicant provided the
following:
Departures
•

WLS DEP 2.0-1

The applicant departed from the AP1000 standard plant certified seismic design response
spectra (CSDRS) that is addressed in AP1000 DCD, Section 3.7.1.1. The application deviated
from the CSDRS due to a new seismic model for the local area described in NUREG-2115,
“Central and Eastern United States Seismic Source Characterization for Nuclear Facilities.”
Considering this new seismic model and updated seismic hazards and site-specific foundation
response spectra resulted in exceeding the AP1000 CSDRS and the need for a departure from
the AP1000 DCD. The sections affected by this departure are WLS COL FSAR Table 2.0-201,
Sections 3.7.1.1.1, 3.7.2.8.4, and 3.7.2.15, Appendix 3I, and Section 19.55.6.3. Sections in
other chapters of the WLS COL FSAR will be discussed in the appropriate chapters of this
report.
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Supplemental Information
•

WLS SUP 2.0-1

The applicant provided supplemental information in WLS COL FSAR Section 2.0, “Site
Characteristics,” which describes the characteristics and site-related design parameters of WLS.
Interface Items
These items are listed in the AP1000 DCD as plant interfaces.
•

Interface Item 2.1

The WLS COL FSAR addresses the envelope of AP1000 plant site-related parameters in
Tables 2.0-201 and 2.0-202.
•

Interface Item 2.2

The WLS COL FSAR addresses external missiles from manmade hazards and accidents in
Table 2.0-201, Sections 2.2.3.1.1 and 3.5.
•

Interface Item 2.3

The WLS COL FSAR addresses maximum loads from manmade hazards and accidents in
Section 2.2.3.
•

Interface Item 2.4

The WLS COL FSAR addresses limiting meteorological parameters for accidents, releases, and
extreme conditions, related to the design of systems and components exposed to the
environment. This information is found in WLS COL FSAR Tables 2.0-201 and 2.0-202.
•

Interface Item 2.5

The WLS COL FSAR addresses tornado and operating basis wind loadings in Table 2.0-201.
•

Interface Item 2.6

The WLS COL FSAR addresses external missiles generated by natural phenomena in
Table 2.0-201.
•

Interface Item 2.7

The WLS COL FSAR addresses snow, ice, and rain loads in Table 2.0-201.
•

Interface Item 2.8

The WLS COL FSAR addresses ambient air temperatures in Table 2.0-201.
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•

Interface Item 2.9

The WLS COL FSAR addresses onsite meteorological measurement program in Section 2.3.3.
•

Interface Item 2.10

The WLS COL FSAR addresses Flood and groundwater elevations in Table 2.0-201.
•

Interface Item 2.11

The WLS COL FSAR addresses Hydrostatic loads on systems, components, and structures in
Table 2.0-201 and Section 2.4.12.5.
•

Interface Item 2.12

The WLS COL FSAR addresses seismic parameters such as peak ground acceleration,
response spectra, and shear wave velocity, in Table 2.0-201.
•

Interface Item 2.13

The WLS COL FSAR addresses required bearing capacity of foundation materials in Table 2.0201.

2.0.3

Regulatory Basis

The information in the WLS COL FSAR that is incorporated by reference, the regulatory basis is
addressed in NUREG-1793, “Final Safety Evaluation Report Related to Certification of the
AP1000 Standard Design,” and its supplements. The applicable regulatory requirements for site
characteristics are as follows:
•

10 CFR 52.79(a)(1)(i) through (vi), as it relates to the requirements for the site-related
contents of the application.

•

10 CFR 52.79(d)(1), as it relates to information sufficient to demonstrate that the
characteristics of the site fall within the site parameters specified in the DC.

•

10 CFR Part 100, “Reactor site criteria,” as it relates to the siting factors and criteria for
determining an acceptable site.

The related acceptance criteria associated with these site characteristic requirements are given
in NUREG 0800, “Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants (LWR Edition),” Section 2.0. The related acceptance criteria are as follows:
•

The acceptance criteria associated with specific site characteristics/parameters and
site-related design characteristics/parameters are addressed in the related Chapter 2 or
other referenced sections of NUREG-0800.

•

Acceptance is based on the applicant’s demonstration that the characteristics of the site
fall within the site parameters of the certified design. If the actual site characteristics do
2-3

William States Lee III Nuclear Station
Units 1 and 2
not fall within the certified standard design site parameters, the COL applicant provides
sufficient justification (e.g., by request for exemption or amendment from the DC) that
the proposed facility is acceptable at the proposed site.
The regulatory requirements associated with the Tier 1 and 2 departures and the exemption
request are as follows:
•

10 CFR 50.12(a), “Specific exemptions.”
(a) The Commission may, upon application by any interested
person or upon its own initiative, grant exemptions from the
requirements of the regulations of this part, which are authorized
by law, will not present an undue risk to the public health and
safety, and are consistent with the common defense and security.
The Commission will not consider granting an exemption unless
special circumstances are present.

•

10 CFR Part 52, “Licenses, certifications, and approvals for nuclear power plants,”
Appendix D, “Design certification rule for the AP1000 design,” Section VIII, “Processes
for changes and departures,” Item B.5.

•

10 CFR Part 52, Appendix D, Section IV.A.2.d.
An applicant for a combined license that wishes to reference this
appendix shall…comply with the following requirements: Include,
as part of its application…Information demonstrating compliance
with the site parameters and interface requirements.

•

10 CFR 52, Appendix D, Section VIII.A.4. This section states that exemptions from
Tier 1 material are governed by 10 CFR 52.63(b)(1). 10 CFR 52.63(b)(1) references
10 CFR 52.7, “Specific exemptions.”

•

10 CFR 52.7. This section states that the Commission may grant exemptions from the
requirements of the regulations of this part as governed by 10 CFR 50.12, “Specific
exemptions,” of this chapter.

2.0.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.0 and checked the referenced DCD to ensure
that the combination of the DCD and the COL application represents the complete scope of
information relating to this review topic. 1 The staff’s review confirmed that the information in the
application and incorporated by reference addresses the required information relating to site
1 See Section 1.2.2 of the staff’s Safety Evaluation Report for a discussion of the staff’s review related to
verification of the scope of information to be included in a COL application that references a DC.
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characteristics. The results of the staff’s evaluation of the information incorporated by reference
in the application are documented in NUREG-1793 and its supplements. The staff reviewed the
following information in the WLS COL FSAR:
Supplemental Information
•

WLS SUP 2.0-1

The staff reviewed supplemental information WLS SUP 2.0-1 in WLS COL FSAR Section 2.0
describing the characteristics and site-related design parameters of WLS Units 1 and 2. In the
WLS COL FSAR, the site parameters in AP1000 DCD Table 2-1 are compared to the
site-specific site characteristics in WLS COL FSAR Table 2.0-201. In addition, control room
atmospheric dispersion factors for accident dose analysis are presented in WLS COL FSAR
Table 2.0-201.
The staff reviewed and compared the site-specific characteristics included in WLS COL FSAR
Table 2.0-201 against AP1000 DCD Table 2-1. The staff’s evaluation of the site characteristics
associated with air temperature, precipitation, wind speed, atmospheric dispersion values, and
control room atmospheric dispersion values is addressed in Section 2.3 of this report.
The staff’s evaluation of site characteristics associated with flood level, ground water level, and
plant grade elevation is addressed in Section 2.4 of this report. The staff’s evaluation of seismic
and soil site characteristics is addressed in Section 2.5 of this report. The staff’s evaluation of
site characteristics associated with missiles is addressed in Section 3.5 of this report.

2.0.5

Post Combined License Activities

There are no post COL activities related to this section.

2.0.6

Conclusion

The staff reviewed the WLS COL application and checked the referenced DCD. The staff’s
review confirmed that the applicant addressed the required information relating to site
characteristics, and there is no outstanding information expected to be addressed in the WLS
COL FSAR related to this section. The results of the staff’s technical evaluation of the
information incorporated by reference in the application are documented in NUREG-1793 and
its supplements.
As set forth above, the staff reviewed the application to ensure that sufficient information was
presented in WLS SUP 2.0-1 to demonstrate that the characteristics of the site fall within the
site parameters specified in the DC.
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2.1

Geography and Demography

2.1.1

Site Location and Description

2.1.1.1

Introduction

The descriptions of the site area and reactor location are used to assess the acceptability of the
reactor site. The review covers the following specific areas: (1) specification of reactor location
with respect to latitude and longitude, political subdivisions; and prominent natural and
manmade features of the area; (2) site area map to determine the distance from the reactor to
the boundary lines of the exclusion area, including consideration of the location, distance, and
orientation of plant structures with respect to highways, railroads, and waterways that traverse
or lie adjacent to the exclusion area; and (3) any additional information requirements prescribed
in the “Contents of application” sections of the applicable subparts to 10 CFR Part 52. The
purpose of the review is to ascertain the accuracy of the applicant’s description for use in
independent evaluations of the exclusion area authority and control, the surrounding population,
and nearby manmade hazards.

2.1.1.2

Summary of Application

WLS COL FSAR, Revision 11, Section 2.1, incorporates by reference AP1000 DC, Revision 19,
Section 2.1. In addition, in WLS COL FSAR Section 2.1, the applicant provided the following:
Departures
•

STD DEP 1.1-1

The applicant proposed the following Tier 2 standard departure from the AP1000 DCD. WLS
COL FSAR Section 2.1.1, “Site Location and Description,” identifies instances where the WLS
COL FSAR sections are renumbered to include content consistent with Regulatory Guide
(RG) 1.206, as well as NUREG-0800. WLS COL FSAR Section 2.1.4, “Combined License
Information for Geography and Demography,” references WLS COL 2.1-1 as discussed in WLS
COL FSAR Sections 2.1.1, 2.1.2, and 2.1.3.
AP1000 COL Information Item
•

WLS COL 2.1-1

The applicant provided additional information to resolve WLS COL 2.1-1, which addresses the
provision of site-specific information related to site location and description, including the site
exclusion area and its control, population, natural and manmade features, highways, railways,
waterways, and other significant features of the area. WLS COL 2.1-1 is discussed in WLS
COL FSAR Sections 2.1.1, 2.1.2, and 2.1.3.

2-6

William States Lee III Nuclear Station
Units 1 and 2

2.1.1.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed in NUREG-1793
and its supplements. In addition, the acceptance criteria associated with the relevant
requirements of NRC regulations for the site location and description are given in NUREG-0800,
Section 2.1.1.
The applicable regulatory requirements for identifying site location and description are:
•

10 CFR 50.34(a)(1) and 10 CFR 52.79(a)(1),as they relate to the inclusion in the safety
analysis report (SAR) of a detailed description and safety assessment of the site on
which the facility is to be located, with appropriate attention to features affecting facility
design.

•

10 CFR Part 100, as it relates to the following: (1) defining an exclusion area and setting
forth requirements regarding activities in that area (10 CFR 100.3, “Definitions));
(2) addressing and evaluating factors that are used in determining the acceptability of
the site as identified in 10 CFR 100.20(b); (3) determining an exclusion area such that
certain dose limits would not be exceeded in the event of a postulated fission product
release as identified in 10 CFR 50.34(a)(1), as it relates to site evaluation factors
identified in 10 CFR Part 100; and (4) requiring that the site location and the engineered
features included as safeguards against the hazardous consequences of an accident,
should one occur, would ensure a low risk of public exposure.

The related acceptance criteria from NUREG-0800, Section 2.1.1 are as follows:
•

Specification of Location: The information submitted by the applicant is adequate and
meets the requirements of 10 CFR 50.34(a)(1) and 10 CFR 52.79(a)(1) if it describes
highways, railroads, and waterways that traverse the exclusion area in sufficient detail to
allow the reviewer to determine that the applicant has met the requirements in
10 CFR 100.3.

•

Site Area Map: The information submitted by the applicant is adequate and meets the
requirements of 10 CFR 50.34(a)(1) and 10 CFR 52.79(a)(1) if it describes the site
location, including the exclusion area and the location of the plant within the area, in
sufficient detail to enable the reviewer to evaluate the applicant’s analysis of a
postulated fission product release, thereby allowing the reviewer to determine (in
Sections 2.1.2 and 2.1.3, and Chapter 15 of this report) that the applicant has met the
requirements of 10 CFR 50.34(a)(1) and 10 CFR Part 100.

2.1.1.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.1 and checked the referenced DCD to ensure
that the combination of the DCD and the WLS COL application represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and incorporated by reference addresses the required information relating to the
site location and description. The results of the staff’s evaluation of the information incorporated
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by reference in the application are documented in NUREG-1793 and its supplements. The staff
reviewed the following information in the WLS COL FSAR:
Departures
•

STD DEP 1.1-1

The applicant proposed the following Tier 2 standard departure from the AP1000 DCD. WLS
COL FSAR Section 2.1.1, “Site Location and Description,” identifies instances where the WLS
COL FSAR sections are renumbered to include content consistent with RG 1.206, as well as
NUREG-0800. This change is acceptable because it does not alter the information required to
be provided.
AP1000 COL Information Item
•

WLS COL 2.1-1

The staff reviewed WLS COL 2.1-1 related to site location and description, including political
subdivisions, natural and manmade features, population, highways, railways, waterways, and
other significant features of the area included in WLS COL FSAR Section 2.1.1. COL
Information Item 2.1-1 in AP1000 DCD, Section 2.1.1 states:
Combined License applicants referencing the AP1000 certified design will provide
site-specific information related to site location and description, exclusion area
authority and control, and population distribution. Site-specific information on the
site and its location will include political subdivisions, natural and man-made
features, population, highways, railways, waterways, and other significant features
of the area.
Using publicly available maps, the staff independently verified the applicant-supplied latitude
and longitude. The staff then converted this latitude and longitude to Universal Transverse
Mercator (UTM) coordinates for the proposed WLS Units 1 and 2 and used the calculated
values to verify the UTM coordinates provided in the WLS COL FSAR. The staff then verified
the UTM coordinates of the WLS units.
The staff reviewed the site area map provided in the WLS COL FSAR for the proposed
Units 1 and 2 to verify that the distance from the reactor to the boundary line of the exclusion
area meets the guidance in NUREG-0800, Section 2.1.1. On the basis of the staff’s review of
the information in the WLS COL FSAR, and also the staff’s confirmatory review of pertinent
information, such as the location, site area map, effluent release limit boundaries,
and prominent natural and manmade features of the area as described in publicly available
documentation, as well as information collected during a site visit, the staff determined the
information provided by the applicant with regard to the site location and description is
considered adequate and acceptable.

2.1.1.5

Post Combined License Activities

There are no post COL activities related to this section.

2-8

William States Lee III Nuclear Station
Units 1 and 2

2.1.1.6

Conclusion

The staff reviewed the WLS COL application and checked the referenced DCD. The staff’s
review confirmed that the applicant addressed the required information relating to site location
and description, and there is no outstanding information expected to be addressed in the WLS
COL FSAR related to this section. The results of the staff’s technical evaluation of the
information incorporated by reference in the application are documented in NUREG-1793 and
its supplements.
As set forth above, the applicant presented and substantiated information to establish the site
location and description. The staff reviewed COL 2.1-1, and for the reasons given above,
concludes that it is sufficient for the staff to evaluate compliance with the siting evaluation
factors in 10 CFR 100.3, as well as with the radiological consequence evaluation factors in
10 CFR 52.79(a)(1). The staff further concludes that the applicant provided sufficient details
about the site location and site description to allow the staff to evaluate, as documented in
Sections 2.1.2, 2.1.3, and Chapter 11, Section 13.3, and Chapter 15 of this report, whether the
applicant has met the relevant requirements of 10 CFR Part 52.79(a)(1) and 10 CFR Part 100
with respect to determining the acceptability of the site.

2.1.2

Exclusion Area Authority and Control

2.1.2.1

Introduction

The descriptions of exclusion area authority and control are used to verify the applicant’s legal
authority to determine and control activities within the designated exclusion area, as provided in
the application, are sufficient to enable the reviewer to assess the acceptability of the reactor
site. The review covers the following specific areas: (1) establishment of the applicant’s legal
authority to determine all activities within the designated exclusion area; (2) the applicant’s
authority and control in excluding or removing personnel and property in the event of an
emergency; (3) establish that proposed or permitted activities in the exclusion area unrelated to
operation of the reactor do not result in a significant hazard to public health and safety; and
(4) any additional information requirements prescribed within the “Contents of Application”
sections of the applicable subparts to 10 CFR Part 52.

2.1.2.2

Summary of Application

WLS COL FSAR, Revision 11, Section 2.1, incorporates by reference AP1000 DCD,
Revision 19, Section 2.1. In addition, in WLS COL FSAR Section 2.1.2, the applicant provided
the following:
AP1000 COL Information Item
•

WLS COL 2.1-1

The applicant provided additional information to resolve COL Information Item 2.1-1, which
addresses the provision of site-specific information related to exclusion area authority and
control, including size of the area, and activities that may be permitted within the designated
exclusion area.
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2.1.2.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed in NUREG-1793
and its supplements. In addition, the acceptance criteria associated with the relevant
requirements of NRC regulations for the exclusion area authority and control are given in
NUREG-0800, Section 2.1.2.
The applicable regulatory requirements for verifying exclusion area authority and control are:
•

10 CFR 50.34(a)(1), and 10 CFR 52.79(a)(1), as it relates to the inclusion in the FSAR of
a detailed description and safety assessment of the site on which the facility is to be
located, with appropriate attention to features affecting facility design
(10 CFR 50.34(a)(1), and 10 CFR 52.79(a)(1)).

•

10 CFR Part 100, as it relates to the following: (1) defining an exclusion area and setting
forth requirements regarding activities in that area (10 CFR 100.3); (2) addressing and
evaluating factors that are used in determining the acceptability of the site as identified in
10 CFR 100.20(b); and (3) determining an exclusion area such that certain dose limits
would not be exceeded in the event of a postulated fission product release as identified
in 10 CFR 50.34(a)(1) as it relates to site evaluation factors identified in
10 CFR Part 100.

The related acceptance criteria from NUREG-0800, Section 2.1.2 are as follows:
•

Establishment of Authority for the Exclusion or Removal of Personnel and Property:
The information submitted by the applicant is adequate and meets the requirements of
10 CFR 50.33, “Contents of applications; general information”; 10 CFR 50.34(a)(1);
10 CFR 52.79, “Contents of applications; technical information in final safety analysis
report”; and 10 CFR Part 100 if it provides sufficient detail to enable the staff to evaluate
the applicant’s legal authority for the exclusion or removal of personnel or property from
the exclusion area.

•

Proposed and Permitted Activities: The information submitted by the applicant is
adequate and meets the requirements of 10 CFR 50.33, 10 CFR 50.34(a)(1),
10 CFR 52.79, and 10 CFR Part 100 if it provides sufficient detail to enable the staff to
evaluate the applicant’s legal authority over all activities within the designated exclusion
area.

2.1.2.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.1.2 and checked the referenced DCD to ensure
that the combination of the DCD and the COL application represents the complete scope of
information relating to this review topic.1 The staff’s review confirmed that the information in the
application and incorporated by reference addresses the required information relating to the
exclusion area authority and control. The results of the staff’s evaluation of the information
incorporated by reference in the application are documented in NUREG-1793 and its
supplements. The staff reviewed the following information in the WLS COL FSAR:
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AP1000 COL Information Item
•

WLS COL 2.1-1

The staff reviewed WLS COL 2.1-1 related to the exclusion area authority and control, including
the exclusion area boundary, and activities that may be permitted within the designated
exclusion area included in WLS COL FSAR Section 2.1.2. COL Information Item in
AP1000 DCD, Section 2.1.1 states:
Combined License applicants referencing the AP1000 certified design will
provide site-specific information related to site location and description,
exclusion area authority and control, and population distribution. Site-specific
information on the exclusion area will include the size of the area and the
exclusion area authority and control. Activity that may be permitted within the
exclusion area will be included in the discussion.
The applicant supplied the following information: There are no residences and only limited
commercial and recreational activities within the Units 1 and 2 exclusion area. No public
highways or active railroads traverse the exclusion area. There are four historical cemeteries
within the site boundary area. Access of members of the public to these cemeteries will be
controlled by site security personnel.
The staff also verified for consistency that the exclusion area boundary (EAB) is the same as
that being considered by the applicant for the radiological consequences in WLS COL FSAR
Section 13.3 and Chapter 15. The acceptance criteria of NUREG-0800, Section 2.1.2 states,
“Absolute ownership of all lands within the exclusion area, including mineral rights, is
considered to carry with it the required authority to determine all activities on this land and is
acceptable.” Thus, the staff concludes that the applicant has the required authority to determine
and control all activities within the designated exclusion area.
The staff reviewed the resolution to the site-specific items related to the exclusion area authority
and control included under WLS COL FSAR Section 2.1. The staff verified the applicant’s
description of the exclusion area as well as the authority under which all activities within the
exclusion area can be controlled. The staff also verified for consistency that the EAB is the
same as that being considered for the radiological consequences by the applicant in WLS COL
FSAR Chapters 15 and 13.3. The staff used publicly available maps and satellite pictures, a
site visit, and the area map provided in the Unit 1 and 2 WLS COL FSAR to verify that no
publicly used transportation mode crosses the EAB; therefore, no arrangements for the control
of traffic in the event of an emergency are required. The staff also verified that no public roads
cross the exclusion area; therefore, neither relocation nor abandonment of roads is needed.
The staff concludes that the applicant has acquired authority to control all activities within the
designated exclusion area.

2.1.2.5

Post Combined License Activities

There are no post COL activities related to this section.
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2.1.2.6

Conclusion

The staff reviewed the WLS COL application and checked the referenced DCD. The staff’s
review confirmed that the applicant addressed the required information relating to the exclusion
area authority and control, and there is no outstanding information expected to be addressed in
the WLS COL FSAR related to this section. The results of the staff’s technical evaluation of the
information incorporated by reference in the application are documented in NUREG-1793 and
its supplements.
As set forth above, the applicant provided and substantiated information concerning its legal
authority and control of all activities within the designated exclusion area. The staff reviewed
WLS COL 2.1-1 and, for the reasons given above, concludes that the applicant’s exclusion area
is acceptable to meet the requirements of 10 CFR 50.34(a)(1), 10 CFR 52.79(a)(1),
10 CFR Part 100, and 10 CFR 100.3 with respect to determining the acceptability of the site.
This conclusion is based on the applicant having appropriately described the plant exclusion
area, the authority under which all activities within the exclusion area can be controlled, the
need for relocation or abandonment of public roads, and the methods by which access and
occupancy of the exclusion area can be controlled during normal operation and in the event of
an emergency situation. In addition, the applicant has the required authority to control activities
within the designated exclusion area, including the admission, exclusion, and removal of
persons and property, and has established acceptable methods for control of the designated
exclusion area. The staff finds that the application adequately addresses COL Information
Item 2.1-1. The staff finds that the applicant has provided sufficient information to satisfy
10 CFR Part 52.79(a)(1) and 10 CFR Part 100 and, therefore, is acceptable.

2.1.3

Population Distribution

2.1.3.1

Introduction

The description of population distributions addresses the need for information about:
(1) population in the site vicinity, including transient populations; (2) population in the exclusion
area; (3) whether special protective measures should be taken on behalf of the populace in the
specified low-population zone (LPZ) in the event of a serious accident; (4) whether the nearest
boundary of the closest population center containing 25,000 or more residents is at least
one and one-third times the distance from the reactor to the outer boundary of the LPZ;
(5) whether the population density in the site vicinity is consistent with the guidelines given in
RG 4.7, “General Site Suitability Criteria for Nuclear Power Stations;” Regulatory Position C.4
and (6) any additional information requirements prescribed in the “Contents of Application,”
sections of the applicable subparts to 10 CFR Part 52.

2.1.3.2

Summary of Application

WLS COL FSAR, Revision 11, Section 2.1, incorporates by reference AP1000 DCD,
Revision 19, Section 2.1. In addition, in WLS COL FSAR Section 2.1.3, the applicant provided
the following:
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AP1000 COL Information Item
•

WLS COL 2.1-1

The applicant provided additional information resolve COL Information Item 2.1-1, which
addresses the provision of site-specific information related to the site environment, specifically,
population centers and distribution up to 80 km (50 mi) from the WLS site.

2.1.3.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed in NUREG-1793
and its supplements. In addition, the acceptance criteria associated with the relevant
requirements of NRC regulations for population distribution are given in NUREG-0800,
Section 2.1.3. The applicable regulatory requirements for identifying site location and
description are:
•

10 CFR 50.34(a)(1), as it relates to consideration of the site evaluation factors identified
in 10 CFR 100.3, 10 CFR Part 100 (including consideration of population density), and
10 CFR 52.79, as they relate to provision by the applicant in the SAR of the existing and
projected future population profile of the area surrounding the site.

•

10 CFR 100.20 and 10 CFR 100.21, as they relate to determining the acceptability of a
site for a power reactor. In 10 CFR 100.3, 10 CFR 100.20(a), and 10 CFR 100.21(b),
the NRC provides definitions and other requirements for determining an exclusion area,
LPZ, and population center distance.

The related acceptance criteria from Section 2.1.3 of NUREG-0800 are as follows:
•

Population Data: The population data supplied by the applicant in the FSAR is
acceptable under the following conditions: (1) the FSAR includes population data from
the latest census and projected population at the year of plant approval and 5 years
thereafter, in the geographical format given in RG 1.70, “Standard Format and Content
of Safety Analysis Reports for Nuclear Power Plants (LWR Edition),” Section 2.1.3,
Revision 3, and in accordance with DG-1145, “Combined License Applications for
Nuclear Power Plants (LWR Edition)”; (2) the FSAR describes the methodology and
sources used to obtain the population data, including the projections; and (3) the FSAR
includes information on transient populations in the site vicinity.

•

Exclusion Area: The exclusion area should either not have any residents, or such
residents should be subject to ready removal if necessary.

•

Low-Population Zone: The specified LPZ is acceptable if it is determined that
appropriate protective measures could be taken on behalf of the enclosed populace in
the event of a serious accident.

•

Nearest Population Center Boundary: The nearest boundary of the closest population
center containing 25,000 or more residents is at least one and one-third times the
distance from the reactor to the outer boundary of the LPZ.
2-13

William States Lee III Nuclear Station
Units 1 and 2
•

Population Density: If the population density exceeds the guidelines given in RG 4.7,
Regulatory Position C.4, the applicant must give special attention to the consideration of
alternative sites with lower population densities.

2.1.3.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.1.3 and checked the referenced DCD to ensure
that the combination of the DCD and the COL application represents the complete scope of
information relating to this review topic.1 The staff’s review confirmed that the information in the
application and incorporated by reference addresses the required information relating to
population distribution. The results of the staff’s evaluation of the information incorporated by
reference in the application are documented in NUREG-1793 and its supplements. The staff
reviewed the information in the WLS COL FSAR:
AP1000 COL Information Item
•

WLS COL 2.1-1

The staff reviewed WLS COL 2.1-1 related to the population distribution around the site
environs included in WLS COL FSAR Section 2.1.3. COL information item in AP1000 DCD,
Section 2.1.1 states:
Combined License applicants referencing the AP1000 certified design will
provide site-specific information related to site location and description, exclusion
area authority and control, and population distribution. Site-specific information
will be included on population distribution.
The staff reviewed the data on the population in the site environment to determine whether the
exclusion area, LPZ, and population center distance for the proposed WLS site comply with the
requirements of 10 CFR Part 100. The staff also evaluated whether, consistent with RG 4.7,
Regulatory Position C.4, the applicant should consider alternative sites with lower population
densities. The staff also reviewed whether appropriate protective measures could be taken on
behalf of the enclosed populace within the emergency planning zone (EPZ), which
encompasses the LPZ, in the event of a serious accident. The staff compared and verified the
applicant’s population data against U.S. Census Bureau data available on the Internet.
Transient population estimates were based on evaluations of seasonal transient business,
hotels, motels, recreation, schools, hospitals, nursing homes, correctional facilities, festivals,
and migrant workers populations. The staff reviewed the projected population data provided by
the applicant, including the weighted transient population for 2016, 2021, 2026, 2036, 2046, and
2056. The staff reviewed the extensive transient population data provided by the applicant.
Based on this information, the staff finds that the applicant’s estimate of the population and the
population projections are acceptable.
The staff verified the distances to the nearest population centers are well in excess of the
minimum population center distance of 4.3 km (2.7 miles) (1 1/3 times the distance from center
point to the outer boundary of the LPZ). The LPZ is defined as a two-mile radius from the site
center point. The center point is defined as the midway point between Unit 1 and Unit 2. The
nearest population center, as defined by 10 CFR 100.3, is Gastonia, NC. The distance to
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Gastonia’s urban boundary, as defined by US Census files, is 25 km (16 mi) northeast from the
center point between the two reactors. Using the county’s population projection ratios for both
transient and permanent population, results in Gaffney, SC having a total population number
greater than 25,000 people. Gaffney’s closest boundary, defined by the US Census Bureau, is
10 km (6 mi) northwest from the center point between the two reactors. Both of these distances
are greater than one and one-third times the distance from the reactor center point to the
boundary of the low population zone as required by NUREG-0800 and comply with the
guidance provided by RG 4.7, “General Site Suitability Criteria for Nuclear Power Stations.”
Therefore, the staff concludes that the proposed site meets the population center distance
requirement as defined in 10 CFR Part 100, Subpart B.
The staff evaluated the site population density against the criterion in RG 4.7, Regulatory
Position C.4, Revision 2, regarding whether it is necessary to consider alternative sites with
lower population densities. The evaluation included the review and verification of whether the
population densities at the time of initial site approval (assumed 2016) and 5 years thereafter,
would not exceed the criteria of 500 persons per square mile averaged over a radial distance of
32 km (20 mi) (cumulative population at a distance divided by the area at that distance). The
staff independently verified the applicant’s calculated population density for the years 2016 and
2021 based on the staff’s linear calculation projection estimate, and concludes that the
population density for the WLS site is well below the criterion. Therefore, the staff finds that the
WLS site conforms to RG 4.7, Regulatory Position C.4, Revision 2.

2.1.3.5

Post Combined License Activities

There are no post COL activities related to this section.

2.1.3.6

Conclusion

The applicant initially estimated the commercial operation of WLS to be 2016 and revised it to
2024. Due to this change, the applicant has reviewed the impact and determined it is not
significant. As discussed in NUREG-1793 and its supplements, the applicant provided an
acceptable description of current and projected population densities in and around the site. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant addressed the required information relating to population distribution, and
there is no outstanding information expected to be addressed in the WLS COL FSAR related to
this section. The results of the staff’s technical evaluation of the information incorporated by
reference in the application are documented in NUREG-1793 and its supplements.
The staff reviewed WLS COL 2.1-1 and, for the reasons given above, concludes that the
population data meet the requirements of 10 CFR 50.34(a)(1), 10 CFR 52.79(a)(1),
10 CFR 100.20(a), 10 CFR 100.20(b), 10 CFR Part 100, and 10 CFR 100.3. This conclusion is
based on the applicant having provided an acceptable description and safety assessment of the
site, which includes present and projected population densities that are within the guidelines of
RG 4.7, Regulatory Position C.4, and properly specified the LPZ and population center distance.
In addition, the staff reviewed and confirmed, by comparison with independently obtained
population data, the applicant’s estimates of the present and projected populations surrounding
the site, including transients. The applicant also calculated the radiological consequences of
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design-basis accidents (DBAs) at the outer boundary of the LPZ (NUREG-0800, Chapter 15)
and has provided reasonable assurance that appropriate protective measures can be taken
within the LPZ to protect the population in the event of a radiological emergency. The staff
notes this addresses and resolves COL Information Item 2.1-1 regarding population distribution.
The staff finds that the applicant has provided sufficient information to satisfy the requirements
in 10 CFR Part 50, 10 CFR Part 52, and 10 CFR Part 100.

2.2

Nearby Industrial, Transportation, and Military Facilities

2.2.1

Locations and Routes

This section of the report discusses the application and the staff review of nearby industrial
facilities, transportation routes, storage tanks, military and other facilities with potential to impact
the safe operation of WLS.

2.2.1.1

Introduction

The description of locations and routes refers to potential external hazards or hazardous
materials that are present or may reasonably be expected to be present during the projected
lifetime of the proposed plant. The purpose is to evaluate the sufficiency of information
concerning the presence and magnitude of potential external hazards so that the reviews and
evaluations described in NUREG-0800, Sections 2.2.3, 3.5.1.5, and 3.5.1.6, can be performed.
The review covers the following specific areas: (1) the locations of, and separation distances to,
transportation facilities and routes including airports and airways, roadways, railways, pipelines,
and navigable bodies of water; (2) the presence of military and industrial facilities, such as fixed
manufacturing, processing, and storage facilities; and (3) any additional information relevant to
meeting the requirements prescribed in the “Contents of Application,” sections of the applicable
subparts to 10 CFR Part 52.

2.2.1.2

Summary of Application

WLS COL FSAR Revision 11, Section 2.2, incorporates by reference AP1000 DCD,
Revision 19, Section 2.2. In addition, in WLS COL FSAR Section 2.2, the applicant provided
the following:
Departures
•

STD DEP 1.1-1

The applicant proposed the following AP1000 DCD Tier 2 standard departure. WLS COL FSAR
Section 2.2.1, “Locations and Routes,” identifies instances where the WLS COL FSAR sections
are renumbered to include content consistent with RG 1.206, as well as NUREG-0800. Here,
AP1000 DCD, Section 2.2.1 is renumbered as Section 2.2.4.
In addition, this WLS COL FSAR section addresses the following COL-specific information
identified in AP1000 DCD, Section 2.
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AP1000 COL Information Item
This WLS COL FSAR section addresses the following COL-specific information identified in
AP1000 DCD, Chapter 2.
•

WLS COL 2.2-1

The applicant provided additional information in WLS COL 2.2-1 to resolve COL Information
Item 2.2-1, which addresses information about industrial, military, and transportation facilities
and routes to establish the presence and magnitude of potential external hazards.
Interface Items
•

Interface Item 2.2

WLS COL FSAR Table 2.0-201, Sections 2.2.3.1.1 and 3.5 address Interface Item 2.2, “External
missiles from manmade hazards and accidents.”
•

Interface Item 2.3

WLS COL FSAR Section 2.2.3 addresses Interface Item 2.3, “Maximum loads from manmade
hazards and accidents.”

2.2.1.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed in NUREG-1793
and its supplements. In addition, the acceptance criteria associated with the relevant
requirements of NRC regulations for the nearby industrial, transportation, and military facilities
are given in NUREG-0800, Sections 2.2.1-2.2.2. The applicable regulatory requirements for
identifying locations and routes are as follows:
•

10 CFR 52.79(a)(1)(iv), as it relates to the evaluation of sites, which requires the location
and description of industrial, military, or transportation facilities and routes, and of
10 CFR 52.79(a)(1)(vi) as it relates to the compliance with 10 CFR Part 100.

•

10 CFR 100.20(b), as it relates to the requirement that the nature and proximity of man
related hazards (e.g., airports, dams, transportation routes, military and chemical
facilities) be evaluated to establish site parameters for use in determining whether plant
design can accommodate commonly occurring hazards, and whether the risk of other
hazards is very low.

•

In addition, in accordance with 10 CFR Part 52, Appendix D, Section VIII, the applicant
identified a Tier 2 departure, which does not require prior NRC approval. This departure
is subject to the requirements in Section VIII, which are similar to the requirements in
10 CFR 50.59, “Changes, tests and experiments.”
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The related acceptance criteria from NUREG-0800, Section 2.2.1-2.2.2 are as follows:
•

Data in the FSAR adequately describes the locations and distances from the plant for
nearby industrial, military, and transportation facilities and that such data are in
agreement with data obtained from other sources, when available.

•

Descriptions of the nature and extent of activities conducted at the site and in its vicinity,
including the products and materials likely to be processed, stored, used, or transported,
are adequate to permit identification of the possible hazards cited in NUREG-0800,
Sections 2.2.1-2.2, Section III.

•

Sufficient statistical data with respect to hazardous materials are provided to establish a
basis for evaluating the potential hazards to the plant or plants considered at the site.

2.2.1.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.2 and checked the referenced DCD to ensure
that the combination of the DCD and the COL application represents the complete scope of
information relating to this review topic.1 The staff’s review confirmed that the information in the
application and incorporated by reference addresses the required information relating to nearby
industrial, transportation, and military facilities. The results of the staff’s evaluation of the
information incorporated by reference in the application are documented in NUREG-1793 and
its supplements.
Departures
•

STD DEP 1.1-1

The applicant’s evaluation in accordance with 10 CFR Part 52, Appendix D, Section VIII,
Item B.5 determined that this departure did not require prior NRC approval. The staff finds that
it is reasonable that the departure does not require prior NRC approval because the numbering
system proposed by the applicant does not alter the information required to be provided.
AP1000 COL Information Item
•

WLS COL 2.2-1

The staff reviewed WLS COL 2.2-1 related to information about industrial, military, and
transportation facilities and routes to establish the presence and magnitude of potential external
hazards included in WLS COL FSAR Section 2.2. AP1000 DCD, Section 2.2.1, COL
information item 2.2-1 states:
Combined License applicants referencing the AP1000 certified design will
provide site-specific information related to the identification of potential hazards
within the site vicinity, including an evaluation of potential accidents and verify
that the frequency of site-specific potential hazards is consistent with the criteria
outlined in Section 2.2. The site-specific information will provide a review of
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aircraft hazards, information on nearby transportation routes, and information on
potential industrial and military hazards.
The staff reviewed the WLS COL FSAR using the review procedures described in
NUREG-0800, Section 2.2.1-2.2.2. This section of the report evaluates the applicant’s
identification of industrial, transportation, mining, and military installations in the WLS area. The
evaluation of potential effects on the safe operation of the nuclear facility is described in
Section 2.2.3 of this report.
Locations and Routes
The applicant identified and provided information regarding potential external hazard facilities
and operations within an 8 km (5 mi) radius of the WLS site. Within the 8 km (5 mi) radius of the
site, there are four major industrial facilities, a railroad, and four State and one Federal highway.
Dams
The Ninety-Nine Islands hydroelectric dam is on the Broad River adjacent to the WLS site
boundary, approximately 1.8 km (1.1 mi) south of the WLS center point.
Quarrying or Mining Facilities
The staff verified that there are three permitted quarrying or mining facilities are located within
the 8 km (5 mi) radius of the WLS site. The closest permitted mine is 1.6 km (1 mi) north of the
site operated by Thomas Sand Company, called Blacksburg Plant, is a sand mine.
Cunningham Brick Company operates a mine 5 km (3.2 mi) north of the site to mine mica. The
Kings Creek Mine, operated by Industrial Materials, Inc., is 7.9 km (4.9 mi) northeast of the site
and also mines mica. No explosives are used in these mining operations.
Storage Tanks
The applicant provided information from a database of registered storage tanks in South
Carolina. The database includes all underground storage tanks for regulated substances
greater than 416 liter (L) (110 gallon (gal)) capacity. Within an 8 km (5 mi) radius there are,
registered aboveground storage tanks. At the WLS site, liquid hydrogen will be stored
according to the AP1000 design, as well as other compressed gasses, including compressed
hydrogen, liquid nitrogen, and liquid carbon dioxide.
Oil and Gas Pipelines
Nine major pipelines are located within 8 km (5 mi) of the WLS site. The information about
whether these pipelines could, in the future, carry different and potentially more hazardous
products is considered to be sensitive information. In addition to local major pipelines, there are
branch distribution lines to local residential, commercial, and industrial facilities ranging from
15 to 2.5 cm (6 to 1 in.) diameter.
Military Facilities
There are no military facilities within 8 km (5 mi) of the WLS site.
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Description of Railroads
The staff verified that no active railroads are located within the 8 km (5 mi) radius of the WLS
site. Two railroad lines, an abandoned track and an active line, are located within 16 km (10 mi)
of the WLS site.
Manufacturing and Storage of Hazardous Materials
The staff verified that no manufacturing facilities that use or store hazardous products are
located within the 8 km (5 mi) radius of the WLS site (WLS COL FSAR Figure 2.2.2-201).
Description of Waterways
The WLS site is approximately 1.5 km west and 0.7 km south (4800 ft west and 2400 ft south) of
the Broad River and 1.8 km (1.1 mi) north of the Ninety-Nine Islands hydroelectric station.
Upstream of WLS, the Broad River is shallow and generally unnavigable and south of the
Ninety-Nine Islands hydroelectric station to the Pacolet River is considered “navigable waters”
under the laws of South Carolina. There are public access points on the nearby Broad River.
The access points are the Ninety-Nine Islands boat landing operated by Duke Energy and the
Cherokee Landing, located across the river from the Ninety-Nine Islands boat landing. The
intake structure for the WLS site is also located on the Broad River.
Description of Highways
The staff verified that the major highway located near the WLS site is U.S. 29, passing 7.4 km
(4.6 mi) northwest, at its closest point. In addition, segments of South Carolina Routes 5, 97,
105 and 329 are located within 8 km (5 mi) of WLS at their closest point. The application
included estimate average daily traffic counts.
Description of Railways
The staff verified that two railroad lines are located within 16 km (10 mi) of the WLS site. The
Norfolk Southern Railroad Company (NSRC) owns a spur line that passes 7.5 km (4.7 mi) from
the site and averages two trains per day (one round-trip) with the speed limit of 40 km/hr
(25 mi/hr) and 16 km/hr (10 mi/hr) on curves, carrying freight only. The NSRC owns a major
rail line located 8.8 km (5.5 mi) from WLS. This line averages 22 trains per day at an average
speed of 80 km/hr (50 mi/hr). Future activities include a proposed Southeast High-Speed Rail
Corridor running in the current rail right-of-way expected to reach a maximum speed of
180 km/hr (110 mi/hr). In accordance with RG 1.206, further analysis of the NSRC rail line is
not required because it is outside of the 8 km (5 mi) radius of the WLS site. A railroad spur is
expected to be constructed that will join the WLS site to the NSRC line. It will be owned and
maintained by the applicant. This spur will be generally limited to shipments, and supporting
activities, for the WLS site only.
Description of Airports
There are two commercial airports within 80 km (50 mi) of the WLS site.
Greenville-Spartanburg International Airport is 66 km (41.3 mi) west and Charlotte Douglas
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International Airport is 55 km (34.4 mi) northeast of WLS. The approach and departure paths of
these commercial airports do not align with the WLS site. These airports within 80 km (50 mi) of
the WLS site do not meet or exceed the acceptance criteria of NUREG-0800, Section 3.5.1.6
and RG 1.206, Part I, Subsections C.I.2.2.2.7 and C.I.3.5.6. There are no airports located
within 16 km (10 mi) of WLS. At 24 km (14.7 mi) east of the site is York Airport. This airport is
used exclusively by single-engine private aircraft of which there are 12 based at the field.
However there is one heliport, with one helipad, located approximately 10 km (6 mi) north of the
site. The staff verified that no active military facilities are within 8 km (5 mi) of the WLS site.
The staff verified that no airports are within the 8 km (5 mi) radius of the WLS.
WLS COL FSAR Tables 2.2-205 and 2.2-207 describes the historical air traffic for
passenger-aircraft-associated airports within the region. The applicant stated that neither of
these airports has approach or departure paths aligned with WLS.
Airways
The applicant addressed and evaluated potential aircraft hazards following the approach and
methods outlined in NUREG-0800, Section 3.5.1.6, “Aircraft Hazards,” and determined an
aircraft crash into the effective plant areas of the safety-related structures on the site met the
acceptance criteria. Due to the close proximity of airways to the proposed WLS site, the
applicant provided additional evaluation of hazards from air traffic in WLS COL FSAR
Section 3.5.1.6. There are two low-altitude (below 5.5 km (18,000 ft)) Federal air routes within
24 km (15 mi) of the site. One air route is 6.4 km (4 mi) north of the site and the other is 16 km
(10 mi) southwest of the site and is used by general aviation aircraft. Two high altitude
(5.5 - 13.8 km (18,000 - 45,000 ft)) Federal air routes are located within 24 km (15 mi) of the
site. One is 15 km (9 mi) southeast and the other is 20 km (12.5 mi) northeast of WLS. These
air routes are primarily used by commercial air carriers, military, and high performance general
aviation aircraft.
Projections of Industrial Growth
There are no commercial industrial parks within 8 km (5 mi) of the WLS site. However, there
are two industrial companies within 8 km (5 mi); the Broad River Energy Center and Herbie’s
Famous Fireworks. There is no planned industrial growth within an 8 km (5 mi) area.

2.2.1.5

Post Combined License Activities

There are no post COL activities related to this section.

2.2.1.6

Conclusion

The staff reviewed the WLS COL application and checked the referenced DCD. The staff’s
review confirmed that the applicant addressed the required information relating to nearby
industrial, transportation, military facilities, and other places of interest, and there is no
outstanding information expected to be addressed in the WLS COL FSAR related to this
section. The results of the staff’s technical evaluation of the information incorporated by
reference in the application are documented in NUREG-1793 and its supplements.
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As set forth above, the applicant has presented and substantiated information to establish an
identification of potential hazards in the site vicinity. The staff reviewed WLS COL 2.2-1, and for
the reasons given above, concludes that the applicant has provided information with respect to
identification of potential hazards in accordance with the requirements of 10 CFR 52.79(a)(1)(iv)
and 10 CFR 52.79(a)(1)(vi). The nature and extent of activities involving potentially hazardous
materials that are conducted at nearby industrial, military, and transportation facilities have been
evaluated to identify any such activities that have the potential for adversely affecting plant
safety-related structures. Based on an evaluation of information in the WLS COL FSAR, as well
as information that the staff independently obtained, the staff concluded that all potentially
hazardous activities on site and in the vicinity of the plant have been identified. The hazards
associated with these activities have been reviewed and are discussed in Sections 2.2.3,
3.5.1.5, and 3.5.1.6 of this report.

2.2.2

Descriptions

The staff’s review of WLS COL FSAR Section 2.2.2, “Descriptions,” is addressed in
Section 2.2.1, “Locations and Routes,” of this report.

2.2.3

Evaluation of Potential Accidents

2.2.3.1

Introduction

The evaluation of potential accidents considers the applicant’s probability analyses of potential
accidents involving hazardous materials or activities on site and in the vicinity of the proposed
site to confirm that appropriate data and analytical models have been used. The review covers
the following specific areas: (1) hazards associated with nearby industrial activities, such as
manufacturing, processing, or storage facilities; (2) hazards associated with nearby military
activities, such as military bases, training areas, or aircraft flights; and (3) hazards associated
with nearby transportation routes (aircraft routes, highways, railways, navigable waters, and
pipelines). Each hazard review area includes consideration of the following principal types of
hazards: (1) toxic vapors or gases and their potential for incapacitating nuclear plant control
room operators; (2) overpressure resulting from explosions or detonations involving materials
such as munitions, industrial explosives, or explosive vapor clouds resulting from the
atmospheric release of gases (such as propane and natural gas or any other gas) with a
potential for ignition and explosion; (3) missile effects attributable to mechanical impacts, such
as aircraft impacts, explosion debris, and impacts from waterborne items such as barges; and
(4) thermal effects attributable to fires.

2.2.3.2

Summary of Application

WLS COL FSAR, Revision 11, Section 2.2, incorporates by reference AP1000 DCD,
Revision 19, Section 2.2. In addition, in WLS COL FSAR Section 2.2, the applicant provided
the following:
AP1000 COL Information Item
•

WLS COL 2.2-1
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The applicant provided additional information in WLS COL 2.2-1 to resolve COL Information
Item 2.2-1, which addresses the provision of information about industrial, military, and
transportation facilities and routes to establish the presence and magnitude of potential external
hazards, including the following accident categories: explosions, flammable vapor clouds
(delayed ignition), toxic chemicals, fires, and airplane crashes.

2.2.3.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed in NUREG-1793
and its supplements. In addition, the acceptance criteria associated with the relevant
requirements of NRC regulations for the evaluation of potential accidents are given in
NUREG-0800, Section 2.2.3. The applicable regulatory requirements for evaluation of potential
accidents are as follows:
•

10 CFR 52.79(a)(1)(iv), as it relates to the evaluation of sites, including the location and
description of industrial, military, or transportation facilities and routes, and the
requirements of 10 CFR 52.79(a)(1)(vi) as it relates to compliance with 10 CFR Part 100.

•

10 CFR 100.20(b), as it relates to the requirement that the nature and proximity of
manmade related hazards (e.g., airports, dams, transportation routes, military and
chemical facilities) be evaluated to establish site parameters for use in determining
whether plant design can accommodate commonly occurring hazards, and whether the
risk of other hazards is very low.

The related guidance and acceptance criteria from NUREG-0800, Section 2.2.3 are as follows:
•

Event Probability: The identification of design-basis events (DBEs) resulting from the
presence of hazardous materials or activities in the vicinity of the plant or plants of
specified type is acceptable if all postulated types of accidents are included for which the
expected rate of occurrence of potential exposures resulting in radiological dose in
excess of the 10 CFR 50.34(a)(1) limits as it relates to the requirements of
10 CFR Part 100 is estimated to exceed the staff’s objective of an order of magnitude of
10-7 per year.

•

Design-Basis Events: The effects of DBEs have been adequately considered, in
accordance with 10 CFR 100.20(b), if analyses of the effects of those accidents on the
safety-related features of the plant or plants of specified type have been performed and
measures have been taken (e.g., hardening, fire protection) to mitigate the
consequences of such events.

In addition, the toxic gas evaluations should be consistent with appropriate sections from
RG 1.78, “Evaluating the Habitability of a Nuclear Power Plant Control Room during a
Postulated Hazardous Chemical Release,” Revision 1.

2.2.3.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.2 and checked the referenced DCD to ensure
that the combination of the DCD and the COL application represents the complete scope of
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information relating to this review topic.1 The staff’s review confirmed that the information in the
application and incorporated by reference addresses the required information relating to the
evaluation of potential accidents. The results of the staff’s evaluation of the information
incorporated by reference in the application are documented in NUREG-1793 and its
supplements. The staff reviewed the information in the WLS COL FSAR:
AP1000 COL Information Item
•

WLS COL 2.2-1

The staff reviewed WLS COL 2.2-1 related to information regarding industrial, military, and
transportation facilities and routes to establish the presence and magnitude of potential external
hazards, including the following accident categories: explosions, flammable vapor clouds
(delayed ignition), toxic chemicals, fires, and airplane crashes included in WLS COL FSAR
Section 2.2.3. COL information item in AP1000 DCD, Section 2.2 states:
Combined License applicants referencing the AP1000 certified design will
provide site-specific information related to the identification of potential hazards
within the site vicinity, including an evaluation of potential accidents and verify
that the frequency of site-specific potential hazards is consistent with the criteria
outlined in Section 2.2. The site-specific information will provide a review of
aircraft hazards information on nearby transportation routes, and information on
potential industrial and military hazards.
Explosions
The applicant considered hazards involving potential explosions that could result in blast
overpressure because of detonation of explosives, chemicals, liquid fuels, and gaseous fuels for
facilities and activities either onsite or within the site vicinity of the proposed units. The
applicant evaluated potential explosions from nearby highways, railways, or facilities using
0.07 bar (1 psi) overpressure as a criterion for adversely effecting plant operation or preventing
safe shutdown of the plant. In accordance with RG 1.91, “Evaluation of Explosions Postulated
to Occur on Transportation Routes Near Nuclear Power Plants,” peak positive incident
overpressures below 0.07 bar (1 psi) are considered to cause no significant damage.
The applicant determined a minimum safe standoff distance of 0.8 km (0.52 mi) for truck
transport using conservative assumptions and RG 1.91 methods. By comparison, the distance
to the closest highway is 7 km (4.24 mi) from the nearest safety-related structure. The applicant
also calculated the minimum safe standoff distance of 2.8 km (1.76 mi) for a railroad accident,
using conservative assumptions and RG 1.91 methods. The staff performed independent
calculations, which confirmed the applicant’s results. Therefore, the staff concludes the
applicant’s assumptions and methods are adequate.
The nearest and largest nearby natural gas pipelines are owned by Colonial Pipeline and by
Plantation Pipeline are located 5.2 km (3.24 mi) from the WLS site, at the closest point. The
1 m (40 in) diameter pipeline, buried 1-1.2 m, (3-4 ft) underground, was analyzed using
conservative assumptions and RG 1.91 methods. The analysis concluded that the minimum
safe standoff distance is 4.6 km (2.83 mi) and the distance to the closest point on the site
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boundary is 5.2 km (3.24 mi). In WLS COL FSAR Section 2.2.3.1.1.2, the applicant stated that
unconfined vapor explosions of natural gas are not considered credible events. The applicant
also stated that deflagration of a natural gas/air mixture is the limiting case, assuming that a
mixture within the flammable limits is not present near the safety-related structures. In WLS
COL FSAR Section 2.2.3.1.2, a delayed flammable cloud ignition is discounted on the basis of
insufficient gas concentrations at the WLS site. In WLS COL FSAR Section 2.2.3.1.1.3, other
nearby industrial facilities identified were reviewed for their minimum standoff distance from the
site for explosive hazard with similar results to those discussed for pipelines. In WLS COL
FSAR Section 2.2.3.1.1.4, the hazard from onsite chemicals was reviewed. Except as noted in
the application, the hazardous chemicals listed by the WLS COL FSAR are bounded by the
AP1000 design. The staff finds that this WLS COL FSAR discussion satisfies the requirement
in Interface Item 2.2 to address external missiles from manmade hazards.
Toxic Chemicals
As previously noted, there is no major barge traffic within 8 km (5 mi) of the WLS site. The
highway with heavy commercial traffic, nearest the WLS site, is U.S. Highway 29, passing about
7.2 km (4.5 mi) northwest of the site. South Carolina Highways 5, 97, 105, and 329 are located
within 8 km (5 mi) of the site. Annual average traffic data for 2005 was used to estimate traffic
volume for the hazards analysis. The result of the analysis was that the release frequencies are
higher than the acceptance criteria of RG 1.78 (1E-6/yr for mobile sources). The additional
analysis is discussed in WLS COL FSAR Section 2.2.3. After independently reviewing available
information on the internet from local, State and Federal agencies, the staff concluded that the
applicant’s review is adequate.
Regarding the onsite storage of chemicals, the applicant stated that the chemicals stored on site
are bounded by the standard chemicals identified in AP1000 DCD, Table 6.4-1. These
chemicals were assessed by Westinghouse as part of the main control room habitability hazard
analysis supporting the application. The Westinghouse analysis concluded that the chemicals
listed in AP1000 DCD Table 6.4-1 did not present a hazard to the control room operators or to
safety-related systems, structures, or components (SSCs). The applicant stated that the
analysis was applicable because chemicals stored on site are bounded by the types, locations,
and quantities of chemicals specified in the AP1000 DCD. Therefore, no further analysis is
required. However, the staff independently reviewed the Westinghouse analysis and the
site-specific analysis and concluded that the immediate danger to life and health (IDLH) is still
exceeded outside the control room for carbon dioxide and hydrazine. The effect of these two
gases on the habitability of the control room is evaluated in Section 6.4 of this report. The staff
concurs with the applicant’s conclusions on the other chemicals listed in AP1000 DCD,
Table 6.4-201.
Fire, Smoke, and Heat Fluxes
The distances between any fires originating from facilities or transportation accidents and the
WLS facility is at least 3.7 km (2.31 mi), and do not have the potential to affect the safe
operation of WLS. The WLS main control room heating, ventilation, and air conditioning
(HVAC) system is described in the application as follows: “continuously monitors the outside air
using smoke monitors located at the outside air intake plenum and monitors the return air for
smoke upstream of the supply air handling units (DCD Section 9.4.1.2.3.1). If a high
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concentration of smoke is detected in the outside air intake, an alarm is initiated in the main
control room and the main control room/technical support center HVAC subsystem is manually
realigned to the recirculation mode by closing the outside air and toilet exhaust duct isolation
valves. Therefore, any potential heavy smoke problems at the main control room air intakes
would not affect the WLS operators.” The staff reviewed and verified the above information and
concluded that the applicant’s determination is adequate.
Collision with the Intake Structure
This section is not applicable, as the WLS intake structure is not located on a navigable portion
of the Broad River waterway, collision with commercial traffic is not considered credible. Neither
is collision with any of the site make-up ponds.
Liquid Spills
There is no safety-related equipment at the WLS intake structure. Liquid spill of petroleum or
similar products or corrosive liquids would collect or disperse depending on its particular
attributes. Spills that float on the river would not be drawn into the WLS water supply because
of the location of the intake pipes. Spills that sink would be drawn into the intake structure and
would be sent to Makeup Pond A and would likely be diluted in the process. Failure of the raw
water system would not prevent essential functions of WLS safety-related systems. The staff
reviewed and verified the information given above and concurs with the applicant’s conclusion.

2.2.3.5

Post Combined License Activities

There are no post COL activities related to this section.

2.2.3.6

Conclusion

The staff reviewed the WLS COL application and checked the referenced DCD. The staff’s
review confirmed that the applicant addressed the required information relating to evaluation of
potential accidents, and there is no outstanding information expected to be addressed in the
WLS COL FSAR related to this section. The results of the staff’s technical evaluation of the
information incorporated by reference in the application are documented in NUREG-1793 and
its supplements.
As discussed above, the applicant presented and substantiated information to identify potential
hazards in the site vicinity. The staff reviewed the information provided and, for the reasons
given above, concludes that the applicant provided sufficient information with respect to
identification of potential hazards in accordance with the requirements of 10 CFR 52.79(a)(1)(iv)
and 10 CFR 52.79(a)(1)(vi). The nature and extent of activities involving potentially hazardous
materials that are conducted at nearby industrial, military, and transportation facilities have been
evaluated to identify any such activities that have the potential for adversely affecting plant
safety-related structures. Based on an evaluation of information in the WLS COL FSAR as well
as information that the staff independently evaluated, the staff concludes that potentially
hazardous activities on site and in the vicinity of the plant have been identified. This addresses
and resolves COL Information Item 2.2-1 and Interface Item 2.2. In addition, the staff finds that
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the applicant has provided sufficient information to satisfy the requirements of 10 CFR Part 50,
10 CFR Part 52, and 10 CFR Part 100.

2.3

Meteorology

To ensure that a nuclear power plant or plants can be designed, constructed, and operated on
an applicant’s proposed site in compliance with NRC regulations, the staff evaluated regional
and local climatological information, including climate extremes and severe weather
occurrences that may affect the design and siting of a nuclear plant. The staff reviewed
information on the atmospheric dispersion characteristics of a nuclear power plant site to
determine whether the radioactive effluents from postulated accidental releases, as well as
routine operational releases, comply with NRC regulations. The staff prepared Sections 2.3.1
through 2.3.5 of this safety evaluation report (SER) in accordance with the review procedures
described in NUREG-0800, “Standard Review Plan for the Review of Safety Analysis Reports
for Nuclear Power Plants (LWR Edition),” using information presented in WLS COL FSAR
Section 2.3 (which references the AP1000 DCD), responses to staff requests for additional
information (RAIs), and generally available reference materials (as cited in applicable sections
of NUREG-0800).

2.3.1

Regional Climatology

2.3.1.1

Introduction

WLS COL FSAR Section 2.3.1, “Regional Climatology,” addresses averages and measured and
probabilistic extremes of climatic conditions and regional meteorological phenomena that could
affect the safe design and siting of the plant. This includes information describing the general
climate of the region, seasonal and annual frequencies of severe weather phenomena, and
other climatological conditions to be used for design and operating-basis considerations. This
section of the report also addresses the supplemental information in WLS COL FSAR
Section 2.3.6 related to regional climatology.

2.3.1.2

Summary of Application

WLS COL FSAR, Revision 11, Section 2.3, incorporates by reference AP1000 DCD,
Revision 19, Section 2.3. In WLS COL FSAR Section 2.3.1, the applicant addressed the
following:
AP1000 COL Information Item
•

WLS COL 2.3-1

The applicant provided additional information in WLS COL 2.3-1 to address COL Information
Item 2.3-1. WLS COL 2.3-1 addresses site-specific information related to regional climatology.
In addition, this WLS COL FSAR section addresses Interface Item 2.4 related to extreme
meteorological conditions for the design of systems and components exposed to the
environment, Interface Item 2.5 related to tornado and operating basis wind loadings, Interface
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Item 2.7 related to snow, ice and rain loads, and Interface Item 2.8 related to ambient air
temperatures.

2.3.1.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed NUREG-1793
and its supplements. The acceptance criteria and information needed to evaluate regional
climatological and meteorological characteristics are based on meeting the relevant
requirements of NRC regulations under 10 CFR Part 52 and 10 CFR Part 100. The staff
considered the following regulatory requirements in reviewing the applicant’s descriptions of the
regional climatological and meteorological characteristics around the proposed WLS site.
•

10 CFR 52.79(a)(1)(iii), as it relates to identifying the most severe of the natural
phenomena that have been historically reported for the site and surrounding area and
with sufficient margin for the limited accuracy, quantity, and time in which the historical
data have been accumulated.

•

10 CFR Part 100, 10 CFR 100.20(c)(2), and 10 CFR 100.21(d) with respect to the
consideration given to the regional meteorological characteristics of the site.

NUREG-0800, Section 2.3.1, recommends the following acceptance criteria be provided by a
COL applicant:
•

The description of the general climate of the region should be based on standard
climatic summaries compiled by the National Oceanic and Atmospheric Administration
(NOAA). In addition, consideration of the relationships between regional, synoptic scale
atmospheric processes and local (site) meteorological conditions should be based on
appropriate meteorological data.

•

Data on severe weather phenomena should be based on standard meteorological
records from nearby representative National Weather Service (NWS), military, or other
stations recognized as standard installations that have long periods of data on record.
The applicability of these data to represent site conditions during the expected period of
reactor operation should be substantiated.

•

Tornado parameters to be used in establishing pressure and tornado missile loadings on
SSCs important to safety should be based on RG 1.76, “Design-Basis Tornado and
Tornado Missiles for Nuclear Power Plants,” Revision 1. Alternatively, an applicant may
specify any tornado parameters that are appropriately justified, provided that a technical
evaluation of site-specific data is conducted.

•

The basic (straight-line) 100-year return period 3-second gust wind speed to be used in
establishing wind loadings on plant structures should be based on appropriate
standards, with suitable corrections for local conditions.

•

The ultimate heat sink (UHS) meteorological data that would result in the maximum
evaporation and drift loss of water and minimum water cooling should be based on
long-period regional records that represent site conditions in accordance with RG 1.27,
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“Ultimate Heat Sink for Nuclear Power Plants,” Revision 2. If applicable, the potential for
water freezing in the UHS water storage facility should also be analyzed. (Note: Not
applicable to a Passive Containment Cooling System design that does not use a cooling
tower or cooling pond, such as the AP1000, where the UHS is the atmosphere.)
•

The weight of the 100-year return period snowpack or snowfall and the weight of the
48-hour probable maximum winter precipitation (PMWP) are to be used in determining
the weight of snow and ice on the roofs of safety-related structures. Consistent with the
staff’s branch position on winter precipitation loads, the winter precipitation loads to be
included in the combination of normal live loads should be based on the weight of the
100-year snowpack or snowfall, whichever is greater, recorded at ground level. The
weight of the 100-year return period snowpack or snowfall should be based on data
recorded at nearby representative climatic stations or obtained from appropriate
standards with suitable corrections for local conditions. The winter precipitation loads to
be included in the combination of extreme live loads should be based on the weight of
the 100-year snowpack or snowfall at ground level plus the weight of the 48-hour PMWP
of which should be determined in accordance with reports published by NOAA’s
Hydrometeorological Design Studies Center.

•

Ambient temperature and humidity statistics for use in establishing heat loads for the
design of normal plant heat sink systems, post-accident containment heat removal
systems, and plant heating, ventilating, and air conditioning systems should be derived
from data recorded at nearby representative climatic stations or obtained from
appropriate standards with suitable corrections for local conditions.

•

High air pollution potential information should be based on U.S. Environmental
Protection Agency (EPA) studies.

•

All other meteorological and air quality conditions identified by the applicant as climate
site characteristics or used as design and operating bases should be documented and
substantiated.

Generally, the information should be presented and substantiated in accordance with
acceptable practice and data as issued by NOAA, industry standards, and regulatory guides.
The following regulatory guides and other related guidance documents were also taken into
consideration in the staff’s review of WLS COL FSAR Section 2.3.1 and Appendix 2CC
(as applicable):
•

RG 1.27, “Ultimate Heat Sink for Nuclear Power Plants,” which provides criteria for
selecting the UHS meteorological data that would result in the maximum evaporation
and drift loss of water and minimum water cooling.

•

RG 1.76, “Design-Basis Tornado and Tornado Missiles for Nuclear Power Plants,”
Revision 1, which includes criteria for selecting design-basis tornado parameters for
locations within the contiguous United States (U.S.);

•

RG 1.206, “Combined License Applications for Nuclear Power Plants,” which
summarizes the types of regional climatological and meteorological information,
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identified in NUREG-0800, Section 2.3.1, that an applicant should provide in FSAR
Section 2.3.1 when describing the general climatic conditions of the site area and region,
and characterizing the meteorological conditions against which the plant design and
operating bases will be evaluated;
•

RG 1.221, “Design-Basis Hurricane and Hurricane Missiles for Nuclear Power Plants,”
which provides new guidance for selecting the design-basis hurricane wind speed and
hurricane-generated missiles to be addressed in permit, license, and design certification
applications for new nuclear reactors proposed to be located in the contiguous U.S.,
and, where applicable, for comparison against corresponding design-basis tornado wind
speeds and tornado missiles to determine the controlling severe weather phenomenon;

•

Interim Staff Guidance (ISG) document DC/COL-ISG-7, “Interim Staff Guidance on
Assessment of Normal and Extreme Winter Precipitation Loads on the Roofs of Seismic
Category I Structures,” which was issued subsequent to the publication of NUREG-0800,
Section 2.3.1 to clarify the staff’s position on identifying winter precipitation events as
site characteristics and site parameters for determining normal and extreme winter
precipitation loads on the roofs of Seismic Category I structures.

2.3.1.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.3.1 and checked the applicable site parameters
in AP1000 DCD Tier 1 (Table 5.0-1) and Tier 2 (Table 2-1) to ensure that the combination of the
DCD and the information in the COL application represent the complete scope of information
relating to this review topic. The staff’s review confirmed that the information contained in the
application and incorporated by reference (as related to site parameters) addresses the required
information relating to regional climatology. The staff reviewed AP1000 DCD, Section 2.3.1
under Docket Number 52-006. The staff’s technical evaluation of the applicable site parameters
incorporated by reference related to regional climatology will be documented in the staff’s
separate SER on the DC application for the AP1000 design. In addition, the staff reviewed the
information in the WLS COL FSAR corresponding to the following:
AP1000 COL Information Item
•

WLS COL 2.3-1

The staff reviewed information related to regional climatological conditions included by the
applicant under WLS COL FSAR Section 2.3.1 in response to COL 2.3-1. The specific text of
this COL Information Item in AP1000 DCD Tier 2, Section 2.3.6.1 states:
Combined License applicants referencing the AP1000 certified design will
address site-specific information related to regional climatology.
The staff relied upon the review procedures presented in NUREG-0800, Section 2.3.1, to
independently assess the technical sufficiency of the information presented by the applicant.
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2.3.1.4.1

General Climate

The applicant provided descriptions of the general climate of both South Carolina (including the
Piedmont region in which the proposed WLS site is located) and for North Carolina. The
discussion for South Carolina is primarily based on a climate summary available from the State
Climatology Office 2. The following discussion briefly summarizes the information provided by
the applicant in WLS COL FSAR Section 2.3.1.1 and the staff’s evaluation of this information.
The State’s proximity to the Atlantic Ocean, the proximity to the Appalachian Mountains, and
local elevation all influence the local climate. As indicated above, the proposed WLS site is
located in the Piedmont region of South Carolina. In RAI 446, Question 02.03.01-1, the staff
requested that the applicant identify the National Climatic Data Center’s (NCDC) State climatic
division for the proposed WLS site or an alternative. In an October 10, 2008, response to
RAI 446, Question 02.03.01-1 and in accordance with NUREG-0800, the applicant updated
Revision 0 of WLS COL FSAR Section 2.3.1.1 to indicate the State climatic division in which the
proposed WLS site is located (i.e., South Carolina Climate Division 2, Northwest 3).
The climate of South Carolina is humid, subtropical, and characterized by a short cold season
and a relatively long warm season. During the summer, a maritime tropical air mass, known as
the Bermuda High (where anticyclonic, or clockwise, motion brings additional moisture into the
state) dominates South Carolina’s weather. The State’s annual average temperature varies
around 12 °Centigrade (C)) (mid-50 (Fahrenheit (F)) in the mountains to the low-15 °C (60s F)
along the coast.
Precipitation in South Carolina is ample and well distributed with two maxima and two minima
throughout the year. The maxima occur around March and August, and the minima occur
around April and November. Precipitation varies across the State, averaging from about
101 - 203 cm (40 to 80 inches (in.)) annually1.
The staff notes the following with respect to this information:
•

the proposed WLS site is located about 8 km (5 mi) west of York County, SC, one of
several counties referred to as South Carolina Climate Division 3 (or North Central)

•

average temperatures are similar between South Carolina Climate Divisions 2 and 3
(monthly and annual means are only about 0.55 ° C (1 to 1.5 °F) cooler in Climate
Division 2)

•

annual average total precipitation is about 10 percent higher (by about 11 to 13 cm)
(4.5 to 5 in.) in Climate Division 2 than in Climate Division 3; being similar during the

South Carolina State Climatology Office, “Climate,”
http://www.dnr.sc.gov/climate/sco/ClimateData/cli_sc_climate.php Accessed September 15, 2014
3 National Climatic Data Center, “US Climate Divisions,” http://www.ncdc.noaa.gov/monitoringreferences/maps/us-climate-divisions.php Accessed September 15, 2014
2
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summer months and generally about 20 percent higher in Climate Division 2 from
autumn through early spring 4
Measurable snowfall may occur from one to three times a winter in all areas of the State, except
in the Low Country. The greatest snowfall measured at the nearby Ninety-Nine Islands
cooperative observing station, approximately one mile northeast of the site, was 33 cm (13 in.)
on January 7, 1988. Overall, however, the greatest observed 24-hour snowfall total in the State
(60 cm) (24 in.)) was recorded at Rimini, SC in February of 19735. The staff notes that the
Rimini cooperative observing station is located in the south-central part of the state in the
Midlands region (i.e., between the Piedmont and Coastal Plain) about 177 km (110 mi)
southeast of the proposed WLS site.
The occurrence of sleet and freezing rain varies across the state, averaging from 0.75 to
3.75 events per year. The highest monthly frequency occurs in January and ranges from
approximately 0.25 to 1.5 events across the state1.
Hail-producing storms are infrequent events that can occur at any time of the year but are
generally associated with thunderstorm activity during the spring. The incidence of such events
is higher in the Midlands, Piedmont, and Foothills regions (averaging about 1 to 2 days
annually), decreasing to less than one day per year (on average) in the Low Country1.
Average surface wind speeds across the state for all months range between 10 to 16 km
(6 to 10 mi/hr). The Appalachian Mountains exert a strong influence on the surface wind
direction. Prevailing winds tend to have a southwesterly orientation in the spring and summer
and a northeasterly orientation in the autumn and winter. However, the staff notes that the
undulating topography that characterizes the Piedmont region, which includes the site vicinity,
also affects local airflow, especially under low wind speed conditions (such as that which occurs
diurnally during the overnight and early morning hours, particularly during the autumn and
summer seasons)1.
The applicant characterized the relative potential for air pollution (rather, for prolonged periods
of poor atmospheric dispersion) based on the frequency of air stagnation conditions in the site
region. These conditions typically occur during an extended summer season from about May to
October, with a minimum during the month of July. In South Carolina, air stagnation conditions
generally occur about 10 to 20 days per year.
An air stagnation case is an episode of poor dispersion that persists for at least 4 days (as
defined in the applicant’s reference material). The applicant suggested that in the eastern U.S.,
“six cases” occur during the spring, “14 cases” in the summer, and “11 cases” in the fall, based

National Climatic Data Center, “Climate at a Glance,” http://www.ncdc.noaa.gov/cag/ Accessed
October 31, 2014
5 South Carolina State Climatology Office, “South Carolina Maximum 24-Hour Snow, 1890-2007,”
http://www.dnr.sc.gov/climate/sco/ClimateData/cli_table_24hr_max_snow.php Accessed September 17,
2014
4
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on a regionally averaged mean annual cycle. Figure 5 of Wang and Angell 6, as cited by the
applicant, shows that all mean annual stagnation case frequencies are less than one for each of
the months through the period of May through October, with the highest frequency being in
September (0.75 case per month). Since this information is not a direct input to any of the
analyses under WLS COL FSAR Section 2.3, the staff did not evaluate this discussion further.
The applicant briefly described some of the effects that tropical cyclones (which include
hurricanes and tropical storms) have on the weather and climate of South Carolina, primarily
focusing on the coast but also noting that these events have a significant influence over other
areas inland by enhancing rainfall during the summer and fall months. The applicant also
provided a graphic plot of tropical cyclone tracks based on a 156-year period of record (POR),
whose paths at one point crossed within a 120 km (75 mi) radius of the Greenville/Spartanburg
International Airport. While the center of this radial area lies about 64 km (40 mi) west of the
proposed WLS site, the plot nevertheless shows that tropical cyclone storm intensities decrease
as they move inland from the coast (Hurricane Hugo, despite its diminishing strength, retained
its hurricane status as it traversed this area).
Finally, the applicant summarized tornado occurrences on a statewide basis indicating that such
events were observed, on average, about 11 times per year based on a 40-year POR. Most of
these storms occur between February and September, with May and August being the peak
months. The peak in May is attributed primarily to the passage of squall lines and cold fronts;
the August peak is said to often be associated with the passage of tropical cyclones.
Consistent with NUREG-0800, Section 2.3.1, except as noted above, the applicant provided an
acceptable description of the general climate of South Carolina based on a recent summary
prepared by the State Climatology Office.

2.3.1.4.2

Regional Meteorological Conditions for Design and Operating Bases

2.3.1.4.2.1

Hurricanes

In WLS COL FSAR Section 2.3.1.2.1, Revision 0, the applicant provided data on historical
hurricane events that have affected North and/or South Carolina (i.e., having made landfall in
either one or both states) using NOAA Technical Memorandum NWS SR-206.7 The staff was
unable to identify the same number of hurricane events as presented by the applicant.
Therefore, in RAI 446, Question 02.03.01-2, the staff requested that the applicant explain their
data sources.
In an October 10, 2008, response RAI 446, Question 02.03.01-2, the applicant revised the
original hurricane statistics by creating a composite dataset, which was based on data provided
by the NOAA Coastal Services Center (CSC) 7 and in NOAA Technical Memorandum NWS

6

J. X. L. Wang and J. K. Angell, “Air Stagnation Climatology for the United States (1948-1998),” NOAA Air
Resources Laboratory Atlas No. 1, Air Resources Laboratory, Environmental Research Laboratories, Office of
Oceanic and Atmospheric Research, Silver Spring, MD, April 1999.
7 NOAA Coastal Services Center, “Historical Hurricane Tracks,” http://coast.noaa.gov/hurricanes/# Accessed
November 3, 2014.
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SR-206. 8 The applicant stated that where there were inconsistencies noted between the two
sources of information, the most conservative storm category was chosen. Table 2.3.1-1 of this
report contains the applicant’s (original and revised) event counts.
Table 2.3.1-1 Historical Hurricane Data for North and South Carolina
Storm Strength

Applicant

Composite
Data

Category 5

0

0

Category 4

2

4

Category 3

12

11

Category 2

10

15

Category 1

20

20

Total

44

50

The staff considers the revised composite data counts to be a reasonable representation of
overall hurricane frequency for the two states over the 107-year POR from 1899 through 2005,
with slight differences in counts because of potential double-counting of storm entries made for
the two adjacent states. Data reported by the applicant indicates that hurricanes have made
landfall in these two states as early as July and as late as November; the greatest frequencies
of these events occur during September and August. The most intense of these hurricanes
(rated on the Saffir-Simpson scale as Category 4 storms (209 to 261 km/hr (130 to 156 mi/hr)
sustained wind speed)) occurred during September and October.
WLS COL FSAR Section 2.3.1.2.1 correctly states that hurricanes lose strength as they move
inland from the coast. The applicant’s October 10, 2008, response to RAI 446,
Question 02.03.01-2 also indicated that only two of these storms tracked within 65 statute miles
of the proposed WLS site during the POR considered (i.e., Hurricane Able in 1952 and
Hurricane Hugo in 1989). Current NOAA-CSC records checked by the staff show that the path
of a third (unnamed) hurricane traversed within this radial distance during 1893. At their
maximum intensity while in this area, Hurricane Able had diminished to a tropical storm, the
unnamed storm noted above decreased to Category 1 level, and Hugo, although weakened,
was still a Category 2 hurricane as it passed through and continued into western North Carolina.
Consistent with the intent of the recently issued RG 1.221 and in support of Section 3.3 of this
report, the staff estimated the maximum hurricane wind speed in the site area based on
observed data to help assess whether the proposed WLS site might reasonably be expected to
NOAA Technical Memorandum NWS SR-206, “Atlantic Tropical Storms and Hurricanes Affecting the United States:
1899-1999,” http://www.srh.noaa.gov/ssd/techmemo/sr206.htm Accessed November 3, 2014.

8
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experience hurricane-related wind speeds in excess of design-basis tornado wind speeds. WLS
COL FSAR Table 2.3-203 includes Saffir-Simpson wind speed ranges associated with each of
the five storm categories. Based on the discussion above, the highest storm category
experienced in the site area over at least a 113-year POR (i.e., going back to the unnamed
1893 hurricane identified by the staff – and likely closer to a 150-year POR given that NOAACSC records extend back to the 1850’s) was designated as a Category 2 hurricane. Sustained
winds from Category 2 storms, under the Saffir-Simpson scale, range from 155 to 177 km/hr
(96 to 110 mi/hr).
Sustained wind speeds nominally represent the peak speed averaged over a one-minute period.
Conversely, design-basis tornado wind speeds from RG 1.76 and hurricane-related wind
speeds based on RG 1.221 are both expressed as 3-second gust speeds for evaluating
structural wind pressure loadings and for the generation of wind-borne missiles. As such, these
wind speeds are not directly comparable.
The American Society of Civil Engineers – Structural Engineering Institute (ASCE-SEI)
Standard 7-10, “Minimum Design Loads for Buildings and Other Structures,” Table C26.5-2
provides an approximate relationship between sustained and 3-second gust wind speeds. For
Category 2 hurricanes, the corresponding 3-second gust wind speeds over land at 10 m (33 ft)
above open ground range from 170 to 195 km/hr (106 to 121 mi/hr). In comparison, the
information in RG 1.221 indicates a 258 km/hr (160 mi/hr) hurricane wind speed for the WLS
site area, noting that this latter value corresponds to an exceedance probability of 1 X 10-7.
Section 2.3.1.4.2.2 of this report provides a comparison of these values with the maximum
design-basis tornado wind speed.

2.3.1.4.2.2

Tornadoes and Waterspouts

The applicant used a 56-year period of tornado reports (1950 to 2005) from the NCDC 9 to
determine the number of tornadoes recorded near the proposed WLS site. In WLS COL FSAR
Section 2.3.1.2.2, the applicant stated that 118 tornadoes had been reported in the eight
counties that contain and surround the site, including Cherokee, Spartanburg, Union, Chester,
and York in South Carolina, and Cleveland, Gaston, and Mecklenburg in North Carolina. Using
the same tornado database, the staff independently confirmed the tornado statistics, as
presented in WLS COL FSAR Table 2.3-204.
Following the methods of H.C.S. Thom, as presented in WASH-1300 10, “Technical Basis for
Interim Regional Tornado Criteria,” and using data from the tornado reports referred to above,
the applicant estimated the probability of a tornado striking any particular location in the
eight-county area around the proposed WLS site, during any one year, as:

9

National Climatic Data Center, “Storm Events Database,” http://www.ncdc.noaa.gov/stormevents/ Accessed
October 13, 2014.
10 WASH-1300, “Technical Basis for Interim Regional Tornado Criteria,” U.S. Atomic Energy Commission,
Washington, DC, May 1974.
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P=

zavg  tavg
A

where, for the area being considered:
P

= mean probability of a tornado striking a point in any year

tavg

= mean number of tornadoes per year

zavg

= mean path area of a tornado (sq-mi)

A

= total area being considered

or 2.00 x 10-4 per year. The equivalent recurrence interval based on this probability, calculated
as (1 / P), was estimated to be once every 5,000 years.
Similarly, the applicant used the same methods to estimate the probability of a tornado striking
any particular location within Cherokee County, SC (where the proposed WLS site is located),
as 1.64 x 10-4 per year, or an equivalent recurrence interval of 6,108 years, slightly lower than
for the larger area that includes the surrounding counties.
The staff attempted to verify the applicant’s probabilistic estimate for the eight-county area using
the same on-line tornado database from the NCDC (i.e., “Storm Events” for North Carolina and
South Carolina, Tornado Event Summaries). However, the staff could not confirm the area
considered, finding a smaller total land area using the current (i.e., 2010) version of the same
U.S. Census Bureau database – that is, 11,190 sq-km (4,320 sq-mi) versus the 13,290 sq-km
(5,131 sq-mi) area used by the applicant. The staff also noted that observations of tornado path
length and path width (used to estimate the area of individual tornado events) were missing for
nearly one-third of the 118 recorded events. Both of these inputs appear to have competing
effects on the probability (recurrence interval) calculation.
In Revision 9 of the WLS COL FSAR, the applicant reconciled the area used in the probabilistic
tornado strike estimate (i.e., 13,290 sq-km) (5,131 sq-mi)) with the counties from which tornado
occurrences were selected. In resolving this issue, the applicant added tornado event
observations reported for Polk and Rutherford Counties, in North Carolina, over the 56-year
POR, one and six events, respectively. The additional land area for these two counties, based
on 2010 U.S. Census Bureau data, accounts for the discrepancy noted by the staff in its initial
evaluation of the area considered. In re-confirming the applicant’s probabilistic estimate for the
ten-county area around the proposed WLS site, the staff finds the applicant’s estimated strike
probability and recurrence interval conservative and reasonable.
The staff also considered the tornado strike probabilities and other characteristics calculated for
the 1°, 2°, and 4° box areas of latitude and longitude (Latitude/Longitude (Lat/Lon)) in the
continental U.S. as reported in NUREG/CR-4461, “Tornado Climatology of the Contiguous
United States,” Revision 2. Based on the Lat/Lon coordinates of the two units at the proposed
WLS site (i.e., approximately 35.0° north / 81.5° west – see WLS COL FSAR Section 2.1.1) and
the results for the 1° and 2° box areas in NUREG/CR-4461, Revision 2, that include the site, the
staff concluded that the applicant included the correct tornado statistics in WLS COL FSAR
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Section 2.3.1.2.2. Based on the statistical summaries for the 1° and 2° Lat/Lon box areas
around the proposed WLS site, the staff notes that the site is located in an area of transition with
decreasing tornado point strike probabilities and increasing recurrence intervals to the south
and east. Using the 2° Lat/Lon box area, the staff considers the point strike probability of
about 2.0 x 10-4 reasonable. The applicant followed the methods presented in
NUREG/CR-4461 to determine the tornado strike probabilities. Therefore, the staff finds
information presented by the applicant acceptable.
The applicant chose tornado site characteristics based on RG 1.76, Revision 1, which specifies
design-basis tornado characteristics for three tornado intensity regions defined within the
continental U.S. Each region’s parameters represent a 10-7 per year probability of occurrence.
The applicant stated, and the staff agrees, that the proposed WLS site is located in Tornado
Intensity Region I. The applicant proposed the following tornado site characteristics, which are
listed in WLS COL FSAR Table 2.0-201:
•

Maximum Wind Speed

230 mi/hr (370 km/hr)

•

Pressure Drop

1.2 pounds per square inch (psi) (8.2 kN/mm2)

The maximum tornado wind speed above is comparable (conservatively so) to the 10-7
probability wind speeds presented in NUREG/CR-4461, Revision 2 for the adjacent 1°
and 2° Lat/Lon box areas that include and that are located to the south of the proposed WLS
site.
The AP1000 site parameter tornado wind speed value of 482 km/hr (300 mi/hr) conservatively
bounds the applicant’s site characteristic tornado wind speed of 370 km/hr (230 mi/hr).
In addition, this maximum design-basis tornado wind speed is well above the derived 3-second
gust for hurricane wind speed. The wind speeds could range from about 170 to 195 km/hr
(106 to 121 mi/hr), based on both the highest intensity hurricane recorded in the WLS site area
(i.e., a Category 2 storm) and the 258 km/hr (160 mi/hr) 3-second gust hurricane wind speed for
the site area based on RG 1.221 (Section 2.3.1.4.2.1 of this report has a more detailed
discussion). The staff finds that the applicant’s tornado wind speed site characteristic value
follows the guidance provided in RG 1.76, Revision 1, and is therefore acceptable.
Finally, the applicant stated that waterspouts can occur over seas, bays, and lakes, but that
none are expected near the proposed WLS site because the only nearby body of water is the
Broad River. The staff agrees that waterspouts are typically a coastal phenomenon and notes
that such events, when they do occur, are typically less intense than tornadoes. Given that and
the design-basis tornado characteristics for the site as indicated above, the staff does not
consider this weather element (i.e., waterspouts) an issue at the proposed WLS site.

2.3.1.4.2.3

Thunderstorms, Lightning, and Hail

The applicant’s discussions on thunderstorms, lightning frequency, and hail occurrences in WLS
COL FSAR Subsections 2.3.1.2.3-2.3.1.2.5 are intended to provide a general understanding of
the occurrence of these severe weather events in the site area but do not result in the
generation of site characteristics for use as design or operating bases.
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The applicant’s initial characterization of thunderstorm activity that could potentially occur in the
site area used information from the NCDC’s online “Storm Events” database. However, the staff
noted an inconsistency in thunderstorm reporting when using the “Storm Events” database,
rather than Local Climatological Data (LCD) 11 station summaries, also available from the NCDC.
Therefore in RAI 446, Question 02.03.01-4, the staff requested that the applicant clarify the data
referenced.
In an October 10, 2008, response to RAI 446, Question 02.03.01-4, the applicant provided a
revised thunderstorm frequency analysis based on the LCD summaries for the first-order NWS
stations at Greenville/Spartanburg (Greer), SC (GSP) Airport and Charlotte, NC (CLT) covering
the periods from 1963 through 2007 and 1948 through 2007, respectively. WLS COL FSAR
Table 2.3-205 was updated by the applicant to report the monthly and annual average
frequencies of thunderstorms for the two locations and the composite average for both stations.
From this evaluation, the applicant stated that thunderstorms occur on average
41.6 days per year.
Consistent with NUREG-0800, Section 2.3.1, the applicant compiled information about
thunderstorm frequencies in the site area based on readily available LCD summaries from the
NCDC. The staff notes that these data represent average frequencies of thunderstorm days
(i.e., days on which thunder is either heard or lightning is observed when environmental noise is
high at a manned observation station, or, in more recent years, when lightning is detected by a
sensor at an automated weather observing station). The staff also notes that the reported
average frequencies appear to represent arithmetic rather than weighted averages despite the
different periods of record between the GSP and CLT stations (i.e., 45 and 60 years,
respectively). Nevertheless, the staff finds the applicant’s updated information reasonable and
acceptable.
The applicant indicated that about 14 - 26 lightning strikes to earth per year per square mile
could be expected in the WLS site area and that this range likely represents upper bounds for
the lighting strike density. The staff independently evaluated this estimated range and
assessment based on:
•

the average annual frequencies of thunderstorm days reported in the LCD summaries
for Greenville/Spartanburg (Greer), SC airport and Charlotte, NC, and a method
attributed to the Electric Power Research Institute (EPRI) (yielding an expected
frequency of about 13 strokes to earth per square mile per year)

•

a more recent 14-year flash density map from the National Lightning Detection Network
(NLDN) operated by Vaisala, Inc. (indicating a range of about 9 to 12 strokes to earth
per square mile per year) 12

•

a 1999 paper by G. Huffines and R.E. Orville, “Lightning Ground Flash Density and
Thunderstorm Duration in the Continental United States”: 1989-96 (indicating about

National Climatic Data Center, “Local Climatological Data.” http://www.ncdc.noaa.gov/IPS/lcd/lcd.html Accessed
October 13, 2014.
12 Vaisala’s National Lightning Detection Network, “Cloud-to-Ground Lightning Incidence in the Continental US (19972007),” http://www.lightningsafety.noaa.gov/stats/08_Vaisala_NLDN_Poster.pdf Accessed November 3, 2014.
11
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3 to 5 strokes to earth per square kilometer (8 to 13 strokes to earth per square mile)
per year) 13
The staff considers the applicant’s estimate of the frequency of lightning strokes to earth in the
site area acceptable and conservative.
In WLS COL FSAR Section 2.3.1.2.5, Revision 0, the applicant’s initial analysis of the frequency
of hail events utilized information from the NCDC’s online “Storm Events” database. The staff
noted, as it did above with respect to thunderstorm activity, that use of the “Storm Events”
database reflected some inconsistencies; in this case, that the frequency of recorded hail events
appeared to increase markedly and become more consistent after 1984. Therefore, in RAI 446,
Question 02.03.01-5, the staff requested that the applicant clarify the using data reported over
the POR from 1950 through 2005.
In an October 10, 2008, response to RAI 446, Question 02.03.01-5, the applicant indicated that
because there is no NCDC Local Climatic Data to be used in lieu of the hail event data from the
“Storm Events” database, a revised analysis would be limited to the years from 1995 through
2006. WLS COL FSAR Table 2.3-206, Revision 0 was updated based on the revised POR.
The applicant indicated that 432 hailstorms occurred in an eight-county region around the site
over the period from January 1, 1995, through May 31, 2006, with the largest hail size reported
at 7 cm (2.75 in.) in diameter. Cherokee County received approximately 10 percent of the
reported hailstorms on an annual basis, averaging about 3.5 events per year. The staff
performed an independent verification using information from the NCDC’s “Climate Atlas of the
United States” and obtained similar results.
With regard to the annual percent frequencies of occurrence by county, as listed in WLS COL
FSAR Table 2.3-206, the staff notes that hail events are point observations, where aerial
distribution may be biased by the population distribution depending on the area being
considered, as recognized by the NCDC. This appears to be the case in the WLS site region,
which reflects higher percentages reported for Spartanburg County in South Carolina and
Mecklenburg County in North Carolina. Among the eight considered, these two counties have
the highest populations and population densities based on U.S. Census Bureau data for 2010.
Although the database was limited to a POR of about 11.5 years (based on the applicant’s
response to RAI 446, Question 02.03.01-5), the frequency of hailstorm events could still be
examined using other means of available data (some being recorded as early as the mid to late
1950s). The staff queried the NWS’ Storm Prediction Center’s severe weather database
(Online Severe Plot 3.0) 14 for the eight-county area and determined that several events had
occurred in the site region with hailstones larger than the maximum reported by the applicant
(i.e., 7 cm (2.75 in.)). The largest hailstone reported in the area was 11.5 cm (4.5 in.) in
diameter (a large softball is 9.7 cm (3.8 in.) in diameter) in Gaston County, NC, on April 3, 1974.

13 G. R. Huffines and R. E. Orville, “Lightning Ground Flash Density and Thunderstorm Duration in the Continental
United States: 1989-96,” Cooperative Institute for Applied Meteorological Studies, Department of Meteorology, Texas
A&M University, College Station, TX, August 25, 1998.
14 Storm Prediction Center, “SPC National Severe Weather Database Browser,”
http://www.spc.noaa.gov/climo/online/sp3/plot.php Accessed November 7, 2014.
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Given that these characteristics are not used for design or operating bases of safety-related
SSCs, the staff finds the applicant’s analysis acceptable.

2.3.1.4.2.4

Regional Air Quality

The applicant’s discussion on regional air quality in WLS COL FSAR Section 2.3.1.2.6 intends
to provide a general understanding of the air quality conditions in the site region and area but
does not result in the generation of site characteristics for use as a design basis.
Consistent with 40 CFR 81.106, “Greenville-Spartanburg Intrastate Air Quality Control Region,”
the applicant correctly indicated that Cherokee County, SC, where the proposed WLS site is
located, is included in the Greenville-Spartanburg Intrastate Air Quality Control Region (AQCR).
National Ambient Air Quality Standards (NAAQS) have been issued by the EPA under
40 CFR Part 50 for the six principal air pollutants: carbon monoxide, nitrogen dioxide, ozone,
particulate matter less than 10 microns and less than 2.5 microns in aerodynamic diameter (or
PM-10 and PM-2.5), sulfur dioxide, and lead. Under 40 CFR 81.341, Cherokee County is
designated as being in attainment (i.e., currently meets) or as unclassifiable/attainment
(i.e., meeting the standard or expected to be meeting the standard despite a lack of monitoring
data) for all criteria pollutants. The same is true for all other counties in South Carolina, except
as indicated below for ozone.
The discussion in WLS COL FSAR Section 2.3.1.2.6 refers to a “newly promulgated” 8-hour
ozone standard of 0.08 parts per million (ppm) at “62 Federal Register 36,” dated July 18, 1997
(the staff notes that the correct regulatory citation is 62 FR 38894). Shortly after the initial
submittal of the application in December 2007, the EPA revised that standard on March 27,
2008 (i.e., at 73 FR 16511) under new section 40 CFR 50.15, to be 0.075 ppm expressed to
three decimal places.
Further, the listing of non-attainment counties/areas in South Carolina for the 8-hour ozone
standard has remained unchanged in WLS COL FSAR Section 2.3.1.2.6 since the original
application submittal. However, the staff notes that only a portion of York County, SC, is
currently designated as being in marginal non-attainment for the 8-hour ozone standard (2008)
per EPA’s “Green Book” 15 (as of July 2, 2014). The staff agrees with the stated attainment and
non-attainment statuses described for the surrounding counties in North Carolina.
As one means of characterizing the potential for restrictive atmospheric dispersion conditions,
the applicant estimated average ventilation rates for the WLS site region based on a 7-year
dataset of upper air observations (1984 to 1987 and 1989 to 1991) taken at the NWS station at
Greensboro-High Point, NC. The data were obtained from the EPA Support Center for
Regulatory Atmospheric Modeling (SCRAM) archive. 16 That NWS observing station is located
in north-central North Carolina about 185 km (115 mi) to the northeast of the proposed WLS

15 US Environmental Protection Agency, “The Green Book Nonattainment Areas for Criteria Pollutants”
http://www.epa.gov/oar/oaqps/greenbk/ As of July 2, 2014.
16 http://www.epa.gov/scram001/* Technology Transfer Network Support Center for Regulatory Atmospheric
Modeling” U.S. EPA.
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site. The elevation of the observing station is about 274 m (900 ft) above mean sea level (MSL)
compared to an elevation of about 180 m (590 ft) above MSL for the proposed WLS site.
The ventilation rate was determined by the applicant as the product of the mixing height and
wind speed within the mixing layer. Higher ventilation rates typically correspond to greater
atmospheric dispersion potential, and vice versa. The applicant presented mean morning,
afternoon, and daily ventilation rates in WLS COL FSAR Table 2.3-207 and discussed time
periods during which relatively more or less atmospheric dispersion is expected to occur.
However, the discussion of ventilation rates, as it relates to higher and lower air pollution
potential, is somewhat redundant and disjointed between WLS COL FSAR Sections 2.3.1.2.6
and 2.3.2.4.1. The composite information is evaluated below.
In WLS COL FSAR Section 2.3.1.2.6, the applicant indicated that the “highest daily air pollution
potentials” (or more restrictive dispersion conditions) exist in the morning from June through
October, owing to lower ventilation rates. Conversely, the "lowest daily air pollution potentials”
(or less restrictive dispersion conditions) occur from December through March because of
relatively higher morning ventilation rates. In addition, WLS COL FSAR Section 2.3.2.4.1 states
that highest daily air pollution potentials exist during the afternoon from August through January
when ventilation rates are lower and that lowest air pollution potentials occur in the spring
because of relatively high mean ventilation rates.
The staff performed an independent analysis using data derived from the online Ventilation
Climate Information System (VCIS), one of the Wildland Fire Air Quality Tools developed
through the U.S. Forest Service as part of the Wildland Fire Decision Support System. Similar
results were found in terms of when lower and higher mean morning ventilation rates might be
expected to occur—that is, June through October, and January through April, respectively.
Likewise, lower mean afternoon ventilation rates (i.e., more restrictive dispersion) based on
VCIS are estimated to occur from about September to February, with higher mean afternoon
ventilation rates (i.e., less restrictive dispersion) from about April to July.
The method used by the applicant to estimate ventilation rates is similar to that employed by
Holzworth (Reference 24 in NUREG-0800, Section 2.3.1). In both cases, the wind speed
component of the calculation accounts for winds throughout the entire mixing layer, which can
extend a few thousand meters in the vertical. Comparatively, the VCIS methods uses
surface-level wind speeds that are usually lower because wind speed generally increases with
height. The staff considers surface-level winds to be more representative of the dispersion
conditions that potential radiological releases from an AP1000 unit would experience
(i.e., conditions at or near ground level). Consequently, the staff’s results suggest that the
ventilation rates reported by the applicant could be consistently overstated throughout the year:
in the morning by about a factor of two (for some months even more); in the afternoon; and
similarly on a mean daily basis, about 1.5 to 2.5 times higher.
In addition, the VCIS method adjusts (models) its calculations for the location of interest and
accounts for topographic conditions. More importantly, the VCIS database covers a longer,
more climatologically representative, period of record—about 30 years—compared to the 7-year
POR used by the applicant. All of these factors likely contribute to the slight differences
observed between the two approaches in the months associated with relatively more or less
restrictive atmospheric dispersion conditions. At the time of the initial WLS COL FSAR
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submittal, the VCIS database was available through the Bureau of Land Management. After
contacting the Bureau of Land Management, the staff determined that this database appears to
no longer be supported or available for use.
As another indicator of the potential for restrictive dispersion conditions at the WLS site, in WLS
COL FSAR Section 2.3.1.2.6, the applicant described the frequency of air stagnation conditions
in the site region. Based on a 51-year POR (1948 to 1998) as reported by Wang and Angell,
the applicant stated that South Carolina averages four air stagnation cases per year, with a
mean duration of 5 days for each case, and 20 air stagnation days per year. The staff finds this
description reasonable and acceptable and slightly conservative with respect to frequency of
occurrence.
The applicant also indicated that air stagnation days occur more frequently from July through
October and less often from November through March. This monthly variation is generally in
agreement with the applicant’s analysis and the staff’s evaluation of morning ventilation rates
(above); less so with respect to the monthly variation of afternoon and mean daily ventilation
rates. Given that no site characteristics relate to this information, nor is this information used as
input for any of the applicant’s atmospheric dispersion modeling, the staff considers the
applicant’s discussion of these conditions in the WLS site region reasonable and acceptable.

2.3.1.4.2.5

Severe Winter Storm Events

In WLS COL FSAR Section 2.3.1.2.7, the applicant addressed severe winter storms in the site
region from two perspectives. First, the introduction describes the frequency and other
characteristics of such storms to provide a general understanding of the phenomena in the site
region. As a group, these events may include snow, sleet, or freezing rain (the latter term
usually referred to as ice storms in climatological records). However, this information does not
result in the generation of site characteristics for use as design-or-operating-basis conditions or
for comparison to corresponding site parameter values.
Second, specific characteristics of certain events that are considered in evaluating the
acceptability of structural (roof) loads expected for the proposed WLS site are addressed in
WLS COL FSAR Sections 2.3.1.2.7.1 through 2.3.1.2.7.3. This information generates a site
characteristic value that is compared against a corresponding Tier 1 and Tier 2 site parameter.

2.3.1.4.2.5.1 General Conditions
In WLS COL FSAR Section 2.3.1.2.7, the applicant summarized 283 ice storms (i.e., snow,
sleet, and/or freezing rain), by date, which were reported in the NCDC’s online “Storm Events”
database between 1993 and 2005. These data were obtained for the eight counties that include
and surround the proposed WLS site (i.e., Cherokee, Spartanburg, Union, Chester, and York in
South Carolina, and Cleveland, Gaston, and Mecklenburg in North Carolina). Based on this
information, which appears in WLS COL FSAR Table 2.3-208, the applicant estimated that 22
such events occur annually in this region. The staff notes that this value simply represents the
average number of individual dates with an event reported at any location across all eight
counties during this 13-year POR. The applicant also stated that Cherokee County averages
3.6 such events per year.
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Using the same database from this eight-county region, the staff, through analysis of the events
by county in total each year, determined that a winter storm event could last for one or more
days (as some of the “Storm Data” entries indicate) and impact multiple counties included in the
region of analysis during the same time period. The staff’s independent evaluation shows that
winter storms occur, on average, about 2 to 3 days per year, with Cherokee and Spartanburg
Counties, in South Carolina, and Cleveland County, in North Carolina, at the upper end of that
range. As many as eight events, and as few as none, have occurred during any given year over
the selected 13-year POR when looking at a particular county included in the eight county
region. On average, the data show that the region around the WLS site might experience winter
storms about four times per year. The staff considers the frequency of winter storm events
based on the average of regional individual or multi-day occurrences to be more representative
of conditions that might possibly occur at the proposed WLS site.
In WLS COL FSAR Section 2.3.1.2.7, the applicant also stated that the equivalent ice thickness
because of freezing rain with concurrent 3-second gust speeds for a 100-year mean recurrence
interval is 1.9 cm (0.75 in.) for north-central South Carolina. The 3-second gust speed value(s)
was not indicated. The applicant based this ice thickness value on information in the American
Lifelines Alliance’s report titled “Extreme Ice Thicknesses from Freezing Rain” (September
2004). In its review of the cited reference, the staff determined that a 1.9 cm (0.75 in.) ice
thickness is also associated with a 45 km/hr (30 mi/hr) concurrent 3-second gust wind speed
and a 50-year mean recurrence interval. The reference also provides a conversion factor of
1.25 for scaling 50-year return period values for radial ice thicknesses in the range of 1.3 cm
(0.5 in.) and greater to a 100-year return period. Expecting the 100-year mean recurrence
period value to generally be higher than the 50-year value, in RAI 446, Question 02.03.01-6, the
staff requested that the applicant verify the accuracy of the 100-year value.
In an October 10, 2008, response to RAI 446, Question 02.03.01-6, the applicant verified that
the equivalent radial ice thicknesses for both the 50-year and 100-year mean recurrence
intervals were the same for the WLS site location (i.e., 1.9 cm (0.75 in.)) based on the
respective data plots in the cited reference. The RAI response also confirmed that the
concurrent 3-second gust wind speed associated with these values was 48 km/hr (30 mi/hr) but
was silent with respect to the scaling factor. The applicant concluded that no conversion factor
was necessary to estimate a 100-year mean recurrence interval equivalent ice thickness value
from the 50-year value.
Based on review of reports in the NCDC on-line “Storm Events” database covering the period
back to 1996, the staff accepts the conclusion provided by the applicant. These event
summaries suggest that radial ice thickness values because of freezing rain in the range of
1.9 cm (0.75 in.), up to about 2.5 cm (1 in.), could possibly occur in the WLS site region.
As stated previously, this general information on severe winter storm events does not generate
site characteristics used as design or operating-basis conditions nor was it made to be
compared against a corresponding AP1000 site parameter value. Nevertheless, with the
clarifications noted above from the staff’s review, these descriptions are reasonable indicators of
severe winter storm events in the WLS site region and their potential effects.
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2.3.1.4.2.5.2 Design-Basis Conditions
As discussed in the preceding paragraphs, snow and ice events do occur in the WLS region of
South Carolina. The staff issued DC/COL-ISG-007, which clarifies the staff’s position for
identifying winter precipitation events as site characteristics and site parameters for determining
normal and extreme winter precipitation loads on the roofs of Seismic Category I structures.
The ISG revises the previously issued staff guidance as discussed in NUREG-0800,
Section 2.3.1.
The ISG states that normal and extreme winter precipitation events should be identified in
NUREG-0800, Section 2.3.1, as COL site characteristics for use in NUREG-0800, Section 3.8.4,
in determining the normal and extreme winter precipitation loads on the roofs of Seismic
Category I structures. The normal winter precipitation roof load is a function of the normal
winter precipitation event; whereas, the extreme winter precipitation roof loads are based on the
weight of the antecedent snowpack resulting from the normal winter precipitation event plus the
larger resultant weight from either: (1) the extreme frozen winter precipitation event; or (2) the
extreme liquid winter precipitation event. The extreme frozen winter precipitation event is
assumed to accumulate on the roof on top of the antecedent normal winter precipitation event;
whereas, the extreme liquid winter precipitation event may or may not accumulate on the roof,
depending on the geometry of the roof and the type of drainage provided. The ISG further
states:
•

The normal winter precipitation event should be the highest ground-level weight
(in pounds per square foot (lb/ft2)) among: (1) the 100-year return period snowpack;
(2) the historical maximum snowpack; (3) the 100-year return period two-day snowfall
event; or (4) the historical maximum two-day snowfall event in the site region.

•

The extreme frozen winter precipitation event should be the higher ground-level weight
(in lb/ft2) between: (1) the 100-year return period two-day snowfall event; and (2) the
historical maximum two-day snowfall event in the site region.

•

The extreme liquid winter precipitation event is defined as the theoretically greatest
depth of precipitation for a 48-hour period that is physically possible over a 25.9-sq-km
(10-sq- mi)) area at a particular geographical location during those months with the
historically highest snowpack.

During the review, the staff identified slightly higher extreme snowfall statistics at another
nearby cooperative observing station, Gaffney 6E, also located in Cherokee County and within
16 km (10 mi) of the proposed WLS site. These values included a 100-year return period
snowfall amount of 41 cm (16.3 in.), a maximum observed snowfall of 43 cm (17.0 in.), and a
maximum observed snow depth of the same amount. Therefore, in RAI 446,
Question 02.03.01-8, the staff requested that the applicant justify why the WLS COL FSAR did
not consider the more conservative snowfall data source.
In an October 10, 2008, response to RAI 446, Question 02.03.01-8, the applicant reiterated a
portion of DC/COL-ISG-7 by restating the four parameters to be considered in establishing what
that guidance refers to as the “Normal Winter Precipitation Event.” These parameters include
the highest among: the 100-year return period snowpack, the historical maximum snowpack, the
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100-year return period snowfall event, or the historical maximum snowfall event in the site
region. The applicant also stated that the 100-year return period snowpack from Ninety-Nine
Islands is the maximum of these values and that the more conservative Gaffney 6E data would
“be used in the PMWP evaluation.” For clarification, the staff notes that the information
discussed above pertains to determining the normal winter precipitation event, not the PMWP
(i.e., probable maximum winter precipitation). The 48-hour PMWP component, discussed under
the heading that follows, in combination with the controlling normal winter precipitation event, is
used to estimate the extreme winter precipitation event.
Beginning with WLS COL FSAR, Revision 1, Section 2.3.1.2.7.1, the applicant incorporated the
normal winter precipitation event value based on the Gaffney 6E data (i.e., 43 cm (17.0 in.)) and
estimated the corresponding ground-level weight as 17.7 lb/ft2 for the proposed WLS site, using
the conversion factors indicated above. Therefore, with the clarifications and corrections noted
above from the staff’s review, the staff finds the applicant’s estimate acceptable and considers
RAI 446, Question 02.03.01-8 resolved.
48-hour Probable Maximum Winter Precipitation
As indicated previously and in DC/COL-ISG-7, the 48-hour PMWP is the second of two
components used to estimate the extreme winter precipitation event applicable to a given site,
which, in turn, provides input for the determination of the extreme winter precipitation live roof
load calculation.
The introductory discussion of severe winter storm events discussed in WLS COL FSAR
Section 2.3.1.2.7, Revision 0, reported a 48-hour PMWP value of 8.99 cm (3.54 in.) for the
proposed WLS site. This value was based on data from the Greenville/Spartanburg (Greer)
NWS station over a 9-year POR from 1997 to 2005. The applicant did not discuss the methods
for its determination. Generally, the staff does not consider a 9-year period of record to be
climatologically representative of long-term conditions. Therefore, in RAI 446,
Question 02.03.01-7, the staff requested that the applicant justify the reported 48-hour PMWP
value of 8.99 cm (3.54 in.) in light of 24-hour winter precipitation totals recorded at the nearby
Ninety-Nine Islands and Gaffney 6E cooperative observing stations (i.e., 8.56 and 9.55 cm
(3.37 and 3.76 in.)) and at the Greenville/Spartanburg (Greer) NWS station (i.e., 9.65 cm
(3.80 in.)). In addition, the staff requested that the applicant either clarify the terminology used
in WLS COL FSAR Section 2.3.1.2.7 to describe this 8.99 cm (3.54 in.) estimate or to explain an
8.99 cm (3.54 in.) 48-hour PMWP value, also discussed in WLS COL FSAR Section 2.3.1.2.7.2
but attributed to the Ninety-Nine Islands cooperative observing station. The latter section also
identified another 48-hour PMWP value of 77.5 cm (30.5 in.) for the site area based on NOAA
HMR 5317.
In an October 10, 2008, response to RAI 446, Question 02.03.01-7, the applicant stated that the
data from the Ninety-Nine Islands station is most representative of site conditions because of its
location on the Broad River and close proximity to the site. However, the applicant also stated
that the data from this location (referring to the Ninety-Nine Islands observing station) does not

17

NOAA Hydrometeorological Report No. 53 – Seasonal Variation of 10-Square Mile Probable Maximum
Precipitation Estimates, United States East of the 105th Meridian, NUREG/CR-1486.
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provide a bounding value for design conditions, while also acknowledging that the PMWP value
is established by NOAA’s HMR 53 report as 77.5 cm (30.5 in.) as stated in WLS COL FSAR
Section 2.3.1.2.7.2. Subsequently, in WLS COL FSAR Revision 1, the applicant reconciled the
conflicting text in WLS COL FSAR Sections 2.3.1.2.7 and 2.3.1.2.7.2 by:
•

in WLS COL FSAR Section 2.3.1.2.7, deleting the maximum one-day rainfall total of
18.2 cm (7.16 in.) for the Ninety-Nine Islands cooperative observing station

•

correcting the descriptor for the 48-hour rainfall total from the Greenville/Spartanburg
NWS station in WLS COL FSAR Section 2.3.1.2.7, now referring to that measurement
as a maximum recorded winter precipitation value rather than a 48-hour PMWP value

•

in WLS COL FSAR Section 2.3.1.2.7.2, deleting the 8.99 cm (3.54 in.) 48-hour PMWP
value that had been attributed to the Ninety-Nine Islands cooperative observing station

The staff agrees with the applicant’s use of NOAA HMR No. 53, consistent with the guidance in
DC/COL-ISG-7 and NUREG-0800, Section 2.3.1, for characterizing the 48-hour PMWP for the
proposed WLS site. Furthermore, the staff’s independent analysis indicates that the applicant’s
48-hour PMWP estimate of 77.5 cm (30.5 in.) is conservatively higher than the staff’s
evaluation, which the staff finds acceptable. With the clarifications noted above, the staff
considers RAI 446, Question 02.03.01-7 resolved.
Regarding the applicant’s characterization of design-basis conditions associated with the
48-hour probable maximum winter precipitation, in RAI 446, Question 02.03.01-9, the staff
requested that the applicant describe the additional weight contributed by the 48-hour PMWP if
the central hole on the roof of the passive containment cooling system (PCS) tank is blocked by
a pre-existing 100-year snowpack. The staff also requested that the applicant estimate the
additional weight if at least part of the 48-hour PMWP falls as frozen precipitation.
In an October 10, 2008, response to RAI 446, Question 02.03.01-9, the applicant first reiterated
a portion of the discussion from WLS COL FSAR Section 2.3.1.2.7.2 concluding that water and
snowmelt build-up on the roofs of the Nuclear Island are negligible because the roofs have no
lips (i.e., parapets) around their edges. Furthermore, the shield building roof is sloped with no
lips around its edges that would allow water build-up. The PCS tank (set atop the Shield
Building) is also flat with no lip; therefore, water would not build up. The PCS tank also includes
a central hole that would allow water to drain down in between the shield wall and the steel
containment vessel, further reducing accumulation of water on the PCS tank roof area.
The applicant also summarized a response to an AP1000 design certification-related RAI, which
discussed design features, as well as physical conditions, during normal operation and accident
scenarios to protect against ice blockage of the chimney area. Provisions include the use of
non-safety-related electrical heaters for air inlet structures to keep these structures free of ice
and snow build-up; heat transferred from the reactor containment would help keep the chimney
gratings free of ice build-up because of the flow of heated air upward through the gratings. The
staff accepts, as reasonable, the preceding explanations as justification that the central PCS
tank hole would not be blocked by a pre-existing 100-year snowpack.
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The applicant’s response to RAI 446, Question 02.03.01-9 addresses an additional roof loading
because of rain-on-snow based on ASCE Standard 7-05, “Minimum Design Loads for Buildings
and Other Structures.” ASCE/SEI 7-05 (and its successor, ASCE/SEI 7-10) indicates that if the
ground snow load is less than 20 lb/ft2, an additional rain-on-snow surcharge of 5 lb/ft2 is to be
applied to low-sloped roofs. The previously stated ground snow load associated with the normal
winter precipitation event for the WLS site region (i.e., 17.7 lb/ft2) meets this criterion.
Therefore, the applicant indicated that the 5 lb/ft2 rain-on-snow surcharge applied. Given the
shedding characteristics for rain and snowmelt from the roofs of Seismic Category I structures in
the AP1000 design, and the staff’s guidance in DC/COL-ISG-7, this rain-on-snow surcharge
value corresponds to the extreme liquid winter precipitation event.
The ISG recommends characterization of the extreme frozen winter precipitation event as the
higher ground-level weight of either the 100-year return period snowfall event or the historical
maximum snowfall event in the site region. As identified earlier, the ground-level weight of the
historical maximum snowfall event is 17.7 lb/ft2 for the WLS site and as such, represents the
extreme frozen winter precipitation event (as well as the controlling normal winter precipitation
event). This value is the greater of the extreme frozen and extreme liquid winter precipitation
events (i.e., 17.7 lb/ft2 versus 7.2 lb/ft2) and, therefore, represents the controlling ground-level
weight of the extreme winter precipitation event.
Based on the additional information provided by the applicant regarding roof design and the
application of the ASCE guidance, the staff finds the applicant’s evaluation of the estimated
weight of the 48-hr PMWP acceptable.
Weight of Snow and Ice on Safety-Related Structures
As discussed above, the applicant’s revised site characteristic value for the weight of winter
precipitation on safety-related structures equals 17.7 lb/ft2. WLS COL FSAR Table 2.0-201
presents a comparison between the AP1000 Tier 1 site parameter and corresponding WLS site
characteristic values for snow load. The staff notes that, as discussed above, the applicant did
not include an additional rain-on-snow surcharge of 5 lb/ft2 called for in ASCE 7/05. The staff
recognizes that because of the large difference between the site characteristic snowload and
the AP1000 DCD site parameter, this surcharge would not change the conclusions reached in
this report. The AP1000 DCD site parameter value conservatively bounds the applicant’s site
characteristic for snow load, and therefore, the staff finds this acceptable.

2.3.1.4.2.6

100-Year Return Period Fastest Mile of Wind

In WLS COL FSAR Section 2.3.1.2.8, the applicant provided a 100-year return period
fastest-mile wind estimate for Cherokee County, SC, of 140 km/hr (88 mi/hr) based on
NWS-recorded storm events and a Gumbel-Lieblein extreme value analysis. The dataset
included a maximum reported value of 130 km/hr (80.6 mi/hr or 70 knots). Using the same data
source, the staff independently confirmed the applicant’s wind estimate to be numerically
reasonable. Given the stated POR (i.e., 1950 to 2006), the dataset used by the applicant
appears to be from the NCDC’s online “Storm Events” database, where thunderstorm winds and
high winds typically represent a wind gust (i.e., a 5-second average wind speed). The staff
notes that the AP1000 DCD site parameter for the operating basis wind speed, while associated
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with a 100-year return period, represents a 3-second gust wind speed rather than a fastest-mile
wind speed.
The applicant estimated the 100-year return period site characteristic 3-second gust wind speed
for the proposed WLS site based on ASCE 7-95, “Minimum Design Loads for Buildings and
Other Structures.” The applicant stated that the 50-year return period 3-second gust speed is
150 km/hr (90 mi/hr) and used a conversion factor of 1.07 (based on ASCE-95. Table C6-5) to
determine a 100-year return period 3-second gust speed of 155 km/hr (96 mi/hr). Although the
applicant refers to this value as the design basis wind velocity, this site parameter is more
appropriately referred to as the operating basis wind speed consistent with NUREG-0800,
Section 2.3.1, WLS COL FSAR Table 2.0-201, and AP1000 DCD, Tier 2, Table 2-1.
The staff compared the applicant’s 3-second gust wind speed against a more recent version of
the industry standard, “Minimum Design Loads for Buildings and Other Structures”
(i.e., ASCE/SEI 7-05, which is cited in NUREG-0800, Section 2.3.1). The staff noted the values
were the same. Further, this site characteristic value was also compared by the staff to various
reports of high wind events in the eight counties that include and surround the proposed WLS
site (i.e., Cherokee, Spartanburg, Union, Chester, and York in South Carolina, and Cleveland,
Gaston, and Mecklenburg in North Carolina) as recorded in the NCDC “Storm Events”
database. Thunderstorm wind gusts of 150 km/hr (80 knots (about 92 mi/hr)) were reported in
Spartanburg County, SC in 1991 and 1992, and Mecklenburg County, NC in 1962. Based on
the staff’s independent review, the 100-year return period 3-second gust site characteristic
value is considered to be reasonably representative of conditions that might be expected to
occur in the WLS site area.

2.3.1.4.2.7

Probable Maximum Annual Frequency and Duration of Dust Storms

The following discussion on dust storms intends to provide a general understanding of the
occurrence of this phenomenon in the site region but does not result in the generation of site
characteristics for use as design or operating bases.
The applicant stated that there have been no reported dust storms in the WLS site area.
Consistent with NUREG-0800, Section 2.3.1, the applicant compiled this information from the
NCDC. The staff independently confirmed the information provided by the applicant and finds it
reasonable because this area is not prone to dust storms.

2.3.1.4.2.8

Climate Change

RAI 446, Question 02.03.01-10 was asked by the staff to the applicant in light of
10 CFR 52.79(a)(1)(iii), which requires the applicant to identify the most severe of the natural
phenomena that have been historically reported for the site and surrounding area and with
sufficient margin for the limited accuracy, quantity, and time in which the historical data have
been accumulated. In addition, NUREG-0800, Section 2.3.1, states that the applicant should
substantiate the applicability of data on severe weather phenomena to represent site conditions
during the expected period of reactor operation.
In an October 20, 2008, response to RAI 446, Question 02.03.01-10, the applicant identified that
certified climatological data was used for the severe weather phenomena evaluations and that
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the data selected supports accurate severe weather phenomena projections for the area near
the proposed WLS site. The site characteristic temperatures were developed considering both
100-year return period and zero percent exceedance temperatures. The applicant stated that
the margin between the WLS site characteristics and the DCD site parameters accounts for any
limitations to the accuracy, quantity, and period of time in which the historical data have been
accumulated, and the applicant predicts the site parameters presented in the DCD to be
bounding for the expected period of reactor operation.
In addition, the applicant stated that the WLS site characteristics were already based on an
extensive record of readily available and well-documented climatological observations. The
applicant also cited that general predictions of potential global or U.S. climate change,
particularly on severe weather phenomena during the period of reactor operation, are uncertain
and only possible on a macroclimatic scale. Maximum data spans were used in the severe
weather analysis for the proposed WLS site, and projections were made based on
best-available historic data.
The U.S. Global Change Research Program (USGCRP) released a report to the President and
Members of Congress in June 2009, 18 and again in May 2014, 19 titled, “Global Climate Change
Impacts in the United States,” and, “Climate Change Impacts in the United States.” These
reports, produced by an advisory committee chartered under the Federal Advisory Committee
Act, summarize the science of climate change and the impacts of climate change on the United
States.
In the southeast region, which encompasses both North and South Carolina, both the 2009 and
2014 report noted that average annual air temperature did not increase significantly over the
last century as a whole. However, the 2009 report indicated that average annual temperature
has risen about 1.1 °C (2 °F) since 1970, with the most significant seasonal increase occurring
during the winter months. The 2009 report also stated that average temperatures are projected
to rise even more by the 2080s, by a potential range of 2.5 °C to 5.0 °C (4.5 °F to 9.0 °F) (with a
possible 5.83 °C (10.5 °F increase in the summer), depending on the released emissions
scenario. The 2014 report provides a slightly lower increased temperature range for the region
of 2.2 °C to 4.4 °C (4 °F to 8 °F), but this range accounts for both higher and lower emission
scenarios throughout this century.
The 2009 report mentioned that, despite the fact that autumn precipitation has increased by
about 30 percent in the southeast region since the early 1900s, summer and winter precipitation
have both decreased by about 10 percent. The 2009 report states that the percentage of the
region in moderate to severe drought has risen by 12 percent and 14 percent, respectively,
since the mid-1970s. The 2014 report also states, “Because the Southeast is located in the
transition zone between projected wetter conditions to the north and drier conditions to the
southwest, many of the model projections show only small changes relative to natural
variations. However, many models do project drier conditions in the far southwest of the region

18

U.S. Global Change Research Program, “Global Climate Change Impacts in the United States,” A State of
Knowledge Report, Federal Advisory Committees, June 2009.
19 U.S. Global Change Research Program, “Climate Change Impacts in the United States,” US National Climate
Assessment, Federal Advisory Committees, May 2014.
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and wetter conditions in the far northeast of the region, consistent with the larger
continental-scale pattern of wetness and dryness.” As far as future changes in total
precipitation, climate models are not as consistent with predicting precipitation totals for the
region as compared to predicting temperature changes, so there is no consensus on how
seasonal amounts will change, except for possible indications that rainfall amounts from
individual hurricanes will increase.
Both USGCRP reports also mention that the intensity and occurrences of hurricanes have
increased in recent decades and are likely to increase even more into this century, correlating
with an increase in sea surface temperatures. The 2014 report even goes on to state that the
number of Category 4 and 5 hurricanes in the Atlantic basin has increased substantially since
the early 1980s when compared to the historical record dating back to the mid-1880s; this can
be attributed to both natural variability and climate change. However, there has been little
change regarding the total number of landfalling hurricanes because a variety of features
influence whether a hurricane can potentially make landfall. As mentioned previously,
hurricane-related rainfall amounts, in addition to wind, are expected to increase.
Both reports mention that severe weather event reports, including tornado reports, have
increased since the 1950s, but improvements in monitoring technologies, growth in population,
and increased public awareness most likely account for this surge in reports. When these
factors are taken into account, there is no clear trend in the frequency or strength of tornadoes
since the 1950s in the United States.
The staff acknowledges that long-term climatic change resulting from human or natural causes
may introduce changes into the most severe natural phenomena reported for the site. However,
no conclusive evidence or consensus is available on the rapidity or nature of such changes.
There is a level of uncertainty in projecting future conditions because the assumptions regarding
the future level of emissions of heat trapping gases depend on projections of population,
economic activity, and choice of energy technologies. If it becomes evident that long-term
climatic change is influencing the most severe natural phenomena reported at the site, the COL
holders have a continuing obligation to ensure that their plants stay within the licensing basis.

2.3.1.5

Post Combined License Activities

There are no post COL activities associated with this WLS COL FSAR section.

2.3.1.6

Conclusion

The staff reviewed the application and checked the referenced DCD. The staff’s review
confirmed that the applicant addressed the required information relating to regional climatology,
and there is no outstanding information expected to be addressed in the WLS COL FSAR
related to this section. The results of the staff’s technical evaluation of the information
incorporated by reference in the application are documented in NUREG-1793 and its
supplements.
COL Information Item 2.3-1 states that a COL applicant shall address the site-specific regional
climatology information. As set forth above, the applicant has presented and substantiated
information to establish the regional meteorological characteristics. The staff reviewed the
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information provided and for the reasons given above, concludes that the applicant has
established the meteorological characteristics at the site and in the surrounding area acceptable
to meet the requirements of 10 CFR 100.20(c)(2) and 10 CFR 100.21(d) with respect to
determining the acceptability of the site. The staff finds that the applicant has provided a
sufficient description to adequately address COL Information Item 2.3-1.
The staff finds that the applicant has considered the most severe natural phenomena historically
reported for the site and surrounding area in establishing the site characteristics. Specifically,
the staff has accepted the methodologies used to analyze these natural phenomena and
determine the severity of the weather phenomena reflected in these site characteristics. Since
the applicant has correctly implemented these methodologies, as described above, the staff
finds that the applicant has considered these historical phenomena with margin sufficient for the
limited accuracy, quantity, and period of time in which the data have been accumulated in
accordance with 10 CFR 52.79(a)(1)(iii).

2.3.2

Local Meteorology

2.3.2.1

Introduction

WLS COL FSAR Section 2.3.2, “Local Meteorology,” addresses the local (site) meteorological
parameters, assesses the potential influence of construction and operation of the proposed
plant and its facilities (e.g., terrain modifications, buildings and other plant infrastructure, and
sources of heat and moisture) on local meteorological conditions and the impact of those
modifications on plant design and operation. WLS COL FSAR Section 2.3.2 also provides a
topographical description of the site and its environs and the design basis dry and wet-bulb
temperatures, in addition to the evaluation of the UHS. To follow the format of the WLS COL
FSAR, the staff incorporated the design basis dry and wet-bulb temperatures and the evaluation
of the UHS into Section 2.3.2 of this report.
This section of the report also addresses the supplemental information in WLS COL FSAR
Section 2.3.6 related to local meteorology.

2.3.2.2

Summary of Application

WLS COL FSAR, Revision 11, Section 2.3, incorporates by reference AP1000 DCD,
Revision 19, Section 2.3. In WLS COL FSAR Section 2.3.2, the applicant addressed the
following:
AP1000 COL Information Item
•

WLS COL 2.3-2

The applicant provided additional information in WLS COL 2.3-2 to address COL Information
Item 2.3-2. WLS COL 2.3-2 addresses site-specific information related to local meteorology.
In addition, the applicant chose to provide the design basis temperature and moisture-related
site characteristics in WLS COL FSAR Section 2.3.2, rather than WLS COL FSAR
Section 2.3.1, as suggested in RG 1.206, Subsection C.I.2.3.1.2, Part III, This portion of WLS
COL 2.3-2 correlates with COL Information Item 2.3-1 from Tier 2, Table 1.8-2, of the AP1000
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DCD. This additional design basis information addresses Interface Item 2.4 related to extreme
meteorological conditions for the design of systems and components exposed to the
environment and Interface Item 2.8 related to ambient air temperatures.

2.3.2.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed in NUREG-1793
and its supplements. The acceptance criteria and information needed to evaluate local
meteorological and climatological characteristics are based on meeting the relevant
requirements of NRC regulations under 10 CFR Part 52 and 10 CFR Part 100. The staff
considered the following regulatory requirements in reviewing the applicant’s descriptions of the
local meteorological and climatological characteristics around the proposed WLS site:
•

10 CFR 52.79(a)(1)(iii), as it relates to identifying the most severe of the natural
phenomena that have been historically reported for the site and surrounding area and
with sufficient margin for the limited accuracy, quantity, and time in which the historical
data have been accumulated.

•

10 CFR 100.20(c)(2) and 10 CFR 100.21(d), with respect to the consideration given to
the local meteorological and air quality characteristics of the site.

NUREG-0800, Section 2.3.2, recommends the following acceptance criteria to be provided by a
COL applicant:
•

Summaries of local meteorological data based on onsite measurements made in
accordance with RG 1.23, “Meteorological Monitoring Programs for Nuclear Power
Plants,” Revision 1, and NWS station summaries or other standard installation
summaries from appropriate nearby locations (e.g., within 80 km (50 mi)) should be
presented as specified in RG 1.206, “Combined License Applications for Nuclear Power
Plants,” Part I, Subsection C.I.2.3.2.1.

•

A complete topographical description of the site and environs out to a distance of 80 km
(50 mi) from the plant, as described in RG 1.206, Part I, Subsection C.I.2.3.2.2, should
be provided.

•

A discussion and evaluation of the influence of the plant and its facilities on the local
meteorological and air quality conditions should be provided. Applicants should also
identify potential changes in the normal and extreme values, as presented in the safety
analysis report, resulting from plant construction and operation.

•

The description of local site airflow should include wind roses and annual joint frequency
distributions (JFDs) of wind speed and wind direction by atmospheric stability for all
measurement levels using the criteria provided in RG 1.23.

The following regulatory guides were also taken into consideration in the staff’s review of WLS
COL FSAR Section 2.3.2 and Appendices 2CC and 2DD (as applicable):
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•

RG 1.23, “Meteorological Monitoring Programs for Nuclear Power Plants,” Revision 1,
which provides criteria for establishing and operating an onsite meteorological
measurements program for the collection of basic meteorological data needed to support
plant licensing and operation.

•

RG 1.206, “Combined License Applications for Nuclear Power Plants,” which identifies
the types of local meteorological and other climatological data summaries, topographic
information, and any local meteorological and air quality conditions used for design and
operating bases that an applicant should provide in FSAR Section 2.3.2 when describing
these conditions at the site, and in the site vicinity and area.

2.3.2.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.3.2 and checked the applicable site parameters,
including the design basis temperature and moisture related site parameters, in AP1000 DCD
Tier 1 (Table 5.0-1) and AP1000 DCD Tier 2 (Table 2-1) to ensure that the combination of the
AP1000 DCD and the COL application represents the complete scope of information relating to
the review topic. The staff’s review confirmed that the information contained in the application
and incorporated by reference (as related to site parameters, where applicable) addresses the
required information relating to local meteorology. The results of the staff’s evaluation of the
information incorporated by reference in the application are documented in NUREG-1793 and
its supplements. The staff reviewed the information in the WLS COL FSAR corresponding to
the following:
AP1000 COL Information Item
•

WLS COL 2.3-2

WLS COL 2.3-2 addresses COL Information Item 2.3-2 in AP1000 DCD Tier 2, Table 1.8-2
regarding local meteorological conditions.
The staff reviewed WLS COL 2.3-2, related to local meteorological conditions included under
WLS COL FSAR Section 2.3.2. COL Information Item 2.3-2 in AP1000 DCD, Section 2.3.6.2
states:
Combined License applicants referencing the AP1000 certified design will
address site-specific local meteorology information.
In this section, the staff reviewed information presented by the applicant concerning the local
(site) meteorological parameters, including their normal and extreme values. Summaries of
parameters should be based on long-term data from nearby reasonably representative locations
(e.g., within 80 km (50 mi), and shorter-term onsite data, based on NRC guidance).
Representativeness of submitted data should be demonstrated by comparing the longer-term
datasets to the shorter-term onsite data. The applicant should provide at least two consecutive
annual cycles (and preferably three or more entire years) of onsite meteorological data for the
evaluation. The applicant initially submitted the minimum amount (i.e., 1 year) of onsite
meteorological data at the time of application and provided a complete 2-year dataset once it
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had been collected. Therefore, in RAI 447, Question 02.03.02-1, the staff requested that the
applicant provide revisions related to discussions presented WLS COL FSAR Section 2.3.2
based on the completed 2-year dataset or justification for an alternate approach.
The applicant chose an alternative approach, which involved demonstrating that the first year of
meteorological data was representative when compared to the 2-year dataset. The applicant
stated that revision of the suggested sections would create an inconsistency in the WLS COL
FSAR unless all sections that use the onsite data were revised. The applicant provided a new
appendix (i.e., Appendix 2CC) to the WLS COL FSAR to demonstrate that analyses based on
the first year of onsite monitoring data were consistent with the full, 2-year dataset.
Based on the information provided in the new appendix, the applicant concluded that the 2-year
meteorological dataset is consistent with the first year dataset and the historic dataset from the
nearby Greenville/Spartanburg (Greer) NWS station. No anomalous behavior was observed
between the 2 years’ comparison of the normal conditions observed at the nearby NWS station.
The applicant concluded that WLS COL FSAR Section 2.3 needed no changes based on the
second year of meteorological data collected.
The staff analysis results agree that the 2-year onsite meteorological dataset is consistent with
the 1-year dataset. A comparison, between the 2 years, did not exhibit abnormal trends or
behaviors. Therefore, this is acceptable to the staff. Sections 2.3.4 and 2.3.5 of this report
evaluate further analysis of these data with respect to atmospheric dispersion modeling.
The staff relied upon the review procedure presented in NUREG-0800, Section 2.3.2, to
independently assess the technical sufficiency of the information presented by the applicant.

2.3.2.4.1

Winds

2.3.2.4.1.1

Offsite Wind Direction and Wind Speed Distributions

In WLS COL FSAR Section 2.3.2.1.1, the applicant provided monthly and annual wind data
summaries from data obtained at the first-order NWS station at Greenville/Spartanburg (Greer),
SC for a POR from 1997 through 2005. This data is presented in WLS COL FSAR
Tables 2.3-209 to 2.3-221. The applicant presented these data summaries in the form of joint
frequency distributions of wind speed and wind direction and graphical wind roses.
NUREG-0800, Section 2.3.2, recommends that the offsite wind summaries be based on data
from nearby representative stations (e.g., within 80 km (50 mi). The Greenville/Spartanburg
(Greer) NWS station is approximately 66 km (41 mi) west-southwest of the site; the staff does
not consider wind data from this NWS station to be representative for characterizing site-specific
wind speed and direction conditions. Therefore, in RAI 447, Question 02.03.02-2, the staff
requested that the applicant support the statement that the net regional air movement can be
deduced from the monthly wind joint frequency distributions for the Greenville/Spartanburg
International Airport. The staff notes that the applicant revised WLS COL FSAR Section 2.3.2
by removing the statement. The staff finds that the WLS COL FSAR provides an acceptable
description of the wind distribution for the proposed WLS site and considers RAI 447,
Question 02.03.02-2 resolved.
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2.3.2.4.1.2

Lee Nuclear Wind Distribution

For the WLS site, the applicant stated that the annual wind direction frequency is fairly uniform.
The northwest wind direction represents the prevailing wind direction. Wind from the west
occurs least frequently at 3 percent of the time. The applicant also stated that the mean annual
wind speed was about 8 km/hr (5 mi/hr).
The staff acknowledges that the proposed WLS site is located in a river valley area having
distinct wind characteristics unlike the Greenville/Spartanburg (Greer) and Charlotte wind
distributions described in the previous section. The staff independently reviewed the wind
speed and direction distributions for the proposed WLS site and finds the results consistent with
the information provided by the applicant in the WLS COL FSAR.

2.3.2.4.1.3

Wind Direction Persistence

WLS COL FSAR Tables 2.3-242 through 2.3-244 summarize maximum persistence periods
(in consecutive hours) by direction sector for each year of a 9-year POR from 1997 to 2005.
These tables are based on hourly observations taken at the Greenville/Spartanburg (Greer)
NWS station. Each sector also identifies the maximum and average persistence durations for
the composite 9-year POR. The applicant indicated that the longest periods of wind direction
persistence for a single sector and for three and five adjoining sectors were all associated with
winds from the northeast (i.e., 23, 82, and 150 consecutive hours). The northeast sector also
showed the highest average of all annual persistence maxima during the nine-year POR
(i.e., 14.0, 57.8, and 91.0 hours).
WLS COL FSAR Table 2.3-245, “Comparison of Maximum Wind Persistence at Lee Nuclear
Station Site and Greenville/Spartanburg, South Carolina,” lists wind direction persistence
durations for a single sector and for three and five adjacent sectors based on wind
measurements at the 10 m (33 ft) level from the proposed WLS site during the period of
December 1, 2005, through November 30, 2006. WLS COL FSAR Figure 2CC-208, “Wind
Direction Frequency (10 m (33 ft) level),” and Figure 2CC-209, “Wind Direction Frequency (60 m
(197 ft) level),” compare the wind direction frequencies for the 1-year and 2-year periods of the
onsite meteorological record. These two figures show that the datasets are very similar in
regards to wind direction frequency. For comparison, WLS COL FSAR Table 2.3-245 also
summarizes persistence based on hourly data from the Greenville/Spartanburg (Greer) NWS
station, which corresponds to the same period of onsite data as well as the maximum
persistence durations, again by sector, identified in WLS COL FSAR Tables 2.3-242 through
2.3-244.
For the onsite meteorological data, the applicant indicated that the longest periods of
persistence for a single sector and for three adjoining sectors were associated with winds from
the northwest and that the longest duration of persistence for five adjoining sectors was for the
north-northeast direction. No comparative statement regarding persistence was provided
between the concurrent onsite and offsite datasets or between the 1-year and 9-year offsite
datasets. However, the staff notes that during the concurrent offsite data period, the longest
durations of persistence were:
•

15 hours for a single-sector under north winds
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•

50 hours for three adjacent sectors under north-northeast winds

•

88 hours for five adjacent sectors under southwest and west-southwest winds

The concurrent onsite/offsite datasets did not compare very well in terms of directional
persistence. The same can be said when comparing the persistence statistics based on the
one-year onsite dataset and the nine-year dataset from the Greenville/Spartanburg (Greer), SC,
NWS station and an inter-comparison between the one and nine-year offsite datasets. The
wind direction persistence data does not directly lead to any site characteristic values and
therefore is accepted as general climatological information. Offsite wind information is
discussed in more detail in Section 2.3.2.4.1.1 of this report.

2.3.2.4.2

Air Temperature

In WLS COL FSAR Section 2.3.2.2, the applicant stated that the average maximum
temperatures at the site ranged from between 10 and 13 °C (50 and 55 °F) in January to
between 29 and 32 °C (85 and 90 °F) in July. Comparatively, average minimum temperatures
ranged from between -3.9 and -1.1 °C (25 and 30 °F) in January to between 18 and 21 °C
(65 and 70 °F) in July. The applicant stated that the average maximum monthly temperature at
the Ninety-Nine Islands cooperative observing station occurred in July with a temperature of
32 °C (89 °F). The average minimum monthly temperature was -2.94 °C (26.7 °F), which
occurred in January at the Ninety-Nine Islands station. Using local climate data provided by
NCDC and data provided by the South Carolina State Climatology Office, the staff
independently reviewed the average temperatures and average temperature ranges and finds
this information acceptable.
Unlike wind speed and direction, ambient air temperatures across the region are similar. FSAR
Figure 2CC-201, “Dry Bulb Temperature Comparison,” shows a comparison of ambient dry-bulb
temperature statistics between measurements provided by the applicant and measurements
provided by a first-order NWS station and a cooperative observing station. The staff considers
the Greenville/Spartanburg airport off-site station representative of expected site conditions and
accepts site-specific dry-bulb and wet-bulb temperature summaries based on data from this
station.
NUREG-0800, Section 2.3.1, identifies the need for meteorological data in the design of the
ultimate heat sink. The applicant provided an analysis using only 9 years (1997-2005) of
meteorological data. Therefore, in RAI 447, Question 02.03.02-3, the staff requested that the
applicant provide justification for not providing 30 years of meteorological data, a standard
recommend by NUREG-0800 in Section 2.3.1.
In a November 25, 2008, response to RAI 447, Question 02.03.02-3, the applicant stated that,
for a passive containment plant (e.g., AP1000), a site-specific UHS evaluation was not
necessary. The applicant revised WLS COL FSAR Section 2.3.2.2 by removing the worst
1-day, 5-day and 30-day discussion and by deleting WLS COL FSAR Tables 2.3-247 through
2.3-252. The staff finds this acceptable because many plants use a cooling tower as a UHS to
dissipate residual heat after an accident. Instead of using a cooling tower to release heat to the
atmosphere, the AP1000 design uses a passive containment cooling system (PCS) to provide
the safety-related UHS. The PCS is designed to withstand the maximum safety dry-bulb and
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coincident wet-bulb air temperature site parameters specified in AP1000 DCD Tier 1,
Table 5.0-1 and Tier 2, Table 2-1. Therefore, the staff notes that the applicant need not identify
meteorological characteristics for evaluating the design of a UHS cooling tower.
The applicant reported the maximum safety dry and wet-bulb temperature and the minimum
safety dry-bulb temperature site characteristics in WLS COL FSAR Table 2.0-201 using the
0.4 percent exceedance values summarized by the American Society of Heating, Refrigerating
and Air Conditioning Engineers (ASHRAE), as listed in WLS COL FSAR Table 2.3-293, “Lee
Nuclear Station Design Temperatures.” This was not consistent with the methodology of
choosing the higher of the historic (zero percent exceedance) value(s) or the 100-year return
period value(s) based on 10 CFR 52.79(a)(1)(iii). In RAI 447, Question 02.03.02-4, the staff
requested that the applicant address this concern.
In a November 25, 2008, response to RAI 447, Question 02.03.02-4, the applicant provided a
revision that provided the zero percent exceedance values rather than the higher 100-year
return period values for the maximum and minimum safety dry- or wet-bulb temperature site
characteristics. As summarized in WLS COL FSAR Table 2.0-201, the applicant used 100-year
return period temperatures for comparison against the AP1000 maximum and minimum safety
air temperature site parameters. The applicant also used the 0.4 percent annual exceedance
temperatures for comparison against the AP1000 maximum and minimum normal air
temperature site parameters. The staff reviewed the site characteristic temperature values
presented in WLS COL FSAR Table 2.0-201 and finds them acceptable and considers RAI 447,
Question 02.03.02-4 resolved.

2.3.2.4.3

Atmospheric Moisture

In WLS COL FSAR Section 2.3.2.3, the applicant addressed atmospheric moisture conditions in
terms of relative humidity levels observed at the site and the nearby first-order NWS station
located at the Greenville/Spartanburg airport. The applicant also discussed several other topics
related to atmospheric moisture in WLS COL FSAR Section 2.3.2.3. These topics include
precipitation, snowfall, and fog in WLS COL FSAR Sections 2.3.2.3.1 through 2.3.2.3.3. The
staff’s evaluation of this information follows a similar sequence.
In the analysis of atmospheric moisture, the applicant stated that the local site meteorological
conditions reflect the synoptic-scale atmospheric processes consistent with the regional
meteorology, except for the local effects of the Broad River. The applicant further stated that
there was slightly higher humidity directly adjacent to the river, and that the site humidity data
was more appropriate for site estimates than the Greenville/Spartanburg data. In RAI 447,
Question 02.03.02-5, the staff requested that the applicant clarify why the wet-bulb temperature
site characteristic, as presented in WLS COL FSAR Table 2.0-201 and based on data from the
Greenville/Spartanburg NWS station, was more appropriate for site estimates.
In a November 25, 2008, response to RAI 447, Question 02.03.02-5, the applicant stated that
the site data had been recorded for only a relatively short period and that no long-term wet-bulb
or humidity measurements were recorded at a location near the site and in close proximity to a
body of water. The applicant stated that the variability in humidity measurements because of a
body of water diminishes dramatically within a short distance of the shoreline. Therefore, it was
expected that any increase in humidity at the site location would be minimal. The applicant also
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stated that significant variability exists within a single year dataset when compared to a 30-year
dataset (i.e., data from the Greenville/Spartanburg (Greer) NWS station). As a result, the
applicant chose to use the longer-term NWS dataset to minimize variability and more accurately
represent long-term averages. The staff notes that the revised WLS COL FSAR Section 2.3.2
clarifies the applicability of the Greenville/Spartanburg (Greer) data, which the staff finds
acceptable and, therefore, considers RAI 447, Question 02.03.02-5 resolved.

2.3.2.4.3.1

Precipitation

The applicant indicated that precipitation averages 122.9 cm (48.37 in.) annually at the
Ninety-Nine Islands cooperative observing station and is generally well distributed throughout
the year, as shown in WLS COL FSAR Table 2.3-246, “Ninety-Nine Islands Monthly Climate
Summary, NCDC 1971-2000 Monthly Normals,” (as reported by the Southeast Regional Climate
Center). A total rainfall of 100.9 cm (39.72 in.) was reported for the initial 1-year onsite dataset
(December 2005, through November 2006) at the proposed WLS site. In WLS COL FSAR
Appendix 2CC.2 of the “Precipitation Comparison” section, the applicant reported a total rainfall
of 83.1 cm (32.7 in.) for the second year (December 2006 through November 2007), and cited
drought conditions, in addition to geographical influences, as a possible factor for the decrease
in precipitation between the two years. The staff independently confirmed the information
provided by the applicant and finds it acceptable.
The staff was unable to verify the accuracy of the Greenville/Spartanburg (Greer) NWS data
presented in WLS COL FSAR Section 2.3.2.3.1. Therefore, in RAI 447, Question 02.03.02-6,
the staff requested that the applicant provide further justification of the data. In a November 25,
2008, response to RAI 447, Question 02.03.02-6, the applicant revised the applicable
information regarding precipitation under WLS COL FSAR Sections 2.3.2.1, 2.3.7, and Table
2.3-256, “Precipitation Data (inches of rain) Greenville/Spartanburg, South Carolina,” with data
reported in the 2007 NCDC LCD summary for Greenville/Spartanburg (Greer), SC. The staff
independently verified the new information and finds the response acceptable.
The staff also confirmed the average daily and monthly precipitation and extreme precipitation
statistics provided by the applicant in WLS COL FSAR Figures 2.3-242 and 2.3-243 and
independently confirmed the accuracy of WLS COL FSAR Tables 2.3-259, 2.3-260,
and 2.3-261. The three tables summarized the monthly percent of total observations of
precipitation and wind direction, the monthly rainfall frequency distribution, and various
precipitation data, including the maximum 24-hour rainfall, at the proposed WLS site. These
data showed that the highest rainfall frequency occurs during the months of October through
January and the highest frequency directions are north through northeast. The staff finds the
applicant’s data acceptable.

2.3.2.4.3.2

Snow

The applicant stated that the average annual snowfall at the proposed WLS site is
approximately 7.6 cm (3.0 in.). This estimate was based on snowfall data from the nearby
Ninety-Nine Islands cooperative observing station. Based on the NCDC U.S. Snow Climatology
Database for three nearby observation stations (Gaffney 6E, Gaston Shoals, and Ninety-Nine
Islands) in Cherokee County, the staff independently confirmed the applicant’s annual snowfall
estimate to be reasonable.
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The applicant also stated that the maximum monthly snowfall at Ninety-Nine Islands was 35 cm
(14 in.) in February 1978-79. The staff concluded that the maximum 24-hour snowfall for
Cherokee County was approximately 33 cm (13 in.). Therefore, the staff finds the applicant’s
discussion on particular maximum snowfall amounts acceptable.

2.3.2.4.3.3

Fog

The staff notes that onsite fog observations are not taken. The closest observation location that
routinely records the occurrence of fog conditions is the NWS station at Greenville/Spartanburg
(Greer), SC (approximately 66 km (41 mi) from the WLS site). The applicant stated that this
station has averaged approximately 38 hours per year of fog, with November, December, and
January having the greatest frequency of occurrence. The staff was unable to confirm these
values. Therefore, in RAI 447, Question 02.03.02-7 for clarification on the information reported
in the WLS COL FSAR.
In a November 25, 2008, response to RAI 447, Question 02.03.02-7, the applicant stated that its
statistics on fog occurrence were based on 9 years (i.e., 1997-2005) of unedited data from the
NCDC for Greenville/Spartanburg (Greer), SC, for any hourly observation described as “fog.”
The applicant also provided a second estimate of 29 hours per year of heavy fog conditions
(visibility less than or equal to 0.4 km (0.25 mi) based on 44 years (1964-2007) of edited data
from the NCDC LCD summary for the Greenville/Spartanburg (Greer) NWS station. The
applicant’s original dataset of approximately 38 hours per year of fog was more conservative
when compared with the NCDC data, so the applicant retained this dataset.
The staff notes that based on the 2006 NCDC LCD summary for Greenville/Spartanburg airport
for a period of 43 years, there are 29.3 days per year, on average, with heavy fog conditions
(visibility less than or equal to 0.4 km (0.25 mi). November, December, and January have the
highest average number of days with observed heavy fog conditions.
Since these data do not establish design-related site characteristics, the staff accepts the
applicant’s data as reasonable estimates. However, the staff also recognizes that the higher
frequency of occurrence based on the 9-year dataset includes any observation-recorded fog as
opposed to those conditions that qualify, more stringently, as “heavy fog.” Nevertheless, a
higher frequency of occurrence is a reasonably representative indicator for this weather element
because of the site’s location in the valley of the Broad River.

2.3.2.4.4

Atmospheric Stability

The information presented by the applicant regarding atmospheric stability in WLS COL FSAR
Section 2.3.2.4 is not to be understood as having the same meaning as atmospheric stability
determined from meteorological tower measurements in accordance with RG 1.23,
“Meteorological Monitoring Programs for Nuclear Power Plants,” Revision 1 (see WLS COL
FSAR Table 2.3-281). In addition to this, the information is not used as input for the dispersion
modeling analyses addressed in WLS COL FSAR Sections 2.3.4 and 2.3.5 (see WLS COL
FSAR Section 2.3.4.2). Rather, WLS COL FSAR Section 2.3.2.4 discusses atmospheric
stability in terms of the frequency and relative strength of temperature inversions based on
regional-scale observations taken by balloon soundings.
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The applicant evaluated the frequency and strength of inversion layers using 7 years of weather
balloon data collected at the Greensboro radiosonde station. An inversion refers to a layer of air
in which the dry-bulb temperature increases with height. In WLS COL FSAR Table 2.3-276,
“Inversion Heights and Strengths, Greensboro, North Carolina,” the applicant presented annual
averages of the number of mornings and afternoons containing temperature inversions, the
average elevation of these inversion layers, and the average strength of the inversion, in terms
of the change in degrees Celsius per meter in height. The staff compared delta-temperature
measurements at the proposed WLS site from December 2005 - November 2006 to the
inversion data presented by the applicant. The staff concluded that the average morning and
afternoon inversion strength at the proposed WLS site is consistent with those values presented
by the applicant. The staff finds the applicant’s discussion on atmospheric stability reasonable
and acceptable.
Information on temperature inversions, like the discussions of ventilation rates and air
stagnation in WLS COL FSAR Section 2.3.1.2.6, and on mixing heights and ventilation rates in
WLS COL FSAR Section 2.3.2.4.1, provides a general indication of atmospheric dispersion
potential in the larger region that includes the site. However, information on any of these
conditions does not result in the generation of site characteristics used as design or operating
bases. The staff finds the applicant’s discussion on atmospheric stability in WLS COL FSAR
Section 2.3.2.4 reasonable.

2.3.2.4.4.1

Mixing Heights

As indicated previously in this report, the applicant obtained mixing height data based on
measurements taken at the Greensboro-High Point, upper air observing station and archived in
the EPA Support Center for Regulatory Atmospheric Modeling (SCRAM) database. Initially, the
staff was unable to reproduce the mean afternoon mixing height values summarized by the
applicant in WLS COL FSAR Table 2.3-277, “Mixing Heights at Greensboro, North Carolina.”
Therefore, in RAI 447, Question 02.03.02-8, the staff requested that the applicant verify these
values. In a November 25, 2008, response, the applicant stated that the monthly mixing height
values were averaged directly from the referenced EPA SCRAM morning and afternoon mixing
height data for a 6-year POR (1984-1987, 1990, and 1991). The staff reviewed the averages
obtained from this data and finds them correct.
Using the online VCIS database (see Section 2.3.1.4.2.4 of this report), the staff determined
average morning mixing heights for the WLS site area about 20 percent lower than mixing
heights reported in WLS COL FSAR Table 2.3-277 but with similar month-to-month variation
(i.e., lowest values occurring during autumn and highest values seen from about mid-winter to
early spring). The VCIS database generated mean afternoon mixing heights within about
10 percent of the values reported in WLS COL FSAR Table 2.3-277. Month-to-month variation
is essentially the same with the lowest mixing height values occurring from about mid-autumn to
mid-winter and the highest values seen from about mid-spring to mid-summer. At the time of
the initial WLS COL FSAR submittal, the VCIS database was available through the Bureau of
Land Management. However, this database appears to be unsupported or unavailable for use.
The staff notes that the mixing height data has not changed in the latest revision of the WLS
COL FSAR and, therefore, the staff still finds this analysis correct and adequate.
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The staff recognizes that there are no corresponding site characteristics related to mixing
height, nor are these data input for any of the applicant’s atmospheric dispersion modeling.
Therefore, the staff considers the applicant’s discussion of mixing height conditions in the WLS
site region reasonable and acceptable.

2.3.2.4.5

Potential Influence of the Plant and Its Facilities on Local
Meteorology

WLS COL FSAR Section 2.3.2.5 states that the potential for the operation of WLS Units 1 and 2
to influence (impact) local climatology (meteorological conditions) will be negligible. The
applicant later addresses several aspects of plant operations that could have climate-related
effects on the environment – particulate emissions (presumably linked to the increased
occurrence of fog and haze) and the discharge of heat into the Broad River.
The applicant expects the likely sources of particulate emissions (i.e., infrequent diesel
generator operations and a modest increase in vehicular traffic) to only result in a negligible net
increase in particulates. Most of the plant heat will be ejected into the atmosphere by the
cooling towers, resulting in a relatively small amount of heat input for the Broad River. The
applicant then reiterates its earlier conclusion. Although not discussed in much detail, the staff
agrees with the applicant’s assessment that operational effects on meteorological conditions
should be minimal.
In the context of potential construction-related impacts, in WLS COL FSAR Section 2.3.2.5, the
applicant briefly describes some of the “climate-shaping” topographic features at and in the area
of the proposed WLS site (e.g., the proximity of the proposed WLS site to the Ninety-Nine
Islands Reservoir and the Broad River). These features potentially lead to increased humidity
levels at the site and demonstrate a slight tendency for the river valley to channel lower-level
winds. The applicant also identified several new types of construction activities that will take
place at the site (e.g., some ground leveling, some tree removal, the building of plant structures
and facilities). The applicant also indicated that no significant changes are predicted or
proposed in terms of local hydrologic features and anticipate no changes to local roadways in
support of the proposed new facility.
As discussed above, the applicant indicated that there is a slight tendency for the Broad River
valley to channel lower-level winds along its length. The staff agrees with this observation but
further notes that these conditions appear to be associated with night-time drainage flow as
these conditions predominate during moderately and extremely stable atmospheric conditions
(i.e., Stability Classes F and G) as indicated by the JFDs presented in WLS COL FSAR
Tables 2.3-235 through 2.3-241. This characteristic is important to recognize because it is
reflected in the locations of the maximum offsite, accident-related dispersion estimates
addressed in WLS COL FSAR Section 2.3.4 and the maximum offsite, routine release-related
dispersion estimates discussed in WLS COL FSAR Section 2.3.5.

2.3.2.4.5.1

Cooling Tower Plumes

In WLS COL FSAR Revision 9, the applicant’s design included three circular mechanical draft
cooling towers (CMDCTs). In WLS COL FSAR Revision 9, the design changed to reflect
two CMDCTs per unit (4 total), still applicable to the current revision. Each unit will result in the
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emission of small water droplets entrained in the tower’s exhaust airflow (i.e., drift). The
droplets contain the dissolved solids found in the circulating water (e.g., salts) that may
eventually deposit on the ground as well as on structures, equipment, and vegetation. The use
of drift eliminators, which rely on inertial separation caused by exhaust flow directional changes,
controls the drift droplet emissions. Drift eliminators installed in the CMDCTs are capable of
reducing the emissions to approximately 0.0005 percent of the circulating water flow. Under
relatively high wind speeds and humid conditions, the aerodynamic wake turbulence caused by
air flowing around the tower housing may result in the visible plume touching down causing
ground level fogging and, under freezing conditions, icing.
The applicant stated that an analysis of the potential environmental impacts caused by the
operation of CMDCTs was conducted using the EPRI-sponsored Seasonal/Annual Cooling
Tower Impact (SACTI) Program. The applicant further chose NWS Charlotte (CLT) wind
distributions to represent site conditions. In RAI 447, Question 02.03.02-9, the staff requested
that the applicant provide SACTI input files for conducting a confirmatory analysis and a
justification for using CLT wind data.
In a November 25, 2008, response to RAI 447, Question 02.03.02-9, the applicant provided
SACTI input files and a justification for using NWS data from CLT. The applicant chose CLT
data because a 5-year dataset (2001-2005) was available from CLT, but less than 1 year of
data was available from the proposed WLS site at the time of the analysis. CLT was judged to
be spatially more representative than NWS station at Greenville/Spartanburg in terms of
distance from the site and ground elevation. CLT’s annual average wind speed and annual
average humidity also appear to be closer to onsite data than to the Greenville/Spartanburg
(Greer) data. The applicant further performed sensitivity tests to address the differences in the
three datasets.
In WLS COL FSAR Table 2.3-278, “Visible Plume Frequency of Occurrence by Season (All
Wind Directions),” the applicant provided the visible plume frequency of occurrence by season.
The applicant stated that the majority (i.e., greater than 50 percent) of visible plumes did not
reach 1000 m (0.6 mi) downwind and 300 m (0.2 mi) in height. The longest and largest visible
plumes tend to occur in the winter, with smaller plumes occurring in the spring and especially in
the summer. The cold air in winter tends to cause condensation of moist plumes more
extensively when compared to warmer seasons because the dewpoint temperature and air
temperature are normally closer together nearer the surface, which generally leads to complete
saturation. Since both the dewpoint and air temperature are lower, the colder air has a much
smaller capacity for holding water vapor. Further, the applicant stated that the largest visible
plumes reach a downwind distance of 9900 m (6.2 mi) and a height of approximately 1600 m
(1.0 mi) approximately one percent of the time.
In WLS COL FSAR Table 2.3-279, “Frequency of Plume Shadowing by Season (Average for All
Wind Directions,” the applicant provided the frequency of plume shadowing by season. The
applicant stated that consistent with the visible plume frequency results, most plume shadowing
occurs in the winter season, with lesser amounts in the spring and fall and the least amounts in
the summer. The applicant stated further that plume shadowing effects reach 1200 m (0.75 mi)
downwind 1 percent of the time, with the farthest impact reaching approximately 4000 m
(2.5 mi) downwind 0.5 percent of the time on an annual basis.
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Additionally, the applicant stated that the SACTI output showed that there were virtually no
occurrences of ground level fogging, and more importantly, no occurrences of ground-level icing
were predicted by SACTI.
In WLS COL FSAR Table 2.3-280, “Maximum Salt Drift Deposition Rate (KG/KM2/MO), the
applicant provided the maximum salt drift rate in kg/km2 per month. The applicant stated that
salt deposition was negligible, with a maximum rate of approximately 1.03 kg/km2
(2.11E-07 lb/ft2) per month occurring 200 m (656 ft) to the north of the towers in the summer,
and that all other salt deposition amounts are below 1 kg/km2 (2.05E-07 lb/ft2) per month.
The staff focused on the salt deposition that would impact the switchyard southwest of Unit 1
and southeast of Unit 2 cooling towers at an approximate distance of 600 m (based on WLS
COL FSAR Figure 2.1-201). The staff concluded from the results in WLS COL FSAR
Table 2.3-280 that salt deposition to this switchyard would be well below 1 kg/km2 (2.05E-07
lb/ft2) per month (worst case 1.03 kg/km2 (2.11E-07 lb/ft2) per month).
The applicant stated that the maximum water deposition rate that occurs during the fall season
is 740 kg/km2 (1.52 lb/ft2) per month at a downwind distance of 900 m (2,950 ft) southeast of the
cooling towers. The applicant further stated that this rate was a trivial amount, equivalent to the
rainfall equivalent of 0.8 microns (0.00003 in.) per month based on the density of water
(i.e., 1000 kg/m3 (62.43 lb/ft3)). The staff confirmed the applicant’s information based on FSAR
Figure 2.3-278.
The applicant provided an electronic copy of the input and output files from the SACTI computer
model. The staff reviewed the model input files to assure that the applicant made conservative
assumptions. The SACTI results indicate that several months of salt accumulation would result
in amounts far below the lower end of the “Light Contamination Level” range defined by the
Institute of Electrical and Electronic Engineers (IEEE) standard. The staff independently verified
the source cited by the applicant. The staff finds that the description of the total accumulation
reaching amounts that require mitigation as highly unlikely because of local precipitation
removing any salt deposits before it reaches a level of concern is acceptable and considers
RAI 447, Question 02.03.02-9 resolved.

2.3.2.4.6

Topographical Description of the Surrounding Area

In WLS COL FSAR Section 2.3.2.6, the applicant provided a general understanding of the
topographic features and characteristics within an 80-km (50-mi) radius of the proposed WLS
site. The proposed WLS site is a greenfield site in that there are no operating nuclear units.
The applicant indicated that the proposed site is located approximately 910 m (1000 yards) west
of the Broad River. The staff notes, however, that at its closest approach the Broad River is
only a few hundred yards from the northern boundary of the site based on WLS COL FSAR
Figure 1.1-202. The applicant also stated that mountain ridges ranging in height from
300 to 760 m (1000 to 2500 ft) above MSL are located to the northwest, north, and northeast.
Although not indicated in the description, the terrain elevation profiles in WLS COL FSAR
Figure 2.3-246 show that the highest terrain is located at least 64 km (40 mi) from the proposed
WLS site; elevations exceeding 0.3 km (1000 ft) above MSL are located as close as 16 km
(10 mi) to the northeast.
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Gently rolling hills characterize the terrain in the immediate vicinity of the proposed site. The
applicant identified several elevated terrain features within about 8 km (5 mi) of the facility, the
most notable being McKowns Mountain, located to the south--southwest with an elevation of
approximately 240 m (800 ft) above MSL (or about 60 m (200 ft) above plant grade). Based on
WLS COL FSAR Section 2.3.4.1, McKowns Mountain is within 1.6 km (1 mi) from the proposed
site.
WLS COL FSAR Figure 2.3-245 displays topographic maps of the areas within 80 and 8 km
(50 and 5 mi) of the proposed WLS site. While each sheet does state that the contour interval is
150 m (500 ft), there does not appear to be a reference contour for particular terrain elevations.
The staff used WLS COL FSAR Figures 2.5.1-221 and 2.1-204 to provide additional information
for the review of the near-field topographical description. Given the information provided in
WLS COL FSAR Section 2.3.2.6 and other applicable locations in the application, the staff
considers the general topographic description acceptable.

2.3.2.4.7

Current and Projected Site Air Quality Conditions

The applicant’s discussion of current air quality conditions near the WLS site in WLS COL FSAR
Section 2.3.2.7 presents some similarities with regard to the information pertaining to air quality
initially presented in WLS COL FSAR Section 2.3.1.2.6, including similar discussions with
respect to the following:
•

the 8-hour NAAQS for ozone

•

the regulatory citation documenting promulgation of that standard

•

identification of the now current attainment status for that criteria air pollutant

Refer to Section 2.3.1.4.2.4 of this report for an explanation of the staff’s clarifications and
corrections pertaining to this information.
The applicant stated that these air quality characteristics are not expected to be a significant
factor in the design and operating bases for proposed Units 1 and 2. The applicant also
identified several sources of criteria pollutant emissions during facility operations (e.g., auxiliary
boilers, emergency diesel generators, and station blackout generators) but indicated that this
equipment should not develop into significant sources of such emissions because it would
operate on an intermittent test or emergency basis. The staff agrees with this information and
the applicant’s assessment of the expected emissions, assuming that the equipment is operated
and well maintained in accordance with good practice and any applicable permit requirements.

2.3.2.5

Post Combined License Activities

There are no post COL activities associated with this WLS COL FSAR section.

2.3.2.6

Conclusion

The staff reviewed the WLS COL application and checked the referenced DCD. The staff’s
review confirmed that the applicant addressed the required information relating to local
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meteorology, and there is no outstanding information expected to be addressed in the WLS
COL FSAR related to this section. The results of the staff’s technical evaluation of the
information incorporated by reference in the application are documented in NUREG-1793 and
its supplements.
COL Information Item 2.3-2 states that a COL applicant will provide site-specific local
meteorology information. As set forth above, the applicant has presented and substantiated
information describing the local meteorological conditions and the air quality and topographic
characteristics important to evaluating the adequacy of the design and siting of this plant. The
staff reviewed the information provided in COL Information Item 2.3-2 and, for the reasons given
above, concludes that the identification and consideration of the meteorological, air quality, and
topographical characteristics of the site and the surrounding area are acceptable and meet the
requirements of 10 CFR 100.20(c)(2) and 10 CFR 100.21(d). In addition, COL Information
Item 2.3-2 includes COL Information Item 2.3-1 when reviewing the design basis dry and
wet-bulb site characteristics pertaining to extreme meteorological conditions for the design of
structures, systems, and components exposed to the environment and ambient air
temperatures. The staff finds that the applicant has provided a sufficient description to
adequately address COL Information Item 2.3-2 and, where applicable, COL Information
Item 2.3-1.
The staff finds that the applicant has considered the appropriate site phenomena in establishing
the site characteristics. Specifically, the staff has accepted the methodologies used to
determine the meteorological, air quality, and topographic characteristics. Since the applicant
has correctly implemented these methodologies, as described above, the staff finds that the site
characteristics, including margins, are sufficient for the limited accuracy, quantity, and period of
time in which the data have been accumulated in accordance with 10 CFR 52.79(a)(1)(iii).

2.3.3

Onsite Meteorological Measurements Program

2.3.3.1

Introduction

The WLS onsite meteorological measurements program addresses the need for onsite
meteorological monitoring and the resulting data. The staff’s review covers the following specific
areas: (1) meteorological instrumentation, including siting of sensors, sensor type, and
performance specifications, methods and equipment for recording sensor output; the quality
assurance program for sensors and recorders, data acquisition and reduction procedures, and
special considerations for complex terrain sites; and (2) the resulting onsite meteorological
database, including consideration of the period of record and amenability of the data for use in
characterizing atmospheric dispersion conditions.
The WLS COL FSAR describes a program, which, if successfully implemented, provides an
appropriate onsite meteorological measurements program and that data from this program
provides an acceptable basis for estimating atmospheric dispersion for DBAs and routine
releases from an AP1000 design.
Supplemental information in WLS COL FSAR Section 2.3.6 related to the onsite meteorological
measurements program is addressed in this report.
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2.3.3.2

Summary of Application

WLS COL FSAR, Revision 11, Section 2.3, incorporates by reference AP1000 DCD,
Revision 19, Section 2.3.
AP1000 COL Information Item
•

WLS COL 2.3-3

The applicant provided additional information in WLS COL 2.3-3 to address COL Information
Item 2.3-3. WLS COL 2.3-3 addresses the onsite meteorological measurements program.
In addition, this WLS COL FSAR section addresses Interface Item 2.9 related to the onsite
meteorological measurements program.

2.3.3.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed in NUREG-1793
and its supplements. The acceptance criteria and information needed to evaluate an onsite
meteorological measurements program are based on meeting the relevant requirements of NRC
regulations under 10 CFR Part 20, 10 CFR Part 50, 10 CFR Part 52, and 10 CFR Part 100. The
staff considered the following regulatory requirements in reviewing the applicant’s descriptions
of the pre-construction (pre-operational) and operational phases of the onsite meteorological
measurements program:
•

10 CFR Part 20, Subpart D, as it relates to the meteorological data used to demonstrate
compliance with dose limits for individual members of the public. 10 CFR Part 50,
Paragraphs 50.47(b)(4), 10 CFR 50.47(b)(8), and 10 CFR 50.47(b)(9), as well as
Appendix E, “Emergency planning and preparedness for production and utilization
facilities,” Section IV.E.2 as they relate to the onsite meteorological information available
for determining the magnitude and continuously assessing the impact of releases of
radioactive materials to the environment during a radiological emergency.

•

10 CFR Part 50, Appendix A, GDC 19, “Control room,” as it relates to the meteorological
considerations used to evaluate the personnel exposures inside the control room during
radiological and airborne hazardous material accident conditions.

•

10 CFR Part 50, Appendix I, as it relates to meteorological data used in determining
compliance with the numerical guides for design objectives and limiting conditions for
operation to meet the requirement that radioactive material in effluents released to
unrestricted areas be kept as low as is reasonably achievable (ALARA).

•

10 CFR 100.20(c)(2), as it relates to the meteorological characteristics of the site that
are necessary for safety analysis or that may have an impact upon plant design in
determining the acceptability of a site for a nuclear power plant.

•

10 CFR 100.21(c), as it relates to the meteorological data used to evaluate site
atmospheric dispersion characteristics and establish dispersion parameters such that:
(1) radiological effluent release limits associated with normal operation can be met for
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any individual located off site, and (2) radiological dose consequences of postulated
accidents meet prescribed dose limits at the EAB and the outer boundary of the LPZ.
The following regulatory guide is applicable for this section:
•

RG 1.23, “Meteorological Monitoring Programs for Nuclear Power Plants,” Revision 1

NUREG-0800, Section 2.3.3, requires the following acceptance criteria to be provided by a COL
applicant:
•

The pre-operational and operational phase monitoring programs should be described,
including: (1) a site map (drawn to scale) that shows meteorological tower location and
True North with respect to manmade structures, topographic features, and other features
that may influence site meteorological measurements; (2) distances to nearby
obstructions to air flow in each downwind direction sector; (3) measurements made;
(4) elevations of measurements; (5) exposure of instruments; (6) instrument
descriptions; (7) instrument performance specifications; (8) calibration and maintenance
procedures and frequencies; (9) data output and recording systems; and (10) data
processing, analysis, and archiving procedures.

•

Meteorological data should be presented in the form of JFDs of wind speed and wind
direction by atmospheric stability class in the format described in RG 1.23, Revision 1.
An hour-by-hour listing of the hourly-averaged parameters should be provided in the
format described in RG 1.23, Revision 1. If possible, evidence of how well these data
represent long-term conditions at the site should also be presented, possibly through
comparison with offsite data.

•

At least two consecutive annual cycles (and preferably 3 or more whole years), including
the most recent 1-year period, should be provided with the application. If 2 years of
onsite meteorological data are not available at the time the application is filed, the staff
expects that the applicant will provide at least one annual cycle of meteorological data
collected on site with the application. These data should be used by the applicant to
calculate: (1) the short-term atmospheric dispersion estimates for accident releases
discussed in NUREG-0800, Section 2.3.4; and (2) the long-term atmospheric dispersion
estimates for routine releases discussed in NUREG-0800, Section 2.3.5. The applicant
should continue to monitor the data and submit the complete 2-year dataset when it has
collected all the data. This supplemental submittal should also include a reanalysis of
the FSAR Section 2.3.4 and 2.3.5 atmospheric dispersion estimates based on the
complete 2-year dataset.

•

The applicant should identify and justify any deviations from the guidance provided in
RG 1.23, Revision 1.

The following regulatory guides and other related guidance documents were also taken into
consideration in the staff’s review of WLS COL FSAR Section 2.3.3, as applicable.
•

RG 1.206, “Combined License Applications for Nuclear Power Plants,” which essentially
reiterates the types of information, identified in NUREG-0800, Section 2.3.3, that an
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applicant should provide in FSAR Section 2.3.3 when describing the pre-operational and
operational phase onsite meteorological monitoring programs.
•

NUREG-0917 (July 1982), “Nuclear Regulatory Commission Staff Computer Programs
for Use with Meteorological Data,” which includes a series of computer programs used to
examine the quality and validity of an applicant’s hourly meteorological data. The staff
subsequently adapted these routines to run on a desktop computer spreadsheet
program.

2.3.3.4

Technical Evaluation

The staff relied upon the review guidance in NUREG-0800, Section 2.3.3 and the regulatory
guidance referred to in the preceding subsection to independently assess the technical
sufficiency of the information presented by the applicant.
The staff based their evaluation on information obtained during a pre-application readiness
assessment held on May 9-10, 2007. 20 The purpose of the readiness assessment was to:
(1) become familiar with the then-prospective applicant’s site and site selection process, plans,
schedules, and initiatives; (2) observe and review the pre-construction (pre--operational) phase
onsite meteorological monitoring program; and (3) review the applicant’s plans for the
operational phase of its onsite monitoring program.
The staff reviewed WLS COL FSAR Section 2.3.3 (including WLS COL 2.3-3) to ensure that the
discussion represents the necessary scope of information related to the onsite meteorological
measurements programs. The topics related to the siting and instrumentation associated with
the onsite meteorological monitoring programs, handling of the collected data (i.e., acquisition,
processing, and validation), and the inspection and maintenance of its systems are, for the most
part, organized in the same sequence as they were presented in WLS COL FSAR
Section 2.3.3. However, section numbering is consistent with the organization of this report.
Likewise, section titles are generally similar to those in WLS COL FSAR Section 2.3.3.

2.3.3.4.1

Pre-Operational Meteorological Measurements Program

In WLS COL FSAR Section 2.3.3.1, Revision 0, the applicant stated that there are two
meteorological towers at the site. An older meteorological tower (referred to as Tower 1) was
part of the original Cherokee Nuclear site. The applicant indicated that Tower 1 did not meet
the structural requirements of RG 1.23, Revision 1, and consequently the applicant decided not
to use any of that monitoring data to support preparation of the application for WLS Units 1 and
2. The applicant subsequently indicated, beginning in Revision 4 of the application, that
Tower 1 was decommissioned in May 2011.
The second meteorological tower (referred to as the primary tower, or Tower 2) was installed for
the pre-construction (i.e., pre-operational) measurement phase and began data collection in
December 2005 to support the COL application. The second meteorological tower is a 60 m
(200 ft) tower with an elevation at the base of about 186 m (611 ft) above MSL, or about 5.5 m

20

William S. Lee Pre-Application Site Visit: Review of the Pre-Operational Onsite Meteorological Monitoring Program.

2-68

William States Lee III Nuclear Station
Units 1 and 2
(18 ft) higher than the expected final plant grade of 181 m (593 ft) above MSL. The staff agrees
with the applicant that Tower 2 is sufficiently removed from any existing structures or significant
topographic features, based on the following criteria:
•

the staff’s pre-application site visit in May 2007

•

information depicted in FSAR Figure 2.3-247 (an aerial photograph adapted to illustrate
the general locations of current pre-application structures and Towers 1 and 2)

•

the near-field topographic map in FSAR Figure 2.3-245 (Sheet 2 of 2)

Consistent with the guidance in RG 1.23, Revision 1, the staff agrees with the applicant that
Tower 2 is sufficiently removed from any existing structures or significant topographic features.
The original application submittal in December 2007 included 1 year of onsite meteorological
data from Tower 2 covering the period from December 1, 2005, through November 30, 2006.
These data were used in WLS COL FSAR Section 2.3.2 to describe local meteorological
conditions (i.e., winds, temperature, humidity, and rainfall) and in WLS COL FSAR
Sections 2.3.4 and 2.3.5 for estimating short-term and long-term atmospheric dispersion
characteristics. However, the guidance in NUREG-0800, Section 2.3.3, and RG 1.23
recommends a minimum of two consecutive annual cycles (i.e., a 24-month period) of onsite
meteorological data to be provided at the time of application for a combined license. Therefore,
in RAI 448, Question 02.03.03-3, the staff requested that the applicant address this issue.
In a December 17, 2008, response to RAI 448, Question 02.03.03-3, the applicant stated that
the evaluation and submittal of the 2-year onsite meteorological dataset was provided in its
November 25, 2008, response to RAI 447, Question 02.03.02-1, which included a then-new
Appendix 2CC. This appendix presented comparisons of onsite temperature, moisture,
atmospheric stability class, precipitation, and winds between the 1- and 2-year datasets and
both onsite monitoring periods against longer-term temperature, moisture, and rainfall
summaries for the Greenville / Spartanburg, SC, NWS station. Except for the data recovery,
Section 2.3.2.4 of this report addresses the staff’s evaluation of the response to RAI 447,
Question 02.03.02-1.
The applicant’s response to RAI 448, Question 02.03.03-3 further supplemented this new
Appendix 2CC by comparing or revising estimated short- and long-term atmospheric dispersion
factors based on both the 1- and 2-year datasets. The staff’s evaluations of these comparisons
are provided in Sections 2.3.4.4 and 2.3.5.4 of this report, respectively.
WLS COL FSAR Section 2.3.3.1 concludes by reporting meteorological data recovery statistics
for the first year of onsite monitoring at Tower 2 (i.e., for December 2005 through November
2006). Based on the data evaluation, the applicant determined a rate of 96.5 percent for the
joint recovery of wind direction, wind speed, and delta-temperature (change in temperature),
using the data screening criteria in NUREG-0917, and a rate of 99.2 percent for the same
period (presumably for the joint recovery of these parameters) prior to applying this additional
screening.
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As a follow-up to RAI 448, Question 02.03.03-3 and based on NUREG-0800, Section 2.3.3 and
RG 1.23, Revision 1, Regulatory Position C.5, in RAI 6357, Question 02.03.03-5, the staff
requested that the applicant provide information demonstrating that 90 percent data recovery
was achieved during each annual cycle of the 2-year POR and, because a normalized 2-year
dataset had been input into the dispersion modeling, for the composite 2-year period.
•

for the joint recovery of all meteorological variables used to model atmospheric
dispersion (i.e., the joint frequency of wind speed, wind direction, and atmospheric
stability class)

•

individually for all measured parameters

In a May 2, 2012, response to RAI 6357, Question 02.03.03-5, the applicant provided a table
listing the data recoveries for individual meteorological parameters for the requested times
without having applied the data screening criteria in NUREG-0917. While not summarized in
the table, the applicant reiterated the 96.5 percent joint recovery rate for the dispersion model
input data during the first year of onsite monitoring (December 2005 through November 2006).
The applicant also stated the joint recovery rates for the second year of monitoring
(December 2006 through November 2007) and the composite 2-year POR as 95.7 and
96.1 percent, respectively, noting also that the NUREG-0917 screening criteria had been
applied to these parameters, including the recovery rate for the first yearly record. Data
recoveries for the pre-operational onsite meteorological monitoring program meet or exceed the
90-percent objective in RG 1.23, Regulatory Position C. 5, Revision 1. Therefore, the staff
considers these data acceptable for use in the summaries and analyses under WLS COL FSAR
Sections 2.3.2, 2.3.4, and 2.3.5. Accordingly, the staff considers RAI 448, Question 02.03.03-3
and RAI 6357, Question 02.03.03-5 resolved.
After completion of the pre-construction (pre-operational) monitoring phase, the applicant plans
to terminate the meteorological measurement program at Tower 2. Information regarding the
monitoring program for the operational phase is discussed in Section 2.3.3.4.2 of this report.

2.3.3.4.1.1

Tower Configuration, Instrument Descriptions, and Siting

Tower 2 has two instrumented levels, 10 and 60 m (32 and 200 ft) above ground level, at which
ambient dry-bulb temperature, wind speed, and wind direction are measured. The vertical
temperature gradient (or delta-temperature), an indicator of atmospheric stability, is calculated
based on the difference between the 60-m and 10-m (32 and 200 ft) level temperature
measurements. Dewpoint temperature is also measured at the 10-m (32 ft) level. Located near
Tower 2, station pressure and ambient temperature measurements are taken at 2 m (7 ft) above
ground level; precipitation, incoming solar and outgoing longwave radiation are measured at a
height of 1 m (3 ft). Delta-temperature was also determined between the 10 m and 2 m (32 ft
and 7 ft) temperature measurement levels but not used in any calculations that rely on
atmospheric stability.
The accuracy and (presumed) precision of each instrument was initially provided in WLS COL
FSAR Table 2.3-281. In RAI 538, Question 07.05-1, the staff requested, in part, that the
applicant define the monitored meteorological parameters in compliance with RG 1.97,
Revision 3 as had been committed to in the application. In an October 1, 2009, response, the
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applicant stated that meteorological monitoring at the Lee Nuclear Station conformed to
RG 1.97, Revision 4 per WLS COL FSAR Appendix 1AA and that the meteorological variables
are defined consistent with RG 1.97, Revision 3. As part of its October 1, 2009, response to
RAI 538, Question 07.05-1, the applicant updated WLS COL FSAR Table 2.3-281 by:
•

identifying the measurement range of each instrument

•

clarifying the accuracy specifications and measurement resolution (previously referred to
as “precision”) of each instrument

•

identifying the regulatory or technical basis for all specifications

•

adding two other monitoring system variables (i.e., time and data sampling rate)

The applicant stated that all instrumentation and measurements associated with Tower 2 meet
the guidance provided in RG 1.23, Revision 1. However, the staff noted that WLS COL FSAR
Table 2.3-281 identifies station pressure, incoming solar radiation, and outgoing longwave
radiation as optional measurement variables for which the accuracy guidance in
ANS/ANSI 3.11-2005 has been adopted as the “state-of-the-art specification” in the absence of
such criteria in RG 1.23. The staff finds the applicant’s instrument complement and
corresponding specifications for the pre-operational phase acceptable and, therefore, considers
RAI 538, Question 07.05-1 resolved.
RG 1.23 states that wind sensors should be located over level, open terrain at a distance of at
least 10 times the height of any nearby obstruction, if the height of the obstruction exceeds
one-half the height of the wind measurement. The applicant stated that trees and vegetation
were cleared around Tower 2 to ensure an open exposure area to meet this criterion. Further,
wind and temperature instruments were mounted on 2.4 m (8 ft) booms extending out from the
northwest side of the tower, generally oriented perpendicular to the prevailing (predominant)
winds. Temperature sensors were housed in aspirated radiation shields. The applicant stated
that this configuration should avoid measurement interference that could be caused by the
tower itself.
Consequently, based on the applicant’s description of the meteorological equipment installed on
Tower 2 and under WLS COL FSAR Section 2.3.3.1, and considering the staff’s pre-application
site visit, the staff finds the siting of meteorological Tower 2 and the deployment of its
instrumentation acceptable.

2.3.3.4.1.2

Data Acquisition

WLS COL FSAR Section 2.3.3.2.1 summarizes the data flow as follows. Electronic signals from
the instrument sensors located on or near the meteorological tower are sent to signal
conditioning equipment in a co-located instrument shelter/building and from there to a data
logger. The data logger then stores the measured data and performs some additional
processing. The system also includes provisions for remote access. The data are downloaded
from the data logger by a dedicated computer (“central PC”) at the Duke Energy Environmental
Center for validation, reporting, and archiving. The onsite meteorological data are then
recorded in digital form.
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The data acquisition system was one of the topics discussed during the staff’s pre-application
site visit. The equipment and techniques employed by the applicant meet the recommendations
provided in RG 1.23, Regulatory Position C.6, Revision 1.

2.3.3.4.1.3

Data Processing

WLS COL FSAR Section 2.3.3.2.2 summarizes the automated processing of the meteorological
measurement data from Tower 2 as follows. The data logger, at a minimum of once per
second, samples data channels; output from each sensor is scaled to the appropriate units of
measure; then 1-minute and 1-hour averages or totals are calculated, recorded, and assigned a
time stamp for each calculation. Among the measured parameters:
•

wind speed and wind direction are determined as scalar values

•

precipitation amounts represent total accumulation

•

incoming solar radiation is the total incident shortwave radiation

•

outgoing longwave terrestrial radiation represents total upwelling infrared radiation from
the ground

The data logger also checks the quality of the data and assigns a quality flag as needed.
RG 1.23, Regulatory Position C.6, Revision 1 states that digital data should be: (1) compiled as
15-minute average values for real-time display in the appropriate emergency response facilities
(e.g., the Control Room, Technical Support Center, and Emergency Operations Facility); and
(2) compiled and archived as hourly values for use in historical climatic and dispersion analyses.
While the first of these two items pertains specifically to the operational phase of the monitoring
program, in RAI 448, Question 02.03.03-1, the staff requested that the applicant address these
topics in WLS COL FSAR Section 2.3.3.2.2.
The applicant provided the requested information in Revision 1 of the COL application, but only
with respect to the first item. In a May 2, 2013, response to RAI 448, Question 02.03.03-1, the
applicant correctly pointed out that WLS COL FSAR Sections 2.3.3.2.2 and 2.3.3.2.3 already
addressed the compilation and archival of hourly data values. The staff agrees with that portion
of the applicant’s response as well as the revisions made. Data processing was one of the
topics discussed during the staff’s pre-application site visit. The staff finds that the equipment
and techniques employed meet the recommendations provided in RG 1.23, Regulatory
Position C.6, Revision 1. Accordingly, the staff considers RAI 448, Question 02.03.03-1
resolved.

2.3.3.4.1.4

Data Validation

WLS COL FSAR Section 2.3.3.2.3 briefly summarizes the data review and validation process as
follows:
•

daily data are reviewed to detect system problems and to perform preliminary data
verifications
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•

onsite system checks are conducted by field staff at least monthly to verify proper
operation of the systems

•

site technicians review all of the meteorological data collected for the previous month
after completion of the system checks

In-house personnel, including a staff meteorologist, also review the data. Following these
reviews, the database is edited, as necessary, on the central computer. Both raw (unedited)
and quality assured (edited) data are archived, along with backup copies, on the central
computer.
The data review process was among the topics discussed during the staff’s pre-application site
visit. The staff finds the applicant’s general approach to data review and validation consistent
with the intent of achieving a valid data recovery rate of at least 90 percent on an annual basis
as stated in RG 1.23, Regulatory Position C.5, Revision 1.

2.3.3.4.1.5

Inspection and Maintenance of Meteorological Instrumentation

WLS COL FSAR Section 2.3.3.3 states that meteorological equipment (i.e., sensors, recorders,
electronics, data logger, etc.) are inspected and serviced at a frequency designed to assure at
least 90 percent data recovery, as specified in RG 1.23, Revision 1, and to minimize extended
periods of instrument outage. This process includes the performance of field checks, field
calibrations, or replacement by laboratory-calibrated components. Equipment is either
calibrated or replaced after at least every 6 months of service. A reserve of spare parts and
equipment is maintained to minimize periods of instrument outage. Administrative controls such
as maintenance procedures are used to calibrate and maintain meteorological and station
equipment. Records documenting the results of calibrations, major causes of instrument
outages or drift from calibration, and corrective action taken are maintained. The meteorological
instrumentation inspection, maintenance, and calibration processes summarized by the
applicant meet the intent of RG 1.23, Regulatory Position C.5, Revision 1, for achieving
acceptable data recovery and are, therefore, acceptable to the staff.

2.3.3.4.2

Operational Meteorological Measurement Program

The applicant’s initial description of the onsite meteorological measurement program for the
operational phase is somewhat limited. WLS COL FSAR Section 2.3.3 and Section 2.3.3.1
briefly indicated that the applicant plans to end the pre-operational monitoring program at
Tower 2 and install a new permanent meteorological tower at a different location on the plant
site to support operation of WLS Units 1 and 2. WLS COL FSAR Section 2.3.3.3 states that
monitoring is continuous during the operational phase beginning with initial fuel loading and
continuing through the life of the plant. The applicant further states that the meteorological
program “has been developed to be consistent with the guidance given in RG 1.23, Revision 1.”
Its basic objective is “to maintain data collection performance to assure at least 90 percent joint
recoverability and availability of data needed for assessing the relative concentrations and
doses resulting from accidental or routine releases.”
In RAI 448, Question 02.03.03-2, the staff requested that the applicant address the following
aspects of the operational phase of the onsite meteorological measurement program:
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•

the siting of Tower 3, including tower elevation, and the representativeness of the
location and resultant data

•

a comparison of the meteorological data between Tower 2 and Tower 3 for data
consistency

•

proposed or existing nearby obstructions, including distance from the tower (such as the
containment building, cooling towers, trees, nearby terrain, etc.), and the potential
impact on the accuracy and representativeness of the measurements

•

the instrument maintenance and servicing schedules and the planned data reduction
and compilation procedures for the operational meteorological program (including data
acquisition, processing, and validation)

•

how data from the operational program will be used to support emergency preparedness
procedures, compiled and archived for later use

In a December 17, 2008, response to RAI 448, Question 02.03.03-2, the applicant stated that
the data collected from Tower 2 would continue to serve as the licensing basis for the
application and that Tower 3 was not erected with the intent of providing data in support of the
application. The applicant also stated in the response that monitoring at Tower 3 was not yet
operational and that a full year of data would not be collected until the end of 2009. The
applicant also indicated its expectation to transition from Tower 2 to Tower 3 as the recognized
source of onsite meteorological data following receipt of a combined license and prior to receipt
of fuel.
The applicant stated that Tower 3 will comply with the guidance in RG 1.23, Revision 1, and that
it will use the same procedures and maintenance / servicing schedules as Tower 2 that are
already described in WLS COL FSAR Section 2.3.3.3. The applicant also stated that the
compilation and archiving of meteorological data are addressed in WLS COL FSAR
Section 2.3.3.2 and that the use of meteorological data in emergency planning is described in
Lee Nuclear Station Emergency Plan, Section II.H.8 and Appendix 2. This addresses to the
fourth and fifth items of RAI 448, Question 02.03.03-2.
NUREG-0800, Section 2.3.3 provides guidance for the staff to make two findings through its
evaluation of the onsite meteorological monitoring program. The first is how the program relates
to determining the acceptability of the site (based on the data measured at the tower site and as
input for required atmospheric dispersion modeling analyses), and the second is the monitoring
program’s adequacy to support facility operations. Regarding the latter, NUREG-0800,
Section 2.3.3, Subsection IV states that the staff should verify that the applicant has provided
sufficient information to conclude that the equipment that measures meteorological parameters
during the course of accidents is sufficient to provide reasonable prediction of atmospheric
dispersion of airborne materials in accordance with 10 CFR Part 50, Appendix E. The staff
considers RAI 448, Question 02.03.03-2 resolved.
In follow-up RAI 6357, Question 02.03.03-4, the staff requested that the applicant provide
information that would allow the staff to complete its evaluation of the adequacy and
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acceptability of the onsite meteorological measurement program for the operational phase
pursuant to:
•

10 CFR 50.47(b)(8) and (b)(9) via 10 CFR 52.79(a)(21), as it relates to emergency
planning

•

RG 1.206, Section C.IV.4.2, as it relates to the treatment of operational programs in the
applications

•

10 CFR 52.79(a)(41), as it relates to the staff’s evaluation against relevant NUREG-0800
acceptance criteria

The staff requested that the applicant update WLS COL FSAR Section 2.3.3 by either
completing the descriptions of the operational monitoring program or justifying why they did not
need this information. Consistent with guidance in NUREG-0800, Section 2.3.3, Subsection II
and RG 1.23, Revision 1, the staff requested that the applicant provide or specify the following:
•

a site map (to scale) showing the location of Tower 3 relative to any existing and
planned structures for the proposed facility and topographic and other features that may
influence site meteorological measurements

•

a corresponding list of distances from Tower 3 to nearby obstructions to air flow by
direction sector

•

an update to WLS COL FSAR Table 2.3-281 or a separate listing of the performance
specifications for the meteorological instrumentation to be installed on Tower 3

•

the elevation at the base of Tower 3 relative to finished grade elevations at existing (if
applicable) and planned structures (e.g., cooling towers, buildings from which accident
or routine radioactive releases to the atmosphere may occur, trees or other vegetation,
topographic features)

•

the orientation and length of the various instrument booms at all tower levels, the type of
tower construction, and longest horizontal dimension (side) of the tower

•

the characteristics of the surface underlying the meteorological tower

In a May 2, 2012, response to RAI 6357, Question 02.03.03-4, the applicant included changes
to WLS COL FSAR Section 2.3.3.1 that designate Tower 3 as the permanent meteorological
(MET) tower, identify the tower’s relative location on the plant site, and state that it is sufficiently
removed from the influence of permanent plant structures and topographical features
(supported by an updated version of WLS COL FSAR Figure 1.1-202). The applicant also
indicated the elevation of the tower at its base (i.e., 181.5 m (595.5 ft) above MSL), which is
about 1.5 m (5 ft) above expected plant grade.
Further, these changes reiterate that the instrumentation associated with the Permanent MET
Tower meets the guidance provided in RG 1.23, Revision 1, consolidate information about the
sensors installed on all towers in an update to WLS COL FSAR Table 2.3-281, and indicate that
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nearby trees and vegetation were also cleared around Tower 3 to ensure an open exposure.
The staff notes that updates to WLS COL FSAR Section 2.3.3.2.2 clarify the processing and
storage of 1-minute and 1-hour data averages by the data logger.
Part of the applicant’s May 2, 2012, response to RAI 6357, Question 02.03.03-4 included a
separate listing of distances between potential obstructions to airflow and the Permanent MET
Tower, along with two separate figures to illustrate, in more detail, their relative orientations to
and distances from the tower. The staff finds that this information, although not incorporated
into the WLS COL FSAR but retained as part of the response to RAI 6357, Question 02.03.03-4,
demonstrates that the separation criterion from such obstructions in RG 1.23 is satisfied. WLS
COL FSAR Figure 1.1-202, “Site Layout,” provides a detailed representation of the location of
Tower 3 in relation to other plant structures.
In addition, the applicant’s response to RAI 6357, Question 02.03.03-4 indicated that the
Permanent MET Tower is an open-lattice structure installed above a natural, grassy surface.
The “tower” (instrument) booms are 2.4 m (8 ft) in length and oriented to 300 degrees relative to
True North and that the sensor cross-arm assemblies are more than two tower widths away
from the tower. This information demonstrates that potential influences of the tower and
underlying ground surface should have negligible effects on wind and temperature
measurements made at the 10-m and 60-m (32 and 197 ft) levels of the tower.
Given the applicant’s statements that the onsite meteorological measurements program during
the operational phase will be the same as the pre-construction (pre-operational) monitoring
program (in terms of instrument complement and specifications; data acquisition, processing,
and validation; and implementation of inspection and maintenance procedures) and given the
applicant’s responses to RAI 448, Question 02.03.03-2 and RAI 6357, Question 02.03.03-4, the
staff expects the operational meteorological monitoring program to be established and operated
in conformance to RG 1.23, Regulatory Positions C.2 through C.6, and C.8, Revision 1.
Therefore, the staff considers this acceptable. Accordingly, the staff considers RAI 448,
Question 02.03.03-2 and RAI 6357, Question 02.03.03-4 resolved.

2.3.3.5

Post Combined License Activities

Part 10 of the WLS COL application describes COL conditions, including inspections, tests,
analyses, and acceptance criteria (ITAAC). Table 3.8-1 in Part 10 of the WLS COL application
contains the emergency planning (EP) ITAAC. The following two EP ITAAC involve
demonstrating that the operational onsite meteorological monitoring program appropriately
supports the emergency plan for WLS Units 1 and 2:
•

EP-ITAAC 6.3: The means exist to continuously assess the impact of the release of
radioactive materials to the environment, accounting for the relationship between effluent
monitor readings, and onsite and offsite exposures and contamination for various
meteorological conditions. An analysis of emergency plan implementing procedures will
be performed to demonstrate that the corresponding acceptance criterion has been—
that is, that a methodology has been provided to establish the relationship between
effluent monitor readings and onsite and offsite exposures and contamination for various
radiological conditions.
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•

EP-ITAAC 6.4: The means exist to acquire and evaluate meteorological information.
An inspection of the control room, Technical Support Center (TSC), and Emergency
Operations Facility will be performed to demonstrate that the corresponding acceptance
criterion has been met, that is, that the specified meteorological data (i.e., wind speed,
wind direction, and air temperature at the 10-m and 60-m (32 ft and 197 ft) levels) were
available at these facilities.

EP, including EP ITAAC is addressed in Section 13.3, “Emergency Planning” of this report.

2.3.3.6

Conclusion

The staff reviewed the application, including the information provided as WLS COL 2.3-3,
evaluated the applicant’s responses to several RAI questions issued as a result of that review,
and checked the referenced AP1000 DCD. The staff’s review confirmed that the applicant has
addressed the required information relating to the onsite meteorological measurements
programs for the pre-operational and operational phases. The staff notes there is no
outstanding information expected to be addressed in the WLS COL FSAR related to this
section.
COL Information Item 2.3-3 states that a COL applicant shall address the site-specific onsite
meteorological measurements program. As set forth above, the applicant has presented and
substantiated information pertaining to the onsite meteorological measurements program and
the resulting database. The staff reviewed the information provided in WLS COL 2.3-3. The
staff concludes that the applicant has established consideration of the onsite meteorological
measurements program, and the resulting databases are acceptable and meet the requirements
of 10 CFR 100.20 with respect to determining the acceptability of the site. The staff also finds
that the onsite data also provide an acceptable basis for making estimates of atmospheric
dispersion for DBA and routine releases from the plant to meet the requirements of
10 CFR 100.21, GDC 19, 10 CFR Part 20, and 10 CFR Part 50, Appendix I. Finally, the
equipment provided for measurement of meteorological parameters during the course of
accidents is sufficient to provide reasonable prediction of atmospheric dispersion of airborne
radioactive materials in accordance with 10 CFR Part 50, Appendix E. Part 5, “Emergency
plan” of the WLS COL application identifies alternative offsite sources of meteorological data
during an emergency. The staff finds that the applicant has provided a sufficient description to
adequately address COL Information Item 2.3-3.

2.3.4

Short-Term Diffusion Estimates

2.3.4.1

Introduction

The short-term diffusion estimates are used to determine the amount of airborne radioactive
materials expected to reach a specific location during an accident situation. The diffusion
estimates address the requirement for conservative atmospheric dispersion (relative
concentration) factor (χ/Q value) estimates at the EAB, the outer boundary of the LPZ, and at
the control room for postulated design-basis accidental radioactive airborne releases. The
review covers the following specific areas: (1) atmospheric dispersion models to calculate
atmospheric dispersion factors for postulated accidental radioactive releases; (2) meteorological
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data and other assumptions used as input to atmospheric dispersion models; (3) derivation of
diffusion parameters (e.g., σy and σz); (4) cumulative frequency distributions of χ/Q values;
(5) determination of conservative χ/Q values used to assess the consequences of postulated
design-basis atmospheric radioactive releases to the EAB, LPZ, and control room; and (6) any
additional information requirements prescribed in the “Contents of application” sections of the
applicable subparts to 10 CFR Part 52, “Licenses, certifications, and approvals for nuclear
power plants.” This section of the report also addresses the supplemental information in WLS
COL FSAR Section 2.3.6 related to the short-term diffusion estimates.

2.3.4.2

Summary of Application

WLS COL FSAR, Revision 11, Section 2.3, incorporates by reference AP1000 DCD, Section
2.3.
In addition, in WLS COL FSAR Section 2.3, the applicant addressed the following:
Departures
•

WLS DEP 18.8-1

The applicant provided additional information in WLS COL 2.3-4 to address COL Information
Item 2.3-4. WLS COL 2.3-4 addresses the provision of site-specific short-term diffusion
estimates for staff review to ensure that the bounding values (AP1000 DCD, Appendix 15A,
Table 2-1) of relative concentrations are not exceeded. In addition, this WLS COL FSAR
section addresses Interface Item 2.4 related to the limiting meteorological parameters (χ/Q) for
DBAs.
AP1000 COL Information Item
•

WLS COL 2.3-4

The applicant provided additional information in WLS COL 2.3-4 to address COL Information
Item 2.3-4 (COL Action Item 2.3.4-1). WLS COL 2.3-4 addresses the provision of site-specific
short-term diffusion estimates for NRC review to ensure that the bounding values (Table 2-1
and Appendix 15A from the AP1000 DCD) of relative concentrations are not exceeded.
In addition, this WLS COL FSAR section addresses Interface Item 2.4 related to the limiting
meteorological parameters (χ/Q) for DBAs.

2.3.4.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed in NUREG-1793
and its supplements. The applicable regulatory requirements for the applicant’s description of
atmospheric diffusion estimates for accidental releases are as follows:
•

10 CFR Part 50, Appendix A, GDC 19, as it relates to the meteorological considerations
used to evaluate the personnel exposures inside the control room during radiological
and airborne hazardous material accident conditions.
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•

10 CFR 52.79(a)(1)(vi), as it relates to a safety assessment of the site, including
consideration of major SSCs of the facility and site meteorology, to evaluate the offsite
radiological consequences at the EAB and LPZ.

•

10 CFR 100.21(c)(2), as it relates to the atmospheric dispersion characteristics used in
the evaluation of the EAB and LPZ radiological dose consequences for postulated
accidents.

NUREG-0800, Section 2.3.4 recommends the following acceptance criteria to be provided by a
COL applicant:
•

A description of the atmospheric dispersion models used to calculate χ/Q values for
accidental releases of radioactive and hazardous materials to the atmosphere. The
models should be documented in detail and substantiated within the limits of the model
so that the staff can evaluate their appropriateness of use with regard to release
characteristics, plant configuration, plume density, meteorological conditions, and site
topography.

•

Meteorological data used for the evaluation (as input to the dispersion models), which
represent annual cycles of hourly values of wind direction, wind speed, and atmospheric
stability for each mode of accidental release. Any dispersion estimates should be
calculated from the most representative meteorological data available for the site.

•

A discussion of atmospheric diffusion parameters, such as lateral and vertical plume
spread (σy and σz) as a function of distance, topography, and atmospheric conditions
should be related to measured meteorological data. The methodology for establishing
these relationships should be appropriate for estimating the consequences of accidents
within the range of distances which are of interest with respect to site characteristics and
established regulatory criteria.

•

Hourly cumulative frequency distributions of χ/Q values from the effluent release point(s)
to the EAB and outer boundary of the LPZ should be constructed to describe the
probabilities of these χ/Q values being exceeded. All cumulative frequency distributions
of χ/Q values should be presented for appropriate distances (as indicated above) and
time periods as specified in RG 1.206, Part I, Subsection C.I.2.3.4.2. The methods for
generating these distributions should be adequately described.

•

Atmospheric dispersion factors used for the assessment of consequences related to
atmospheric radioactive release to the control room for design-basis, other accidents,
and onsite and off-site releases of hazardous airborne materials should be provided.

•

For control room habitability analysis, a site plan drawn to scale should be included
showing true North and potential atmospheric accident release pathways, control room
air intake(s), and unfiltered in-leakage pathways.

The following regulatory guides and other related guidance documents were also taken into
consideration in the staff’s review of WLS COL FSAR Section 2.3.4, as applicable:
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•

RG 1.23, “Meteorological Monitoring Programs for Nuclear Power Plants” Revision 1,
which includes guidance on the measurement and processing of onsite meteorological
data for use as input to atmospheric dispersion models in support of plant licensing.

•

RG-1.145, “Atmospheric Dispersion Models for Potential Accident Consequence
Assessments at Nuclear Power Plants”, Revision 1, which provides guidance on
appropriate dispersion models for estimating offsite relative air concentrations (χ/Q
values) as a function of downwind direction and distance (i.e., at the EAB and outer
boundary of the LPZ) for various short-term time periods (up to 30 days) after an
accident, provisions and guidance to account for ground-level and elevated releases,
meteorological conditions, and modified plume dispersion due to building wake effects,
plume meander under low wind speed conditions, non-straight plume trajectories, and
fumigation conditions at coastal and inland site locations.

•

RG-1.194, “Atmospheric Relative Concentrations for Control Room Radiological
Habitability Assessments at Nuclear Power Plants”, which discusses acceptable
approaches for estimating short-term (i.e., 2 hours to 30 days post-accident) average
χ/Q values in the vicinity of buildings at control room ventilation air intakes and at other
locations of significant air in-leakage to the control room envelope due to postulated
design-basis accidental radiological airborne releases, provisions and guidance for
determining release point characteristics, receptors, source-receptor distances and
directions, and meteorological input data.

•

RG 1.206, “Combined License Applications for Nuclear Power Plants”, which
summarizes the types of information, identified in NUREG-0800, Section 2.3.4, that an
applicant should provide in FSAR Section 2.3.4 for estimating dispersion factors
(χ/Q values) used to assess the consequences of design-basis and other accidental
atmospheric radiological releases on control room habitability.

•

NUREG/CR-2858 (November 1982), “PAVAN: An Atmospheric Dispersion Program for
Evaluating Design Basis Accidental Releases of Radioactive Materials from Nuclear
Power Stations”, prepared by Pacific Northwest Laboratory (PNL-4413), the user’s
manual for the NRC-sponsored PAVAN dispersion model.

•

NUREG/CR-6331 (Revision 1, May 1997), “Atmospheric Relative Concentrations in
Building Wakes”, prepared by Pacific Northwest National Laboratory (PNNL-10521), the
user’s manual for the NRC-sponsored ARCON96 dispersion model.

2.3.4.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.3.4 and checked the applicable site parameters
in AP1000 DCD Tier 2, Table 2-1, to ensure that the combination of the DCD and the
information in the COL application represent the complete scope of information relating to this
review topic. The staff’s review confirmed that the information contained in the application and
incorporated by reference addresses the required information relating to the short-term
dispersion estimates. AP1000 DCD, Section 2.3.4 was reviewed by the staff under Docket
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Number 52-006. The results of the staff’s evaluation of the information incorporated by
reference in the application are documented in NUREG-1793 and its supplements.
The staff reviewed the information contained in the WLS COL FSAR corresponding to the
following:
AP1000 COL Information Item
•

WLS COL 2.3-4

The staff reviewed information related to the short-term diffusion estimates of accidental
releases to the atmosphere included by the applicant under WLS COL FSAR Section 2.3.4 in
response to COL Information Item 2.3-4. The specific text of this COL Information Item in
AP1000 DCD, Section 2.3.6.4 states:
Combined License applicants referencing the AP1000 certified design will
address the site-specific χ/Q values specified in subsection 2.3.4. For a site
selected that exceeds the bounding χ/Q values, the Combined License applicant
will address how the radiological consequences associated with the controlling
design basis accident continue to meet the dose reference values given in
10 CFR Part 50.34 and control room operator dose limits given in General
Design Criteria 19 using site-specific χ/Q values. The Combined License
applicant should consider topographical characteristics in the vicinity of the site
for restrictions of horizontal and/or vertical plume spread, channeling or other
changes in airflow trajectories, and other unusual conditions affecting
atmospheric transport and diffusion between the source and receptors.
No further action is required for sites within the bounds of the site parameters for
atmospheric dispersion.
With regard to assessment of the postulated impact of an accident on the
environment, the COL applicant will provide χ/Q values for each cumulative
frequency distribution that exceeds the median value (50 percent of the time).
Regarding the latter portion of WLS COL 2.3-4, the staff notes that the postulated impact of an
accident on the environment is addressed in the Environmental Report. The staff relied upon
the review procedures presented in NUREG-0800, Section 2.3.4, to independently assess the
technical sufficiency of the information presented by the applicant.

2.3.4.4.1

Atmospheric Dispersion Models

2.3.4.4.1.1

Offsite Dispersion Estimates

The applicant used the PAVAN computer code (NUREG/CR-2858, “PAVAN: An Atmospheric
Dispersion Program for Evaluating Design-Basis Accidental Releases of Radioactive Materials
from Nuclear Power Stations”) to estimate ground-level χ/Q values at the EAB and at the outer
boundary of the LPZ for potential accidental releases of radioactive material to the atmosphere.
The PAVAN model implements the methods outlined in RG 1.145.
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The PAVAN code estimates χ/Q values for various time-average periods ranging from 2 hours
to 30 days. The meteorological input to PAVAN consists of a JFD of hourly values of wind
speed and wind direction by atmospheric stability class. The χ/Q values calculated through
PAVAN are based on the theoretical assumption that material released to the atmosphere will
be normally distributed (Gaussian) about the plume centerline. A straight-line trajectory is
assumed between the point of release and all downwind receptor distances for which χ/Q
values are calculated.
For each of the 16 downwind direction sectors (true North, North-Northeast, Northeast,
East-Northeast, etc.), PAVAN calculates χ/Q values for each combination of wind speed and
atmospheric stability at the appropriate downwind distance (i.e., the EAB and the outer
boundary of the LPZ). The χ/Q values calculated for each sector are then ordered from greatest
to smallest and an associated cumulative frequency distribution is derived based on the
frequency distribution of wind speed and stabilities for each sector. The smallest χ/Q value in a
distribution will have a corresponding cumulative frequency equal to the wind direction
frequency for that particular sector. PAVAN determines for each sector an upper envelope
curve based on the derived data (plotted as χ/Q versus probability of being exceeded), such
that no plotted point is above the curve. From this upper envelope, the χ/Q value, which is
equaled or exceeded 0.5 percent of the total time, is obtained. The maximum 0.5 percent χ/Q
value from the 16 sectors becomes the 0-2 hour “maximum sector χ/Q value.”
Using the same approach, PAVAN also combines all χ/Q values independent of wind direction
into a cumulative frequency distribution for the entire site. An upper envelope curve is
determined, and the program selects the χ/Q value which is equaled or exceeded 5.0 percent of
the total time. This is known as the 0-2 hour “5-percent overall site χ/Q value.”
The larger of the two χ/Q values, either the 0.5-percent maximum sector value or the 5-percent
overall site value, is selected to represent the χ/Q value for the 0-2 hour time interval (note that
this resulting χ/Q value is based on 1-hour averaged data but is conservatively assumed to
apply for 2 hours). An alternative method to determine the χ/Q value for the 0-2 hour time
interval is to retain the maximum possible χ/Q value based on the distance, calm wind speeds,
and G-stability.
To determine χ/Q values for longer time periods (i.e., 0-8 hour, 8-24 hour, 1-4 days, and
4-30 days), PAVAN performs a logarithmic interpolation between the 0-2 hour χ/Q value and the
corresponding annual average (8760-hours) χ/Q value for each of the 16 sectors and overall
site. For each time period, the highest among the 16 sectors and overall site χ/Q values are
identified and are designated as the short-term site characteristic χ/Q value for that time period.

2.3.4.4.1.2

Control Room Dispersion Estimates

The applicant used the computer code ARCON96 (NUREG/CR-6331, “Atmospheric Relative
Concentrations in Building Wakes”) to estimate χ/Q values at the control room for potential
accidental releases of radioactive material. The ARCON96 model implements the methods
outlined in RG 1.194, “Atmospheric Relative Concentrations for Control Room Radiological
Habitability Assessments at Nuclear Power Plants.”

2-82

William States Lee III Nuclear Station
Units 1 and 2
The ARCON96 code estimates χ/Q values for various time-averaged periods ranging from
2 hours to 30 days. The meteorological input to ARCON96 consists of hourly values of wind
speed, wind direction, and atmospheric stability class. The χ/Q values calculated through
ARCON96 are based on the theoretical assumption that material released to the atmosphere
will be normally distributed (Gaussian) about the plume centerline. A straight-line trajectory is
assumed between the release points and receptors. The diffusion coefficients account for
enhanced dispersion under low wind speed conditions and in building wakes.
The hourly meteorological data are used to calculate hourly relative concentrations. The hourly
relative concentrations are then combined to estimate concentrations ranging in duration from
2 hours to 30 days. Cumulative frequency distributions, prepared from the average relative
concentrations and the relative concentrations that are exceeded no more than five percent of
the time for each averaging period, are determined.

2.3.4.4.2

Meteorological Input Data

2.3.4.4.2.1

Offsite Dispersion Estimates

The meteorological data input to the PAVAN dispersion model is in the form of a JFD of wind
speed and wind direction by atmospheric stability class. The structure of the JFD meets the
intent of the guidance in RG 1.23, Regulatory Position C.6, Revision 1, and the resolution of
lower wind speed classes as recommended in the review procedures under NUREG--0800,
Section 2.3.3.
As indicated previously, the JFD was prepared based on hourly-averaged onsite measurements
for a 2-year POR from December 1, 2005, through November 30, 2007. Wind data were
obtained from the 10-m (32 ft) level of the onsite meteorological tower; stability data were
derived from the vertical temperature difference between the 60 m and 10 m (197 and 32 m)
measurement levels.
With regard to the 1-year of meteorological data, RG 1.23, Revision 1, states that the minimum
amount of onsite meteorological data to be provided at the time of application for a combined
license is a consecutive 24-month period of data that is defendable, representative, and
complete but not older than 10 years from the date of the application. However, the guidance
further states that three or more years of data are preferable and, if available, should be
submitted with the application. To rectify this deviation from guidance, in RAI 448,
Question 02.03.03-3, the staff requested that the applicant address the scope of the
meteorological dataset.
In a December 17, 2008, response to RAI 448, Question 02.03.03-3, the applicant included a
2-year meteorological dataset for the period December 1, 2005, through November 30, 2007.
Additionally, In WLS COL FSAR, Appendix 2CC, the applicant provided an evaluation of
short-term offsite dispersion estimates based on the 2-year dataset with a comparison against
the 1-year site characteristic χ/Q values and the corresponding site parameter χ/Q values in the
AP1000 DCD. The applicant stated that the site characteristic χ/Q values were consistent for
the two datasets.
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The staff observed the consistency identified by the applicant but also observed that the 2-year
short-term offsite dispersion estimates were generally higher, and therefore the use of the
1-year dataset appeared to be non-conservative when compared to the 2-year dataset.
Therefore, in follow-up RAI 3726, Question 02.03.04-4, the staff requested that the applicant
resolve the issue. In an April 6, 2010, response to RAI 3726, Question 02.03.04-4, the applicant
included an analysis of the 2-year short-term offsite dispersion estimates and updated both text
and tables relating to these estimates. The staff reviewed and confirmed the updated text and
tables from the RAI and confirmed that these changes were incorporated into the WLS COL
FSAR. Accordingly, the staff finds the response to RAI 3726, Question 02.03.04-4 acceptable
and considers the RAI resolved. Subsequent revisions to the WLS COL FSAR removed the
comparison of 1-year and 2-year of short-term offsite dispersion estimates from WLS COL
FSAR Appendix 2CC.
The staff completed a detailed review related to the acceptability and representativeness of the
hourly meteorological data as discussed in Sections 2.3.2 and 2.3.3 of this report. Based on
this review, the staff considers the onsite meteorological database suitable for input to the
PAVAN model.

2.3.4.4.2.2

Control Room Dispersion Estimates

The meteorological data input to the ARCON96 dispersion model consisted of hourly-averaged
values of wind speed, wind direction, and atmospheric stability class covering a 2-year POR of
onsite measurements from December 1, 2005, through November 30, 2007. The wind data
were obtained from the 10 m and 60 m (32 and 197 ft) levels of the onsite meteorological tower
(the 60 m (197 ft)) wind data were only used by the model when data from the 10 m (32 ft) level
were unavailable). The stability data were derived from the vertical temperature difference
between the 60 m and 10 m (32 and 197 ft) measurement levels.
The staff completed a detailed review related to the acceptability and representativeness of the
hourly meteorological data as discussed in Sections 2.3.2 and 2.3.3 of this report. Based on
this review, the staff considers the onsite meteorological database suitable for input to the
ARCON96 model.

2.3.4.4.3

Diffusion Parameters

2.3.4.4.3.1

Offsite Dispersion Estimates

The applicant chose to implement the diffusion parameter assumptions outlined in RG 1.145,
Revision 1, as a function of atmospheric stability and downwind distance from the source, for its
PAVAN model runs. Significant local topography can influence short-term dispersion estimates.
In RAI 449, Question 02.03.04-1, the staff requested that the applicant discuss the potential
effects of the local topography on the atmospheric dispersion estimates. In an October 10,
2008, response to RAI 449, Question 02.03.04-1, the applicant included an update to WLS COL
FSAR Section 2.3.4.1. In the response the applicant described the terrain in the immediate
vicinity of the site as gently rolling hills and that McKowns Mountain was the only notable terrain
feature. Further, the applicant stated that the mountain peak was approximately 61 m (200 ft)
above plant grade at a distance of approximately 1.6 km (1 mi). Given the distance and minimal
elevation rise, the applicant concluded that McKowns Mountain would have no significant effect
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on short term diffusion estimates. The staff agrees with the discussion provided in the
applicant’s response to RAI 449, Question 02.03.04-1 and confirmed that the proposed changes
were incorporated into the WLS COL FSAR. Accordingly, the staff considers RAI 449,
Question 02.03.04-1 resolved.
The staff evaluated the applicability of the PAVAN diffusion parameters and concluded that no
unique topographic features (such as rough terrain, restricted flow conditions, coastal or desert
areas) preclude the use of the PAVAN model for the proposed WLS site. Therefore, the staff
finds that the applicant’s use of diffusion parameter assumptions, as outlined in RG 1.145,
Revision 1, acceptable.

2.3.4.4.3.2

Control Room Dispersion Estimates

The diffusion coefficients used in ARCON96 have three components. The first component is
the diffusion coefficient used in other NRC models such as PAVAN. The other two components
are corrections to account for enhanced dispersion under low wind speed conditions and in
building wakes. These components are based on analysis of diffusion data collected in various
building wake diffusion experiments under a range of meteorological conditions. Since the
diffusion occurs at short distances within the plant’s building complex, the ARCON96 diffusion
parameters are not affected by nearby topographic features such as bodies of water or elevated
terrain. Therefore, the staff finds the applicant’s use of the ARCON96 diffusion parameter
assumptions acceptable.

2.3.4.4.4

Relative Concentrations for Accident Consequences Analyses

2.3.4.4.4.1

Conservative Short-Term Atmospheric Dispersion Estimates for the
EAB and LPZ

The applicant stated that it modeled one ground-level release point for each unit by assuming a
136 m (448 ft) radius circle, centered on each unit’s containment, which encompasses all
release points. Further, the applicant stated it conservatively estimated the area of the reactor
building to be used for determining wake effects by calculating the above ground,
cross-sectional area of the shield building. Shorter EAB and LPZ distances (assuming the
136 m (448 ft) radius circle) resulted in higher (more conservative) χ/Q values. The LPZ
distances are defined by a 3.2 km (2 mi) radius circle centered on the midpoint between Units 1
and 2 containment buildings. A ground-level release with the stated assumptions is consistent
with RG 1.145, Revision 1 and, therefore, is acceptable to the staff.
In accordance with AP1000 DCD, Section 2.3.6.4, WLS COL FSAR Section 2.3.4.2 compared
the site characteristic EAB and LPZ χ/Q values to the corresponding site parameters provided in
the DCD. This comparison, provided in WLS COL FSAR Table 2.0-201, showed that the
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AP1000 DCD EAB and LPZ χ/Q values conservatively bound the site characteristic χ/Q
values. 21
Using the information provided by the applicant, including the 10 m (32 ft) level joint frequency
distributions of wind speed, wind direction, and atmospheric stability discussed in Section 2.3.2
of this report, the staff confirmed the applicant’s χ/Q values by running the PAVAN computer
code and obtaining consistent results. Therefore, the staff accepts the short-term χ/Q values
presented by the applicant.

2.3.4.4.4.2

Short-Term Atmospheric Dispersion Estimates for the Control Room

The applicant provided the following as the necessary input to the ARCON96 dispersion
modeling analysis:
•

Onsite Hourly Meteorological Data:

December 1, 2005 - November 30, 2007

•

AP1000 DCD Table 15A-7:

Control Room Source / Receptor Data

•

AP1000 DCD Figure 15A-1:

Site Plan with Release and Intake Locations

•

WLS COL FSAR Table 2.3-284:

Lee Control Room χ/Q Input Data

•

WLS COL FSAR Figure 2.1-202:

Plant Layout on the Lee Site

In accordance with the AP1000 DCD, two receptor (i.e., air intake) points, the Control Room
HVAC Intake and Annex Building Access (control room door), were modeled for the following
eight release points:
•

Plant Vent

•

PCS Air Diffuser

•

Fuel Building Blowout Panel

•

Radwaste Building Truck Staging Area Door

•

Steam Line Break Releases

•

Power Operated Relief Valves (PORV) / Safety Valves

•

Condenser Air Removal Stack

21 Smaller χ/Q values are associated with greater dilution capability, resulting in lower radiological doses.
When comparing a DCD site parameter χ/Q value and a site characteristic χ/Q value, the site is
acceptable for the design if the site characteristic χ/Q value is smaller than the site parameter χ/Q value.
Such a comparison shows that the site has better dispersion characteristics than that required by the
reactor design.
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•

Containment Shell PCS Air Diffuser

WLS COL FSAR Table 2.3-285 lists the site-specific control room χ/Q values calculated by the
applicant. WLS COL FSAR Table 2.0-202 compared the site-specific control room χ/Q values
to the corresponding site parameters provided in the AP1000 DCD. This comparison showed
that the AP1000 control room χ/Q values conservatively bounded the site-specific values.
The staff confirmed the applicant’s atmospheric dispersion estimates by running the ARCON96
computer model and obtaining similar results. Both the staff and applicant used a ground-level
release assumption for each of the release/receptor combinations as well as other conservative
assumptions. Based on its confirmatory analysis, the staff finds the applicant’s control room
χ/Q values acceptable.

2.3.4.4.4.3

Short-Term Atmospheric Dispersion Estimates for the Technical
Support Center

The applicant provided the following as the necessary input to the ARCON96 dispersion
modeling analysis:
•

Onsite Hourly Meteorological Data:

December 1, 2005 - November 30, 2007

•

WLS COL FSAR Table 2.3-294:

Lee TSC HVAC Distances and Directions

•

WLS COL FSAR Section 2.3.4.4:

Control Room Source / Receptor Data

The Technical Support Center (TSC) HVAC Intake was modeled for the following two release
points:
•

Unit 1 Containment Shell

•

Unit 2 Containment Shell

WLS COL FSAR Table 2.3-295 lists the site-specific TSC χ/Q values calculated by the
applicant.
The staff confirmed the applicant’s atmospheric dispersion estimates by running the ARCON96
computer model and obtaining similar results. Both the staff and applicant used a ground-level
release assumption for each of the release/receptor combinations as well as other conservative
assumptions. Based on its confirmatory analysis, the staff finds the applicant’s TSC χ/Q values
acceptable.
The applicant took a departure in WLS COL FSAR Chapter 18, “Human Factors Engineering,”
in that the WLS TSC is not located in the control building as identified in the AP1000 DCD (WLS
DEP 18.8-1). Additional information regarding this departure can be found in the WLS COL
application, Part 7 “Departures and Exemptions Requests.”
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2.3.4.4.5

Onsite and Offsite Hazardous Materials

A review of the applicant’s identification of onsite and offsite hazardous materials that could
threaten control room habitability is performed in Sections 2.2.1, 2.2.2, and 2.2.3 of this report.
The accident scenarios, including release characteristics and atmospheric dispersion model
descriptions, model inputs, and assumptions are also discussed in these sections.

2.3.4.5

Post Combined License Activities

There are no post COL activities related to this section.

2.3.4.6

Conclusion

The staff reviewed the WLS COL application and checked the referenced DCD. The staff’s
review confirmed that the applicant addressed the required information relating to short-term
diffusion estimates, and there is no outstanding information expected to be addressed in the
WLS COL FSAR related to this section. The results of the staff’s technical evaluation of the
information incorporated by reference in the WLS COL application are documented in
NUREG-1793 and its supplements.
COL Information Item 2.3-4 states that a COL applicant shall address the site-specific
χ/Q values as specified in AP1000 DCD, Section 2.3.4. The staff concludes that the applicant’s
atmospheric dispersion estimates are acceptable and meet the relevant requirements of
10 CFR 100.21(c)(2). This conclusion is based on the conservative assessments of
post-accident atmospheric dispersion conditions that have been made by the applicant and the
staff from the applicant’s meteorological data and appropriate diffusion models. These
atmospheric dispersion estimates are appropriate for the assessment of consequences from
radioactive releases for DBAs in accordance with 10 CFR 52.79(a)(1)(vi), 10 CFR 100.21(c)(2),
and GDC 19. The staff finds that the applicant has provided sufficient information to adequately
address COL Information Item 2.3-4.

2.3.5

Long-Term Diffusion Estimates

2.3.5.1

Introduction

The long-term diffusion estimates are used to determine the amount of airborne radioactive
materials expected to reach a specific location during normal operations. The diffusion
estimates address the requirement concerning atmospheric dispersion and dry deposition
estimates for routine releases of radiological effluents to the atmosphere. The review covers
the following specific areas: (1) atmospheric dispersion and deposition models used to
calculate concentrations in air and amount of material deposited as a result of routine releases
of radioactive material to the atmosphere; (2) meteorological data and other assumptions used
as input to the atmospheric dispersion models; (3) derivation of diffusion parameters (e.g., σz);
(4) atmospheric dispersion (relative concentration) factors (χ/Q values) and deposition factors
(D/Q values) used for assessment of consequences of routine airborne radioactive releases;
(5) points of routine release of radioactive material to the atmosphere, the characteristics of
each release mode, and the location of potential receptors for dose computations; and (6) any
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additional information requirements prescribed in the “Contents of Application” sections of the
applicable subparts to 10 CFR Part 52. This section of the report also addresses the
supplemental information in WLS COL FSAR Section 2.3.6 related to the long-term diffusion
estimates.

2.3.5.2

Summary of Application

WLS COL FSAR, Revision 11, Section 2.3, incorporates by reference AP1000 DCD, Section
2.3. In WLS COL FSAR Section 2.3.5, the applicant addressed the following:
AP1000 COL Information Item
•

WLS COL 2.3-5

The additional information provided in WLS COL 2.3-5 is responsive to AP1000 DCD Tier 2,
Table 1.8-2, COL Information Item 2.3-5 by addressing long-term (atmospheric) diffusion
estimates at and near the site boundary and out to a distance of 80 km (50 mi). In addition, this
WLS COL FSAR section addresses Interface Item 2.4 related to the limiting meteorological
parameters (χ/Q values) for routine airborne radiological releases.

2.3.5.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed in NUREG-1793
and its supplements. The acceptance criteria for evaluating the analysis of long-term
atmospheric dispersion and deposition conditions for routine releases of radiological effluents to
the atmosphere during normal plant operation are based on meeting the relevant requirements
of 10 CFR Part 20, 10 CFR Part 50, and 10 CFR Part 100. The staff considered the following
regulatory requirements in reviewing the applicant’s estimates of atmospheric dispersion and
deposition:
•

10 CFR Part 20, Subpart D, as it relates to establishing atmospheric dispersion-related
site characteristics for demonstrating compliance with dose limits for individual members
of the public;

•

10 CFR 50.34a, “Design objectives for equipment to control releases of radioactive
material in effluents—nuclear power reactors,” and 10 CFR Part 50, Appendix I
Sections II.B, II.C, and II.D, as they relate to the numerical guides for design objectives
and limiting conditions for operation to meet the requirements that radioactive material in
effluents released to unrestricted area be kept ALARA.

•

10 CFR 100.21(c)(1), as it relates to establishing atmospheric dispersion-related site
characteristics such that radiological effluent release limits associated with normal
operation can be met for any individual located offsite.

The related acceptance criteria from NUREG-0800, Section 2.3.5 are as follows:
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•

A detailed description of the atmospheric dispersion and deposition models used to
calculate annual average concentrations in air and amount of material deposited as a
result of routine releases of radioactive materials to the atmosphere.

•

A discussion of atmospheric diffusion parameters, such as vertical plume spread (σz) as
a function of distance, topography, and atmospheric conditions.

•

Meteorological data summaries (onsite and regional) used as input to the dispersion and
deposition models.

•

Points of routine release of radioactive material to the atmosphere, including the
characteristics (e.g., location, release mode) of each release point.

•

The specific location of potential receptors of interest (e.g., nearest vegetable garden,
nearest resident, nearest milk animal, and nearest meat cow in each 22.5 degree
direction sector within an 8 km (5 mi) radius of the site).

•

The χ/Q and D/Q values to be used for assessment of the consequences of routine
airborne radiological releases as described in RG 1.206, Section C.I.2.3.5.2:
(1) maximum annual average χ/Q values and D/Q values at or beyond the site boundary
and at specific locations of potential receptors of interest using appropriate
meteorological data for each routine venting location; and (2) estimates of annual
average χ/Q values and D/Q values for 16 radial sectors to a distance of 80 km (50 mi)
from the plant using appropriate meteorological data.

The following regulatory guides and other related guidance documents were also taken into
consideration in the staff’s review of WLS COL FSAR Section 2.3.5, as applicable:
•

RG 1.23, “Meteorological Monitoring Programs for Nuclear Power Plants,” Revision 1,
which includes guidance on the measurement and processing of onsite meteorological
data for use as input to atmospheric dispersion models in support of plant licensing and
operation

•

RG 1.109, “Calculation of Annual Doses to Man from Routine Releases of Reactor
Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix I,”
Revision 1, which includes guidance on identifying the location of potential receptors of
interest

•

RG 1.111, “Methods for Estimating Atmospheric Transport and Dispersion of Gaseous
Effluents in Routine Releases from Light-Water-Cooled Reactors,” Revision 1, which
discusses different types of atmospheric transport and diffusion models and criteria for
characterizing long-term (annual) average atmospheric dispersion and deposition
conditions

•

RG 1.112, “Calculation of Releases of Radioactive Materials in Gaseous and Liquid
Effluents from Light-Water-Cooled Power Reactors,” Revision 1, which includes
guidance on identifying release point characteristics
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•

RG 1.206, “Combined License Applications for Nuclear Power Plants,” which
summarizes the types of information, identified in NUREG-0800, Section 2.3.5, that an
applicant should provide in FSAR Section 2.3.5 regarding the estimation of annual
average χ/Q and D/Q values used for annual average release limit calculations and
person-rem estimates

•

NUREG/CR-2919, “XOQDOQ: Computer Program for the Meteorological Evaluation of
Routine Effluent Releases at Nuclear Power Stations,” prepared by Pacific Northwest
Laboratory (PNL-4380), the user’s manual for the NRC-sponsored XOQDOQ dispersion
model

2.3.5.4

Technical Evaluation

The staff reviewed WLS COLFSAR Section 2.3.5 and checked the referenced DCD to ensure
that the combination of the DCD and the COL application represents the complete scope of
information relating to this review topic. The staff’s review confirmed that the information in the
application and incorporated by reference addresses the required information relating to the
long-term diffusion estimates. The results of the staff’s evaluation of the information
incorporated by reference in the application are documented in NUREG-1793 and its
supplements. The staff reviewed the information contained in the WLS COL FSAR
corresponding to the following:
AP1000 COL Information Item
•

WLS COL 2.3-5

The staff reviewed information related to the long-term diffusion estimates of routine releases to
the atmosphere included by the applicant in WLS COL FSAR Section 2.3.5 in response to WLS
COL 2.3-5. The specific text of this COL information item in AP1000 DCD, Section 2.3.6.5
states:
Combined License applicants referencing the AP1000 certified design will
address long-term diffusion estimates and χ/Q values specified in
subsection 2.3.5. The Combined License applicant should consider
topographical characteristics in the vicinity of the site for restrictions of horizontal
and/or vertical plume spread, channeling or other changes in airflow trajectories,
and other unusual conditions affecting atmospheric transport and diffusion
between the source and receptors. No further action is required for sites within
the bounds of the site parameter for atmospheric dispersion.
With regard to environmental assessment, the COL applicant will also provide
estimates of annual average χ/Q values for 16 radial sectors to a distance of
50 mi from the plant.
The staff relied upon the review procedures presented in NUREG-0800, Section 2.3.5, to
independently assess the technical sufficiency of the information presented by the applicant.
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2.3.5.4.1

Atmospheric Dispersion Model

The applicant used the NRC-sponsored computer code XOQDOQ (described in
NUREG/CR-2919, “XOQDOQ Computer Program for the Meteorological Evaluation of Routine
Releases at Nuclear Power Stations”) to estimate ground-level χ/Q and D/Q values resulting
from routine airborne releases. The XOQDOQ model implements the constant mean wind
direction model methods outlined in RG 1.111, “Methods for Estimating Atmospheric Transport
and Dispersion of Gaseous Effluents in Routine Releases from Light-Water-Cooled Reactors,”
Revision 1.
The XOQDOQ model is a straight-line Gaussian plume model based on the theoretical
assumption that material released to the atmosphere will be normally distributed (Gaussian)
about the plume centerline. In predictions of χ/Q and D/Q values over long time periods
(i.e., annual averages), the plume’s horizontal distribution is assumed to be distributed within
the downwind direction sector (i.e., “sector averaging”). A straight-line trajectory is assumed
between the release point and all downwind receptors.

2.3.5.4.2

Release Characteristics and Receptors

Routine operational releases of radioactive materials to the atmosphere typically occur through
vents near the tops of buildings or from tall stacks. In its XOQDOQ dispersion modeling
analysis, the applicant assumed that such releases occur at ground level although the exhaust
point for the plant vent is 55.7 m (183 ft) above grade based on AP1000 DCD Tier 2,
Table 15A-7. The applicant assumed that these releases occurred at ground level from a single
point located mid-way between the Units 1 and 2 reactor buildings.
The applicant assumed a minimum building cross-sectional area of 2,843 m2 (0.70 acres) and a
building height of 69.8 m (229 ft), but did not provide a reference for this information. Therefore,
in RAI 451, Question 02.03.05-1, the staff requested that the applicant provide a reference for
these inputs to the XOQDOQ model. In a December 17, 2008, response to RAI 451,
Question 02.03.05-1, the applicant provided the requested references from AP1000 DCD Tier 1
material and Westinghouse drawing APP-1000-P2-902, Revision 0, used to calculate the height
and the building cross-sectional area of the Shield Building. The applicant provided a
discussion in the response to RAI 451, Question 02.03.05-1 that a sensitivity study was
performed to determine the effects of changes to the dimensions of the Shield Building. The
applicant stated that the effects were negligible. The staff confirmed the information provided in
the response to RAI 451, Question 02.03.05-1 through the documentation provided in the
AP1000 DCD. Accordingly, the staff considers RAI 451, Question 02.03.05-1, resolved.
The applicant assumed a ground-level release in modeling routine releases. A ground-level
release is a conservative assumption resulting in higher χ/Q and D/Q values when compared to
a mixed-mode (i.e., part-time ground-level, part-time elevated) release or a 100 percent
elevated release, as discussed in RG 1.111, Revision 1. A ground-level release assumption is
therefore acceptable to the staff.
The distance to the receptors of interest (i.e., EAB, milk animal (cow/goat), garden, meat
animal, and resident) were presented in WLS COL FSAR Section 2.3.5.2. The distances to
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each of these receptors has been calculated from a location defined as the mid-point of the two
proposed units. This method provides representative results and is acceptable to the staff.

2.3.5.4.3

Meteorological Input Data

The meteorological data input to the XOQDOQ dispersion model consisted of a JFD of wind
speed, wind direction, and atmospheric stability class based on hourly onsite data collected
during a 2-year period from December 1, 2005, through November 30, 2007. The wind data
were obtained from the 10 m (32 ft) level of the onsite meteorological tower, and the stability
data were derived from the vertical temperature difference (delta-temperature) measurements
taken between the 60 m and 10 m (197 and 32 ft) levels on the onsite meteorological tower.
Based on the applicant’s responses to all RAIs related to the acceptability of the hourly
meteorological data as discussed in Section 2.3.3 of this report, the staff considers the
December 1, 2005, through November 30, 2007, onsite meteorological database suitable for
input to the XOQDOQ model.

2.3.5.4.4

Diffusion Parameters

The applicant chose to implement the diffusion parameter assumptions outlined in RG 1.111,
Revision 1, as a function of atmospheric stability and downwind distance from the source, for its
XOQDOQ model runs. The staff evaluated the applicability of the XOQDOQ diffusion
parameters and concluded that no unique topographic features preclude the use of the
XOQDOQ model for the proposed WLS site. This section of the WLS COL FSAR, however,
lacked a discussion of nearby topographical features that would preclude the use of the
XOQDOQ model on long-term dispersion estimates. Therefore, in RAI 451,
Question 02.03.05-2, the staff requested that the applicant provide this information.
In a December 17, 2008, response to RAI 451, Question 02.03.05-2, the applicant provided a
revision to WLS COL FSAR Section 2.3.5.1. The revision provided a description of the terrain in
the vicinity of the proposed WLS site and further discussed that the terrain in the vicinity of the
proposed site would not have a significant effect on atmospheric dispersion estimates. The staff
finds the applicant’s use of diffusion parameter assumptions, as outlined in RG 1.111,
Revision 1, acceptable. Accordingly, the staff considers RAI 451, Question 02.03.05-2
resolved.

2.3.5.4.5

Resulting Relative Concentration and Relative Deposition Factors

For the purpose of conducting confirmatory analyses of the applicant’s long-term, routine
release dispersion estimates using the XOQDOQ computer code, in RAI 451,
Question 02.03.05-3, the staff requested that the applicant provide the input files or output files
for the 1-year meteorological data set and the 2-year meteorological data set (requested in
RAI 3727, Question 02.03.05-4). Along with a December 17, 2008, letter, the applicant
submitted the XOQDOQ input and output files for the 2-year meteorological dataset. The staff
notes that input and output files were updated for the most recent version of the WLS COL
FSAR in a letter dated September 30, 2013. The staff confirmed the receipt of these files and,
therefore, considers RAI 3727, Question 02.03.05-4 resolved.
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WLS COL FSAR Table 2.3-289, “χ/Q and D/Q Values for Normal Releases,” lists the long-term
atmospheric dispersion and deposition estimates for the EAB and special receptors of interest
that the applicant derived from its XOQDOQ modeling results. WLS COL FSAR Table 2.3-287,
“Annual Average χ/Q (sec/m3) for Normal Releases No Decay, Undepleted,” and Table 2.3-288,
“Annual Average χ/Q (sec/m3) for Normal Releases No Decay, Depleted,” also contain the
applicant’s long-term atmospheric dispersion and deposition estimates for the 16 radial sectors
from the site boundary to a distance of 80 km (50 mi) from the proposed WLS site.
The χ/Q values presented in WLS COL FSAR Tables 2.3-289 and 2.3-288 reflect several plume
radioactive decay and depletion by deposition scenarios. RG 1.111, Regulatory Position C.3
states that radioactive decay and dry deposition should be considered in radiological impact
evaluations of potential annual radiation doses to the public, resulting from routine releases of
radioactive materials in gaseous effluents. RG 1.111, Revision 1, Regulatory Position C.3
states that an overall half-life of 2.26 days is acceptable for evaluating the radioactive decay of
short-lived noble gases and an overall half-life of 8 days is acceptable for evaluating the
radioactive decay for all Iodines released to the atmosphere. Definitions for the χ/Q categories
listed in the headings of Table 2.3.5-1 of this report are as follows:
•

Undepleted/No Decay χ/Q values are used to evaluate ground-level concentrations of
long-lived noble gases, Tritium, and Carbon-14. The plume is assumed to travel
downwind, without undergoing dry deposition or radioactive decay.

•

Undepleted/2.26-Day Decay χ/Q values are used to evaluate ground-level
concentrations of short-lived noble gases. The plume is assumed to travel downwind
without undergoing dry deposition, but is decayed assuming a half-life of 2.26 days
based on the half-life of Xenon-133m.

•

Depleted/8.00-Day Decay χ/Q values are used to evaluate ground-level concentrations
of radioiodine and particulates. The plume is assumed to travel downwind, with dry
deposition, and is decayed, assuming a half-life of 8.00 days, based on the half-life of
Iodine-131.

Using the information provided by the applicant, including the 10-m level JFDs of wind speed,
wind direction, and atmospheric stability presented in WLS COL FSAR Tables 2.3-235
through 2.3-241, the staff confirmed the applicant’s χ/Q and D/Q values by running the
XOQDOQ computer code and obtaining consistent results. The JFDs used by the applicant for
the long-term diffusion estimates consisted of 13 wind speed categories, compared to the
11 wind speed categories in RG 1.23, Revision 1. To provide a consistent confirmatory analysis
of the applicant’s methods, the staff also used 13 wind speed categories.
AP1000 DCD Tier 2, Section 2.3.6.5 also states that with regard to environmental assessment,
estimates of annual average χ/Q values for 16 radial sectors to a distance of 80 km (50 mi) from
the plant should be provided. The applicant provided these values in WLS COL FSAR
Tables 2.3-287 through 2.3-292. Using staff-generated JFDs and the XOQDOQ computer
code, these χ/Q values were confirmed by the staff and were found to be adequate and
acceptable.

2-94

William States Lee III Nuclear Station
Units 1 and 2

2.3.5.5

Post Combined License Activities

There are no post COL activities associated with this WLS COL FSAR section.

2.3.5.6

Conclusion

The staff reviewed the application and checked the referenced DCD. The staff’s review
confirmed that the applicant addressed the required information relating to long-term diffusion
estimates and there is no outstanding information expected to be addressed in the WLS COL
FSAR relating to this section. The results of the staff’s technical evaluation of the information
incorporated by reference in the application are documented in NUREG-1793 and its
supplements.
COL Information Item 2.3-5 states that a COL applicant shall address the site-specific diffusion
estimates and χ/Q values as specified in AP1000 DCD, Section 2.3.5. Based on the
meteorological data provided by the applicant and an atmospheric dispersion model that is
appropriate for the characteristics of the site and release points, the staff concludes that
representative atmospheric dispersion and deposition factors have been calculated for 16 radial
sectors from the site boundary to a distance of 80 km (50 mi) as well as for specific locations of
potential receptors of interest. The characterization of atmospheric dispersion and deposition
conditions are acceptable to meet the criteria described in RG 1.111, Revision 1 and are
appropriate for the evaluation to demonstrate compliance with the numerical guides for doses in
10 CFR Part 20 Subpart D and 10 CFR Part 50, Appendix I. The staff finds that the applicant
has provided sufficient information to adequately address COL Information Item 2.3-5.

2.4

Hydrologic Engineering

To ensure that a nuclear power plant or plants can be designed, constructed, and safely
operated on the combined license (COL) applicant’s site and in accordance with the
U.S. Nuclear Regulatory Commission (NRC) regulations, the staff evaluated the hydrologic
characteristics of the site and surrounding vicinity that may affect the safety of the proposed
nuclear power plant. These site characteristics included the maximum flood elevation of surface
water from precipitation, riverine processes (runoff, dam breach discharge, channel blockage or
diversion), and combined events (e.g., from coincident wind waves). In addition, the staff
reviewed the maximum elevation of groundwater and the characteristic ability of the site to
attenuate a postulated accidental release of radiological material into surface water and
groundwater. The surface-water hydrologic site characteristics determine the design basis flood
for the proposed nuclear power plant (William States Lee III Nuclear Station (WLS) Units 1
and 2) and provide the basis for determining whether flood protection will be required. The
groundwater hydrologic site characteristics determine the design basis groundwater loadings
and provide the basis for radiological dose analysis for a potential receptor from the postulated
accidental release of radioactive liquid effluents in surface and ground waters.
The staff prepared Sections 2.4.1 through 2.4.14 of this safety evaluation report (SER) in
accordance with the review procedures described in NUREG-0800, “Standard Review Plan for
the Review of Safety Analysis Reports for Nuclear Power Plants: LWR Edition,” Sections 2.4.1
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through 2.4.14, using information presented in Section 2.4, “Hydrologic Engineering,” of the
WLS Units 1 and 2 Final Safety Analysis Report (FSAR) Revisions 0 through 11, AP1000
Design Control Document (DCD) Revision 19, the applicant’s responses to the staff’s requests
for additional information (RAIs), and generally available reference materials (e.g., those cited in
applicable sections of NUREG-0800).
In Part 7 of the application, the applicant described an administrative standard departure
(STD DEP) (Standard Departure 1.1-1) that remaps WLS COL FSAR section numbers to the
associated AP1000 DCD section numbers. This standard departure affected Sections 2.4.1
and 2.4.15 in WLS COL FSAR Section 2.4. The staff determined that this departure has no
safety significance.
The nominal proposed site grade for the WLS Units 1 and 2 nuclear power block is
180.4 meters (m) (592 feet (ft)) above mean sea level (MSL) with the nuclear island finished
floor elevation 22 at 180.7 m (593 ft) above MSL. The ultimate heat sink (UHS) of the advanced
passive pressurized water reactor (AP1000) design is the atmosphere. Therefore, hydrologic
characteristics associated with conditions that would result in a loss of external water supply
(e.g., low water, channel diversions) are not relevant for this particular design. Also, seismic
design considerations of water-supply structures are not relevant for this particular design.
Therefore, Regulatory Guide (RG) 1.27, “Ultimate Heat Sink for Nuclear Power Plants,” and
RG 1.29, “Seismic Design Classification,” were not part of the regulatory basis for this
Section 2.4 review.
As stated above, the site grade near the WLS Units 1 and 2 nuclear power block is 180.4 m
(592 ft) above MSL. The following flooding hazard mechanisms, including associated effects,
were computed and reported in the WLS COL FSAR.
Table 2.4.1-1 Flooding Hazard Mechanisms

Calculated Flooding Hazards and
Associated Effects as Evaluated in WLS COL FSAR

Water-Surface Elevation
ft(a)

m(a)

Local Intense Precipitation and Associated Drainage

592.6

180.6

Flooding from Streams and Rivers

592.3(b) (c)

180.5(b) (c)

Failure of Dams and Onsite Water-Control/Storage
Structures

592.3(b) (c)

180.5(b) (c)

Flooding from Storm Surge with Wave Runup

583.9

178

Flooding from Seiche(c)

--

--

Flooding from Tsunami(d)

--

--

The nuclear island finished floor elevation, 180.7 m (593 ft) above MSL, corresponds to the AP1000
DCD reference floor elevation.
22
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Ice-Induced Flooding(d)

--

--

Flooding from Channel Migrations or Diversions(d)

--

--

(a)
(b)
(c)
(d)

above MSL
stillwater-surface elevation
bounded by other flooding mechanisms
not plausible at the site

2.4.1

Hydrologic Description

2.4.1.1

Introduction

WLS COL FSAR Section 2.4.1 describes the site and all safety-related elevations, structures,
and systems from the standpoint of hydrologic considerations and provided a topographic map
showing the proposed changes to grading and to natural drainage features.
Section 2.4.1 of this report provides a review of the following specific areas: (1) interface of the
plant with the hydrosphere including descriptions of site location, major hydrologic features in
the site vicinity, surface-water and groundwater characteristics, and the proposed water supply
to the plant; (2) hydrologic causal mechanisms that may require special plant design bases or
operating limitations with regard to floods and water-supply requirements; (3) current and likely
future surface and groundwater uses by the plant and water users in the vicinity of the site that
may affect the safety of the plant; (4) available spatial and temporal data relevant for the site
review; (5) alternate conceptual models of the hydrology of the site that reasonably bound
hydrologic conditions at the site; (6) potential effects of seismic and non-seismic data on the
postulated design bases and how they relate to the hydrology in the vicinity of the site and the
site region; and (7) any additional information requirements prescribed within the “Contents of
Application,” sections of the applicable Subparts to Title 10 of the Code of Federal Regulations
(10 CFR) Part 52, “Licenses, Certifications, and Approvals for Nuclear Power Plants.”
As stated above in Section 2.4, hydrologic characteristics associated with conditions that would
result in a loss of external water supply and seismic design considerations of water-supply
structures are not relevant for the AP1000 design. Therefore, specific area (6), above, was not
part of the staff’s review.

2.4.1.2

Summary of Application

This section of the WLS COL FSAR describes the site and all safety-related elevations,
structures and systems from the standpoint of hydrologic considerations and provides a
topographic map showing the proposed changes to grading and to natural drainage features.
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The applicant addressed the COL information item identified in AP1000 DCD Tier 2,
Section 2.4.1.1, Revision 19 related to hydrologic description as follows:
AP1000 COL Information Item
•

WLS COL 2.4-1

In addition, this section addresses the following COL-specific information identified in AP1000
DCD Section 2.4.1.1, Revision 19.
Combined License applicants referencing the AP1000 certified design will
describe major hydrologic features on or in the vicinity of the site including critical
elevations of the nuclear island and access routes to the plant.

2.4.1.3

Regulatory Basis

NRC regulations for the hydrologic description, and the associated acceptance criteria, are
specified in NUREG-0800, Section 2.4.1.
The applicable regulatory requirements for identifying site location and describing the site
hydrosphere are set forth in the following:
•

10 CFR 52.79(a)(1)(iii), “Contents of Applications; Technical Information in Final Safety
Analysis Report,” as it relates to the hydrologic characteristics of the proposed site with
appropriate consideration of the most severe of the natural phenomena that have been
historically reported for the site and surrounding area and with sufficient margin for the
limited accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, “Reactor Site Criteria,” as it relates to identifying and evaluating
hydrologic features of the site. The requirement to consider physical site characteristics
in site evaluations is specified in 10 CFR 100,20(c).

The staff also used the following regulatory guides for the acceptance criteria identified in
NUREG-0800, Section 2.4.1:
•

RG 1.59, “Design Basis Floods for Nuclear Power Plants,” supplemented by best current
practices, as it relates to providing assurance that natural flooding phenomena that could
potentially affect the site have been appropriately identified and characterized

•

RG 1.102, “Flood Protection for Nuclear Power Plants,” as it relates to providing
assurance that structures, systems, and components (SSCs) important to safety have
been designed to withstand the effects of natural flooding phenomena likely to occur at
the site

•

RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” as
it relates to the contents of a COL application
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2.4.1.4

Technical Evaluation

2.4.1.4.1

Site and Facilities

Information Submitted by the Applicant
The applicant stated in WLS COL FSAR Section 2.4.1.1 that the WLS site is located in eastern
Cherokee County, SC, southwest of the Ninety-Nine Islands Reservoir, a portion of the Broad
River, approximately 1.6 km (1 mi) northwest of the Ninety-Nine Islands Dam. The applicant
noted that in addition to the Broad River and several tributaries, the Ninety-Nine Islands
Reservoir, Make-Up Pond A, Make-Up Pond B, Make-Up Pond C, and Hold-Up Pond A make
up the majority of the surface-water features in the vicinity of the WLS site. An embankment
within Make-Up Pond B creates the Upper Arm Pond, which is connected to Make-Up Pond B
by a culvert. The applicant stated that Make-Up Pond C is an offsite facility, located on a
tributary of the Broad River, west of the WLS site.
The applicant selected the AP1000 certified plant design for the WLS application with the
designed finished floor elevation at 180.7 m (593 ft) above MSL with the nuclear island basemat
at 168.7 m (553.5 ft) above MSL. The WLS site grade would be at 180.4 m (592 ft) above MSL.
The applicant also described the plant water systems including the water-consumption and
water-treatment system, the intake system, which provides all raw water requirements for the
plant, and the discharge system, which disperses cooling-tower blowdown into the Broad River.
Construction activities related to the abandoned Cherokee Nuclear Station resulted in extensive
alteration of the site, including clearing of vegetation, construction of roads, a railroad spur,
warehouses, power unit buildings, and other support buildings, and extensive excavation, and
grading. Currently, the site is a partially developed industrial land.
The partially built reactor containment building of the abandoned Cherokee Nuclear Station
would be removed during construction activities for the proposed units. The basemat slab and
some warehouses would be retained. A new intake structure for the normal cooling-water
supply is planned to be installed on the Broad River and the blowdown discharge would be
placed on the upstream side of the Ninety-Nine Islands Dam near the turbine intakes.
Two new AP1000 units are proposed to be built near the abandoned Cherokee Units 1 and 3, at
the west and east sides of the existing excavation, respectively (Figure 2.4.1-1 of this report).
Each of the two proposed AP1000 units would use two mechanical draft cooling towers for its
circulating-water system (CWS) cooling with makeup water supplied from the Broad River via
Make-Up Pond A during normal river discharge conditions. Water stored in Make-Up Ponds B
and C would be used, in that order, to provide water to Make-Up Pond A for CWS cooling water
during low-flow conditions in the Broad River. The UHS for the AP1000 units is the atmosphere.
The AP1000 design consists of five principal structures: the nuclear island, the turbine building,
the annex building, the diesel generator building, and the radioactive waste building. Only the
nuclear island is designed as a Seismic Category I structure and contains all safety-related
equipment.
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Figure 2.4.1-1 Map of the WLS site (adapted from WLS COL FSAR Revision 7, Figure 2.4.1-201)

The finished floor elevation of the nuclear island, or the AP1000 DCD reference floor elevation
of 30.48 m (100 ft), would be placed at 180.7 m (593 ft) above MSL with the nuclear island
basemat placed at 168.7 m (553.5 ft) above MSL. The plant grade elevation would be at
180.4 m (592 ft) above MSL.
The applicant stated that the intake system would provide all raw water required by the plant.
Raw water would be pumped to Make-Up Pond A from the Broad River under the river’s normal
flow conditions. During low-flow conditions in the Broad River, water from Make-Up Pond B
would be pumped to Make-Up Pond A to provide cooling water to the plant. When the storage
in Make-Up Pond B is depleted and low-flow conditions in the Broad River persist, water from
Make-Up Pond C would be pumped into Make-Up Pond B and subsequently into Make-Up
Pond A to provide cooling water for the plant. Water from the Broad River can also be pumped
directly into Make-Up Pond B from the river intake structure. After the Broad River flow returns
to normal, Make-Up Pond B would be replenished from water withdrawn from the river.
Normally, Make-Up Pond C would be refilled directly from the river intake structure, but an
alternate path for refilling Make-Up Pond C would use water from the river intake structure
pumped via Make-Up Ponds A and B, in that order.
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The applicant stated that the discharge system would use a submerged pipe, perforated along
its last portion that would be located near the hydroelectric generating station’s intakes
upstream of the Ninety-Nine Islands Dam. The discharge from WLS Units 1 and 2 would
include non-radioactive and low-level radioactive wastes.
NRC Staff’s Technical Evaluation
The staff reviewed the information related to COL Information Item 2.4-1 related to the provision
of a description of all major hydrologic features on or in the vicinity of the site, including critical
elevations of the nuclear island and access routes to the plant included under WLS COL FSAR
Section 2.4.
In RAI 818, Question 02.04.01-1, the staff requested that the applicant clarify the process for
determining the conceptual models of the interface of the plant with the hydrosphere and those
of the hydrologic causal mechanisms and to ensure that the most conservative of plausible
conceptual models has been identified. In a November 18, 2008, response, to RAI 818,
Question 02.04.01-1, the applicant stated that the process followed to determine the conceptual
models of the interface of the plant with the hydrosphere and those of the hydrologic causal
mechanisms would be addressed in the responses to similar staff RAIs issued for the respective
subsections of the WLS COL FSAR. The staff reviewed the applicant’s responses to these
individual RAIs issued for the respective subsections of the WLS COL FSAR and concluded that
the applicant had responded to the individual RAIs and included sufficient information to
address the staff’s concerns. The staff’s evaluations of these individual RAIs are presented in
the respective sections of this report. Accordingly, the staff considers RAI 818,
Question 02.04.01-1, resolved.
The staff conducted a hydrology site audit May 18 to 20, 2008. The site audit included a visit to
the WLS site and a tour of the east end of the existing, dewatered excavation pit, the basemat
of abandoned Cherokee Nuclear Station Unit 1 on the west end of the excavation pit, Make-Up
Pond B, Hold-Up Pond A, the south end of the excavation pit, the dam impounding the south
section of the east arm of Make-Up Pond B, the top of McKowns Mountain, the existing intake
structure located on Make-Up Pond A, the proposed location of the new intake on the Broad
River, and the Ninety-Nine Islands Dam. The applicant and the staff also reconnoitered the
Broad River in the vicinity of the site during a boat tour. The staff reviewed the information
regarding major hydrologic features in the vicinity of the site from publicly available sources of
hydrologic data. The staff’s review is described in the subsections below.
In RAI 818, Question 02.04.01-3, the staff requested that the applicant clarify an ambiguity
related to the AP1000 DCD reference elevation and the WLS Units 1 and 2 finished floor
elevation. In a November 18, 2008, response to RAI 818, Question 02.04.01-3, the applicant
stated that the finished floor elevation refers to the AP1000 DCD reference floor elevation of
30.5 m (100 ft), as stated in AP1000 DCD Tier 2, Section 2.4. The applicant modified the WLS
COL FSAR text to indicate that the AP1000 DCD reference floor elevation of 30.5 m (100 ft)
corresponds to the site-specific nuclear island finished floor elevation. The staff concluded that
the applicant provided sufficient information for staff to proceed with its review. Accordingly, the
staff considers RAI 818, Question 02.04.01-3, resolved.
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In RAI 818, Question 02.04.01-4, the staff requested that the applicant clarify Make-Up Ponds A
and B relationship to safety. In a November 18, 2008, response to RAI 818,
Question 02.04.01-4, the applicant confirmed that Make-Up Ponds A and B would not be used
for any safety-related purpose. After responding to RAI 818, Question 02.04.01-4, the applicant
decided to install Make-Up Pond C to address low-water conditions related to normal operations
of the proposed units. The exchange of water among the three ponds is described in the
“Information Submitted by the Applicant” section above. Since the water pumped from the
Broad River to the three makeup ponds would only provide cooling during normal operations,
the staff concluded that none of this water would be safety-related. The UHS for the AP1000
units is the atmosphere. The staff concluded that the applicant provided sufficient information
related to the function of Make-Up Ponds A and B. Accordingly, the staff considers RAI 818,
Question 02.04.01-4, resolved.
In a November 22, 2011, submittal, the applicant provided revisions to the CWS. The applicant
stated that the revisions resulted from the change in the design of two cooling towers from the
previous design that used three cooling towers per unit.
Based on a review of the material presented by the applicant in WLS COL FSAR Section 2.4.1
and the staff’s observations made during the WLS site audit, and based on the reasons given
above, the staff concluded that the applicant adequately considered the hydrologic
characteristics of the WLS site as they relate to identifying and evaluating hydrologic features.

2.4.1.4.2

Hydrosphere

Information Submitted by the Applicant
The applicant provided a detailed description of the main hydrologic features in the vicinity of
the WLS site including the Broad River and the Ninety-Nine Islands Reservoir. The applicant’s
description included a specific description of the site and all safety-related elevations,
structures, exterior access, equipment, and systems from the standpoint of hydrology
considerations. The applicant also described the current surface-water features on and off the
site (Make-Up Ponds A, B, and C and Hold-Up Pond A) and the local groundwater conditions.
The WLS site is located within the Piedmont physiographic province, the non-mountainous
portion of the older Appalachians. The main drainage in the region is the Broad River with
tributaries that drain through deep and steep valleys. The Broad River Basin contains rolling
hills and small floodplains.
The Broad River and most of its tributaries originate in the Blue Ridge Mountains of
North Carolina. The WLS site is located in the Upper Broad River Basin (U.S. Geological
Survey (USGS) Hydrologic Unit Code (HUC) 03050105), parts of which lie in both the states of
North Carolina and South Carolina. The drainage basin above the Ninety-Nine Islands Dam,
approximately 4,014 km2 (1,550 mi2) in size, contains tributaries to the Broad River, including
the Green River, the First and Second Broad rivers, and Buffalo Creek. Elevations in the
watershed upstream of the Ninety-Nine Islands Reservoir range from approximately 366 m
(1,200 ft) above MSL at the headwaters of the First Broad River, to approximately 155.8 m
(511 ft) above MSL above the Ninety-Nine Islands Dam, and approximately 134 m (440 ft)
above MSL below the Ninety-Nine Islands Dam.
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Discharge in the Broad River, recorded at USGS streamflow gauge 02153551, located just
downstream of the Ninety-Nine Islands Dam, ranges from 3.9 cubic meters per second (m3/s)
(138 cubic feet per second (cfs) on September 14, 2002, to more than 1,699 m3/s (60,000 cfs) in
September 2004. The Gaffney USGS streamflow gauge 02133500, is located approximately
12.9 km (8 mi) upstream of the WLS site and has a contributing area of 155.4 km2 (60 mi2) less
than that of the Broad River above the Ninety-Nine Islands Dam. The Gaffney USGS gauge
recorded the highest discharge on record at 3,373 m3/s (119,100 cfs) on August 14, 1940.
Based on streamflow data at the USGS Gaffney gauge, the applicant estimated that the
100- and 500-year flood discharges in the Broad River are 2,722 to 3,956 m3/s (97,900 to
127,000 cfs). The applicant also estimated the corresponding water-surface elevations based
on the rating curve of the Ninety-Nine Islands Dam, assuming flashboard failure as being at
158.8 and 159.3 m (521 and 522.6 ft) above MSL, respectively.
The applicant filled in data gaps and extrapolated streamflow records from the Gaffney
streamflow gauge to construct an 83-year record of streamflow discharge. The applicant
estimated that the average annual flow in the Broad River is 70.8 m3/s (2,500 cfs). The
applicant also quantified the low-flow condition in the Broad River using the lowest consecutive
7-day streamflow likely to occur every 10 years, or 7Q10, as 12.4 m3/s (439 cfs). The applicant
stated that the monthly water temperature data from the USGS streamflow gauge 02156500,
located near Carlisle, SC, for the period 1996 to 2006, ranged from 4.9ºC to 29.6ºC (40.8ºF
to 85.3ºF).
Several small streams in the vicinity of the WLS site exist, including Cherokee Creek, Doolittle
Creek, London Creek, McKowns Creek, and an intermittent stream that flows into Make-Up
Pond A. McKowns Creek, which has a drainage area of approximately 661 hectares (ha)
(1,633 acres (ac)), is impounded by a dam to create Make-Up Pond B on the WLS site. The
intermittent stream that flows into Make-Up Pond A has a drainage area of approximately
156 ha (385 ac).
The dam impounding Make-Up Pond B, an earthen structure with its crest elevation at 179.8 m
(590 ft) above MSL, was constructed during the 1970s for the abandoned Cherokee Nuclear
Station. The spillway elevation is 173.7 m (570 ft) above MSL, which also indicates full pool
elevation with a storage capacity of 4,933,927 m3 (4000 ac-ft) at a surface area of 61 ha
(150 ac). Make-Up Pond B is divided into two sections by a submerged dam with a crest
elevation of approximately 164.6 m (540 ft) above MSL. Make-Up Pond B has an average
depth of 9.6 m (31.4 ft) and a maximum depth of 18.1 m (59.3 ft).
The applicant stated that the outlet structure for Make-Up Pond B is adequately sized. Since
the pond is not located on a large stream or river, the applicant expects minimal potential for
significant blockage from debris collected at the outlet during flood events. The applicant
reported that floating debris has not caused any problems in the past and the spillway has not
been clogged. However, the applicant would create a shoreline management program along
the banks of Make-Up Pond B. The program would consist of annual inspection of the shoreline
and would remove trees that could potentially fall into the pond and trees that may be down on
the ground. The applicant would also inspect the spillway for debris accumulation after rainfall
events greater than 7.6 cm (3 in.) per hour. The applicant would also install a debris barrier
system that rises and falls with the water level in the pond approximately 107 m (350 ft) from the
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spillway. The applicant stated that the debris barrier system is not considered a safety-related
system.
An embankment within Make-Up Pond B creates the Upper Arm Pond, which is connected to
Make-Up Pond B by a 137 centimeter (cm) (54 inch (in.)) culvert; the pond has a maximum
depth of 9.8 m (32.2 ft), average depth of 9.6 m (31.4 ft), total storage capacity of 124,582 m3
(101 acre-feet (ac-ft)), a normal pool elevation of 175.3 m (575 ft) above MSL, and a surface
area of 3.7 ha (9.1 ac) at full pool. The embankment that impounds the Upper Arm Pond has a
crest elevation of 179.8 m (590 ft) above MSL.
Make-Up Pond A was created in the 1970s during the construction of the abandoned Cherokee
Nuclear Station by installing an earthen dam, which has a crest elevation varying from 169.9 to
169.2 m (557.5 to 555 ft) above MSL. The full pool elevation of Make-Up Pond A is 166.7 m
(547 ft) above MSL; the pond has a surface area of about 25 ha (62 ac) and an estimated
volume of 1,757,712 m3 (1,425 ac-ft).
A small impoundment, named Hold-Up Pond A, is located north of the proposed reactor units
and was also created in the 1970s by installing two dams with a crest elevation of 164.5 m
(539.7 ft) above MSL. Hold-Up Pond A has a storage volume of about 69,568 m3 (56.4 ac-ft) at
a full pool elevation of 163.4 m (536 ft) above MSL and a surface area of 1.8 ha (4.4 ac).
Make-Up Pond C would be located approximately 2 mi west of the WLS site on London Creek,
formed by an earthen dam impounding London Creek just upstream of its confluence with Little
London Creek. The Make-Up Pond C Dam crest elevation would be at 201.2 m (660 ft) above
MSL with a normal pool elevation of 198.1 m (650 ft) above MSL, a surface area of
approximately 251 ha (620 ac), and a total storage capacity of 27,136,600 m3 (22,000 ac-ft).
The usable storage in Make-Up Pond C would be approximately 21,585,932 m3 (17,500 ac-ft).
The drainage area upstream of Make-Up Pond C would be 1,003 ha (2,479 ac).
There are about 132 dams upstream of the WLS site, six of which, Make-Up Pond C Dam,
Whelchel Dam, Kings Mountain Reservoir or Moss Lake Dam, Lake Adger or Turner Shoals
Dam, Lake Lure Dam, and Lake Summit Dam, impound about 88 percent of total storage in the
Broad River Basin. Cherokee Falls Dam and Gaston Shoals Dam, both run-of-river structures,
are located on the Broad River immediately upstream of the WLS site and are used for
hydroelectric power generation but not for flood control. Cherokee Falls Dam was the first dam
constructed in the Upper Broad River Basin in 1826. Two reservoirs located downstream of the
WLS site are the Ninety-Nine Islands Reservoir and the Lockhart Reservoir. Dams impounding
these two reservoirs are also run-of-river structures and not used for flood control.
The U.S. Army Corps of Engineers (USACE) and the Cleveland County Water (CCW)
(previously Cleveland County Sanitary District [CCSD]) proposed to construct a dam on the First
Broad River, a tributary of the Broad River upstream of the WLS site, approximately 1.6 km
(1 mi) north of Lawndale, NC. The applicant reported that initial feasibility studies estimate that
the dam may be approximately 25.3 m (83 ft) high with a 379.5-m (1,245 ft) bottom width and a
304.8 m (1,000 ft) wide spillway. The applicant stated that the surface area of the impoundment
would be approximately 909 ha (2,245 ac), covering areas lower than 262.1 m (860 ft) above
MSL.
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The Piedmont aquifer system mainly consists of two sloped layers. The shallow unconfined
layer, the water table aquifer, is composed of saprolite and residual soils. The deeper layer, the
bedrock aquifer, is composed of weathered and unweathered crystalline igneous and
metamorphic rocks. In the bedrock aquifer, water is stored and transmitted through fractures.
The shallow aquifer is unconfined. The fracture system of the bedrock aquifer increases
upward in prevalence of fractures as the crystalline rock transitions into saprolite. Due to the
increased permeability of the transition zone, the saprolite and bedrock zones function as a
single, interconnected aquifer system.
The applicant stated that although there is no single, widespread aquifer in the Piedmont region,
local aquifer systems are hydraulically connected. The main source of recharge in the area is
infiltration of local precipitation. Local groundwater flow directions can vary depending on
topography, fracture characteristics and rock texture.
During the 1973 investigation for the abandoned Cherokee Nuclear Station, several springs and
seeps were identified; they were located within valleys that directed surface runoff to the north
and to the southeast. During site grading for construction of the abandoned Cherokee Nuclear
Stations, these springs and seeps were cut and filled to level the site. Undisturbed topographic
features on the WLS site are generally rounded hilltops and narrow valleys. Elevations on the
site range from approximately 155.8 m (511 ft) above MSL at the Broad River to approximately
246.9 m (810 ft) above MSL on top of McKowns Mountain, located west of the nuclear power
block area and between the two arms of Make-Up Pond B.
The applicant stated that the maximum water use from the Broad River during plant operation is
estimated to be 1.8 m3/s (63 cfs), which is approximately three percent of the average annual
mean discharge in the river. The applicant also stated that groundwater would not be used as a
primary source for any purpose and for any safety-related purposes for WLS and water for
temporary fire protection, concrete batching, and other construction uses would be provided by
the Draytonville Water District.
NRC Staff’s Technical Evaluation
To review the hydrosphere description and to verify that the analyses in subsequent WLS COL
FSAR sections are appropriate, in RAI 818, Question 02.04.01-2, the staff requested that the
applicant provide spatially referenced data sets that were used to delineate subbasins and to
derive surface and subsurface hydrologic and geologic properties.
In an October 10, 2008, response to RAI 818, Question 02.04.01-2, the applicant provided the
geographic information system (GIS) layers for the Broad River watershed including sub-basins,
major streams, stream gauge locations, and dam locations. The applicant also provided GIS
layers for local site drainage including elevation contours and details of the plant layout. The
staff used these data to review the applicant’s method to determine flooding in the Broad River
watershed, flooding in the drainage areas of Make-Up Ponds A, B, and C, and flooding during
the local intense precipitation event. The staff’s review is described in subsequent sections
herein. The applicant also provided soils search results from the U.S. Department of Agriculture
(USDA) Natural Resources Conservation Service (NRCS) Web Soil Survey website at and near
the site. Based on its review of the data provided by the applicant, the staff concluded that the
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applicant provided sufficient information for staff to proceed with its review. Accordingly, the
staff considers RAI 818, Question 02.04.01-2, resolved.
To review the appropriateness of COL applicant’s methods, in RAI 818, Question 02.04.01-5,
the staff requested that the applicant describe the method used to fill gaps in the 81-year
streamflow record for the Broad River. In a November 18, 2008, response to RAI 818,
Question 02.04.01-5, the applicant stated that it derived the 81-year daily average streamflow
record for the Broad River near the WLS site from three USGS stream gauges: the Broad River
gauge near Gaffney, SC, located just upstream of the site and with an associated drainage area
of 1,490 mi2; the Broad River gauge near Blacksburg, SC, located approximately 5.0 river km
(3.1 river miles) upstream of the Gaffney gauge and with an associated drainage area of
3,341 km2 (1,290 mi2); and the Broad River gauge near Boiling Springs, NC, located
approximately 26.1 river km (16.2 river miles) upstream of the Gaffney gauge and with an
associated drainage area of 2,266 km2 (875 mi2). The applicant stated that streamflow data
were available for the Gaffney gauge from 1938 to 1971 and from 1986 to 1990, for the
Blacksburg gauge from 1997 to 2006, and for the Boiling Springs gauge from 1926 to 2006.
The applicant stated that it estimated the 81-year streamflow record for the Gaffney gauge, from
1926 to 2006, by pro-rating the available streamflow data at other gauges by the respective
drainage area ratios to fill data for absent years. The applicant estimated the streamflow data at
the Gaffney gauge for absent years using the Blacksburg gauge first because that gauge is
closer to the Gaffney gauge. The applicant used data from the Boiling Springs gauge for the
years that did not have measurements at Gaffney and Blacksburg gauges.
The staff reviewed the applicant’s method for estimating the 81-year streamflow record near the
site and concluded that it is a commonly used method in hydrologic engineering and therefore,
is acceptable. Accordingly, the staff considers RAI 818, Question 02.04.01-5, resolved.
To clarify the description of Make-Up Pond B and changes that may be made to it, the staff
issued RAI 818, Question 02.04.01-6. In a November 18, 2008, response to RAI 818,
Question 02.04.01-6, the applicant stated that the two sub-basins of the Make-Up Pond B refer
to a bathymetric feature of the pond. During the construction of the pond in 1970s, a cofferdam
was emplaced to facilitate construction of the Make-Up Pond B Dam. After the pond filled with
water, the cofferdam was submerged, creating a division within the pond. The applicant stated
that the cofferdam appears as two approximately parallel elevation contours at 164.6 m (540 ft)
above MSL midway between the McKowns Mountain and the Make-Up Pond B Dam. The
applicant also stated that this cofferdam would be removed during construction of WLS Units 1
and 2 to allow full communication between the two currently existing bathymetric divisions of
Make-Up Pond B. The applicant stated that the Make-Up Pond B only provides water storage
to support plant operations and has no safety-related function. The staff reviewed the
applicant’s response and concludes that the applicant provided sufficient information for staff to
proceed with its review. Accordingly, the staff considers RAI 818, Question 02.04.01 6,
resolved.
To gain a clear understanding of the significance of Hold-Up Pond A with respect to surface
release pathways, the staff issued RAI 818, Question 02.04.01-7. In a November 18, 2008,
response to RAI 818, Question 02.04.01-7, the applicant stated that the Hold-Up Pond A would
be used as a settling pond for stormwater runoff during pre-construction and construction
activities, as the discharge point for maintenance dewatering during plant construction, and as a
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stormwater detention basin during plant operations. The applicant reported that Hold-Up Pond
A has a surface area of 1.7 ha (4.2 ac) with a watershed area of 0.08 km2 (0.03 mi2). In WLS
COL FSAR Revision 2, the applicant reported that the surface area of Hold-Up Pond A is 1.8 ha
(4.4 ac) with a storage volume of 69,568 m3 (56.4 ac-ft) at a full pool elevation.
The applicant also stated that the underground piping constructed for the Cherokee project
would be removed and backfilled during construction of WLS Units 1 and 2, which would
eliminate man-made preferential groundwater pathways. The staff concluded that the applicant
provided sufficient information for the staff to proceed with its review. Accordingly, the staff
considers RAI 818, Question 02.04.01-7, resolved. The staff reviewed the technical validity of
the applicant’s response and its effects on groundwater pathways, and the staff’s evaluation is
presented in Section 2.4.12 of this report.
To facilitate direct comparison among several elevation values reported in the WLS COL FSAR,
in RAI 818, Question 02.04.01-8, the staff requested that the applicant provide clarification
regarding consistency of datums used throughout the WLS COL FSAR Section 2.4. In a
November 18, 2009, response to RAI 818, Question 02.04.01-8, the applicant provided a list of
datums used in WLS COL FSAR figures and has updated the WLS COL FSAR with this
information. The staff concluded that the applicant provided sufficient information for staff to
proceed with its review. Accordingly, the staff considers RAI 818, Question 02.04.01-8,
resolved.
WLS COL FSAR Section 2.4.1.2.3 discusses the existing dams and reservoirs, and also refers
to the proposed CCW Dam in WLS COL FSAR Section 2.4.1.2.3.3 “Water Management
Changes.” The staff subsequently requested additional information from the applicant, the
USACE District Office in Wilmington, NC, and the CCW. The USACE provided some
information about design details of the proposed reservoir.
In July 7, 2008, and July 11, 2008, emails to the staff, the USACE stated that the proposed
CCW Dam would be an earth-fill structure approximately 25.3 m (83 ft) high and 379.5 m
(1,245 ft) wide at the base with a 305 m (1,000 ft) wide emergency spillway. The dam would
inundate areas below 262 m (860 ft) MSL upstream of it to create a reservoir with a surface
area of approximately 526 ha (1,300 ac). The staff noted that the reservoir surface area value
of 526 ha (1,300 ac), stated in the USACE email, differs from 909 ha (2,245 ac), the value
stated in the Federal Register notice of intent pertaining to this proposed dam action. In WLS
COL FSAR Section 2.4.4.1, the applicant stated that the estimated storage volume of the
reservoir is approximately 58,590,386 m3 (47,500 ac-ft). In a January 31, 2012, letter to the
staff, McGill Associates provided currently available information regarding the proposed First
Broad River Reservoir (impounded by the above-mentioned CCW Dam). The dam would be
located approximately 5.6 river kilometers (3.5 river miles) upstream of North Carolina Highway
182 and 3.9 river kilometers (2.4 river miles) upstream of the confluence of Knob Creek with the
First Broad River. The dam would be an earth-filled structure with the normal pool at 260.9 m
(856 ft) above MSL; bottom of the dam at 242.3 m (795 ft) above MSL; crest of the dam,
although not final yet, at approximately 266.7 m (875 ft) above MSL; spillway crest elevation at
261.5 m (858 ft) above MSL; and storage capacity at full pool elevation of 260.9 m (856 ft)
above MSL of 26,153,778 m3 (6,909,292,000 gal or 21,203 ac-ft). The spillway would be
designed to safely pass 50 percent of the probable maximum precipitation (PMP) storm with a
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0.9 m (3 ft) freeboard. The State of North Carolina may require the spillway to be designed to
safely pass the PMP storm. The reservoir operation policy has not yet been determined.
On January 2, 2014, the staff received additional information regarding the CCW Dam and the
First Broad River Reservoir from the USACE. The USACE informed the staff that the physical
characteristics of the proposed dam and the First Broad River Reservoir have not changed.
However, the USACE is still working to develop a plan for completing its review of the CCW
proposal. The USACE also stated that its review of the CCW proposal may possibly find an
alternative site that is more suitable in terms of environmental considerations. The staff’s
evaluation of the proposed CCW Dam and its potential effects on the safety of the WLS units is
described in Section 2.4.4 of this report. As stated in Section 2.4.4.4.3 of this report, the staff
concluded that a hypothetical failure of the proposed CCW Dam would not affect the safety of
the WLS units.
Based on a review of the material presented by the applicant in WLS COL FSAR Section 2.4.1
and the staff’s observations of the WLS site during the May 18 to 20, 2008, site audit, and
based on the reasons given above, the staff concluded that the applicant has adequately
considered the hydrosphere near the WLS site. Therefore, based on the reasons given above,
the staff concluded that the applicant adequately identified the hydrologic characteristics of the
proposed site with appropriate consideration of the most severe natural phenomena that have
been historically reported for the site and surrounding area and with sufficient margin for the
limited accuracy, quantity, and period of time in which the historical data have been
accumulated.

2.4.1.5

Post Combined License Activities

There are no post COL activities related to this section.

2.4.1.6

Conclusion

The staff reviewed the application and confirmed that the applicant has demonstrated that the
characteristics of the site fall within the site parameters specified in the Design Certification (DC)
rule, and that no outstanding information is expected to be addressed in the WLS COL FSAR
related to this section.
As set forth above, the applicant has presented and substantiated information to establish the
site description. The staff reviewed the information provided and, for the reasons given above,
concluded that the applicant has provided sufficient details about the site description to allow
the staff to evaluate, as documented in Section 2.4.1 herein, that the applicant has met the
relevant requirements of 10 CFR 52.79(a)(1) and 10 CFR Part 100 with respect to determining
the acceptability of the site. This section addressed the major hydrologic features, satisfying
COL Information Item 2.4-1. The staff concluded that the applicant provided sufficient
information to satisfy the applicable requirements of 10 CFR Part 52 and 10 CFR Part 100.
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2.4.2

Floods

2.4.2.1

Introduction

WLS COL FSAR Section 2.4.2 describes historical flooding at the proposed site or in the region
contiguous with the WLS site. The information summarizes and identifies the individual types of
flood-producing phenomena, and combinations of flood-producing phenomena considered in
establishing the flood design bases for safety-related plant features. The discussion also covers
the potential effects of local intense precipitation.
Section 2.4.2 of this report provides a review of the following specific areas: (1) a description of
the flood history; (2) flood design considerations; and (3) the effects of local intense
precipitation.

2.4.2.2

Summary of Application

This section of the WLS COL FSAR describes information about site-specific flooding. The
applicant addressed the information item identified in AP1000 DCD Tier 2, Section 2.4.1.2,
Revision 19 related to floods as follows:
AP1000 COL Information Item
•

WLS COL 2.4-2

Floods

In addition, this section addresses the following COL-specific information identified in AP1000
DCD Tier 2, Section 2.4.1.2, Revision 19.
Combined License applicants referencing the AP1000 certified design will
address the following site-specific information about historical flooding and
potential flooding factors, including the effects of local intense precipitation.
•

Probable Maximum Flood (PMF) on Streams and Rivers – Site-specific
information that will be used to determine the design basis flooding at the
site. This information will include the PMF on streams and rivers.

•

Dam Failures – Site-specific information about potential dam failures.

•

Probable Maximum Surge and Seiche Flooding – Site-specific information
about probable maximum surge and seiche flooding.

•

Probable Maximum Tsunami Loading – Site-specific information about
probable maximum tsunami loading.

•

Flood Protection Requirements – Site-specific information about flood
protection requirements or verification that flood protection is not required
to meet the site parameter for flood level.
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In WLS COL FSAR Section 2.4.2, the applicant addresses the effects of local intense
precipitation including the local PMF at the site. Other causes of floods and their effects are
discussed in subsequent WLS COL FSAR sections. No further action is required for sites within
the bounds of the site parameter for flood level.

2.4.2.3

Regulatory Basis

The relevant requirements of NRC regulations for the identification of floods and flood design
considerations, and the associated acceptance criteria, are described in NUREG-0800,
Section 2.4.2.
The applicable regulatory requirements for identifying floods are as follows:
•

10 CFR 52.79(a)(1)(iii), “Contents of applications; technical information in final safety
analysis report,” as it relates to the hydrologic characteristics of the proposed site with
appropriate consideration of the most severe of the natural phenomena that have been
historically reported for the site and surrounding area and with sufficient margin for the
limited accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, “Reactor Site Criteria,” as it relates to identifying and evaluating
hydrological features of the site. The requirement to consider physical site
characteristics in site evaluations is specified in 10 CFR 100.20(c).

The staff also used the following regulatory guides for the acceptance criteria identified in
NUREG-0800, Section 2.4.2:
•

RG 1.59, “Design Basis Floods for Nuclear Power Plants,” as supplemented by best
current practices, as it relates to providing assurance that natural flooding phenomena
that could potentially affect the site have been appropriately identified and characterized

•

RG 1.102, “Flood Protection for Nuclear Power Plants,” as it relates to providing
assurance that SSCs important to safety have been designed to withstand the effects of
natural flooding phenomena likely to occur at the site

•

RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” as
it relates to the contents of a COL application

2.4.2.4

Technical Evaluation

The staff reviewed COL Information Item 2.4-2 related to the provision of site-specific
information about historical flooding and potential flooding factors at the plant site included
under WLS COL FSAR Section 2.4. Additional aspects of this information item are addressed
in Sections 2.4.3, 2.4.4, 2.4.5, 2.4.6, 2.4.7, and 2.4.10 of this report.
To ensure that the design basis flood is based on the most conservative of plausible conceptual
models, in RAI 820, Question 02.04.02-1, the staff requested that the applicant describe the
process followed to determine the conceptual models for floods from local intense precipitation,
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PMF in the drainage area upstream of the site, surges, seiche, tsunami, seismically induced
dam failures, landslides, and ice effects. In an October 27, 2009, response to RAI 820,
Question 02.04.02-1, the applicant stated that the conceptual models to determine the design
basis flooding follow the recommendations of RG 1.206 and RG 1.59 and the design basis
flooding was determined based on guidance provided in American National Standards
Institute/American Nuclear Society standard, ANSI/ANS-2.8-1992, “Determining Design Basis
Flooding at Power Reactor Sites.”
The applicant’s analysis of local intense precipitation used the Rational Method to determine
runoff. This was appropriate because the area being analyzed is a small developed area. The
applicant obtained the precipitation and intensity from the National Oceanic and Atmospheric
Administration (NOAA) Hydrometeorological Reports (HMRs) 51 and 52 for a point and
assumed the site drainage system would be non-functional during the local intense precipitation
event. The applicant estimated the water-surface elevations using the USACE Hydrologic
Engineering Center-River Analysis System (HEC-RAS) standard step backwater analysis
software. The applicant also stated that flow restrictions were maximized by representing the
building structures as obstructions to flow and assuming that they do not provide any flood
storage. The applicant also performed a sensitivity analysis by varying the values of Manning’s
roughness coefficient.
The applicant stated that the process followed to determine conceptual models for floods from a
PMF in the drainage area upstream of the site would be discussed in response to RAI 821,
Question 02.04.03-1, those for floods from surges and seiches in response to RAI 823,
Question 02.04.05-1, those for floods from tsunami and landslides in response to RAI 824,
Question 02.04.06-1, and those for floods from dam failures in response to RAI 822,
Question 02.04.04-1.
The applicant consulted the USACE ice jam database and obtained river temperature data from
the USGS stream gauge database to determine the conceptual models for floods from ice
effects. The applicant stated that because no water is required from the Broad River or from
Make-Up Ponds A and B to support safety-related functions of the two proposed units, any
potential icing of water supply would have no effects on safety-related facilities.
Subsequently, the applicant decided to install Make-Up Pond C to address low-water conditions
related to normal operations of the proposed units. Water stored in Make-Up Ponds B and C
would be used, in that order, to provide water to Make-Up Pond A for CWS cooling water during
low-flow conditions in the Broad River. Since the water pumped from the Broad River to the
three Make-Up Ponds would only provide cooling during normal operations, the staff concluded
that none of this water is safety-related. The UHS for the AP1000 units is the atmosphere.
The staff reviewed the applicant’s response to RAI 820, Question 02.04.02-1, and concluded
that the applicant provided sufficient description of the process followed to determine conceptual
models of flooding at and near the site. Therefore, the staff considers RAI 820,
Question 02.04.02-1, resolved. The staff used the information provided by the applicant to
evaluate the flooding analyses in subsequent sections of this report.
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2.4.2.4.1

Flood History

Information Submitted by the Applicant
The applicant stated that floods on the Broad River occur primarily as a result of precipitation
runoff over the watershed. Since dams located upstream of the WLS site are used for water
supply and not for flood control, peak discharges in the Broad River near the WLS site are not
affected significantly by the dams.
The Gaffney USGS streamflow gauge, (Gauge Number 02153500 with contributing area of
3,859 km2 (1,490 mi2)), is located about 8 river km (5 river mi) upstream of the WLS site. The
applicant reported that the contributing area of the Broad River upstream of the WLS site is
about 4,014 km2 (1,550 mi2). The applicant stated that the highest water elevation near the
WLS site caused by historical floods (159.3 m (522.5 ft) at USGS Gaffney Station on August 14,
1940, and 156.6 m (513.6 ft) at the Ninety-Nine Islands Reservoir during May 1972) are
substantially below the designed nuclear island finished floor elevation of 180.7 m (593 ft) above
MSL. The applicant also stated that no historical data exist regarding flooding due to surges,
seiches, tsunamis, dam failures, or landslides.
NRC Staff’s Technical Evaluation
The staff reviewed the data presented by the applicant in WLS COL FSAR Section 2.4.2
regarding historical flooding and conducted its own analysis. The staff obtained peak
streamflow data for USGS streamflow gauges in the Upper Broad River Basin. There are
30 gauges where peak streamflow data are available in the Upper Broad River Basin. Of these
30 gauges, 14 are located upstream of the site (Figure 2.4.2-1 of this report). Table 2.4.2-1 of
this report shows the historical maximum peak streamflow reported for each of these streamflow
gauges and the corresponding date. The historical maximum peak discharge at the USGS
Gaffney Station, 3,373 m3/s (119,100 cfs), occurred on August 14, 1940. Based on these data,
the staff concluded that the flood history presented by the applicant is accurate.
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Figure 2.4.2-1 Map of the Upper Broad River Basin Showing Streamflow Stations Used to
Describe Historical Flood in the Basin and Showing Adjacent Counties
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Table 2.4.2-1 Historical Maximum Peak Streamflow at USGS Streamflow Gauges Upstream of the
Site

Peak Streamflow
(m3/s (cfs))

USGS Streamflow Gauge

Date

02148500 Broad River near Chimney Rock, NC

736 (26,000)

1928-08-15

02149000 Cove Creek near Lake Lure, NC

200 (7,050)

1957-06-05

02150420 Camp Creek near Rutherfordton, NC

38 (1,350)

1957-06-04

02150495 Second Broad River near Logan, NC

136 (4,810)

2010-01-25

02151000 Second Broad River at Cliffside, NC

425 (15,000)

1940-08-14

2,076 (73,300)

1928-08-16

02152100 First Broad River near Casar, NC

354 (12,500)

2004-09-08

02152285 First Broad River at Sr1512 near
Lawndale, NC

84 (2,970)

2009-01-07

02152420 Big Knob Creek near Fallston, NC

96 (3,400)

1970-08-10

02152474 First Broad River at Lawndale, NC

246 (8,690)

2010-01-25

02152500 First Broad River near Lawndale, NC

920 (32,500)

1940-08-14

31 (1,110)

1971-10-16

949 (33,500)

2010-01-25

02151500 Broad River near Boiling Springs, NC

02152610 Sugar Branch near Boiling Springs, NC
02153200 Broad River near Blacksburg, SC
02153500 Broad River near Gaffney, SC

3,370 (119,000) 1940-08-14

The staff examined a hazard mitigation study conducted by Gaston County (2005). The hazard
mitigation study mentions that within Gaston County tsunami and storm surge events are
unlikely, landslides (mass earth movements) are unlikely, and snow and ice events are possible;
however, with an average annual snowfall of approximately 7.8 cm (3 in.) flooding due to snow
and ice events are unlikely. Based on this study and its independent review of historical data,
the staff agreed with the applicant that floods due to tsunami, storm surge, landslide, or snow
and ice events are unlikely to pose credible flooding hazards at the proposed WLS nuclear
reactor site.
The staff reviewed the flood history information provided by the applicant in WLS COL FSAR
Section 2.4.2 and independently obtained data from USGS to conclude that the information
provided is sufficient to establish the history of flooding at and near the WLS site. Therefore,
based on the reasons given above, the staff concluded that the applicant adequately identified
and evaluated hydrological features of the site. Since the flood history provided by the applicant
can be used as baseline information to compare with the estimated design bases for safetyrelated SSCs, the staff also concluded that the applicant adequately determined that the
hydrologic characteristics of the proposed site with appropriate consideration of the most severe
of the natural phenomena that have been historically reported for the site and surrounding area
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and with sufficient margin for the limited accuracy, quantity, and period of time in which the
historical data have been recorded are met.

2.4.2.4.2

Flood Design Considerations

Information Submitted by the Applicant
The applicant stated that the design basis flood elevation at the WLS site was determined from
several scenarios including the effects of local intense precipitation, PMF on streams and rivers,
and potential dam failures, and that these flood scenarios are described in their respective WLS
COL FSAR sections. The applicant also considered the combinations of appropriate conditions
with flooding scenarios such as wind-generated waves. The applicant stated that because of
the inland location of the WLS site, consideration of ocean-front surges, seiches, and tsunamis
is not necessary. The applicant also stated that consideration of snowmelt and ice effects is not
necessary because the WLS site is located in a temperate region.
The applicant estimated that the maximum flood water-surface elevation at the WLS site would
result from a local intense precipitation event; the maximum flood water-surface elevation at the
WLS site would be 180.6 m (592.6 ft) above MSL. The safety-related plant elevation is 180.7 m
(593 ft) above MSL. The applicant has stated that this water-surface elevation, 179.72 m
(589.62 ft) above MSL, is identified as a site characteristic.
NRC Staff’s Technical Evaluation
The staff reviewed the description of flooding mechanisms provided by the applicant in WLS
COL FSAR Sections 2.4.2, 2.4.3, 2.4.4, 2.4.5, 2.4.6, and 2.4.7. The staff’s review of these
individual flooding mechanisms and their flooding potential is described in detail in the
associated sections herein. The staff observed that in the November 22, 2011, revised flooding
analysis the applicant changed the design basis flood source mechanism from probable
maximum flooding in the watershed of Make-Up Pond B with coincident wind waves to onsite
flooding from local intense precipitation. The staff agreed with the applicant that the design
basis flood elevation would be caused by local intense precipitation near the site and would be
below ground-floor elevation of safety-related SSCs at the WLS site. More details of the design
basis flood are described in Section 2.4.3.4.5 of this report.
Based on a review of the applicant’s information contained in the WLS COL FSAR, the staff
concluded that the applicant appropriately considered flood-causing phenomena and their
combinations that are relevant for the WLS site. Based on the reasons given above, the staff
found that the requirements of 10 CFR 100.20(c), as they relate to identifying and evaluating
hydrological features of the site, are met. The staff agreed that the combinations of floodcausing phenomena considered by the applicant are appropriate for the WLS site. Based on
the reasons given above, the staff concluded that the requirements of 10 CFR 52.79(a)(1)(iii)
are met, as they relate to the determination of hydrologic characteristics of the proposed site
with appropriate consideration of the most severe of the natural phenomena that have been
historically reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been accumulated.
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2.4.2.4.3

Effects of Local Intense Precipitation

Information Submitted by the Applicant
The applicant estimated the local intense PMP for the WLS site by following the guidance in
HMRs 51 and 52. The applicant obtained the 2.6 km2 (1 mi2) PMP values from HMR 52 for
durations of 1 hour and less. For durations of 6 to 72 hours, the applicant obtained the PMP
values from HMR 51 for a 25.6 km2 (10 mi2) area. The applicant’s estimate of local intense
precipitation at the WLS site is shown in Table 2.4.2-2 below.
Table 2.4.2-2 COL Applicant’s Estimates of Cumulative Local Intense Precipitation Depths at the
WLS Site

Duration
5 min
PMP (cm
[in.])

15.7
(6.2)

15
min

30
min

1 hr

6 hr

12 hr

24 hr

48 hr

72 hr

24.6
(9.7)

35.6
(14.0)

48.0
(18.9)

75.9
(29.9)

90.2
(35.5)

102.6
(40.4)

112.5
(44.3)

118.9
(46.8)

The applicant noted that the AP1000 site parameter for PMP is 52.6 cm (20.7 in.) per hour.
Therefore, the local intense precipitation depth at the WLS site is lower than the AP1000 site
parameter.
The applicant stated that elevations immediately adjacent to the nuclear power block areas
enclosed by a roadway, range from the nominal plant grade of 180.4 m (592 ft) to 179.8 m
(590 ft) above MSL. Farther away from this area, the grade is flat from the roadway to the plant
side of the vehicle barrier system at 179.8 m (590 ft) above MSL. The outer bank of the vehicle
barrier system is at an elevation of 179.2 m (588 ft) above MSL. Farther outside the vehicle
barrier system, the WLS site is flat at an approximate elevation of 179.2 m (588 ft) above MSL
before steeper slopes that form the banks of the adjacent water bodies including Make-Up
Ponds A and B, Hold-Up Pond A, and the Broad River. The WLS site drainage area is shown in
Figure 2.4.2-2 of this report.
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Figure 2.4.2-2 The Site Drainage Area at the WLS Site (Adapted from WLS COL FSAR Revision 7,
Figure 2.4.2-202)

The applicant represented the WLS site areas at an elevation of 179.2 m (588 ft) above MSL as
an idealized dry reservoir with an elevation-discharge-storage relationship. The applicant refers
to this idealized reservoir as the idealized reservoir for the overall site. The storage was
estimated using the elevation-area relationship within the drainage area excluding nuclear
power block areas that are bounded by the vehicle barrier system, an area north of WLS Unit 2
that slopes from 179.8 m (590 ft) to 179.2 m (588 ft) above MSL, and areas where plant
structures and the switchyard are located. The applicant developed the discharge relationship
for this reservoir by representing its outer boundary, at an elevation of 179.2 m (588 ft) above
MSL, as a broad-crested weir. The weir length is the total length of the 179.2 m (588 ft) above
MSL contour minus the length of sections that are deemed ineffective because of less steep
downstream slopes. The water-surface elevations in the downstream water bodies provide the
downstream boundary conditions for the weir flow. The applicant stated that tailwater conditions
would not affect the discharge over the weir; however, the applicant stated that it selected a
conservatively low weir discharge coefficient of 2.0. The idealized dry reservoir model was
implemented in the USACE Hydrologic Engineering Center Hydrologic Modeling System (HECHMS) software Version 3.5.
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The applicant simulated two local intense precipitation storms. The first storm used PMP
depths for a 72-hour duration with a precipitation interval of 1 hour and the second storm used
PMP depths for a 6-hour duration with a precipitation interval of 5 minutes. The applicant
estimated the runoff discharge by multiplying the precipitation intensity during each interval by
the drainage area; the applicant noted that this approach is equivalent to using the Rational
Method with a runoff coefficient of 1 where no losses occur. The applicant used the estimated
runoff discharge as inflow to the overall site reservoir model and simulated the resulting watersurface elevation in the reservoir using level-pool routing with the outflow from the reservoir
determined by the broad-crested weir equation. The applicant used the water-surface elevation
resulting from the 72-hour duration storm as the starting reservoir elevation for the 6-hour
duration storm. The applicant reported that the maximum water-surface elevation in the overall
site idealized reservoir would be 179.5 m (588.8 ft) above MSL. The applicant used this watersurface elevation as the downstream boundary condition to analyze the WLS site area upstream
of the vehicle barrier system.
Similar to the overall site idealized reservoir, the applicant developed an idealized reservoir
model for the WLS site area upstream of the vehicle barrier system. The nuclear power block
areas bounded by the 179.8 m (590 ft) above MSL contour are not included and all structures
provide no storage. The applicant used the broad-crested weir equation to estimate the outflow
from the reservoir with the length of the weir determined by the length of the 178.9 m (590 ft)
above MSL contour, reduced by the lengths of sections that were deemed ineffective because
of the presence of structures. The applicant used a weir discharge coefficient of 2.0. In its
analysis, the applicant did not identify any tailwater effects.
Similar to the overall site idealized reservoir, the applicant used two local intense precipitation
storms for the idealized reservoir model representing the WLS site area upstream of the vehicle
barrier system. Estimation of runoff discharge included no losses. The applicant used the
water-surface elevation resulting from the 72-hour duration storm as the starting reservoir
elevation for the 6-hour duration storm. Using level-pool routing, the applicant estimated that
the maximum water-surface elevation in the reservoir for the 6-hour duration storm would be
180 m (590.6 ft) above MSL. The applicant used this water-surface elevation as the
downstream boundary condition to analyze the nuclear power block area of the two units.
For the nuclear power block areas of the two units, the applicant analyzed the runoff from local
intense precipitation using four channels within each nuclear power block area (Figure 2.4.2-3 of
this report), using a steady-state, backwater analysis in HEC-RAS software version 4.1.0. The
applicant did not allow any precipitation losses; the peak runoff discharge used in the
steady-state, backwater analysis results from a PMP intensity of 15.7 cm (6.2 in.) in 5 min. The
applicant obtained the four channels’ cross-section characteristics from the site grading and
drainage plan. Structures in the nuclear power block area provide no storage and act as
obstructions to open-channel flow. The applicant used a Manning’s roughness coefficient of
0.026, appropriate for gravel-lined channels, as a bounding value for ground-cover types in the
nuclear power block areas. The applicant reported that the maximum water-surface elevation at
the upstream cross section occurred in channels B1 and B2 of the two nuclear power block
areas, respectively. The applicant estimated the maximum water-surface elevation to be
180.6 m (592.6 ft) above MSL. The applicant noted that all safety-related structures are located
at or above an elevation of 180.7 m (593 ft) above MSL.
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Figure 2.4.2-3 Drainage Pattern within the Nuclear Power Block Areas of the Two Units

NRC Staff’s Technical Evaluation
The staff independently estimated the local intense precipitation at the site from NOAA
HMRs 51 and 52. The staff-estimated values are shown in Table 2.4.2-3 of this report. The
staff compared its independently estimated values of the local intense precipitation at the site to
those stated by the applicant and determined that there are small differences in the two
estimates. The largest of these differences, approximately 1.6 percent, occurred for the
cumulative precipitation depth corresponding to the duration of 48 hours. The staff concluded
that these differences are minor and would not significantly affect the estimation of
water-surface elevations during site flooding under the local intense precipitation. The staff
concluded, therefore, that the applicant’s estimate of the local intense precipitation, shown in
Table 2.4.2-2 of this report, is acceptable and would be used as a site characteristic.

2-119

William States Lee III Nuclear Station
Units 1 and 2
Table 2.4.2-3 Cumulative Local Intense Precipitation Depths Independently Estimated by the Staff

Duration

PMP (cm
[in.])

5 min

15
min

30
min

1 hr

6 hr

12 hr

24 hr

48 hr

72 hr

15.7
(6.2)

24.4
(9.6)

35.6
(14.0)

48.0
(18.9)

76.2
(30.0)

90.7
(35.7)

104.1
(41.0)

114.3
(45.0)

119.4
(47.0)

The following discussion tracks the staff’s review of the applicant’s local intense
precipitation-induced analysis in WLS COL FSAR Revisions 0 through 11. As described above
in the subsection, “Information Submitted by the Applicant,” the applicant has updated its
analysis of flooding in the WLS site area under local intense precipitation after the nominal site
grade for WLS Units 1 and 2 nuclear power block and the nuclear island finished floor
elevations were raised to 180.4 m (592 ft) and 180.7 m (593 ft) above MSL, respectively.
To understand the analysis performed by the applicant related to the runoff from and watersurface elevations on site drainage areas under local intense precipitation, in RAI 820,
Question 02.04.02-2, the staff requested that the applicant: (1) provide input files used in the
HEC-RAS analysis described in WLS COL FSAR Section 2.4.2.3; (2) provide details of the
iterative process used with the HEC-RAS model to determine water-surface elevations during
the local intense precipitation event described in WLS COL FSAR Section 2.4.2.3; (3) provide
details of how the times of concentration for the site drainage areas were determined; and
(4) provide the locations of safety-related structures where the maximum water-surface
elevations for each of the site drainage areas occurred. In an October 27, 2008, response to
RAI 820, Question 02.04.02-2, the applicant stated that HEC-RAS and HEC-HMS electronic
input and output files were provided to the NRC. The staff used these files to review the
applicant’s analysis described in WLS COL FSAR Section 2.4.2 and to perform independent
confirmatory analyses. The applicant stated that the AP1000 safety-related structures are the
containment building and the auxiliary building. The applicant identified these structures on a
figure provided with the RAI response.
The staff evaluated the applicant’s responses to the RAIs and determined that the applicant has
adopted a reasonable approach to identify the effects of local intense precipitation. The staff
reviewed the proposed post-construction elevation contour map of the site extending out from
the nuclear power block area and determined that the identification of the four subareas based
on the site grading plan and the location of safety-related SSCs conform to the elevation
contours. The applicant used the Rational Method with an assumption of no losses to estimate
the discharges in the four subareas. The applicant used the HEC-RAS hydraulic simulation
software to estimate water-surface elevations under steady conditions. The staff concluded that
these are conservative approaches and therefore, the applicant’s methods for determination of
discharges and water-surface elevations during the local intense precipitation event are
adequate. Accordingly, the staff considers RAI 820, Question 02.04.02-2, resolved.
However, the staff noted that the applicant’s use of the values of Manning’s roughness
coefficients for grass and for gravel, 0.035 and 0.015, respectively, were potentially not
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conservative for the corresponding groundcover. A higher value of Manning’s roughness
coefficient typically results in a greater depth of flow for the same discharge and same channel
geometry. Chow (1959) suggested that the value of Manning’s roughness coefficient ranges
from 0.025 to 0.035 for short grass and from 0.030 to 0.050 for high grass. Since the applicant
did not specify which grass type would be prevalent in the grassed areas on the site, the staff
conservatively selected a Manning’s n value of 0.048. Similarly, because the recommended
value for lined or built-up channels with gravel bottom and formed concrete side ranges from
0.017 to 0.025 (1959), the staff selected the value of 0.025 as a conservative value. The
applicant used values of 0.035 for grass and 0.015 for paved surfaces. The staff independently
performed a HEC-RAS simulation for the northeast subarea of the local site drainage using the
input files provided by the applicant. In this analysis, the staff started with the final, converged
HEC-RAS simulation performed by the applicant. The only changes made to the HEC-RAS
inputs were the Manning’s roughness coefficients for grass and for gravel. The staff did not
perform any iteration to accurately estimate the time of concentration. The staff’s analysis was
only meant to estimate how much, if any, effect conservatively selected Manning’s roughness
coefficients may have on the simulated velocities and water-surface elevations. Table 2.4.2-4 of
this report shows the difference in HEC-RAS predictions for flow velocities and those for watersurface elevations for all subareas at cross sections near which safety-related SSC would be
located.
Table 2.4.2-4 Difference in Simulated Flow Velocities and Water-Surface Elevations at Cross
Sections Near Safety-Related SSCs Due to Change in Manning’s Roughness Coefficient

Flow Velocities (m/s
[(ft/s])
Subarea

Cross
Section

COL
Applicant

NE

XS10

NW

Water-Surface Elevations (m [ft] Above
MSL)

Staff

COL Applicant

Staff

0.08 (0.25)

0.06 (0.2)

179.47 (588.82)

179.53 (589.01)

XS7

0.17 (0.55)

0.14 (0.45)

179.52 (588.96)

179.58 (589.18)

SE

XS9

0.11 (0.37)

0.10 (0.33)

179.44 (588.7)

179.49 (588.87)

SW

XS8

0.02 (0.06)

0.02 (0.05)

179.63 (589.34)

179.70 (589.58)

As shown in Table 2.4.2-4 above, although the water-surface elevations did not change
significantly, the velocities did change by up to 20 percent (at cross-section XS10 in the
northeast (NE) subarea), which in turn would require iterations to refine the estimate of the time
of concentration. The staff noted, based on the results described above, that the effects of local
intense precipitation on the safety-related facilities should be re-evaluated by the applicant using
more appropriate values for Manning’s roughness coefficient or provide a justification why the
base values of Manning’s roughness coefficient used in the WLS COL FSAR analysis are
conservative. Therefore, in supplemental RAI 72, Question 02.04.02-3, the staff requested that
the applicant re-evaluate the effects of local intense precipitation based on more appropriate
values of Manning’s roughness coefficient, or to justify why the base values of Manning’s
roughness coefficient used in the WLS COL FSAR analysis were conservative.
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In a July 17, 2008, response to RAI 72, Question 02.04.02-3, the applicant stated that a
re-evaluation of the effects of the local intense precipitation analysis had been performed with a
Manning’s roughness coefficient value of 0.050 for grass cover areas and a value of 0.025 for
paved and gravel cover areas. The applicant acknowledged the minor increase of the
maximum water-surface elevation (from 179.63 m (589.34 ft) above MSL to 179.70 m
(589.57 ft) above MSL for the southwest drainage area) due to the local intense precipitation
effects. The re-estimated maximum water-surface elevation remained below the plant elevation
of all WLS safety-related structures (179.8 m (590 ft) above MSL).
The staff evaluated the applicant’s responses to the RAIs and concluded that the applicant has
adopted a conservative approach by using the larger values for Manning’s roughness coefficient
in the HEC-RAS model. Therefore, the staff considers RAI 72, Question 02.04.02-3, resolved.
As described above, the applicant revised the analysis for site flooding under local intense
precipitation in response to the staff’s RAI 484, Question 10.04.05-2. The staff reviewed the
applicant’s description of changes to site grading and the applicant’s calculations to support the
updated site flood analysis. The staff concluded that the applicant’s revised analysis that
idealizes the site as a dry and shallow reservoir is reasonable because the site area is
characterized by gentle slopes and the nuclear power block areas are surrounded by raised
roadway that the accumulated runoff would overtop. The staff also concluded that the
applicant’s analysis to determine water-surface elevations in the nuclear power block areas
adjacent to SSCs important to safety is conservative because of the following assumptions and
their effects on the water-surface elevation in the idealized reservoir.
•

The estimation of runoff ignores all precipitation losses to maximize volume of storage
and corresponding water-surface elevation in the idealized reservoir.

•

Depression storage was ignored, thereby maximizing the volume of runoff and increase
water-surface elevation in the idealized reservoir.

•

Plant structures provided obstruction to the flow but no storage, thereby minimizing
surface area of the idealized reservoir that would result in higher water-surface elevation
for the same storage volume.

•

The sheet flow after overtopping could run off the site in all directions, but was assumed
to be restricted to three channels that convey runoff to Make-Up Pond B, and the Broad
River would result in reduced conveyance and therefore increase storage and
corresponding water-surface elevation in the idealized reservoir.

•

The downstream boundary conditions in Make-Up Pond B and the Broad River were
assumed to be results of their respective PMF events even though the two PMF events
would be extremely unlikely to occur concurrently.

The staff also reviewed the parameters the applicant used in the analysis to specify downstream
boundary conditions (Manning’s n and weir discharge coefficients) and finds them reasonable
and conservative. The applicant also used multiple temporal distributions for the local intense
precipitation and chose the most conservative results. Therefore, the staff concluded that the
applicant’s revised analysis for the effects of local intense precipitation on the water-surface
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elevation within and near the nuclear power block areas is reasonable and conservative. The
staff concluded that the applicant-estimated water-surface elevation of 179.72 m (589.62 ft)
above MSL that would occur on the west side of each of the proposed units in the area between
the Annex Building and the Diesel Generator Building is conservative and acceptable as a site
characteristic maximum water-surface elevation. For comparison, this estimate is slightly higher
than that reported by the applicant, 179.70 m (589.57 ft) above MSL, in its original analysis.
After raising the nominal site grade for WLS Units 1 and 2 nuclear power block and the nuclear
island finished floor elevation to 180.4 m (592 ft) and 180.7 m (593 ft) above MSL, respectively,
the applicant updated its analysis of flooding in the WLS site area under a local intense
precipitation event. The staff described the applicant’s updated analysis above in the
subsection, “Information Submitted by the Applicant.” The staff reviewed the information
provided in the WLS COL FSAR and reviewed the applicant’s calculation packages in the
reading room.
The staff reviewed the applicant’s description of the revised analysis and concluded that the
applicant implemented the WLS site area in hydrologic and hydraulic modeling software that is
currently accepted in standard engineering practice. The applicant’s models incorporate several
conservative assumptions:
•

No runoff losses are allowed, thereby maximizing the runoff volume, discharge, and the
resulting water-surface elevations.

•

The two areas modeled using idealized dry reservoirs promote detention of runoff within
the reservoirs resulting in higher water-surface elevation.

•

The selected value of the weir discharge coefficient would result in smaller discharge
from the reservoirs and therefore maximize water-surface elevations within the
reservoirs.

•

The initial water-surface elevations for the two idealized reservoirs were set to an
elevation that would result from a 72-hour-duration local intense precipitation before
using the 6-hour, 5-minute local intense precipitation inflow into the reservoirs; this
assumption is equivalent to assuming that a 72-hour PMP event was followed by a
6-hour PMP event at the WLS site, which is extremely conservative because it assumes
two extreme precipitation events occurring in sequence.

•

The Manning’s roughness coefficient value of 0.026 is an appropriate maximum value
for gravel bottom built-up channels with sides that have random stones in mortar; this
assumption would result in a higher water-surface elevation within the nuclear power
block areas.

Therefore, the staff concluded that the applicant’s revised local intense precipitation-induced
flood analysis is reasonable and conservative and would result in conservatively estimated
water-surface elevations near the safety-related SSCs. Based on a review of the applicant’s
information in WLS COL FSAR Revisions 0 through 11, the staff concluded that the applicant
has appropriately considered flood-causing phenomena related to local intense precipitation for
the WLS site. Therefore, based on the reasons given above, the staff concluded that the
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applicant adequately identified and evaluated hydrological features of the site. The staff agreed
that the flood-causing phenomena associated with local intense precipitation considered by the
applicant are appropriate for the WLS site. Therefore, based on the reasons given above, the
staff concluded that the applicant adequately determined hydrologic characteristics of the
proposed site with appropriate consideration of the most severe of the natural phenomena that
have been historically reported for the site and surrounding area and with sufficient margin for
the limited accuracy, quantity, and period of time in which the historical data have been
accumulated.

2.4.2.5

Post Combined License Activities

There are no post COL activities related to this section.

2.4.2.6

Conclusion

The staff reviewed the application and confirmed that the applicant has addressed the
information related to individual types of flood-producing phenomena, and combinations of
flood-producing phenomena, considered in establishing the flood design bases for
safety-related plant features. The information also covered the potential effects of local intense
precipitation. The staff also confirmed that there is no outstanding information required to be
addressed in the WLS COL FSAR related to this section.
As set forth above, the applicant has presented and substantiated information to establish the
site description. The staff reviewed the information provided and, for the reasons given above,
concluded that the applicant has provided sufficient details about the site description to allow
the staff to evaluate, as documented in Section 2.4.2 of this report, whether the applicant has
met the relevant requirements of 10 CFR 52.79(a)(1) and 10 CFR Part 100 with respect to
determining the acceptability of the site. This partially addresses COL Information Item 2.4-2.
The staff concludes that the applicant has provided sufficient information with respect to the
flood history, flood design considerations, and the effects of local intense precipitation to satisfy
the applicable requirements of 10 CFR Part 52 and 10 CFR Part 100.

2.4.3

Probable Maximum Flood (PMF) on Streams and Rivers

2.4.3.1

Introduction

WLS COL FSAR Section 2.4.3 describes the hydrologic site characteristics affecting any
potential hazard to the plant’s safety-related facilities as a result of the effect of the PMF on
streams and rivers.
Section 2.4.3 herein provides a review of the following specific areas: (1) regional PMPs and
their losses; (2) runoff and stream course models; (3) PMF; (4) flood water-surface elevations
including effects of coincident wind waves; (5) consideration of other site-related evaluation
criteria; and (6) any additional information requirements prescribed in the “Contents of
Application” sections of the applicable subparts of 10 CFR Part 52.
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2.4.3.2

Summary of Application

This section of the WLS COL FSAR describes the site-specific PMFs on streams and rivers.
The applicant addressed the information item identified in AP1000 DCD Tier 2, Section 2.4.1.2,
Revision 19 related to PMF as follows:
AP1000 COL Information Item
•

WLS COL 2.4-2

In addition, this section addresses the following COL-specific information identified in AP1000
DCD Section 2.4.1.2, Revision 19.
Combined License applicants referencing the AP1000 certified design will
address the following site-specific information about historical flooding and
potential flooding factors, including the effects of local intense precipitation.
•

PMF on Streams and Rivers – Site-specific information that will be used
to determine the design basis flooding at the site. This information will
include the PMF on streams and rivers.

•

Dam Failures – Site-specific information about potential dam failures.

•

Probable Maximum Surge and Seiche Flooding – Site-specific information
about probable maximum surge and seiche flooding.

•

Probable Maximum Tsunami Loading – Site-specific information about
probable maximum tsunami loading.

•

Flood Protection Requirements – Site-specific information about flood
protection requirements or verification that flood protection is not required
to meet the site parameter for flood level.

In WLS COL FSAR Section 2.4.3, the applicant addressed the effects of PMF on streams and
rivers. Other causes of floods and their effects are discussed in related WLS COL FSAR
sections. No further action is required for sites within the bounds of the site parameter for flood
level.

2.4.3.3

Regulatory Basis

The relevant requirements of NRC regulations for the identification of floods and flood design
considerations, and the associated acceptance criteria, are described in NUREG-0800,
Section 2.4.3.
The applicable regulatory requirements for identifying probable maximum flooding on streams
and rivers are as follows:
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•

10 CFR 52.79(a)(1)(iii), “Contents of applications; technical information in final safety
analysis report,” as it relates to identifying hydrologic site characteristics with appropriate
consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, “Reactor Site Criteria,” as it relates to identifying and evaluating
hydrological features of the site. The requirements to consider physical site
characteristics in site evaluations are specified in 10 CFR 100.20(c).

•

10 CFR 100.23(d), “Geologic and Seismic Siting Factors,” sets forth the criteria to
determine the siting factors for plant design bases with respect to seismically induced
floods and water waves at the site.

The staff also used the following regulatory guides for the acceptance criteria identified in
NUREG-0800, Section 2.4.3:
•

RG 1.59, “Design Basis Floods for Nuclear Power Plants,” supplemented by best current
practices, as it relates to providing assurance that natural flooding phenomena that could
potentially affect the site have been appropriately identified and characterized

•

RG 1.102, “Flood Protection for Nuclear Power Plants,” as it relates to providing
assurance that SSCs important to safety have been designed to withstand the effects of
natural flooding phenomena likely to occur at the site

•

RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” as
it relates to the contents of a COL application

2.4.3.4

Technical Evaluation

In this section, the staff reviewed the applicant’s analysis of PMF on streams and rivers near the
WLS site including in the Broad River, in the McKowns Creek and Make-Up Pond B, in the
Intermittent Stream and Make-Up Pond A, and in the London Creek and Make-Up Pond C. The
staff’s independent analysis is also described.
The staff reviewed COL Information Item 2.4-2 related to the provision of site-specific
information about the PMF at the plant site included under WLS COL FSAR Section 2.4.
Additional aspects of this information item are addressed in Sections 2.4.2. 2.4.4, 2.4.5, 2.4.6,
2.4.7, and 2.4.10 of this report.
To ensure that the design basis flood is based on the most conservative of plausible conceptual
models, in RAI 821, Question 02.04.03-1, the staff requested that the applicant describe the
process followed to determine the conceptual models for floods in streams and rivers and in the
site drainage system. In an October 27, 2008, response to RAI 821, Question 02.04.03-1, the
applicant stated that conceptual models used to determine the design basis flood are consistent
with the guidance of RG 1.206 and RG 1.59. The applicant stated that the flood estimation
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approach is consistent with the current state of the practice guidance described in
ANSI/ANS-2.8-1992.
The applicant estimated the effects of flooding in Make-Up Ponds A and B using the point PMP
values from HMRs 51 and 52. The applicant analyzed several time distributions of the PMP to
estimate the most severe flooding effects in the makeup ponds. The applicant used the Soil
Conservation Service (SCS) unit hydrograph method to estimate runoff. The applicant
maximized the runoff by assuming wet antecedent conditions and no precipitation losses.
The applicant stated that the PMP for the Broad River Basin was estimated using HMRs 51
and 52 and that the PMP over the Broad River Basin was maximized by evaluating several
storm centers, storm sizes, and storm orientations. The applicant derived the unit hydrographs
for use in the PMF estimation from USGS unit hydrographs for the region. The applicant stated
that antecedent storm conditions were chosen to maximize runoff and noted that a PMF in the
Broad River Basin was combined with coincident wind-wave activity.
The staff reviewed the applicant’s October 27, 2008, response to RAI 821, Question 02.04.03-1,
and concluded that the description of the process followed to arrive at conceptual models of
floods in streams and rivers is adequate. Therefore, the staff considers RAI 821,
Question 02.04.031, resolved. The staff’s review of flooding on the WLS site and the nuclear
power block areas due to local intense precipitation is described in Section 2.4.2 of this report.

2.4.3.4.1

Probable Maximum Precipitation

Information Submitted by the Applicant
The applicant estimated the PMP for the watershed above the WLS site defined by HMRs 51
and 52 based on an existing study for Ninety-Nine Islands Dam. The applicant optimized the
orientation of the PMP storm over the Broad River Basin using the HMR 52 computer software.
The applicant used 18 sub-basins in the Broad River Basin upstream of the WLS site. The
applicant modified the PMP analysis to include antecedent storm conditions, as specified by
RG 1.59, Appendix A and estimated the critical 72-hour storm PMP rainfall total to be 64.7 cm
(25.5 in.) for the entire watershed. The applicant used HMR 53 to estimate the winter PMP for
the Broad River Basin. The applicant examined the combined event of winter PMP coincident
with a 100-year snowpack and stated that snowmelt is not considered to be a factor in modeling
the PMF event because the sum of winter PMP and 100-year snowpack is approximately
70 percent of the all-season PMP.
The applicant stated that the PMP for the McKowns Creek and Make-Up Pond B watershed, the
Intermittent Stream and Make-Up Pond A watershed, and the London Creek and Make-Up
Pond C watershed is the local intense precipitation previously estimated in WLS COL FSAR
Section 2.4.2.3.
NRC Staff’s Technical Evaluation
To understand the analysis performed by the applicant related to the estimation of PMP on the
drainage basin above the Ninety-Nine Islands Dam, in RAI 821, Question 02.04.03-2, the staff
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requested that the applicant describe the relevance of HMR 53 for determination of the PMP in
the Broad River Basin.
In an October 27, 2008, response to RAI 821, Question 02.04.03-2, the applicant stated that the
winter PMP for the Broad River Basin is estimated by multiplying the all-season PMP value
obtained from HMR 52 by the ratio of the 25.9 km2 (10 mi2) winter PMP obtained from HMR 53
to the 25.9 km2 (10 mi2) all-season PMP obtained from HMR 51. The applicant estimated the
ratio to be approximately 0.567 (66.3 cm/116.8 cm [26.1 in/46.0 in]). Using this ratio, the
applicant estimated that the winter PMP over the Broad River Basin for a 72-hour duration
would approximately be 36.7 cm (14.5 in.) (0.567 × 64.7 cm (25.5 in.)). The applicant further
stated that the 100-year snowpack is estimated to be 43.2 cm (17.0 in.) of snow with a water
equivalent of 8.6 cm (3.4 in.) and is described in WLS COL FSAR Section 2.3.1.2.7.1. The
applicant subsequently estimated, assuming that the 100-year antecedent snowpack would
completely melt during the winter PMP event, that the combined potential runoff during the
PMP-on-snowpack event would be 45.5 cm (17.9 in.) (36.0 cm (14.5 in.) winter PMP + 8.6 cm
(3.4 in.) 100-year snowpack water equivalent), which is approximately 70 percent of the
estimated all-season, 72-hour PMP depth of 64.7 cm (25.5 in.) over the whole Broad River
Basin. The applicant concluded, therefore, that snowmelt would not be a significant factor in
generation of a controlling PMF event in the Broad River Basin.
The staff evaluated the procedure used by the applicant for the estimation of winter PMP in the
Broad River Basin. The applicant’s approach is based on the assumption that the ratio of the
25.9 km2 (10 mi2) winter precipitation (given in HMR 53) to the 25.9 km2 (10 mi2) all-season
PMP (given in HMR 51) at a given location remains the same for other drainage areas and
times of occurrences. The staff independently obtained the 25.9 km2 (10 mi2) PMP depths for
the months of December through April from HMR 53 for durations equal to 6, 24, and 72 hours
at the WLS site. The staff also independently obtained the all-season PMP depths from
HMR 51 for the same durations at the WLS site. These values are shown in Table 2.4.3-1. The
staff estimated the ratios of HMR 53 PMP for the months of December through April to the
HMR 51 all-season PMP depth. These values are shown in Table 2.4.3-2 of this report.
Based on the data shown in Tables 2.4.3-1 and 2.4.3-2 of this report, the staff concluded that
the month-wise ratios of HMR 53 PMP depend on the selected duration of the PMP. There is a
clear increasing trend for the value of the ratio with increasing duration of the PMP. The staff
also noted that the mean of these ratios for the winter months for the 72-hour duration, 0.569, is
very close to that used by the applicant, 0.567.
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Table 2.4.3-1 Seasonal PMP Depths from HMR 53 and All-Season PMP Depths from HMR 51 at the
WLS Site

HMR 53 PMP Depth (cm [in.])

HMR 51 All-Season
PMP Depth (cm
[in.])

Duration
(hr)

December

January

February

March

April

6

36.3 (14.3)

33.0
(13.0)

33.0
(13.0)

36.3
(14.3)

43.2
(17.0)

75.7 (29.8)

24

53.6 (21.1)

50.8
(20.0)

50.8
(20.0)

54.9
(21.6)

61.0
(24.0)

102.1 (40.2)

72

68.1 (26.8)

63.5
(25.0)

63.5
(25.0)

68.1
(26.8)

74.2
(29.2)

118.6 (46.7)

Table 2.4.3-2 Ratio of Seasonal PMP Depths from HMR 53 to the All-Season PMP Depths from
HMR 51 at the WLS Site

HMR 53 to HMR 51 PMP Depth Ratio

Duration
(hr)

December

January

February

March

April

Mean

6

0.480

0.436

0.436

0.480

0.570

0.481

24

0.525

0.498

0.498

0.537

0.597

0.531

72

0.574

0.535

0.535

0.574

0.625

0.569

The staff also noted that the winter PMP values obtained from HMR 53 are appropriate for a
25.9 km2 (10 mi2) drainage area. Since the PMP depth for a given duration at a given location
decreases with increasing drainage area, the staff concluded that the use of 25.9 km2 (10 mi2)
winter PMP depths for the Broad River Basin, which is approximately 4,014 km2 (1,550 mi2) in
size above the Ninety-Nine Islands Dam, is conservative. Therefore, the staff concluded that
the applicant’s approach for estimation of winter PMP depths over the Broad River Basin is
conservative. Accordingly, the staff considers RAI 821, Question 02.04.03-2, resolved.
The staff also determined that the addition of the 100-year snowpack, which is assumed to
completely melt during the winter PMP event, to the winter PMP depth over the Broad River
Basin results in a combined PMP-on-snow event depth that is less than the all-season PMP
depth estimated below. Therefore, the staff agreed with the applicant that the flood generated
by a PMP-on-snow event would be less severe than the all-season PMF estimated for the
Broad River Basin and does not require further consideration.
The staff independently estimated the all-season PMP over the Broad River Basin using the
HMR 52 software developed by the USACE. The staff used a GIS layer of the Broad River
Basin and its sub-basin boundaries to estimate normalized coordinates for input to the HMR 52
software. The depth-area-duration values from the all-season PMP for durations of 6, 12, 24,
48, and 72 hours, and drainage areas of 25.9, 518, 2,590, 12,950, 25,900, 51,800 km2 (10, 200,
1,000, 5,000, 10,000 and 20,000 mi2) from HMR 51 were also input into the software. The
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HMR 52 software automatically finds the optimal orientation of the PMP storm pattern over the
input drainage basin. The staff-estimated PMP storm pattern and PMP depths closely agreed
with those reported by the applicant. Therefore, the staff considers the applicant’s PMP
estimates acceptable.
Based on a review of the applicant’s information in WLS COL FSAR Revisions 0 through 11, the
staff concluded that the applicant has appropriately considered the local intense precipitation for
the WLS site. Therefore, based on the reasons given above, the staff concluded that the
applicant adequately identified and evaluated extreme precipitation events at the site. The staff
agreed that the local intense precipitation considered by the applicant is appropriate for the
WLS site. Therefore, based on the reasons given above, the staff concluded that the applicant
adequately determinated hydrologic characteristics of the proposed site with appropriate
consideration of the most severe of the natural phenomena that have been historically reported
for the site and surrounding area and with sufficient margin for the limited accuracy, quantity,
and period of time in which the historical data have been accumulated.

2.4.3.4.2

Precipitation Losses

Information Submitted by the Applicant
The applicant estimated the precipitation losses for Broad River sub-basins and London Creek
watershed upstream of Make-Up Pond C based on an existing study using the USDA SCS (now
the NRCS) curve number method. The precipitation losses for each sub-basin are provided in
the WLS COL FSAR. The applicant’s precipitation losses range from approximately 2.5 to 7.3
cm (1 to 2.9 in.) during the 72-hour PMP event. For McKowns Creek watershed upstream of
Make-Up Pond B and the Intermittent Stream watershed upstream of Make-Up Pond A, the
applicant assumed that no precipitation loss occurs and therefore all rainfall is transformed to
runoff.
NRC Staff’s Technical Evaluation
The staff reviewed the method followed by the applicant to estimate precipitation loss rates for
the PMF estimation in the Broad River Basin and in the watersheds of Make-Up Ponds A, B,
and C. The staff determined that the method used to estimate loss rate for the Broad River
Basin and the London Creek watershed upstream of Pond C is commonly used in practice.
However, the applicant stated that this method resulted in rainfall losses ranging from
37 to 71 percent with a mean of 51 percent during the antecedent storm and in precipitation
losses ranging from 3 to 19 percent with an average of 8 percent during the full PMP storm.
The staff evaluated the effect of loss rates estimated by the applicant on the predicted PMF
water-surface elevations near the site by independently estimating the sensitivity of the
predictions to this parameter. The staff used the HEC-HMS input files provided by the applicant
to perform an analysis for the Broad River Basin such that no precipitation losses were allowed.
The staff’s analysis resulted in a peak discharge of 22,342 m3/s (789,000 cfs) at the Ninety-Nine
Islands Dam compared to the approximately 21,011 m3/s (742,000 cfs) discharge estimated by
the applicant. The staff used the discharges estimated by HEC-HMS model in the HEC-RAS
model provided by the applicant to estimate the corresponding water-surface elevations under
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the no-loss scenario. The staff’s evaluation of the Broad River PMF water-surface elevations is
described in Section 2.4.3.4.5 of this report.
The staff agreed with the applicant that the no-loss approach used for the drainage areas of
Make-Up Ponds A and B is an appropriately conservative approach for determination of the
PMF water-surface elevations in the makeup ponds.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately considered precipitation losses at and near the
WLS site. Therefore, based on the reasons given above, the staff concluded that the applicant
adequately identified and evaluated extreme flood events at the site. The staff agreed that the
precipitation losses considered by the applicant are appropriate for the WLS site. Therefore,
based on the reasons given above, the staff concluded that the applicant adequately
determined hydrologic characteristics of the proposed site with appropriate consideration of the
most severe of the natural phenomena that have been historically reported for the site and
surrounding area and with sufficient margin for the limited accuracy, quantity, and period of time
in which the historical data have been accumulated.

2.4.3.4.3

Runoff and Stream Course Models

Information Submitted by the Applicant
The applicant developed the Broad River runoff and stream course model based on an existing
HEC-1 study with modifications to include the antecedent rainfall conditions. The applicant
used the USACE HEC-HMS Version 3.0.1 modeling software for estimating the runoff and
routing calculations and USACE HEC-RAS Version 3.1.3 modeling software to route
hydrographs from above Gaston Shoals Dam to Lockhart Dam.
To account for nonlinear basin response at high rainfall rates, the applicant increased the peak
of the unit hydrograph by 20 percent and reduced the time to peak by approximately 33 percent.
The applicant used the SCS unit hydrograph method as a basis for a modified unit hydrograph
to transform rainfall to runoff for the Make-Up Pond C sub-basin. The applicant obtained the
HEC-RAS cross sections from an existing study and modified as necessary and used Manning’s
roughness coefficients given in published tables by Chow.
For McKowns Creek and Make-Up Pond B, the applicant used the USACE HEC-HMS modeling
software for estimating runoff and storage routing calculations. To account for nonlinear basin
response at high rainfall rates, the applicant increased the peak of the unit hydrograph by
20 percent and reduced the time to peak by approximately 33 percent. The applicant used the
SCS unit hydrograph method as a basis for a modified unit hydrograph to transform rainfall to
runoff. The applicant estimated the drainage area, length of watercourse, and average slope of
the watershed from aerial topography of the area and calculated the lag time using the standard
SCS curve number regression equation. The applicant estimated the base flow to have a
constant rate of 0.05 m3/s (1.8 cfs) using the minimum average monthly flow of the Gaffney and
Ninety-Nine Island gauges (USGS No. 02153500 and 02153551) with correction on the basis of
a ratio of drainage basin areas. The applicant developed the Make-Up Pond B outflow structure
rating curve using standard weir and orifice flow equations with coefficients of 3.5 and 0.8,
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respectively and estimated the available storage based on aerial topography. The applicant
assumed a full pond elevation of 174 m (570 ft) above MSL for antecedent conditions.
For McKowns Creek and Make-Up Pond B, the applicant used the USACE HEC-HMS modeling
software for estimating runoff and storage routing calculations. To account for nonlinear basin
response at high rainfall rates, the applicant increased the peak of the unit hydrograph by
20 percent and reduced the time to peak by approximately 33 percent. The applicant used the
SCS unit hydrograph method as a basis for a modified unit hydrograph to transform rainfall to
runoff. The applicant estimated the drainage area, length of watercourse, and average slope of
the watershed from aerial topography of the area and calculated the lag time using the standard
SCS curve number regression equation. The applicant estimated the base flow to have a
constant rate of 0.05 m3/s (1.8 cfs) using the minimum average monthly flow of the Gaffney and
Ninety-Nine Island gauges (USGS No. 02153500 and 02153551) with correction on the basis of
a ratio of drainage basin areas. The applicant developed the Make-Up Pond B outflow structure
rating curve using standard weir and orifice flow equations with coefficients of 3.5 and 0.8,
respectively and estimated the available storage based on aerial topography. The applicant
assumed a full pond elevation of 174 m (570 ft) above MSL for antecedent conditions.
NRC Staff’s Technical Evaluation
In RAI 821, Question 02.04.03-3, the staff requested that the applicant explain why unit
hydrographs calibrated using observed runoff events produced by precipitation depths much
smaller than the PMP event in the Broad River Basin were appropriate to estimate the PMF in
the basin or to update the PMF analysis with techniques recommended by other Federal
agencies or those used in standard practice.
In an October 28, 2008, response to RAI 821, Question 02.04.03-3, the applicant stated that the
impact of nonlinear basin response is examined as a sensitivity study for Make-Up Pond B
watershed. The applicant stated that the SCS unit hydrograph, used to transform rainfall to
runoff, was modified to increase the peak discharge by 20 percent and to decrease the time
base by approximately 33 percent. The applicant stated that the intermediate ordinates of the
unit hydrograph were adjusted to maintain the area under the curve equal to 2.5 cm (1 in.) of
rainfall excess. The applicant estimated that the maximum water-surface elevation in Make-Up
Pond B would be higher using the modified unit hydrographs. The applicant stated that there
would be no significant change in wind-wave activity because the increase in the water-surface
elevation in Make-Up Pond B was not large enough to significantly affect wind-wave
characteristics. The applicant stated that the higher maximum water-surface elevation estimate
in Make-Up Pond B for PMP and coincident wind-wave effects was only provided as a
sensitivity analysis and would not supersede the flood elevation previously reported.
The staff evaluated the applicant’s response to RAI 821, Question 02.04.03-3, and determined
that accounting for nonlinearity of basin response should not be viewed only as a sensitivity
effect. The final water-surface elevation used for the design basis must be based on an
appropriate analysis that includes the effects of nonlinear basin response to account for the
most conservative plausible runoff generation scenario. In RAI 69, Question 02.04.03-6, the
staff requested that the applicant provide an analysis of Make-Up Pond B flood water-surface
elevation that included the effects of nonlinear basin response.
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The staff also noted that the coincident wind-wave activity described above was based on the
previously estimated water-surface elevation in Make-Up Pond B. The staff concluded that the
new estimate of water-surface elevation should be used to re-estimate wind waves. Therefore,
in RAI 69, Question 02.04.03-7, the staff requested that the applicant re-estimate coincident
wind waves with the flood stillwater-surface elevation estimated from the analysis that includes
the effects of nonlinear basin response. In an October 27, 2008, response to RAI 821,
Question 02.04.03-3, the applicant stated that a comparison of maximum flood water-surface
elevation in the Broad River and the Make-Up Pond B with the maximum flood water-surface
elevation in Make-Up Pond B showed a significant amount of freeboard. Based on this
significant amount of freeboard, the applicant concluded that accounting for nonlinear basin
response in the Broad River Basin would not increase the maximum flood water-surface
elevation in the river or in the Make-Up Pond A enough to exceed the maximum flood watersurface elevation estimated for the Make-Up Pond B.
The staff agreed with the applicant that there appears to be a significant amount of freeboard
available between the maximum flood water-surface elevation estimated for the Make-Up
Pond B and the maximum flood water-surface elevations estimated for the Broad River and the
Make-Up Pond A. The staff determined that it is likely, if nonlinear basin response were
accounted for in runoff generation during the Broad River Basin PMF event that the flood watersurface elevation would be higher and therefore, would result in a longer fetch length in the
inundated areas of the river floodplain. The staff concluded therefore, that a more detailed
analysis that includes the effects of nonlinear basin response and the effects of coincident wind
waves is needed to conclusively determine that the design basis flood would result from a PMF
in the Make-Up Pond B watershed and not in the Broad River Basin. Therefore, in RAI 69,
Question 02.04.03-8, the staff requested that the applicant re-estimate wind waves in the Broad
River and in Make-Up Pond A with the flood stillwater-surface elevation that accounted for the
nonlinear basin response.
In a June 19, 2009, response to RAI 69, Questions 02.04.03-6, 02.04.03-7, and 02.04.03-8, the
applicant re-analyzed the flooding scenario for Make-Up Pond B by calculating the effects of
wind-driven waves from a still water elevation that includes the nonlinear basin response
effects. The staff examined the applicant’s analysis and concluded that the applicant’s new
flood analysis includes nonlinear basin response for Make-Up Pond A and coincident wind-wave
effects and, therefore, finds that the applicant’s analysis is conservative. Accordingly, the staff
considers RAI 820, Question 02.04.03-3 and RAI 69, Questions 02.04.03-6, 02.04.03-7, and
02.04.03-8, resolved.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately considered the characteristics of the streams and
rivers near the WLS site. Therefore, based on the reasons given above, the staff concluded
that the applicant adequately identified and evaluated extreme flood events at the site. The staff
agreed that the local intense precipitation considered by the applicant is appropriate for the
WLS site. Therefore, based on the reasons given above, the staff concluded that the applicant
adequately determined hydrologic characteristics of the proposed site with appropriate
consideration of the most severe of the natural phenomena that have been historically reported
for the site and surrounding area and with sufficient margin for the limited accuracy, quantity,
and period of time in which the historical data have been accumulated.
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2.4.3.4.4

Probable Maximum Flood Flow

Information Submitted by the Applicant
The applicant estimated the peak PMF discharge at the WLS site as 23,311 m3/s (823,212 cfs)
resulting from the 2,590 km2 (1,000 mi2) storm centered near the centroid of the Gaston Shoals
Dam drainage basin.
The applicant estimated the peak PMF runoff to be 567 m3/s (20,039 cfs) and the routed
discharge to be 183 m3/s (6,471 cfs) from a 6-hour two-thirds peaking storm event for the
McKowns Creek watershed upstream of Make-Up Pond B. However, the applicant stated that
the controlling water-surface elevation occurred during a 72-hour end-peaking storm event with
a peak PMF runoff of 536 m3/s (18,937 cfs) and a routed discharge of 237 m3/s (8,386 cfs).
The applicant estimated the peak PMF runoff to be 330 m3/s (11,644 cfs) and a routed
discharge to be 279 m3/s (9,847 cfs) from a 6-hour storm event for the Intermittent Stream
watershed upstream of Make-Up Pond A.
The applicant estimated the peak PMF runoff to be 826 m3/s (29,167 cfs) and a routed
discharge to be 300 m3/s (10,577 cfs) from a 72-hour end-peaking storm event for the London
Creek watershed upstream of Make-Up Pond C.
NRC Staff’s Technical Evaluation
The staff reviewed the HEC-HMS model files provided by the applicant and determined that the
approach used by the applicant for estimating the PMF flood discharge is appropriate. The staff
performed a sensitivity analysis on the PMF discharge by changing the loss rate for the Broad
River Basin PMF estimation as described in Section 2.4.3.4.2 of this report. As expected, the
PMF discharge near the site increased under the no-loss scenario investigated by the staff. The
water-surface elevations corresponding to the no-loss scenario were also estimated by the staff.
The staff’s evaluation is described in Section 2.4.3.4.5 of this report.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately estimated the PMF discharge in streams and
rivers near the WLS site using approaches currently used in standard practice. Therefore,
based on the reasons given above, the staff concluded that the applicant adequately identified
and evaluated extreme flood events at the site. The staff agreed that the PMF discharge
estimated by the applicant is appropriate for the WLS site. Therefore, based on the reasons
given above, the staff concluded that the applicant adequately determined hydrologic
characteristics of the proposed site with appropriate consideration of the most severe of the
natural phenomena that have been historically reported for the site and surrounding area and
with sufficient margin for the limited accuracy, quantity, and period of time in which the historical
data have been accumulated.
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2.4.3.4.5

Water-Elevation Determinations

Information Submitted by the Applicant
The applicant estimated that the maximum stillwater flood elevation near the WLS site from a
PMF in the Broad River Basin would be 168.1 m (551.5 ft) above MSL. The applicant estimated
that the maximum flood elevation near the WLS site from a PMF in the McKowns Creek
watershed upstream of Make-Up Pond B would be 178.1 m (584.4 ft) above MSL. The
applicant stated that Make-Up Pond B is not located on a large river or stream and that the
impoundment is confined within a small watershed area. The applicant also stated that it did not
consider blockage of the outlet structure in its analysis of the PMF routed through Make-Up
Pond B because the outlet structure is sized adequately and there is minimal potential for
significant amount of debris to be picked up by floodwaters during the PMF event and
subsequently transported to the outlet structure. The applicant stated that its shoreline
management program would consist of removing trees from the area around the perimeter of
Make-Up Pond B extending 15.2 m (50 ft) beyond contour elevation of 178.3 m (585 ft) above
MSL. The applicant stated that this area would be maintained as a grassed, paved, or covered
by some other suitable material throughout the operational life of the plant. The maximum
water-surface elevation in Make-Up Pond B results from the Upper Arm culvert being nonfunctional while allowing overtopping and discharge into Make-Up Pond B. During the same
event, the applicant estimated that the maximum water-surface elevation in the Upper Arm
Pond would be 180.5 m (592.3 ft). The ridges on the east of the Upper Arm Pond separate it
from the WLS site.
The applicant estimated the maximum water-surface elevation of Make-Up Pond A from a PMF
in the Intermittent Stream watershed as 170.1 m (558.2 ft). The applicant stated that because
the PMF discharge flow from Make-Up Pond C is bounded by the PMF discharge in the Broad
River Basin, spillover from Make-Up Pond C during a PMF event is not a limiting event for
flooding at the WLS site when taken as an isolated event.
NRC Staff’s Technical Evaluation
To understand the applicant’s rationale behind the selection of the design basis flood elevation
at the WLS site and whether any special safety-related structures or systems, particularly a
debris collection boom near the Make-Up Pond B spillway, may be needed for flood protection,
the staff issued RAI 821, Question 02.04.03-4. In an October 27, 2008, response to RAI 821,
Question 02.04.03-4, the applicant stated that the maximum flood water-surface elevation from
a PMF event in the watershed of Make-Up Pond B and the coincident effects of wind-induced
waves would be significantly below the WLS site grade. The applicant also provided a
description of a shoreline management plan with this RAI response. The applicant stated that
the shoreline management program would remove trees from the water’s edge around Make-Up
Pond B. The applicant also stated that this area would be maintained as grassy, paved, or with
other suitable cover throughout the operational life of the plant. The applicant concluded that
because of the shoreline management plan, blockage of Make-Up Pond B’s outlet structure
from debris during a PMF event would not be credible.
The staff evaluated the applicant’s October 27, 2008, response to RAI 821,
Question 02.04.03-4, and concluded that the proposed shoreline management program would
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limit debris accumulation at the outlet structure during the PMF event in the watershed of
Make-Up Pond B. Therefore, the staff concluded that the approach and the method adopted for
estimation of the PMF in the watershed of Make-Up Pond B is adequate. However, the staff
noted that the applicant needed to include details of the Shoreline Management Plan in WLS
COL FSAR Section 2.4.3 because it provides important information related to the justification of
the PMF estimation approach for the watershed of Make-Up Pond B. Therefore, in RAI 69,
Question 02.04.03-10, the staff requested that the applicant address this need. In a June 19,
2009, response to RAI 69, Question 02.04.03-10, the applicant stated that the details provided
in response to the staff’s RAI 821, Question 02.04.03-4, were included in WLS COL FSAR
Revision 1. The applicant stated that the shoreline management program would remove all
trees from the water’s edge. The applicant stated that this area would be maintained as paved
or grassed or covered with other suitable alternative material throughout the operational life of
the plant. The staff reviewed the applicant’s response and determined that sufficient detail
regarding the shoreline management program has not been provided in the WLS COL FSAR.
Because the success of the shoreline management program is essential for maintaining the
PMF water-surface elevation in Make-Up Pond B below the AP1000 DCD maximum flood level,
the staff determined that the applicant needs to provide additional details of the shoreline
management program in the WLS COL FSAR including frequency of inspection, criteria for
determination of the need to perform maintenance, and the frequency of maintenance
throughout the operational life of the plant. The applicant did not provide any additional details
of the shoreline management program in Revision 5 of the WLS COL FSAR. In Revision 7 of
the WLS COL FSAR, the applicant stated that the shoreline management program would
annually inspect the shoreline around Make-Up Pond B and remove trees that may have fallen
on the ground and trees that may be about to fall. The applicant would also inspect the spillway
for debris after rainfall events that exceed an intensity of 7.6 cm/hr (3 in/hr). The applicant
would install a secondary debris barrier system, approximately 107 m (350 ft) from the Make-Up
Pond B spillway. The staff reviewed the details of the applicant’s shoreline management
program and the secondary barrier system. Since an effective implementation of the shoreline
management program would minimize debris available for transport with the PMF and the
secondary debris barrier system would be in place, the staff concluded that the combination of
the shoreline management program and the debris barrier system would prevent the blockage
of the Make-Up Pond B spillway. The staff considers implementation of the shoreline
management program and the installation of debris barrier system commitments on the part of
the applicant. Accordingly, the staff considers RAI 821, Question 02.04.03-4, and RAI 69,
Question 02.04.03-10, resolved.
The staff estimated the PMF discharges in the Broad River Basin under a no precipitation loss
HEC-HMS scenario performed to investigate the sensitivity of the PMF water-surface elevations
near the site to the value of the selected loss rate. The discharge hydrographs predicted by
HEC-HMS were input by the staff into the HEC-RAS model of the Broad River Basin provided
by the applicant. The staff’s HEC-RAS simulation used combined inflow into the Gaston Shoals
Dam as the upstream unsteady boundary condition. Flood discharges from reaches and
sub-basins located downstream from the Gaston Shoals Dam were input into the HEC-RAS
model as lateral inflows. The staff was able to successfully perform the unsteady simulation.
However, based on the description of the HEC-RAS model in the WLS COL FSAR and the
additional details provided in RAI responses, the staff was unable to determine location of the
cross section near the site. The staff required more information regarding the HEC-RAS model
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setup to verify the sensitivity of the PMF water-surface elevation to precipitation loss rates.
Therefore, in RAI 69, Question 02.04.03-9, the staff requested that the applicant identify the
cross section in the HEC-RAS setup that is located directly across from the WLS site.
In a June 19, 2008, response to RAI 69, Question 02.04.03-9, and in a subsequent telephone
conversation with the applicant, the staff obtained clarification on the location of the
above-mentioned cross section and withdrew RAI 69, Question 02.04.03-9. Accordingly, the
staff considers RAI 69, Question 02.04.03-9, resolved. During the staff’s simulation of a no
precipitation loss scenario, the maximum PMF water-surface elevation in the Broad River at the
HEC-RAS cross section located directly across from the WLS site was 168.7 m (553.4 ft) above
MSL. The increase in the PMF water-surface elevation near the WLS site under the no
precipitation loss scenario was relatively minor, about 0.6 m (1.9 ft), compared to the difference
between the PMF water-surface elevation and the WLS site grade, which is about 12.2 m (40
ft). Therefore, the staff concluded that the PMF in the Broad River would not cause watersurface elevations near the WLS site that would affect the safety of the WLS units.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately estimated the PMF water-surface elevations in
streams and rivers near the WLS site using approaches currently used in standard practice.
Therefore, based on the reasons given above, the staff concluded that the applicant adequately
identified and evaluated extreme flood events at the site. The staff agreed that the PMF watersurface elevations estimated by the applicant are appropriate for the WLS site. Therefore,
based on the reasons given above, the staff concluded that the applicant adequately
determined hydrologic characteristics of the proposed site with appropriate consideration of the
most severe of the natural phenomena that have been historically reported for the site and
surrounding area and with sufficient margin for the limited accuracy, quantity, and period of time
in which the historical data have been accumulated.

2.4.3.4.6

Coincident Wind-Wave Activity

Information Submitted by the Applicant
The applicant evaluated the coincident wind-wave activity for the Broad River, Make-Up Pond A,
Make-Up Pond B, and Make-Up Pond C. The applicant stated that effects of wind waves for
Broad River, Make-Up Pond A, and Make-Up Pond B are addressed in WLS COL FSAR
Section 2.4.4.
The applicant stated that Make-Up Pond C is located on a tributary of the Broad River such that
wind waves in the pond would not affect the WLS site. The applicant reported that wind-wave
activity coincident with PMF in the Broad River Basin and a concurrent failure of Make-Up
Pond C Dam is evaluated in WLS COL FSAR Section 2.4.4, which bounds the wind-wave
activity in Make-Up Pond C.
NRC Staff’s Technical Evaluation
To obtain estimates of coincident wind-wave activity to be included in the estimation of the
design basis flood water-surface elevation, the staff issued RAI 821, Question 02.04.03-5.
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In an October 27, 2008, response to RAI 821, Question 02.04.03-5, the applicant stated that the
effects of wind-wave activity were estimated for flood events in the Broad River and Make-Up
Ponds A and B.
The applicant provided an update to the WLS COL FSAR Section 2.4.3.6. The applicant
estimated fetch lengths using the longest straight-line fetch from USGS topographic maps. The
applicant stated that wave height, wave setup, and wave runup were estimated using the
procedures described by USACE. The applicant estimated the 2-year annual extreme mile wind
speed using ANSI/ANS-2.8-1992 guidance to be 22.4 m/s (50 mph). The applicant updated the
WLS COL FSAR text to reflect changes in wind-wave estimation in response to RAI 69,
Questions 02.04.03-6, 02.04.03-7, and 02.04.03-8. The staff evaluated the applicant’s
response to RAI 821, Question 02.04.03-5, and concluded that the process used to estimate the
coincident wind-wave activity is currently used in standard engineering practice and is therefore
adequate. Therefore, the staff considers RAI 821, Question 02.04.03-5, resolved.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately estimated the effects of coincident wind waves in
streams and rivers near the WLS site using approaches currently used in standard practice.
Therefore, based on the reasons given above, the staff concluded that the applicant adequately
identified and evaluated extreme flood events at the site. The staff agreed that the coincident
wind-wave activity estimated by the applicant is appropriate for the WLS site. Therefore, based
on the reasons given above, the staff concluded that the applicant adequately determined
hydrologic characteristics of the proposed site with appropriate consideration of the most severe
of the natural phenomena that have been historically reported for the site and surrounding area
and with sufficient margin for the limited accuracy, quantity, and period of time in which the
historical data have been accumulated.

2.4.3.5

Post Combined License Activities

There are no post COL activities related to this section.

2.4.3.6

Conclusion

The staff reviewed the application and confirmed that the applicant has addressed the
information relevant to PMF on streams and rivers, and that there is no outstanding information
required to be addressed in the WLS COL FSAR related to this section.
As set forth above, the applicant has presented and substantiated information to establish the
site description. The staff reviewed the information provided and, for the reasons given above,
concluded that the applicant has provided sufficient details about the site description to allow
the staff to evaluate, as documented in Section 2.4.3 of this report, whether the applicant has
met the relevant requirements of 10 CFR 52.79(a)(1) and 10 CFR Part 100 with respect to
determining the acceptability of the site. This addresses COL Information Item 2.4-2 with regard
to the PMF. The staff concludes that the applicant has provided sufficient information on
hydrologic site characteristics affecting any potential hazard to the plant’s safety-related facilities
as a result of the effect of the PMF on streams and rivers to satisfy the applicable requirements
of 10 CFR Part 52 and 10 CFR Part 100.
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2.4.4

Potential Dam Failures

2.4.4.1

Introduction

WLS COL FSAR Section 2.4.4 describes potential dam failures to ensure that any potential
hazard to safety-related structures due to failure of onsite, upstream, and downstream watercontrol structures is considered in the plant design.
Section 2.4.4 of this report presents the staff’s review of the estimation of flood level caused by
different dam failures. The specific areas of review are as follows: (1) dam-failure
permutations; (2) unsteady-flow analysis of potential dam failures; (3) water-level determination;
and (4) any additional information requirements prescribed in the “Contents of Application”
sections of the applicable subparts to 10 CFR Part 52.

2.4.4.2

Summary of Application

This section of the WLS COL FSAR describes the site-specific information about floods from
potential dam failures. The applicant addressed the information item identified in AP1000 DCD
Tier 2, Section 2.4.1.2, Revision 19 related to potential dam failures as follows:
AP1000 COL Information Item
•

WLS COL 2.4-2

In addition, this section addresses the following COL Information Item 2.4-2 (COL Action
Item 2.4.1-1) identified in AP1000 DCD Section 2.4.1.2.
Combined License applicants referencing the AP1000 certified design will
address the following site-specific information on historical flooding and potential
flooding factors, including the effects of local intense precipitation.
•

PMF on Streams and Rivers – Site-specific information that will be used
to determine the design basis flooding at the site. This information will
include the PMF on streams and rivers.

•

Dam Failures – Site-specific information on potential dam failures.

•

Probable Maximum Surge and Seiche Flooding – Site-specific information
on probable maximum surge and seiche flooding.

•

Probable Maximum Tsunami Loading – Site-specific information on
probable maximum tsunami loading.

•

Flood Protection Requirements – Site-specific information on flood
protection requirements or verification that flood protection is not required
to meet the site parameter for flood level.
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In WLS COL FSAR Section 2.4.4, the applicant addressed the effects of floods caused by
potential dam failures. Other causes of floods and their effects are discussed in related WLS
COL FSAR sections. No further action is required for sites within the bounds of the site
parameter for flood level.

2.4.4.3

Regulatory Basis

The relevant requirements of NRC regulations for the identification of floods, flood design
considerations and potential dam failures, and the associated acceptance criteria, are described
in NUREG-0800, Section 2.4.4.
The applicable regulatory requirements for identifying the effects of dam failures are as follows:
•

10 CFR 52.79(a)(1)(iii), “Contents of applications; technical information in final safety
analysis report,” as it relates to identifying hydrologic site characteristics with appropriate
consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, “Reactor Site Criteria,” as it relates to identifying and evaluating
hydrological features of the site. The requirement to consider physical site
characteristics in site evaluations is specified in 10 CFR 100.20(c).

•

10 CFR 100.23(d), “Geologic and seismic siting factors,” sets forth the criteria to
determine the siting factors for plant design bases with respect to seismically induced
floods and water waves at the site.

The staff also used the following regulatory guides for the acceptance criteria identified in
NUREG-0800, Section 2.4.4:
•

RG 1.59, “Design Basis Floods for Nuclear Power Plants,” supplemented by best current
practices, as it relates to providing assurance that natural flooding phenomena that could
potentially affect the site have been appropriately identified and characterized

•

RG 1.102, “Flood Protection for Nuclear Power Plants,” as it relates to providing
assurance that SSCs important to safety have been designed to withstand the effects of
natural flooding phenomena likely to occur at the site

•

RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” as
it relates to the contents of a COL application

2.4.4.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.4.4 and checked the referenced AP1000 DCD to
ensure that the combination of the AP1000 DCD and the COL application represents the
complete scope of information relating to this review topic. The staff’s review confirmed that the
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information in the application and incorporated by reference addresses the required information
relating to the potential dam failure.
The staff reviewed the information in the WLS COL FSAR:
AP1000 COL Information Item
•

WLS COL 2.4-2

In its independent review, the staff also considered a breach of the proposed CCW Dam and
subsequent flows and resulting water-surface elevation in the Broad River adjacent to the site.
The staff concluded that these scenarios were conservative and neither scenario would exceed
the design-basis flood elevation. The applicant and the staff used the guidance provided in
ANSI/ANS-2.8-1992 to quantify flood water elevations at the site resulting from postulated dam
failures.
To ensure that the most conservative of plausible conceptual models has been identified, in
RAI 822, Question 02.04.04-1, the staff requested that the applicant describe the process to
determine the conceptual models for flood waves from severe breaching of upstream dams,
domino-type or cascading failures of dams, dynamic effects on safety-related SSCs, loss of
safety-related water supplies, sediment deposition and erosion, and failure of onsite water
control or storage structures.
In an October 27, 2008, response to RAI 822, Question 02.04.04-1, the applicant stated that the
conceptual models to determine flood waves generated from failures of water-control structures
conform to the guidance of RG 1.206 and RG 1.59 and the determination of the flood follows the
recommendations of ANSI/ANS-2.8-1992.
The applicant maximized the flood generated by upstream failure of dams by assuming that the
failures were coincident with the peak discharge of the PMF and were further enhanced by
coincident wind-wave activity. The applicant stated that it selected the dam breach parameters
conservatively based on USACE guidance. The applicant assumed that Tuxedo and Turner
Shoals dams would fail in a cascade because they are located on the same tributary.
The applicant noted that no water is required for any safety-related purpose for the proposed
units from the Broad River or from Make-Up Ponds A, B, and C and therefore, no safety-related
facilities would be affected by sediment deposition and erosion. The applicant also stated that
there are no onsite water-control or -storage structures, failures of which may produce floods
that may affect safety-related SSCs.
The staff reviewed the applicant’s October 27, 2008, response to RAI 822, Question 02.04.04-1,
and concluded that the approach for determination of upstream single and cascading
dam-failure-generated floods near the site is sufficiently conservative because the applicant
assumed that the dam failures would coincide with the peak discharge at those locations during
the PMF event. The staff also concluded that the applicant’s evaluation of cascading failure
combinations is adequate because a cascading failure of dams on the same tributary is used.
Accordingly, the staff considers RAI 822, Question 02.04.04-1, resolved.
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The staff conducted a hydrology site audit during the period of May 18 to 20, 2008. The site
audit included a visit to the WLS site and a tour of Make-Up Pond B, the dam impounding the
south section of the east arm of Make-Up Pond B, Make-Up Pond A, and the Ninety-Nine
Islands Dam. The applicant and staff also reconnoitered the Broad River in the vicinity of the
site during a boat tour. The staff did not visit any of the dams located upstream of the WLS site
in the Broad River Basin.

2.4.4.4.1

Dam-Failure Permutation

Information Submitted by the Applicant
The applicant stated that the overtopping failure of upstream dams during the PMF event in the
Broad River Basin would result in more severe flooding than that caused by seismic failures
(failure of dams under safe shutdown earthquake coincident with a 25-year flood and failure of
dams under the operating basis earthquake coincident with a one-half PMF or the 500-year
flood) because the PMF event is a more severe flood than the coincident floods used for
seismic failure scenarios. Therefore, the applicant did not evaluate floods resulting from seismic
failure of dams coincident with floods that are lesser in magnitude than the PMF.
The applicant assumed that both Cherokee Falls and Gaston Shoals dams would be
overtopped during the PMF event and the dam failure would coincide with the peak PMF
discharge. The applicant assumed Cherokee Falls Dam to fail completely in 0.5 hour and the
middle section of the Gaston Shoals Dam to fail in 0.5 hour along with the failure of
embankment abutments separating the latter dam’s three sections.
The applicant estimated that failure of the Gaston Shoals Dam only, coincident with the peak
PMF discharge, would result in a discharge of 2,333 m3/s (824,000 cfs) and a corresponding
water-surface elevation of 168.1 m (551.5 ft) above MSL at the WLS site. The applicant also
estimated that failures of both Gaston Shoals and the Cherokee Dams, coincident with the peak
PMF discharge, would result in the same discharge and water-surface elevation at the WLS site
because of small reservoir volumes compared to the PMF discharge.
The applicant reported that major upstream structures include Lake Lure, impounded by a dam
on the Broad River; Lake Summit, impounded by the Tuxedo Dam on Green River; Lake Adger,
impounded by the Turner Shoals Dam; Kings Mountain Reservoir Dam or Moss Lake Dam
located on Buffalo Creek; and Lake Whelchel Dam located approximately 12.9 km (8 mi)
northwest of the WLS site on Cherokee Creek. The applicant stated that Lake Lure Dam,
Tuxedo Dam, and Turner Shoals Dam are designed to withstand overtopping and assumed that
dam failure during overtopping would coincide with the peak PMF discharge. For Kings
Mountain Reservoir Dam, the applicant postulated a piping failure with the consequent dam
failure coinciding with the peak PMF discharge.
The CCW has applied for a permit to construct a water-supply reservoir on the First Broad River
approximately 1.6 km (1 mi) north of Lawndale, North Carolina, approximately 42 km (26 mi)
northeast of the WLS site. The proposed dam is expected to be approximately 379 m (1,245 ft)
long and 25 m (83 ft) high with an impoundment surface area of approximately 908.5 hectare
(2,245 ac) and may inundate areas lower in elevation than 262 m (860 ft) above MSL. The
applicant stated that its storage would be approximately 58,590,386 m3 (47,500 ac-ft). The
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applicant assumed that the dam would be designed to not fail during a PMF event. Since the
proposed dam and reservoir are comparable to the Kings Mountain Reservoir, the applicant
assumed that seismic failure of the proposed dam coincident with floods of magnitudes lesser
than the PMF would be no worse than that estimated for the Kings Mountain Reservoir. Since
the dam-failure analysis includes the failure of Kings Mountain Reservoir, the applicant
assumed that the effects of failure of the proposed dam would be less than those estimated for
existing dams.
The applicant stated that Make-Up Pond C is located on London Creek. The applicant also
stated that Lake Cherokee is located on a tributary to London Creek upstream of Make-Up
Pond C. The applicant considered the dams impounding Lake Cherokee and Make-Up Pond C
to fail in a cascade. The applicant has considered the failures of Lake Lure Dam, Tuxedo Dam,
Turner Shoals Dam, Lake Whelchel Dam, Kings Mountain Reservoir Dam, Lake Cherokee
Dam, and Make-Up Pond C Dam coincident with the PMF as the critical dam-failure event in the
Broad River Basin upstream of the WLS site. The applicant estimated that the peak dam-failure
discharge coincident with a PMF event in the Broad River Basin would be 52,386 m3/s
(1,850,000 cfs).
The applicant also analyzed the failures of Lake Cherokee Dam and Make-Up Pond C Dam
during a PMF event in the Make-Up Pond C watershed. The PMF event in the Make-Up
Pond C watershed would result from a more intense PMP event compared to the Broad River
Basin PMP because of the smaller drainage area of Make-Up Pond C watershed. The applicant
determined that the peak discharge during this dam-failure permutation would be 37,831 m3/s
(1,336,000 cfs), which is less than the peak discharge estimated for the Broad River with the
postulated upstream dam failures. Therefore, the applicant did not consider the cascading
failure of Lake Cherokee and Make-Up Pond C Dams further. The applicant considered the
failure of Upper Arm Pond Dam located within Make-Up Pond B. The maximum peak discharge
resulting from a 6-hour tail end-peaking storm was 672 m3/s (23,726 cfs).
The applicant stated that there are no safety-related facilities that would be affected by loss of
water supply due to failures of dams and there are no onsite water-control or -storage structures
that are located above site grade.
NRC Staff’s Technical Evaluation
The staff evaluated the applicant’s October 27, 2008, response to RAI 822,
Question 02.04.04-1, and concluded that the process used by the applicant to determine
dam-failure permutations upstream of the site is adequate. Lake Summit Dam (also called the
Tuxedo Dam) and Lake Adger Dam (also called the Turner Shoals Dam) are located on the
Green River and their impoundments have storage capacities of 10,410,586 m3 (8,440 ac-ft)
and 14,431,737 m3 (11,700 ac-ft), respectively at their corresponding normal pool elevations.
Lake Lure Dam is located on the Broad River with a storage of approximately 39,835,295 m3
(32,295 ac-ft) at normal pool elevation. Green River flows downstream from Lakes Summit and
Adger and joins the Broad River that flows downstream of Lake Lure. Therefore, the staff
concluded that a cascading failure of Lake Summit and Lake Adger dams on the Green River is
possible.
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Downstream of the confluence of the Green River with the Broad River, Gaston Shoals Dam
and Cherokee Falls Dam are located on the Broad River with storage capacities of
approximately 3,083,705 m3 (2,500 ac-ft) and 246,696 m3 (200 ac-ft), respectively. Two more
dams, the Kings Mountain Reservoir Dam on Buffalo Creek, with a storage capacity of
approximately 54,273,199 m3 (44,000 ac-ft) and the Lake Whelchel Dam on Cherokee Creek,
with a storage capacity of approximately 7,154,194 m3 (5,800 ac-ft), are located upstream of the
Cherokee Falls Dam. However, the creeks that flow downstream from these two dams join the
Broad River downstream of the Gaston Shoals Dam but upstream of the Cherokee Falls Dam.
Therefore, staff noted that cascading failures of Kings Mountain Reservoir Dam and Cherokee
Falls Dam and those of Lake Whelchel Dam and Cherokee Falls Dam are also plausible.
However, the staff concluded that the small impoundment capacity of Cherokee Falls Dam
would not significantly enhance the cascading effects of any flood generated by a dam failure
upstream of it.
Since the dam impounding Lake Cherokee is located upstream on a tributary to London Creek
on which Make-Up Pond C is located, the staff concluded that a cascading failure of these
two dams is possible. On the mainstem of the Broad River, a cascading failure of Gaston
Shoals and Cherokee Falls Dams is also possible. However, because these dams have small
storage impoundments, the increase in the discharge that causes overtopping, especially that of
the PMF would be minor. Therefore, the staff concluded that the dam-failure scenario analyzed
by the applicant, in which Lake Lure Dam, Lake Summit Dam, Lake Adger Dam, Kings
Mountain Reservoir Dam, and Lake Whelchel Dam failed coincident with peak discharges at
those locations during the PMF event, is conservative.
The applicant considered the failure of the Upper Arm Pond Dam, which is located within
Make-Up Pond B. Since there are no other dams upstream of Make-Up Pond B dam, no other
dam-failure permutations need evaluation. Based on the above review, the staff considers
RAI 822, Question 02.04.04-1, resolved.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately considered dam-failure permutations in the
Broad River upstream of the WLS site using approaches currently used in standard practice.
Therefore, based on the reasons given above, the staff concluded that the applicant adequately
identified and evaluated extreme flood events at the site. The staff agreed that the dam-failure
permutations considered by the applicant are appropriate for the WLS site. Therefore, based on
the reasons given above, the staff concluded that the applicant adequately determined
hydrologic characteristics of the proposed site with appropriate consideration of the most severe
of the natural phenomena that have been historically reported for the site and surrounding area
and with sufficient margin for the limited accuracy, quantity, and period of time in which the
historical data have been accumulated.

2.4.4.4.2

Unsteady-Flow Analysis of Potential Dam Failures

Information Submitted by the Applicant
The applicant used the same HEC-RAS unsteady-flow model previously used in the PMF watersurface elevation calculations, but modified it to use the HEC-RAS dam breach feature. The
applicant used the peak PMF discharge, estimated by the HEC-HMS model at the Ninety-Nine
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Islands Dam, as input into the HEC-RAS model to perform a steady-state analysis to determine
the water-surface elevation at the WLS site.
NRC Staff’s Technical Evaluation
The steady-state simulations performed by the applicant with the peak PMF discharge would
result in a water-surface elevation that would be asymptotically approached by an unsteady-flow
simulation performed with the complete discharge hydrograph. Therefore, the staff determined
that the methods used by the applicant are adequately conservative and the water-surface
elevation in the Broad River near the site would be conservatively determined by the approach
adopted by the applicant.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately analyzed dam-failure flood flow in the Broad
River upstream of the WLS site using approaches currently used in standard practice.
Therefore, based on the reasons given above, the staff concluded that the applicant adequately
identified and evaluated extreme flood events at the site. The staff agreed that the dam-failure
flood flow analyzed by the applicant is appropriate for the WLS site. Therefore, based on the
reasons given above, the staff concluded that the applicant adequately determined hydrologic
characteristics of the proposed site with appropriate consideration of the most severe of the
natural phenomena that have been historically reported for the site and surrounding area and
with sufficient margin for the limited accuracy, quantity, and period of time in which the historical
data have been accumulated.

2.4.4.4.3

Water Level at the Plant Site

Information Submitted by the Applicant
The applicant used the HEC-RAS model described above to estimate the water-surface
elevation near the WLS site corresponding to a steady-state discharge of 52,386 m3/s
(1,850,000 cfs) in the Broad River near the WLS site. The applicant reported an estimated
stillwater-surface elevation of 175.7 m (576.5 ft) above MSL, approximately 5 m (16.5 ft) below
the safety-related plant grade of 180.7 m (593 ft) above MSL.
The applicant evaluated the wind-wave activity during the PMF event in the Broad River near
the WLS site using the USACE Coastal Engineering Manual. The applicant used a 2-year
coincident wind speed of 80 km/h (50 mph), a fetch length of 4.5 km (2.8 mi), and a slope of
40 percent to estimate a combined flood water-surface elevation of 178.2 m (584.8 ft) above
MSL.
The applicant used the HEC-HMS model to determine the maximum water-surface elevation in
Make-Up Pond B considering failure of the Upper Arm Pond Dam. The maximum water-surface
elevations in Make-Up Pond B and Upper Arm Pond were 178.3 m (585.1 ft) and 180.5 m
(592.3 ft) above MSL, respectively. The applicant stated that the ridge on the east of Upper
Arm Pond separates it from the WLS site and at water-surface elevations above 179.8 m
(590 ft) above MSL, discharge from Upper Arm Pond occurs directly to Make-Up Pond B.
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NRC Staff’s Technical Evaluation
As stated above, the staff concluded that the methods used by the applicant are adequately
conservative and the water-surface elevation in the Broad River near the site would be
conservatively determined by the approach adopted by the applicant. To assess the impact of
wind-induced waves on the flood water-surface elevation under the multiple dam-failure
scenarios described by the applicant, in RAI 822, Question 02.04.04-2, the staff requested that
the applicant provide wind-induced wave heights coincident with the controlling dam breach
flooding scenario.
In an October 27, 2008, response to RAI 822, Question 02.04.04-2, the applicant stated that
WLS COL FSAR Section 2.4.4.3 was updated to provide the effects of wind-wave activity
coincident with the dam breach scenario investigated for the Broad River. The applicant also
included two new figures in the WLS COL FSAR that showed the fetch lengths for the Broad
River and Make-Up Pond A during the dam breach flooding scenario.
The applicant stated in the updated WLS COL FSAR text that the wind-wave activity was
evaluated for the Broad River to coincide with the PMF including the effects of dam failures.
The applicant estimated the critical, longest straight-line fetch length to be approximately 4.5 km
(2.8 mi). The applicant stated that the maximum water-surface elevation in the Broad River
from the PMF, including the effect of dam failures and the effect of wind-wave activity, would be
approximately 178.2 m (584.8 ft) above MSL. Since the safety-related plant grade is at 180.7 m
(593 ft) above MSL, the applicant concluded that the site would be safe from flooding due to a
PMF including the effects of upstream dam failures and coincident wind-wave activity in the
Broad River.
The applicant further stated that during severe flooding events, Make-Up Pond A is inundated
by backwaters of the Broad River. Therefore, the applicant evaluated the effects of wind-wave
activity in Make-Up Pond A during the PMF event that included the effects of dam failure. The
applicant estimated the critical, straight-line fetch length to be approximately 4.3 km (2.7 mi).
The applicant reported the 2-year annual extreme mile wind speed to be 22.4 m/s (50 mph)
based on the recommendations of ANSI/ANS-2.8-1992. The applicant estimated the critical
duration to be 53 minutes and adjusted the wind speed to be 22.3 m/s (49.9 mph). The
applicant estimated the significant wave height to be 0.8 m (2.8 ft) and the maximum wave
height to be 1.4 m (4.6 ft). The applicant estimated the wind setup to be approximately 0.02 m
(0.07 ft) and the maximum runup, using the 47 percent slope along the banks of the Make-Up
Pond A near the site, to be approximately 2.88 m (8.9 ft). Therefore, the applicant considered
the total wind-wave activity to be approximately 2.7 m (9.53 ft) for Make-Up Pond A. The
applicant stated that the maximum water-surface elevation in the Make-Up Pond A from the
Broad River PMF including the effect of dam failures and the effect of wind-wave activity would
be approximately 178.4 m (585.4 ft) above MSL. Since the safety-related plant grade is at
180.7 m (593 ft) above MSL, the applicant concluded that the site would be safe from flooding
due to the Broad River PMF including the effects of upstream dam failures and coincident windwave activity in the Make-Up Pond A.
The staff evaluated the applicant’s October 27, 2008, response to RAI 822,
Question 02.04.04-2, and subsequent changes to the WLS COL FSAR up to and including
Revision 7 with respect to the methods used to determine the maximum flood water-surface
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elevation in the Broad River. The staff concluded that the applicant has used appropriate and
conservative methods to estimate the flood water-surface elevation in the Broad River.
Accordingly, the staff considers RAI 822, Question 02.04.04-2, resolved. Since the dam failures
were postulated to coincide with the peak discharge of the PMF, the staff concluded that this
scenario is more conservative than the flood generated only by dam failures or only by a PMF in
the Broad River Basin.
The staff noted that a dam is proposed by the CCW (the CCW Dam) on the First Broad River in
Cleveland County, NC. The estimated storage of the CCW Dam impoundment would be
approximately 58,590,386 m3 (47,500 ac-ft). Downstream of the proposed CCW Dam, the First
Broad River joins the Broad River upstream of the Gaston Shoals Dam. The applicant assumed
that the dam would be designed to not fail during a PMF event. The applicant stated in the WLS
COL FSAR that because the proposed dam and reservoir are comparable in size to the Kings
Mountain Reservoir, a hypothetical seismic failure of the proposed dam coincident with floods of
magnitudes lesser than the PMF would be no worse than those estimated for the Kings
Mountain Reservoir. The applicant assumed that the effects of failure of the proposed dam
would be less than those estimated for existing dams. The staff investigated a hypothetical
dam-failure scenario for the proposed CCW Dam, similar to that used for the other dams in the
Broad River Basin, as a sensitivity study to determine if the flood water-surface elevation in the
river near the site would be significantly affected. As stated in Section 2.4.1.4.2 of this report,
the staff received information regarding the proposed CCW Dam from McGill Associates on
January 31, 2012, and from the USACE on January 2, 2014.
The staff reviewed the HEC-HMS and HEC-RAS files provided by the applicant and performed
an independent simulation to estimate the sensitivity of the flood water-surface elevation by
specifying no precipitation loss during the PMP event to maximize the PMF. The staff also used
the modified unit hydrographs for the sub-basins of the Broad River Basin to account for
nonlinear runoff generation response during the PMF and included a hypothetical failure
scenario for the proposed CCW Dam.
Using the HEC-HMS input files provided by the applicant, the staff added a hypothetical CCW
Dam located on the First Broad River to modify the Broad River model used by the applicant for
dam breach simulations. The staff used the applicant-reported dam height of 25.3 m (83 ft) in
the simplified dam breach equation to estimate the peak dam breach discharge of 20,763 m3/s
(733,242 cfs). The height of the CCW Dam according to information received by the staff from
McGill Associates on January 31, 2012, is approximately 24.4 m (80 ft). Since the staff used a
larger value of dam height, 25.3 m (83 ft), the estimate of peak dam breach discharge is
conservative. The staff simulated the modified Broad River dam breach model with concurrent
PMF conditions similar to the applicant’s approach. The other dams in the Broad River Basin
upstream of the WLS site were assumed to fail in a manner identical to the approach used by
the applicant.
The staff independently estimated the peak outflow near the WLS site due to dam breaches
concurrent with a PMF in the Broad River Basin to be approximately 1,019 m3/s (36,000 cfs)
larger than that estimated by the applicant. The staff used the HEC-RAS model to simulate the
water-surface elevation near the WLS site resulting from a steady-state, but increased,
discharge. The staff-estimated stillwater elevation near the WLS site was approximately 0.3 m
(1 ft) higher than the applicant’s estimate.
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The staff also evaluated the coincident wind-wave activity for the Broad River with the maximum
water-surface elevation resulting from the dam failures concurrent with a PMF event. Using the
USGS topographic quadrangles near the WLS site, the staff estimated the longest straight-line
fetch length as 4.7 km (2.9 mi).
Using the procedures described by USACE, the staff estimated the maximum wave runup to be
1.6 m (5.1 ft) and a wind setup to be 0.03 (0.1 ft). Therefore, the staff estimated the total dam
failure with concurrent PMF water-surface elevation including the effects of coincident windwave activity to be 1.9 m (6.1 ft) higher than the applicant’s estimate. The staff’s conservatively
estimated water-surface elevation in the Broad River during the postulated dam-failure
permutation, combined with the postulated failure of the CCW Dam and wind waves, was 3.2 m
(10.4 ft) lower than the safety-related WLS site grade of 180.7 m (593 ft) above MSL.
As stated in Section 2.4.1.4.2 of this report, the USACE is reviewing the CCW proposal at this
time. As stated in this section, the staff evaluated the CCW’s proposed site for the First Broad
River Reservoir. In a June 1, 2009, letter to the CCW, the USACE identified three alternative
reservoir locations in addition to the proposed CCW location. These alternative locations were
on Knob Creek, Upper Crooked Run Creek, and Lower Crooked Run Creek. In a more recent
communication to the staff, the USACE stated that in its current review, an alternative side
stream reservoir on the Upper Crooked Run Creek is being evaluated.
It is possible that the USACE, during its review of the CCW proposal and preparation of an
environmental impact statement, may find the alternative Upper Crooked Run Creek site to be
environmentally preferable to the CCW’s proposed site. To allow for this possibility, the staff
evaluated the potential flood at the WLS site produced by a hypothetical failure of a dam similar
in characteristics to the CCW Dam located in the Upper Crooked Run Creek drainage. Since
the proposed location of the CCW Dam is below the confluence of the Upper Crooked Run
Creek and the First Broad River, the staff concluded that the alternative dam location would be
farther upstream than the proposed location of the CCW Dam in the First Broad River drainage.
The staff also noted that the alternative reservoir being evaluated by the USACE would be an
off-stream storage reservoir and therefore may not require construction of a dam on the Upper
Crooked Run Creek. However, the staff conservatively assumed that a dam similar to the
proposed CCW Dam would be constructed on the Upper Crooked Run Creek because a
hypothetical failure of a dam on the Upper Crooked Run Creek would generate a more severe
flood in the First Broad River and at the WLS site.
Since the alternative dam location on the Upper Crooked Run Creek is upstream of the CCW
Dam’s proposed location that the staff analyzed previously in this section and the characteristics
of the dam at the two locations are assumed to be similar, the dam failure-generated flood
discharge at the two locations would be similar. However, the dam failure-generated flood
discharge would need to travel downstream from the two locations to the WLS site via the First
Broad River and the Broad River. Since the distance the flood wave would have to travel to the
WLS site is greater for the Upper Crooked Run Creek alternative site than for the CCW’s
proposed site, the attenuation of the peak discharge for the Upper Crooked Run Creek
alternative site would be greater. Therefore, the flood effects would be greater if the CCW Dam
were located at the CCW’s proposed site. Based on this review and analysis, the staff
concluded that its analysis of the flood effects from a hypothetical failure of a future CCW Dam
described earlier in this section is conservative.
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Since the conservatively estimated flood water-surface elevation near the WLS site from dam
failures with a concurrent PMF event and coincident wind waves in the Broad River Basin is
lower than the safety-related site grade of 180.7 m (593 ft) above MSL, the staff concluded that
the safety-related SSCs of the proposed units at the WLS site are unaffected by flooding due to
dam failures.
The staff reviewed the applicant’s analysis of the failure of the Upper Arm Pond Dam. The staff
determined that the applicant used conservative assumptions to estimate the highest watersurface elevations in Make-Up Pond B and the Upper Arm Pond. Since the ridge on the east
side of the Upper Arm Pond prevents flood waters from spilling over into the WLS site area
without first draining over the Upper Arm Pond Dam into Make-Up Pond B, the staff concluded
that the failure of the culvert or overtopping failure of the Upper Arm Pond would not affect the
WLS site.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately analyzed dam-failure flood water-surface
elevations in the Broad River upstream of the WLS site, Make-Up Pond B, and Upper Arm Pond
using approaches currently used in standard practice. Therefore, based on the reasons given
above, the staff concluded that the applicant adequately identified and evaluated extreme flood
events at the site. The staff agreed that the dam-failure flood water-surface elevations
estimated by the applicant are appropriate for the WLS site. Therefore, based on the reasons
given above, the staff concluded that the applicant adequately determined hydrologic
characteristics of the proposed site with appropriate consideration of the most severe of the
natural phenomena that have been historically reported for the site and surrounding area and
with sufficient margin for the limited accuracy, quantity, and period of time in which the historical
data have been accumulated.

2.4.4.5

Post Combined License Activities

There are no post COL activities related to this section.

2.4.4.6

Conclusion

The staff reviewed the application and confirmed that the applicant has addressed the
information relevant to potential dam failures, and that no outstanding information is expected to
be addressed in the WLS COL FSAR related to this section.
As set forth above, the applicant has presented and substantiated information to establish the
site description. The staff reviewed the information provided and, for the reasons given above,
concluded that the applicant has provided sufficient details about the site description to allow
the staff to evaluate, as documented in Section 2.4.4 of this report, whether the applicant has
met the relevant requirements of 10 CFR 52.79(a)(1) and 10 CFR Part 100 with respect to
determining the acceptability of the site. This addressed potential dam failures in COL
Information Item 2.4-2. The staff concludes that the applicant provided sufficient information on
hazards from extreme flooding events at the site to satisfy the applicable requirements of
10 CFR Part 52 and 10 CFR Part 100.
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2.4.5

Probable Maximum Surge and Seiche Flooding

2.4.5.1

Introduction

WLS COL FSAR Section 2.4.5 describes probable maximum surge and seiche flooding to
ensure that any potential hazard to the safety-related SSCs at the proposed site has been
considered in compliance with NRC regulations.
Section 2.4.5 of this report presents the evaluation of the following topics based on data
provided by the applicant in the WLS COL FSAR and information available from other sources:
(1) probable maximum hurricane (PMH) that causes the probable maximum surge as it
approaches the site along a critical path at an optimum rate of movement; (2) probable
maximum wind storm (PMWS) from a hypothetical extratropical cyclone or a moving squall line
that approaches the site along a critical path at an optimum rate of movement; (3) a seiche near
the site, and the potential for seiche wave oscillations at the natural periodicity of a water body
that may affect flood water-surface elevations near the site or cause a low water-surface
elevation affecting safety-related water supplies; (4) the potential effects of seismic and nonseismic information on the postulated design bases and how they relate to a surge and seiche
in the vicinity of the site and the site region; and (5) any additional information requirements
prescribed in the “Contents of Application” sections of the applicable subparts to
10 CFR Part 52.
As stated in Section 2.4 above, hydrologic characteristics associated with conditions that would
result in a loss of external water supply and seismic design considerations of water-supply
structures are not relevant for the AP1000 design. Therefore, the low-water aspect of item (3)
above was not part of the staff’s review.

2.4.5.2

Summary of Application

This section of the WLS COL FSAR describes the site-specific information on probable
maximum surge and seiche flooding in terms of effects on structures and water supply. The
applicant addressed the information item identified in AP1000 DCD Tier 2, Section 2.4.1.2,
Revision 19 related to probable maximum surge and seiche flooding as follows:
AP1000 COL Information Item
•

WLS COL 2.4-2

In addition, this section addresses the following COL-specific information identified in AP1000
DCD Section 2.4.1.2, Revision 19.
Combined License applicants referencing the AP1000 certified design will
address the following site-specific information about historical flooding and
potential flooding factors, including the effects of local intense precipitation.
•

PMF on Streams and Rivers – Site-specific information that will be used
to determine the design basis flooding at the site. This information will
include the PMF on streams and rivers.
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•

Dam Failures – Site-specific information about potential dam failures.

•

Probable Maximum Surge and Seiche Flooding – Site-specific information
about probable maximum surge and seiche flooding.

•

Probable Maximum Tsunami Loading – Site-specific information about
probable maximum tsunami loading.

•

Flood Protection Requirements – Site-specific information about flood
protection requirements or verification that flood protection is not required
to meet the site parameter for flood level.

In WLS COL FSAR Section 2.4.5, the applicant addressed the effects of floods caused by
probable maximum surge and seiche. Other causes of floods and their effects are discussed in
related WLS COL FSAR sections. No further action is required for sites within the bounds of the
site parameter for flood level.

2.4.5.3

Regulatory Basis

The relevant requirements of NRC regulations for consideration of the effects of probable
maximum surge and seiche, and the associated acceptance criteria, are described in
NUREG-0800, Section 2.4.5.
The applicable regulatory requirements for identifying surge and seiche hazards are as follows:
•

10 CFR 52.79(a)(1)(iii), “Contents of applications; technical information in final safety
analysis report,” as it relates to identifying hydrologic site characteristics with appropriate
consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, “Reactor Site Criteria,” as it relates to identifying and evaluating
hydrological features of the site. The requirement to consider physical site
characteristics in site evaluations is specified in 10 CFR 100.20(c).

•

10 CFR 100.23(d), “Geologic and seismic siting factors,” sets forth the criteria to
determine the siting factors for plant design bases with respect to water levels at the site.

The staff also used the following regulatory guides for the acceptance criteria identified in
NUREG-0800, Section 2.4.5:
•

RG 1.59, “Design Basis Floods for Nuclear Power Plants,” supplemented by best current
practices, as it relates to providing assurance that natural flooding phenomena that could
potentially affect the site have been appropriately identified and characterized
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•

RG 1.102, “Flood Protection for Nuclear Power Plants,” as it relates to providing
assurance that SSCs important to safety have been designed to withstand the effects of
natural flooding phenomena likely to occur at the site

•

RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” as
it relates to the contents of a COL application

2.4.5.4

Technical Evaluation

In this section of the report, the staff reviewed the applicant’s assessment of the probable
maximum surge and seiche flooding. The staff’s independent analysis, where needed for the
review, is also described.
Information Submitted by the Applicant
The applicant followed the regulatory guidance prescribed by RG 1.59, which describes the
probable maximum surge and seiche based on a PMH, a PMWS, or a moving squall line. The
applicant stated that RG 1.59 recommends consideration of a PMH for areas within 322 km
(200 mi) of coastal areas and the WLS site is located approximately 282 km (175 mi) from the
Atlantic Ocean on the southeast bank of the Broad River.
Following the recommendation for Folly Island in RG 1.59, the applicant estimated the PMH
storm surge to be 8.1 m (26.5 ft) above MSL, which includes a 0.3 m (1.0 ft) sea level anomaly
known to occur for predicted tides at Charleston, SC. The applicant also reported that the
maximum storm surge along the Atlantic Coast since 1975, the most recent year for which data
was included in RG 1.59, caused by hurricane Hugo, was approximately 6.1 m (20 ft) high.
Since the safety-related plant grade at 180.7 m (593 ft) above MSL is approximately 25 m
(81.9 ft) higher than the normal water-surface elevation in the Broad River near the WLS site,
(511.1 ft) above MSL, the applicant concluded that the PMH surge of 8.1 m (26.5 ft) would not
flood the site, even if the surge were to translate to the site from the coast without any
attenuation. The applicant also concluded that based on the location of the site and its
elevation, safety-related facilities at the WLS site would not be affected by surge and seiche
flooding.
The applicant stated resonance at natural periodicity, lake reflection, and harbor resonance are
characteristics of harbors, estuaries, and large lakes and are generally not associated with river
sites. The COL applicant did not present any specific descriptions and analyses of wave action
during surge and seiche events.
The applicant used the USACE approach to estimate surge in Make-Up Ponds A and B under
extreme winds. The COL applicant used the 100-year water-surface elevations, 169.5 m
(556.1 ft) and 175.6 m (576.2 ft) above MSL for Make-Up Ponds A and B, respectively, as the
initial elevations. Using the maximum wind speeds identified in WLS COL FSAR
Section 2.3.1.2.8, the applicant estimated maximum crest-to-trough wave heights of 1.2 m
(3.8 ft) and 2.1 m (6.9 ft) for Make-Up Ponds A and B, respectively. The total high-speed windwave activity for Make-Up Ponds A and B were 1.7 m (5.6 ft) and 2.4 m (7.8 ft), respectively.
Therefore, the applicant estimated that the flood water-surface elevation in Make-Up Ponds A
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and B during extreme wind events would be 171.2 m (561.7 ft) and 178 m (583.9 ft) above MSL,
respectively. The applicant concluded that the high-speed wind-wave activity would not affect
the WLS site because the maximum water-surface elevations in Make-Up Ponds A and B during
the extreme wind events would be below the safety-related plant grade of 180.7 m (593 ft)
above MSL.
The applicant stated that Make-Up Pond C is located on a tributary of the Broad River, west of
the WLS site. The applicant further stated that a postulated failure of the dam impounding
Make-Up Pond C would release waters to the Broad River and not directly to the WLS site and
therefore flooding from surges and seiches in Make-Up Pond C would be bounded by the
postulated failure of Make-Up Pond C Dam described in WLS COL FSAR Section 2.4.4.
NRC Staff’s Technical Evaluation
The staff reviewed COL Information Item 2.4-2 related to the provision of site-specific
information about the PMF at the plant site included under WLS COL FSAR Section 2.4.
Additional aspects of this information item are addressed in Sections 2.4.2. 2.4.3, 2.4.4, 2.4.6,
2.4.7, and 2.4.10 of this report. To ensure that the most conservative of plausible conceptual
models has been identified, in RAI 823, Question 02.04.05-1, the staff requested that the
applicant describe the process followed to determine the conceptual models for PMH, PMWS,
seiche and resonance, wave runup, and sediment erosion and deposition.
In an October27, 2008, response to RAI 823, Question 02.04.05-1, the applicant stated that the
conceptual models to determine floods from PMH, PMWS, seiche and resonance, and wave
runup are consistent with the guidance of RG 1.206 and RG 1.59 and the estimation methods
used conform to the guidance provided by ANSI/ANS-2.8-1992. The applicant stated that the
maximum hurricane storm surge produced on the Atlantic Coast was transposed to the site
without accounting for the travel distance and the presence of any instream structures. The
applicant stated that maximum wind speeds were used in the determination of wind-wave
effects for water bodies adjacent to the site. The applicant stated that the resulting flood waves
did not exceed the water-surface elevation produced by the design basis flood.
The applicant also stated that the natural fundamental periods of oscillation of the water bodies
adjacent to the site are determined to be significantly shorter than meteorologically induced
wave periods. The applicant concluded, therefore, that there is no potential for resonance of the
seiche in the water bodies near the site that could result in flooding at the site. The applicant
further stated that no safety-related water is required by the proposed units from the Broad
River or from Make-Up Ponds A and B. The applicant concluded, therefore, that no
safety-related SSCs of the proposed units would be affected by sediment deposition or erosion.
The staff evaluated the applicant’s October 27, 2008, response to RAI 823,
Question 02.04.05-1, and concluded that the approach adopted by the applicant in the
evaluation of storm surge and seiche hazards at the site is appropriate and sufficiently
conservative. Accordingly, the staff considers RAI 823, Question 02.04.05-1, resolved.
Seiches can be caused in lakes and reservoirs by meteorological or seismic forcing. To review
the effects of meteorologically or seismically induced seiches near the WLS site, in RAI 823,
Question 02.04.05-1, the staff requested that the applicant provide an assessment of
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meteorologically and seismically induced seiches in Make-Up Ponds A and B. In and
October 27, 2008, response to RAI 823, Question 02.04.05-2, the applicant stated that an
assessment of meteorologically induced waves in Make-Up Ponds A and B is carried out by
estimating the wave periods for high-speed wind waves and the natural fundamental periods of
oscillation for the two ponds. The applicant stated that the natural fundamental periods of
oscillation of Make-Up Ponds A and B are 2.7 and 8 minutes, respectively. The applicant also
reported that the wave periods of high-speed wind waves for Make-Up Ponds A and B,
estimated coincident with a 100-year water-surface elevation within the ponds, are 1.8 and
2.7 seconds, respectively. The applicant stated that the wave periods are much shorter than
the natural fundamental period of oscillation of the two ponds.
The applicant further stated that the natural fundamental periods of oscillation of the two ponds
are significantly shorter than meteorologically induced wave periods such as synoptic storm
pattern frequency and dramatic reversal in steady wind direction. The applicant concluded
therefore, that a meteorologically induced seiche would not be set up in the two makeup ponds.
The applicant also considered the possibility of seismically induced seiches in Make-Up
Ponds A and B in response to the staff’s RAI 823, Question 02.04.05-2, but provided the details
with its response to the staff’s RAI 824, Question 02.04.06-2,. The applicant stated that there
are no capable tectonic sources within a 25 mile radius of the site as described in WLS COL
FSAR Section 2.5.3. The applicant concluded, therefore, that a seismically generated seiche in
Make-Up Ponds A and B is unlikely.
The staff evaluated the October 27, 2008, response to RAI 823, Question 02.04.05-2, and
updates to the WLS COL FSAR up to and including Revision 7 to determine that the methods
used by the applicant to postulate seiching mechanisms and resulting water-surface elevations
near the site are adequate. The staff agreed with the applicant that if the natural fundamental
periods of oscillation of the two ponds are significantly different from those that can be induced
by meteorological events, that meteorologically induced seiches in the two ponds are not likely.
The staff agreed with the applicant that in absence of a nearby capable tectonic source, a
seismically generated seiche in the makeup ponds is unlikely.
The staff concluded that, due to the location of the site, approximately 282 km (175 mi) inland
from the Atlantic Coast any hurricane-induced storm surge in the Atlantic Ocean would dissipate
before reaching the site and, therefore, would not affect the site. Due to of the location of
Make-Up Pond C on a tributary of the Broad River away from the WLS site, the staff also
agreed with the applicant that surge and seiche flooding in the pond would be bounded by the
flood generated by a postulated failure of its dam. Accordingly, the staff considers RAI 823,
Question 02.04.05-2, resolved.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately analyzed flood water-surface elevations caused
by surge and seiche near the WLS site using approaches currently used in standard practice.
Therefore, based on the reasons given above, the staff concluded that the applicant adequately
identified and evaluated extreme flood events at the site. The staff agreed that the surge and
seiche flood water-surface elevations estimated by the applicant are appropriate for the WLS
site. Therefore, based on the reasons given above, the staff concluded that the applicant
adequately determined hydrologic characteristics of the proposed site with appropriate
consideration of the most severe of the natural phenomena that have been historically reported
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for the site and surrounding area and with sufficient margin for the limited accuracy, quantity,
and period of time in which the historical data have been accumulated.

2.4.5.5

Post Combined License Activities

There are no post COL activities related to this section

2.4.5.6

Conclusion

The staff reviewed the application and confirmed that the applicant has addressed the
information relevant to probable maximum surge and seiche flooding, and that there is no
outstanding information required to be addressed in the WLS COL FSAR related to this section/
As set forth above, the applicant has presented and substantiated information to establish the
site description. The staff reviewed the information provided and, for the reasons given above,
concluded that the applicant has provided sufficient details about the site description to allow
the staff to evaluate, as documented in Section 2.4.5, herein, whether the applicant has met the
relevant requirements of 10 CFR 52.79(a)(1) and 10 CFR Part 100 with respect to determining
the acceptability of the site. This addressed the probable maximum surge and seiche flooding
in WLS COL Information Item 2.4-2. The staff concludes that the applicant provided sufficient
information on flood hazards related to storm surge and seiches to satisfy the applicable
requirements of 10 CFR Part 52 and 10 CFR Part 100.

2.4.6

Probable Maximum Tsunami Hazards

2.4.6.1

Introduction

WLS COL FSAR Section 2.4.6 describes probable maximum tsunami hazards to ensure that
any potential tsunami hazard to the safety-related SSCs at the proposed site has been
considered in compliance with NRC regulations.
Section 2.4.6 of this report presents an evaluation of the following topics based on data
provided by the applicant in the WLS COL FSAR and information available from other sources:
(1) historical tsunami data; (2) probable maximum tsunami (PMT) that may pose hazards to the
site; and (3) any additional information requirements prescribed in the “Contents of Application”
sections of the applicable subparts to 10 CFR Part 52.

2.4.6.2

Summary of Application

This section of the WLS COL FSAR addresses the site-specific information about PMT hazards
in terms of effects on structures and water supply. The applicant addressed the information
item identified in AP1000 DCD Tier 2, Section 2.4.1.2, Revision 19 related to PMT hazards as
follows:
AP1000 COL Information Item
•

WLS COL 2.4-2
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In addition, this section of the WLS COL FSAR addresses the following COL-specific
information identified in AP1000 DCD Section 2.4.1.2, Revision 19.
Combined License applicants referencing the AP1000 certified design will
address the following site-specific information about historical flooding and
potential flooding factors, including the effects of local intense precipitation.
•

PMF on Streams and Rivers – Site-specific information that will be used
to determine the design basis flooding at the site. This information will
include the PMF on streams and rivers.

•

Dam Failures – Site-specific information about potential dam failures.

•

Probable Maximum Surge and Seiche Flooding – Site-specific information
about probable maximum surge and seiche flooding.

•

PMT Loading – Site-specific information about PMT loading.

•

Flood Protection Requirements – Site-specific information about flood
protection requirements or verification that flood protection is not required
to meet the site parameter for flood level.

In WLS COL FSAR Section 2.4.6, the applicant addressed the effects of floods caused by PMT.
Other causes of floods and their effects are discussed in related WLS COL FSAR sections. No
further action is required for sites within the bounds of the site parameter for flood level.

2.4.6.3

Regulatory Basis

The relevant requirements of NRC regulations on consideration of the effects of PMT hazards,
and the associated acceptance criteria, are described in NUREG-0800, Section 2.4.6.
The applicable regulatory requirements for tsunami hazards are as follows:
•

10 CFR 52.79(a)(1)(iii), “Contents of applications; technical information in final safety
analysis report,” as it relates to identifying hydrologic site characteristics with appropriate
consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, “Reactor Site Criteria,” as it relates to identifying and evaluating
hydrological features of the site. The requirement to consider physical site
characteristics in site evaluations is specified in 10 CFR 100.20(c).

•

10 CFR 100.23(d), “Geologic and seismic siting factors,” sets forth the criteria to
determine the siting factors for plant design bases with respect to water levels at the site.
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The staff also used the following regulatory guides for the acceptance criteria identified in
NUREG-0800, Section 2.4.6:
•

RG 1.59, “Design Basis Floods for Nuclear Power Plants,” supplemented by best current
practices, as it relates to providing assurance that natural flooding phenomena that could
potentially affect the site have been appropriately identified and characterized

•

RG 1.102, “Flood Protection for Nuclear Power Plants,” as it relates to providing
assurance that SSCs important to safety have been designed to withstand the effects of
natural flooding phenomena likely to occur at the site

•

RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” as
it relates to the contents of a COL application

2.4.6.4

Technical Evaluation

In this section of the report, the staff reviewed the applicant’s analysis of PMT. The staff’s
independent analysis, where needed for the review, is also described.
Information Submitted by the Applicant
The applicant stated that no specific tsunami hazard maps are available for the east coast of the
United States. The applicant used a general tsunami risk map developed by the USACE to
identify a tsunami wave height of 1.5 m (5 ft) for the east coast of the United States. The
applicant reported that NOAA tsunami database includes a maximum recorded tsunami height
of 6.1 m (20 ft) at Daytona Beach, FL, on July 3, 1992, which was probably meteorologically
induced. The applicant stated that the WLS site is located approximately 282 km (175 mi)
inland from the Atlantic Ocean and the safety-related plant elevation is 180.7 m (593 ft) above
MSL. Based on historical tsunami data and the location and elevation of the WLS site, the
applicant concluded that safety-related facilities would not be affected by tsunami flooding.
The applicant stated that hill-slope failure-induced landslides that generate significant waves in
Make-Up Ponds A and B are implausible. The applicant stated that field investigations reported
in WLS COL FSAR Section 2.5.1.1 noted no irregular weathering conditions or natural landslide
hazards and there is no documented evidence of significant landslides at the WLS site or
adjacent to the Make-Up Ponds. The applicant stated that landslides of limited size in shallow
soil or fill may occur, but would be of insufficient volume and would occur at too low of velocities
to cause any significant water waves. The applicant further stated that the slopes around MakeUp Ponds A and B are either natural and have existed since the Holocene age or resulted from
cut and fill during the Cherokee Nuclear Station construction. The applicant stated that these
slopes are stable and show no visual evidence of groundwater seepage, past failures, or
movement or creep.
The applicant stated that because there are no capable tectonic sources within 40 km (25 mi) of
the WLS site, surface fault ruptures from seismic waves are not plausible. The applicant
concluded that seismically generated water waves in Make-Up Ponds A and B would be
insignificant compared to the freeboard in these ponds.
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The applicant stated that Make-Up Pond C is located on a tributary of the Broad River, west of
the WLS site. The applicant further stated that a postulated failure of the dam impounding
Make-Up Pond C would release waters to the Broad River and not directly to the WLS site and,
therefore, flooding from seismically induced water waves in Make-Up Pond C would be bounded
by the postulated failure of Make-Up Pond C Dam described in WLS COL FSAR Section 2.4.4.
NRC Staff’s Technical Evaluation
The staff reviewed COL Information Item 2.4-2 related to the provision of site-specific
information about the PMF at the plant site included under WLS COL FSAR Section 2.4.
Additional aspects of this information item are addressed in Sections 2.4.2. 2.4.3, 2.4.4, 2.4.5,
2.4.7, and 2.4.10, herein.
To ensure that the most conservative of plausible conceptual models have been identified, in
RAI 824, Question 02.04.06-1, the staff requested that the applicant describe the process
followed to determine the conceptual models for PMT, tsunami propagation, wave runup,
inundation and drawdown, hydrostatic and hydrodynamic forces, debris and water-borne
projectiles, and sediment erosion and deposition. In an October 27, 2008, response to RAI 824,
Question 02.04.06-1, the applicant stated that the conceptual models used to determine flood
waves generated by PMT and other tsunami-like waves follow the requirements of RG 1.206
and RG 1.59. The applicant compared the historical maximum recorded tsunami wave heights
and the maximum wave heights reported in a tsunami risk map for the east coast of the U.S. to
the available freeboard of the WLS site above the Broad River. The applicant concluded that
the resulting flood waves are less than the design-basis flood. Therefore, the applicant
concluded that there is no potential for inundation, hydrostatic and hydrodynamic forces, debris,
or water-borne projectiles that may affect safety-related facilities.
The applicant also stated that there are no capable tectonic sources in the vicinity of the site as
described in WLS COL FSAR Section 2.5.3. The applicant concluded, therefore, that a
seismically induced water wave near the site is not plausible. The applicant further stated that
there are no irregular conditions or natural landslide hazards in the vicinity of the site. The
applicant concluded, therefore, that landslide-induced tsunami-like waves near the WLS site are
not plausible.
Based on a review of the applicant’s October 27, 2008, response to RAI 824,
Question 02.04.06-1, the staff concluded that the process used to determine the conceptual
models for tsunamis and tsunami-like waves in the vicinity of the WLS site is adequately
described. Accordingly, the staff considers RAI 824, Question 02.04.06-1, resolved. The staff
used this information in its safety review combined with observations made during the site audit.
The staff performed a search of the NOAA National Geophysical Data Center (NGDC) Historical
Tsunami Database for tsunami runup events reported on the east coast of the U.S. The
maximum runup reported in the database on the east coast of the United States is 6.0 m
(19.7 ft) above MSL at Daytona Beach, FL, on July 3, 1992, due to a meteorological cause. The
staff concluded, based on its independent search and the applicant’s RAI responses that
credible seismic and landslide tsunamigenic sources in the vicinity of the site do not exist. The
staff also determined that the site is located approximately 282 km (175 mi) from the Atlantic
Ocean. For a tsunami generated by a near or a far-field oceanic source to affect the site, the
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runup would need to travel this distance, 282 km (175 mi), inland from the coast. Historically,
maximum horizontal extent of inundation is reported to be less than approximately 8.1 km
(5 mi). Since the site is located at least one order of magnitude farther than the maximum
horizontal inland distance reported for historical tsunamis, the staff concluded that a PMT in the
Atlantic Ocean would not pose a hazard at the site.
In RAI 824, Question 02.04.06-2, the staff requested that the applicant provide an assessment
of landslide and slope-failure potential on the shores of Make-Up Ponds A and B and an
assessment of tsunami-like waves that may be generated by the potential landslides or slope
failures in these ponds. In an October 27, 2008, response to RAI 824, Question 02.04.06-2, the
applicant stated that no irregular weathering or natural landslides were identified during field
investigations in the region. Therefore, the applicant concluded that landslide-generated
tsunami-like waves are not plausible for Make-Up Ponds A and B.
The staff determined that there are no active or passive volcanoes located near the site the
eruption of and resulting pyroclastic flows from which may generate a tsunami-like wave in any
water bodies near the site. The staff evaluated the applicant’s information in the WLS COL
FSAR and concluded that the process used by the applicant to estimate source generator
characteristics with respect to landslide-generated tsunami-like waves is adequate. The staff
also agreed with the applicant’s assessment that a landslide-generated tsunami-like wave in the
water bodies near the site is not likely. The staff concluded that a tsunami or a tsunami-like
wave in the vicinity of the site is an unlikely event. Therefore, the staff determined that a more
detailed tsunami analysis is not needed. Based on its review, the staff considers RAI 824,
Question 02.04.06-2, resolved.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately analyzed the potential for floods caused by
tsunamis near the WLS site using approaches currently used in standard practice. Therefore,
based on the reasons given above, the staff concluded that the applicant adequately identified
and evaluated extreme flood events at the site. Therefore, based on the reasons given above,
the staff concluded that the applicant adequately determined hydrologic characteristics of the
proposed site with appropriate consideration of the most severe of the natural phenomena that
have been historically reported for the site and surrounding area and with sufficient margin for
the limited accuracy, quantity, and period of time in which the historical data have been
accumulated.

2.4.6.5

Post Combined License Activities

There are no post COL activities related to this section.

2.4.6.6

Conclusion

The staff reviewed the application and confirmed that the applicant has addressed the
information relevant to PMT hazards, and that there is no outstanding information required to be
addressed in the WLS COL FSAR related to this section.
As set forth above, the applicant has presented and substantiated information to establish the
site description. The staff reviewed the information provided and, for the reasons given above,
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concluded that the applicant has provided sufficient details about the site description to allow
the staff to evaluate, as documented in Section 2.4.6 of this report, whether the applicant has
met the relevant requirements of 10 CFR 52.79(a) (1) and 10 CFR Part 100 with respect to
determining the acceptability of the site. This addressed the probable maximum tsunami hazard
in COL Information Item 2.4-2. The staff concludes that the applicant has provided sufficient
information on PMT hazards to satisfy the applicable requirements of 10 CFR Part 52 and
10 CFR Part 100.

2.4.7

Ice Effects

2.4.7.1

Introduction

WLS COL FSAR Section 2.4.7 describes ice effects to ensure that safety-related facilities and
water supply are not affected by ice-induced hazards.
Section 2.4.7 of this report presents an evaluation of the following topics based on data
provided by the applicant in the WLS COL FSAR and information available from other sources:
(1) regional history and types of historical ice accumulations (i.e., ice jams, wind-driven ice
ridges, floes, frazil ice formation, etc.); (2) potential effects of ice-induced, high- or low-flow
levels on safety-related facilities and water supplies; (3) potential effects of ice to produce forces
on, or cause blockage of, safety-related facilities; and (4) any additional information
requirements prescribed in the “Contents of Application” sections of the applicable subparts to
10 CFR Part 52.
As stated in Section 2.4 above, hydrologic characteristics associated with conditions that would
result in a loss of external water supply and seismic design considerations of water-supply
structures are not relevant for the AP1000 design. Therefore, low-water conditions related to
topics listed above were not part of the staff’s review.

2.4.7.2

Summary of Application

This section of the WLS COL FSAR addresses the site-specific information on ice effects. The
applicant addressed the information item identified in AP1000 DCD Tier 2, Section 2.4.1.2,
Revision 19 related to ice effects as follows:
AP1000 COL Information Item
•

WLS COL 2.4-2

In addition, this section addresses the following COL-specific information identified in AP1000
DCD Section 2.4.1.2, Revision 19:
Combined License applicants referencing the AP1000 certified design will
address the following site-specific information about historical flooding and
potential flooding factors, including the effects of local intense precipitation.
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•

Probable Maximum Flood (PMF) on Streams and Rivers – Site-specific
information that will be used to determine the design basis flooding at the
site. This information will include the PMF on streams and rivers.

•

Dam Failures – Site-specific information about potential dam failures.

•

Probable Maximum Surge and Seiche Flooding – Site-specific information
about probable maximum surge and seiche flooding.

•

Probable Maximum Tsunami Loading – Site-specific information about
probable maximum tsunami loading.

•

Flood Protection Requirements – Site-specific information about flood
protection requirements or verification that flood protection is not required
to meet the site parameter for flood level.

In WLS COL FSAR Section 2.4.7, the applicant addressed ice effects on high water at the site.
Other causes of floods and their effects were discussed in subsequent WLS COL FSAR
sections. No further action is required for sites within the bounds of the site parameter for flood
level.

2.4.7.3

Regulatory Basis

The relevant requirements of NRC regulations for the identification and evaluation of ice effects,
and the associated acceptance criteria, are described in NUREG—800, Section 2.4.7.
The applicable regulatory requirements for identifying ice effects are as follows:
•

10 CFR 52.79(a)(1)(iii), “Contents of applications; technical information in final safety
analysis report,” as it relates to identifying hydrologic site characteristics with appropriate
consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, “Reactor Site Criteria,” as it relates to identifying and evaluating
hydrological features of the site. The requirement to consider physical site
characteristics in site evaluations is specified in 10 CFR 100.20(c).

•

10 CFR 100.23(d), “Geologic and seismic siting factors,” sets forth the criteria to
determine the siting factors for plant design bases with respect to water levels at the site.

The staff also used the following regulatory guides for the acceptance criteria identified in
NUREG-0800, Section 2.4.7:
•

RG 1.59, “Design Basis Floods for Nuclear Power Plants,” supplemented by best current
practices, as it relates to providing assurance that natural flooding phenomena that could
potentially affect the site have been appropriately identified and characterized
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•

RG 1.102, “Flood Protection for Nuclear Power Plants,” as it relates to providing
assurance that SSCs important to safety have been designed to withstand the effects of
natural flooding phenomena likely to occur at the site

•

RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” as
it relates to the contents of a COL application

2.4.7.4

Technical Evaluation

In this section of the report, the staff reviewed the applicant’s analyses regarding ice effects.
The staff’s independent analysis, where needed for the review, is also described.
Information Submitted by the Applicant
The applicant reported that winter water temperatures range from 0 to 9 ºC (32 to 48.2 ºF)
between 1962 and 1981 at 10 USGS gauging stations on the Broad River and tributaries
upstream of the WLS site. The applicant also reported that the lowest recorded water
temperature near the WLS site from 1959 to 2005 is 2 ºC (35.6 ºF) according to the EPA
STORET database and the values vary from 1 to 4 ºC (33.8 to 39.2 ºF) from 1995 to 2000 as
stated in the measurements by the North Carolina Department of Environmental and Natural
Resources at nine stations located near the 10 USGS stations. Based on these water
temperature records, the applicant concluded that historical observations suggest the Broad
River water temperatures consistently remain above freezing. The applicant also concluded
that flooding of the WLS site from an ice jam is a remote possibility based on historical data
from the USACE Cold Regions Research and Engineering Laboratory historical ice jam
database. Since no safety-related water storage is required for WLS, the applicant concluded
that ice-induced low flow would not affect its safety.
NRC Staff’s Technical Evaluation
The staff reviewed COL Information Item 2.4-2 related to the provision of site-specific
information about the PMF at the plant site included under WLS COL FSAR Section 2.4.
Additional aspects of this information item are addressed in Sections 2.4.2. 2.4.3, 2.4.4, 2.4.5,
2.4.6, and 2.4.10 of this report.
The staff searched the NOAA National Climatic Data Center (NCDC) Storm Events database to
search for snow and ice events for the counties in which the majority of the Upper Broad River
Basin lies. This search yielded the storm and ice events listed in Table 2.4.7-1 of this report.
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Table 2.4.7-1 Snow and Ice Events in the Upper Broad River Basin and Its Adjoining Areas
Between 1993 and 2008

County

Number of Snow and Ice
Events

Number of Ice Storms

Buncombe Co., NC

144

8

Henderson Co., NC

87

13

Polk Co., NC

50

7

McDowell Co., NC

79

12

Rutherford Co., NC

51

6

Cleveland Co., NC

44

7

Gaston Co., NC

37

8

Lincoln Co., NC

43

9

Cherokee Co., SC

50

10

Based on the storm and ice events in the Upper Broad River Basin, the staff determined that ice
events are frequent during winters near the WLS site. The staff also searched the USACE ice
jam database for ice jam or ice dam formation on the Broad River. No historical records exist of
ice jams or dams on the Broad River. As stated in the USACE ice jam database, there are only
two records of ice jam or ice dam formation in the State of North Carolina. An ice jam formed in
the Neuse River upstream of the USGS streamflow gauge at Kinston, NC, on January 26, 1940,
that lasted for 4 days. An ice gorge was reported in the Missouri River at Williston, NC, on
February 24, 1925. The ice jam database does not list any events for the State of South
Carolina.
Based on the search of the USACE ice jam database, the staff concluded that formation of ice
jams and ice dams has not been reported for the Broad River. Therefore, the staff concluded
that ice dams and ice jams are not a credible hazard near the WLS site.
The staff downloaded air temperature data for three cooperative stations located near the WLS
site from NOAA NCDC. These three stations are Shelby 2 NNE, Gastonia, and Ninety-Nine
Islands. The period of record at these stations are 1893−1895 and 1936-present (Shelby),
1930-present (Gastonia), and 1960-present (Ninety-Nine Islands). Using this air temperature
data, the staff performed independent analysis to determine some characteristics of minimum
daily mean air temperature near the site. These characteristics for the three stations are shown
in Table 2.4.7-2 of this report.
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Table 2.4.7-2 Some Characteristics of Mean Daily Air Temperature at NOAA NCDC Cooperative
Stations Near the Site

Shelby 2
NNE

Gastonia

Ninety-Nine
Islands

Minimum daily mean air temperature
(date)

-13ºC (8ºF)
(02/08/1895)

-12ºC (11ºF)
(01/21/1985)

-12ºC (11ºF)
(01/21/1985)

Number of days below freezing (total
number of days for which data are
available)

768
(27,818)

1076
(26,678)

740
(17,566)

Maximum number of consecutive days
daily mean air temperature remains at
freezing or below

13

11

9

Maximum number of consecutive days
daily mean air temperature remains at
18ºF or below

3

2

2

Characteristic

The minimum daily mean air temperature at Shelby, Gastonia, and the Ninety-Nine Islands
stations are -13ºC, -12ºC, -12ºC (8ºF, 11ºF, and 11ºF), respectively. The average number of
days per year that the stations’ daily mean air temperature was below freezing are
approximately 10, 15, and 15, respectively. The longest sequences of days that the daily mean
air temperature was at or below freezing for the three stations are 13, 11, and 9 days for Shelby,
Gastonia, and Ninety-Nine Islands stations, respectively. Based on these characteristics of the
daily mean air temperature, the staff concluded that the air temperature near the WLS site can
fall below freezing for moderately long periods of time. However, the sequences are not long
enough to cause extensive freezing of water bodies near the WLS site.
The staff also concluded the length of sequences of days during which the daily mean air
temperature remained at or below -8ºC (18ºF). The reason for choosing the threshold of -8ºC
(18ºF) is that frazil ice forms in turbulent, non-snow covered waters that undergo supercooling
when the air temperature falls to or below -8ºC (18ºF). The staff noted that at Gastonia and
Ninety-Nine Islands stations, the maximum span of such sequences was just 2 days and at
Shelby it was 3 days. Based on this data, the staff concluded that frazil ice formation at and
near the WLS site is possible, although unlikely, given the short duration during which
supercooling can occur. However, the proposed reactors at the WLS site would not depend on
any external source of water supply for safe shutdown. Therefore, the staff concluded that the
safety of the plants will not be affected by formation of frazil ice at and near the WLS site.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately analyzed the potential for ice effects near the
WLS site using approaches currently used in standard practice. Therefore, based on the
reasons given above, the staff concluded that the applicant adequately identified and evaluated
extreme flood events at the site. Therefore, based on the reasons given above, the staff
concluded that the applicant adequately determined hydrologic characteristics of the proposed
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site with appropriate consideration of the most severe of the natural phenomena that have been
historically reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been accumulated.

2.4.7.5

Post Combined License Activities

There are no post COL activities related to this section.

2.4.7.6

Conclusion

The staff reviewed the application and confirmed that the applicant has addressed site
characteristics and other hydrometeorological parameters related to ice formation at or near the
plant site, and that there is no outstanding information required to be addressed in the WLS
COL FSAR related to this section.
As set forth above, the applicant has presented and substantiated information to establish the
site description. The staff reviewed the information provided and, for the reasons given above,
concluded that the applicant has provided sufficient details about the site description to allow
the staff to evaluate, as documented in Section 2.4.7 of this report, whether the applicant has
met the relevant requirements of 10 CFR 52.79(a)(1) and 10 CFR Part 100 with respect to
determining the acceptability of the site. This addressed ice effects in COL Information
Item 2.4-2. The staff concludes that the applicant has provided sufficient information on flood
hazards from ice effects to satisfy the applicable requirements of 10 CFR Part 52 and
10 CFR Part 100.

2.4.8

Cooling Water Canals and Reservoirs

2.4.8.1

Introduction

WLS COL FSAR Section 2.4.8 describes cooling-water supply, made up of canals and
reservoirs, used to transport and impound water supplied to the safety-related SSCs.
Section 2.4.8 of this report presents an evaluation of the applicant’s submittal related to
cooling-water canals and reservoirs. As stated in Section 2.4 above, hydrologic characteristics
associated with conditions that would result in a loss of external water-supply and seismic
design considerations of water-supply structures are not relevant for the AP1000 design.
Therefore, flooding and low-water conditions for canals and reservoirs were not part of the
staff’s review.

2.4.8.2

Summary of Application

This section of the WLS COL FSAR addresses the site-specific information on cooling-water
canals and reservoirs. The applicant addressed the information item identified in AP1000 DCD
Tier 2, Section 2.4.1.3, Revision 19 related to cooling-water canals and reservoirs as follows:
AP1000 COL Information Item
•

WLS COL 2.4-3
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In addition, this section addresses the following COL-specific information identified in AP1000
DCD Tier 2, Section 2.4.1.3, Revision 19.
Combined License applicants will address the water supply sources to provide
makeup water to the service water system cooling tower.

2.4.8.3

Regulatory Basis

The relevant requirements of NRC regulations for the identification of design considerations for
cooling-water canals and reservoirs, and the associated acceptance criteria, are described in
NUREG-0800, Section 2.4.8.
The applicable regulatory requirements for cooling-water canals and reservoirs are as follows:
•

10 CFR 52.79(a)(1)(iii), “Contents of applications; technical information in final safety
analysis report,” as it relates to identifying hydrologic site characteristics with appropriate
consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, “Reactor Site Criteria,” as it relates to identifying and evaluating
hydrological features of the site. The requirement to consider physical site
characteristics in site evaluations is specified in 10 CFR 100.20(c).

•

10 CFR 100.23(d), “Geologic and seismic siting factors,” sets forth the criteria to
determine the siting factors for plant design bases with respect to water levels at the site.

The staff also used the following regulatory guides for the acceptance criteria identified in
NUREG-0800, Section 2.4.8:
•

RG 1.59, “Design Basis Floods for Nuclear Power Plants,” supplemented by best current
practices, as it relates to providing assurance that natural flooding phenomena that could
potentially affect the site have been appropriately identified and characterized

•

RG1.102, “Flood Protection for Nuclear Power Plants” as it relates to providing
assurance that SSCs important to safety have been designed to withstand the effects of
natural flooding phenomena likely to occur at the site

•

RG1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” as
it relates to the contents of a COL application

2.4.8.4

Technical Evaluation

In this section of the report, the staff reviewed the applicant’s analyses related to cooling-water
canals and reservoirs. The staff’s independent analysis, where needed for the review, is also
described.
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Information Submitted by the Applicant
The applicant stated that there are no safety-related cooling-water canals or reservoirs
proposed for the WLS site because the UHS is provided by the atmosphere for the proposed
AP1000 units.
NRC Staff’s Technical Evaluation
The staff reviewed COL Information Item 2.4-3 related to the provision of site-specific
information about the cooling-water canals and reservoirs at the plant site included under WLS
COL FSAR Section 2.4. Additional aspects of this information item are addressed in
Sections 2.4.9. 2.4.11, and 2.4.12 of this report.
The staff reviewed the functioning of the AP1000 UHS. The passive cooling system of the
proposed units is assisted by a water spray on the containment vessel provided by a passive
containment cooling-water storage tank located on top of the containment building, which holds
a 3-day supply of water following a design basis accident. Additional water is stored in a
passive containment cooling ancillary water storage tank for an additional 4 days. Technical
specifications would ensure that this 7-day supply of water to assist in cooling is always
available. The proposed reactors at the WLS site would not depend on any external source of
water supply for safe shutdown.
The staff concluded that there are no safety-related cooling-water canals or reservoirs are
required for the safe operation of the WLS and, therefore, no further evaluation of safety-related
water canals and reservoirs are necessary.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately analyzed the potential for floods caused by
cooling-water canals and reservoirs near the WLS site. Therefore, based on the reasons given
above, the staff concluded that the applicant adequately identified and evaluated extreme flood
events at the site. Therefore, based on the reasons given above, the staff concluded that the
applicant adequately determined hydrologic characteristics of the proposed site with appropriate
consideration of the most severe of the natural phenomena that have been historically reported
for the site and surrounding area and with sufficient margin for the limited accuracy, quantity,
and period of time in which the historical data have been accumulated.

2.4.8.5

Post Combined License Activities

There are no post COL activities related to this section.

2.4.8.6

Conclusion

The staff reviewed the application and confirmed that the applicant has addressed the
information relevant to design basis for canal and reservoirs used to transport and impound
water supplied to the SSCs, and that there is no outstanding information required to be
addressed in the WLS COL FSAR related to this section.
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As set forth above, the applicant has presented and substantiated information relative to the
design bases of canals and reservoirs important to the design and siting of the plant. The staff
reviewed the information provided and, for the reasons given above, concluded that the
applicant has provided sufficient details about the site description to allow the staff to evaluate,
as documented in Section 2.4.8 of this report, whether the applicant has met the relevant
requirements of 10 CFR 52.79, and 10 CFR Part 100, with respect to determining the
acceptability of the site. The information provided on the cooling-water canals and reservoirs
addressed COL Information Item 2.4-3. The staff concludes that the applicant has provided
sufficient information to satisfy the applicable requirements of 10 CFR Part 52 and
10 CFR Part 100.

2.4.9

Channel Diversions

2.4.9.1

Introduction

WLS COL FSAR Section 2.4.9 describes channel diversions. It includes hydrogeologic and
geomorphologic descriptions of the Broad River Basin and an evaluation of the likelihood of
diversion of Broad River away from its present course.
Section 2.4.9 of this report presents the staff’s evaluation of the applicant’s submittal related to
channel diversions. As stated in Section 2.4 above, hydrologic characteristics associated with
conditions that would result in a loss of external water supply and seismic design considerations
of water-supply structures are not relevant for the AP1000 design. Therefore, low-water
conditions from channel diversions were not part of the staff’s review.

2.4.9.2

Summary of Application

This section of the WLS COL FSAR addresses information about site-specific channel
diversions. The applicant addressed the information item identified in AP1000 DCD Tier 2,
Section 2.4.1.3, Revision 19 related to channel diversions as follows:
AP1000 COL Information Item
•

WLS COL 2.4-3

In addition, this section addresses the following COL-specific information identified in AP1000
DCD Tier 2, Section 2.4.1.3, Revision 19.
Combined License applicants will address the water supply sources to provide
makeup water to the service water system cooling tower.

2.4.9.3

Regulatory Basis

The relevant requirements of NRC regulations for the identification and evaluation of channel
diversions, and the associated acceptance criteria, are described in NUREG-0800,
Section 2.4.9.
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The applicable regulatory requirements for identifying and evaluating channel diversions are as
follows:
•

10 CFR 52.79(a)(1)(iii), “Contents of applications; technical information in final safety
analysis report,” as it relates to identifying hydrologic site characteristics with appropriate
consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, “Reactor Site Criteria,” as it relates to identifying and evaluating
hydrological features of the site. The requirement to consider physical site
characteristics in site evaluations is specified in 10 CFR 100.20(c).

•

10 CFR 100.23(d), “Geologic and seismic siting factors,” sets forth the criteria to
determine the siting factors for plant design bases with respect to water levels at the site.

The staff also used the following regulatory guides for the acceptance criteria identified in
NUREG-0800, Section 2.4.9:
•

RG 1.59, “Design Basis Floods for Nuclear Power Plants,” supplemented by best current
practices, as it relates to providing assurance that natural flooding phenomena that could
potentially affect the site have been appropriately identified and characterized

•

RG 1.102, “Flood Protection for Nuclear Power Plants,” as it relates to providing
assurance that SSCs important to safety have been designed to withstand the effects of
natural flooding phenomena likely to occur at the site

•

RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” as
it relates to the contents of a COL application

2.4.9.4

Technical Evaluation

In this section of the report, the staff reviewed the applicant’s analyses related to channel
diversions. The staff’s independent analysis, where needed for the review, is also described.
Information Submitted by the Applicant
The applicant stated that there is no evidence to suggest diversions or realignments of the
Broad River in the past, no unstable steep side slopes are present and there is no record of
ice-induced channel diversions. The applicant noted that several shoals are located in the basin
but are confined within the natural banks of the river. The applicant concluded that channel
diversion due to geothermal activity is not expected in the region. The applicant also concluded
that any potential channel diversion would not affect safety-related structures or systems at the
WLS site because the passive cooling system for the AP1000 design uses the atmosphere as
the UHS and the cooling system does not rely directly on the Broad River for water.
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NRC Staff’s Technical Evaluation
The staff reviewed COL Information Item 2.4-3 related to the provision of site-specific
information about the channel diversions at the plant site included under WLS COL FSAR
Section 2.4. Additional aspects of this information item are addressed in Sections 2.4.8, 2.4.11
and 2.4.12 of this report.
Based on the applicant’s description of the cooling system of the proposed units at the WLS
site, the staff concluded that the Broad River would serve as the source for makeup water for
normal plant operation of the proposed units. The staff reviewed the functioning of the AP1000
UHS. The passive cooling system of the proposed units is assisted by a water spray on the
containment vessel provided by a passive containment cooling-water storage tank located on
top of the containment building, which holds a 3-day supply of water following a design basis
accident. Additional water is stored in a passive containment cooling ancillary water storage
tank for an additional 4 days. Technical specifications would ensure that this 7-day supply of
water to assist in cooling is always available. The proposed reactors at the WLS site would not
depend on any external source of water supply for safe shutdown.
The staff concluded that no safety-related cooling-water sources required for the safe operation
of the WLS. Therefore, the staff determined that a diversion of the Broad River away from the
site for any reason would not affect the safety of the plant. Based on the applicant’s description
of the geology and geomorphology of the Broad River Basin and the available freeboard
between normal water-surface elevation in the river and the grade elevation of the WLS site, the
staff also determined that a diversion of the Broad River toward the WLS site is unlikely.
Therefore, the staff concluded that flooding of the WLS site from a diversion of the Broad River
toward the WLS site is not a plausible hazard.
Based on a review of the applicant’s information in WLS COL FSAR Revision 11, the staff
concluded that the applicant has appropriately analyzed the potential for channel diversions
near the WLS site. Therefore, based on the reasons given above, the staff concluded that the
applicant adequately identified and evaluated extreme flood events at the site. Therefore,
based on the reasons given above, the staff concluded that the applicant adequately
determined hydrologic characteristics of the proposed site with appropriate consideration of the
most severe of the natural phenomena that have been historically reported for the site and
surrounding area and with sufficient margin for the limited accuracy, quantity, and period of time
in which the historical data have been accumulated.

2.4.9.5

Post Combined License Activities

There are no post COL activities related to this section

2.4.9.6

Conclusion

The staff reviewed the application and confirmed that the applicant has addressed the
information to demonstrate that the characteristics of the site fall within the site parameters
specified in the AP1000 DC rule, and that there is no outstanding information required to be
addressed in the WLS COL FSAR related to this section.
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As set forth above, the applicant has presented and substantiated information to establish the
site description ensuring that the plant and essential water supplies will not be adversely
affected. The staff reviewed the information provided and, for the reasons given above,
concluded that the applicant has provided sufficient details about the site description to allow
the staff to evaluate, as documented in Section 2.4.9 of this report, whether the applicant has
met the relevant requirements of 10 CFR 52.79(a)(1) and 10 CFR Part 100 with respect to
determining the acceptability of the site. This section addressed channel diversions in COL
Information Item 2.4-3. The staff concludes that the applicant has provided sufficient
information to satisfy the applicable requirements of 10 CFR Part 52 and 10 CFR Part 100.

2.4.10

Flooding Protection Requirements

2.4.10.1

Introduction

WLS COL FSAR Section 2.4.10 describes locations and elevations of safety-related facilities
and those of structures and components required for protection of safety-related facilities.
These requirements are then compared with design-basis flood conditions to determine whether
flood effects need to be considered in the plant’s design or in emergency procedures.
Section 2.4.10 of this report presents an evaluation of the flooding protection for the proposed
plant site.

2.4.10.2

Summary of Application

This section of the WLS COL FSAR addresses the needs for site-specific information on
flooding protection requirements. The applicant addressed the information item identified in
AP1000 DCD Tier 2, Section 2.4.1.2, Revision 19 related to flooding protection requirements as
follows:
AP1000 COL Information Item
•

WLS COL 2.4-2

In addition, this section addresses the following COL-specific information identified in AP1000
DCD Tier 2, Section 2.4.1.2, Revision 19.
Combined License applicants referencing the AP1000 certified design will
address the following site-specific information about historical flooding and
potential flooding factors, including the effects of local intense precipitation.
•

Probable Maximum Flood (PMF) on Streams and Rivers – Site-specific
information that will be used to determine the design basis flooding at the
site. This information will include the PMF on streams and rivers.

•

Dam Failures – Site-specific information about potential dam failures.

•

Probable Maximum Surge and Seiche Flooding – Site-specific information
about probable maximum surge and seiche flooding.
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•

Probable Maximum Tsunami Loading – Site-specific information about
probable maximum tsunami loading.

•

Flood Protection Requirements – Site-specific information about flood
protection requirements or verification that flood protection is not required
to meet the site parameter for flood level.

In WLS COL FSAR Section 2.4.10, the applicant addressed the flood protection requirements at
the site. The causes of floods and their effects were discussed in other WLS COL FSAR
sections. No further action is required for sites within the bounds of the site parameter for flood
level.

2.4.10.3

Regulatory Basis

The relevant requirements of NRC regulations for the identification and evaluation of flooding
protection requirements, and the associated acceptance criteria, are described in NUREG-0800.
Section 2.4.10
•

10 CFR 52.79(a)(1)(iii), “Contents of applications; technical information in final safety
analysis report,” as it relates to identifying hydrologic site characteristics with appropriate
consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, “Reactor Site Criteria,” as it relates to identifying and evaluating
hydrological features of the site. The requirement to consider physical site
characteristics in site evaluations is specified in 10 CFR 100.20(c).

•

10 CFR 100.23(d), “Geologic and seismic siting factors,” sets forth the criteria to
determine the siting factors for plant design bases with respect to water levels at the site.

The staff also used the following regulatory guides for the acceptance criteria identified in
NUREG-0800, Section 2.4.10:
•

RG 1.59, “Design Basis Floods for Nuclear Power Plants,” supplemented by best current
practices, as it relates to providing assurance that natural flooding phenomena that could
potentially affect the site have been appropriately identified and characterized

•

RG 1.102, “Flood Protection for Nuclear Power Plants,” as it relates to providing
assurance that SSCs important to safety have been designed to withstand the effects of
natural flooding phenomena likely to occur at the site

•

RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” as
it relates to the contents of a COL application
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2.4.10.4

Technical Evaluation

In this section of the report, the staff reviewed the applicant’s analyses related to flooding
protection requirements. The staff’s independent analysis, where needed for the review, is also
described.
Information Submitted by the Applicant
The applicant stated that all safety-related facilities at the WLS site are located above the
maximum flood level based on the design-basis flood evaluate in earlier sections of the WLS
COL FSAR. Therefore, the applicant concluded that flood protection measures and emergency
procedures are not required.
NRC Staff’s Technical Evaluation
The staff reviewed COL Information Item 2.4-2 related to the provision of site-specific
information about the PMF at the plant site included under WLS COL FSAR Section 2.4.
Additional aspects of this information item are addressed in Sections 2.4.2. 2.4.3, 2.4.4, 2.4.5,
2.4.6, and 2.4.7 of this report.
The staff determined that the site characteristic maximum flood water-surface elevation near the
WLS site from several flooding mechanisms described in earlier sections of this report remains
below the site grade and meets the AP1000 DCD site parameter. Therefore, the staff
concluded that flooding protection of safety-related SSCs at the WLS site is not needed.
Based on a review of the applicant’s information in WLS COL FSAR Revisions 0 through 11, the
staff concluded that the applicant has appropriately analyzed the need for flooding protection at
the WLS site. Therefore, based on the reasons given above, the staff concluded that the
applicant adequately identified and evaluated extreme flood events at the site. Therefore,
based on the reasons given above, the staff concluded that the applicant adequately
determined hydrologic characteristics of the proposed site with appropriate consideration of the
most severe of the natural phenomena that have been historically reported for the site and
surrounding area and with sufficient margin for the limited accuracy, quantity, and period of time
in which the historical data have been accumulated.

2.4.10.5

Post Combined License Activities

There are no post COL activities related to this section.

2.4.10.6

Conclusion

The staff reviewed the application and confirmed that the applicant has addressed the
information to demonstrate that the characteristics of the site fall within the site parameters
specified in the AP1000 DC rule, and that no outstanding information is required to be
addressed in the WLS COL FSAR related to this section.
As set forth above, the applicant has presented and substantiated information relative to the
flood protection measures important to the design and siting of this plant. The staff concluded
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that the applicant considered the appropriate site phenomena in establishing the flood
protection measures for SSCs. The staff reviewed the information provided and, for the reasons
given above, concluded that the applicant provided sufficient details about the site description to
allow the staff to evaluate, as documented in Section 2.4.10 of this report, whether the applicant
met the relevant requirements of 10 CFR 52.79(a)(1) and 10 CFR Part 100 with respect to
determining the acceptability of the site. This addressed flooding protection requirements in
COL Information Item 2.4-2. The staff concludes that the applicant provided sufficient
information to satisfy the applicable requirements of 10 CFR Part 52 and 10 CFR Part 100.

2.4.11

Low Water Considerations

2.4.11.1

Introduction

WLS COL FSAR Section 2.4.11 describes natural events that may reduce or limit the available
safety-related cooling-water supply. The applicant ensures that an adequate water supply will
exist to shut down the plant under conditions requiring safety-related cooling.
Section 2.4.11 of this report presents an evaluation of the effects of low water-surface
elevations caused by various hydrometeorological events.
As stated in Section 2.4 above, hydrologic characteristics associated with conditions that would
result in a loss of external water supply and seismic design considerations of water-supply
structures are not relevant for the AP1000 design. Therefore, low-water conditions were not
part of the staff’s review.

2.4.11.2

Summary of Application

This section of the WLS COL FSAR addresses the impacts of low water on water supply. The
applicant addressed the information item identified in AP1000 DCD Tier 2, Section 2.4.1.2,
Revision 19 related to low-water considerations as follows:
AP1000 COL Information Item
•

WLS COL 2.4-3

In addition, this section addresses the following COL-specific information identified in AP1000
DCD Section 2.4.1.3, Revision 19.
Combined License applicants will address the water supply sources to provide
makeup water to the service water system cooling tower.

2.4.11.3

Regulatory Basis

The relevant requirements of NRC regulations for the low-water considerations, and the
associated acceptance criteria, are described in NUREG-0800, Section 2.4.11.
The applicable regulatory requirements for identifying the effects of low water are as follows:
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•

10 CFR 52.79(a)(1)(iii), “Contents of applications; technical information in final safety
analysis report,” as it relates to identifying hydrologic site characteristics with appropriate
consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, “Reactor Site Criteria,” as it relates to identifying and evaluating
hydrological features of the site. The requirement to consider physical site
characteristics in site evaluations is specified in 10 CFR 100.20(c).

•

10 CFR 100.23(d), “Geologic and seismic siting factors,” sets forth the criteria to
determine the siting factors for plant design bases with respect to seismically induced
floods and water waves at the site.

2.4.11.4

Technical Evaluation

The following material in this section describes the staff’s review of information provided and
analyses carried out by the applicant in its WLS COL FSAR. The staff’s independent analysis,
where needed for the review, is also described.
The staff reviewed COL Information Item 2.4-3 related to the provision of site-specific
information about low-water considerations at the plant site included under WLS COL FSAR
Section 2.4. Additional aspects of this information item are addressed in Sections 2.4.8, 2.4.9,
and 2.4.12 of this report.
To ensure that the site characteristics related to low-water events are based on the most
conservative of plausible conceptual models, in RAI 825, Question 02.04.11-1, the staff
requested that the applicant describe the process followed to determine the conceptual models
for low water from drought and from other phenomena and the effects of low water on
safety-related water supplies under possible water-use limits. In an October 27, 2008, response
to RAI 825, Question 02.04.11-1, the applicant stated that it characterized low-flow conditions in
the Broad River using the 10-year return period 7-day flow (7Q10) at the Gaffney, SC, USGS
streamflow gauge. The applicant noted that it supplemented the available streamflow record at
the Gaffney gauge by additional periods of streamflow data from two upstream gauges at
Blacksburg, SC and Boiling Springs, NC. The applicant estimated the 7Q10 flow from a
Log-Pearson Type III distribution fitted to the annual 7-day low flow for each year in the record.
The applicant stated that the estimated 7Q10 flow for the Broad River at the Gaffney gauge is
13.6 m3/s (479 cfs), which is approximately the same as the Federal Energy Regulatory
Commission (FERC) minimum flow requirement of 13.7 m3/s (483 cfs) for the Ninety-Nine
Islands Hydroelectric Station.
The applicant defined a minimum discharge of 15.2 m3/s (538 cfs), the sum of the minimum
FERC requirement of 13.7 m3/s (483 cfs) and the expected consumptive water use of 1.6 m3/s
(55 cfs) for the proposed units, which are needed to support current water use and quality
downstream of the site. When the Broad River discharge falls below 15.2 m3/s (538 cfs), onsite
water storage would supplement makeup water from the Broad River for the proposed units.
When the Broad River discharge falls below 13.7 m3/s (483 cfs), only Make-Up Ponds B and C
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would supply makeup water to the proposed units. The staff reviewed the applicant’s
October 27, 2008, response to RAI 825, Question 02.04.11-1, and subsequent updates to the
WLS COL FSAR up to and including Revision 11 to conclude that the applicant’s process to
determine the conceptual models for low flow are adequately described. The staff also
determined that there are no safety-related systems that can be affected by low water at the
WLS site. Accordingly, the staff considers RAI 825, Question 02.04.11-1, resolved.
Low Flow in Rivers and Streams
Information Submitted by the Applicant
The applicant stated that the passive cooling system of the AP1000 design does not rely on the
Broad River as a source of water and therefore, no safety-related facilities of the WLS would be
affected by low-water conditions in the river.
NRC Staff’s Technical Evaluation
There are no safety-related systems that can be affected by low water at the WLS site.
Low Water Resulting from Surges, Seiches, or Tsunami
Information Submitted by the Applicant
The applicant stated that no safety-related systems can be affected by low water at the WLS
site.
NRC Staff’s Technical Evaluation
The staff agreed with the applicant that no safety-related systems can be affected by low water
at the WLS site.
Historical Low Water
Information Submitted by the Applicant
The applicant stated that no safety-related systems can be affected by low water at the WLS
site.
NRC Staff’s Technical Evaluation
The staff agreed with the applicant that no safety-related systems can be affected by low water
at the WLS site.
Future Controls
Information Submitted by the Applicant
The applicant stated that no safety-related systems can be affected by low water at the WLS
site.
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NRC Staff’s Technical Evaluation
The staff agreed with the applicant that no safety-related systems can be affected by low water
at the WLS site.
Plant Requirements
Information Submitted by the Applicant
The applicant stated that no safety-related systems can be affected by low water at the WLS
site.
NRC Staff’s Technical Evaluation
The staff agreed with the applicant that no safety-related systems can be affected by low water
at the WLS site.
Heat Sink Dependability Requirements
Information Submitted by the Applicant
The applicant reported that the atmosphere provides the UHS for the AP1000 design and the
passive containment cooling system does not rely on water from the Broad River. The applicant
also stated that no water from the Broad River or from other outside sources is required for safe
emergency shutdown because the passive containment cooling-water storage tank stores water
required for 72 hours of containment wetting and the passive containment cooling ancillary
water storage tank has the capacity to provide containment wetting for an additional 4 days.
NRC Staff’s Technical Evaluation
In RAI 825, Question 02.04.11-2, the staff requested that the applicant describe the term
“normal plant shutdown” and to clarify whether any safety-related water would be needed during
normal plant shutdown.
In an October 27, 2008, response to RAI 825, Question 02.04.11-2, the applicant stated that a
normal plant shutdown is a non-emergency procedure and does not require any safety-related
water. The normal shutdown would require approximately 130,749 m3 (106 ac-ft) of water for
the two proposed units and an additional 176,388 m3 (143 ac-ft) to maintain shutdown
conditions for 90 days after a normal shutdown. The applicant stated that Make-Up Pond A,
with its usable storage capacity of approximately 1,480,178 m3 (1,200 ac-ft), would have
sufficient water to support a normal plant shutdown and to maintain shutdown conditions for
durations that are significantly longer than those of any recorded period of low flow. The
applicant also stated that it has no plans to draw down Make-Up Pond A to support plant water
needs during power production. The staff notes that the applicant has updated the WLS COL
FSAR text.
The staff reviewed the functioning of the AP1000 UHS. The passive cooling system of the
proposed units is assisted by a water spray on the containment vessel provided by a passive
containment cooling-water storage tank located on top of the containment building, which holds
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a 3-day supply of water following a design-basis accident. Additional water is stored in a
passive containment cooling ancillary water storage tank for an additional 4 days. Technical
specifications would ensure that this 7-day supply of water to assist in cooling is always
available. The proposed reactors at the WLS site would not depend on any external source of
water supply for safe shutdown. The staff evaluated the applicant’s October 27, 2008, response
to RAI 825, Question 02.04.11-2, and concluded that the process used by the applicant to
determine heat sink dependability requirements is adequate. The staff concluded that there are
no safety-related systems that can be affected by low water at the WLS site. Accordingly, the
staff considers RAI 825, Question 02.04.11-2, resolved.

2.4.11.5

Post Combined License Activities

There are no post COL activities related to this section.

2.4.11.6

Conclusion

The staff reviewed the application and confirmed that the applicant has addressed the
information required and that no site characteristics related to low-water conditions apply to the
AP1000 design.
As set forth above, the applicant has presented and substantiated information relative to the
low-water effects important to the design and siting of this plant. The staff found that the
applicant has considered the appropriate site phenomena in establishing the design bases for
SSCs. The staff reviewed the information provided and, for the reasons given above, concluded
that the applicant has provided sufficient details about the site description to allow the staff to
evaluate, as documented in Section 2.4.11 of this report, whether the applicant has met the
relevant requirements of 10 CFR 52.79(a)(1) and 10 CFR Part 100 with respect to determining
the acceptability of the site. This addressed low-water considerations in COL Information
Item 2.4-3. The staff concludes that the applicant has provided sufficient information to satisfy
the applicable requirements of 10 CFR Part 52 and 10 CFR Part 100.

2.4.12

Groundwater

2.4.12.1

Introduction

This section of the WLS COL FSAR describes the hydrogeological characteristics of the site.
One of the key objectives of groundwater investigations and monitoring at this site is to evaluate
the maximum groundwater-surface elevation at the site, which is used in Section 2.5 of this
report to determine the effects of groundwater on the stability of the plant foundations and
slopes. The evaluation is performed to ensure that the maximum groundwater-surface elevation
remains less than the 29.9 m (98.0 ft) plant elevation. Other significant objectives are to
examine whether groundwater provides any safety-related water supply, to determine whether
dewatering systems are required to maintain groundwater-surface elevations below the required
elevation, and to describe subsurface pathways for potential groundwater contaminants.
The specific areas of review are as follows: (1) identification of the aquifers, types of onsite
groundwater use, sources of recharge, present withdrawals and known and likely future
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withdrawals, flow rates, travel time, gradients, and other properties that affect movement of
accidental contaminants in groundwater, groundwater-surface elevations beneath the site,
seasonal and climatic fluctuations, monitoring and protection requirements, and man-made
changes that have the potential to cause long-term changes in local groundwater regime;
(2) effects of groundwater-surface elevations and other hydrodynamic effects of groundwater on
the design bases of plant foundations and those of other SSCs important to safety; (3) reliability
of groundwater resources and related systems used to supply safety-related water to the plant;
(4) reliability of dewatering systems to maintain groundwater conditions within the plant’s design
bases; (5) potential effects of seismic and non-seismic information about the postulated
worst-case groundwater conditions for the proposed plant site; and (6) any additional
information requirements prescribed within the “Contents of Application” sections of the
applicable subparts of 10 CFR Part 52.

2.4.12.2

Summary of Application

This section of the WLS COL FSAR addresses groundwater conditions in terms of impacts on
structures and water supply. The applicant addressed information related to groundwater as
follows:
AP1000 COL Information Item
•

WLS COL 2.4-4

In addition, this section addresses the following COL-specific information identified in AP1000
DCD Section 2.4.1.4, Revision 19.
Combined License applicants referencing the AP1000 certified design will
address site-specific information on groundwater. No further action is required
for the sites within the bounds of the site parameter for groundwater.
License Condition
•

Part 10, License Condition 15, “Removal of Legacy Stormwater Drain Line”

The applicant proposed a license condition requiring that a single legacy Cherokee
project stormwater drain line (designed to transfer stormwater from the Cherokee power
block area to Hold-Up Pond A) and any associated bedding material representing a
potential preferential groundwater pathway be removed and the excavation backfilled
with compacted native soils.

2.4.12.3

Regulatory Basis

The relevant requirements of NRC regulations for groundwater, and the associated acceptance
criteria, are specified in NUREG-0800, Section 2.4.12.
The applicable regulatory requirements for groundwater are set forth in the following:
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•

10 CFR 52.79(a)(1)(iii), as it relates to identifying hydrologic site characteristics with
appropriate consideration of the most severe of the natural phenomena that have been
historically reported for the site and surrounding area and with sufficient margin for the
limited accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, as it relates to identifying and evaluating hydrological features of the
site. The requirement to consider physical site characteristics in site evaluations is
specified in 10 CFR 100.20(c).

The staff also used the acceptance criteria identified in NUREG-0800, Section 2.4.12:
•

Local and Regional Groundwater Characteristics and Use: The applicant should supply
a complete description of regional and local groundwater characteristics and
groundwater use, groundwater monitoring and protection requirements, and any
man-made changes with a potential to affect regional groundwater characteristics over a
long period of time.

•

Effects on Plant Foundations and other Safety-Related Structures, Systems, and
Components: The applicant should supply a complete description of the effects of
groundwater-surface elevations and other hydrodynamic effects on the design bases of
plant foundations and other SSCs important to safety.

•

Reliability of Groundwater Resources and Systems Used for Safety-Related Purposes:
The applicant should supply a complete description of all SSCs important to safety that
depends on groundwater, as well as data and analysis regarding the reliability of the
groundwater source.

•

Reliability of Dewatering Systems: The applicant should supply a complete description
of the site dewatering system, including its reliability to maintain groundwater conditions
within the groundwater design bases of SSCs important to safety.

•

Consideration of Other Site Related Evaluation Criteria: The applicant should supply an
assessment of the potential effects of seismic and non-seismic information about the
postulated worst-case scenario related to groundwater effects for the proposed plant
site.

The regulatory basis of the information incorporated by reference will be addressed in the staff’s
final safety evaluation report (FSER) related to the AP1000 certified design.

2.4.12.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.4.12 Revisions 0 to 7; corrections and additions
to the WLS COL FSAR submitted by the applicant as letters; and associated applicant
responses to RAIs issued by the staff. The conclusions of the review are current with, and
apply to, WLS COL FSAR Revision 11. However, frequent references are made to earlier WLS
COL FSAR revisions where necessary to explain the reasons for RAIs. The staff also checked
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the referenced AP1000 DCD and departures and supplements specified in the WLS COL
FSAR.
The staff reviewed COL Information Item 2.4-4 related to the provision of site-specific
information about groundwater at the plant site included under WLS COL FSAR Section 2.4.
For clarity, the technical evaluation is organized into six subsections, each addressing a specific
issue: conceptual model; offsite wells; aquifer properties; alternative pathways; maximum water
table level; and monitoring. Each subsection describes (1) the staff’s review of information and
analyses that the applicant provided in the WLS COL FSAR, (2) RAIs issued by the staff and
the applicant’s responses, and (3) the staff’s independent analysis, where needed for the
review.
Conceptual Model
Information Submitted by the Applicant
The applicant described its conceptual model of the hydrogeology of the site in WLS COL FSAR
Sections 2.4.12.1, 2.4.12.2, and 2.4.12.3. The site is located in the Piedmont physiographic
province and is underlain by metamorphic rocks of volcanic, intrusive, and sedimentary origin.
Groundwater may be obtained from fractures within the bedrock, but near the surface it occurs
under unconfined conditions in artificial fill materials, soil and saprolite that overlie bedrock, and
(partially weathered rock (PWR)). The PWR tends to have the highest hydraulic conductivity.
Groundwater originates from precipitation, which infiltrates in upland areas, then flows mostly
within the near-surface materials toward lower areas where it discharges to the Broad River, the
makeup ponds, and other small bodies of surface water. Groundwater supplies mostly
domestic wells in the area near the site. The applicant does not currently use or plan to use
onsite groundwater.
In response to four staff RAIs, the applicant provided additional details and clarifications related
to the rationale for the conceptual model, the impact of variable precipitation on groundwater
flow and direction, the role of seeps and springs, and the definition of the word “preferential.”
NRC Staff’s Technical Evaluation
The staff reviewed the applicant’s description of the site conceptual model. To better
understand the applicant’s rationale and support for the conceptual model, the staff issued
RAI 826, Question 02.04.12-1. In a December 11, 2008, response, the applicant provided an
overview of the methodology it used to develop the conceptual model of the site. The applicant
utilized regional data, Cherokee-era site data, and data collected as part of the WLS
characterization effort to characterize the key materials (i.e., fill; saprolite; residual soil; PWR).
When site-specific data did not exist, the applicant used literature values. Using the conceptual
model and groundwater well data, the applicant identified five potential flow paths between a
postulated leak at the nuclear island and the site boundary. In the initial WLS COL FSAR, the
applicant had identified only one path; in the current WLS COL FSAR, because of site grading
changes, the applicant reduced the number of plausible pathways from five to four. The
applicant provided additional details related to the flow paths in response to other WLS COL
FSAR RAIs. The applicant proposed to update the WLS COL FSAR with this new information
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about conceptual model identification. The staff notes that applicant included this information in
WLS COL FSAR Section 2.4.12.2, “Sources.” The staff concluded that the applicant’s
December 11, 2008, response to RAI 826, Question 02.04.12-1, was acceptable and considers
the question resolved.
To help understand how groundwater elevation and flow direction responded spatially and
temporally to precipitation, the staff issued RAI 826, Question 02.04.12-3. In a December 11,
2008, response, the applicant supplemented the onsite precipitation data for December 2005 to
November 2006 with data from 1950 to 2008 from the Greenville-Spartanburg Airport, located
72 km (45 mi) to the west. The applicant noted that precipitation was relatively evenly
distributed throughout the year, yet groundwater levels increased during the winter, reaching a
maximum in April and May, and decreased in summer, reaching a minimum in October and
November. The applicant attributed the seasonal effect to evapotranspiration, which is lowest in
winter and highest in summer. The staff notes that the applicant included this information in
WLS COL FSAR Section 2.4.12.2, “Sources.” The staff concluded that the applicant’s
December 11, 2008, response to RAI 826, Question 02.04.12-3, was acceptable and considers
the question resolved.
Using precipitation data from the Greenville-Spartanburg Airport, the staff concluded that
precipitation in 2005 was 8 percent above average (for the period 1950-2007), 15 percent below
average in 2006, and 37 percent below average in 2007. The applicant monitored groundwater
levels from April 2006 to April 2007. The staff concluded that those groundwater levels are
reflective of drier than average conditions. This issue is discussed further under the topic
“Maximum Water Table Level.”
To help understand the role of springs and seeps in groundwater discharge, the staff issued
RAI 826, Question 02.04.12-9. In a December 11, 2008, response, the applicant provided a
figure showing the locations of springs and seeps in relation to the WLS nuclear island. The
applicant stated that, in 1973, springs and seeps were observed in various locations across the
site, but predominantly in drainage channels. Cut-and-fill activities associated with the
Cherokee Nuclear Plant buried most of those locations. In 2006, springs and seeps were much
less prevalent and none was near the proposed site for the nuclear island. The applicant also
stated that the number of springs and seeps observed in 2006 may have been affected by the
excavation dewatering, which began in December 2005. The figure provided by the applicant
helped the staff to recognize the association of seeps with drainages and the proximity of those
drainages to the WLS nuclear island. This information was sufficient for the staff to perform and
complete its review. The staff concluded that the applicant’s December 11, 2008, response to
RAI 826, Question 02.04.12-9, was acceptable and considers the question resolved.
To clarify the applicant’s usage of the technical term “preferential” with regard to groundwater
flow, the staff issued RAI 70, Question 02.04.12-17. In a July 31, 2009, response, the applicant
agreed to use the term “limiting” in place of “preferential” when referring to the groundwater flow
path that represents the shortest travel time, and to revise the WLS COL FSAR accordingly.
The applicant also acknowledged the potential for buried Cherokee pipes to act as preferential
flow paths, in the sense that they may provide high-permeability paths for groundwater flow.
The applicant evaluated the expected post-construction groundwater surface and determined
that the pipe that runs from the nuclear power block area north to Hold-Up Pond A could be
below the future groundwater surface and therefore could act as a preferential pathway. The
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applicant proposed to update the WLS COL FSAR to explain the issue and stated that the
buried pipe and bedding material would be removed. The staff notes that the applicant included
this information in WLS COL FSAR Section 2.4.12.2, “Sources.” The staff concluded that the
applicant’s July 31, 2009, response to RAI 70, Question 02.04.12-17, was acceptable and
considers the question resolved.
Offsite Wells
Information Submitted by the Applicant
The applicant provided information about offsite wells in WLS COL FSAR 2.4.12.2. This
information was provided for the staff to identify potential groundwater pathways and determine
whether construction and operation of the WLS nuclear plants could affect offsite wells. In
response to two staff RAIs, the applicant provided additional information about the locations of
groundwater users near the site.
NRC Staff’s Technical Evaluation
The staff reviewed the applicant’s information about offsite wells. The staff concluded that
additional information was required to complete its evaluation of risks to offsite groundwater
users.
To help understand the locations of groundwater users near the site who might be at risk, the
staff issued RAI 826, Question 02.04.12-2. In a December 11, 2008, response, the applicant
provided information about well depth, well abandonment, and conversion to municipal water.
The applicant reported that only 3 of the 50 wells identified in the Cherokee Nuclear Station
Environmental Report were drilled deeper than 45.7 m (150 ft). Since 1985, the State of South
Carolina reported 22 wells drilled deeper than 45.7 m (150 ft) within 1.6 km (1 mi) of the WLS
site property boundary. The applicant provided information from the Draytonville Water District
showing that 55 percent of residents within 3.2 km (2 mi) of the reactor buildings had connected
to the public water supply and that, based on planned expansion, service would be available to
83 percent of residents in 2009. The applicant stated that it did not detect a trend to abandon
existing wells.
The staff noted that all of the public wells are more than 0.8 km (0.5 mi) from the proposed
nuclear island. In addition, all of the 22 wells drilled to deeper than 45.7 m (150 ft) since 1985
are more than 1.6 km (1 mi) from the proposed nuclear island and all are separated from the
WLS nuclear island by a water body (i.e., the Broad River; Make-Up Pond A; Make-Up Pond B).
Therefore, the staff concluded that it is unlikely that groundwater uptake would be directly
involved in a groundwater radionuclide pathway. The staff concluded that the applicant’s
December 11, 2008, response to RAI 826, Question 02.04.12-2, was acceptable and considers
the question resolved.
To help understand potential risks to groundwater users near the site, the staff issued RAI 826,
Question 02.04.12-7. In a December 11, 2008, response, the applicant stated that WLS COL
FSAR Figure 2.4.12-202 was developed using data from the period from 1976 to 1985 during
which the Cherokee Nuclear Station was dewatering the excavation. The staff notes that
annual precipitation during this period ranged from 72 to 134 percent of normal, suggesting that
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the groundwater observations span a reasonable range of precipitation conditions. The
applicant stated that the [name withheld] well is located 1,524 m (5,000 ft) south of the nuclear
island. At that distance, the well is outside the zone of influence of the construction dewatering.
The applicant stated that the Piedmont aquifer consists of porous material above continuous
bedrock and because there are no confining layers, the [name withheld] well likely produces
water from the same unconfined aquifer as that which exists at the WLS site. The applicant
proposed adding the offsite well information to the WLS COL FSAR to support the assumptions
that offsite wells are not a potential contaminant transport pathway and that the wells would not
be affected by construction and operation of the WLS reactors. The staff notes that the
applicant included this information in WLS COL FSAR Section 2.4.12.2, “Sources.” The staff
concluded that the applicant’s December 11, 2008, response to RAI 826, Question 02.04.12-7,
was acceptable and considers the question resolved.

Aquifer Properties
Information Submitted by the Applicant
The applicant provided information about the properties of aquifers at the site in WLS COL
FSAR Section 2.4.12.2.4, and additional information in WLS COL FSAR 2.5.4. Aquifer
materials described were the artificial fill, soil and saprolite, PWR, and fractured bedrock.
Properties of particular interest to the staff were hydraulic conductivity, total porosity, and
effective porosity. These properties are primary influences on the direction and velocity of
groundwater movement in the subsurface, and are among the major influences on movement of
radionuclides that move with groundwater. Retardation of radionuclide movement by interaction
with aquifer materials is discussed below in Section 2.4.13. In response to four staff RAIs, the
applicant provided additional information about the methods used to determine porosity and
effective porosity, the decrease of hydraulic conductivity with increasing depth, and the selection
of a conservative hydraulic conductivity value for calculations of groundwater velocity.
NRC Staff’s Technical Evaluation
The staff reviewed information provided by the applicant about the hydraulic properties of
aquifer materials. The staff concluded that additional information about aquifer properties was
required to support its evaluation of maximum groundwater levels and the direction and velocity
of radionuclide movement with groundwater.
To clarify the methods used by the applicant to determine porosity, and to allow staff to evaluate
the reasonableness of measured and estimated porosity values, the staff issued RAI 826,
Question 02.04.12-4. In a December 11, 2008, response and subsequent May 12, 2009,
response, the applicant stated that it had estimated the effective porosity for fill and a mix of
residual soil and saprolite to be 0.09 and 0.20, respectively, using a USGS method that required
particle size data. The applicant estimated the effective porosity for the PWR to be 0.08 by
measuring the liquid drained from a single PWR sample. The staff reviewed and confirmed the
calculations. The applicant compared the average hydraulic conductivity and effective porosity
values of soil/saprolite and PWR at the WLS site to those at the Catawba Nuclear site, which is
located in a similar piedmont region about 32 km (20 mi) to the east. Average hydraulic
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conductivities at the WLS site were 17 and 55 percent less for soil/saprolite and PWR,
respectively, than at the Catawba site. The average effective porosity of the soil/saprolite at the
WLS site was 77 percent of the value at Catawba. The average effective porosity of the PWR
at WLS was 45 percent greater than that at Catawba. The applicant proposed to update WLS
COL FSAR Tables 2.4.12-203 and 2.4.12-204. Subsequently, the applicant deleted WLS COL
FSAR Table 2.4.12-203 because the information was contained in the text and in WLS COL
FSAR Table 2.5.4-211. The staff notes that the applicant included this information in WLS COL
FSAR Section 2.4.12.2, “Sources,” and WLS COL FSAR Section 2.5.4, “Stability of Subsurface
Materials and Foundations.” The staff concluded that the applicant’s December 11, 2008, and
May 12, 2009, responses to RAI 826, Question 02.04.12-4, were acceptable and considers
these questions resolved.
The applicant estimated the effective porosity of the PWR by saturating the sample, then
allowing it to drain; the volume of the liquid that drains provides a measure of the effective
porosity. This method is typically unable to drain all liquid that would normally drain in a field
setting, thus the method underestimates effective porosity. The staff notes that the effective
porosity of the PWR material is based on the measurement results for a single sample.
However, comparison with the effective porosity at other sites shows it to be consistent. The
staff concluded that using the effective porosity value, determined using the method described
above, would be conservative for use in calculating travel time.
To clarify the source and validity of certain parameter values presented by the applicant, the
staff issued RAI 826, Question 02.04.12-5. In the December 11, 2008, response, the applicant
identified grain size distribution, specific gravity, unit weight of soil and hydraulic conductivity as
parameters that were measured using American Society for Testing and Materials procedures.
The applicant identified total porosity and effective porosity as parameters that were calculated
or estimated based on the values of other parameters. Total porosity was estimated using the
dry unit weight and specific gravity of the soil and unit weight of water. Effective porosities of fill,
soil, and saprolite were estimated using grain size distribution. The effective porosity of PWR
was estimated using the saturated and drained unit weights. The staff reviewed the procedures
and confirmed the calculations. The applicant proposed to update the WLS COL FSAR with this
information about porosity estimation. The staff notes that the applicant included this
information in WLS COL FSAR Section 2.4.12.2, “Sources,” and WLS COL FSAR Section 2.5.4,
“Stability of Subsurface Materials and Foundations.” The staff concluded that the applicant’s
December 11, 2008, response to RAI 826, Question 02.04.12-5, was acceptable and considers
the question resolved.
To clarify the basis for an observed decrease in hydraulic conductivity with increasing depth, the
staff issued RAI 826, Question 02.04.12-10. In a December 11, 2008, response, the applicant
provided two figures, one showing the 1970s hydraulic conductivity data and the other the 2006
data. Both sets of data show that hydraulic conductivity of the PWR decreases with increasing
depth. The applicant did not adjust or rectify the depths for different ground-surface elevation
during these two periods. The applicant identified conservative values of hydraulic conductivity
to be used in calculating travel time. For each material, the applicant defined the conservative
hydraulic conductivity to be the geometric mean of all values above the median value for that
material. For the PWR, the applicant used a slightly higher value (1.4×10-3 cm/s versus
1.0×10-3 cm/s (3.97 ft/day to 2.83 ft/day)) that was obtained in 2006 from an aquifer test
conducted along the flow path expected to have the shortest travel time (i.e., the one going
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north from the proposed Unit 2 to the Broad River). The staff examined the figures provided by
the applicant and confirmed that conductivity in the PWR decreases with depth. The staff
considered the conductivity data and agreed that the value used for the PWR is conservative for
travel-time calculations. The applicant proposed to update the discussion of hydraulic
conductivity in the WLS COL FSAR. The staff notes that the applicant included this information
in WLS COL FSAR Section 2.4.12.2, “Sources.” The staff concluded that the applicant’s
December 11, 2008, response to RAI 826, Question 02.04.12-10, was acceptable and
considers the question resolved.
To clarify what value of hydraulic conductivity should be used for conservative calculations of
groundwater velocity, the staff issued RAI 70, Question 02.04.12-16. In a July 31, 2009,
response, the applicant explained that tests conducted in the 1970s for the Cherokee site
investigation provided results for unconsolidated material, which was a label that referred to the
aquifer material without discriminating between soil, alluvium, saprolite, and PWR. The
applicant described the current site conceptual model in terms of specific material
(e.g., saprolite, PWR) rather than the bulk “unconsolidated material.” The applicant further
explained that the PWR was the most transmissive material and that the hydraulic conductivity
value of 1.4×10-3 cm/s (3.97 ft/day) was nine times greater than the median value. The
applicant proposed to update the discussion of hydraulic conductivity in the WLS COL FSAR
and clarify the data support and property estimates. The staff notes that the applicant included
this information in WLS COL FSAR Section 2.4.12.2, “Sources.” The staff concluded that the
applicant’s July 31, 2009, response to RAI 70, Question 02.04.12-16, was acceptable and
considers the question resolved.
Alternative Flow Paths
Information Submitted by the Applicant
The applicant identified a single bounding groundwater pathway that could carry radionuclides
from a postulated release to locations where groundwater could discharge to surface water by
which members of the public could be exposed. Groundwater originates from precipitation that
infiltrates into soil in upland areas. It then moves generally down slopes toward the Broad River
and other surface-water bodies. The applicant did not describe how the bounding pathway was
identified and did not evaluate alternative pathways.
In response to four staff RAIs, the applicant provided additional details regarding alternative
groundwater pathways, the geologic materials along those pathways, and the impact of
temperature and dissolved solids on flow along groundwater pathways, and hydraulic gradients
along those pathways.
NRC Staff’s Technical Evaluation
To ensure that all possible groundwater flow paths are being considered, the staff issued
RAI 826, Question 02.04.12-8. In a December 11, 2008, response, the applicant stated that
WLS COL FSAR Figure 2.4.12-204, Sheet 8, which shows post-construction water table
conditions, was produced from knowledge of 1973 groundwater conditions and the current
water table. Using the same figure, the applicant identified five alternative conceptual flow
paths from the nuclear island to the accessible environment. Subsequently, after revising the
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site layout and drainage plan, the applicant reduced the number of pathways to the four shown
in WLS COL FSAR Table 2.4.12-1. The applicant identified Pathway 1 as the limiting flow path,
meaning the most conservative pathway with respect to predicting the fastest contaminant
movement. The staff notes that the applicant included this information in WLS COL FSAR
Section 2.4.12.3, “Groundwater Movement.” The staff concluded that the applicant’s
December 11, 2008, response to RAI 826, Question 02.04.12-8, was acceptable and considers
the question resolved.
The staff determined that there was uncertainty in the geologic materials that are present along
each plausible groundwater pathway. The staff also determined that the major materials, the
soil, saprolite, and PWR, were all exposed in the existing excavation and that a postulated leak
could enter any of these materials. To address these issues, the staff issued RAI 70,
Question 02.04.12-15. In a December 18, 2009, response, the applicant assumed the presence
of PWR (the most highly conductive of the three materials) for all pathways. Table 2.4.12-1 of
this report shows the corresponding travel-time estimates are shorter and that Pathway 1, from
Unit 2 to Hold-Up Pond A, has the shortest travel time and would therefore represent the most
conservative pathway to use for the transport analysis in WLS COL FSAR Section 2.4.13. The
applicant stated that a storm drain system (DRS) would be designed to route runoff from the
nuclear power block area to reduce the potential for flooding. The applicant does not expect the
DRS to cause any other groundwater pathway to have a shorter travel time than Pathway 1.
The staff notes that the applicant included this information in WLS COL FSAR Section 2.4.12.2,
“Sources.”
Table 2.4.12-1 Pathway Descriptions and Travel-Time Estimates (for WLS COL FSAR Revision 1,
actual geology was used; for WLS COL FSAR Revision 7, the geology for all pathways was
assumed to be the PWR material)

Estimated Travel Time (yr)
Pathway
Number

Groundwater Pathway
Description

WLS COL FSAR
Revision 1

WLS COL FSAR
Revision 7

1

Unit 2 to Hold-Up Pond A

7.2

1.6

2

Unit 2 to the Broad River

2.8

2.7

3

Unit 2 to Make-Up Pond A

23

4.0

4

Unit 1 to Make-Up Pond B

9.8

5.5

The staff evaluated the pathways identified by the applicant and determined that they
adequately represent the plausible pathways to each of the major water bodies. The travel
paths are conservatively evaluated as straight lines rather than the curved flow paths indicated
by the groundwater contour map. Post-construction water table elevations might cause slight
differences in groundwater flow and direction, but any change from a straight line would only
elongate the travel path and lengthen the travel time. Groundwater gradients would also be
affected by post-construction water table elevations. For the travel-time estimates in
Table 2.4.12-1 of this report, the applicant used its estimate of the maximum water table
elevation of 178 m (584 ft) above MSL to calculate the gradient. The staff considers this choice
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conservative with respect to calculation of the groundwater gradient. The staff notes that the
applicant included this information in WLS COL FSAR Section 2.4.12.3, “Groundwater
Movement.” The staff concluded that the applicant’s December 18, 2009, response to RAI 70,
Question 02.04.12-15, was acceptable and considers the question resolved.
Liquid released from the liquid waste management system could have a higher temperature and
different content of dissolved solids than ambient groundwater. To address the possibility that
this might affect groundwater flow paths, the staff issued RAI 826, Question 02.04.12-12. In a
December 11, 2008, response, the applicant responded that the leaked fluid would have a total
dissolved solids (TDS) content of less than 1 ppm. The applicant stated that any physical
properties of the leaked fluid that differed from groundwater conditions would quickly dissipate
relative to the travel time. That is, the leaked fluid would quickly take on the physical
characteristics of groundwater and, therefore, would neither preferentially rise nor sink as it
moved away from the nuclear island.
The staff examined AP1000 DCD Table 5.2-2, which lists the reactor coolant water chemistry
specifications. AP1000 DCD Table 5.2-2 suggests the TDS could be as high as 2 parts per
million (ppm) if all constituents were at their maximum values. Even if the TDS was 2 ppm, the
concentration would still be much lower than the average groundwater TDS of 107 ppm. At the
average groundwater temperature of 17ºC (63ºF), the density difference between liquids with
2 and 107 ppm would be less than 0.01 percent. However, the temperature in the effluent
holding tank could be much higher than the ambient groundwater temperature. AP1000 DCD
Table 11.2-2 lists the design temperature of the effluent hold-up tanks as 65.6ºC (150ºF). The
density of a liquid at that temperature and with a TDS of 2 ppm would be almost 2 percent less
than the density of groundwater at the WLS site. Such a density difference could lead to
buoyancy and affect hydraulic conductivity until the temperature difference dissipated. During
that time, the buoyant leaked fluid could rise into shallower aquifer material and potentially travel
via an alternate pathway. The staff considered the finite volume of leaked fluid and believes the
temperature difference would dissipate quickly such that the fluid properties would resemble
those of the ambient groundwater. Furthermore, if the initial properties of the leaked liquid
caused it to flow upward or downward into an alternate flow path, the aquifer materials above
and below are less transmissive than the PWR, which is the only material considered in the flow
paths analyzed by the applicant. Since the leaked fluid properties exist for a limited time and
only in the vicinity of the reactor buildings, and because alternate pathways would have less
transmissive properties, the staff concludes that including a separate alternative pathway is not
warranted. The staff concluded that the applicant’s December 11, 2008, response to RAI 826,
Question 02.04.12-12, was acceptable and considers the question resolved.
To clarify what groundwater elevations and travel distances should be used in calculating
groundwater gradients, the staff issued RAI 826, Question 02.04.12-13. In a December 11,
2008, response, the applicant revised its estimate of the maximum groundwater elevation
upward from 176.5 to 178.0 m (579 to 584 ft) above MSL based on the maximum height of
water in the excavation, 176.5 m (579 ft) above MSL, and its expectation that seasonal
groundwater variation would be approximately 1.5 m (approximately 5 ft). In subsequent
updates to the WLS COL FSAR, the applicant estimated the distance from Unit 2 to the nearest
edge of Hold-Up Pond A to be 405 m (1,330 ft). The applicant estimated the groundwater
gradient to be 0.0368 between Unit 2 and Hold-Up Pond A and 0.036 between Unit 2 and the
Broad River. The staff notes that the applicant updated WLS COL FSAR Figure 2.4.12-208 with
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the information necessary to calculate groundwater gradients. The staff concluded that the
applicant’s December 11, 2008, response to RAI 826, Question 02.04.12-13, was acceptable
and considers the question resolved.
Maximum Groundwater Elevation
Information Submitted by the Applicant
The maximum allowable groundwater elevation is specified as a site parameter in the AP1000
DCD and is defined in the WLS COL FSAR to be less than plant elevation 29.87 m (98 ft). The
initial WLS COL FSAR established the plant elevation to be equivalent to the local elevation of
179.83 m (590 ft) above MSL. Therefore, the maximum allowable groundwater elevation was
limited by the AP1000 DCD requirement to be less than 179.22 m (588 ft) above MSL.
Throughout most of the staff review period, the maximum allowable groundwater elevation
remained unchanged, thus, most of the following discussion refers to maximum groundwater
elevation of 179.22 m (588 ft) above MSL.
Due to of changes to the site layout and grading, the current WLS COL FSAR establishes plant
elevation to be 180.7 m (593 ft) above MSL. Therefore, the maximum allowable groundwater
elevation is limited by the AP1000 DCD requirement to be less than 180.14 m (591 ft) above
MSL.
In the earlier versions of the WLS COL FSAR, the applicant stated that the maximum actual
groundwater elevation was expected to be 178.00 m (584 ft) above MSL. The applicant based
this maximum actual groundwater elevation on the pre-development groundwater elevations,
anticipated land-surface elevations, elevations of surface-water bodies such as the make-up
ponds, water elevation in the excavation left after Cherokee plant construction, and seasonal
groundwater levels observed in monitoring wells.
In response to five staff RAIs, the applicant provided additional information about establishing
the maximum groundwater elevation, characterizing the post-construction groundwater
elevations, site grading and drainage. Based on all the information made available, the
applicant conducted groundwater modeling to estimate the maximum groundwater elevation.
The highest modeled groundwater elevations near the plant were 179.0 and 179.1 m (587.2 and
587.5 AP1000 DCD ft) above MSL.
NRC Staff’s Technical Evaluation
The staff reviewed the applicant’s information and analysis related to groundwater levels. The
staff paid particular attention to the approach that the applicant used to estimate maximum
post-construction groundwater levels. The staff concluded that this approach, while valid in a
broad sense, relied too much on generalizations and individual judgment to predict maximum
groundwater levels accurately enough to ensure that the AP1000 DCD requirement would be
met. To obtain more exact information, the staff issued a series of RAIs to examine the bases
of the applicant’s groundwater level estimates and to examine the applicability of alternative
calculation techniques. Discussion of these RAIs is organized into the four following
unnumbered sections corresponding to the principal topics addressed by the RAIs.
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Initial Non-Modeling Estimates of Groundwater Elevations
To examine the value of using water marks left by water in the excavation as indicators of
groundwater level, and related topics, the staff issued RAI 826, Question 02.04.12-6. In a
December 11, 2008, response, the applicant stated it did not have a precise record of the
dewatering activities previously carried out during the construction of the Cherokee Nuclear
units, and did not know whether there were any dewatering activities during the period after
Cherokee construction ceased and before December 2005, when the applicant initiated
dewatering of the Cherokee excavation pit. The applicant provided aerial photographs for
two dates, February 1994 and February 2005, which show water levels in the excavation pit
relative to the Cherokee structures. The applicant used a topographic survey conducted in
2006 to estimate that water-surface elevation in the excavation pit varied between 175.0 and
176.5 m (574 and 579 ft) above MSL from 1994 through 2005. The applicant noted that the
average groundwater level fluctuation during the period from April 2006 to April 2007 was 1.4 m
(4.5 ft). The applicant estimated, given that the high-water mark in the excavation was
determined to be 176.48 m (579 ft) above MSL, the design groundwater elevation to be
176.5±1.5 m (579±5 ft) above MSL, which allows for a 1.5 m (5 ft) seasonal variation over the
high-water mark. The current WLS COL FSAR contains this information.
The applicant presented evidence of water levels in the excavation to justify the selection of
178.0 m (584 ft) above MSL as the maximum water table elevation. The staff concluded that
the water levels were controlled by the net lateral flux of groundwater and by precipitation and
open-water evaporation. Groundwater flow away from the excavation has been facilitated, in
part, by the presence of preferential flow paths created by the stormwater drains emplaced
during Cherokee-era construction. The applicant acknowledged such preferential paths exist
and committed to removing those drains.
•

WLS Proposed License Condition 15: Prior to fuel load, the licensee shall confirm that a
single legacy Cherokee project stormwater drain line (designed to transfer stormwater
from the Cherokee power block area to Hold-Up Pond A) and any associated bedding
material representing a potential preferential groundwater pathway have been removed
and the excavation has been backfilled with compacted native soils.

Due to of uncertainty in the water balance of the excavation, the staff does not consider
information regarding water levels sufficient to estimate the maximum water table level.
To understand how the applicant had estimated the post-construction configuration of the
groundwater surface, and the factors that would control the post-construction groundwater
surface at the site, the staff issued RAI 826, Question 02.04.12-14. In a December 11, 2008,
response, the applicant reiterated that its estimated post-construction groundwater levels are
based on the current water table and pre-construction water table. Water table elevations are
expected to conform generally to the surface topography, as modified by WLS construction.
The applicant did not recommend modeling of groundwater at the time of the response. The
applicant expected to implement a groundwater monitoring program after construction.
To obtain additional information necessary for understanding the data and methods that the
applicant used to estimate the post-construction configuration of the groundwater surface, the
staff issued RAI 17, Question 02.04.12-19. In a September 30, 2010, response, the applicant
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provided information about its conceptual model of the post-construction conditions, backfill
materials, site grading and drainage, ground cover and stormwater management, and
post-construction groundwater flow conditions and maximum groundwater level.
The applicant reiterated that the site conceptual model would be consistent with the Piedmont
Master Conceptual Model of LeGrand. In that conceptual model, groundwater is controlled by
surface drainages and a two-layer slope-aquifer system in which the aquifer consists of residual
soil and saprolite overlying weathered and unweathered bedrock.
The applicant stated that the excavation would be filled with engineered backfill around each of
the two nuclear islands and extending outward to form the foundation support of the adjacent
buildings. Although the exact properties of the engineered fill are yet to be determined, the
applicant stated that the hydraulic conductivity would be 10 to 100 times greater than that of in
situ residual soil and saprolite. In WLS COL FSAR Section 2.5.4, the applicant stated that the
hydraulic conductivity of the engineered fill would fall between 0.00501 cm/s (14.2 ft/day) and
0.0750 cm/s (212.6 ft/day). This range of values is greater than the conservative value of
0.00140 cm/s (3.97 ft/day) for the hydraulic conductivity of the PWR. The applicant provided
WLS COL FSAR Figure 2 to show the area receiving the engineered fill. Backfill in the areas
beyond the engineered fill would be compacted residual soil and saprolite material with
conductivity slightly lower than undisturbed residual soil and saprolite, so somewhat less than
1.1×10-4 cm/s (0.32 ft/day). The staff considers these values sufficiently similar to values for the
surrounding material such that groundwater conditions would not be appreciably altered.
The applicant stated that the surface around the WLS site is relatively flat and gently slopes
away from the plant. The applicant stated that surface topography would be graded to facilitate
stormwater runoff away from safety-related structures.
The applicant stated that the 179.2 m (588 ft) above MSL contour that surrounds the nuclear
power block areas would enclose an area of 26.5 ha (65.4 ac). Of that, 15.4 percent (4.1 ha
(10.1 ac)) would be impervious surfaces such as roads and parking lots and 20 percent (5.2 ha
(12.9 ac)) would be semi-impervious compacted gravel (or similar hardscaped material) that
reduces infiltration and promotes runoff. Stormwater runoff from the impervious and
semi-impervious areas would be collected in the DRS and routed away from the nuclear power
block area to reduce the potential for flooding. About 11.8 percent (3.1 ha (7.7 ac)) of the area
would be buildings. Precipitation that falls on those buildings would be collected by a roof drain
collection system and routed through downspouts into the DRS piping network. The remaining
area, about 53 percent (14 ha (34.7 ac)), would be a grass surface cover. The applicant
provided a figure that shows that the grass area would surround, but not occur within, the
nuclear power block area.
The applicant considered post-construction groundwater conditions and concluded that the
structures would not significantly affect groundwater flow. The applicant stated that the high
conductivity of the engineered backfill would help equilibrate any local groundwater perturbation.
The applicant reiterated that Cherokee-era drains that could affect groundwater would be
removed. The applicant concluded that the post-construction groundwater flow would return to
conditions consistent with the Piedmont Master Conceptual Model. The applicant proposed to
update the WLS COL FSAR with this information about the data and methods used to estimate
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the post-construction configuration of the groundwater surface. The staff confirmed that the
changes were included in WLS COL FSAR.
The staff reviewed the material provided by the applicant. The key reference, LeGrand,
provides a synthesis of knowledge related to natural conditions in the Piedmont and can be
used to understand the hydrology of the WLS site prior to Cherokee construction. LeGrand
does not provide guidance when a site has been significantly altered. The cut-and-fill
operations that occurred during Cherokee construction reworked the topography and
hydrogeology so extensively that it no longer resembles a typical Piedmont setting. The
buildings and extensive impervious surfaces of the WLS site will further diminish the
resemblance to a typical Piedmont setting. Thus, generalizations based on LeGrand are not
entirely applicable to the WLS site.
The staff considered the post-construction surface conditions provided by the applicant. Runoff
and roof drainage are routed to the DRS network, but the terminus of the network is unknown.
The termination of the DRS network in the drainages that surround the plant could lead to
increased recharge in these areas. The applicant stated that 20 percent of the nuclear power
block area would be semi-impervious and 53 percent of the area around the nuclear power
block would be grass, but no estimate of recharge was provided for either area. Given the
properties of residual soil and saprolite, an average recharge rate of 5.1 cm/yr (2 in/yr) could be
sufficient for groundwater to rise to the surface.
The applicant proposed to update the WLS COL FSAR with respect to water table elevation
calculations, backfill properties, qualitative descriptions of surface conditions, and a description
of a roof drainage system. The staff reviewed the WLS COL FSAR and confirmed that the
applicant made the proposed changes. However, staff considered the issue of the maximum
water table elevation unresolved; with the resolution of this issue is discussed below.
Recharge Rates and Initial Modeling of Groundwater Elevations
The staff requested estimates of the maximum post-construction groundwater level that is
based on anticipated post-construction recharge rates associated with the main surface features
and potential groundwater mounds beneath the cooling towers and drainage ditches to better
understand how the post-construction groundwater surface would respond.
To obtain additional information needed for the staff’s review of the maximum groundwater
level, the staff issued RAI 94, Question 02.04.12-20. In a May 18, 2011, response, the
applicant provided information to support the view that the post-construction groundwater
elevation would not exceed 179.2 m (588 ft) above MSL. The new information consisted of
(1) estimates of annual average and maximum recharge rates, (2) a one-dimensional (1-D)
analytical method to estimate water table fluctuations in response to recharge, and (3) a quasi
two-dimensional (2-D) semi-analytical method to estimate water table fluctuations in response to
recharge.
The applicant used annual values of precipitation, evaporation, and runoff to estimate an
average annual recharge rate of 13 cm/yr (5.1 in/yr) and a maximum post-construction recharge
rate of 21 cm/yr (8.2 in/yr). Recharge is a very site-specific process and the rate of recharge
must be estimated for specific soil and vegetation conditions. For example, recharge into an
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unvegetated surface material (e.g., each of the semi-impervious materials described in the WLS
COL FSAR) is expected to differ from recharge into grass-covered fill material. Recharge is
also dependent on event-specific weather conditions and could be underestimated if processes
such as precipitation, evaporation, runoff, and transpiration are represented as annual average
values. Given the information presented by the applicant, the staff could not determine whether
the proposed values are appropriate to represent the post-construction conditions at the
proposed WLS site.
The applicant used a 1-D analytical method based on specific yield to estimate groundwater
fluctuation. The applicant noted that the specific yield estimate for well MW-1215 was 0.0041,
but claimed that it would underestimate recharge and substituted effective porosity for specific
yield in the analysis. For fill, soil/saprolite, and PWR, the effective porosities are 0.09, 0.2, and
0.08, respectively. Using the average effective porosity of 0.145 for fill and soil/saprolite
((0.09+0.20)/2) = 0.145), the COL applicant estimated a 1.43 m (4.7 ft) groundwater rise for the
maximum recharge event of 21 cm (8.2 in.) (i.e., the entire annual recharge amount occurred in
a single event). Assuming the event occurred when the water table started at 175.7 m (576.5 ft)
above MSL (pre-construction elevation in excavation), the final groundwater elevation was
estimated by the applicant to be 177.2 m (581.2 ft) above MSL. Had the applicant used the
actual specific yield of 0.0041 (from well MW-1215), the estimated rise in groundwater level
would have been more than 30 m (100 ft) in excess of the AP1000 DCD level of 179.2 m (588
ft) above MSL. The applicant did not address possible variations in specific yield and did not
justify the conservativeness in its estimate of specific yield. The staff identified additional
questions relating to specific yield or effective porosity is the appropriate parameter by which to
characterize water table fluctuation when groundwater as near the soil surface.
The applicant also used a 2-D semi-analytical method described by Park and Parker to estimate
groundwater fluctuations in response to precipitation that varies over time. The applicant
applied the method by representing the maximum recharge event (21 cm/yr (8.2 in/yr)) with
four 5.21 cm (2.05 in.) events on four separate days distributed somewhat evenly throughout
the year. The applicant estimated the model parameters but did not calibrate the model to the
actual WLS site. The applicant estimated the maximum water table rise to be 0.37 m (1.2 ft).
The applicant’s analysis appeared to assume that temporary mounding above the AP1000 DCD
value for maximum groundwater level was not a problem, whereas the regulatory requirement is
that the maximum groundwater elevation must be less than AP1000 DCD value at all times.
Groundwater Modeling Using MODFLOW: Model Conditions
After the initial estimation of maximum groundwater elevations as described above, the
applicant estimated post-construction groundwater elevations by conducting computer modeling
using the MODFLOW program.
Additional information relevant to groundwater modeling was provided in the applicant’s
November 22, 2011, response to RAI 484, Question 10.04.05-2. Although this RAI requested
information about Standard Review Plan (SRP) Section 10.04.05, Circulating Water System, the
response also contained information about changes to site surface grading and drainage. This
information is relevant because the configuration of the land surface is one of the inputs for
groundwater modeling. In this response, the applicant stated that the ridge to the northwest of
Unit 1 and the two cooling-tower berms would be removed. Site grading in the area of the
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nuclear power block would be reshaped to promote drainage away from the nuclear island. The
surface would grade down to the 178.8 m (586.5 ft) elevation of the vehicle barrier system that
would surround the two units. Beyond the vehicle barrier system, the surface would grade down
0.3 to 0.5 m (1 to 1.5 ft) before it engages steeper slopes to the adjacent water bodies.
The applicant provided a second response to RAI 94, Question 02.04.12-20, on November 22,
2011, in which the applicant used groundwater simulations to demonstrate that the AP1000
DCD requirement regarding the maximum groundwater level would be met. The applicant
conducted seven groundwater simulations using MODFLOW 2000, Version 1.19.01, embedded
in the pre- and post-processing package called Groundwater Vistas.
For the simulations, the applicant established an initial potentiometric surface, an extreme
precipitation event, model domain, material properties, boundary conditions, a base case and
set of sensitivity cases, and six observation points around the perimeter of both units.
Based on the new site grading and drainage plan, the placement of impervious surfaces, and
knowledge of groundwater hydrology in the Piedmont and at the WLS site, the applicant
updated the post-construction potentiometric surface map. The new map shows groundwater
levels grading from 176.8 m (580 ft) above MSL along the south end of the reactor area to
173.7 m (570 ft) above MSL along the north end.
For the extreme event, the applicant chose Tropical Storm Jerry, which occurred in August
1995. The total precipitation received at the Greenville-Spartanburg Airport during the 47-hour
storm was 36.75 cm (14.47 in.). During a single day of that storm, 31.29 cm (12.32 in.) of rain
was received, which is the highest 24-hour total in the 45-year record and far exceeds the next
highest 24-hour amount of 15.77 cm (6.21 in.) received in September 1972.
The applicant set up the model domain as a square, 914 m (3,000 ft) on each side, centered on
the two units and encompassing the vehicle barrier system. Table 2.4.12-2 of this report shows
the hydraulic parameters were assigned according to the geologic descriptions in the WLS COL
FSAR. For each material, the applicant used the median values for hydraulic conductivity and
specific yield. For building foundations and vehicle barrier system, the applicant assumed
values that were much lower than those for the geologic materials.
Table 2.4.12-2 Hydraulic Parameters Used in the MODFLOW Simulations

Material
Building Foundations
Granular Backfill

Hydraulic
Conductivity
(cm/s [ft/day])
3.53 x 10-8 (0.0001)
0.011 (31.18)

Specific Yield
(-)
0.001
0.20

Soil Backfill

5.39 x 10-5 (0.1528)

0.09

Soil/Saprolite

1.14 x 10-4 (0.3232)

0.20

Partially Weathered
Rock

1.53 x 10-4 (0.4337)

0.08
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The boundary conditions were defined for the base of the domain, the sides (groundwater inflow
and outflow), and the top in the form of recharge. The base of the model domain was assumed
to be no flow. The sides of the model domains were represented with a constant head
boundary on the south side of the domain and general head boundaries along the remainder of
the domain.
Water input at the top of the model domain was defined by the precipitation event and the
runoff-recharge relationship for each surface condition. The precipitation event was modeled as
three events. First, a 47-hour storm was applied at rates equivalent to 40 percent of those for
Tropical Storm Jerry. Second, a period of 72 hours with no precipitation was imposed to allow
the groundwater to equilibrate to the precipitation just received. Finally, the hourly precipitation
record of Tropical Storm Jerry was applied.
Precipitation received at the surface was partitioned into runoff according to methodology
described by the USDA. The USDA method relies on knowledge of the surface condition, soil
type, and vegetation. For each of the 22,576 model cells, the applicant assigned one of the
following surface types: buildings; roads; vehicle barrier system; hardscape; grass; and brush.
For each surface type, the applicant selected a runoff curve number from the tables provided by
USDA and used it to represent the percentage precipitation that would run off. In the case of
the grass cover, the applicant added the runoff from buildings, roads, and vehicle barrier system
to the amount of precipitation before calculating runoff from grass.
The applicant assumed no interim water storage on the surface such that water that did not run
off infiltrated the surface. The applicant assumed no evapotranspiration and no time delay as
water moved through the vadose zone to the groundwater. Thus, the applicant used the
infiltration rate to define the upper recharge boundary condition.
Groundwater Modeling Using MODFLOW: Results of Simulations
The applicant conducted seven simulations. For the base case (Run 1), it used the projected
post-construction potentiometric surface, median hydraulic parameters, and Type B soils
(per USDA). The six sensitivity cases examined the impact of a higher initial potentiometric
surface (Run 2), lower conductivity values (Run 3), minimum specific yield values (Run 4),
maximum specific yield values (Run 5), Type A (instead of Type B) soils (Run 6), and a
combination that included lower conductivities and specific yields and Type A soils (Run 7).
The base case results showed that the highest groundwater elevations occurred at the
two observation points on the south side of the units. The highest elevation, 177.4 m (582.2 ft)
above MSL, occurred just to the southwest of Unit 1. Just to the north of the units, the
groundwater elevations are around 175.3 m (575 ft) above MSL. For the sensitivity cases, the
highest groundwater elevations always occurred at the two southern observation points. Runs 2
and 7 yielded the highest overall elevations, 179.0 and 179.1 m (587.2 and 587.5 ft) above
MSL, respectively. The applicant stated that its analysis demonstrated compliance with the
AP1000 DCD site parameter criteria for maximum groundwater level of 149 m (588 ft) above
MSL. The applicant provided a copy of all MODFLOW input files to the staff.
The staff examined the proposed site grading and drainage plans and believes it would
significantly enhance the ability of the site to increase runoff, reduce recharge, and reduce the
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potential for groundwater to rise above the AP1000 DCD limit of 179.2 m (588 ft) above MSL.
High elevations to the northwest, west, and east that could have increased groundwater levels
have been removed. Surface topography slopes down from the units in all four directions, thus
facilitating runoff removal in all directions. The maximum elevation of the surface drainage to
the southwest is 178.8 m (586.5 ft) above MSL; this ensures that higher groundwater levels
further south would not propagate northward to the nuclear islands.
The staff examined the proposed post-construction potentiometric surface. In contrast to the
previous map, the new map does not show two groundwater divides on either side of the reactor
area. Consistent with that change, the new groundwater levels are about 1.5 m (5 ft) lower than
previous estimates. The staff notes that the proposed map appears to be reasonable and
consistent with knowledge of the area.
The staff examined the MODFLOW analysis. The use of the precipitation record from Tropical
Storm Jerry to evaluate maximum water table rise is appropriate. The event far exceeds the
100-year storm of 18 cm (7.2 in.) predicted for the Cherokee County. Including a pre-storm that
adds 40 percent of tropical storm Jerry precipitation adds conservatism. In fact, the total
precipitation added (51.46 cm (20.26 in.)) in the 7-day simulation far exceeds all monthly
precipitation records.
The staff examined the model domain. Cell sizes are smaller in the reactor areas and larger
away from the reactors. The extent of the domain does not extend to natural boundaries such
as Make-Up Pond B and the Broad River. Instead, the applicant chose to focus the analysis on
a smaller domain. Doing so required establishing head boundary conditions at interim locations.
The analysis only addresses a short period of 7 days. In that time, any effects from lateral
boundary conditions would not be discernible. As a result, the staff performed confirmatory
analyses as described below.
The staff examined the material properties and confirmed they are reasonable to somewhat
conservative with respect to hydraulic conductivity. The applicant’s groundwater modeling was
based on the median hydraulic conductivity for the well-graded gravel granular material
(1.1x10 2 cm/sec (11,381 ft/year)). In WLS COL FSAR Table 2.5.4-211, the minimum value of
hydraulic conductivity reported for the poorly graded gravel granular fill materials is stated as
“<~5.0E-03” cm/sec (“<~5,173” ft/year). The MODFLOW sensitivity case Run 3 examined the
impact of using minimum conductivity values. The result was an increase in the maximum
groundwater elevation to 177.2 m (581.47 ft), which is only 0.02 m (0.08 ft) above the base case
(Run 1) and far below the assumed maximum groundwater elevation of 178.0 m (584 ft).
The staff examined the boundary conditions. Using a no-flow bottom boundary is consistent
with data from the site. Even if there was a small amount of flow, up or down, the fluxes would
be too small to affect a 7-day simulation. Therefore, the lateral boundary conditions are not
ideal, so the staff ran the base case with different lateral boundary conditions and confirmed that
these boundaries do not measurably affect the results of the short 7-day simulations.
The staff examined the methodology used to calculate runoff and establish recharge rates.
It appears to the staff that the applicant treated the runoff curve numbers as runoff coefficients
(i.e., percentages) rather than as parameters in the USDA’s Equation 2.3. The staff used
Equation 2.3 to calculate the true runoff percentage, which yielded a runoff fraction that was
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slightly higher than the value determined by the applicant. The applicant’s calculation resulted
in slightly higher recharge rates, which its analysis revealed would not cause the site to exceed
the AP1000 DCD requirement. Repeating the applicant’s analysis with the slightly lower but
correct recharge rates would yield the same result.
Table 2.4.12-3 of this report lists the runoff coefficients used to establish recharges rates for the
MODFLOW simulations. The staff examined the applicant’s choices of runoff curve numbers to
represent surface conditions at the site and identified some differences from how the staff would
parameterize the site. The practice is to route the runoff from buildings and roads to hardscape,
and runoff from hardscape to grass.
Using the runoff curve numbers and runoff routing method described above, the staff repeated
the base-case simulation. The results at the observation points showed very little difference
from the applicant’s results. This lack of sensitivity is due in part to the relatively low recharge
rates in the hardscape and to the high conductivity of the engineered fill, which quickly
dissipates local groundwater mounds caused by variations in recharge rates.
The staff’s review confirmed that groundwater would not exceed an elevation of 179.2 m (588 ft)
MSL. As noted above, because recent changes to the site grading yielded a higher plant
elevation, the current WLS COL FSAR requires the maximum groundwater elevation to be less
than 180.1 m (591 ft). Since all other conditions remain the same, the staff affirms that the site
groundwater would not exceed an elevation of 180.1 m (591 ft) MSL.
In summary, the applicant described changes to the site grading and drainage plan and
provided groundwater modeling results to support its assessment that the site meets the
AP1000 DCD requirement relative to the maximum groundwater elevation. The staff evaluated
the site grading changes and the modeling analysis and conducted confirmatory modeling
analyses. Since the applicant used a very extreme storm event, did not account for evaporation
or transpiration, and did not account for runoff that would be routed well away from the site
before it could infiltrate, the staff concluded that the site would be able to meet the AP1000 DCD
requirement. The staff notes that the applicant included a description of the latest site grading
and drainage plan, the vehicle barrier system, and the groundwater modeling analysis in WLS
COL FSAR Section 2.4.12.2, “Sources.” The staff concluded that the applicant’s responses to
RAI 826, Questions 02.04.12-6, and 02.04.12-14; RAI 17, Question 02.04.12-19; RAI 94,
Question 02.04.12-20; and RAI 484, Question 10.04.05-2, were acceptable. Accordingly, the
staff considers these questions resolved.
Table 2.4.12-3 Runoff Curve Numbers Used to Estimate Recharge

Runoff Curve Numbers
Applicant
Surface
Condition

Type
B
Soils

Type
A
Soils

NRC Staff
Type
B
Soils

Type
A
Soils
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Buildings

100

100

100

100

A value of 100 is not provided in USDA
(1986), but staff judged it to be sufficient given
the stated intent of the applicant to manage all
precipitation that falls on buildings.
The applicant routed runoff to grass, the staff
routed runoff to hardscape

Roads

100

98

89

83

The applicant used USDA (1986) values
associated with curbed roads; the staff used
values associated with uncurbed roads.
The applicant routed runoff to grass; the staff
routed runoff to hardscape

Hardscape

85

76

85

76

Both the applicant and the staff routed runoff
to grass

VBS

100

98

98

98

The applicant used value of 100 for Type B
soil; the staff used value of 98.
Both the applicant and the staff routed runoff
to grass

Brush

82

72

48

30

The applicant used values for dirt (Table 2-2a,
USDA 1986); the staff used values for brush
(Table 2-2c, USDA 1986)

Grass

61

61

61

39

Applicant used value for Type A soil that is not
consistent with USDA (1986)

Monitoring
Information Submitted by the Applicant
The applicant stated that a groundwater monitoring program would be developed. The
applicant provided a list of three areas within the site to be considered for monitoring and a list
of generalized considerations for implementation of the program. In response to a staff RAI
requesting details, the applicant provided additional information about post-construction
monitoring plans to reduce uncertainties in groundwater flow paths used for WLS COL FSAR
Section 2.4.13.
NRC Staff’s Technical Evaluation
In the December 11, 2008, response to RAI 826, Question 02.04.12-11, the applicant described
post-operational monitoring activities that address traditional monitoring goals as well as goals
related to reducing uncertainties about the plausible groundwater pathways. The activities
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include placement of near-field and far-field wells to detect early releases and to verify that there
is no offsite migration, and placement of both shallow and deep wells to monitor plausible flow
paths close to the facilities. The applicant stated that the post-construction groundwater
monitoring program would be consistent with the guidance provided by the Nuclear Energy
Institute (NEI 2009), which references NEI and EPRI. The staff reviewed those references and
confirmed they would form the basis for an adequate monitoring program. The staff notes that
the applicant included this monitoring information in WLS COL FSAR Section 2.4.12.4,
“Monitoring or Safeguard Requirements.” The staff concluded that the applicant’s
December 11, 2008, response to RAI 826, Question 02.04.12-11, was acceptable and
considers the question resolved.

2.4.12.5

Post Combined License Activities

For the reasons discussed in the technical evaluation section above, the staff proposes to
include the following license condition:
•

License Condition (2-1) – Prior to fuel load, the licensee shall confirm that a single
legacy Cherokee project stormwater drain line (designed to transfer stormwater from the
Cherokee power block area to Hold-Up Pond A) and any associated bedding material
representing a potential preferential groundwater pathway have been removed and the
excavation has been backfilled with compacted native soils.

2.4.12.6

Conclusion

The staff reviewed the application and confirmed that the applicant addressed the information
relevant to groundwater, and that there is no outstanding information required to be addressed
in the WLS COL FSAR related to this section. As set forth above, the applicant presented and
substantiated information to establish the site description. The staff reviewed the information
provided and, for the reasons given above, concludes that the applicant has provided sufficient
details about the site description to allow the staff to evaluate, as documented in Section 2.4.12,
herein, whether the applicant has met the relevant requirements of 10 CFR 52.79(a)(1) and
10 CFR Part 100 with respect to determining the acceptability of the site. This applicant
addressed groundwater in COL Information Item 2.4-4. The staff concludes that the applicant
provided sufficient information on groundwater characteristics to satisfy the applicable
requirements of 10 CFR Part 52 and 10 CFR Part 100.

2.4.13

Accidental Release of Radioactive Liquid Effluent in Ground and Surface
Waters

2.4.13.1

Introduction

This section of the WLS COL FSAR provides a characterization of the attenuation, retardation,
dilution, and concentrating properties governing transport processes in the surface-water and
groundwater environment at the site. The goal of this section is not to provide an assessment of
the effects of a specific release scenario but to provide a suitable conceptual model of the
hydrological environment for other assessments. Since it would be impractical to characterize
all the physical and chemical properties (e.g., hydraulic conductivities, porosity, and mineralogy)
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of a time-varying and heterogeneous environment, the section characterizes the environment in
terms of the projected transport of a postulated release of radioactive waste. The accidental
release of radioactive liquid effluents in ground and surface waters is evaluated using
information about existing uses of groundwater and surface water and their known and likely
future uses as the basis for selecting a location to summarize the results of the transport
calculation. The source term from a postulated accidental release is reviewed under
NUREG-0800, Section 11.2, following the guidance in Branch Technical Position (BTP) 11-6,
“Postulated Radioactive Releases Due to Liquid-containing Tank Failures.”
The source term is determined from a postulated release from a single tank outside of the
containment. The results of a radionuclide transport analysis are evaluated against SRP
Section 11.2 and BTP 11-6 guidance and effluent concentration limits (ECLs) as acceptance
criteria to meet the requirements of 10 CFR Part 20, Appendix B, as SRP acceptance criteria.
Under SRP guidance, the effluent concentration limits of 10 CFR Part 20, Appendix B, are
applied as acceptance criteria only for the purpose of assessing the acceptability of the results
of the consequence analysis and are not intended for demonstrating compliance with ECLs.
The following specific areas are reviewed by the staff: (1) alternative conceptual models of the
hydrology at the site that reasonably bound the site’s hydrogeological conditions to the degree
that these conditions affect the transport of radioactive liquid effluent in the groundwater and
surface-water environment; (2) a bounding set of plausible surface and subsurface pathways
from potential points of an accidental release to determine the critical pathways that may result
in the most severe effect on existing uses and known and likely future uses of groundwater and
surface-water resources in the vicinity of the site; (3) the ability of the groundwater and
surface-water environments to delay, disperse, dilute, or concentrate accidentally released
radioactive liquid effluents during transport; and (4) the assessment of scenarios wherein an
accidental release of radioactive effluents is combined with potential effects of seismic and
non-seismic events.

2.4.13.2

Summary of Application

This section of the WLS COL FSAR addresses the accidental release of radioactive liquid
effluents in groundwater and surface waters. The applicant addressed information related to
accidental release of radioactive liquid effluents as follows:
AP1000 COL Information Item
•

WLS COL 2.4-5

In addition, this section addresses the following COL-specific information identified in AP1000
DCD Section 2.4.1.5, Revision 19.
Combined License applicants referencing the AP1000 certified design will
address site-specific information on the ability of the ground and surface water to
disperse, dilute, or concentrate accidental releases of liquid effluents. Effects of
these releases on existing and known future use of surface water resources will
also be addressed.
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2.4.13.3

Regulatory Basis

The relevant requirements of NRC regulations for the pathways of liquid effluents in ground and
surface waters, and the associated acceptance criteria, are specified in NUREG-0800,
Section 2.4.13.
The applicable regulatory requirements for evaluating accidental release of radioactive liquid
effluents in ground and surface waters are set forth in the following:
•

10 CFR 52.79(a)(1)(iii), as it relates to identifying hydrologic site characteristics with
appropriate consideration of the most severe of the natural phenomena that have been
historically reported for the site and surrounding area and with sufficient margin for the
limited accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, as it relates to identifying and evaluating hydrological features of the
site. The requirement to consider physical site characteristics in site evaluations is
specified in 10 CFR 100.20(c).

The staff also used the acceptance criteria identified in NUREG-0800, Section 2.4.13:
•

Alternate Conceptual Models: Alternate conceptual models of hydrology in the vicinity of
the site are reviewed.

•

Pathways: The bounding set of plausible surface and subsurface pathways from the
points of release are reviewed.

•

Characteristics that Affect Transport: Radionuclide transport characteristics of the
groundwater environment with respect to existing and known and likely future users
should be described.

•

Consideration of Other Site-Related Evaluation Criteria: The COL applicant’s
assessment of the potential effects of site-proximity hazards, seismic, and non-seismic
events on the radioactive concentration from the postulated tank failure related to
accidental release of radioactive liquid effluents to ground and surface waters for the
proposed plant site is needed.

•

BTP 11-6 provides guidance in assessing a potential release of radioactive liquids after
the postulated failure of a tank and its components, located outside of containment, and
effects of the release of radioactive materials at the nearest potable water supply,
located in an unrestricted area, for direct human consumption or indirectly through
animals, crops, and food processing.

In addition, the hydrologic characteristics should conform to appropriate sections from
RG 1.113, “Estimating Aquatic Dispersions of Effluents from Accidental and Routine Reactor
Releases for the Purpose of Implementing Appendix I.”
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The staff used best current practices to analyze groundwater transport of radioactive liquid
effluents. The regulatory basis of the information incorporated by reference is addressed in the
staff’s FSER for the AP1000 certified design, NUREG-1793.

2.4.13.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.4.13 Revisions 0 to 11; corrections and additions
to the WLS COL FSAR submitted by the applicant as letters; and associated applicant
responses to RAIs issued by the staff. The staff also checked the referenced AP1000 DCD and
departures and supplements specified in the WLS COL FSAR.
The staff reviewed COL Information Item 2.4-5 related to the provision of site-specific
information about accidental release of liquid effluents into ground and surface water at the
plant site included under WLS COL FSAR Section 2.4. Additional aspects of this information
item are addressed in Section 2.4.12 of this report.
The staff reviewed the specific items related to the assessment of an accidental release of
radioactive liquid effluents in groundwater and surface water included in the WLS COL FSAR
and associated RAI responses. To improve readability, the staff’s discussion of these items is
organized into the following sections, which correspond to the sections of WLS COL FSAR
Section 2.4.13, Revision 11.
Groundwater
Information Submitted by the Applicant
In WLS COL FSAR Section 2.4.13, the applicant provided information that described movement
of accidentally released effluents from the nuclear island area to the nearest potable water
supply in an unrestricted area. The applicant identified the groundwater pathway from Unit 2 to
Hold-Up Pond A (Pathway 1) as the bounding pathway because of its higher groundwater
velocity and shorter travel time. The failure of a Unit 2 effluent hold-up tank, located below
ground level in the auxiliary building, was identified as the appropriate scenario for analysis of a
postulated accidental release of radioactive liquid effluent. The radioactive source term for this
release was described based on AP1000 DCD, Tables 11.1-2 and 11.1-8. The conceptual
model of the release is that one of the effluent hold-up tanks, having a capacity of 106,000 L
(28,000 gal), ruptures and releases 80 percent of the volume, which equates to 84,800 L
(22,400 gal) of liquid effluent. Radionuclides in the effluent travel with groundwater to Hold-Up
Pond A where they enter Hold-Up Pond A and flow directly into the Broad River. The applicant
used RESRAD-OFFSITE Version 2.0 to calculate the transport rates and determine the
radionuclide concentrations in the Broad River.
The applicant stated that three soil samples were collected from a depth range of 13.7 to 22.3 m
(45 to 73 ft) below ground in two wells. The samples were analyzed for soil distribution
coefficients (i.e., Kd values) for colbalt (Co)-60, cesium (Cs)-137, iron (Fe)-55, iodine (I)-129,
nickel (Ni)-63, plutonium (Pu)-242, strontium (Sr)-90, technetium (Tc)-99, and uranium (U)-235.
In response to three staff RAIs, the applicant provided additional information and clarification
related to the Kd values for the three main geologic materials.
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NRC Staff’s Technical Evaluation
The staff reviewed the applicant’s information about accidental releases. Because of the
subsurface location of the release, transport by surface water away from the release location
was not considered feasible, and was not considered further. The staff reviewed the applicant’s
information regarding the groundwater pathway, and concluded that additional information was
required to complete its evaluation of the risks from radionuclide transport by this pathway.
To clarify the suitability of the onsite Kd measurements for the evaluation of accidental releases,
the staff issued RAI 828, Question 02.04.13-10. In the November 25, 2008, response, the
applicant described the soil Kd values with respect to the effluent chemistry, site geochemistry,
and the relationship to radionuclide migration. The applicant stated that the water in the effluent
hold-up tanks is slightly acidic, has a TDS content of less than 1 ppm, and would not vary
significantly from the ambient groundwater conditions in pH, salts, metals, or organics. Given
those conditions, the applicant stated that the effluent would not alter the groundwater chemistry
outside the range under which the Kd values were determined. The applicant stated that the Kd
values determined for three samples at the WLS site are sufficient to represent the range of
values within each of the alternative flow pathways. The applicant bounded its calculations by
using the lowest measured Kd value regardless of media. The applicant used a Kd value of 0 for
tritium and stated that tritium contributes 99 percent of the dose. The applicant also analyzed
the sensitivity of the RESRAD-OFFSITE results to variations in Kd values. The staff evaluated
the RESRAD-OFFSITE analyses and confirmed the results. The applicant updated the WLS
COL FSAR to explain in more detail the nature of the Kd values and to describe the results of
the sensitivity tests. The staff concluded that the applicant’s November 25, 2008, response to
RAI 828, Question 02.04.13-10, was acceptable and considers the question resolved.
The staff noted that the three samples tested included one from fill material and two from
soil/saprolite. There were no measurements of Kd in the PWR, which is the material considered
in the most conservative pathway. To evaluate the significance of this data gap, the staff issued
RAI 828, Question 02.04.13-12. In a November 25, 2008, response, the applicant stated that
PWR samples were not analyzed because of the difficulty of working with a representative
sample. Therefore, the applicant assumed that Kd values for fill and soil/saprolite were
reasonable alternatives for PWR. Partly because of this assumption, the applicant evaluated
the sensitivity of its analysis to variations in the distribution coefficients (see Section 2.4.13.4.5
herein). The staff considered this to be a reasonable approach. The staff notes that the
applicant included this information in WLS COL FSAR Section 2.4.13.1, “Groundwater.”
The staff concluded that the applicant’s November 12, 2009, response to RAI 828,
Question 02.04.13-12, was acceptable and considers the question resolved.
The staff noted that, in the proposed revision to Section 2.4.13.4, the applicant referred to the
“lowest uncertainty corrected Kd values.” In a broad sense, the term “uncertainty” was intended
to capture all aspects that contribute to uncertainty, many of which would never be known. The
applicant defined the conservative Kd value as the lowest of three (3) measured Kd values minus
one standard deviation. Calling any value the “lowest uncertainty corrected value” implies that
all uncertainty has been removed and that the value is known with certainty. That is not the
case for Kd values. To clarify the description of Kd, the staff issued RAI 73,
Question 02.04.13-23. In a November 12, 2009, response, the applicant stated that the Kd
values are indeed the mean values minus one standard deviation and concurred that the phrase
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“uncertainty corrected” could be misinterpreted. The staff notes that the applicant included this
information in WLS COL FSAR Section 2.4.13.1, “Groundwater.” The staff concluded that the
applicant’s November 12, 2009, response to RAI 73, Question 02.04.13-23, was acceptable and
considers the question resolved.
Accident Scenario
Information Submitted by the Applicant
The applicant described the limiting accident scenario as the failure of a Unit 2 effluent hold-up
tank, located in the Unit 2 auxiliary building, and resulting transport of radioactive contaminants
to the Broad River. The applicant chose this scenario because the hold-up tank of Unit 2 was
closest to the closest point of exposure: Hold-Up Pond A and the Broad River. The applicant
ruled out other tanks because they had lower volumes and lower isotope inventories relative to
the effluent hold-up tanks. Following BTP 11-6, March 2007, the applicant assumed that
80 percent of the effluent tank capacity (a release volume of 84,800 L (22,400 gal)) was
immediately released through cracks in the auxiliary building walls and floor into the surrounding
subsurface soil.
In response to three staff RAIs, the applicant provided additional information and clarification
related to the identification of plausible alternative conceptual models.
NRC Staff’s Technical Evaluation
The staff reviewed the applicant’s information about the accidental release scenario. This
information identified the assumed source of the release and the groundwater pathway that the
applicant believed would be most probable. The staff identified certain missing or incomplete
information needed for evaluation of the applicant’s analysis of the accident scenario.
To understand the process used to identify subsurface pathways that affect the transport of
radioactive liquid effluents so as to ensure that the most conservative of plausible conceptual
models has been identified, the staff issued RAI 828, Question 02.04.13-3. In a November 25,
2008, response, the applicant increased the number of plausible flow paths from two to five (in
subsequent WLS COL FSAR updates, the applicant reduced the number of flow paths from five
to four). Despite the greater number of plausible pathways, the applicant stated that Pathway 1,
the pathway that had been chosen previously for the RESRAD-OFFSITE modeling analysis,
remained the most conservative pathway. Therefore, the applicant determined that a
RESRAD-OFFSITE analysis of another pathway was not necessary. The staff concluded that
this explanation was reasonable. The staff notes that the applicant included this information in
WLS COL FSAR Section 2.4.13.3, “Groundwater Movement.” The staff concluded that the
applicant’s November 25, 2008, response to RAI 828, Question 02.04.13-3, was acceptable and
considers this question resolved.
To understand the impact of the post-construction water table (which may differ from the
pre-construction water table) on the selection of alternative pathways, the staff issued RAI 828,
Question 02.04.13-18. The staff examined the November 25, 2008, response and concluded
that the process and the methods used by the applicant to determine the bounding set of
plausible surface and subsurface pathways were reasonable. As discussed in WLS COL FSAR
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Section 2.4.12, the applicant has generated a post-construction water table that is consistent
with the recharge-affecting surface conditions. The new estimate of the post-construction water
table does not alter the potential pathways and thus does not change the selection of the
primary pathway for the transport analysis, which is from Unit 2 to the Broad River. The staff
concluded that the applicant’s November 25, 2008, response to RAI 828, Question 02.04.13-18,
was acceptable and considers the question resolved.
The staff examined the responses to these RAIs and determined that the process and the
methods used by the applicant to determine alternate conceptual models of the site hydrology
are reasonable but potentially incomplete. The applicant did not evaluate the impact of a failure
of the dams associated with Make-Up Ponds A and B. Such an event could increase the
hydraulic gradient substantially and shorten travel times. The applicant did not evaluate
alternative geohydrologic features such as continuous PWR along all pathways. The applicant
did not evaluate the potential for preferential flow paths (e.g., buried pipes, or coarse bedding
material beneath them) created by Cherokee construction activities. To address these issues,
the staff issued RAI 73, Question 02.04.13-19.
In a November 12, 2009, response, the applicant stated that the transport calculation was
changed to assume PWR occurred along all potential transport pathways. This change
eliminated any concern that the occurrence of PWR would be underestimated. The changed
calculation also led the applicant to confirm the Pathway 1 (from Unit 2 to Hold-Up Pond A) as
the limiting pathway. The applicant considered the impact of dam failure and demonstrated
that, because of distance, Pathway 1 would remain the limiting pathway. The applicant
acknowledged the potential for Cherokee-era drainage piping to be a preferential flow pathway
in the event of an effluent tank release. The applicant reviewed the Cherokee piping system
and identified the piping corridor from the nuclear power block area north to Hold-Up Pond A as
the only one having the potential to affect flow and transport. The applicant committed to
removing this piping system and associated bedding materials. The staff notes that the
applicant included this information in WLS COL FSAR Section 2.4.12.2, “Sources.” The staff
concluded that the applicant’s November 12, 2009, response to RAI 73, Question 02.04.13-19,
was acceptable and considers the question resolved.
Source Term
Information Supplied by the Applicant
The applicant identified the source-term concentrations per the information in the AP1000 DCD
Tables 11.1-8 (H-3), 11.1-2 (corrosion products chromium (Cr)-51, manganese (Mn)-54,
manganese (Mn)-56, Fe-55, Fe-59, Co-58, and Co-60), and 11.1-2 for the other isotope
concentrations after adjusting them by the factor 0.12/0.25 in accordance with BTP 11-6,
March 2007. The applicant described the two pathways that were considered in WLS COL
FSAR Revision 0. Travel time to the Broad River was shorter (because of hydrogeology) than
to Hold-Up Pond A. Unit 2 was closer to the Broad River than Unit 1. Thus, transport of the
Unit 2 effluent tank contents directly to the Broad River was identified as the limiting scenario
because it minimized the transport distance and time. The applicant assumed the contents of
the failed effluent tank entered the subsurface environment at a depth of 10.2 m (33.5 ft) and
completely filled the soil pore space in an area large enough to contain 84,791 L (22,400 gal) of
effluent.
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In response to four staff RAIs, the applicant provided additional information and clarification
related to the use of RESRAD-OFFSITE to calculate contaminant transport.
NRC Staff’s Technical Evaluation
In RAI 828, Question 02.04.13-14, the staff requested that the applicant provide the calculation
package used to convert source concentration values in AP1000 DCD Tables 11.1-2 and 11-1-8
to RESRAD-OFFSITE input values (with units of pCi/g water). In a November 25, 2008,
response, the applicant summarized the steps used to convert source concentrations to
RESRAD-OFFSITE input values. The activities listed in AP1000 DCD Table 11.1-2 for
non-corrosion products were stated to be corrected by 0.12/0.25 as recommended by AP1000
DCD Section 2.1 (the staff noted that the WLS COL FSAR incorrectly cites NRC BTP 11-6 as
the source for this correction). The activities for the corrosion products were taken directly from
AP1000 DCD Table 11.1-2. The resulting activities for all constituents were adjusted by a factor
of 1.01 and then converted from microcuries to picocuries by multiplying by 1 x 106. The
applicant proposed no changes to the WLS COL FSAR.
The staff’s review of the calculation package showed that the applicant used the uncorrected
values, i.e., the applicant did not modify the values in DCD Table 11.1-2 by the factor 0.12/0.25.
The applicant did not explain the reason for adjusting concentrations by a factor of 1.01, but
such an adjustment increases concentrations slightly and therefore could be viewed as being
conservative. The staff noted that the table of concentrations in the RAI response from the
applicant contained a xenon (Xe)-133 concentration of 1.2x10-2 µCi/g. The AP1000 DCD value
is 1.2 x 102 µCi/g. The applicant did not include Xe-133 in its RESRAD-OFFSITE groundwater
analysis. The staff issued two more RAIs related to the source term, as discussed below.
In RAI 828, Question 02.04.13-16, the staff requested that the applicant explain more fully the
conceptual model of the accidental release with respect to soil volume occupied, duration of
leak, and impact on surrounding groundwater. In a November 25, 2008, response, the applicant
stated that the release to groundwater was assumed to be instantaneous and that the leaked
fluid immediately occupied a rectangular plume volume that was 2.0 m (6.6 ft) high and 6.5 m
(21.4 ft) wide on each side. Although the leak was considered to be instantaneous, the
applicant assumed that the release mechanism was sufficiently gradual that there was no
perturbation to the groundwater surface, flow rate, and flow direction. The applicant assumed
that aspects of a real leak event, such as potential groundwater flow into the auxiliary building
and the time delay for contaminants to exit the building, were inconsequential; this assumption
makes the release analysis more conservative. The applicant proposed no changes to the WLS
COL FSAR. The staff considered the assumptions and agreed with the applicant’s assessment.
The staff concluded that the applicant’s November 25, 2008, response to RAI 828,
Question 02.04.13-16, was acceptable and considers the question resolved.
To address questions raised by the staff’s review of the applicant’s response to RAI 828,
Question 02.04.13-14, as described above, the staff issued RAI 73, Question 02.04.13-26. In
the November 12, 2009, response to RAI 73, Question 02.04.13-26, the applicant stated that it
would apply the 0.12/0.25 factor correctly and repeat the RESRAD-OFFSITE analysis. The
applicant stated that the modification by a factor of 1.01 is just a conservative adjustment. The
staff noted that the table of concentrations in the RAI response from the applicant contained a
Xe-133 concentration of 1.2 x10-2 µCi/g, whereas the correct value from the AP1000 DCD is
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1.2 x 102 µCi/g. The applicant indicated that the 1.2x10-2 value was only a typographical error.
The applicant did not include Xe-133 in its RESRAD-OFFSITE groundwater analysis because it
is a gas and because it has a short half-life of 0.014 years. The staff noted that the other
source-term gases listed in WLS COL FSAR Section 2.4.13.3 also have short half-lives (much
less than 0.1 years) except for krypton (Kr)-85, which has a half-life of 10.8 years. However,
Kr-85 is a noble gas and would partition rapidly into the atmosphere, both at the time of the
release and if it reaches the Broad River. Therefore, significant exposure by way of
groundwater and surface water appears unlikely. The staff notes that the applicant updated
WLS COL FSAR Section 2.4.13.3, “Source Term.” The staff concluded that the applicant’s
November 12, 2009, response to RAI 73, Question 02.04.13-26, was acceptable and considers
the question resolved.
To clarify the handling of tritium in the applicant’s evaluation of accidental releases, the staff
issued RAI 73, Question 02.04.13-27. In a November 12, 2009, response the applicant stated
that the AP1000 vendor (Westinghouse) recognized that tritium was not in AP1000 DCD
Table 11.1-2 and indicated that the best available value for tritium was in AP1000 DCD
Table 11.1-8, Realistic Source Terms. The staff notes that the applicant updated WLS COL
FSAR Section 2.4.13.3, “Source Term.” The staff concluded that the applicant’s November 12,
2009, response to RAI 73, Question 02.04.13-27, was acceptable and considers the question
resolved. The staff also concluded that that the applicant’s November 12, 2009, response to
RAI 73, Questions 02.04.13-26 and 02.04.13-27, provides information to find the applicant
response to RAI 828, Question 02.04.13-14, acceptable and considers the question resolved.
Conceptual Model
Information Submitted by the Applicant
The applicant stated in WLS COL FSAR Revision 0 that the conceptual model was conservative
because it used the shortest travel time, did not credit dilution in the Broad River, assumed a
straight travel path, and assumed the entire domain had the properties of PWR (which has a
high permeability). The applicant used RESRAD-OFFSITE to determine radionuclide
concentrations in the Broad River for an evaluation period of 50 years. The applicant provided a
list of parameters used in its analysis. The applicant calculated the maximum radionuclide
concentration for each isotope in the Broad River during the evaluation period and compared it
to the limiting concentrations defined in 10 CFR Part 20, Appendix B, Table 2, Column 2. The
applicant reported that all concentrations were below the limits. In addition, the applicant
calculated the sum of fractions of effluent concentrations using all maximum radionuclide
concentrations and showed it to be well below a value of 1.0. The applicant stated that this
result was conservative because the maximum concentration of each radionuclide occurred at a
different time due to variations in transport time to the Broad River.
In response to 12 staff RAIs, the applicant provided additional information and clarification
related to the conceptual model and parameter choices affecting the RESRAD-OFFSITE
calculation of contaminant transport.
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NRC Staff’s Technical Evaluation
The staff reviewed the applicant’s conceptual model for groundwater transport of radionuclide
contaminants from a release. The staff determined the applicant’s conceptual model generally
reasonable, but required much additional information and analysis from the applicant to support
the staff’s review. Therefore, in RAI 828, Question 02.04.13-5, the staff requested that the
applicant clarify why different values of porosity were used in each section. If this was done for
conservatism, the staff requested that the applicant explain why each is conservative. In a
November 25, 2008, response, the applicant set the total porosity of the PWR equal to its
estimate of 0.08 for the effective porosity. The applicant stated that the lowest porosity values
are the most conservative values because they result in the shortest travel time and, thus, the
highest concentration of radionuclides in the receptor water body. The staff notes that the
applicant updated WLS COL FSAR Table 2.4.13-203. The staff concluded that the applicant’s
November 25, 2008, response to RAI 828, Question 02.04.13-5, was acceptable and considers
the question resolved.
To clarify the conservatism of the hydraulic conductivity value used for the PWR, the staff
issued RAI 828, Question 02.04.13-6. In a November 25, 2008, response, the applicant
changed the statement from “highest measured” to “conservative” hydraulic conductivity. The
staff notes that the applicant updated WLS COL FSAR Section 2.4.12.2, “Sources.” The staff
concluded that the applicant’s November 25, 2008, response to RAI 828, Question 02.04.13-6,
was acceptable and considers the question resolved.
In RAI 828, Question 02.04.13-7, the staff requested that the applicant define the nature of the
contaminated zone; namely, describe the materials that make up the contaminated zone. In a
November 25, 2008, response the applicant stated that the contaminated zone consists of PWR
with some portions of residual soils and fill. The applicant considers use of PWR to represent
the most conservative approach for estimating transport. The applicant set both total and
effective porosity of PWR to the value of 0.08. This value is much lower than the WLS COL
FSAR Revision 0 value of 0.44 and the applicant considers it much more conservative. The
staff notes that the applicant updated WLS COL FSAR Table 2.4.13-203 to the revised porosity
values for the partially weathered zone. The staff concluded that the applicant’s November 25,
2008, response to RAI 828, Question 02.04.13-7, was acceptable and considers the question
resolved.
To gain a clearer understanding of the significance of precipitation, runoff, evapotranspiration,
and recharge with respect to radionuclide transport, the staff issued RAI 828,
Question 02.04.13-11. In a November 25, 2008, response, the applicant revised its estimate of
average annual precipitation from 1.01 to 1.23 m/yr (39.8 to 48.4 in/yr) based on precipitation
data from Gaffney, SC, for the years from 1944 to 2007. The applicant described the
calculation process in which it used the SCS curve number method to estimate the runoff
coefficient. For the watershed containing Make-Up Pond A and Hold-Up Pond A, the applicant
calculated annual runoff to be 53 percent of precipitation. For the watershed containing
Make-Up Pond B, it calculated annual runoff to be 39 percent of precipitation. For the
RESRAD-OFFSITE analysis, the applicant used the value of 39 percent for both watersheds,
which is realistic for the Make-Up Pond B watershed and conservative for the watershed
containing Make-Up Pond A and Hold-Up Pond A. Using this analysis, the applicant revised its
runoff coefficient from 0.36 to 0.39.
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Given that the average annual precipitation is 123.0 cm (48.41 in.), runoff amounts to 48.0 cm
(18.88 in.). The applicant calculated evaporation using regional pan evaporation data, which
showed an annual pan evaporation rate of 132 cm (51.8 in.). Pan evaporation data tend to
overestimate actual evaporation, so the applicant used a correction factor of 0.7 to adjust the
pan data, yielding an estimate of annual evaporation of 91 cm (36 in.). In the
RESRAD-OFFSITE analysis, the applicant specified an evaporation factor of 0.74.
RESRAD-OFFSITE uses the evaporation factor to estimate how much of the infiltration water
(i.e., precipitation - runoff, or P-R) is lost to evaporation (which includes transpiration from
vegetation). In this case, annual evapotranspiration (E) is estimated to be 55.5 cm (21.85 in.).
Annual net infiltration, also called groundwater recharge, is thus 19.5 cm (7.68 in.)
(i.e., (P-R)-E). The staff notes that the applicant updated WLS COL FSAR Table 2.4.13-203 to
include the above runoff coefficient and evaporation factor. The staff concluded that the COL
applicant’s November 25, 2008, response to RAI 828, Question 02.04.13-11, was acceptable
and considers the question resolved.
To review the appropriateness of contaminant transport modeling methods used by the
applicant, the staff issued RAI 828, Question 02.04.13-13. In a November 25, 2008, response,
the applicant sent the input and output files. The staff reviewed the RESRAD-OFFSITE input
file and noted that the dry bulk density of the saturated zone material is 1.51 g/cm3 (94.3 pcf).
The applicant stated that this value should be 1.59 g/cm3 (99.3 pcf). The RESRAD-OFFSITE
model requires the user to specify the initial radionuclide concentration on a picocurie per gram
of soil basis. Instead of providing the appropriate soil-based concentrations, the applicant used
the liquid-based concentrations that are identified in AP1000 DCD, Table 11.1-2. Since
RESRAD-OFFSITE assumes the input concentrations are soil based, RESRAD-OFFSITE
multiplies the input concentrations by a factor equal to the bulk density divided by the porosity to
yield the initial groundwater concentration. The net effect is that the RESRAD-OFFSITE
groundwater concentrations are much higher (by the factor bulk density divided by porosity)
than the liquid concentrations specified in the AP1000 DCD. The staff notes that the applicant
updated the RESRAD-OFFSITE analysis to use the correct porosity and appropriate method for
initializing the contaminant concentration. The staff concluded that the applicant’s
November 25, 2008, response to RAI 828, Question 02.04.13-13, was acceptable and
considers the question resolved.
In RAI 828, Question 02.04.13-15, the staff requested that the applicant explain how
contaminant concentrations were affected by mixing in the Broad River as part of the
RESRAD-OFFSITE analyses. In a November 25, 2008, response, the applicant stated that it
used a mixing volume of 150,000 m3 (5,297,200 ft3) in the Broad River. That volume is the
default volume used by RESRAD-OFFSITE to represent a lake. The volume represents
17.5 percent of the static pool that would reside behind the Ninety-Nine Islands Dam if there
were no flow. The volume does not take into account the daily flow of water past the site. That
flow is on the order of 6.2 x 106 m3/day (2.2x108 ft3/day), which, on a daily basis, is equivalent to
41 mixing volumes. The applicant stated that a residence time of 1 year was chosen to
standardize the exposure duration to the accumulation duration. Actual residence time would
be less than 1 day. The applicant stated that groundwater concentrations were not evaluated at
the river edge because no regulatory basis exists for an intermediate release point. The
applicant described the rationale for the mixing volume in the Broad River in WLS COL FSAR
Section 2.4.13.4, “Conceptual Model.” The staff concluded that the applicant’s November 25,
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2008, response to RAI 828, Question 02.04.13-15, was acceptable and considers the question
resolved.
To explain the period used for evaluating radionuclide concentrations, the staff issued RAI 828,
Question 02.04.13-17. In a November 25, 2008, response, the applicant expanded the
evaluation period from 50 to 1,000 years. The applicant stated that this time period was
sufficient for all radionuclides to either appear in the receptor body or disappear through
radioactive decay. The staff notes that the applicant updated WLS COL FSAR Section 2.4.13.4,
“Conceptual Model,” to reflect the change in the length of the evaluation period. The staff
concluded that the applicant’s November 25, 2008, response to RAI 828, Question 02.04.13-17,
was acceptable and considers the question resolved.
To clarify the initial dimensions assumed for the contaminant plume, the staff issued RAI 73,
Question 02.04.13-20. In a November 12, 2009, response, the applicant stated that it would use
the effective porosity to define the plume size and would update the WLS COL FSAR
accordingly. The applicant approximated the plume as a cube with dimensions of 10.2 m
(33.5 ft) on each side. The staff confirmed this dimension was consistent with the effective
porosity. The staff notes that the applicant updated WLS COL FSAR Section 2.4.13.4,
“Conceptual Model,” and WLS COL FSAR Table 2.4.13-203 to reflect the change in the plume
size. The staff concluded that the applicant’s November 12, 2009, response to RAI 73,
Question 02.04.13-20, was acceptable and considers the question resolved.
The staff agreed that travel times decrease as the effective porosity is reduced. However, the
staff noted that as the total porosity is decreased, the retardation factor is increased, which
means that travel times are increased. Bulk density (pb), water density (pw), total porosity (n),
and soil distribution coefficient (Kd) affect the retardation of contaminants in the following
manner.
Retardation (R) = 1+((pb/pw)/n)Kd
Therefore, it is imperative that appropriate values of total and effective porosity be used for any
contaminant that has the potential to be absorbed. Therefore, in RAI 73, Question 02.04.13-21,
the staff requested that the applicant justify why a total porosity value of 0.08 is conservative for
contaminants that sorb to the sediments. In a November 12, 2009, response, the applicant
identified appropriate site-specific values for total porosity and effective porosity for PWR of
27 percent and 8 percent, respectively. The applicant used these values in revised
RESRAD-OFFSITE transport analyses. Additional discussion is included below in the
applicant’s response to RAI 73, Question 02.04.13-29. The staff concluded that the applicant’s
November 12, 2009, response to RAI 73, Question 02.04.13-21, was acceptable and considers
the question resolved.
The staff noted that the applicant’s proposed revision to WLS COL FSAR Section 2.4.13
described the annual precipitation used in the RESRAD-OFFSITE analysis as being the highest
annual precipitation rate. Since average annual precipitation is used, the description is incorrect
in both the proposed text and in WLS COL FSAR Table 2.4.13-203 and needs to be corrected in
both locations. The staff also noted that the recharge rate of 19.5 cm/yr (7.68 in/yr) is lower
than expected. In WLS COL FSAR Section 2.4.1.2.4, the applicant stated that, because surface
materials in many areas are relatively impermeable, recharge is only 25 to 38 cm/yr (10 to 15
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in/yr). In Environmental Report Section 2.3.1.1.5, the applicant stated that the recharge rate
ranges from 22 to 33 percent of annual precipitation, which translates to 27.2 to 40.6 cm/yr
(10.7 to 16.0 in./yr). Since recharge is used in RESRAD-OFFSITE to leach contaminants from
the contaminated zone into the groundwater, the staff issued RAI 73, Question 02.04.13-24.
In a November 12, 2009, response to RAI 73, Question 02.04.13-24, the applicant stated that
the value of 19.5 cm/yr (7.68 in/yr) is conservative. However, the applicant provided a more
conservative value for the RESRAD-OFFSITE analyses. The input value for annual
precipitation was updated to 1.27 m (i.e., approximately 50 in. as stated in WLS COL FSAR
Section 2.3.1.1) and the evapotranspiration coefficient was revised to a value of 0.64, based on
regional information. The runoff coefficient was assigned a value of zero to maximize the
recharge rate. These three changes increased the effective recharge rate for the
RESRAD-OFFSITE analyses to approximately 46 cm/yr (18 in./yr). The staff notes that the
applicant updated WLS COL FSAR, Table 2.4.13-203, to reflect the changes. The staff
concluded that the applicant’s November 12, 2009, response to RAI 73, Question 02.04.13-24,
was acceptable and considers the question resolved.
To understand the rationale for using the default mixing volume in RESRAD-OFFSITE, the staff
issued RAI 73, Question 02.04.13-28. In a November 12, 2009, response, the applicant defined
the mixing volume as 856,036 m3 (30,230,600 ft3), which it determined to be the volume of the
Broad River reservoir from the postulated release point downstream to the Ninety-Nine Islands
Dam. The applicant determined the residence time of radionuclides in the reservoir to be
0.00397 years (1.5 days) by assuming only 50 percent of the FERC license requirement for
minimum flow (13.7 m3/s [483 cfs]) passing the Ninety-Nine Islands Dam. The staff notes that
the applicant updated WLS COL FSAR Table 2.4.13-203 to reflect the changes. The staff
concluded that the applicant’s November 12, 2009, response to RAI 73, Question 02.04.13-28,
was acceptable and considers the question resolved.
In RAI 73, Question 02.04.13-29, the staff requested that the COL applicant clarify the choice of
parameters used to initialize the RESRAD-OFFSITE analyses and explain how leaked fluid
concentrations were transformed into initial radionuclide concentration on a picocurie per gram
of soil basis. In a November 12, 2009, response, the applicant provided a revised
RESRAD-OFFSITE analysis. The contaminated zone was assumed by the applicant to be a
cube composed of PWR having an effective porosity of 0.08 and a dry bulk density of
1.98 g/cm3 (124 pcf). The initial source-term concentrations were converted to a soil mass
basis by using the dry bulk density; this method yielded the final concentration input to
RESRAD-OFFSITE in picocuries per gram. Although the WLS site geology is variable, all
five pathways (subsequently reduced to the current four pathways) were conservatively
evaluated by the applicant by assuming the pathway was composed entirely of PWR, which has
the highest conductivity and yields the shortest travel time.
The limiting pathway was from Unit 2 to Hold-Up Pond A. Contaminant transport to Hold-Up
Pond A was via groundwater. Once at the Hold-Up Pond A, the applicant assumed all
groundwater entered the surface water in the pond, travel over the spillway, and enter the Broad
River. Dilution in the Broad River was described previously in this report in the response to
RAI 73, Question 02.04.13-28. The applicant reported that the radionuclide concentrations
were below the limits in 10 CFR Part 20, Appendix B, Table 2, Column 2. In addition, the total
sum of fractions was also less than 1.0 for both the hypothetical well (approximately 0.8) and
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the surface-water analyses (approximately 4 x 10-5). The nearest potable water supply is
located approximately 34 km (21 mi) downstream of the outfall from Hold-Up Pond A. The staff
expects that the Broad River concentrations and sum of fractions would be even lower at that
location. The staff notes that the applicant updated WLS COL FSAR Section 2.4.13,
Table 2.4.13-203, and WLS COL FSAR Table 2.4.13-204 to reflect the changes. The staff
concluded that the applicant’s November 12, 2009, response to RAI 73, Question 02.04.13-29,
was acceptable and considers the question resolved.
Sensitive Parameters
Information Submitted by the Applicant
The applicant did not provide any sensitivity analyses in WLS COL FSAR Revision 0. Partly
because of the RAI process, the applicant included sensitivity analyses in WLS COL FSAR
Revision 1 and all subsequent revisions. The applicant examined the RESRAD-OFFSITE
sensitivities for selected parameters, including total porosity, effective porosity, hydraulic
conductivity, hydraulic gradient, and Kd values for those radionuclides that were evaluated for
site soils. The applicant stated that no variation in any single parameter had sufficient impact to
cause the concentrations to exceed 10 CFR Part 20, Appendix B, Table 2, Column 2 limits or for
the sum of fractions calculation to exceed 1.0.
In response to one staff RAI, the applicant provided additional clarification related to the nature
of the Kd values used for the PWR.
NRC Staff’s Technical Evaluation
The staff examined the sensitivity cases and determined they covered a sufficient range of
parameter variation to conclude that reducing parameter uncertainty would not alter the results.
With respect to the sensitivity analysis of the Kd values, the lower values affected the results for
two radionuclides, namely, I-129 and Tc-99. Predicted concentrations were 10 and 5.8 percent
higher, respectively. The applicant stated that, in both cases, the higher concentrations were
still well below limits listed in 10 CFR Part 20, Appendix B, Table 2, Column 2.
The staff determined that the Kd value for PWR had the potential to be less than that for the
soil/saprolite zone, which was the only material tested. Therefore, the staff issued RAI 73,
Question 02.04.13-25. In a November 12, 2009, response, the applicant stated that the PWR
material is a transition material between the saprolite above and the underlying bedrock and
that the measurements on samples from the soil/saprolite are representative and appropriate for
the accidental release analysis. The staff recognizes the difficulty of measuring Kd values
directly on PWR and agrees that, as an alternative, using the lowest Kd values of all three
samples and the results of the sensitivity tests (i.e., no impact) provides sufficient information to
conclude that the WLS site meets the 10 CFR Part 20 concentration and sum of fractions
requirements. The staff concluded that the applicant’s November 23, 2009, response to RAI 70,
Question 02.04.13-25, was acceptable and considers the question resolved.
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Regulatory Compliance
Information Submitted by the Applicant
The applicant stated that meeting the concentration limits of 10 CFR Part 20 Appendix B,
Table 2, Column 2 results in a dose of less than 0.05 Roentgen equivalent man (REM) and,
therefore, demonstrates that the requirements of 10 CFR 20.1301 and 10 CFR 20.1302 are
met.
NRC Staff’s Technical Evaluation
The staff evaluated and confirmed the applicant’s demonstration that radionuclide
concentrations and sum of fractions in the Broad River would be well below the requirements of
10 CFR Part 20.

2.4.13.5

Post Combined License Activities

There are no post COL activities related to this section.

2.4.13.6

Conclusion

The staff reviewed the application and confirmed that the applicant addressed the relevant
information and there is no outstanding information expected to be addressed in the WLS COL
FSAR related to this section. As set forth above, the applicant presented and substantiated
information to establish the potential effects of accidental releases from the liquid waste
management system. The staff reviewed the information provided and, for the reasons given
above, concludes that the applicant has provided sufficient details about the site description,
and about the design of the liquid waste management system, to allow the staff to evaluate, as
documented in this section, whether the applicant has met the relevant requirements of
10 CFR 52.79(a)(1) and 10 CFR Part 100 with respect to determining the acceptability of the
site, and with respect to 10 CFR 20 as it relates to ECLs. This addresses, and closes, COL
information item 2.4-5. The staff concluded that the applicant provided sufficient information to
satisfy the applicable requirements of 10 CFR Part 20, 10 CFR Part 52, and 10 CFR Part 100.

2.4.14

Technical Specifications and Emergency Operation Requirements

2.4.14.1

Introduction

WLS COL FSAR Section 2.4.14 describes technical specifications and emergency operation
requirements as necessary. The requirements described implement protection against floods
for safety-related facilities to ensure that an adequate supply of water for shutdown and cooldown purposes is available.
Section 2.4.14 of this report presents the staff’s evaluation of required technical specifications
and emergency operations for the proposed plant site.
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2.4.14.2

Summary of Application

This section of the WLS COL FSAR addresses technical specifications and emergency
operation requirements. The applicant addressed information related to technical specifications
and emergency operation requirements as follows:
AP1000 COL Information Item
•

WLS COL 2.4-6

In addition, this section addresses the following COL-specific information identified in AP1000
Tier 2, Section 2.4.1.6, Revision 19.
Combined License applicants referencing the AP1000 certified design will
address any flood protection emergency procedures required to meet the site
parameter for flood level.

2.4.14.3

Regulatory Basis

The relevant requirements of NRC regulations for consideration of emergency protective
measures, and the associated acceptance criteria, are described in NREG-0800,
Section 2.4.14.
The applicable regulatory requirements for technical specifications and emergency operation
requirements are set forth in the following:
•

10 CFR 50.36, “Technical Specifications,” as it relates to identifying technical
specifications related to all emergency procedures required to ensure adequate plant
safety from controlling hydrological events by the organization responsible for the review
of issues related to technical specifications.

•

10 CFR 52.79(a)(1)(iii), as it relates to identifying hydrologic site characteristics with
appropriate consideration of the most severe of the natural phenomena that have been
historically reported for the site and surrounding area and with sufficient margin for the
limited accuracy, quantity, and period of time in which the historical data have been
accumulated.

•

10 CFR Part 100, as it relates to identifying and evaluating hydrological features of the
site. The requirement to consider physical site characteristics in site evaluations is
specified in 10 CFR 100.20(c).

•

10 CFR 100.23(d) sets forth the criteria to determine the siting factors for plant design
bases with respect to seismically induced floods and water waves at the site.

2.4.14.4

Technical Evaluation

Information Submitted by the Applicant
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The applicant stated that the maximum flood water-surface elevation at the WLS site is 178.3 m
(584.8 ft) above MSL, resulting from a PMF event in the watershed of Make-Up Pond B. The
applicant noted that the safety-related plant grade at the WLS site is 179.8 m (590 ft) above
MSL. Therefore, the applicant concluded that a freeboard of over 1.5 m (5 ft) is available under
the worst flooding scenario. The applicant stated that based on the description provided in WLS
COL FSAR Section 2.4.12.5, the maximum expected groundwater elevation would not exceed
the design criteria for the chosen reactor design. The applicant stated that no safety-related
facilities would be affected by low flow or drought conditions in the Broad River. The applicant
concluded that, based on site-specific conditions at the WLS site, no emergency protective
measures designed to minimize the impact of hydrologic events on safety-related facilities are
needed.
As described in Section 2.4.2.4 of this report, the applicant revised the analysis for site flooding
under local intense precipitation in response to the staff’s RAI 484, Question 10.04.05-2. The
applicant’s revised analysis established a slightly higher maximum water-surface elevation of
179.72 m (589.62 ft) above MSL caused by the effects of the local intense precipitation.
NRC Staff’s Technical Evaluation
The staff reviewed COL Information Item 2.4-6 related to the provision of site-specific
information about flood protection emergency operation procedures at the plant site included
under WLS COL FSAR Section 2.4.
As stated in Section 2.4.10 of this report, the staff concluded that the site characteristic
maximum flood water-surface elevation near the WLS site from several flooding mechanisms
described in earlier sections herein remains below the site grade and meets the AP1000 DCD
site parameter. As stated in Section 2.4.11 of this report, the staff concluded that there are no
safety-related systems that can be affected by low water at the WLS site. Therefore, the staff
concluded that no emergency operation requirements for flooding and water availability are
needed for the WLS site.

2.4.14.5

Post Combined License Activities

There are no post COL activities related to this section

2.4.14.6

Conclusion

The staff reviewed the application and confirmed that the applicant has addressed the
information relevant to technical specification and emergency operations requirements, and
there is no outstanding information required to be addressed in the WLS COL FSAR related to
this section.
As set forth above, the applicant has presented and substantiated information to establish the
site description. The staff reviewed the information provided and, for the reasons given above,
concludes that the applicant has provided sufficient details about the site description to allow the
staff to evaluate, as documented in Section 2.4.14 of this report, whether the applicant has met
the relevant requirements of 10 CFR 52.79(a)(1) and 10 CFR Part 100 with respect to
determining the acceptability of the site. The WLS COL FSAR addressed flood protection
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emergency operation procedures in COL Information Item 2.4-6. The staff concluded that the
applicant provided sufficient information to satisfy the applicable requirements of
10 CFR Part 52 and 10 CFR Part 100.

2.4.15

Combined License Information

The applicant also identified the following AP1000 DCD Tier 2 departure:
STD DEP 1.1-1 within FSAR Section 2.4.1, “Hydrologic Description,” identifies
instances where the FSAR sections are renumbered to include content
consistent with Regulatory Guide 1.206, as well as NUREG-0800. Here,
Subsections in Section 2.4.15 of the DCD are renumbered as Section 2.4.1,
2.4.2, 2.4.3, 2.4,4, 2.4.5, 2.4.6, 2.4.7, 2.4.8, 2.4.9, 2.4.10, 2.4.11, 2.4.12, 2.4.13,
and 2.4.14.
The applicant’s evaluation, in accordance with 10 CFR Part 52, Appendix D, Section VIII.B.5,
determined that this departure did not require prior NRC approval. The staff concluded that it is
reasonable that the departure does not require prior NRC approval. The applicant’s process for
evaluating departures and other changes to the AP1000 DCD are subject to NRC inspections.
The NRC evaluated the AP1000 DCD Tier 2 departure in the aforementioned renumbered
sections.

2.5

Geology, Seismology, and Geotechnical Engineering

In William States Lee III Nuclear Station (WLS) Combined License (COL) Final Safety Analysis
Report (FSAR) Section 2.5, “Geology, Seismology, and Geotechnical Engineering,” Revision 9,
the applicant described the geologic, seismic, and geotechnical engineering characteristics of
the proposed COL site. Following NRC guidance in RG 1.206, “Combined License Applications
for Nuclear Power Plants - LWR Edition,” and Regulatory Guide (RG) 1.208, “A PerformanceBased Approach to Define Site-Specific Earthquake Ground Motion,” the applicant defined the
following four zones around WLS and conducted technical investigations in the zones that
became progressively more detailed passing from site region to site location.
•

Site region – Area within a 320-km (200-mi) radius of the site location

•

Site vicinity – Area within a 40-km (25-mi) radius of the site location

•

Site area – Area within an 8-km (5-mi) radius of the site location

•

Site location – Area within a 1-km (0.6-mi) radius of proposed Units 1 and 2

The applicant referred to the 1974 Preliminary Safety Analysis Report (PSAR) for the former
Cherokee Nuclear Station (CNS) to provide information deemed pertinent for understanding
geologic setting and characteristics of the WLS site. The information about the CNS site is
pertinent for the WLS site because site locations coincide. However, most material in Final
Safety Analysis Report (FSAR) Section 2.5 draws on information developed from sources
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published since the 1974 CNS PSAR, as well as data derived from investigations specifically
performed for geologic, seismic, and geotechnical characterization of WLS.
The staff reviewed WLS COL FSAR Section 2.5, interacted with the applicant during public
meetings, and issued requests for additional information (RAIs) to confirm the assertions made
by the applicant in the WLS COL FSAR. In early versions of the WLS COL FSAR, the applicant
used the Electric Power Research Institute (EPRI) base seismic source models for seismic
hazard analysis. The applicant replaced those models with the new seismic source
characterization (SSC) model for the central and eastern United States (CEUS) published in
NUREG-2115, “Central and Eastern United States Seismic Source Characterization for Nuclear
Facilities.”
Following the 2011 Fukushima Dai-ichi nuclear power plant accident in Japan, which occurred
as a result of the Great Tohoku earthquake and the subsequent tsunami, the NRC Near-Term
Task Force (NTTF) issued a series of recommendations for reevaluating and improving nuclear
power plant safety in the United States (U.S.). Consequently, on March 12, 2012, the NRC
issued an information letter requesting that licensees of all operating nuclear power plants in the
U.S. reevaluate the seismic hazard at their respective plants using the most recent data and
evaluation methodologies available. That information letter also requested that licensees of
operating plants in the CEUS use the seismic source model provided in NUREG-2115 to
characterize seismic hazard at their respective plants. Consistent with existing guidance in
Regulatory Guide (RG) 1.208, “A Performance-Based Approach to Define the Site-Specific
Earthquake Ground Motion” pertaining to the need to consider the latest information in the
evaluation of seismic hazard, the NRC also requested that all COL and Early Site Permit (ESP)
applicants in the CEUS address seismic hazard for their respective proposed plant sites using
information in NUREG-2115 and modify the ground motion response spectra (GMRS), if
needed. The staff issued this request to WLS in RAI 105, Question 01.05-1.
In a January 30, 2014, response to RAI 105, Question 01.05-1, the applicant stated that it
replaced the previous EPRI seismic source models with the CEUS SSC model presented in
NUREG-2115 as the starting point for developing GMRS for the WLS site. With this change in
the base seismic source model, some RAIs the staff had previously issued became moot as
specified in Section 2.5.2.4 of this report. Accordingly, the following sections of this report
describe only the most recent version of the WLS COL FSAR, as well as additional WLS COL
FSAR markups provided by the applicant in the January 30, 2014, response to RAI 105,
Question 01.05-1. The technical evaluations undertaken by the staff do not discuss the
obsolete portions of the WLS COL FSAR that were replaced by the CEUS SSC model. The
RAIs discussed below in detail are the RAIs that remained applicable to the staff’s review
following the change in the base seismic source model, along with the new RAIs developed by
the staff related to the most recent version of the WLS COL FSAR.
This section of the report is divided into five main parts, Sections 2.5.1 through 2.5.5, which
parallel the five main WLS COL FSAR sections prepared by the applicant for the WLS COL
application. The five sections are Section 2.5.1, “Basic Geologic and Seismic Information”;
Section 2.5.2, “Vibratory Ground Motion”; Section 2.5.3, “Surface Faulting”; Section 2.5.4,
“Stability of Subsurface Materials and Foundations”; and Section 2.5.5, “Stability of Slopes.”
These sections summarize the content of the WLS COL FSAR, as well as present the staff’s
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evaluations, conclusions, and findings with regard to the geologic, seismic, and geotechnical
engineering characteristics of WLS Units 1 and 2.

2.5.1

Basic Geologic and Seismic Information

2.5.1.1

Introduction

In WLS COL FSAR Section 2.5.1, the application describes basic geologic and seismic
information collected by the applicant during site characterization investigations. This
information addresses both regional and site-specific geology and seismicity. The
investigations included surface and subsurface field studies, performed at progressively greater
levels of detail closer to the site, within each of four circumscribed areas corresponding to site
region, site vicinity, site area, and site location, as previously defined. The applicant conducted
these investigations to assess the geologic and seismic suitability of WLS to determine whether
new geologic or seismic data exist that could significantly affect seismic design based on the
results of the probabilistic seismic hazard analysis (PSHA) for the site, and to provide the
geologic and seismic data appropriate for plant design.

2.5.1.2

Summary of Application

WLS COL FSAR Section 2.5 incorporates by reference AP1000 DCD, Revision 19.
Section 2.5.1. In addition, in WLS COL FSAR Section 2.5.1, the applicant provided site-specific
supplemental information to address the following:
AP1000 COL Information Item
•

WLS COL 2.5-1

The applicant provided additional information in WLS COL 2.5-1 to address COL Information
Item 2.5-1 (COL Action Item 2.5.1-1). WLS COL 2.5-1 addresses the provision of regional and
site-specific geologic, seismic, and geophysical information, as well as conditions caused by
human activity. This information specifically includes the following topics: structural geology;
seismicity; geologic history; evidence of paleoseismicity; site stratigraphy and lithology;
engineering significance of geologic features; site groundwater conditions; dynamic behavior
during prior earthquakes; zones of alteration, irregular weathering, or structural weakness;
unrelieved residual stresses in bedrock; materials that could be unstable because of mineralogy
or physical properties; and the effects of human activities in the site area.
Two main sections comprise WLS COL FSAR Section 2.5.1. WLS COL FSAR Section 2.5.1.1,
“Regional Geology,” discusses physiography, geomorphology, and stratigraphy; tectonic setting,
including tectonic structures that are possibly Quaternary in age (i.e., 2.6 million years ago,
or 2.6 Ma, to present); and seismicity and paleoseismicity within the site region. WLS COL
FSAR Section 2.5.1.1 also describes specific seismic sources inside the site region (i.e., the
Charleston, SC area, the Giles County Seismic Zone of southwestern Virginia (GCVSZ), and
the Eastern Tennessee Seismic Zone (ETSZ)), as well as significant seismic sources outside
the site region, including the New Madrid and Central Virginia Seismic Zones. WLS COL FSAR
Section 2.5.1.2, “Site Geology,” addresses physiography and geomorphology, geologic setting
and history, stratigraphy and lithology, and structural geology within the site vicinity and site
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area. WLS COL FSAR Section 2.5.1.2 also discusses physiography and geomorphology,
geologic setting and history, stratigraphy and lithology, structural geology, and geologic
mapping at the site location, as well as engineering geology (including the effects of human
activities), seismicity and paleoseismicity, and groundwater conditions in the site area.
The applicant developed WLS COL FSAR Section 2.5.1 for WLS based on information derived
from geologic maps and reports published by State and Federal agencies and research
scientists; aerial photographs and digital elevation models; communications with experts in
geology, seismology, and tectonics of the site region, site vicinity, site area, and site location;
and geologic field investigations performed specifically for characterization of the WLS vicinity,
site area, and site location. These field investigations included geologic field reconnaissance;
lineament studies; analysis of test pits, trenches, and boreholes located at WLS; and geologic
mapping of bedrock exposures in the excavations for former CNS Units 2 and 3. The applicant
also used information presented in the PSAR for the former CNS site to supplement data
derived from geologic and seismic investigations conducted specifically for the WLS application.
That action was possible because the former CNS site and the proposed WLS site are
coincident. As noted by the applicant in WLS COL FSAR Sections 2.5.4.5.3.2 and 2.5.4.7.4.1,
sound concrete placed over previously mapped continuous bedrock during construction of CNS
Unit 1 entirely underlies the coincident WLS Unit 1 nuclear island. The existing excavation for
former CNS Unit 2, which lies between WLS Units 1 and 2, exposes foundation grade level
bedrock. CNS Unit 3 coincides with WLS Unit 2, the excavation for which currently reaches top
of sound rock and not foundation grade level bedrock. It should be noted that, to avoid an area
of deeply weathered saprolitic (i.e., soft, typically clay-rich, thoroughly decomposed rock formed
in place by chemical weathering that characteristically preserves geologic structures present in
the unweathered parent rock) bedrock at the northwest corner of former CNS Unit 1, the
applicant moved the WLS Unit 1 nuclear island footprint 20.1 meters (m) (66 feet (ft)) south and
15.2 m (50 ft) east of CNS Unit 1. The applicant also moved the WLS Unit 2 nuclear island
footprint 20.1 m (66 ft) south to maintain the spacing between WLS Units 1 and 2. Due to the
short distances involved, proposed WLS Units 1 and 2 remain coincident with former CNS
Units 1 and 3, respectively. The applicant included boring logs for seven boreholes placed to
characterize subsurface geology in the relocated nuclear island footprints in Attachment 6 of
WLS COL FSAR Appendix 2AA (“Lee Nuclear Station Field Exploration Data”).
To confirm previous geologic mapping of foundation bedrock exposures in excavations at the
CNS site, the applicant performed geologic mapping of foundation grade level bedrock surfaces
exposed in a small portion of the CNS Unit 2 excavation and compared that geologic map to
archived scanned records for the CNS site. In addition, to supplement that confirmatory
mapping effort and document lithologies and geologic features (including faults, shear and
breccia zones, and fractures) that occur in concrete-covered foundation grade level bedrock
underlying CNS Unit 1, the applicant compiled a detailed geologic map of the foundation grade
level bedrock surface in the CNS Unit 1 excavation from original field notes and geologic maps
initially prepared in the 1970s to characterize site location geology in that excavation. As
explained in WLS COL FSAR Section 2.5.1.2.5.5, the applicant digitized the original geologic
maps and prepared a detailed map compilation report containing copies of the original geologic
maps and the digitized map data, detailed descriptions of the quality assurance controls
exercised to produce the digitized geologic map compilation, and discussions of lithologies and
geologic structures that occur in the CNS and WLS Unit 1 excavation. The applicant
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documented the similarity of rock types and orientations and ages of tectonic structures in the
excavations for former CNS Units 1, 2, and 3 and proposed WLS Units 1 and 2 in the map
compilation report.
Based on the geologic and seismic investigations performed for WLS Units 1 and 2, the
applicant concluded in WLS COL FSAR Section 2.5.1 that no geologic or seismic conditions
exist at the site that would negatively affect construction or operation of safety-related
structures. With regard to the assessment of evidence for capable tectonic sources in WLS
COL FSAR Section 2.5.1, based on the definition in RG 1.208, in WLS COL FSAR Section 2.5.3
the applicant stated that a capable tectonic source is a tectonic structure that can generate both
tectonic surface deformation (e.g., faulting or folding) and vibratory ground motion in the present
seismotectonic setting. The following sections of this report summarize the basic geologic and
seismic information provided by the applicant in WLS COL FSAR Section 2.5.1:
Sections 2.5.1.2.1, “Regional Geology,” and 2.5.1.2.2, “Site Geology.”

2.5.1.2.1

Regional Geology

WLS COL FSAR Section 2.5.1.1 discusses the physiography, geomorphology, stratigraphy,
tectonic setting, and seismicity and paleoseismicity of the site region, defined as the area that
lies within a 320 km (200 mi) radius of WLS. Under the discussion of regional tectonic setting,
the applicant specifically addressed potential regional tectonic structures of Quaternary (2.6 Ma
to present) age. Under regional seismicity and paleoseismicity, the applicant also presented
information on seismic sources located both inside and outside the site region. The following
subsections of this report summarize the information provided by the applicant in WLS COL
FSAR Section 2.5.1.1.

2.5.1.2.1.1

Regional Physiography, Geomorphology, and Stratigraphy

WLS COL FSAR Section 2.5.1.1.1 describes the physiography, geomorphology, and
stratigraphy of the site region. The applicant stated that, from northwest to southeast, the site
region encompasses parts of five physiographic provinces, including the Appalachian Plateau,
Valley and Ridge, Blue Ridge, Piedmont, and Atlantic Coastal Plain provinces. Figure 2.5.1-1 of
this report shows the location of WLS in relation to these five provinces. WLS lies in the
Piedmont physiographic province.

2.5.1.2.1.1.1 Appalachian Plateau, Valley and Ridge, Blue Ridge, and Atlantic
Coastal Plain Physiographic Provinces
The applicant reported that unmetamorphosed, slightly deformed sedimentary rocks of Permian
(299 to 251 Ma) to Cambrian (542 to 488 Ma) age underlie the Appalachian Plateau province,
which extends from New York State to Alabama; that folded and faulted sedimentary rocks of
Paleozoic (542 to 251 Ma) age underlie the Valley and Ridge province, which extends from
New York State through Pennsylvania, Maryland, and Virginia; and that the Blue Ridge province
extends from Pennsylvania into northern Georgia and consists of intensely folded and faulted
metamorphosed basement and cover rocks intruded by igneous bodies. The applicant stated
that the Atlantic Coastal Plain province extends southwest from Massachusetts to south-central
Georgia, where it merges with the Gulf section of the Coastal Plain province. This province
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exhibits a low, gently rolling topography and contains semi-consolidated sedimentary rocks of
Cretaceous (145.5 to 65.5 Ma) age and younger.

2.5.1.2.1.1.2 Piedmont Physiographic Province
The applicant reported that the Piedmont physiographic province, which contains WLS, lies
between the Blue Ridge and Atlantic Coastal Plain provinces. The Piedmont province extends
from New York State into Alabama and contains two distinct lithotectonic elements, defined
based on the occurrence of different rock types and field evidence for a different tectonic history
in each element (i.e., the Piedmont Zone to the northwest and the Carolina Zone to the
southeast). A series of faults referred to as the Central Piedmont Shear Zone (CPSZ), a
Paleozoic (> 251 Ma) structure located about 8 km (5 mi) northwest of WLS (Figure 2.5.1-2 of
this report), separate the Piedmont Zone and the Carolina Zone. WLS lies in the Carolina Zone
of the Piedmont physiographic province, specifically in the Charlotte terrane of that zone, as
shown in Figure 2.5.1-2 of this report. The applicant reported that late Proterozoic (1000 to
54 Ma) to early Paleozoic (> 488 Ma) plutonic rocks intrude a suite of metamorphosed igneous
rocks and make up the dominant lithology in the Charlotte terrane, and that sediments of the
Atlantic Coastal Plain unconformably overlie rocks of the Carolina Zone southeast of WLS.

2.5.1.2.1.1.3 Mesozoic Extensional Basin
The applicant also discussed early to middle Mesozoic (251 to 145.5 Ma) extensional basins in
WLS COL FSAR Section 2.5.1.1.1. The applicant indicated that these basins, which occur in
the site region in both the Piedmont and Atlantic Coastal Plain physiographic provinces but do
not underlie the site (Figure 2.5.1-1 of this report), formed in response to continental rifting
associated with formation of the existing Atlantic Ocean basin.

2.5.1.2.1.2

Regional Tectonic Setting

WLS COL FSAR Section 2.5.1.1.2 describes the regional tectonic setting of WLS, including
regional geologic history, tectonic stress in the mid-continent region, site region and site vicinity
gravity and magnetic data, and principal regional tectonic structures. The following subsections
of this report provide a summary of the information presented by the applicant in WLS COL
FSAR Section 2.5.1.1.2, including a discussion of principal regional tectonic structures that are
possibly Quaternary (2.6 Ma to present) in age.

2.5.1.2.1.2.1 Regional Geologic History
In the description of geologic history in WLS COL FSAR Section 2.5.1.1.2.1, the applicant
stated that WLS lies in the southern part of the Appalachian Mountains orogenic belt, which
developed during Paleozoic time (542 to 251 Ma) as a result of four compressional orogenic
episodes related to continental collisions and the associated opening and closing of the protoAtlantic Ocean. The applicant reported that the middle Ordovician (472 to 461 Ma) Taconic
orogeny, the second regional tectonic deformation event to affect the Appalachian orogenic belt
during the Paleozoic, is the earliest tectonic event that deformed rocks in the WLS region. The
applicant noted that the fourth and final orogenic event, the Alleghanian orogeny, which
occurred during late Paleozoic time between 359 and 251 Ma, is the most significant collisional
tectonic event of the Appalachian orogenic belt. The applicant stated that this collisional event
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closed the Paleozoic proto-Atlantic Ocean basin; created the fold and thrust fault belt of the
Valley and Ridge physiographic province at the latitude of WLS; and transported the ancestral
North American basement westward to form the western part of the Blue Ridge physiographic
province. The applicant indicated that, at the latitude of WLS, ancestral North American
basement rocks underlie the Valley and Ridge, Blue Ridge, and Inner Piedmont physiographic
provinces at depths of less than 10 to 14 km (6 to 9 mi). The applicant also reported that a
basal décollement (i.e., a large-displacement, shallow-dipping to subhorizontal, regional shear
zone that truncates all rock units above it) developed along the top of the ancestral North
American basement and formed the source of the Paleozoic thrust sheets in these three
physiographic provinces.
The applicant noted further that the early to middle Mesozoic (251 to 145.5 Ma) rift basins of the
modern continental margin record the start of extension and continental rifting leading to the
formation of the current Atlantic Ocean basin. The applicant pointed out that Wheeler
suggested many earthquakes that occur in the eastern part of the Piedmont physiographic
province and beneath the Coastal Plain may be spatially associated with reactivated buried
normal faults initially developed during Mesozoic rifting. However, the applicant indicated that
no definitive correlation of seismicity with Mesozoic normal faults has been demonstrated to
date. The applicant stated that, after continental extension and rifting during early to middle
Mesozoic time, deposition of Cretaceous (145.5 to 65.5 Ma) and Cenozoic (65.5 Ma to present)
sediments of the Coastal Plain occurred along a passive continental margin.

2.5.1.2.1.2.2 Tectonic Stress in the Mid-Continent
WLS COL FSAR Section 2.5.1.1.2.2 discusses tectonic stress in the mid-continent region. The
applicant stated that data compiled for the CEUS SSC model (NUREG-2115) confirmed
previous work indicating a prevailing east-northeast to northeast orientation of maximum
horizontal compressive stress in the mid-continent. This orientation is consistent with the
theoretical trend of compressive forces exerted on the North America plate by seafloor
spreading at the mid-Atlantic ridge as proposed by Zoback.

2.5.1.2.1.2.3 Gravity and Magnetic Data
WLS COL FSAR Section 2.5.1.1.2.3 presents gravity and magnetic data for the site region and
vicinity. In WLS COL FSAR Section 2.5.1.1.2.3.1, the applicant reviewed the regional gravity
data, including reprocessed data in the CEUS SSC database (NUREG-2115), and concluded
that long wavelength anomalies observed in the vicinity of WLS are also characteristic of large
parts of the Appalachian orogenic belt. The applicant also concluded that short wavelength
characteristics noted in the WLS vicinity are gravity highs and lows related to mafic and granitic
igneous intrusive rock bodies, respectively. The applicant further concluded that the gravity
data do not show any evidence of Cenozoic (65.5 Ma to present) tectonic activity or specific
Cenozoic tectonic structures in the site region or site vicinity.
In WLS COL FSAR Section 2.5.1.1.2.3.2, the applicant reviewed the regional magnetic data,
also including reprocessed data in the CEUS SSC database (NUREG-2115), and concluded
that first-order magnetic anomalies mainly reflect regional terranes of the Paleozoic Appalachian
orogen, which trend northeast-southwest. The applicant associated superimposed anomalies
having wavelengths of 5 to 19 km (3 to 12 mi) with igneous intrusive rock bodies or ore
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deposits. The applicant further concluded that the magnetic data generally are not of sufficient
resolution to identify discrete faults.

2.5.1.2.1.2.4 Principal Regional Tectonic Structures
WLS COL FSAR Section 2.5.1.1.2.4 discusses principal regional tectonic structures within 320
km (200 mi) of WLS. The discussion included geophysical anomalies and lineaments and
Paleozoic, Mesozoic, Cenozoic, and Quaternary tectonic structures.
Regional Geophysical Anomalies and Lineaments
In WLS COL FSAR Section 2.5.1.1.2.4.1, the applicant discussed geophysical anomalies and
lineaments found within the site region. From southeast to northwest, these features are the
East Coast Magnetic Anomaly (ECMA); the southeastern limit of Iapetan (i.e., late Proterozoic,
1,000 to 542 Ma, to early Paleozoic, > 488 Ma, in age) normal faulting; the Clingman, Ocoee,
and New York-Alabama (NYAL) lineaments; the Appalachian gravity gradient; the northwestern
boundary of Iapetan normal faulting; the Appalachian thrust front; and the Grenville Front.
The applicant documented an age of > 65.5 Ma for these anomalies and lineaments.
Regional Paleozoic Tectonic Structures
In WLS COL FSAR Section 2.5.1.1.2.4.2, the applicant discussed the following 13 Paleozoic
(542 to 251 Ma) tectonic structures that occur in the WLS region, associating them with thrust
faulting that occurred during compressional Appalachian orogenic events:
•

Kings Mountain Shear Zone – 8 km (5 mi) north of the site

•

Tinsley Bridge Fault – 8 km (5 mi) southwest of the site

•

Cross Anchor Fault – 16 km (10 mi) west of the site

•

Southwest extension of the Boogertown Shear Zone – 13 km (8 mi) east of the site

•

Reedy River Thrust Fault – 29 km (18 mi) west-northwest of the site

•

Gold Hill-Silver Hill Shear Zone – 48 km (30 mi) south of the site

•

Middleton-Lowdensville Shear Zone – 64 km (40 mi) south of the site

•

Modoc Shear Zone – 121 km (75 mi) south of the site

•

Brevard Fault Zone – 89 km (55 mi) northwest of the site

•

Chappells Shear Zone – 92 km (57 mi) south of the site

•

Hyco Shear Zone – 225 km (139 mi) northeast of the site

•

Brindle Creek Thrust Fault – 64 km (40 mi) north of the site
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•

Beaver Creek Shear Zone – 64 km (40 mi) south of the site

The applicant indicated that the majority of these regional tectonic structures dip eastward,
shallowing in dip as they merge into the basal décollement. Based on interpretations by
researchers who determined that most of the seismicity in eastern North America occurs in
basement rocks below the décollement surface, the applicant stated that seismicity in the
Southern Appalachian Mountains is likely unrelated to shallow thrust faults mapped at the
surface. The applicant did not attribute any seismicity to Paleozoic faults in the site region, and
indicated that published literature does not report any evidence for associated late Cenozoic
(23 Ma to present), including Quaternary (2.6 Ma to present), deformation related to these
faults. Therefore, the applicant concluded that none of the Paleozoic structures found in the site
region are capable tectonic features.
Regional Mesozoic Tectonic Structures
In WLS COL FSAR Section 2.5.1.1.2.4.3, the applicant described the following six Mesozoic
(251 to 65.5 Ma) tectonic features that occur in the WLS region:
•

Wateree Creek Fault – 89 km (55 mi) south of the site

•

Summers Branch Fault – 89 km (55 mi) south of the site

•

Ridgeway Fault – 96.6 km (60 mi) southeast of the site

•

Longtown Fault – 96.6 km (60 mi) southeast of the site

•

Mulberry Creek Fault – 89 km (55 mi) southwest of the site

•

Mesozoic Rift Basins – located in the site region

The applicant stated that no known correlation exists between seismicity and these Mesozoic
structures, and that published literature does not indicate any late Cenozoic, including
Quaternary (2.6 Ma to present), deformation associated with the structures. Therefore, the
applicant concluded that none of the Mesozoic structures found in the site region are capable
tectonic features. However, the applicant noted that the Extended Continental Crust-Atlantic
Margin (ECC-AM) seismotectonic zone of the CEUS SSC model (NUREG-2115), one of the
multiple zones included in the seismic hazard calculation for WLS, contains Mesozoic tectonic
structures of the site region. The applicant discussed the ECC-AM seismotectonic zone in WLS
COL FSAR Section 2.5.2.2.3.2.
Regional Quaternary Tectonic Structure
In WLS COL FSAR Section 2.5.1.1.2.4.5, based on the catalogue of known or suggested
Quaternary (2.6 Ma to present) tectonic structures in the CEUS developed by Crone and
Wheeler and Wheeler, the applicant identified 15 potential Quaternary tectonic features in the
WLS region, including faults, liquefaction features, and seismic zones. Crone and Wheeler and
Wheeler classified potential tectonic features in regard to strength of evidence for Quaternary
faulting and related deformation features based on evaluation of published information, not on a
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direct field examination of the actual geologic features. Their four classification categories for
tectonic features are as follows:
•

Class A – Geologic evidence demonstrates the existence of a Quaternary fault of
tectonic origin, whether inferred from liquefaction or other deformation features or
exposed at the ground surface.

•

Class B – Geologic evidence demonstrates the existence of a fault or suggests
Quaternary deformation, but the fault may not cut deep enough into the crust to be a
potential source of significant earthquakes or the available evidence is not strong
enough to assign the feature to Class A, but is too strong to assign it to C.

•

Class C – Geologic evidence is insufficient to demonstrate the existence of a tectonic
fault or Quaternary deformation associated with the feature.

•

Class D – Geologic evidence demonstrates that the feature is not a tectonic fault.

The 15 potential Quaternary tectonic structures identified and described by the applicant within
the WLS region include the Class A Charleston area, Bluffton, and Georgetown liquefaction
features; the Class B Pembroke faults; and the Class C Fall Lines of Weems, Belair fault zone,
Pen Branch fault, Cape Fear arch, Hares Crossroads fault, Lindside fault zone, StanleytownVilla Heights faults, Cooke fault, East Coast fault system, and Giles County and Eastern
Tennessee seismic zones. Figure 2.5.1-3 of this report shows the locations of these potential
Quaternary features relative to WLS.
The applicant discussed Charleston, SC area tectonic features (i.e., proposed source faults,
seismic zones, and seismically-induced liquefaction and paleoliqefaction features) in FSAR
Section 2.5.1.1.3.2.1; the Cape Fear arch in WLS COL FSAR Section 2.5.1.1.2.4.4; the ETSZ in
WLS COL FSAR Section 2.5.1.1.3.2.2; and the GCVSZ in WLS COL FSAR
Section 2.5.1.1.3.2.3. Other sections of this report summarize the information provided by the
applicant in these four WLS COL FSAR sections related to the specific regional Quaternary
tectonic structures defined above. The applicant described the remaining seven potential
Quaternary tectonic structures (i.e., the Fall Lines of Weems, the Belair and Lindside fault
zones, and the Pen Branch, Hares Crossroads, Stanleytown-Villa Heights, and Pembroke
faults) in WLS COL FSAR Section 2.5.1.1.2.4.5. The following paragraphs summarize the
information provided by the applicant in WLS COL FSAR Section 2.5.1.1.2.4.5 related to these
seven potential Quaternary faults.
Fall Lines of Weems (Class C)
The applicant described the Fall Lines of Weems as alignments of rapids or anomalously steep
sections of rivers draining the Piedmont and Blue Ridge physiographic provinces of North
Carolina and Virginia (Figure 2.5.1-3 of this report), and stated that the features lie as close as
8 km (5 mi) to WLS. Based on published literature, field reconnaissance, and a review of the
staff’s evaluation of these features for the North Anna ESP application as presented in
NUREG-1835, “Safety Evaluation Report for an Early Site Permit (ESP) at the North Anna ESP
Site,” issued September 2005, the applicant concluded that the Fall Lines of Weems developed
due to a contrast in resistance to erosion of adjacent rock types and are not tectonic in origin.
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Belair Fault Zone (Class C)
The applicant stated that a series of northeast-striking, southeast-dipping, oblique-slip faults
comprise the Belair fault zone, which lies about 201 km (125 mi) south of WLS (Figure 2.5.1-3
of this report), and indicated that information provided by Prowell and O’Connor constrains last
movement on the Belair fault zone to between late Eocene (< 33.9 Ma) and 26,000 years before
present. The applicant concluded that, although the available data do not preclude Quaternary
deformation along the fault zone, the data do not unequivocally demonstrate Quaternary
movement in the zone.
Pen Branch Fault (Class C)
The applicant reported that the Pen Branch fault, located about 241 km (150 mi) south of WLS
(Figure 2.5.1-3 of this report), is a northeast-striking structure that bounds the northwestern side
of the buried Mesozoic (251 to 65.5 Ma) Dunbarton Basin, but has no surface expression. The
applicant stated that seismic reflection and borehole data collected at the Savannah River Site,
as well as investigations performed for the Vogtle ESP application to assess the age of the
youngest strata deformed by the Pen Branch fault, show no evidence of fault movement
younger than Eocene (55.8 to 33.9 Ma). The applicant concluded that the Pen Branch fault is
not a capable tectonic structure.
Hares Crossroads Fault (Class C)
The applicant reported that Prowell postulated an offset of Coastal Plain strata by the Hares
Crossroads fault based on field observations in a single roadcut at a location approximately
322 km (200 mi) east-northeast of WLS (Figure 2.5.1-3 of this report). Because the postulated
fault occurs at a single location, the applicant concluded that it is most likely a local feature
produced by landsliding and not a tectonic structure.
Lindside Fault Zone (Class C)
The applicant stated that the Lindside fault zone, located about 274 km (170 mi) north of WLS
(Figure 2.5.1-3 of this report), is a northeast-striking normal fault, which does not exhibit any
evidence for Quaternary movement.
Stanleytown-Villa Heights Faults (Class C)
The applicant indicated that the postulated Stanleytown-Villa Heights faults, located
approximately 241 km (150 mi) northeast of WLS (Figure 2.5.1-3 of this report), mark the
juxtaposition of Quaternary (2.6 Ma to present) alluvium and rocks of Cambrian (542 to 488 Ma)
age. The applicant stated that field evidence summarized by Crone and Wheeler indicates
these features are short, down-dropped in a downhill slope direction, and not associated with
any other faults. The applicant concluded that field evidence suggests the faults most likely
resulted from landsliding and are not tectonic structures.
Pembroke Faults (Class B)
The applicant reported that the postulated Pembroke faults lie about 241 km (150 mi) north of
WLS (Figure 2.5.1-3 of this report) in alluvial deposits of probable Quaternary age, but exhibit
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no geomorphic expression and are possibly the result of dissolution collapse rather than
tectonism.

2.5.1.2.1.3

Regional Seismicity and Paleoseismology

WLS COL FSAR Section 2.5.1.1.3 discusses the seismicity and paleoseismicity of the CEUS
related to seismic sources that lie within the WLS region, as well as selected seismogenic
tectonic sources that occur outside the site region. The applicant emphasized the discussion of
tectonic features in the area around Charleston, SC, including postulated faults and possible
seismic zones, because a currently unknown tectonic structure in that area produced the 1886
Charleston earthquake, one of the largest historical earthquakes ever to occur in the CEUS.
The following subsections of this report summarize the information presented by the applicant in
WLS COL FSAR Section 2.5.1.1.3 related to seismicity and paleoseismicity in and beyond the
WLS region.

2.5.1.2.1.3.1 Seismic Source Zones and Potential Source Faults
In WLS COL FSAR Sections 2.5.1.1.3.1 and 2.5.1.1.3.2, the applicant addressed the seismicity
of the CEUS and seismic sources defined by regional seismicity, respectively. In WLS COL
FSAR Section 2.5.1.1.3.2, the applicant identified and discussed five principal areas of
concentrated seismicity within 320 km (200 mi) of WLS and ten postulated buried source faults
for the 1886 Charleston, SC earthquake. The applicant described the ten potential source faults
for the 1886 Charleston, SC earthquake and three of the five areas of concentrated seismicity in
the WLS region, specifically the three areas within 80 km (50 mi) of Charleston (i.e., the
Middleton Place-Summerville, Bowman, and Adams Run seismic zones), in WLS COL FSAR
Section 2.5.1.1.3.2.1. WLS COL FSAR Sections 2.5.1.1.3.2.2 and 2.5.1.1.3.2.3 address the
remaining two areas of concentrated seismicity in the site region, the ETSZ and the GCVSZ,
respectively. In WLS COL FSAR Section 2.5.1.1.3.2.4, the applicant discussed two areas of
concentrated seismicity outside the site region, specifically the New Madrid and Central Virginia
seismic zones. Figure 2.5.1-4 of this report shows the locations of all five principal areas of
concentrated seismicity within WLS region and the two seismic zones located outside the site
region. Based on data presented in the CEUS SSC model (NUREG-2115), the applicant
considered only Charleston and the New Madrid seismic zone (NMSZ) as sources of repeated
(i.e., two or more) large magnitude (i.e., M > 6.5) earthquakes, or RLMEs, in the PSHA for WLS
as described in WLS COL FSAR Section 2.5.2.2.4.
Charleston Tectonic Features
In WLS COL FSAR Section 2.5.1.1.3.2.1, the applicant reported that the 1886 Charleston
earthquake generated a Modified Mercalli Intensity (MMI) X shaking in the epicentral area of the
earthquake. This earthquake, with an expected moment magnitude (E[M]) of 6.9 (i.e., estimated
given the uncertainty in earthquake magnitude), was the largest historical seismic event to occur
in the eastern United States. The applicant stated that liquefaction and paleoliquefaction
features discovered in coastal South Carolina provide evidence that the Charleston seismic
source exhibits characteristics of an RLME source as discussed in the CEUS SSC model
(NUREG-2115). The applicant acknowledged that there is no identifiable primary tectonic
surface deformation feature associated with the 1886 earthquake, such that researchers infer
an earthquake source based on the geology, geomorphology, and instrumental seismicity of the
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site region. The applicant noted that the CEUS SSC model (NUREG-2115) includes three
alternative geometries for the Charleston seismic source, as discussed in WLS COL FSAR
Section 2.5.2.2.4.1, since there is no known causative tectonic feature associated with the 1886
earthquake.
Charleston Area Seismic Zones and Potential Source Faults
In WLS COL FSAR Section 2.5.1.1.3.2.1, the applicant discussed three zones of increased
seismicity identified in the Charleston area, specifically the Middleton Place-Summerville,
Bowman, and Adams Run seismic zones, as well as seismically-induced liquefaction features
that occur in the Charleston area. Figure 2.5.1-4 of this report shows the locations of these
three seismic zones. Since a specific source fault has not been defined for the 1886 Charleston
earthquake, the applicant discussed ten postulated buried source faults for this earthquake, with
all the faults located in or near the meizoseismal area (i.e., the area of maximum observed
earthquake-induced damage due to shaking) of the earthquake. These ten postulated source
faults include the East Coast Fault System (ECFS); the Helena Banks fault zone, located
offshore southeast of Charleston and outside the meizoseismal area of the 1886 earthquake;
and the Adams Run, Ashley River, Charleston, Cooke, Sawmill Branch, Dorchester,
Summerville, and Woodstock faults. Figure 2.5.1-5 of this report shows the locations of these
postulated source faults and the seismically-induced liquefaction features found in the
Charleston area.
Charleston Area Seismically-Induced Liquefaction Features
In WLS COL FSAR Section 2.5.1.1.3.2.1, the applicant also discussed spatial distribution and
ages of seismically-induced liquefaction features that occur in the Charleston area and along
the South Carolina coast to constrain possible locations and recurrence rates for large
earthquakes related to a Charleston area seismic source. The applicant noted that the
meizoseismal area for the 1886 Charleston area contains the heaviest concentration of
liquefaction features (Figure 2.5.1-5 of this report), and that the presence of liquefaction features
associated with the 1886 Charleston earthquake and paleoliquefaction features attributed to
pre-1886 earthquakes demonstrate the occurrence of repeated large magnitude earthquakes
(RLMEs) in the Charleston area.
Eastern Tennessee Seismic Zone
In WLS COL FSAR Section 2.5.1.1.3.2.2, the applicant described the ETSZ. The applicant
noted that this zone, located about 241 km (150 mi) west-northwest of WLS (Figure 2.5.1-4 of
this report), is one of the most active seismic zones in eastern North America in terms of small
magnitude (i.e., M < 5) earthquakes, and that no damaging historical earthquakes have
occurred in the zone. The applicant indicated that earthquakes in the ETSZ occur in
Precambrian (> 542 Ma) crystalline basement rocks at a mean focal depth of about 14 km (9
mi), which is well below the 5 km (3 mi) depth of the Appalachian basal décollement separating
Precambrian basement from younger rocks in the overlying thrust sheets. The applicant
reported that earthquakes within the ETSZ cannot be related to any known capable tectonic
structure, but that the western margin of the zone is coincident with the prominent magnetic
gradient defined by the NYAL magnetic lineament. Although the CEUS SSC model
(NUREG-2115) did not define the ETSZ as an RLME, the applicant reported that, based on field
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data, Hatcher and others have suggested one or more prehistoric earthquakes of M 6.5 may
have occurred in the ETSZ within the last 73,000 to 200,000 years. The applicant explained
how the CEUS SSC model (NUREG-2115) incorporates the ETSZ into the Paleozoic Extended
Crust (PEZ) seismotectonic zone in WLS COL FSAR Section 2.5.2.2.3.5, and discussed
geologic investigations conducted in the zone more extensively in WLS COL FSAR
Section 2.5.2.2.5.1.
Giles County Seismic Zone
In WLS COL FSAR Section 2.5.1.1.3.2.3, the applicant discussed the Giles County seismic
zone (GCVSZ), which lies in Virginia approximately 257 km (160 mi) north of WLS
(Figure 2.5.1-4 of this report). The applicant stated that the largest earthquake to occur in the
seismic zone was an M 5.9 event in 1897. The applicant noted that earthquakes in this zone
occur in Precambrian crystalline basement rocks lying beneath the Appalachian thrust sheets at
depths of 5 to 26 km (3 to 16 mi). The applicant stated that no capable tectonic structures have
been identified in the GCVSZ. The applicant explained how the CEUS SSC model
(NUREG-2115) incorporates this seismic zone into the PEZ seismotectonic zone in WLS COL
FSAR Section 2.5.2.2.3.5.
Concentrated Seismicity Outside the Site Region
In WLS COL FSAR Section 2.5.1.1.3.2.4, the applicant described two areas of concentrated
seismicity outside the WLS region, specifically the New Madrid and Central Virginia seismic
zones. Figure 2.5.1-4 of this report shows the locations of these two seismic zones.
The NMSZ extends from southeastern Missouri to southwestern Tennessee and lies more than
724 km (450 mi) west of WLS. The applicant reported that three large-magnitude historical
earthquakes occurred in this zone between December 1811 and February 1812, with
magnitudes interpreted by area experts ranging from M 7.2 to M 8.1. The applicant noted that
recent published paleoseismic data suggest a mean earthquake recurrence interval of 500
years for the NMSZ. However, the applicant also noted that paleoseismic studies suggest
seismic activity in this zone during the Holocene (0.01 Ma to present) may not be indicative of
the long-term recurrence rate based on information provided in the CEUS SSC model
(NUREG-2115). The applicant discussed temporal clustering models and uncertainties
associated with the paleoliquefaction record and recurrence and explained how the CEUS SSC
model (NUREG-2115) incorporated this zone as an RLME in WLS COL FSAR
Section 2.5.2.2.4.2.
The Central Virginia seismic zone (CVSZ) is an area of persistent, low-level seismicity located
more than 402 km (250 mi) north-northeast of WLS. This zone extends about 120 km (75 mi) in
a north-south direction and about 144 km (90 mi) in an east-west direction from Richmond, VA,
to Lynchburg, VA. The applicant noted that no causative surface faults have been identified in
the zone. The applicant reported that the largest historical earthquake in the CVSZ occurred
near Mineral, VA, in August 2011 with a magnitude (Mw) of 5.8, and discussed the investigations
conducted for the Mineral earthquake in more detail in WLS COL FSAR Section 2.5.2.2.5.2.
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2.5.1.2.2

Site Geology

WLS COL FSAR Section 2.5.1.2 describes geologic characteristics of the WLS area and site
location, defined as the areas lying within an 8 km (5 mi) and a 1 km (0.6 mi) radius of the site,
respectively. These characteristics include physiography and geomorphology, geologic setting
and history, stratigraphy and lithology, structural geology, engineering geology, seismicity and
paleoseismicity, and groundwater conditions. For the discussion of seismicity and
paleoseismicity, the applicant also included the area lying within a 40 km (25 mi) radius of the
site (i.e., the site vicinity). The following subsections of this report summarize the information
provided by the applicant in WLS COL FSAR Section 2.5.1.2.

2.5.1.2.2.1.1 Site Area Physiography and Geomorphology
In WLS COL FSAR Section 2.5.1.2.1, the applicant described the physiography and
geomorphology of the WLS area. The applicant indicated that the site lies within the Piedmont
physiographic province of central South Carolina on the western side of the Broad River,
bounded by the Coastal Plain province to the southeast and the Blue Ridge province to the
northwest (Figure 2.5.1-1 of this report). The Broad River is the primary drainage in the site
area. The applicant reported that gently to moderate rolling hills and well-drained mature
valleys characterize topography of the site area, with elevations ranging from about 122 m to
305 m (400 to 1,000 ft) above mean sea level (MSL).
The applicant stated that residual soils and saprolite overlie igneous and metamorphic bedrock
in the site area. The applicant noted that prominent lineaments associated with topographic
ridges in the site area reflect patterns of stream erosion controlled by erosion-resistant rock
units, rather than by surface displacement along tectonic structures, and concluded that no
topographic features in the site area suggest surface faulting related to tectonic deformation.

2.5.1.2.2.2

Site Area Geologic Setting and History

In WLS COL FSAR Section 2.5.1.2.2, the applicant described the geologic setting and history of
the WLS area. The applicant stated that metamorphosed and complexly deformed plutonic and
volcanic rocks and associated metasedimentary rock units underlie the site area, which lies in
the western part of the Charlotte terrane of the Carolina Zone (Figure 2.5.1-2 of this report).
The applicant indicated that rocks comprising the Charlotte terrane exhibit a long and complex
geologic history from Neoproterozoic (1000 to 542 Ma) through Triassic (251 to 201.6 Ma),
including magmatic activity related to the opening of the modern Atlantic Ocean basin. The
applicant reported that Charlotte terrane rocks in the site area show the effects of early
Cambrian (542 to 535 Ma) metamorphism and deformation; tectonic and thermal events during
Silurian (444 to 416 Ma), Devonian (416 to 359 Ma) and Carboniferous-Permian (the
Alleghanian orogeny at 359 to 251 Ma) time; and Mesozoic (specifically Triassic-Jurassic, 251
to 145.5 Ma) extension and magmatism.

2.5.1.2.2.3

Site Area Stratigraphy and Lithology

In WLS COL FSAR Section 2.5.1.2.3, the applicant discussed site area stratigraphy and
lithology. The applicant stated that rock units in the WLS area generally belong to the
Battleground Formation, defined by Horton as Neoproterozoic (1,000 to 542 Ma) in age, with
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younger cross-cutting Triassic and Jurassic (251 to 145.5 Ma) intrusive igneous dikes. The
applicant described the Battleground Formation as a volcaniclastic sequence intruded by its
own parent magma, made up of metamorphosed felsic to intermediate composition rocks,
metavolcaniclastic sequences with metaigneous intrusions of similar compositions, and
interlayered metasedimentary rock units. The applicant explained that few primary features
remain in this lithologic sequence for determining stratigraphic relationships, due primarily to
metamorphism and intense deformation of the rock units. The applicant described individual
rock units of the Battleground Formation in WLS COL FSAR Section 2.5.1.2.3, and reported that
one of the metamorphosed intrusive igneous bodies of that formation, rock unit “Zto”
(Figure 2.5.1-6 of this report), is the foundation unit for WLS. The applicant also stated that
Quaternary alluvium made up of gravel, sand, and silt deposits occurs in river and stream
valleys in the site area.

2.5.1.2.2.4

Site Area Structural Geology

In WLS COL FSAR Section 2.5.1.2.4, the applicant discussed the structural geology of the site
area. The applicant stated that geologic structures observed in the site area and at the site
location include deformation features that developed during five regional deformational
episodes, D1 through D5, and affected rock units in the site vicinity and site area and at the site
location. Based on observed field relationships, the applicant indicated geologic structures that
developed during deformational episodes D1 and D2 formed during a metamorphic event about
549 to 535 Ma ago. The applicant reported that radiometric dates constrain the age of the D3,
D4 and D5 deformational episodes to be no younger than 296 Ma. The following sections of
this report summarize the information presented by the applicant in WLS COL FSAR
Sections 2.5.1.2.4 on geologic structures in the WLS area.

2.5.1.2.2.4.1 Structures in the Site Area
In WLS COL FSAR Section 2.5.1.2.4, the applicant discussed site area geologic structures,
including the Cherokee Falls and Draytonville synforms (i.e., folds with limbs closing downward,
applied when the stratigraphic order of the folded sequence is unknown) and minor surfaces
exhibiting slickensides (i.e., surficial striations that typically occur on a fault plane, which indicate
direction, but not amount, of displacement along the fault). Based on field relationships, the
applicant interpreted the Cherokee Falls and Draytonville synforms, both located about 7 km
(4.5 mi) northwest of WLS, as D2 deformation features. The applicant also reported that
several small-scale minor faults described in the CNS PSAR, located 6.4 km (4 mi) north and
9.7 km (6 mi) northwest of WLS in rocks that are Neoproterozoic to Cambrian in age
(> 535 Ma), could not be traced laterally and are typical of older, minor geologic structures
commonly found in the Piedmont.
The applicant discussed minor slickensided surfaces that occur at Cherokee Falls, SC, 4.8 km
(3 mi) northwest of the site, and Draytonville, SC, 6.4 km (4 mi) west of the site, as described in
the CNS PSAR. The applicant stated that these surfaces exhibiting slickensides could not be
traced beyond a single exposure, a field observation suggesting the slickensides do not mark a
through-going fault. The applicant also stated that field work performed for the WLS application
did not reveal these reported slickensided surfaces. Therefore, the applicant concluded that the
slickensided surfaces represent minor, localized structures similar to those found throughout the
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Piedmont, and that they do not provide any evidence for Quaternary (2.6 Ma to present) fault
movement.

2.5.1.2.2.5

Site Location Geology

In WLS COL FSAR Section 2.4.1.2.5, the applicant discussed the geology of the WLS location,
which is the area located within a 1-km (0.6-mi) radius of the site. The applicant specifically
addressed physiography and geomorphology, geologic setting and history, stratigraphy and
lithology, structure, and geologic mapping in relation to site location.

2.5.1.2.2.5.1 Site Location Physiography and Geomorphology
In WLS COL FSAR Section 2.5.1.2.5.1, the applicant described the physiography and
geomorphology of the site location. The applicant reported that the physiography and
geomorphology observed at the site location are typical of the site area as described in WLS
COL FSAR Section 2.5.1.2.1. Elevations at the site location range from 155 m to 250 m (510 to
820 ft) above MSL, with the observed relief primarily the result of stream drainage incision. The
applicant indicated that an erosion-resistant quartzite unit holds up McKown’s Mountain, the
north-northeast-trending linear ridge located northwest of WLS (Figure 2.5.1-6 of this report).

2.5.1.2.2.5.2

Site Location Geologic Setting and History

In WLS COL FSAR Section 2.5.1.2.5.2, the applicant discussed the geologic setting and history
of the site location. The applicant indicated that site location setting and history are generally
congruent with the site area as described in WLS COL FSAR Section 2.5.1.2.2. However, the
applicant noted that, of the five regional deformation episodes (D1 through D5) documented in
the site area, rock units at the site location most strongly record only two of the five events
(i.e., D1 and D2). The applicant stated that variations in strength and anisotropy between the
metaplutonic rock mass comprising foundation unit Zto and the surrounding metavolcanic and
metasedimentary country rocks resulted in the development of different tectonic structures in
the different rock units, making it difficult to distinguish structures produced by deformation
events D1 and D2.

2.5.1.2.2.5.3 Site Location Stratigraphy and Lithology
In WLS COL FSAR Section 2.5.1.2.5.3, the applicant described the stratigraphy and lithology of
the WLS location. The applicant indicated that rock unit Zto (Figure 2.5.1-6 of this report) is the
foundation unit for WLS, and that saprolite, with a maximum thickness of 30 m (100 ft), is
typically 12 to 24 m (40 to 80 ft) thick at the site location. The applicant noted that Quaternary
alluvium composed of gravel, sand, and silt deposits occurs in river and stream valleys.

2.5.1.2.2.5.4 Site Location Structure
In WLS COL FSAR Section 2.5.1.2.5.4, the applicant discussed the geologic structures mapped
at the site location. These structures include the McKown’s Creek antiform (i.e., a fold with
limbs closing upward, applied when stratigraphic order of the folded sequence is unknown),
shear and breccia zones, dilation fractures, joints, and slickensides. The applicant indicated
that, although foundation rock unit Zto is generally massive, the unit locally exhibits discrete
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geologic structures expressed as fractures, joints, and shear and breccia zones at the site
location.
McKown’s Creek Antiform
Based on Schaeffer, the applicant interpreted the McKown’s Creek antiform as a D2
deformation structure that developed around 542 Ma ago. The applicant noted that WLS
foundation unit Zto lies in the nose of this proposed fold. The applicant reported that the more
recent geologic map of Nystrom does not include the McKown’s Creek antiform, and that most
of the folds reflected in geologic map patterns at the site location resulted from deformation D2.
Shear and Breccia Zones, Dilation Fractures, and Joints
The applicant stated that shear and breccia zones, which occur at the site location in foundation
rock unit Zto, show preferential development in smaller mafic dikes and along the margins of
larger mafic dikes that intrude the foundation unit. The applicant indicated that the
best-developed shear and breccia zones, initially studied during investigations performed for the
Cherokee site, strike a few degrees east of north and dip steeply to the southeast, while a
secondary set strikes northwest and dips moderately to the southwest. The applicant reported
that the shear and breccia zones exhibit an early ductile fabric overprinted by a later-stage
brittle fabric, and that a potassium-argon (K-Ar) radiometric age date constrains timing of the
shearing and brecciation to be older than 219 Ma. The applicant obtained the K-Ar age date on
potassium feldspar, collected during site characterization of the Cherokee site from an
undeformed igneous vein cutting across one shear zone.
The applicant indicated that igneous veins containing undeformed minerals, including potassium
feldspar, in rock unit Zto cut across the shear and breccia zones as dilation fractures
(i.e., fractures opened by expansion perpendicular to the walls of the fracture, rather than by
shearing parallel to the fracture). The applicant reported that the K-Ar radiometric age date
discussed in the above paragraph also constrains timing of development of the dilation fractures
to be older than 219 Ma. The applicant reported that steeply-dipping (i.e., 60 degrees to
vertical) joints are common at the site location and exhibit a range of strike directions.
Slickensides
The applicant reported the occurrence of slickensides on joint surfaces and along contacts
between different rock types at the site location, and stated that the slickensides post-date the
dilation fractures and shear and breccia zones since the slickensided surfaces cross-cut the
dilation fractures and shear and breccia zones. The applicant noted the common occurrence of
chlorite mica on the slickensided surfaces, and concluded that minor movement along the
surfaces must have occurred more than 219 Ma ago in connection with the metamorphic event
that produced the chlorite (i.e., a greenschist facies metamorphic event, interpreted to occur
within a temperature range of 300-500 degrees centigrade). The applicant indicated that
slickensides also occur on discontinuous surfaces in partially weathered rock and saprolite.
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2.5.1.2.2.5.5 Site Location Geologic Mapping
In WLS COL FSAR Section 2.5.1.2.5.5, the applicant summarized geologic mapping efforts
conducted for WLS to document geologic characteristics of foundation bedrock at the site
location. To confirm the results of previous geologic mapping of bedrock exposures in
excavations at the CNS site as part of the investigations for the WLS application, the applicant
performed geologic mapping to define lithologies and major tectonic features in foundation
grade level bedrock exposed in a portion of the CNS Unit 2 excavation and compared that
geologic map to scanned records for the CNS site located in the Duke archives. The applicant
reported agreement between this confirmatory map and the original CNS Unit 2 geologic map of
foundation grade level bedrock. The applicant also mapped available exposures of the top of
sound rock (i.e., not foundation grade level bedrock) in the CNS Unit 3 excavation to
preliminarily assess lithologies and major tectonic features at WLS Unit 2, which is coincident
with CNS Unit 3.
The applicant likewise documented lithologies and tectonic features (i.e., faults, shear and
breccia zones, and fractures) that occur in foundation grade level bedrock underlying CNS
Unit 1, which coincides with WLS Unit 1. The documentation materials included detailed
geologic maps of the foundation grade level bedrock surface in the CNS Unit 1 excavation that
now lies under concrete, produced by digitizing and compiling the original field maps prepared
for CNS Unit 1, and a report containing the compiled digital maps and associated data. Based
on these materials for CNS Unit 1, the confirmatory mapping of a portion of CNS Unit 2, and the
preliminary mapping of exposures at CNS Unit 3, the applicant confirmed the similarity of rock
types and orientations and ages of tectonic structures in the excavations for WLS/CNS Unit 1,
CNS Unit 2, and WLS Unit 2/CNS Unit 3. Regarding the age of tectonic features, based on
undeformed mineral assemblages associated with a prominent fault zone (initially designated as
“Fault Zone 6”) mapped in the excavation for the CNS Unit 1 reactor and auxiliary buildings, the
applicant concluded that the fault zone must have developed prior to 170 Ma (i.e., middle
Mesozoic). Closure temperatures and age relationships determined by the applicant for
undeformed minerals in other minor fault zones also generally indicated that tectonic
deformation at WLS is older than early Mesozoic (i.e., > 201.6 Ma). Therefore, based on results
of the geologic mapping conducted at the site location as described above in combination with
information on mineral closure temperatures and age dates, the applicant concluded that
foundation bedrock at WLS does not contain any tectonic structures of Quaternary age
(i.e., potentially capable tectonic structures).

2.5.1.2.2.6

Site Area Engineering Geology

In WLS COL FSAR Section 2.5.1.2.6, the applicant discussed the engineering geology of the
WLS area and site location. The applicant indicated that unweathered crystalline rock of the
Battleground Formation underlies the site area and site location, and that the foundation unit is
a metamorphosed igneous intrusive rock body (i.e., Unit Zto, shown in Figure 2.5.1-6 of this
report). The applicant stated that average shear wave velocities greater than 2,804 m/sec
(9,200 ft/sec) characterize unweathered rock materials underlying the site. The applicant also
stated that no mining operations, excessive extraction or injection of groundwater, or
impoundments of water occur within the site area that could detrimentally affect geologic
conditions, and that bedrock at the site is not susceptible to settlement or subsidence due to
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groundwater withdrawal. The applicant cross-referenced WLS COL FSAR Section 2.5.4 for
additional details related to the engineering geology of the site area and site location. In WLS
COL FSAR Section 2.5.4.5.3.1, the applicant specifically indicated that geologic mapping of the
final exposed foundation-bearing rock surface would be performed upon completion of
subsequent excavations related to the nuclear islands.

2.5.1.2.2.7

Site Area Seismicity and Paleoseismology

In WLS COL FSAR Section 2.5.1.2.7, the applicant discussed site area and site vicinity
seismicity and paleoseismology. Based on the updated seismicity catalog used for the CEUS
SSC model (NUREG-2115), the applicant noted that the largest earthquake within 40 km
(25 mi) of the site was an E[M] 4.13 event in 1886. The applicant stated that the January 1913
E[M] 4.54 earthquake in Union County, SC, which does not have a well-defined epicenter but
occurred at the margin of the site vicinity about 40 km (25 mi) south-southwest of WLS,
produced an estimated Rossi-Forel shaking intensity at the site of VI. The applicant indicated
that no causative tectonic feature has been identified for the Union County earthquake. The
estimated Modified Mercalli Intensity at the site for the 1886 Charleston earthquake was VI.
Concerning geologic features that may indicate paleoseismic events occurred in the site area,
the applicant stated that no published data indicate the presence of paleoseismic features in the
site area. Based on extensive studies of outcrops during field reconnaissance investigations for
WLS, the applicant also stated that no evidence exists for post-Miocene (< 5.3 Ma) earthquake
activity in the site area.

2.5.1.2.2.8

Site Area Groundwater Conditions

WLS COL FSAR Section 2.5.1.2.8 cross-references WLS COL FSAR Section 2.4.12 for the
detailed discussion of groundwater conditions presented by the applicant for WLS.

2.5.1.3

Regulatory Basis

NUREG-1793, “Final Safety Evaluation Report Related to Certification of the AP1000 Standard
Design,” and its supplements address the regulatory basis for information incorporated by
reference.
The applicable regulatory requirements for geologic and seismic information are as follows:
•

Title 10 of the Code of Federal Regulations (10 CFR) 52.79(a)(1)(iii), “Contents of
Applications: Technical Information in Final Safety Analysis Report,” as it relates to
including in the WLS COL FSAR information on seismic and geologic characteristics of
the proposed site with appropriate consideration of the most severe of the natural
phenomena that have been historically reported for the site and surrounding area, and
with sufficient margin for the limited accuracy, quantity, and period of time in which the
historical data have been accumulated.

•

10 CFR 100.23, “Geologic and Seismic Siting Criteria,” for evaluating the suitability of a
proposed site based on the consideration of geologic, geotechnical, geophysical, and
seismic characteristics of the proposed site. Geologic and seismic siting factors must
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include the safe shutdown earthquake ground motion (SSE) for the site and the potential
for surface tectonic and non-tectonic deformation.
In addition, the acceptance criteria associated with the relevant requirements of NRC
regulations for basic geologic and seismic information are given in NUREG-0800, “Standard
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants,”
Section 2.5.1, as follows:
•

Regional Geology: Requirements of General Design Criterion (GDC) 2 of
10 CFR Part 50, Appendix A, 10 CFR 52.17 and 10 CFR 100.23(c) are met and
guidance in RG 1.206, RG 1.208, and RG 4.7 followed for this area of review if a
complete and documented discussion is presented for the geologic setting, tectonic
framework and conditions caused by human activities, that have the potential to affect
the safe siting and design of the plant. This section should contain a review of regional
stratigraphy, lithology, structural geology, geologic and tectonic history, tectonic features
(with emphasis on the Quaternary period), seismology, geomorphology,
paleoseismology, and physiography within the 320-km (200-mi) site region or beyond as
necessary to provide a framework within which significance to safety can be evaluated
concerning geology, seismology, and conditions caused by human activities. Geologic
maps and cross-sections constructed at scales adequate to illustrate relevant regional
features should be included in the application.

•

Site Geology: Requirements of GDC 2 in 10 CFR Part 50, Appendix A, 10 CFR 52.17
and 10 CFR 100.23 (c) are met and guidance in RG 1.206, RG 1.208, and RG 4.7
followed for this area of review if it contains a description and evaluation of geologic
features, tectonic features, and conditions caused by human activities at appropriate
levels of detail for determining any potential natural hazards that might affect the design
and operation of the proposed facility. This subsection should contain the following
information:
a. Structural geology, including identification and characterization of faults, joints,
and other tectonic deformation features and discussion of the relationships
between these features and regional tectonic structures.
b. Geologic maps and cross-sections constructed at scales adequate to clearly
illustrate pertinent features in the site vicinity, area and location shall be included
in the application.
c. Stratigraphy and lithology of rock units and discussion of their relationships to the
regional lithostratigraphic framework.
d. Geomorphologic features as tectonic strain markers or indicators of other
potentially hazardous natural phenomena (e.g., landslides, karst development
and dissolution collapse, growth faults).
e. Geologic and tectonic history, particularly for the Quaternary Period, and
discussion of the relationship to regional geologic and tectonic history.
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f.

Tectonic framework description, including identification of historical and
instrumentally-recorded earthquakes; identification and characterization of any
local tectonic features as they might be related to seismicity; discussion of the
relationships between local and regional tectonic structures and any relationship
to seismicity; and the nature of the crust beneath the site.

g. Evidence for paleoseismic features, including a description of investigations
performed by the applicant to verify the presence or absence of the features.
h. Geologic features that have significance for geotechnical engineering:
1) Zones of mineralization, alteration, irregular or deep weathering, or
structural weakness in surface or subsurface materials
2) Surface and subsurface dissolution features in soluble rock such as
limestone, gypsum, or salt
Geologic characteristics should also be consistent with the appropriate sections from RG 1.132,
Revision 2, “Site Investigations for Foundations of Nuclear Power Plants”; RG 1.138,
Revision 2, “Laboratory Investigations of Soils and Rocks for Engineering Analysis and Design
of Nuclear Power Plants”; RG 1.198, “Procedures and Criteria for Assessing Seismic Soil
Liquefaction at Nuclear Power Plant Sites”; RG 1.206; and RG 1.208.

2.5.1.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.5.1 and the referenced DCD to ensure that the
combination of information presented in the WLS COL FSAR and the DCD completely
represents the required information related to basic geologic and seismic characteristics. The
staff confirmed, as described below, that information contained in the application or incorporated
by reference addresses the information required for this review topic. NUREG-1793 and its
supplements document the results of the staff’s evaluation of information incorporated by
reference into the WLS application.
The staff reviewed the following information in the WLS COL FSAR:
AP1000 COL Information Item
•

WLS COL 2.5-1

The staff reviewed WLS COL 2.5-1 regarding the geologic, seismic, and geophysical
information included in WLS COL FSAR Section 2.5.1. The COL information item in AP1000
DCD Section 2.5.1 states:
Combined License applicants referencing the AP1000 certified design will
address the following regional and site-specific geological, seismological, and
geophysical information as well as conditions caused by human activities:
(1) structural geology of the site, (2) seismicity of the site, (3) geologic history,
(4) evidence of paleoseismicity, (5) site stratigraphy and lithology, (6) engineering
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significance of geologic features, (7) site groundwater conditions, (8) dynamic
behavior during prior earthquakes, (9) zones of alteration, irregular weathering,
or structural weakness, (10) unrelieved residual stresses in bedrock,
(11) materials that could be unstable because of mineralogy or physical
properties, and (12) effect of human activities in the area.
WLS COL FSAR Section 2.5.1 contains geologic and seismic information collected by the
applicant in support of the vibratory ground motion analysis and the site-specific GMRS
provided in WLS COL FSAR Section 2.5.2. RG 1.208 recommends that applicants update the
geologic, seismic, and geophysical database and evaluate any new data to determine whether
revisions to the existing seismic source models are necessary. Consequently, the staff focused
on geologic and seismic data published since the middle to late 1980s (i.e., after the original
studies conducted by EPRI), including information in the CEUS SSC model as presented in
NUREG-2115, to assess whether these data required updates of existing seismic source
models. Through its review of WLS COL FSAR Section 2.5.1 and the report presenting the
compiled geologic map for WLS/CNS Unit 1 excavation, the staff determined whether the
applicant had complied with the applicable regulations and conducted the investigations at an
appropriate level of detail in accordance with RG 1.208.
As part of the technical evaluation of WLS COL FSAR Section 2.5.1, the staff visited WLS
between April 27 and May 2, 2008, on January 27 and 28, 2009, on July 12 to 14, 2011, and on
February 10, 2014, to meet with the applicant regarding the geologic, seismic, geophysical, and
geotechnical investigations conducted to characterize the site. Technical experts from the U.S.
Geological Survey (USGS) accompanied the staff during the January 2009 site visit to assist
with the evaluation of the geologic and seismic data.
During the site visits conducted in April to May 2008 and January 2009, the staff examined site
location bedrock exposures in the excavations for the original CNS Unit 3 (i.e., WLS Unit 2 with
the top of sound rock, not foundation grade level bedrock, exposed) and CNS Unit 2 (with
foundation level bedrock exposed), and around the original CNS Unit 1 (WLS Unit 1) where no
concrete had been previously placed. The staff also examined saprolite in the walls of the CNS
excavations, core samples collected during site characterization investigations for the WLS
application, and select bedrock exposures in the site area to assist with understanding the
complex tectonic deformation history reflected in rock units at the site location.
The July 2011 site visit occurred after the applicant had provided Version 0 of the compiled
geologic map report for the foundation grade level bedrock surface in the CNS/WLS Unit 1
excavation. The staff conducted a data documentation audit of Version 0 of the Duke report
presenting the compiled geologic map and associated data for CNS Unit 1 on June 6, June 9,
and June 10, 2011. The staff also audited Version 1 of the Duke report between October 25
and 27, 2011, to ensure that the final version of the report contained the necessary information
related to documenting similarities in both lithologies and geologic features found in the CNS
Unit 1 (proposed WLS Unit 1) excavation and in the adjacent excavations for CNS Unit 3
(proposed WLS Unit 2) and CNS Unit 2. During the site visit, the staff focused on analyzing
lithologies and geologic structures shown on the compiled geologic map for the CNS Unit 1
excavation, which now lies under concrete. The staff directly examined lithologies and geologic
structures in the existing adjacent excavations for the original CNS Unit 3 (i.e., WLS Unit 2
excavated to the top of sound rock) and CNS Unit 2 (located between WLS Units 1 and 2 and
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excavated to foundation grade level) and confirmed that the compiled geologic map accurately
represents lithologies and geologic structures found in the CNS/WLS Unit 1 excavation. The
data documentation audits and July site visit also enabled the staff to verify that lithologies and
geologic features are similar among WLS/CNS Unit 1, WLS Unit 2/CNS Unit 3, and CNS Unit 2
and that no capable tectonic structures or other potentially detrimental geologic features occur
in the concrete-covered excavation for proposed WLS Unit 1 (previous CNS Unit 1) or in the
existing open excavations for CNS Unit 3 (proposed WLS Unit 2) and CNS Unit 2.
During the site visit in February 2014, the staff directly examined core from the following four
select boreholes placed at the modified locations of the nuclear islands for WLS Unit 1, which is
coincident with the previous CNS Unit 1, and WLS Unit 2, which is coincident with previous CNS
Unit 3: B-2000 (total depth, or TD, = 38.4 m (126.0 ft)) and B-2002 (TD = 68.8 m (225.6 ft)) for
Unit 1; B-2005 (TD = 68.6 m (225.0 ft)) and B-2006 (TD = 30.8 m (101.0 ft)) for Unit 2. The
applicant moved the Unit 1 nuclear island footprint 20.1m (66 ft) south and 15.2 m (50 ft) east of
CNS Unit 1 to avoid an area of deeply weathered saprolitic bedrock at the northwest corner of
old CNS Unit 1. The applicant also moved the Unit 2 nuclear island footprint 20.1 m (66 ft)
south. The site visit occurred after the staff had reviewed core logs and core images for all
seven bore holes placed to characterize subsurface geologic conditions in the relocated nuclear
island footprints in order to determine which cores were most appropriate for direct examination.
The purpose of the site visit was to verify that lithologic units and tectonic deformation features
intercepted by the boreholes in the subsurface at the locations of the relocated footprints were
similar to what had been observed in boreholes from the previous footprint locations and in the
foundation rock units exposed in the existing original excavations for the CNS site, including
lithologic units and tectonic deformation structures previously mapped in the foundation grade
level bedrock of the CNS Unit 1 excavation. Based on a detailed examination of the four cores
and field observation of the locations of the new boreholes combined with consideration of the
information derived from previous boreholes, examination of exposed bedrock that will comprise
the foundation grade level units for WLS, and review of the geologic maps of the CNS
Unit excavation, the staff concluded that lithologic units and tectonic deformation features
similar to those previously described occur in the cores from the relocated footprints.
Furthermore, B-2000 clearly illustrates that the applicant has avoided the zone of deeply
weathered rock at the northwest corner of the original WLS Unit 1 since the core shows that, at
2.96 m (9.7 ft) depth, the borehole passes from the tightly-bonded concrete-bedrock interface
into only slightly weathered bedrock.
Since tectonic deformation features (specifically ductile and brittle shear zones and other older
tectonic features associated with the complex deformation history of the site) occur in bedrock in
the site area and at the site location, on February 23 and July 20, 2009, the staff also audited
materials used by the applicant to constrain the timing of the development of minor ductile and
brittle shear zones mapped in the excavations at the original CNS site as part of the technical
evaluation of WLS COL FSAR Section 2.5.1. These materials contained data on radiometric
age dates previously acquired by the applicant for characterization of the original CNS site.
Understanding the constraints on the timing of deformation provided by these original age dates
is important because the applicant did not obtain additional radiometric ages during site
characterization investigations for WLS, but rather relied on the previously acquired age dates
to document the timing of the development of tectonic deformation features in the WLS
application. In addition, the staff audited Revision 0 and Revision 1 of the report discussing the
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compiled geologic map and associated data on June 6, June 9 and 10, and October 25
through 27, 2011. The Duke report documented the characterization of the foundation grade
level bedrock surface in the WLS Unit 1 excavation based on the previous geologic mapping of
foundation grade level bedrock conducted in the co-located CNS Unit 1 excavation.
Through the multiple site visits and data documentation audits described above, the staff
assessed the interpretations, assumptions, and conclusions made by the applicant regarding
basic geologic and seismic information for WLS and acceptability of geologic conditions at WLS
Units 1 and 2, particularly with regard to age constraints for the ductile and brittle shear zones.
The staff confirmed that no geologic features found in foundation bedrock units represent
capable tectonic structures.
Based on the discussion of the basic geologic and seismic information presented in WLS COL
FSAR Section 2.5.1, and the independent staff evaluation described in Section 2.5.1.4 of this
report, the staff concludes that the applicant provided the information required to satisfy COL
Information Item 2.5-1.
Sections 2.5.1.4.1, “Regional Geology,” and 2.5.1.4.2, “Site Geology,” of this report present the
staff’s technical evaluation of the information provided by the applicant in WLS COL FSAR
Section 2.5.1 and the applicant’s responses to RAIs for WLS COL FSAR Section 2.5.1.
In addition to RAIs addressing specific technical issues related to regional and site geology of
WLS, discussed in detail below, the staff prepared several editorial RAIs to clarify certain
descriptive statements made by the applicant in the WLS COL FSAR and to qualify geologic
features illustrated in WLS COL FSAR figures. This technical evaluation does not discuss these
editorial RAIs because they do not alter the substantive technical information provided by the
applicant. Also, this evaluation does not discuss RAIs related to geologic issues resolved in
FSARs previously prepared for other sites in the CEUS, but rather addresses these issues by
reference to and a summary of the information used to resolve them in those FSARs.

2.5.1.4.1

Regional Geology

The staff focused the review of WLS COL FSAR Section 2.5.1.1 on the descriptions provided for
physiography, geomorphology, stratigraphy, tectonic setting, seismicity, and paleoseismology
within a 320 km (200 mi) radius of WLS. The staff specifically focused on geologic features in
the site region interpreted to be Quaternary (2.6 Ma to present) in age.

2.5.1.4.1.1

Regional Physiography, Geomorphology, and Stratigraphy

WLS COL FSAR Section 2.5.1.1.1 discusses the regional physiography, geomorphology, and
stratigraphy of WLS, including the geologic setting of the Piedmont physiographic province in
which WLS lies. Figure 02.05.01-1 of this report shows the location of WLS in relation to the
parts of the five physiographic provinces that occur in the site region (i.e., the Appalachian
Plateau, Valley and Ridge, Blue Ridge, Piedmont, and Atlantic Coastal Plain).
The staff focused the review of WLS COL FSAR Section 2.5.1.1.1 on the applicant’s discussion
of the Carolina Zone of the Piedmont physiographic province in which WLS lies. In RAI 59,
Questions 02.05.01-3 and 02.05.01-4, the staff requested that the applicant clearly distinguish
the Carolina Zone from adjacent lithotectonic terranes, and to incorporate pertinent information
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from more recent published references for describing the lithologic, stratigraphic, and tectonic
characteristics of the Carolina Zone because WLS COL FSAR Section 2.5.1.1.1 lacked the
information derived from these references. In response to RAI 59, Questions 02.05.01-3
and 02.05.01-4, the applicant clearly distinguished the Carolina Zone from the adjacent
lithotectonic terranes by modifying WLS COL FSAR Figures 2.5.1-202a and 2.5.1-202b, as well
as by including new WLS COL FSAR Figure 2.5.1-235 to show the correlations between
physiographic provinces and recent classifications of lithotectonic terranes in the site region.
The applicant also presented information derived from the more recent published references
that describe the lithologic, stratigraphic, and tectonic characteristics of the Carolina Zone. The
applicant incorporated the three figures and the updated descriptions of the Carolina Zone into
WLS COL FSAR Section 2.5.1.
Based on review of the responses to RAI 59, Questions 02.05.01-3 and 02.05.01-4 and the
figures and descriptions provided in WLS COL FSAR Section 2.5.1, as well as an independent
examination of the current literature cited by the applicant, the staff concludes that the applicant
adequately distinguished and characterized the Carolina Zone in which the site lies. The staff
draws this conclusion because the applicant incorporated information from up-to-date
references into WLS COL FSAR Section 2.5.1. Accordingly, the staff considers RAI 59,
Questions 02.05.01-3 and 02.05.01-4 resolved.
Based on review of F WLS COL FSAR Section 2.5.1.1.1, the responses to RAI 59,
Questions 02.05.01-3 and 02.05.01-4, and an independent examination of current literature
cited by the applicant, the staff finds that the applicant provided a thorough and accurate
description of regional physiography, geomorphology, and stratigraphy in support of the WLS
application.

2.5.1.4.1.2

Regional Tectonic Setting

WLS COL FSAR Section 2.5.1.1.2 discusses the regional tectonic setting of WLS, including
regional geologic history, tectonic stress in the mid-continent region, gravity and magnetic data
of the site region and site vicinity, and principal regional tectonic structures. The following
paragraphs present the staff’s evaluation of WLS COL FSAR Sections 2.5.1.1.2.1 through
2.5.1.1.2.4. The staff performed the most detailed evaluation for the 15 potential Quaternary
tectonic structures identified in the site region because these structures represent potentially
capable tectonic features.

2.5.1.4.1.2.1 Regional Geologic History
In WLS COL FSAR Section 2.5.1.1.2.1, the applicant discussed geologic history of WLS region.
The staff focused the review of WLS COL FSAR Section 2.5.1.1.2.1 on the applicant’s
discussion of the possibility that earthquakes in the eastern part of the Piedmont physiographic
province and beneath the Coastal Plain province may be spatially associated with buried normal
faults that initially developed during the early and middle Mesozoic rifting of the continental
crust. The applicant indicated that there is no definitive spatial correlation of seismicity with any
faults known to bound Mesozoic rift basins in the site region. The staff evaluated this
interpretation further as described in Section 2.5.1.4.1.2.4 below.
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Based on review of WLS COL FSAR Section 2.5.1.1.2.1 and an independent examination of
references cited by the applicant, the staff concludes that the applicant presented information
pertinent for describing the geologic history of the WLS region. The staff makes this conclusion
because the applicant included information to adequately address the geologic history for the
region including WLS from Paleozoic (542 to 251 Ma) to Quaternary (2.6 Ma to present) time.
Based on review of WLS COL FSAR Section 2.5.1.1.2.1 and an independent examination of
references cited by the applicant, the staff finds that the applicant provided a thorough and
accurate description of regional geologic history in support of the WLS application.

2.5.1.4.1.2.2 Tectonic Stress in the Mid-Continent Region
In WLS COL FSAR Section 2.5.1.1.2.2, the applicant discussed tectonic stress in the
mid-continent region, including data from the CEUS SSC model (NUREG-2115) compilations.
The staff focused the review of WLS COL FSAR Section 2.5.1.1.2.2 on information used by the
applicant to document that no new concerns exist regarding the potential for tectonic activity
along geologic structures in the site region due to changes in orientation of the regional stress
field. Based on review of WLS COL FSAR Section 2.5.1.1.2.2 and an independent examination
of the references cited by the applicant in that WLS COL FSAR section, the staff concludes that
the data presented by the applicant document a continuing northeast-southwest orientation for
maximum horizontal compressive stress in the site region. The staff draws this conclusion
because all published regional stress data presented by the applicant and independently
reviewed by the staff fully support it.
Based on review of WLS COL FSAR Section 2.5.1.1.2.2 and an independent examination of
references cited by the applicant in that WLS COL FSAR section, the staff finds that the
applicant provided a thorough and accurate description of tectonic stress in the mid-continent
region in support of the WLS application.

2.5.1.4.1.2.3 Gravity and Magnetic Data
In WLS COL FSAR Section 2.5.1.1.2.3, the applicant discussed gravity and magnetic data for
the site region and site vicinity, including those data reprocessed and published as part of the
CEUS SSC model (NUREG-2115) database. The staff focused the review of WLS COL FSAR
Section 2.5.1.1.2.3 on the applicant’s statements related to determining the presence of
Cenozoic tectonic structures based on regional gravity and magnetic data because the applicant
did not provide any explanation of how these regional data sets can be used to determine that a
specific tectonic feature is Cenozoic in age. In RAI 59, Question 02.05.01-5, the staff requested
that the applicant define the criteria applied for determining the presence of Cenozoic tectonic
structures based on regional gravity and magnetic data, and to discuss the significance of
magnetic anomalies in the site vicinity in relation to geologic structure and rock type. In the
response to RAI 59, Question 02.05.01-5, the applicant indicated that the statements made
about gravity and magnetic data in WLS COL FSAR Section 2.5.1.1.2.3 should not be
interpreted to imply that these data can be used to explicitly define the ages of geologic
features. The applicant incorporated revised text into WLS COL FSAR Section 2.5.1.1.2.3 to
correct this misconception. Also in the response to RAI 59, Question 02.05.01-5, the applicant
explained that the low magnetic anomalies, which occur in Charlotte terrane rocks of the site
vicinity both southeast and northeast of WLS, reflect the presence of Paleozoic (542 to 251 Ma)
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intrusive igneous bodies that are relatively non-magnetic, rather than faults or shear zones. The
applicant provided two additional figures to illustrate magnetic anomaly patterns in the site
vicinity and site area, and incorporated revised text and the two new figures into the WLS COL
FSAR to better describe the magnetic anomalies.
Based on review of the response to RAI 59, Question 02.05.01-5, figures and descriptions
provided in WLS COL FSAR Section 2.5.1.1.2.3, and an independent examination of references
cited by the applicant in that WLS COL FSAR section, the staff concludes that the applicant
corrected the statement implying that regional gravity and magnetic data could be used to
define the presence of Cenozoic structures and qualified that low magnetic anomalies in the site
vicinity generally reflect lithologies rather than tectonic structures. The staff draws this
conclusion with regard to the magnetic anomalies because published field evidence cited by the
applicant in the FSAR and reviewed by the staff shows that intrusive igneous bodies occur at
the locations of the magnetic lows southeast and northeast of the site.
Based on review of WLS COL FSAR Section 2.5.1.1.2.3, an independent examination of
references cited by the applicant in that WLS COL FSAR section, and the response to RAI 59,
Question 02.05.01-5, the staff finds that the applicant provided a thorough and accurate
description of regional gravity and magnetic data in support of WLS application. Accordingly,
the staff considers RAI 59, Question 02.05.01-5 resolved.

2.5.1.4.1.2.4 Principal Regional Tectonic Structures
In WLS COL FSAR Section 2.5.1.1.2.4, the applicant discussed Paleozoic (542-251 Ma),
Mesozoic (251-65.5 Ma), Cenozoic (65.5 Ma to present), and Quaternary (2.6 Ma to present)
tectonic structures that occur within 320 km (200 mi) of WLS (i.e., the site region). The
applicant specifically assessed the 15 potential Quaternary tectonic structures postulated to
occur in the site region.
The staff focused the review of WLS COL FSAR Section 2.5.1.1.2.4 primarily on the Quaternary
tectonic structures postulated to occur in the site region since they represent potentially capable
tectonic features. The staff also focused on understanding age constraints proposed by the
applicant for the regional faults interpreted to be pre-Quaternary in age. This secondary focus
was important for documenting the timing of last displacement on these structures to ensure
that none are Quaternary in age (i.e., potentially capable tectonic features).
Regional Geophysical Anomalies and Lineaments
In WLS COL FSAR Section 2.5.1.1.2.4.1, the applicant discussed the geophysical anomalies
and lineaments that occur in the site region. From southeast to northwest, these features
include the ECMA; the southeastern limit of Iapetan normal faulting; the Clingman and Ocoee
lineaments; the NYAL; the Appalachian gravity gradient; the northwest boundary of Iapetan
normal faulting; the Appalachian thrust front; and the Grenville Front.
Based on review of the information presented in WLS COL FSAR Section 2.5.1.1.2.4.1
regarding the association of regional geophysical anomalies and lineaments with old tectonic
features, as well as an independent examination of references cited by the applicant in that
WLS COL FSAR section, the staff concludes that none of the anomalies or lineaments
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represent a capable tectonic structure. The staff draws this conclusion because the
preponderance of available data strongly supports the interpretation that the anomalies and
lineaments show an association with tectonic features that initially developed more than 65.5
Ma ago. In addition, the staff notes that WLS COL FSAR Section 2.5.2.2.3 explains how the
CEUS SSC model incorporated regional gravity and magnetic anomalies to define the
boundaries of seismotectonic zones in and adjacent to the site region. Therefore, the staff
further concludes that the applicant considered the latest regional geophysical data by using the
CEUS SSC model in the PSHA for WLS.
Based on review of WLS COL FSAR Section 2.5.1.1.2.4.1 and an independent examination of
references cited by the applicant in that WLS COL FSAR section, the staff finds that the
applicant provided a thorough and accurate description of regional geophysical anomalies and
lineaments in support of the WLS application.
Regional Paleozoic Tectonic Structures
In WLS COL FSAR Section 2.5.1.1.2.4.2, the applicant discussed 13 regional tectonic
structures of Paleozoic (542 to 251 Ma) age, which occur in the WLS region, specifically the
Kings Mountain, Gold Hill-Silver Hill, Middleton-Lowdensville, Beaver Creek, Modoc, Chappells,
Hyco and Boogertown-Southwest Extension shear zones and the Tinsley Bridge, Brevard,
Cross Anchor, Brindle Creek, and Reedy River faults. The staff focused the review of WLS
COL FSAR Section 2.5.1.1.2.4.2 on the information used to document ages of the faults and
shear zones interpreted to be Paleozoic in age, which occur in the site region, to ensure that
none of these structures have any potential for reactivation as capable tectonic features. In RAI
59, Questions 02.05.01-11 through 02.05.01-14, the staff requested that the applicant provide
the published information used to document a Paleozoic age for the faults and shear zones
discussed in WLS COL FSAR Section 2.5.1.1.2.4.2, but also include some tectonic structures
interpreted to be Paleozoic in age that the applicant did not specifically discuss in that WLS
COL FSAR section. In the responses to RAI 59, Questions 02.05.01-11 through 02.05.01-14,
the applicant provided additional information and updated references to clearly document a
Paleozoic age for the last movement on the faults and shear zones interpreted to be Paleozoic.
The applicant also modified WLS COL FSAR Figures 2.5.1-209 and 2.5.1-210 to locate certain
structures and incorporated changes in WLS COL FSAR Section 2.5.1.1.2.4.2, to present the
additional information, updated references, and modified figures.
Based on review of the applicant’s responses to RAI 59, Questions 02.05.01-11 through
02.05.01-14 and the revisions made in WLS COL FSAR Section 2.5.1.1.2.4.2, including both
text and WLS COL FSAR Figures 2.5.1-209 and 2.5.1-210, as well as independent examination
of references cited by the applicant in that WLS COL FSAR section, the staff concludes there is
strong evidence that these faults and shear zones are Paleozoic in age and that none are
capable tectonic structures. The staff makes this conclusion because the age dates presented
by the applicant constrain the last displacements along these regional tectonic structures to
Paleozoic time, and because the structures commonly exhibit deformation fabrics indicative of a
deep-seated, high-temperature metamorphic environment (i.e., the geologic environment in
which Paleozoic deformational events occurred in the site region).
Based on review of WLS COL FSAR Section 2.5.1.1.2.4.2, the applicant’s responses to RAI 59,
Questions 02.05.01-11 through 02.05.01-14, the revisions incorporated into WLS COL FSAR
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Section 2.5.1.1.2.4.2, and an independent examination of references cited by the applicant in
that WLS COL FSAR section, the staff finds that the applicant provided a thorough and accurate
description of regional Paleozoic tectonic structures in support of the WLS application.
Accordingly, the staff considers RAI 59, Questions 02.05.01-11 through 02.05.01-14 resolved.
Regional Mesozoic Tectonic Structures
In WLS COL FSAR Section 2.5.1.1.2.4.3, the applicant discussed six regional tectonic
structures of Mesozoic (251 to 65.5 Ma) age that occur in the WLS region, specifically Mesozoic
rift basins and the Wateree Creek, Summers Branch, Ridgeway, Longtown, and Mulberry Creek
faults. The staff focused the review of WLS COL FSAR Section 2.5.1.1.2.4.3 on the information
used by the applicant to document the ages of the structures interpreted to be Mesozoic in age
to ensure that none of these structures have any potential for reactivation as capable tectonic
features. The staff also focused on the data used by the applicant to conclude that faults
bounding Mesozoic rift basins do not show any spatial relationship with seismicity.
Wateree Creek, Summers Branch, and Ridgeway Faults
In RAI 59, Question 02.05.01-16, the staff requested that the applicant summarize the
information used to constrain the timing of fault displacement along the Summers Branch and
Ridgeway faults since the applicant interpreted these two faults to be Mesozoic (251 to 65.5 Ma)
in age based primarily on their association with the Wateree Creek fault. In response to RAI 59,
Question 02.05.01-16, based on field data from Secor and others, the applicant reported that
igneous dikes of probable Triassic (251 to 201.6 Ma) to early Jurassic (201.6 to 176 Ma) age
cross the Wateree Creek fault without offset, constraining the age of last movement on that fault
to be older than 176 Ma. The applicant stated that Secor and others noted strong similarities
between the Wateree Creek and Ridgeway faults, including fault length and a northerly strike
direction. In addition, the applicant pointed out that Secor and others presented field data
showing the Ridgeway fault does not offset an overlying Mesozoic (specifically Upper
Cretaceous, 99.6 to 65.2 Ma) stratigraphic unit, indicating that the last movement on the
Ridgeway fault is older that Upper Cretaceous. The applicant stated that, while evidence for the
Summers Branch fault is speculative, the strike direction and length of this fault are similar to
the strike direction and length of the Wateree Creek and Ridgeway faults as defined by Secor
and others. The applicant reported that a more recent geologic map prepared by Maher and
others, which included Secor as a co-author, did not show the Summers Branch fault. Based on
field observations that suggest strong similarities between the Summers Branch (if it exists),
Wateree Creek, and Ridgeway faults, the applicant concluded that the last displacements on
these three faults are not younger than Mesozoic (i.e., > 65.5 Ma).
Based on review of the applicant’s response to RAI 59, Question 02.05.01-16 and direct field
examination of the Wateree Creek Fault performed by the staff with USGS geologists during a
March 2009 site visit related to the review of the FSAR for the V.C. Summer site, the staff
concludes that existing field evidence strongly supports the interpretation that these three faults
are Mesozoic in age and none represent capable tectonic structures. The staff draws this
conclusion because of the well-defined Mesozoic age constraint on the Wateree Creek fault; the
similarities between the three faults described by the applicant; and the field characteristics of
the Wateree Creek fault observed by the staff, which indicate that this fault offsets older
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Paleozoic rock units and does not exhibit a deformation fabric clearly related to late-stage brittle
failure. Accordingly, the staff considers RAI 59, Question 02.05.01-16 resolved.
Longtown and Mulberry Creek Faults
In WLS COL FSAR Section 2.5.1.1.2.4.3, based on Barker and Secor, the applicant reported
that four igneous dikes of probable Triassic (251 to 201.6 Ma) age cross the Longtown fault
without offset, establishing a minimum age of Triassic for this fault. Regarding the Mulberry
Creek fault, the applicant noted that silicified breccia and microbreccia characterize this fault
and suggested a Late Triassic to Early Jurassic (235 to176 Ma) age for the fault based on the
fact that, as documented by West, silicified fault zones found in North and South Carolina are
most commonly Mesozoic in age. The staff concludes that the applicant provided sufficient
information to document a Mesozoic age for both the Longtown and Mulberry Faults because
published field data cited by the applicant and reviewed by the staff clearly constrain timing of
the last displacement along these two structures to Mesozoic.
Mesozoic Rift Basins
In WLS COL FSAR Section 2.5.1.1.2.4.3, the applicant reported that Mesozoic rift basins have
long been considered potential earthquake sources in the CEUS. Although the applicant
concluded, in WLS COL FSAR Section 2.5.1.1.2.4.3, that no correlation exists between
seismicity and Mesozoic rift basins in the site region, the applicant stated in WLS COL FSAR
Section 2.5.3.1.5 that two September 2006 earthquakes, which occurred near Bennettsville, SC,
about 121 km (75 mi) east-southeast of the site, showed a spatial association with a small
Mesozoic extensional basin lying beneath the Coastal Plain as mapped by Benson. In RAI 59,
Question 02.05.01-17, the staff requested that the applicant provide information to support the
conclusion that faults bounding Mesozoic rift basins do not exhibit any spatial association with
seismicity, and to summarize the logic for stating that Mesozoic structures in the site region are
not capable tectonic sources. In response to RAI 59, Question 02.05.01-17, the applicant
stated that, based on the most current data available, no positive correlation exists between
earthquakes and Mesozoic rift basins in the site region; that there is a definitive lack of spatial
correlation between Mesozoic basins and seismicity within 80.5 km (50 mi) of WLS, based on
an assessment of tectonic features and seismicity within that area; and that no data
demonstrate Quaternary reactivation of any Mesozoic basin-bounding faults in the site region.
The applicant also stated that the two September 2006 earthquakes that occurred near
Bennettsville had large uncertainties in location and could not be definitively correlated with any
specific tectonic feature.
Based on review of the applicant’s response to RAI 59, Question 02.05.01-17, the staff
concludes that faults bounding Mesozoic rift basins do not exhibit any definitive spatial
association with seismicity and that no Mesozoic structures that occur in the site region
represent capable tectonic sources. The staff draws these conclusions because a
preponderance of data independently reviewed by the staff strongly supports these two
interpretations. In addition, staff notes that the Extended Continental Crust-Atlantic Margin
(ECC-AM) seismotectonic zone of the CEUS SSC model (NUREG-2115), one of the multiple
zones included in the seismic hazard calculation for WLS, contains Mesozoic tectonic structures
of the site region. The applicant discussed the ECC-AM seismotectonic zone in WLS COL
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FSAR Section 2.5.2.2.3.2. Accordingly, the staff considers RAI 59, Question 02.05.01-17
resolved.
Based on review of WLS COL FSAR Section 2.5.1.1.2.4.3, an independent examination of
references cited by the applicant in that WLS COL FSAR section, and the applicant’s responses
to RAI 59, Questions 02.05.01-16 and 02.05.01-17, the staff finds that the applicant provided a
thorough and accurate description of regional Mesozoic tectonic structures in support of the
WLS application.
Regional Cenozoic Tectonic Structures
In WLS COL FSAR Section 2.5.1.1.2.4.4, the applicant discussed regional tectonic structures of
Cenozoic (65.5 Ma to present) age that occur in WLS region. The applicant stated that only a
few structures in the site region show possible evidence of Cenozoic activity, including the
Camden fault, the Prowell faults, and the Cape Fear and Yamacraw arches.
The staff focused the review of WLS COL FSAR Section 2.5.1.1.2.4.4 on the data used by the
applicant to conclude that the Cape Fear and Yamacraw arches are not active tectonic features.
In RAI 59, Question 02.05.01-19, the staff requested that the applicant refer to the primary
sources of data that render this conclusion about these features plausible, rather than relying on
the data compilation of Crone and Wheeler. In response to RAI 59, Question 02.05.01-19, the
applicant cited information from the published literature and stated that there is only limited
evidence to constrain timing of the most recent movement on the Cape Fear and Yamacraw
arches. The applicant used the most recent field data from Gohn to state that warping related to
the Cape Fear arch did not affect stratigraphic units younger than late Tertiary (i.e., > 2.6 Ma, so
pre-Quaternary in age), and that tectonic history of the Yamacraw arch is likely analogous since
they both represent broad structural upwarps formed by the same processes. The applicant
incorporated changes into the WLS COL FSAR to present the information derived from Gohn.
Based on review of the applicant’s response to RAI 59, Question 02.05.01-19, independent
examination of the references cited by the applicant, and text revisions in WLS COL FSAR
Section 2.5.1.1.2.4.4, the staff concludes that the Cape Fear and Yamacraw arches likely do not
represent active tectonic structures. The staff draws this conclusion because the most recent
field data support the interpretation that upwarping related to the Cape Fear and Yamacraw
arches did not affect stratigraphic units younger than late Tertiary. Accordingly, the staff
considers RAI 59, Question 02.05.01-19 resolved.
Based on a review of WLS COL FSAR Section 2.5.1.1.2.4.4, independent examination of
references cited by the applicant in that WLS COL FSAR section, and the applicant’s response
to RAI 59, Question 02.05.01-19, the staff finds that the applicant provided a thorough and
accurate description of regional Cenozoic tectonic structures in support of the WLS application.
Regional Quaternary Tectonic Structures
In WLS COL FSAR Section 2.5.1.1.2.4.5, the applicant identified fifteen potential Quaternary
tectonic features postulated to occur in WLS region based on data compiled by Crone and
Wheeler and Wheeler. These authors classified potential Quaternary features as Class A, B, C,
or D based on strength of evidence for Quaternary deformation derived from published
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information. These 15 potential Quaternary tectonic features include the Class A Charleston
area, Bluffton, and Georgetown liquefaction features; the Class B Pembroke faults; and the
Class C Fall Lines of Weems, Belair and Lindside fault zones, Giles County and Eastern
Tennessee seismic zones, East Coast fault system, Cape Fear arch, and Pen Branch, Hares
Crossroads, Stanleytown-Villa Heights, and Cooke faults. Figure 2.5.1-3 of this report shows
the locations of these potential Quaternary features in relation to WLS.
The staff’s technical evaluations of the information provided by the applicant in the WLS COL
FSAR and in responses to RAIs in regard to the Cape Fear arch, Charleston area features (i.e.,
the Cooke fault, East Coast Fault System, and Charleston, Bluffton, and Georgetown
liquefaction features), and the Eastern Tennessee and Giles County seismic zones are in
various parts of this report. The paragraphs that immediately follow present the staff’s
evaluations of information provided by the applicant in the WLS COL FSAR and in responses to
RAIs related to the Fall Lines of Weems, the Belair and Lindside fault zones, and the Pen
Branch, Hares Crossroads, Stanleytown-Villa Heights, and Pembroke faults. The staff focused
the review on information used by the applicant to determine that none of these features
represent capable tectonic structures.
Fall Lines of Weems (Class C)
For the Fall Lines of Weems, based on published literature, field reconnaissance, and review of
the staff’s detailed evaluation of these features for the North Anna ESP application as
dodumented in NUREG-1835, the applicant concluded that these features developed because
of contrasting resistance to erosion of adjacent rock types. The detailed evaluation performed
by the NRC for the North Anna ESP application (NUREG-1835) provided the primary basis for
staff to also conclude that the Fall Lines of Weems are not tectonic in origin and do not
represent capable tectonic structures.
Belair Fault Zone (Class C)
Based on information from Prowell and O’Connor, the applicant constrained the timing of last
movement on the Belair fault zone to between 33.9 Ma (i.e., late Eocene) and 26,000 years
ago. The applicant stated that the Belair fault zone may be related to the regional Augusta fault
zone and, although available data do not clearly demonstrate Quaternary movement along the
Belair zone, these data also do not preclude Quaternary displacement on the Belair fault zone.
In RAI 59, Question 02.05.01-20, the staff requested that the applicant discuss how the
inference of possible Quaternary movement on the Belair fault zone, coupled with a possible
structural relationship to the Augusta fault zone, might affect seismic hazard at WLS. In
response to RAI 59, Question 02.05.01-20, the applicant noted that existing data do not confirm
a common slip history or similar sense of slip for the Augusta and Belair fault zones. The
applicant also noted that none of the faults in the site region exhibiting Cenozoic reactivation
show any evidence of Quaternary displacement and, therefore, are not capable tectonic
features that must be specifically assessed in regard to seismic hazard at WLS.
Based on the applicant’s response to RAI 59, Question 02.05.01-20 and an independent
examination of references cited by the applicant, the staff concludes that there is no definitive
evidence to document Quaternary displacement on the Belair or Augusta fault zones and that
the Belair fault zone is not a capable tectonic structure. The staff draws these conclusions
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because the published field data cited by the applicant and independently reviewed by the staff
support the interpretation that the Belair fault does not show conclusive evidence for Quaternary
movement. Accordingly, the staff considers RAI 59, Question 02.05.01-20 resolved.
Pen Branch Fault (Class C)
Based on information collected for the Savannah River site and the results of investigations
performed for the Vogtle ESP application, the applicant concluded that no evidence exists for
post-Eocene (i.e., < 33.9 Ma) displacement along the Pen Branch fault and the fault is not a
capable tectonic structure. Based on an independent review of the information presented by
Cumbest and others and data included in Vogtle ESP application, the staff also concludes that
the Pen Branch fault does not represent a capable tectonic structure. The staff makes this
conclusion because timing of last movement on the fault is constrained by field data to be older
than Quaternary (i.e., > 2.6 Ma).
Hares Crossroads Fault (Class C)
The applicant noted that the postulated Hares Crossroads fault occurs in a single roadcut
exposure in Coastal Plain sediments and concluded that this structure is a local feature that
most likely formed as a result of landsliding rather than tectonic faulting. Because this
postulated fault occurs in a single exposure of Coastal Plain sediments and is not laterally
continuous, the staff concludes that this feature is non-tectonic in origin and does not represent
a capable tectonic structure.
Lindside Fault Zone (Class C)
The applicant reported that the Lindside fault zone does not exhibit any evidence of Quaternary
displacement, and that orientation of the fault zone is unfavorable for reactivation in the current
stress field. Based on a lack of field data suggesting Quaternary slip on the fault zone, the staff
concludes that the Lindside fault zone is not a capable tectonic structure.
Stanleytown-Villa Heights Faults (Class C)
The applicant stated that field evidence derived from published literature suggests the
postulated Stanleytown-Villa Heights faults are likely the result of landsliding, rather than a
tectonic event. These postulated faults juxtapose Quaternary (2.6 Ma to present) alluvium
against Cambrian (542 to 488 Ma) rock units and occur as short features characterized by
downslope displacements along the surfaces which define the postulated fault surfaces. In
RAI 59, Question 02.05.01-21, the staff requested that the applicant concisely summarize the
primary evidence for a non-tectonic, landslide mechanism for these postulated faults since they
affect Quaternary age deposits. In response to RAI 59, Question 02.05.01-21, based on Conley
and Toewe, the applicant reported that these proposed faults do not exhibit any shear fabrics
and have a limited lateral extent, and that the juxtaposition of Quaternary and Cambrian units
can be readily interpreted as a depositional contact between alluvium and bedrock. The
applicant also pointed out that no publications more recent than that of Conley and Toewe
address these features.
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Since a preponderance of published field evidence cited by the applicant and reviewed by the
staff suggests that the postulated Stanleytown-Villa Heights faults are likely non-tectonic in
origin and related either to landsliding or a depositional contact between Quaternary alluvium
and weathered Cambrian bedrock, the staff concludes that these features are not capable
tectonic structures. Accordingly, the staff considers RAI 59, Question 02.05.01-21 resolved.
Pembroke Faults (Class B)
The applicant reported that the postulated Pembroke faults exhibit no geomorphic expression,
occur in alluvial terrace deposits of latest Pliocene (3.6 to 2.6 Ma) to Quaternary (2.6 Ma to
present) age, and overlie dissolution-prone Ordovician (488 to 444 Ma) carbonate rocks. The
applicant stated that these features may be directly related to collapse over subsurface
dissolution features rather than a tectonic event. In RAI 59, Question 02.05.01-22, the staff
requested that the applicant summarize the primary information on fault geometry and fault
length, and to present evidence regarding whether the postulated Pembroke faults are tectonic
or non-tectonic (i.e., related to dissolution collapse) in origin. In response to RAI 59,
Question 02.05.01-22, the applicant stated that, because these features occur in a single
roadcut, fault length cannot be determined. Based on Peavy and Sayer, the applicant reported
that numerous sinkholes attributed to dissolution of underlying Ordovician carbonates occur in
the area. The applicant also noted Law and others suggested that subsurface cavities detected
in sandy clays developed as a result of dissolution collapse and consequent upward migration
of collapse structures from underlying carbonate bedrock into the overlying sediments.
In addition, the applicant reported that the same researchers who initially proposed that the
Pembroke faults formed in response to tectonic processes more recently suggested karst
dissolution as an equally viable origin for these features. Therefore, the applicant did not
interpret the Pembroke faults as capable tectonic structures.
Based on the response to RAI 59, Question 02.05.01-22 and an independent review of
references cited by the applicant, the staff concludes that the postulated Pembroke faults are
likely related to collapse of alluvial terrace deposits as a result of dissolution of underlying
carbonate bedrock. The staff draws this conclusion because carbonate rocks underlie the
terrace deposits at the location of these features, and researchers who initially interpreted the
Pembroke faults as tectonic in origin more recently suggested dissolution collapse as the
causative mechanism. Accordingly, the staff considers RAI 59, Question 02.05.01-22 resolved.
Based on review of WLS COL FSAR Section 2.5.1.1.2.4.5, an independent examination of
references cited by the applicant in that WLS COL FSAR section, and the applicant’s responses
to RAI 59, Questions 02.05.01-20 through 02.05.01-22, the staff finds that the applicant
provided a thorough and accurate description of the Fall Lines of Weems, the Belair and
Lindside fault zones, and the Pen Branch, Hares Crossroads, Stanleytown-Villa Heights, and
Pembroke faults, all of which are potential Quaternary tectonic structures postulated to occur in
the site area, in support of the WLS application.

2.5.1.4.1.3

Regional Seismicity and Paleoseismology

WLS COL FSAR Section 2.5.1.1.3 discusses seismicity and paleoseismology of WLS region,
with emphasis on the Charleston, East Tennessee, and Giles County seismic zones. WLS COL
FSAR Section 2.5.1.1.3 also addresses two seismic zones that lie outside the site region, the
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New Madrid and Central Virginia seismic zones. The applicant noted that only Charleston and
the New Madrid seismic zone are RLME sources as defined in the CEUS SSC model
(NUREG-2115). Figure 2.5.1-4 of this report shows the locations of these 5 seismic source
zones relative to WLS. Sections 2.5.1.4.1.3.1 through 2.5.1.4.1.3.1.5 of this report present the
staff’s technical evaluation of the information provided by the applicant in WLS COL FSAR
Section 2.5.1.1.3 related to regional seismicity and paleoseismology.

2.5.1.4.1.3.1 Charleston Tectonic Features
In WLS COL FSAR Section 2.5.1.1.3.2.1, the applicant discussed ten source faults and three
seismic source zones postulated to occur in the Charleston area, as well as seismically-induced
liquefaction features. The applicant noted that, although the 1886 Charleston earthquake is the
largest historic seismic event in the eastern United States, researchers have not yet identified a
causative fault, but rather infer an earthquake source based on geomorphology, geologic
features, and instrumented seismicity.
Potential Charleston Area Source Faults and Seismic Zones
In WLS COL FSAR Section 2.5.1.1.3.2.1, the applicant discussed ten potential source faults for
the 1886 Charleston earthquake (i.e., the postulated East Coast Fault system, Helena Banks
fault zone, and Adams Run, Ashley River, Charleston, Cooke, Sawmill Branch, Dorchester,
Summerville, and Woodstock faults). All of these structures lie within the meizoseismal area of
the 1886 earthquake, except the Helena Banks fault zone, as shown in Figure 2.5.1-5 of this
report. Also in WLS COL FSAR Section 2.5.1.1.3.2.1, the applicant described three zones of
increased seismicity identified in the Charleston area as possible source zones for the 1886
earthquake, specifically the Middleton Place-Summerville, Bowman, and Adams Run seismic
zones. Figure 2.5.1-4 of this report shows the locations of these three seismic zones.
The applicant noted that the CEUS SSC model (NUREG-2115) includes three alternative
geometries for the Charleston seismic source (i.e., Charleston Local, Charleston Narrow, and
Charleston Regional), as discussed in WLS COL FSAR Section 2.5.2.2.4.1. These three
alternatives encompass the ten causative source faults and the three seismic source zones
postulated for the 1886 Charleston earthquake.
The staff acknowledges that the alternate source zone geometries of the CEUS SSC model
(NUREG-2115) contain all potential source faults and postulated seismic source zones for the
1886 Charleston earthquake. Therefore, because the applicant used the CEUS SSC model to
analyze seismic hazard at WLS, the staff concludes that the applicant took into account the
ten potential source faults and the three postulated seismic source zones.
Charleston Area Seismically-Induced Liquefaction Features
In WLS COL FSAR Section 2.5.1.1.3.2.1, the applicant discussed seismically-induced
liquefaction features in the Charleston area, including liquefaction features related to the 1886
Charleston earthquake and paleoliquefaction features found along the South Carolina coast
which pre-date the 1886 earthquake. Figure 2.5.1-5 of this report shows the locations of these
liquefaction and paleoliquefaction features. The three alternate source zone geometries of the
CEUS SSC model encompass the locations of all seismically-induced liquefaction and
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paleoliquefaction features found in the Charleston area. As discussed in WLS COL FSAR
Section 2.5.2.2.4.1, the Charleston Local seismic source geometry specifically encompasses
the area with the densest concentration of liquefaction features associated with the 1886
earthquake and prehistoric earthquakes, as well as the meizoseismal area of the 1886
earthquake and the majority of local tectonic features. The Charleston Narrow geometry
captures location and orientation of postulated faults and tectonic features in the Charleston
area. The Charleston Regional seismic source geometry includes the Local and Narrow zones,
along with outlying paleoliquefaction sites and other proposed tectonic features. It was not
necessary for the applicant to define a specific causative tectonic structure for any of the
liquefaction or paleoliquefaction features because the three alternate source zones used in the
PSHA analysis for WLS captured these seismically-induced features.
The staff acknowledges that the CEUS SSC model used by the applicant to assess seismic
hazard at WLS incorporates the most recent information on earthquake recurrence interval
derived from analysis of the liquefaction and paleoliquefaction features found in the Charleston
area, as discussed by the applicant in WLS COL FSAR Section 2.5.1.1.3.2.1. Therefore,
because the applicant used the CEUS SSC model to analyze seismic hazard at WLS, the staff
concludes that the applicant took into account liquefaction data related to the 1886 event, as
well as paleoliquefaction data that suggest three to five possible prehistoric seismic events
going back to 5500 years before present.

2.5.1.4.1.3.2 Eastern Tennessee Seismic Zone
The applicant addressed the ETSZ in WLS COL FSAR Section 2.5.1.1.3.2.2 and also discussed
the geologic investigations conducted in the zone in WLS COL FSAR Section 2.5.2.2.5.1.
Figure 2.5.1-4 of this report shows the location of the ETSZ, which is not a RLME source as
defined in the CEUS SSC model (NUREG-2115) but rather lies in the PEZ seismotectonic zone
of that model. The applicant concluded that no new information requires treating the ETSZ as a
RLME, including the data discussed by Hatcher and others who interpreted initial field evidence
to suggest that one or more pre-historic earthquakes of M 6.5 may have occurred in the zone
within the last 73,000 to 200,000 years.
Based on review of WLS COL FSAR Sections 2.5.1.1.3.2.2 and 2.5.2.2.5.1 and an independent
examination of references cited by the applicant in those WLS COL FSAR sections, the staff
concludes that the applicant properly included the ETSZ within the PEZ seismotectonic zone as
defined in the CEUS SSC model (NUREG-2115). The staff makes this conclusion because
there is no firm evidence as yet that the ETSZ should be included as a RLME for assessment of
seismic hazard at WLS.
Based on review of WLS COL FSAR Sections 2.5.1.1.3.2.2 and 2.5.2.2.5.1 and an independent
examination of references cited by the applicant in those WLS COL FSAR sections, the staff
finds that the applicant provided a thorough and accurate description of the ETSZ in support of
the WLS application.

2.5.1.4.1.3.3 Giles County Seismic Zone
In WLS COL FSAR Section 2.5.1.1.3.2.3, the applicant discussed the GCVSZ, reporting that no
geologic evidence exists to demonstrate the occurrence of prehistoric earthquakes larger than
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any historical events known to have occurred in this seismic zone. Consequently, the applicant
concluded that there is no new information requiring the zone to be treated in a manner other
than incorporating it into the PEZ seismotectonic zone as defined in the CEUS SSC model
(NUREG-2115).
Based on review of WLS COL FSAR Section 2.5.1.1.3.2.3 and an independent examination of
references cited by the applicant in that WLS COL FSAR section, the staff concludes that the
applicant correctly determined that no new data exist to warrant consideration of the GCVSZ
differently than including the zone within the PEZ seismotectonic zone as defined for the CEUS
SSC model (NUREG-2115). The staff draws this conclusion because no new information exists
that requires the seismic zone to be characterized differently.
Based on review of WLS COL FSAR Section 2.5.1.1.3.2.3 and an independent examination of
references cited by the applicant in that WLS COL FSAR section, the staff finds that the
applicant provided a thorough and accurate description of the Giles County seismic zone in
support of the WLS application.

2.5.1.4.1.3.4 Areas of Concentrated Seismicity Outside the Site Region
In WLS COL FSAR Section 2.5.1.1.3.2.4, the applicant discussed two areas of concentrated
seismicity outside WLS region, namely, the NMSZ and CVSZ. Figure 2.5.1-4 of this report
shows the locations of these two seismic zones. The applicant also discussed detailed
information related to characterization of the NMSZ as a RLME in the CEUS SSC model
(NUREG-2115) in WLS COL FSAR Section 2.5.2.2.4.2, and investigations of the 2011 Mineral,
VA earthquake that occurred in the CVSZ in WLS COL FSAR Section 2.5.2.2.5.2.
For the NMSZ, the applicant presented data in WLS COL FSAR Sections 2.5.1.1.3.2.4
and 2.5.2.2.4.2 documenting that this seismic zone can be characterized as a RLME for
assessment of seismic hazard at WLS. Based on a review of WLS COL FSAR
Sections 2.5.1.1.3.2.4 and 2.5.2.2.4.2 and an independent examination of references cited by
the applicant in those WLS COL FSAR sections, the staff concludes that sufficient data exist to
characterize the NMSZ as a RLME. The staff makes this conclusion because there are
considerable data presented in the CEUS SSC model (NUREG-2115) to support it.
For the CVSZ, the applicant presented data in WLS COL FSAR Sections 2.5.1.1.3.2.4 and
2.5.2.2.5.2 documenting that the ECC-AM seismotectonic zone of the CEUS SSC model
(NUREG-2115) captures seismicity in this zone. The applicant concluded that no new data,
including information related to the 2011 Mineral, VA earthquake, required revision to the CEUS
SSC model for the CVSZ. Based on review of WLS COL FSAR Sections 2.5.1.1.3.2.4
and 2.5.2.2.5.2 and an independent examination of references cited by the applicant in those
WLS COL FSAR sections, the staff concludes that there is no new information requiring revision
to how the CEUS SSC model incorporates the CVSZ. The staff draws this conclusion because
no evidence exists that the CVSZ represents a RLME.
Based on review of WLS COL FSAR Sections 2.5.1.1.3.2.4, 2.5.2.2.4.2, and 2.5.2.2.5.2 and an
independent examination of references cited by the applicant in those WLS COL FSAR
sections, the staff finds that the applicant provided a thorough and accurate description of areas
of concentrated seismicity outside the site region in support of the WLS application.
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2.5.1.4.1.4

Staff Conclusions on Regional Tectonic Setting, Seismicity, and
Paleoseismology

Based on review of WLS COL FSAR Sections 2.5.1.1.2 and 2.5.1.1.3 and the applicant’s
responses to RAIs on those two WLS COL FSAR Sections, as well as independent examination
of references cited by the applicant in those two sections, the staff finds that the applicant
provided thorough and accurate descriptions of the regional tectonic setting and regional
seismicity and paleoseismology for WLS, including regional geologic history, tectonic stress in
the mid-continent region, gravity and magnetic data in the site region and site vicinity, principal
regional tectonic structures, and seismic sources defined by regional seismicity in the CEUS
both inside and outside the site region. The staff also finds that the descriptions provided in
WLS COL FSAR Sections 2.5.1.1.2 and 2.5.1.1.3 reflect the current literature and state of
knowledge and meet the requirements of 10 CFR 52.79 and 10 CFR 100.23.

2.5.1.4.2

Site Geology

The staff focused the review of WLS COL FSAR Section 2.5.1.2 on descriptions provided by the
applicant for physiography and geomorphology, geologic setting and history, stratigraphy and
lithology, structural geology, engineering geology, seismicity and paleoseismology, and ground
water conditions in the WLS vicinity and site area. The staff also focused on descriptions
provided by the applicant in WLS COL FSAR Section 2.5.1.2.5 related to certain of these topics
specifically for WLS location.

2.5.1.4.2.1

Site Area Physiography and Geomorphology

WLS COL FSAR Section 2.5.1.2.1 discusses physiography and geomorphology of the WLS
vicinity and site area. The applicant described five lineaments that occur in the site vicinity, one
of which, Lineament 1, extends into the site area. The applicant interpreted these lineaments to
be non-tectonic in origin, with development controlled by stream drainage patterns and varying
resistance of bedrock units to erosion, and concluded that the lineaments do not represent
capable tectonic structures. However, Lineament 1 parallels a northeast-striking ridge held up
by a resistant quartzite unit, and the orientation of this ridge parallels the northeastern
orientation of regional geologic structures that are characteristic of the Appalachian orogenic
belt.
The staff focused the review of WLS COL FSAR Section 2.5.1.2.1 on determining that the
lineaments occurring in the site vicinity and site area do not represent capable tectonic
structures. In RAI 59, Question 02.05.01-29, the staff requested that the applicant discuss the
possibility that certain lineaments may reflect regional joint trends, if not capable tectonic
features. In RAI 59, Question 02.05.01-31, the staff requested that the applicant discuss the
influence of geologic features on development of Lineament 1. In response to RAI 59,
Question 02.05.01-29, the applicant stated that, while some exceptions exist, drainage
orientations commonly exhibit local control due to variable resistance of bedrock units to
erosion, rather than control by jointing, and that no field evidence exists to suggest the five
lineaments described in WLS COL FSAR Section 2.5.1.2.1 have a tectonic origin. The
applicant compared orientations of regional joint patterns with drainage systems, and
determined that joints and structural fabrics strike N25E to N60E, while drainages have a
predominant strike of N30W to N60W. In response to RAI 59, Question 02.05.01-31, based on
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field observations made for the WLS application and information provided in the WLS COL
PSAR for the CNS site, the applicant documented that Lineament 1 parallels an
erosion-resistant quartzite ridge and terminates to the northeast along strike at the Broad River.
Therefore, the applicant concluded that none of these lineaments represent capable tectonic
structures.
Based on review of WLS COL FSAR Section 2.5.1.2.1 and the responses to RAI 59,
Questions 02.05.01-29 and 02.05.01-31, staff examination of quartzite ridges in the field during
the January 2009 site visit, and an independent review of information presented in the CNS
PSAR, the staff concludes that erosion-resistant rock units, and not capable tectonic structures,
controlled development of the five lineaments discussed in WLS COL FSAR Section 2.5.1.2.1,
including Lineament 1, which occurs in the site area. The staff makes this conclusion because
field data reported by the applicant and field observations made by the staff during the January
2009 site visit support the interpretation that the lineaments developed along stream drainages
aligned parallel to ridges capped by erosion-resistance rock units, and that Lineament 1 is a
relatively local feature which terminates along strike at the Broad River. Accordingly, the staff
considers RAI 59, Questions 02.05.01-29 and 02.05.01-31 resolved.
Based on review of WLS COL FSAR Section 2.5.1.2.1, the responses to RAI 59,
Questions 02.05.01-29 and 02.05.01-31, examination of quartzite ridges in the field, and an
independent review of information presented in the CNS PSAR, the staff finds that the applicant
provided a thorough and accurate description of site area physiography and geomorphology in
support of the WLS application.

2.5.1.4.2.2

Site Area Geologic Setting and History

WLS COL FSAR Section 2.5.1.2.2 describes geologic setting and history of the WLS vicinity
and site area, specifically addressing the Charlotte terrane in which the site lies and
summarizing the deformation and metamorphic history of the site area. However, WLS COL
FSAR Section 2.5.1.2.2 presents an inconsistent terminology for the rock units that comprise
the Charlotte terrane, making it difficult to correlate rock units described in WLS COL FSAR
Section 2.5.1.2.2 with those shown on the geologic maps included in the WLS COL FSAR.
In addition, WLS COL FSAR Section 2.5.1.2.2 does not concisely summarize the complete
deformation history of the site area, but leaves out Ordovician (488 to 444 Ma) history and any
discussion of Mesozoic (251 to 145.5 Ma) cataclasites (i.e., rocks which developed as a result
of pervasive fracturing, crushing, and grinding by brittle faulting).
The staff focused the review of WLS COL FSAR Section 2.5.1.2.2 on clarifying both terminology
for the rock units comprising the Charlotte terrane in which the site occurs and deformation
history of the Charlotte terrane in the site area. In RAI 59, Question 02.05.01-32, the staff
requested that the applicant delineate the lithologic units that make up the Charlotte terrane to
enable correlation with geologic maps presented in the WLS COL FSAR. In RAI 59,
Question 02.05.01-35, the staff requested that the applicant summarize the complete
deformation history of the site area to aid with assessing potential geologic hazard at WLS.
In the responses to RAI 59, Questions 02.05.01-32 and 02.05.01-35, the applicant indicated that
the confusion about site area lithologies results largely from the fact that different researchers
have applied different classification schemes and terminologies over time. The applicant
provided changes to WLS COL FSAR Section 2.5.1.2.2 that clarified terminology for the rock
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units occurring in the site area and more completely summarized site area deformation history
to include all orogenic events proposed for the Charlotte terrane based on information in
Hibbard and others.
Based on review of WLS COL FSAR Section 2.5.1.2.2, the responses to RAI 59,
Questions 02.05.01-32 and 02.05.01-35, and an independent examination of the clarifying
references cited by the applicant, the staff concludes that the applicant clearly delineated the
lithologic units that make up the Charlotte terrane and adequately discussed the deformation
history of that terrane. The staff makes this conclusion because the applicant incorporated
additional information from appropriate published sources prepared by area experts.
Accordingly, the staff considers RAI 59, Questions 02.05.01-32 and 02.05.01-35 resolved.
Based on review of WLS COL FSAR Section 2.5.1.2.2, the responses to RAI 59,
Questions 02.05.01-32 and 02.05.01-35, and an independent examination of the references
cited by the applicant, the staff finds that the applicant provided a thorough and accurate
description of site area geologic history and setting in support of WL application.

2.5.1.4.2.3

Site Area Stratigraphy and Lithology

WLS COL FSAR Section 2.5.1.2.3 describes site area stratigraphy and lithology. The applicant
indicated that rock units in WLS area are part of the Battleground Formation, defined by Horton
as Neoproterozoic (1000 to 542 Ma) in age. A Neoproterozoic metamorphosed plutonic rock
mass, Zto, intrudes the metavolcanic sequence and comprises the foundation rock unit for WLS
Units 1 and 2.
The staff focused the review of WLS COL FSAR Section 2.5.1.2.3 on understanding the extent
of foundation rock unit Zto and the relationships between the various rock units that occur in the
site area and at the site location. In RAI 59, Question 02.05.01-36, the staff requested that the
applicant provide a consistent nomenclature and description for rock unit Zto since this is the
foundation rock mass for WLS Units 1 and 2. In RAI 59, Question 02.05.01-37, the staff
requested that the applicant discuss in more detail the relationships between rock units found in
the site area and at the site location, to include specifying locations of the geologic structures
interpreted to deform, and consequently influence the observed relationships between, rock
units in the site area and at the site location. In response to RAI 59, Question 02.05.01-36, the
applicant stated that variations in descriptive terminology for the Battleground Formation and
rock unit Zto occur because different researchers mapped the Battleground Formation and Zto
at different times using different map scales in adjacent quadrangles. The applicant
incorporated changes into WLS COL FSAR Section 2.5.1.2.3 to more concisely describe the
Battleground Formation and foundation rock unit Zto, including multiple references clarifying the
variations in nomenclature for Zto. The applicant stated that, while the composition of Zto is
spatially variable, the most abundant rock type is metagranodiorite based on petrographic
analyses presented in the CNS PSAR. In response to RAI 59, Question 02.05.01-37, the
applicant further modified WLS COL FSAR Section 2.5.1.2.3 by locating the South Fork and
McKowns Creek antiforms on the site area geologic map shown in WLS COL FSAR
Figure 2.5.1-219a to accompany the text changes provided in response to RAI 59,
Question 02.05.01-36. These text changes clarified the relationships between rock units in the
site area and at the site location as influenced by the intense deformation which accompanied
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development of the antiformal folds, leading to the interpretation that rock units are relatively
younger to the northwest across the site area.
Based on review of WLS COL FSAR Section 2.5.1.2.3, the responses to RAI 59,
Questions 02.05.01-36 and 02.05.01-37, and an independent examination of references cited
by the applicant related to rock nomenclature and the relationships between rock units in the
site area and at the site location, the staff concludes that the applicant clarified the
nomenclature for and description of foundation rock unit Zto and qualified the relationships
between the different rock units in the site area and at the site location. The staff makes this
conclusion because the applicant provided information documenting the primary rock type that
characterizes rock unit Zto and the effects of deformation on the relationships between rock
units in the site area and at the site location. Accordingly, the staff considers RAI 59,
Questions 02.05.01-36 and 02.05.011-37 resolved.
Based on review of WLS COL FSAR Section 2.5.1.2.3, the responses to RAI 59,
Questions 02.05.01-36 and 02.05.01-37, and an independent examination of references cited
by the applicant related to rock nomenclature and relationships between rock units in the site
area and at the site location, the staff finds that the applicant provided a thorough and accurate
description of site area stratigraphy and lithology in support of the WLS application.

2.5.1.4.2.4

Site Area Structural Geology

WLS COL FSAR Section 2.5.1.2.4 describes structural geology of the site area, including
deformation history. WLS COL FSAR Section 2.5.1.2.4.1 discusses the relevant geologic
structures that occur within WLS area, specifically the Cherokee Falls and Draytonville synforms
and slickensides.
The staff focused the review of WLS COL FSAR Sections 2.5.1.2.4 and 2.5.1.2.4.1 on the
applicant’s discussions of the Cherokee Falls and Draytonville synforms and slickensides.
Sections 2.5.1.4.2.4.1 through 2.5.1.4.2.4.3 of this report present the staff’s technical evaluation
of the information provided by the applicant in WLS COL FSAR Sections 2.5.1.2.4 and
2.5.1.2.4.1 related to site area structural geology and structures within the site area.

2.5.1.4.2.4.1 Deformation History
In WLS COL FSAR Section 2.5.1.2.4, based on Schaeffer, the applicant discussed the field
evidence for five regional deformation episodes, D1 through D5, which occurred during
development of the Appalachian orogenic belt and affected WLS area as well as the site region,
site vicinity, and site location. The applicant presented field evidence documenting that D1 and
D2 structures formed during deformation accompanied by a metamorphic event around 542 Ma
ago, and radiometric age dates constraining the timing of D3, D4 and D5 structures to be more
than 296 Ma old.
Based on review of the information presented in WLS COL FSAR Section 2.5.1.2.4 regarding
ages of deformation episodes D1 through D5, independent review of the references cited by the
applicant in that WLS COL FSAR section, four data documentation audits conducted by the staff
in February 2009, July 2009, June 2011, and October 2011, and the staff’s direct examination of
deformation features during four site visits conducted in April-May 2008, January 2009, July
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2011, and February 2014, the staff concludes that deformation events D1 through D5 are all
older than 296 Ma. The staff draws this conclusion because field evidence related to growth of
metamorphic minerals associated with the deformation events supports the interpretation that
none of these events are younger than 296 Ma.

2.5.1.4.2.4.2 Cherokee Falls and Draytonville Synforms
In WLS COL FSAR Section 2.5.1.2.4.1, the applicant presented field evidence documenting that
the Cherokee Falls and Draytonville synforms are D2 deformation features. The applicant also
indicated that more recent mapping by Nystrom did not include either of these synforms,
although the portion of the geologic map shown in WLS COL FSAR Figure 2.5.1-219a as being
based on Nystrom includes the synforms. In RAI 59, Questions 02.05.01-40 and 02.05.01-41,
the staff requested that the applicant clarify why these two structures are shown on the map
derived from Nystrom even though he did not include them on his map. In response to RAI 59,
Questions 02.05.01-40 and 02.05.01-41, the applicant stated that the map prepared by Nystrom
did not include structural data, including fold axes, and the portion of the geologic map in WLS
COL FSAR Figure 2.5.1-219a attributed to Nystrom actually presents geologic data derived
from multiple sources, certain of whom mapped the axial traces of the Cherokee Falls and
Draytonville synforms. The applicant revised notation on WLS COL FSAR Figure 2.5.1-219a to
indicate that geology came from Nystrom, Howard, and Horton and Dicken; that Hibbard and
others provided information on fault locations; and that Murphy and Butler provided the locations
of fold axes.
Based on review of WLS COL FSAR Section 2.5.1.2.4.1, including the modifications to WLS
COL FSAR Figure 2.5.1-219 and the responses to RAI 59, Questions 02.05.01-40 and
02.05.01-41, the staff concludes that the applicant clarified the basis for including the axial
traces of the Cherokee Falls and Draytonville synforms on WLS COL FSAR Figure 2.5.1-219a.
The staff draws this conclusion because the applicant documented the various sources of
information compiled to develop this figure, including the mapping of Murphy and Butler that
defined these two structures, and the staff reviewed the cited information and finds it reliable
and sufficient. Accordingly, the staff considers RAI 59, Questions 02.05.01-40 and 02.05.01-41
resolved.

2.5.1.4.2.4.3 Slickensides
Slickensides are potentially important structural features because they provide evidence for at
least minor displacement along the surfaces on which they occur. Based on the CNS PSAR,
the applicant stated that, although slickensided surfaces occur in the site area, none could be
readily traced beyond a single exposure, which suggests the lack of a through-going fault.
The applicant also reported that similar minor, locally-developed slickensided surfaces are
common throughout the Piedmont. Since the applicant did not show the slickenside locations
on a geologic map in the WLS COL FSAR, it is uncertain whether they may define a single
extended linear trace. It is also uncertain whether unsheared minerals occur on all slickensided
surfaces, indicating that the slickensides represent old and deep-seated, rather than young
(i.e., Quaternary, 2.6 Ma to present in age) and near-surface, deformation. Therefore, to enable
an assessment of whether the slickensided surfaces may indicate the presence of a capable
tectonic structure, in RAI 59, Question 02.05.01-42, the staff requested that the applicant
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summarize information taken from the CNS PSAR and used to conclude that the slickensides
are old and do not indicate the existence of a potentially capable Quaternary tectonic structure
of finite length in the site area. The staff also requested that the applicant provide a reference
for the statement that slickensided surfaces and other similar minor, locally developed features
with no tectonic significance occur throughout the Piedmont. In response to RAI 59,
Question 02.05.01-42, the applicant cited the CNS PSAR and stated that no features associated
with the locations of the slickensides exhibited any topographic expression, as may be expected
for an active tectonic structure, and that orientation of the slip surfaces varied at the different
locations, making them inconsistent with a single tectonic feature. The applicant also noted that
the mineral epidote occurred on at least one of slickensided surfaces, and deformation history of
the Piedmont, including the site area, indicates the conditions required to grow this mineral have
not occurred in the site area since late Paleozoic time (> 251 Ma). The applicant cited Garihan
and others, who reported the widespread occurrence of brittle deformation features that
commonly show no correlation with active faults throughout the Piedmont.
Based on review of WLS COL FSAR Section 2.5.1.2.4.1, the response to RAI 59,
Question 02.05.01-42, and an independent examination of references cited by the applicant, the
staff concludes that the slickensides found in the site area do not suggest the presence of any
capable tectonic structures. The staff makes this conclusion because the applicant documented
the local, discontinuous nature of the slickensided surfaces. Accordingly, the staff considers
RAI 59, Question 02.05.01-42 resolved.
Based on review of WLS COL FSAR Sections 2.5.1.2.4 and 2.5.1.2.4.1 and the responses to
RAI 59, Questions 02.05.01-40 through 02.05.01-42, the staff finds that the applicant provided a
thorough and accurate description of site area structural geology, including deformation history
and structures within the site area, in support of the WLS application.

2.5.1.4.2.5

Site Location Geology

WLS COL FSAR Section 2.5.1.2.5 discusses geology of the WLS location, including
physiography and geomorphology, geologic setting and history, stratigraphy and lithology,
structure, and geologic mapping. Sections 2.5.1.4.2.5.1 through 2.5.1.4.2.5.5 of this report
present the staff’s technical evaluation of the information provided by the applicant in WLS COL
FSAR Section 2.5.1.2.5. In Section 2.5.1.4.2.5.5 of this report, the staff also evaluated the
compiled geologic map and associated data for the CNS Unit 1 site (i.e., proposed WLS Unit 1)
excavation, which documented lithologies and the absence of capable tectonic structures or
other potentially detrimental geologic features in the foundation rocks of proposed WLS Unit 1.
The staff focused the review of WLS COL FSAR Section 2.5.1.2.5 on understanding timing of
deformation at the site location in light of the information presented by the applicant in WLS
COL FSAR Section 2.5.1.2.4 related to the five regional deformation episodes that affected the
site area, and on assessment of the compiled geologic map of the CNS/WLS Unit 1 excavation.

2.5.1.4.2.5.1 Site Location Physiography and Geomorphology
In WLS COL FSAR Section 2.5.1.2.5.1, the applicant discussed physiography and
geomorphology of WLS location. The applicant reported that physiography and geomorphology
at the site location are similar to these same characteristics as observed in the site area.
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Based on review of the information presented in WLS COL FSAR Section 2.5.1.2.5.1 regarding
physiography and geomorphology of WLS location, as well as field observations made during
site visits conducted by the staff in April-May 2008, January 2009, July 2011, and
February 2014, the staff concludes that physiographic and geomorphic characteristics of the site
location are similar to these same characteristics as described for the site area. The staff draws
this conclusion because field observations made during the four site visits confirm that
physiography and geomorphology at the site location are typical of the site area and no unique
physiographic or geomorphic features occur at the site location.
Based on review of WLS COL FSAR Section 2.5.1.2.5.1 and the field observations made during
the four site visits, the staff finds that the applicant provided a thorough and accurate description
of site location physiography and geomorphology in support of the WLS application.

2.5.1.4.2.5.2 Site Location Geologic Setting and History
In WLS COL FSAR Section 2.5.1.2.5.2, the applicant discussed geologic setting and history of
the site location. The applicant stated that geologic setting and history of the site location are
the same as the geologic setting and history of the site area even though, of the five regional
deformation episodes (D1 through D5) documented in the site area, rock units at the site
location most strongly exhibit only the first two of the five events (i.e., D1 and D2, with D2 being
the most prominent).
Based on review of WLS COL FSAR Section 2.5.1.2.5.2 and field observations made during site
visits conducted by the staff in April-May 2008, January 2009, July 2011, and February 2014,
the staff concludes that the metavolcanic and metasedimentary country rock sequence
responded differently to deformation than did foundation rock unit Zto due to rheological
differences between these different lithologies. The staff makes this conclusion because field
evidence observed during the site visits listed above documents the imprint of all five
deformation events, D1 through D5, in the country rock sequence and corroborates the
applicant’s statement that rock unit Zto best exhibits deformation events D1 and D2, with D2
being the most obvious.
Based on review of WLS COL FSAR Section 2.5.1.2.5.2 and the field observations made during
the four site visits, the staff finds that the applicant provided a thorough and accurate description
of site location geologic setting and history in support of the WLS application.

2.5.1.4.2.5.3 Site Location Stratigraphy and Lithology
In WLS COL FSAR Section 2.5.1.2.5.3, the applicant discussed stratigraphy and lithology of the
site location. The applicant indicated that stratigraphy and lithology at the site location are the
same as stratigraphy and rock types in the site area.
Based on review of WLS COL FSAR Section 2.5.1.2.5.3 and field observations made during site
visits conducted by the staff in April-May 2008, January 2009, July 2011, and February 2014,
the staff concludes that stratigraphy and lithology at the site location are congruent with site
area stratigraphy and lithology. The staff makes this conclusion because field evidence
observed by the staff documents that stratigraphy and lithology at the site location are the same
as the stratigraphy and rock types described for the site area.
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Based on review of WLS COL FSAR Section 2.5.1.2.5.3 and the field observations made during
the four site visits, the staff finds that the applicant provided a thorough and accurate description
of site location stratigraphy and lithology in support of the WLS application.

2.5.1.4.2.5.4 Site Location Structure
In WLS COL FSAR Section 2.5.1.2.5.4, the applicant addressed structural geology of the site
location. The applicant discussed geologic structures that occur at the site location, including
the McKown’s Creek antiform, shear and breccia zones, joints and dilation fractures, and
slickensides.
McKown’s Creek Antiform
The applicant reported that, while regional deformation episodes D1 through D5 characterize
deformation style in the site area, geologic structures at the site location, including the
McKown’s Creek antiform, largely reflect geologic structures and rock fabrics resulting from
deformation D2. The applicant noted that foundation unit Zto is a massive metamorphosed
intrusive igneous body and does not contain good marker horizons for registering deformation
events. Therefore, although the applicant provided a chronological listing of regional
deformation events that affected the site area in WLS COL FSAR Section 2.5.1.2.5.4, it is not
completely clear to the staff which deformation event produced a given geologic structure
(e.g., foliation surfaces, shear and breccia zones, dilation fractures and joints, and slickensides)
at the site location. In RAI 59, Question 02.05.01-46, the staff requested that the applicant
clarify which deformation event produced which geologic structure and rock fabric at the site
location. In response to RAI 59, Question 02.05.01-46, the applicant incorporated new
Table 2.5.1-204 into WLS COL FSAR Section 2.5.1.2.5.4 to correlate structures developed at
the site location with site area deformation episodes, including a summary of age constraints for
the deformation events and structures. This table clarified the relationships described by the
applicant between site location structures and site area deformation episodes, and equated the
latest stage of fracture development with Mesozoic (251 to 145.5 Ma) extension. All other
tectonic structures (i.e., folds, shear and breccia zones, dilation fractures, and joints mineralized
by chlorite and calcite and often slickensided) are older than 219 Ma based on radiometric age
date results.
Shear and Breccia Zones, Dilation Fractures, Joints, and Slickensides
Shear and breccia zones, dilation fractures, joints, and slickensides occur at the site location in
rock mass Zto, the foundation unit for proposed WLS Unit 1 and Unit 2. The applicant reported
that a K-Ar radiometric age date constrains timing of the shearing, brecciation, dilation
fracturing, and development of slickensides on joint surfaces coated with chlorite mica in
unweathered rock to be older than 219 Ma.
Based on review of WLS COL FSAR Section 2.5.1.2.5.4, including WLS COL FSAR
Table 2.5.1-204, and the response to RAI 59, Question 02.05.01-46, as well as direct field
observations made by the staff during site visits in April-May 2008, January 2009, July 2011,
and February 2014 and review of information during data documentation audits conducted by
NRC staff in February and July 2009 and June and October 2011, the staff concludes that the
applicant provided information sufficient to enable correlation of structures developed at the site
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location with site area deformation episodes. The staff makes this conclusion because
information reviewed during the data documentation audits, which included radiometric age
dates, and field evidence examined during the site visits documented the deformation history
presented by the applicant for the site location and confirmed that none of the structures
produced by the deformation episodes represent capable tectonic features. Accordingly, the
staff considers RAI 59, Question 02.05.01-46 resolved.
Based on review of WLS COL FSAR Section 2.5.1.2.5.4 and the response to RAI 59,
Question 02.05.01-46, as well as field observations made during the four site visits and
examination of data during the four data documentation audits, the staff finds that the applicant
provided a thorough and accurate description of site location structure in support of the WLS
application.

2.5.1.4.2.5.5 Site Location Geologic Mapping
WLS COL FSAR Section 2.5.1.2.5.5 discusses geologic mapping performed at the site location.
Based on geologic mapping results for both WLS and the original CNS site, including detailed
geologic maps of CNS Unit 1 foundation grade level bedrock produced by digitizing and
compiling the original field maps prepared for CNS Unit 1, as well as in-situ and laboratory test
results summarized in WLS COL FSAR Section 2.5.1.2.6 and cross-referenced in WLS COL
FSAR Section 2.5.1.2.5.5, the applicant concluded that the foundation rock mass at WLS is
suitable. Since the applicant used information in the CNS PSAR to supplement geologic data
for WLS, WLS COL FSAR Section 2.5.1.2.5.5 also discusses confirmatory testing of the original
CNS geologic map of CNS Unit 2, implemented by the applicant as part of site characterization
for WLS. The applicant did not provide a geologic map of that part of the CNS Unit 2 excavation
used to confirm the accuracy of previous mapping at the original CNS site. In RAI 59,
Question 02.05.01-47, the staff requested that the applicant summarize the data collected
during previous geologic mapping at the CNS site being used to supplement geologic data for
WLS. The staff also requested that the applicant provide a geologic map documenting the
reported confirmation of the previous geologic mapping at the CNS site. Also in WLS COL
FSAR Section 2.5.1.2.5.5, the applicant concluded that the western boundary of plutonic rock
mass Zto, the foundation unit at WLS, is a lithologic contact with surrounding country rock rather
than a fault, although Nystrom mapped this boundary as a straight line segment that could be
interpreted as a fault. The applicant did not provide a summary of the pertinent information that
made the conclusion about the non-tectonic character of this contact possible. In RAI 59,
Question 02.05.01-49, the staff requested that the applicant summarize the data used to
determine that the western boundary of foundation unit Zto is not a fault or shear zone in light of
the fact that Nystrom mapped this boundary as a straight line that could be interpreted as a
fault.
In response to RAI 59, Question 02.05.01-47, the applicant indicated that the primary objective
of the confirmatory mapping was to validate the historical final foundation geologic mapping
records developed for the original CNS site. The applicant used these records to supplement
geologic data collected for the WLS application. The applicant noted that this mapping was
particularly important for validating the unpublished historical geologic map data for CNS Unit 1,
which now lies under concrete, because the original CNS Unit 1 site coincides with the
proposed WLS Unit 1 site. The applicant stated that the most prominent lithologies, shear
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zones, and individual shears appear on both the historical CNS and WLS geologic maps. The
applicant provided a geologic map showing WLS mapping results overlain on the part of the
historical CNS Unit 2 final foundation geologic map being validated to support this statement.
Careful examination of these two sets of geologic map data by staff documented that the most
prominent lithologies, shear zones, and individual shears occur on both the historical CNS
Unit 2 and the confirmatory WLS geologic maps.
In response to RAI 59, Question 02.05.01-49, using field evidence derived from trenches
located to investigate geologic characteristics of the western boundary of metamorphosed
plutonic rock mass Zto and from boreholes drilled for CNS site investigations and the WLS
application, the applicant determined that this boundary is lithologic contact between the pluton
and the adjacent country rock and not a fault. The applicant modified WLS COL FSAR
Figure 2.5.1-226 to show the irregular nature of this boundary and correct the misconception
that it is a straight line, which could be interpreted as related to faulting.
Based on review of WLS COL FSAR Section 2.5.1.2.5.5, the responses to RAI 59,
Questions 02.05.01-47 and 02.05.01-49, and information in the CNS PSAR, as well as field
observations made by the staff during the site visits and examination of data by the staff during
the data documentation audits, including review of the report presenting the compiled geologic
map and associated data for the WLS/CNS Unit 1 excavation, the staff makes the following
conclusions: (1) the most prominent lithologies, shear zones, and individual shears appear in
both the historical CNS and WLS geologic maps; (2) the western boundary of foundation rock
unit Zto is an irregular intrusive contact rather than a fault; (3) similarities exist in both lithologies
and geologic features found in the CNS Unit 1 (proposed WLS Unit 1) excavation and the
adjacent excavations for CNS Unit 2 and CNS Unit 3 (proposed WLS Unit 2); and (4) no
capable tectonic structures or other potentially detrimental geologic features occur in the
excavation for proposed WLS Unit 1. The staff makes these conclusions for the following
reasons with field evidence based on observations made by the staff and independent
evaluation of data presented by the applicant: (1) field data shown on the historical CNS Unit 2
and the confirmatory WLS geologic maps document that lithologies and major geologic features
are similar between the two maps; (2) field evidence indicates the western boundary of
foundation unit Zto is not a fault; (3) the data documentation audits and site visits confirm that
similarities exist in both lithologies and geologic features found in the CNS Unit 1 (proposed
WLS Unit 1) excavation and in the adjacent excavations for CNS Unit 2 and CNS Unit 3
(proposed WL Unit 2); and (4) field evidence indicates that no capable tectonic structures or
other potentially detrimental geologic features occur in the excavation for proposed WLS Unit 1.
Accordingly, the staff considers RAI 59, Questions 02.05.01-47 and 02.05.01-49 resolved.
Based on review of WLS COL FSAR Section 2.5.1.2.5.5 and the responses to RAI 59,
Questions 02.05.01-47 and 02.05.01-49, as well as the field observations made during the site
visits and examination of data during data documentation audits, including the report presenting
the compiled geologic map for CNS Unit 1/WL Unit 1, the staff finds that the applicant provided
a thorough and accurate description of site location geologic mapping in support of the WLS
application.
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2.5.1.4.2.6

Site Area Engineering Geology

In WLS COL FSAR Section 2.5.1.2.6, the applicant described engineering geology of the site
area. The applicant indicated that, although further excavation will likely expose weathered
zones, joints, and fractures in the foundation rock unit (Zto), the weathered rock would be
treated and removed as described in WLS COL FSAR Section 2.5.4.12. Based on in-situ and
laboratory test results summarized in WLS COL FSAR Section 2.5.1.2.6, as well as information
derived from geologic mapping at the site location, the applicant concluded that the foundation
rock unit at WLS is suitable.
Based on review of WLS COL FSAR Section 2.5.1.2.6, in-situ and laboratory results, and
results of geologic mapping at the site location, the staff finds that the applicant provided a
thorough and accurate description of site area engineering geology in support of the WLS
application.

2.5.1.4.2.7

Site Area Seismicity and Paleoseismology

In WLS COL FSAR Section 2.5.1.2.7, the applicant discussed site area seismicity and
paleoseismology. The applicant stated that no published reports identified paleoseismic
features in the site area, and that, based on extensive new studies performed for the WLS
application, there is no evidence for post-Miocene (< 5.3 Ma) earthquake activity in the site
area. However, the applicant did not present any information to support the statement about the
new studies.
The staff focused the review of WLS COL FSAR Section 2.5.1.2.7 on the applicant’s statement
that no evidence exists for post-Miocene (< 5.3 Ma) earthquake activity in the site area. In
RAI 59, Question 02.05.01-50, the staff requested that the applicant provide information
documenting that field investigations performed for the WLS application did not reveal any
evidence for post-Miocene earthquake activity. In response to RAI 59, Question 02.05.01-50,
the applicant stated that the new studies included comprehensive literature reviews and
interviews with site area experts; interpretation of aerial photographs; and geologic
investigations comprising aerial and ground reconnaissance of the site area, including
examination of Quaternary alluvial surfaces and deposits that are potentially subject to
earthquake-induced liquefaction and outcrops along the Broad River and its tributaries. The
applicant stated that none of these efforts revealed paleoliquefaction features, other indicators
of post-Miocene earthquake activity, or evidence for Miocene or younger faulting in the site
area.
Based on review of WLS COL FSAR Section 2.5.1.2.7 and the applicant’s response to RAI 59,
Question 02.05.01-50, the staff concludes that no evidence exists for earthquake-induced
paleoliquefaction, other indicators of post-Miocene earthquake activity, or Miocene or younger
faulting. The staff makes this conclusion because the applicant applied the standard field
methods necessary for assessing the presence of paleoseismic features such as those that
would be represented by earthquake-induced liquefaction or young (i.e., post-Miocene,
including Quaternary age) faulting.
Based on review of WLS COL FSAR Section 2.5.1.2.7 and the fact that the applicant applied
standard field methods to assess the presence of paleoseismic features, the staff finds that the
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applicant provided a thorough and accurate description of site area seismicity and
paleoseismology in support of the WLS application.

2.5.1.4.2.8

Site Area Groundwater Conditions

WLS COL FSAR Section 2.5.1.2.8 cross-references WLS COL FSAR Section 2.4.12, for the
detailed discussion of groundwater conditions presented by the applicant for WLS.

2.5.1.5

Post Combined License Activities

There are no post COL activities related to WLS COL FSAR Section 2.5.1. However,
Section 2.5.3.4.8 of this report identifies a geologic mapping License Condition for WLS Unit 2
as the responsibility of the applicant and explains why a geologic mapping License Condition is
not necessary for WLS Unit 1. Section 2.5.3.5 of this report defines the applicant’s
responsibility for geologic mapping at WLS Unit 2 as License Condition (2-2).

2.5.1.6

Conclusion

The staff reviewed the WLS COL FSAR and the referenced DCD. Based on these reviews, the
staff confirmed that the applicant addressed the required information related to basic geologic
and seismic characteristics, and that no additional outstanding information must be discussed in
WLS COL FSAR related to these characteristics. NUREG-1793 and its supplements document
the results of the staff’s technical evaluation of the information incorporated by reference into
the WLS application.
As set forth above, the staff has reviewed the information in WLS 2.5-1 and finds that the
applicant provided a thorough characterization of basic geologic and seismic information for
WLS, as required by 10 CFR 100.23 and 10 CFR 52.79(a)(1)(iii). In addition, the staff
concludes that the applicant identified and appropriately characterized all seismic sources
significant for determining the GMRS, or SSE, for this COL site, in accordance with NRC
regulations provided in 10 CFR 100.23 and 10 CFR 52.79(a)(1)(iii) and guidance provided in
RG 1.208. Based on the applicant’s geologic investigations performed for the site region, site
vicinity, site area, and site location, the staff concludes that the applicant properly characterized
regional and site lithology, stratigraphy, geologic and tectonic history, and structural geology, as
well as subsurface soil materials and rock units at WLS. The staff also concludes that there is
no potential for effects of human activity (i.e., mining activity or ground water injection or
withdrawal) to compromise site safety. Therefore, the staff concludes that the proposed WLS
site is acceptable from the standpoint of geologic and seismic information and meets the
requirements of 10 CFR 100.23 and 10 CFR 52.79(a)(1)(iii).
WLS COL 2.5-1 addresses the provision of regional and site-specific geologic, seismic, and
geophysical information, as well as conditions caused by human activity. Based on the
discussion of the basic geologic and seismic information presented in WLS COL FSAR
Section 2.5.1, and the technical evaluation presented above in FSER Section 2.5.1.4, the staff
concludes that the applicant provided the information required to satisfy WLS COL 2.5-1.
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Figure 2.5.1-1 Location of WLS in relation to physiographic provinces and
Mesozoic rift basins that occur in the site region (Reproduced from WLS COL FSAR
Revision 0, Figure 2.5.1-201)
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Figure 2.5.1-2 Location of WLS in Relation to The Charlotte Terrane of The Carolina Zone
(Reproduced from WLS COL FSAR Revision 2, Figure 2.5.1-202a)
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Figure 2.5.1-3 Location of WLS in relation to potential Quatrnary age (2.6 Ma to Present)
tectonic features in the site region (Reproduced from WLS COL FSAR
Revision 0, Figure 2.5.1-213)
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Figure 2.5.1-4 Location of WLS in Relation to Seismicity in the CEUS, Five Principal
Areas of Seismicity in The Site Region, and Two Seismic Zones Outside the Site Region.
Areas Within The Site Region Include The East Tennessee and Giles County Seismic
Zones, the Middleton Place-Summerville and Adams Run seismic Zones at The Mapped
Position of Charleston, and The Bowman Seismic Zone. The New Madrid and Central
Virginia Seismic Zones Are The Two Located Outside The Site Region.
(Reproduced from WLS COL FSAR Revision 8, Figure 2.5.1-214)
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Figure 2.5.1-5 Locations of Tectonic Features, Including Postulated Faults and
Seismically-Induced Liquefaction Features, in The Charleston Area. Not Shown is The
Northwest-Striking Dorchester Fault, Inferred by Bartholomew and Rich (2007) to Lie
Between The Postulated Northwest-Striking Adams Run and Charleston Faults.
(Reproduced from WLS COL FSAR Revision 8, Figure 2.5.1-216)
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Figure 2.5.1-6 Locations of Lee Nuclear Site Units 1 and 2 Superimposed on The
Geologic Map of the Site Location. The Map Clearly Shows That Rock Unit Zto is The
Foundation Lithology for WLS COL Units 1 and 2. (Reproduced from WLS COL FSAR
Revision 7, Figure 2.5.1-220)

2.5.2

Vibratory Ground Motion

2.5.2.1

Introduction

The vibratory ground motion is evaluated based on seismological, geological, geophysical, and
geotechnical investigations carried out to determine the site-specific GMRS, which must meet
the regulations for SSE provided in 10 CFR 100.23. The GMRS is defined as the free-field
horizontal and vertical ground motion response spectra at the plant site. The development of
the GMRS is based upon a detailed evaluation of earthquake potential, taking into account the
regional and local geology, Quaternary tectonics, seismicity, and site-specific geotechnical
engineering characteristics of the site subsurface material. The specific investigations
necessary to determine the GMRS include the seismicity of the site region and the correlation of
earthquake activity with seismic sources. Seismic sources are identified and characterized,
including the rates of occurrence of earthquakes associated with each seismic source. Seismic
sources that have any part within 320 km (200 mi) of the site must be identified. More distant
sources that have a potential for earthquakes large enough to affect the site must also be
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identified. Seismic sources can be capable tectonic sources or seismogenic sources. The
review covers the following specific areas: (1) seismicity; (2) geologic and tectonic
characteristics of the site and region; (3) correlation of earthquake activity with seismic sources;
(4) probabilistic seismic hazard analysis and controlling earthquakes; (5) seismic wave
transmission characteristics of the site; (6) site-specific ground motion response spectrum; and
(7) any additional information requirements prescribed within the “Contents of Application”
sections of the applicable Subparts to 10 CFR Part 52, “Licenses, certifications, and approvals
for nuclear power plants.”

2.5.2.2

Summary of Application

WLS COL FSAR, Revision 11, Section 2.5, incorporates by reference AP1000 DCD,
Revision 19, Section 2.5.2.
In addition, in WLS COL FSAR Section 2.5.2, the applicant provided site-specific information to
address the following:
AP1000 COL Information Item
•

WLS COL 2.5-2

The applicant provided additional information in WLS COL 2.5-2 to address COL Information
Item 2.5-2. WLS COL 2.5-2 addresses the provision for site-specific information related to
vibratory ground motion aspects of the site including: seismicity, geologic and tectonic
characteristics, correlation of earthquake activity with seismic sources, probabilistic seismic
hazard analysis (PSHA), seismic wave transmission characteristics and the SSE ground motion.
•

WLS COL 2.5-3

The applicant provided additional information in WLS COL 2.5-3 to resolve COL Information
Item 2.5-3, which addresses the provision for performing site-specific evaluations, if the
site-specific GMRS at foundation level exceed the response spectra in AP1000 DCD
Figures 3.7.1-1 and 3.7.1-2 at any frequency, or if soil conditions are outside the range
evaluated for the AP1000 DCD.

2.5.2.2.1

Seismicity

WLS COL FSAR Section 2.5.2.1 states that the applicant used the most recent earthquake
catalog published as part of NUREG-2115, “Central and Eastern United States Seismic Source
Characterization for Nuclear Facilities,” in its seismic hazard assessment at the WLS Site. The
NUREG-2115 earthquake catalog covers earthquakes in the CEUS region from 1568 through
2008. The applicant indicated that since the compilation of the NUREG-2115 earthquake
catalog, the moment magnitude (M) 5.8, 2011, Virginia earthquake was the most significant
earthquake. The epicenter of this earthquake was located approximately 450 km (280 mi) from
the WLS site. Although this earthquake falls outside the WLS Site region, the applicant
discussed the earthquake as part of the discussion of the Central Virginia seismic zone (WLS
COL FSAR Section 2.5.1.1.3.2.4) and in the source characterization (WLS COL FSAR
Section 2.5.2.2.5.2). Figure 2.5.2-1 of this report shows the seismicity of the WLS site region
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and its surroundings. The largest earthquake within 40 km (25 mi) of the WLS Site in the
NUREG-2115 earthquake catalog is the 1886 E[M] 4.13 event.

Figure 2.5.2-1 Map Showing The Earthquake Activity in The CEUS Region and The WLS
Site (Ref. WLS COL FSAR Revision 8, Figure 2.5.2-248)

2.5.2.2.1.1

Reservoir-Induced Seismicity

In WLS COL FSAR Section 2.5.2.1.3, the applicant evaluated the potential for ReservoirInduced Seismicity (RIS) associated with the construction and operation of Make-Up Pond C.
The applicant stated that no documented RIS is associated with the Make-Up Pond B
constructed as a part of the former Cherokee Nuclear Station, but noted that factors controlling
the presence or absence of RIS are strongly dependent on local geologic properties, including
reservoir rock type, fault and fracture characteristics, local and regional tectonics, and reservoir
operation characteristics.
Following NUREG/CR-5503, the applicant stated the importance of making a distinction
between triggered seismicity in regions of active faulting that are characterized by tectonic
earthquakes of M greater than 5 in the historical record, such as the region west of the Rocky
Mountains, and RIS in regions that are not associated with ongoing seismic activity and
generally lack historical seismicity of M greater than 4. Triggered seismicity implies that a
tectonic earthquake that was likely to occur at a later date is triggered and occurs earlier as a
result of perturbations of elastic stresses and/or pore pressures associated with reservoir
operations.
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The applicant summarized the documented cases of RIS for reservoirs with hydraulic heights
less than 60 m (196 ft) considering all U.S. Bureau of Reclamation reservoirs located in
metamorphic terranes and all earthquakes located within 30 km (18 mi) of the reservoirs.
In those cases post-impoundment maximum magnitudes have been less than M4 for reservoirs
located in regions of low historical seismicity and have been less than or equal to M5 for
reservoirs located in regions where historical pre-impoundment maximum magnitudes were
greater than or equal to M5.5.
In the event that RIS associated with Make-Up Pond C occurs, the applicant concludes that it is
unlikely that the induced magnitudes would exceed a M greater than 4, well below the
short-period controlling earthquake. The applicant concluded that the potential for RIS
associated with the Make-Up Pond C impoundment is low with a negligible risk to safe
operations for WLS Units 1 and 2.

2.5.2.2.2

Geologic and Tectonic Characteristics of the Site and Region

WLS COL FSAR Section 2.5.2.2 describes the seismic sources and seismic model parameters
that the applicant used to calculate the seismic ground motion hazard at the WLS site. The
applicant used the NUREG-2115 regional seismic source characterization model developed for
the CEUS region as a starting point for its seismic ground motion hazard analysis. The
NUREG-2115 seismic source model is a model published in January 2012. The model
development followed the Senior Seismic Hazard Analysis Committee (SSHAC) Level 3
procedures as outlined in NUREG/CR-6372, “Recommendations for Probabilistic Seismic
Hazard Analysis: Guidance on Uncertainty and Use of Experts,” and NUREG-2117, “Practical
Implementation Guidelines for SSHAC Level 3 and 4 Hazard Studies.” The NUREG-2115
model is a regional seismic source model to be used as a starting model in seismic hazard
calculations for nuclear facilities in the CEUS region. The applicant stated that it conducted a
review of the NUREG-2115 model to identify whether there is a need to update any of the
seismic sources. Based on its review results, the applicant stated that the regional model, as
published, is adequate for use in seismic hazard calculations for the WLS site. The following
describes a summary of the NUREG-2115 model.

2.5.2.2.2.1

Summary of NUREG-2115 Seismic Source Model

The applicant stated that the CEUS SSC model described in NUREG-2115 contains two types
of seismic sources: (1) distributed seismicity sources; and (2) repeated large magnitude
earthquake sources. While the distributed seismicity sources were developed based on
available earthquake locations and regional geologic/tectonic characterizations, the RLME
sources were based on geologic and paleo-earthquake records. The RLME sources represent
the zones of repeated (two or more) large magnitude earthquakes (M > 6.5) in the CEUS
region.
The NUREG-2115 model categorizes the distributed seismicity sources into two subgroups:
Mmax zones and seismotectonic zones. These subgroups represent uncertainties in source
characterizations and differences of opinions in seismic source identification in this region.
In hazard estimates, the Mmax and seismotectonic sources are weighted by 40 percent and
60 percent, respectively, to determine their contributions to the total seismic hazard at the site.
The Mmax zones are broad seismic sources identified based on limited tectonic information and
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represent potential seismic sources of future earthquakes. The seismotectonic sources are
those developed by extensive analyses of regional geology, tectonics, and seismicity in the
CEUS region. Both the Mmax and the seismotectonic zones also include alternative source
geometries, accommodating inherent uncertainty in seismic source characterization. The RLME
sources are superimposed on the distributed seismicity sources.

2.5.2.2.2.2

Post-NUREG-2115 Seismic Source Characterization Studies

In WLS COL FSAR Section 2.5.2.2.5, the applicant discussed geologic and seismic
investigations of the site region and beyond that provide information that could be used to
evaluate and potentially update the NUREG-2115 model relevant to the WLS site PSHA.
Specifically, the applicant discussed ongoing investigations of the: (1) Eastern Tennessee
seismic zone (ETSZ); and (2) M5.8, 2011, Virginia earthquake.
Geologic Investigations of the Eastern Tennessee Seismic Zone
The ETSZ can be identified as a narrow trend of concentrated seismicity east of the
New York-Alabama magnetic lineament and seismicity associated with the ETSZ is located
within the WLS site region. The applicant stated that in spite of the high rate of seismic activity
in the ETSZ, the largest historical earthquake in the region is magnitude 4.6 (magnitude scale
unspecified). The applicant stated that recent geologic studies of the ETSZ either post-date the
NUREG-2115 model or were published during development of the NUREG-2115 model. These
studies suggest that the ETSZ may have produced large prehistoric earthquakes.
The applicant discussed the findings of Vaughn (2010), Obermeier (2010), Howard (2011),
Warrell (2012), and Hatcher (2012). Vaughn (2010) found minor surface faulting, fracturing, and
disrupted features in terrace alluvium, along with minor paleoliquefaction, northeast of Knoxville,
TN. Similarly, Obermeier (2010) documented Douglas Reservoir fracture systems and sandy
intrusions in terrace deposits that they interpret as paleoseismic in origin, although the applicant
stated the significance of these features is unclear. Howard (2011) and Warrell (2012)
document fractures, small faults, and displacements in Quaternary alluvium along Douglas
Reservoir that they suggest resulted from earthquakes with magnitudes greater than 6.0 and
6.5 (magnitude scale unspecified). The applicant explained that Hatcher (2012) continued
studying the Douglas Reservoir by coupling geologic observations with preliminary optically
stimulated luminescence age dating of Quaternary deposits. Hatcher concluded that one or
more "probable minimum" M6.5 earthquakes could be associated with the ETSZ within the last
73 to approximately 200 ka.
The applicant stated that while these recent studies strengthen the argument that the ETSZ has
experienced at least one moderate-sized earthquake in the late Quaternary, the studies do not
quantify parameters such as recurrence interval and magnitude, which are necessary
parameters to demonstrate that the ETSZ produces repeating large-magnitude events as
defined in NUREG-2115. Therefore, the applicant concluded that the ETSZ is best modeled
within its NUREG-2115 host seismic source zones, the Mesozoic-and-younger extended crust
Mmax zone (MESE) and the Paleozoic extended seismotectonic zones (PEZ), and that creation
of an ETSZ RLME source is not warranted.
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Investigations of the M5.8, 2011, Virginia Earthquake
The M5.8, 2011, Virginia earthquake was the largest historical event in the region and the
largest instrumentally recorded earthquake in eastern North America since the 1988 M5.84
Saguenay earthquake. The M5.8, 2011, event occurred after completion of the NUREG-2115
earthquake catalog and is not included in the applicant’s earthquake catalog. Numerous
scientific studies have been conducted to identify the surface rupture associated with the
earthquake, but the applicant reports that the consensus results of these investigations suggest
that the earthquake occurred on a previously unrecognized structure, the dimensions of which
are unknown and not observable at the ground surface. Therefore, the applicant did not include
the M5.8, 2011, earthquake as a new fault or RLME source in the WLS site PSHA. The
applicant stated that without slip-rate, recurrence, or maximum magnitude constraints for the
structure defined by the distribution of aftershock hypocenters that likely produced the
earthquake, it is most appropriate to consider it as an event captured by the host seismic source
zones (ECC-AM, MESE-N, MESE-W, and Study Region) in the NUREG-2115 model
framework. In addition, the applicant stated that because of the distance to the WLS site
(approximately 450 km (280 mi)), and the buffer between the earthquake magnitude and lower
end of the host seismic source zones’ maximum magnitude distribution. The applicant
concluded that no changes to the NUREG-2115 model were required due to the M5.8, 2011,
event.

2.5.2.2.3

Correlation of Earthquake Activity with Seismic Sources

In WLS COL FSAR Section 2.5.2.3, the applicant discussed the correlation of the NUREG-2115
earthquake catalog to the specific NUREG-2115 seismic sources used by the applicant. Since
the applicant did not update the NUREG-2115 earthquake catalog or seismic sources, the
applicant chose to rely on the correlation of earthquake activity with seismic sources defined in
NUREG-2115.

2.5.2.2.4

Probabilistic Seismic Hazard Analysis and Controlling Earthquakes

WLS COL FSAR Section 2.5.2.4 presents the results of the applicant’s PSHA for the WLS site.
In performing this analysis, the applicant followed the guidance provided in RG 1.208 to
determine the seismic hazard curves and controlling earthquakes for the WLS site. The
applicant based its analyses on the NUREG-2115 seismic source model and the EPRI (2013)
ground motion prediction equations. The PSHA curves generated by the applicant represent
generic hard rock conditions characterized by a shear wave velocity (VS) in excess of 2.8
kilometers per second (km/s) (9,200 feet per second (fps)). The applicant also described the
earthquake potential for the site in terms of a uniform hazard response spectra (UHRS) and the
controlling earthquakes, the most likely earthquake magnitudes and source-site distances. The
applicant determined the low- and high-frequency controlling earthquakes by deaggregating the
PSHA curves at selected probability levels. The summary of the applicant’s PSHA study is
described below.

2.5.2.2.4.1

PSHA Inputs

To conduct the PSHA and obtain the UHRS at the site, it is necessary to study the site location
and its surrounding regions to determine geological and seismological properties, as outlined in
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RG 1.208. This requires determinations of active seismic source zones in the area, the seismic
sources’ model parameters, and appropriate ground motion models (GMM) for the region. The
following subsections summarize the applicant’s efforts in these areas.

2.5.2.2.4.1.1 Seismic Source Models and Parameters
The input model for the WLS PSHA study is the NUREG-2115 seismic source model. The
applicant stated that it included all Mmax zones defined by the NUREG-2115 model in its
hazard calculation for the WLS Site, truncated at a distance from the site of approximately
520 km (325 mi). The seismotectonic zones that the applicant included in the hazard
calculation for the WLS site are the Atlantic Highly Extended Crust (AHEX), Extended
Continental Crust-Atlantic Margin (ECC-AM), Extended Continental Crust-Gulf Coast
(ECC-GC), Illinois Basin Extended Basement (IBEB), Paleozoic Extended Crust (PEZ),
Midcontinent-Craton (MidC) seismotectonic zones (MidC-A through MidC-D), and Reelfoot Rift
zone-Rough Creek graben (RR-RCG) zones. The applicant truncated each seismotectonic
zone at a distance of 520 km (325 mi) from the site. The applicant determined that the RLME
sources that contribute significantly to hazard at the WLS site are Charleston and New Madrid
RLME sources, so the applicant included the Charleston and New Madrid RLME sources in its
hazard calculations.

2.5.2.2.4.1.2 Ground Motion Models
In WLS COL FSAR Section 2.5.2.4.1, the applicant stated that it used the CEUS ground motion
prediction model published in 2013 by EPRI for its PSHA calculations. These models were
reviewed by the staff. In an August 28, 2013, letter to the Nuclear Energy Institute, the staff
concluded that the EPRI (2013) GMM is an acceptable ground motion attenuation model for use
by CEUS plants in developing plant-specific GMRS until such time as the Next Generation
Attenuation project for eastern North America (NGA-East) project is completed and has been
reviewed and approved by the staff. The NGA-East project is being conducted as a higher level
SSHAC project than the EPRI (2013) GMM and will benefit from the development of the new
GMM based on an expanded suite of earthquake recordings and simulations. Once complete,
the NGA-East GMM will replace this EPRI (2013) GMM.

2.5.2.2.4.2

PSHA Methodology and Calculation

Using the updated NUREG-2115 seismic source characteristics and the EPRI (2013) GMM, the
applicant performed PSHA calculations for peak ground acceleration (PGA) and spectral
acceleration at ground motion frequencies of 0.5, 1.0, 2.5, 5, 10, and 25Hz. The applicant
performed PSHA calculations for the WLS site assuming generic hard rock conditions at the site
with VS of 2.8 km/s (9,200 fps). The applicant first calculated mean and fractile rock seismic
hazard curves at seven particular spectral frequencies (0.5, 1.0, 2.5, 5, 10, 25, and PGA
(100 Hz)) and annual frequencies of exceedance (10-4, 10-5, and 10-6). Then, the applicant
deaggregated the results as described in RG 1.208 to calculate the controlling earthquakes for
low- and high-frequency ground motions. Finally, the applicant used the WLS controlling
earthquakes, and hard rock spectral shapes for CEUS earthquake ground motions
recommended in NUREG/CR-6728 to calculate the final WLS generic hard rock UHRS.
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2.5.2.2.4.3

PSHA Results

In WLS COL FSAR Section 2.5.2.4.2, the applicant stated that the local background, Charleston
and New Madrid seismic sources contribute to seismic hazard at the WLS site. The applicant
plotted its deaggregation results in WLS COL FSAR Figures 2.5.2-231 through -236. For a 10-4
annual frequency of exceedance, the applicant stated that the background and Charleston
sources are the largest contributors to seismic hazard at both low- (1 and 2.5 Hz) and highfrequencies (5 and 10 Hz). For a 10-5 annual frequency of exceedance, the applicant obsevered
that the background and Charleston sources are the largest contributor to seismic hazard for
low-frequencies and the background source is the largest contributor to seismic hazard at
high-frequencies. For a 10-6 annual frequency of exceedance, the applicant stated that the
Charleston contribution is smaller at low-frequencies and is absent for high-frequencies and that
the local background sources representing seismicity dominate for all annual frequencies of
exceedance for high-frequencies.
The applicant also calculated the controlling earthquakes’ distances and magnitudes for the
low- and high-frequency earthquakes using the generic rock hazard curves. Table 2.5.2-1 of
this report shows the results of the applicant’s calculations.
Table 2.5.2-1 Controlling Earthquakes for the WLS Site
(Ref. WLSA COL FSAR Revision 8, Table 2.5.2-218)
Mean 10-4

Mean 10-5

Mean 10-6

7.2

7.3

7.4

250 km

230 km

190 km

High Frequency M

6.1

6.0

6.2

High Frequency R

35 km

16 km

12 km

Low Frequency M
(R>100 km)
Low Frequency R
(R>100 km)

Following the calculations of the controlling earthquake distances and magnitudes, the applicant
calculates PSHA results using the NUREG-2115 seismic source model and the EPRI (2013)
ground motion prediction models at the seven defined frequencies. The applicant determined
the smoothed UHRS at the generic rock level and the applicant’s UHRS curves for 10-4, 10-5,
and 10-6 annual exceedance levels are shown as the blue, red, and green curves, respectively,
in Figure 2.5.2-2 of this report.
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Figure 2.5.2-2 Smoothed Uniform Hazard Response Spectra For the Generic Rock
Conditions at the WLS Site. (Ref. WLS COL FSAR Revision 8, Figure 2.5.2-266b)

2.5.2.2.5

Seismic Wave Transmission Characteristics of the Site

In WLS COL FSAR Section 2.5.2.5, the applicant characterized the WLS site as a hard rock site
located on igneous and metamorphic rocks of Paleozoic age. WLS COL FSAR Section 2.5.1.2
describes the geology of the site area. The applicant referred to WLS COL FSAR Section 2.5.4
for a detailed discussion of dynamic and static properties of the site foundation materials. The
majority of Vs measurements at the site exceed 2.8 km/s (9,200 fps), the hard rock definition
used by CEUS attenuation relationships (2.83 km/s (9,282 fps)). Some near-surface Vs
measurements fall below 2.8 km/s (9,200 fps). The applicant stated that variation in Vs
measurements of several hundred feet per second centered at the hard rock condition result in
a negligible variation in site response calculation results.
Based on the majority of near-surface Vs exceeding 2.8 km/s (9,200 fps), the applicant
concluded that the WLS site is a hard rock site and therefore the EPRI (2013) ground motion
equations were used directly, without calculation of site response. The UHRS reflects this hard
rock condition.
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2.5.2.2.6

Ground Motion Response Spectra

WLS COL FSAR Section 2.5.2.6 describes the method used by the applicant to develop the
horizontal and vertical site-specific GMRS. The applicant first developed the horizontal GMRS
and then obtained the vertical GMRS using vertical-to-horizontal (V/H) ratios. The applicant
stated that it did not use the cumulative absolute velocity (CAV) model in its final hazard
calculation.

2.5.2.2.6.1

Horizontal GMRS

The applicant calculated a horizontal, site-specific, performance-based GMRS using the method
described in RG 1.208. The performance-based method achieves the annual target
performance goal (PF) of 10-5 per year for frequency of onset of significant inelastic deformation.
This damage state represents a minimum structural damage state, or essentially elastic
behavior, and falls well short of the damage state that would interfere with functionality. The
GMRS is calculated using the following relationship.
GMRS = UHRS * DF
Where
UHRS = Mean 10-4 UHRS
DF = max {1.0, 0.6 (AR)0.8}
AR = 10-5 UHRS / 10-4 UHRS
RG 1.208 also states, if AR as defined above is greater than 4.2, then this relationship is no
longer valid. In this case, RG 1.208 recommends setting the GMRS to 45 percent of the 10-5
site-specific surface UHRS curve. Figure 2.5.2-3 of this report shows the horizontal GMRS
curve calculated for the WLS Site.

2-280

William States Lee III Nuclear Station
Units 1 and 2

Figure 2.5.2-3 GMRS For Horizontal and Vertical Motion
(Ref. WLS COLFSAR Revision 8, Figure 2.5.2-239)

2.5.2.2.6.2

Vertical GMRS

In WLS COL FSAR Section 2.5.2.6, the applicant calculated the vertical GMRS by integrating
the horizontal hazard curves with distributions of V/H ratios, which the applicant used to
maintain the same exceedance probability as the horizontal hazard. V/H ratios can vary with
source distance, so the range of ratios used by the applicant was intended to cover the
deaggregation distances. The applicant presented a subset of the median estimates of the
computed V/H ratios and demonstrated that there is little change at distances beyond about
10 to 15 km (6 to 9 mi), with an abrupt jump in the ratios within about 10 km (6 mi). The ratios
are largely independent of frequency with a peak near 60 Hz, and range in amplitude from about
0.5 to about 1 as distance decreases. These values, at low frequency, are lower than empirical
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hard rock central and eastern North America (CENA) V/H ratios, which average about 0.8,
decreasing from about 0.9 at 1 Hz to about 0.7 at 10 Hz. While these empirical V/H ratios are
for Fourier amplitude spectra and not 5 percent damped response spectra and are dominated
by small earthquakes of M less than or equal to 4, and large distances greater than or about
201 km (125 mi), the results illustrate the large uncertainty in vertical hard rock hazard for CENA
and suggest large distant ratios may be greater than model predictions at low frequency.
The applicant adopted a minimum V/H ratio of 0.7, the average of the empirical and simulations.
To accommodate the change in source distance with both annual exceedance probability and
structural frequency shown in the deaggregation plots (WLS COL FSAR Figures 2.5.2-231
through -236), V/H ratios computed at a suite of distances were given relative weights. The
distances selected are 27, 6.4, and 0 km (17, 4, and 0 mi) to cover ratios reflecting distant,
intermediate, and near source contributions. The resulting vertical GMRS is shown in
Figure 2.5.2-3 of this report.

2.5.2.2.7

Development of FIRS for Units 1 and 2

In WLS COL FSAR Section 2.5.2.7, the applicant described how it preformed analyses to
develop the site-specific foundation input response spectra (FIRS). While the applicant
described development of FIRS in WLS COL FSAR Section 2.5.2.7, the staff’s summary and
technical evaluation of the FIRS is described in Section 3.7.1 of this report.

2.5.2.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed within the FSER
related to the AP1000 DCD.
In addition, the applicable regulatory requirements for reviewing the applicant’s discussion of
vibratory ground motion are as follows:
•

10 CFR 100.23, as it relates to obtaining geologic and seismic information necessary to
determine site suitability and ascertain that any new information derived from
site-specific investigations does not impact the GMRS derived by a probabilistic seismic
hazard analysis. In complying with this regulation, the applicant also meets guidance in
RG 1.132 and RG 1.208.

•

10 CFR 52.79(a)(1)(iii), as it relates to consideration of the most severe of the natural
phenomena that have been historically reported for the site and surrounding area and
with sufficient margin for the limited accuracy, quantity and period of time in which the
historical data have been accumulated.

The related acceptance criteria from NUREG-0800, Section 2.5.2 are summarized as follows:
•

Seismicity: To meet the requirements in 10 CFR 100.23, this subsection is accepted
when the complete historical record of earthquakes in the region is listed and when all
available parameters are given for each earthquake in the historical record.

•

Geologic and Tectonic Characteristics of Site and Region: Seismic sources are
identified and characterized.
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•

Correlation of Earthquake Activity with Seismic Sources: To meet the requirements in
10 CFR 100.23, acceptance of this subsection is based on the development of the
relationship between the history of earthquake activity and seismic sources of a region.

•

Probabilistic Seismic Hazard Analysis and Controlling Earthquakes: For CEUS sites
relying on NUREG-2115 methods and data bases, the staff will review the applicant's
PSHA, including the underlying assumptions and how the results of the site
investigations are used to update the existing sources in the PSHA, how they are used
to develop additional sources, or how they are used to develop a new data base.

•

Seismic Wave Transmission Characteristics of the Site: In the PSHA procedure
described in RG 1.208, the controlling earthquakes are determined for generic rock
conditions.

•

Ground Motion Response Spectra: In this subsection, the staff reviews the applicant's
procedure to determine the GMRS.

In addition, the geologic and seismic characteristics should be consistent with appropriate
sections from: RG 1.60, "Design Response Spectra for Seismic Design of Nuclear Power
Plants”; RG 1.132, “Site Investigations for Foundations of Nuclear Power Plants”; RG 1. 206,
“Combined License Applications for Nuclear Power Plants (LWR Edition)”; and RG 1.208,
“A Performance-Based Approach to Define the Site-Specific Earthquake Ground Motion.”

2.5.2.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.5.2 and checked the referenced DCD to ensure
that the combination of the DCD and the information in the COL represent the complete scope
of information relating to this review topic. The staff’s review confirmed that the information
contained in the application and incorporated by reference addresses the required information
relating to the vibratory ground motion. AP1000 DCD, Revision 19, Section 2.5.2 was reviewed
by the staff under Docket Number 56-006. The staff’s technical evaluation of the information
incorporated by reference related to the vibratory ground motion is documented in the staff’s
safety evaluation report on the DC application for the AP1000 design.
The staff reviewed the following information contained in the WLS COL FSAR:
AP1000 COL Information Item
•

WLS COL 2.5-2

The staff reviewed WLS COL 2.5-2 related to COL Information Item 2.5-2, which addresses the
provision for site-specific information related to the vibratory ground motion aspects of the site
including: seismicity; geologic and tectonic characteristics; correlation of earthquake activity
with seismic sources; probabilistic seismic hazard analysis; seismic wave transmission
characteristics and the SSE ground motion.
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•

WLS COL 2.5-3

The staff reviewed WLS COL 2.5-3 related to COL Information Item 2.5-3, which addresses the
provision for performing site-specific evaluations, if the site-specific GMRS at foundation level
exceed the response spectra in AP1000 DCD Figures 3.7.1-1 and 3.7.1-2 at any frequency, or if
soil conditions are outside the range evaluated for the AP1000 DCD.
Section 2.5.2.4 of this report provides the staff’s evaluation of the seismic, geologic,
geophysical, and geotechnical investigations carried out by the applicant to determine the
site-specific GMRS, or the SSE ground motion for the site. The development of the GMRS is
based upon a detailed evaluation of earthquake potential, taking into account the regional and
local geology, Quaternary tectonics, seismicity, and site-specific geotechnical engineering
characteristics of the WLS site subsurface material.
During the early site investigation stage, the staff visited the site and interacted with the
applicant regarding the geologic, seismic and geotechnical investigations conducted for the
WLS application. To thoroughly evaluate the geologic, seismic and geophysical information
presented by the applicant, the staff visited the WLS site over April 27 to May 2, 2008, and
January 27 and 28, 2009, Technical experts from the USGS accompanied the staff during the
January 2009 site visit to assist with evaluation of the geologic and seismic data. The staff’s
evaluation of the information the applicant presented in WLS COL FSAR Section 2.5.2 and in
the applicant’s responses to RAIs is presented below.
As discussed at the beginning of this report (Section 2.5, “Geology, Seismology, and
Geotechnical Engineering”), the staff issued several RAIs to the applicant and evaluated the
responses received during the review process. However, following the Fukushima accident in
Japan in March 2011, and the subsequent NRC NTTF recommendations as well as the NRC
March 12, 2012, letter, “Request for information pursuant to Title 10 of the Code of Federal
Regulations 50.54(f) regarding recommendations 2.1, 2.3, and 9.3 of the near term task force
review of insights from the Fukushima Dai-ichi accident,” requesting the operating nuclear
power plants to re assess seismic hazards at their sites using the most recent seismic source
models, the staff issued an RAI to all COL and ESP applicants (RAI 105, Question 01.05-1 was
issued to WLS) to reassess the seismic hazard at their sites using the new seismic source
models. In a January 30, 2014, response, the applicant revised the WLS COL FSAR
significantly, especially WLS COL FSAR Section 2.5.2 related to seismic hazard calculations.
As part of this WLS COL FSAR revision, the applicant replaced the EPRI (1986, 1989) seismic
source models previously used in the seismic hazard calculations at the site with the newly
published NUREG-2115 CEUS SSC model. With this change in the base seismic source
model, and the move of the Unit 1 nuclear island footprint 20.1 m (66 ft) south and 15.2 m (50 ft)
east of CNS Unit 1 to avoid an area of deeply weathered saprolitic bedrock at the northwest
corner of the old CNS Unit 1, many of the earlier RAIs became irrelevant and were closed
without any specific resolution. The staff’s evaluations of these earlier RAIs are not part of this
report. However, new RAIs that the staff developed in response to the revised WLS COL FSAR
are applicable to the staff’s review and are discussed below.

2-284

William States Lee III Nuclear Station
Units 1 and 2

2.5.2.4.1

Seismicity

WLS COL FSAR Section 2.5.2.1 states that the earthquake catalog used for the WLS site
seismic hazard assessment is the NUREG-2115 earthquake catalog. The earthquake catalog
published as part of the NUREG-2115 seismic source model covers the entire CEUS region
from 1568 through 2008 and includes a uniform moment magnitude scale for all earthquakes
listed in the catalog. The NUREG-2115 earthquake catalog covers the seismicity in the WLS
site region through 2008 and provides critical data to assess seismic source model parameters
used in the WLS PSHA study. Seismic source model parameters, such as maximum magnitude
and earthquake recurrence rates, are primarily determined based on information available in the
earthquake catalog. Since the staff reviewed the NUREG-2115 earthquake catalog previously,
the staff’s technical evaluation of WLS COL FSAR Section 2.5.2.1 focused on whether
earthquakes that have occurred since completion of the NUREG-2115 earthquake catalog
should be used to update the catalog for use in the WLS site PSHA.
As part of its review of WLS COL FSAR Section 2.5.2.1, the staff performed confirmatory
analysis by developing a supplemental earthquake catalog covering the CEUS region from 2009
through September 15, 2014. The staff used this supplemental earthquake catalog to
determine whether there are new earthquakes in the CEUS region since the development of the
NUREG-2115 earthquake catalog that might impact the parameters of seismic sources
identified in the NUREG-2115 model used in the WLS site PSHA study. The staff used the
USGS Advanced National Seismic Network earthquake catalog (ANSS) 23 for this analysis. The
staff searched for earthquakes with magnitudes 3.0 and above within the time window covering
2009 through September 15, 2014, throughout the CEUS as defined by NUREG-2115. The
staff’s supplemental earthquake catalog confirmed that the applicant’s use of the NUREG-2115
earthquake catalog without updates adequately characterizes seismicity for the WLS site.
The staff’s supplemental catalog showed that there are 912 earthquakes in the CEUS region
(Figure 2.5.2-4 of this report) that occurred between 2009 and September 15, 2014. Five of
these earthquakes are greater than or equal to M5.0. The earthquake with a M greater than or
equal to M5.0 that is the closest to the WLS site is also the largest of these five events and it is
the M5.8, 2011, Virginia earthquake, which is located approximately 450 km (280 mi) from the
WLS site. The other large magnitude events occurred in November 2011, in Oklahoma and
August 2011, in southern Colorado. The staff identified 60 earthquakes in the range between
M4.0 and 4.9 distributed over the CEUS region. The majority of the earthquakes (847 of the
912) in the updated catalog are small magnitude earthquakes (M < 4.0).

Advanced National Seismic System (ANSS), ANSS Catalog Search,
http://www.ncedc.org/anss/catalog-search.html.
23
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Figure 2.5.2-4 Earthquakes With Moment Magnitudes (M) Greater Than Or Equal to 3.0 In
The CEUS That Occurred Between 2009 and September 15, 2014. The Outer White
Polygon Defined the NUREG-2115 CEUS Region and the Black Lines and Labels Identify
the NUREG-2115 CEUS-SS
Within the WLS site region, there were 15 earthquakes that occurred during 2009 through
September 15, 2014. Of the 15 earthquakes within the WLS site region, there was a M4.2 on
November 10, 2012, northeast of the WLS site in southeastern Kentucky and a M4.1 on
February 15, 2012, southeast of the WLS site in eastern South Carolina. The other
13 earthquakes within the WLS site region that appear in the staff’s supplemental earthquake
catalog are all less than or equal to M3.3.
There are ten NUREG-2115 seismic sources zones that occur within the WLS site region.
Those seismic source zones are modeled using maximum magnitude distributions that range
from M5.6 through M8.1. The maximum magnitude distributions of the NUREG-2115 seismic
sources zones that occur with the WLS site region are well above the 15 earthquake
magnitudes that appear in the staff’s supplemental earthquake catalog and occur within the
WLS site region. Since all the large magnitude events (M > 5.0) are located outside of the WLS
site region and all earthquakes in the supplemental catalog occurred within existing seismic
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sources with maximum magnitude distributions larger than the magnitudes of the observed
events, the staff concludes from its confirmatory analysis that the earthquakes in the staff’s
supplemental earthquake catalog do not add any new information that might impact the
parameters of the seismic sources of the seismic sources used in the WLS site PSHA study
and, therefore, the applicant’s use of NUREG-2115 earthquake catalog without updates
adequately characterizes seismicity for the WLS site.
Reservoir-Induced Seismicity
Reservoir-induced seismicity is the triggering of earthquakes by the physical processes that
accompany the impoundment of reservoirs (i.e., the effect of the mass of the added water on
the underlying rocks, or the pore-fluid pressure changes from the added water). The applicant
evaluated the potential for RIS associated with the construction and operation of Make-Up
Pond C. To do this, the applicant reviewed worldwide cases of RIS near reservoirs with
equivalent or greater hydraulic heights to Make-up Pond C, RIS near reservoirs in the Carolina
Piedmont, and the U.S. Bureau of Reclamation records of RIS near reservoirs located in
metamorphic terranes with equivalent or greater hydraulic heights to Make-up Pond C.
Make-Up Pond C will be located in the Carolina Piedmont on metamorphic terrane, so the
information the applicant reviewed is analogous to conditions at Make-Up Pond C and can be
used to inform the analysis of the potential for RIS associated with the impoundment of that
reservoir. Additionally, the applicant followed NUREG/CR-5503, “Techniques for Identifying
Faults and Determining Their Origins,” to analyze the relationships between faults, fault activity,
and associated RIS.
The applicant conducted a thorough global review of reservoirs similar to or larger than Make-up
Pond C. Since there are no active seismogenic faults near the location of Make-Up Pond C and
historical seismic activity is low, any triggered seismicity associated with the impoundment of
that reservoir is likely to be M < 5. Specifically for RIS associated with reservoirs located in the
Carolina Piedmont on metamorphic terrane in regions of low historical seismicity, RIS
magnitudes are M < 4. Additionally, no documented RIS was associated with the impoundment
of Make-up Pond B during the construction of the former CNS located next to the WLS site.
Lastly, as shown in Table 2.5.2-1 of this report, the local earthquakes that control the
short-period hazard at the WLS are larger than potential RIS (minimum controlling earthquake
M is equal to 6.0 for 10-4, 10-5, and 10-6 annual frequencies of exceedance). Therefore, the staff
concludes it is unlikely that seismicity induced from the impoundment of Make-Up Pond C at the
WLS site would exceed the M of the short-period controlling earthquakes and the potential for
RIS associated with the Make-Up Pond C impoundment is low with a negligible risk to safe
operations at the WLS site.
Staff Conclusions Regarding Seismicity
Based upon its review of the applicant’s WLS COL FSAR Section 2.5.2.1 and the staff’s
confirmatory analysis, the staff concludes that the applicant used a complete and accurate
earthquake catalog for the region surrounding the WLS site. The staff concludes that the
seismicity catalog as described by the applicant in WLS COL FSAR Section 2.5.2.1 forms an
adequate basis for the seismic hazard characterization of the site and meets the requirements
of 10 CFR 52.79 and 10 CFR 100.23.
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2.5.2.4.2

Geologic and Tectonic Characteristics of the Site and Region

WLS COL FSAR Section 2.5.2.2 describes the seismic sources and seismicity parameters used
by the applicant to calculate the seismic ground motion hazard for the WLS site. Specifically,
the applicant described the seismic source model published as part of NUREG-2115 in 2012.
The staff previously reviewed the NUREG-2115 seismic source model and approved its use as
a starting regional model for nuclear power plant applications. However, the NUREG-2115
model is a regional model and NUREG-2115 specifically states that it should be compared
against the local data and information, and if needed, appropriate local adjustments must be
conducted. As such, the staff primarily focused on the applicant’s investigation of potential local
seismic source and source parameter adjustments to the NUREG-2115 model.

2.5.2.4.2.1

Modifications to NUREG-2115 model due to Post-NUREG-2115
Seismic Source Characterization Studies

In WLS COL FSAR Section 2.5.2.2.5, the applicant discussed geologic and seismic
investigations of the site region and beyond that provide information that could be used to
potentially update the NUREG-2115 model relevant to the WLS site PSHA. Specifically, the
applicant discussed ongoing investigations of the: (1) ETSZ; and (2) M5.8, 2011, Virginia
earthquake. The following describes the staff’s assessment of the applicant’s evaluations of
post-NUREG-2115 model seismic source characterization studies and their relevance to the
WLS site PSHA.
Geologic Investigations of the Eastern Tennessee Seismic Zone
In WLS COL FSAR Section 2.5.2.2.5, the applicant discussed recent geologic studies of the
ETSZ that either post-date the NUREG-2115 model or were published during development of
the model. The seismicity associated with the ETSZ is located within the WLS site region.
These studies suggest that the ETSZ may have produced large prehistoric earthquakes.
Specifically, the applicant discussed the findings of Vaughn (2010), Obermeier (2010), Howard
(2011), Warrell (2012), and Hatcher (2012). The applicant stated that while these recent studies
strengthen the argument that the ETSZ has experienced at least one moderate-sized
earthquake in the late Quaternary, the studies do not quantify parameters such as recurrence
interval and magnitude, which are necessary parameters to demonstrate that the ETSZ
produces repeating large-magnitude events as defined in NUREG-2115. Therefore, the
applicant concluded that the ETSZ is best modeled within its NUREG-2115 host seismic source
zones and that creation of an ETSZ RLME source is not warranted.
During the staff’s review of the applicant’s discussion of the ETSZ, the staff noted that the
applicant focused on whether the findings of the new studies should be integrated into the
NUREG-2115 model’s characterization of seismic sources, but did not evaluate the potential
significance of recent studies on the site-specific seismic hazard analysis. The new information
suggests that the ETSZ might represent a site-specific seismic source that is not appropriately
represented by the regional model. Since the applicant did not evaluate the potential
significance of recent studies on the site-specific seismic hazard analysis, in RAI 117,
Question 02.05.02-53, the staff requested that the applicant assess and evaluate the effects of
such recent ETSZ research results on the site-specific seismic hazard analysis at the WLS site
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and to provide a thorough description of the assessment and evaluation, and provide the basis
to explain and justify the conclusions.
In response to RAI 117, Question 02.05.02-53, the applicant performed hazard sensitivity
studies to assess and evaluate the effects of the recent research results on the site-specific
seismic hazard analysis at the WLS site. The applicant evaluated the ETSZ as a hypothetical
RLME source as defined in NUREG-2115, sources that represent zones of repeated (two or
more) large magnitude earthquakes (M>6.5) in the CEUS region. The applicant used the ETSZ
source zone boundary defined by the USGS National Seismic Hazard Mapping Program
(Peterson et al., 2008), as shown in Figure 2.5.2-5 of this report, for its sensitivity studies. The
applicant performed two hazard sensitivity studies: (1) evaluated the sensitivity of the maximum
magnitude distribution of the ETSZ source; and (2) evaluated the magnitude-frequency
distribution for ETSZ. The applicant provided comparisons of its sensitivity studies to FSAR
hazard results at the WLS site.

Figure 2.5.2-5 Approximate Representation of the USGS National Seismic Hazard
Mapping Program (Peterson et al., 2008) ETSZ (Red Polygon) and The Black Lines and
Labels Identify The NUREG-2115 CEUS-SSC Seismotectonic Zones (Model A)
To evaluate the sensitivity of the maximum magnitude distribution of ETSZ seismic sources, the
applicant first assumed that the ETSZ had a maximum magnitude distribution equal to that of
the PEZ-N seismic source, the host source for the WLS site. The applicant then assumed that a
M6.5 earthquake occurred during the historical period within the ETSZ and re-assessed its
maximum magnitude distribution, as shown in Table 2.5.2-2 of this report. The applicant then
applied these updated, or sensitivity, maximum magnitude values to its ETSZ source and
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calculated the hazard for the ETSZ using both the PEZ-N maximum magnitude distributions and
the updated maximum magnitude distributions. The applicant’s calculations showed that the
percent difference in total hazard using the two different ETSZ at spectral frequencies 1 and
10 Hz increased by 0.3 percent or less at the WLS site, as shown in Figure 2.5.2-6 of this
report. The staff considers the differences calculated in this sensitivity study to be within the
uncertainty in the overall PSHA calculations.
Table 2.5.2-2 Comparison Between Original (PEZ-N) and Updated Sensitivity Maximum
Magnitude Distributions for The WLS ETSZ and Associated Weights
(Ref. RAI 117, Question 02.05.02-53 Response Table 1)

Figure 2.5.2-6 Comparison of Total Hazard and Hazard From The WLS ETSZ at 1 Hz (Left)
and 10 Hz (Right). Blue Lines Show Hazard Using The PEZ-N Maximum Magnitude
Distribution For The WLS ETSZ and The Red Lines Use The Updated Maximum
Magnitude Distribution. (Ref. RAI 117, Question 02.05.02-53 Response Figure 2 and 3)
To evaluate the magnitude frequency distribution, or recurrence parameters, for the ETSZ, the
applicant calculated magnitude frequency distributions for cell centers associated with the WLS
ETSZ. Specifically, the applicant calculated magnitude frequency distributions for cell centers of
the PEZ-N zone that lie within the boundary of the WLS ETSZ. The applicant stated that its
magnitude frequency distribution calculations used the NUREG-2115 seismicity rates
(a-values), b-values, and extracted parameters of rate per cell area, cell-area, and beta values
for each source. The applicant developed the final weighted magnitude frequency distribution
by applying the NUREG-2115 global logic tree weights to the calculated magnitude frequency
distributions from each source. The applicant’s calculated mean recurrence intervals for
earthquakes occurring in the ETSZ with magnitudes ranging from 6.0 to 7.5 are tabulated in
Table 2.5.2-3 of this report. The applicant stated that results show that the NUREG-2115 model
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indicates a mean recurrence interval for large earthquakes (M>6.5) in the ETSZ of 14,900
years. The applicant noted that this mean recurrence interval is consistent with the hypothetical
occurrence of several such earthquakes in the late Pleistocene and Holocene (the last
130,000 years), as hypothesized by Hatcher (2012). The applicant concludes that these
sensitivity results indicate that the NUREG-2115 model generates moderate to large events
(M > 6.5) with sufficient frequency in the ETSZ area to explain the interpretation presented in
Hatcher (2012) of field observations that imply the occurrence of two events of M > 6.5 or larger
in the late Quaternary Period. The applicant stated that, without any modification, the
NUREG-2115 model generates about seven M6.5 events and one M7.0 event in the ETSZ
about every 100,000 years.
Table 2.5.2-3 Applicant’s Estimated Mean Recurrence Intervals For Hypothetical ETSZ
Large-Magnitude Events (Ref. RAI 117, Question 02.05.02-53 Response Table 4)

The staff evaluated the applicant’s response to RAI 117, Question 02.05.02-53 and its
sensitivity studies. Because the applicant’s sensitivity calculations showed that incorporating a
M6.5 earthquake into the ETSZ magnitude distribution resulted in increases in total hazard of
0.3 percent or less at spectral frequencies 1 and 10 Hz at the WLS site and because the staff
considers differences in total hazard of 0.3 percent as within the uncertainty in the overall PSHA
calculations, the staff concludes that the applicant adequately assessed and evaluated the
effects of recent research results on maximum magnitude distributions for the site-specific
seismic hazard analysis at the WLS site. Additionally, because the applicant evaluated the
magnitude-frequency distribution for the ETSZ and showed that the NUREG-2115 model
generates M>6.5 events with sufficient frequency in the ETSZ area to explain the interpretation
presented in recent research, the staff concludes that the applicant adequately assessed and
evaluated the effects of recent research results on magnitude-frequency distributions for the
site-specific seismic hazard analysis at the WLS site. Accordingly, the staff considers RAI 117,
Question 02.05.02-53 resolved.
Investigations of the M5.8, 2011, Virginia Earthquake
The M5.8, 2011, Virginia earthquake occurred approximately 450 km (280 mi) northeast of the
WLS site (Figure 2.5.2-5 of this report). The applicant did not include the M5.8, 2011,
earthquake in its seismicity catalog or modify the NUREG-2115 model to incorporate the event
in the WLS site PSHA. The staff reviewed updating the NUREG-2115 model to include the
M5.8, 2011, Virginia earthquake in the WLS site PSHA. The staff previously reviewed the effect
of the earthquake on site-specific PSHA parameters for a nuclear power plant application site
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located 180 km (112 mi) closer to the earthquake than the WLS site. Specifically, the staff
reviewed the effect of the M5.8, 2011, Virginia earthquake on the PSEG site, which is located
approximately 270 km (170 mi) from the earthquake. The staff’s conclusion from review of the
effect of the M5.8, 2011, Virginia earthquake on the PSEG site was that the effect of the M5.8,
2011, Virginia earthquake on the mean background hazard and the total mean site hazard at
the PSEG site was negligible and that the PSEG applicant’s use of the original NUREG-2115
model earthquake recurrence parameters was acceptable. Since the WLS site is located
180 km (112 mi) farther from the earthquake than the PSEG, the effect of the earthquake at the
WLS site would be less than that assessed at the PSEG site. Therefore, the staff concludes
that the applicant’s use of the NUREG-2115 model earthquake recurrence parameters is
acceptable for use in the WLS site PSHA.

2.5.2.4.2.2

Staff Conclusions on Geologic and Tectonic Characteristics of the
Site and Region

Based upon its review of WLS COL FSAR Sections 2.5.2.2.5 and 2.5.2.4 and the applicant’s
response to RAI 117, Question 02.05.02-53, the staff concludes that the applicant adequately
assessed the NUREG-2115 seismic sources as the input to its PSHA for the WLS site. In
addition, the staff concludes that the applicant adequately considered modifications to the
NUREG-2115 seismic sources for the WLS site. The staff concludes that the applicant’s use of
NUREG-2115 seismic source models as described by the applicant in WLS COL FSAR
Sections 2.5.2.2.5 and 2.5.2.4 forms an adequate basis for the seismic hazard characterization
of the site and meets the requirements of 10 CFR 52.79 and 10 CFR 100.23.

2.5.2.4.3

Correlation of Earthquake Activity with Seismic Sources

WLS COL FSAR Section 2.5.2.3 describes the correlation of seismicity in the region with the
seismic source model used in the WLS PSHA study. The applicant discussed the correlation of
the NUREG-2115 earthquake catalog to the specific NUREG-2115 seismic sources used by the
applicant. The staff previously reviewed the NUREG-2115 seismic source model and approved
its use as a starting regional model for nuclear power plant applications. Since the applicant did
not update the NUREG-2115 earthquake catalog or seismic sources, the applicant chose to rely
on the correlation of earthquake activity with seismic sources made in NUREG-2115. Based on
the applicant’s assessment in FSAR Section 2.5.2.3, the applicant’s response to RAI 117,
Question 02.05.02-53, and the staff’s confirmatory analysis described in Section 2.5.2.4.1 of this
report, the staff concludes that the applicant’s characterization of the correlation of earthquake
activity is adequate. Since the applicant adequately correlated the seismic activity in the WLS
site region with the appropriate seismic source zones, the staff concludes that the applicant’s
analysis meets the requirements of 10 CFR 52.79 and 10 CFR 100.23.

2.5.2.4.4

Probabilistic Seismic Hazard Analysis and Controlling Earthquakes

In WLS COL FSAR Section 2.5.2.4, the applicant stated that it used the NUREG-2115 seismic
model in the probabilistic seismic hazard calculations at the WLS site and the procedures
outlined therein. Using the NUREG-2115 CEUS-SSC model sources and the EPRI (2013)
GMM, the applicant calculated generic hard rock seismic hazard curves at the seven
frequencies defined by the EPRI (2013) GMM. Using the hard rock seismic hazard curves, the
applicant obtained UHRS at the annual frequency of exceedances of 10-4, 10-5, and 10-6. Using
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the procedures outlined in RG 1.208, the applicant also developed the controlling earthquakes’
magnitudes and distances. The following describes the staff’s assessment of the applicant’s
PSHA calculations and the determination of the controlling earthquakes and their parameters.

2.5.2.4.4.1

PSHA Inputs

As described in Section 2.5.2.2.4 of this report, the applicant implemented the entire
NUREG-2115 model with no modifications. The applicant stated that it included all Mmax zones
defined by the NUREG-2115 model in its hazard calculation for the WLS site, truncated at a
distance from the site of approximately 520 km (325 mi). The seismotectonic zones that the
applicant included in the hazard calculation for the WLS site are the Atlantic Highly Extended
Crust (AHEX), Extended Continental Crust-Atlantic Margin (ECC-AM), Extended Continental
Crust-Gulf Coast (ECC-GC), Illinois Basin Extended Basement (IBEB), Paleozoic Extended
Crust (PEZ), Midcontinent-Craton (MidC) seismotectonic zones (MidC-A through MidC-D), and
Reelfoot Rift zone-Rough Creek graben (RR-RCG) zones. The applicant truncated each
seismotectonic zone at a distance of 520 km (325 mi) from the site. The applicant determined
that the RLME sources that contribute significantly to hazard at the WLS site are Charleston and
New Madrid RLME sources, so the applicant included the Charleston and New Madrid RLME
sources in its hazard calculations. The staff previously reviewed the NUREG-2115 seismic
source model and approved its use as a starting regional model for nuclear power plant
applications. Therefore, the applicant’s PSHA inputs are consistent with RG 1.208 and the staff
concludes that the applicant’s PSHA inputs are adequate.

2.5.2.4.4.2

PSHA Software Audit and Confirmatory Analysis

During the development of the applicant’s response to RAI 105, Question 01.05-1, the staff
conducted software audits to distinct seismic hazard calculation software being used by the
industry to respond to the NTTF Recommendation 2.1 seismic RAIs submitted to all COL and
ESP applicants. The purpose of these audits was to review seismic hazard software and
examine the implementation of the new seismic source models described in NUREG-2115.
The objective was to gain in-depth understanding of the seismic software being used and review
the implementation of the new seismic source model into the existing codes. The applicant
contracted with ENERCON, who contracted with Lettis Consultants International, Inc. (LCI),
formerly known as William Lettis & Associates, Inc., to perform its seismic hazard calculations.
The LCI software audit took place on August 20 and 21, 2012. During the software audit, the
staff reviewed software runs and reviewed several quality assurance documents related to LCI
seismic hazard code.
As part of its confirmatory analysis, the staff used the NUREG-2115 CEUS-SSC model Mmax,
seismotectonic, and RLME sources and independently calculated the seismic hazard curves at
the WLS site for all seven ground motion frequencies defined in the EPRI (2013) ground motion
prediction models. From the NUREG-2115 seismic source model, the staff included all Mmax
and seismotectonic sources zones defined by the NUREG-2115 model in its hazard calculation
for the WLS site and truncated the zones’ hazard contributions at a distance from the site of
500 km (310 mi). The staff also included all RLME source zones from NUREG-2115 and
truncated the RLMEs’ hazard contributions at a distance from the WLS site of 1000 km (621 mi).
Figure 2.5.2-7 of this report shows the staff’s results as compared to the applicant’s for the
generic hard rock UHRS at the annual frequency of exceedances of 10-4 and 10-5.
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Figure 2.5.2-7 Staff Confirmatory Analysis of Hard Rock UHRS Calculations for
Seven Spectral Frequencies at the Annual Frequency of Exceedances of 10-4 and 10-5.
The Black Lines Are the WLS UHRS, the Yellow Lines Are the Staff’s Confirmatory UHRS,
and the Red Lines Are the Staff’s Confirmatory, Sensitivity Study UHRS Performed to
Test and Possible Error in Maximum Magnitude Distributions in the NUREG-2115
Documentation

On July 28, 2014, EPRI wrote a letter (Agencywide Documents Access Management System
(ADAMS) Accession No. ML14260A280), to the NRC notifying the agency of errors that EPRI
identified in the NUREG-2115 documentation. The error is that maximum magnitude
distributions for three of the seismotectonic model zones are incorrect. Table 2.5.2-4 of this
report shows the published and corrected maximum magnitude values for the affected
seismotectonic zones (PEZ-N, PEZ-W, and IBEB). As shown in Figure 2.5.2-4 of this report,
the WLS Site is located with the PEZ-N seismotectonic zone in the NUREG-2115
seismotectonic zone model A. Alternative models in NUREG-2115 designate PEZ-W as the
host seismotectonic zone for the WLS Site. Seismotectonic zone IBEB, however, is located
approximately 534 km (332 mi) from the WLS Site (Figure 2.5.2-4 of this report) and is not
included in the applicant’s WLS Site PSHA. The staff performed confirmatory analysis to test
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the effect of these errors in maximum magnitudes on the seismic hazard analysis at the WLS
site. The staff performed separate PSHA calculations using the corrected maximum magnitude
distributions for PEZ-N, PEZ-W, and IBEB, as shown in Table 2.5.2-4 of this report. The results
are shown in Figure 2.5.2-7 of this report and are labeled in that figure as “NRC…UHRS, Mmax
correction.” When the staff compared its original confirmatory UHRS at seven frequencies
(yellow lines in Figure 2.5.2-7 of this report) to the “NRC…UHRS, Mmax correction” in Figure
2.5.2-7 of this report, the percent difference between the spectra range from 0.4 to 1.0 percent
change. These percent differences are similar to those calculated by EPRI in its July 28, 2014,
letter. In that letter, EPRI showed preliminary sensitivity study results for the NUREG-2115
Chattanooga test site. Like the WLS Site, the Chattanooga test site is located in the PEZ-N and
PEZ-W seismotectonic zones. EPRI’s preliminary sensitivity study results showed that at the
NUREG-2115 Chattanooga test site the effect of the errors in maximum magnitude result in
percent differences ranging from 0.6 to 1.5 percent for the generic hard rock UHRS at the
annual frequency of exceedances of 10-4 and 10-5. Both the staff’s and EPRI’s results show that
the errors in maximum magnitude distributions in the NUREG-2115 PEZ-N, PEZ-W, and IBEB
seismotectonic zones do not significantly affect the PSHA results at the WLS Site.
Table 2.5.2-4 Published And Corrected Maximum Magnitude Values For Seismotectonic
Zones PEZ-N, PEZ-W, and IBEB. (Ref. Table in July 28, 2014, EPRI Letter)

Based on review of WLS COL FSAR Section 2.5.2.4 and the staff’s confirmatory analysis, the
staff concludes that the applicant adequately characterized the mean seismic hazard at the
WLS Site.

2.5.2.4.4.3

Controlling earthquakes

To determine the low- and high-frequency controlling earthquakes’ magnitudes and distances,
the applicant used a procedure called deaggregation of the seismic hazard. The applicant
followed the deaggregation procedures outlined in RG 1.208, Appendix D. The deaggregation
results showed that local seismic sources within 35 km (21 mi) of the WLS Site are the primary
contributors to the high-frequency seismic hazard at the site, while the RLME sources as well as
regional sources were contributors to the low-frequency seismic hazard at the WLS Site.
Table 2.5.2-1 of this report shows the applicant’s deaggregation results for the mean 10-4, 10-5,
and 10-6 PSHA results. The applicant calculated the controlling earthquakes for two different
cases: hazard from earthquakes located less than 100 km (62 mi) away and hazard from
earthquakes located beyond 100 km (62 mi). As shown in the deaggregation, Table 2.5.2-1 of
this report, for the high-frequency hazard, the controlling earthquakes are those with

2-295

William States Lee III Nuclear Station
Units 1 and 2
magnitudes about M6 occurring at short distances. For the low frequency hazard, the
controlling earthquakes are several hundred kilometers away with magnitudes greater than M7.
Since the applicant used the guidance outlined in RG 1.208 to determine the controlling
earthquakes and their magnitudes and distances, the staff concludes that the procedures used
by the applicant are adequate and the resultant controlling earthquake parameters are
representative of the controlling earthquakes in this region.

2.5.2.4.4.4

Staff Conclusions Regarding PSHA and Controlling Earthquakes

After its review of the applicant’s PSHA and controlling earthquake determination, the staff’s
confirmatory calculations, and the staff’s review of the code used by WLS during the software
audit, the staff concludes that the applicant’s PSHA adequately characterizes the seismic
hazard for the WLS Site and that the controlling and deaggregation earthquakes determined by
the applicant are representative of earthquakes that would be expected to contribute the most to
the hazard. The staff concludes that the applicant’s PSHA and controlling earthquake analysis
meets the requirements of 10 CFR 52.79 and 10 CFR 100.23.

2.5.2.4.5

Seismic Wave Transmission Characteristics of the Site

WLS CIK FSAR Section 2.5.2.5 describes the WLS Site as a hard rock site located on igneous
and metamorphic rocks of Paleozoic age with the majority of VS measurements exceeding
2.8 km/s (9,200 fps) and variation in VS measurements of several hundred feet per second
centered at the hard rock condition considered to be a negligible variation in site response
calculations. Therefore, the EPRI (2013) ground motion prediction equations are used directly,
without calculation of site response and the UHRS reflects this hard rock condition. Based on
the applicant’s VS analysis and the staff’s review, the staff concludes that the applicant’s use of
the hard rock UHRS adequately characterizes the WLS Site. The applicant appropriately
followed the guidance in RG 1.208, which meets the requirements of 10 CFR 52.79 and
10 CFR 100.23.

2.5.2.4.6

Ground Motion Response Spectra

WLS COL FSAR Section 2.5.2.6 describes the method used by the applicant to develop the
horizontal and vertical, site-specific, GMRS. To obtain the horizontal GMRS, the applicant used
the performance based approach described in RG 1.208 and American Society of Civil
Engineers/Structural Engineering Institute (ASCE/SEI) Standard 43-05, “Seismic Design Criteria
for Structures, Systems, and Components in Nuclear Facilities.” WLS COL FSAR
Section 2.5.2.6, states that the horizontal GMRS (for each spectral frequency), is obtained by
scaling the 10-4 soil UHRS by the design factor specified in RG 1.208. The final GMRS is
shown in Figure 2.5.2-3 of this report.
In WLS COL FSAR Section 2.5.2.6., the applicant stated that to accommodate the change in
source distance with both annual exceedance probability and structural frequency, the
applicant’s computed V/H ratios at a suite of distances are given relative weights, as shown in
WLS COL FSAR Table 2.5.2-223. The probabilistic method, Approach 3, used by the applicant
is described in NUREG/CR-6728. Since the applicant used an accepted methodology
presented in NUREG/CR-6728, the staff concludes that the applicant’s V/H ratios are adequate
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for the use of the WLS Site vertical GMRS. The applicant’s horizontal and vertical GMRS are
shown in Figure 2.5.2-3 of this report. Since the applicant used the standard procedure outlined
in RG 1.208 and NUREG/CR-6728 to develop both the horizontal and vertical GMRS, the staff
concludes that the applicant’s GMRS adequately represents the WLS Site ground motion. This
information addresses WLS COL 2.5-2 to resolve COL Information Item 2.5-2 and WLS
COL 2.5-3 to resolve COL Information Item 2.5-3. In conclusion, the applicant provided
sufficient information for satisfying 10 CFR 52.79 and 10 CFR 100.23.

2.5.2.5

Post Combined License Activities

There are no post COL activities related to this section.

2.5.2.6

NRC Conclusions Regarding Vibratory Ground Motion

The staff reviewed the application and checked the referenced DCD. The staff confirmed that
the applicant has addressed the required information relating to vibratory ground motion, and
that there is no outstanding information expected to be addressed in the WLS COL FSAR
related to this subsection. Accordingly, the staff considers RAI 105, Question 01.05-1, which is
the RAI issued after the NTTF recommendation following the Fukushima accident in Japan in
March 2011, resolved.
As set forth above, the staff reviewed the seismic information submitted by the applicant in WLS
COL FSAR Section 2.5.2. On the basis of its review of WLS COL FSAR Section 2.5.2, the staff
finds that the applicant provided a thorough characterization of the seismic sources surrounding
the site, as required by 10 CFR 100.23. In addition, the staff finds that the applicant adequately
addressed the uncertainties inherent in the characterization of these seismic sources through a
PSHA, and that this PSHA follows the guidance provided in RG 1.208. The staff concludes that
the controlling earthquakes and associated ground motion derived from the applicant’s PSHA
are consistent with the seismogenic region surrounding the COL site. In addition, the staff finds
that the applicant’s GMRS, which was developed using the performance-based approach,
adequately represents the regional and local seismic hazards and accurately includes the
effects of the local site subsurface properties. The staff concludes that the proposed WLS COL
site is acceptable from a geologic and seismologic standpoint and meets the requirements of
10 CFR 100.23.

2.5.3

Surface Faulting

2.5.3.1

Introduction

WLS COL FSAR Section 2.5.3 discusses information related to the potential for tectonic
(i.e., due to faulting) and non-tectonic surface and near-surface deformation collected by the
applicant during site characterization investigations. This information provided by the applicant
addresses the following specific topics: geologic, seismic, and geophysical investigations;
geologic evidence, or absence of evidence, for surface deformation; correlation of earthquakes
with capable tectonic sources; ages of most recent deformations; relationships between tectonic
structures in the site area and regional tectonic structures; characterization of capable tectonic
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sources; designation of zones of Quaternary (2.6 million years (Ma) to present) deformation in
the site region; and the potential for surface tectonic and non-tectonic deformation at the site.

2.5.3.2

Summary of Application

WLS COL FSAR, Revision 11, Section 2.5 incorporates by reference AP1000 DCD, Revision
19, Section 2.5.3. In addition, in WLS COL FSAR Section 2.5.3, the applicant provided sitespecific supplemental information to address the following:
AP1000 COL Information Item
•

WLS COL 2.5-4

The applicant provided additional information in WLS COL 2.5-4 to address COL Information
Item 2.5-4 (COL Action Item 2.5.3-1). WLS COL 2.5-4 addresses the evaluation of site-specific
surface and subsurface geologic, seismic, and geophysical information related to the potential
for surface and near-surface faulting at the site.
The applicant developed FSAR Section 2.5.3 for WLS based on information derived from review
of published literature and geologic maps; interpretation of aerial photographs and satellite
imagery; discussions with experts familiar with the geology, seismology, and tectonic history of
the site region, site vicinity, site area, and site location; review of historical and recorded
seismicity data; field geologic and aerial reconnaissance investigations performed specifically
for the WLS application; analysis of test pits, trenches, and boreholes located at WLS; geologic
mapping of bedrock exposures in the excavations for former CNS Unit 3 (WLS Unit 2) and CNS
Unit 2; and the central and eastern U.S. seismic source characterization (CEUS SSC) report,
provided as NUREG-2115, that contains the most recent seismic source models for the CEUS.
The applicant also used information presented in the PSAR for the CNS site to develop FSAR
Section 2.5.3 for WLS. In addition, as part of the site characterization studies performed for the
WLS application to assess results of previous geologic mapping of foundation bedrock
exposures in excavations at the CNS site, the applicant performed confirmatory geologic
mapping of foundation grade level bedrock exposed in a small portion of the CNS Unit 2
excavation and compared that geologic map to archived scanned records for the CNS site.
As discussed in more detail in Section 2.5.1.2 of this report, to support the confirmatory geologic
mapping effort described above and document lithologies and geologic features (including
tectonic faults, shear and breccia zones, and fractures) that occur in foundation grade level
bedrock underlying CNS Unit 1(WLS Unit 1), the applicant compiled a detailed geologic map of
the foundation grade level bedrock surface in the CNS Unit 1 excavation from original field
notes and geologic maps prepared in the 1970s to characterize site location geology in that
excavation. The applicant provided a report containing the compiled geologic map and
associated data, which documented the similarity of rock types and orientations and ages of
tectonic structures in the WLS Unit 1/CNS Unit 1, CNS Unit 2, and WLS Unit 2/CNS Unit 3
excavations.
Based on information derived from the sources defined above, the applicant concluded in FSAR
Section 2.5.3 that no evidence exists for Quaternary faults or capable tectonic sources within
the site vicinity or at the site location, and that the potential for non-tectonic surface or near2-298
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surface deformation at the site location is negligible. With regard to assessment of evidence for
capable tectonic sources, based on the definition in RG 1.208, the applicant stated that a
capable tectonic source is a tectonic structure that can generate both tectonic surface
deformation (e.g., faulting or folding) and vibratory ground motion in the present seismotectonic
setting. Sections 2.5.3.2.1 through 2.5.3.2.8 of this report summarize the information provided
by the applicant in FSAR Section 2.5.3 related to surface and near-surface tectonic deformation
due to faulting, as well as surface and near-surface non-tectonic deformation.

2.5.3.2.1

Geologic, Seismic, and Geophysical Investigations

FSAR Section 2.5.3.1 outlines the geologic, seismic, and geophysical investigations performed
by the applicant to assess the potential for tectonic and non-tectonic surface and near-surface
deformation in the WLS vicinity and site area and at the site location. Sections 2.5.3.2.1.1
through 2.5.3.2.1.6 of this report summarize these investigations and the conclusions made by
the applicant based on them in regard to tectonic and non-tectonic surface and near-surface
deformation at WLS.

2.5.3.2.1.1

Previous Site Investigations

FSAR Section 2.5.3.1.1 discusses previous investigations conducted at WLS in connection with
preparation of the PSAR for the former co-located CNS site. The applicant reported that
detailed excavation mapping at the CNS site did not reveal any evidence for active or
geologically recent (i.e., Quaternary) tectonic faulting in the WLS area. The applicant indicated
that minor shear zones mapped in the CNS excavations commonly occurred near the contacts
of metamorphosed mafic dikes that intrude metamorphosed plutonic intrusive body Zto, which
comprises the foundation unit at WLS. The applicant cross-referenced FSAR Sections 2.5.1.2
and 2.5.4.1 for a detailed discussion of these minor geologic features that occur in foundation
bedrock at WLS.

2.5.3.2.1.2

Published Geologic Mapping

FSAR Section 2.5.3.1.2 discusses the results of geologic mapping conducted in the site area by
the USGS, the South Carolina Geological Survey, and other researchers. The applicant
reported that these published geologic maps do not show any evidence for geologically recent
or active faulting in the site area. The applicant noted that the geologic maps developed for the
CNS site in the 1970s are the most detailed maps documenting geologic characteristics of WLS.

2.5.3.2.1.3

Current Geologic Mapping

FSAR Section 2.5.3.1.3 discusses current geologic mapping at WLS. The applicant indicated
that the published geologic maps discussed in FSAR Section 2.5.3.1.2 formed the basis for the
geologic maps presented in FSAR Section 2.5.1. The applicant conducted field reconnaissance
of the site location, site area, and site vicinity for the WLS application to refine these geologic
maps as necessary. In addition, the applicant analyzed the contact between the western
margin of metamorphosed plutonic intrusive rock mass Zto, the foundation unit at WLS, and the
adjacent metavolcanic country rock that the plutonic body intrudes to determine if any evidence
for faulting exists along this contact. The applicant investigated the contact using geologic
mapping, boreholes, test pits, and trenches and concluded that the irregular map pattern and
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intrusive character of the contact precluded a fault along the western margin of foundation unit
Zto.

2.5.3.2.1.4

Previous Seismicity Data

FSAR Section 2.5.3.1.4 discusses previous seismicity data within and beyond the site vicinity.
The applicant stated that, based on the earthquake catalog included in the CEUS SSC report
(NUREG-2115), the largest earthquake in the site vicinity was an 1886 event with an expected
moment magnitude (E[M]) of 4.13 (i.e., estimated given the uncertainty in earthquake
magnitude) located south-southwest of WLS as shown in Figure 2.5.3-1 of this report. The
E[M] 4.54 January 1913 Union County, South Carolina earthquake, also located
south-southwest of WLS just outside the site vicinity (Figure 2.5.3-1 of this report), had an
estimated Rossi-Forel shaking intensity of VI at WLS. A Rossi-Forel VI is approximately
equivalent to a shaking intensity of VI in the more commonly used Modified Mercalli Intensity
(MMI) scale, indicating an earthquake felt by all but causing only slight damage. The applicant
stated that the 1886 Charleston earthquake, which occurred in the site region with an epicenter
likely more than 240 km (150 mi) from WLS, produced a shaking intensity at the site of MMI VI.
The applicant noted that the Union County and Charleston earthquakes have not been related
to known causative faults.

2.5.3.2.1.5

Current Seismicity Data

WLS COL FSAR Section 2.5.3.1.5 discusses current seismicity data within and beyond WLS
vicinity, including data from the updated CEUS SSC earthquake catalog (NUREG-2115)
covering earthquakes that occurred within the CEUS between 1568 and 2008. The applicant
cross-referenced WLS COL FSAR Section 2.5.2.1 for a more detailed description of this
earthquake catalog.
The applicant reported that four minor earthquakes not included in the CEUS SSC catalog
occurred in northeastern South Carolina in 2006. Two of these earthquakes occurred on
January 24 and 25, 2006, approximately 32 km (20 mi) southwest of the site location with
body-wave magnitudes (mb) of 2.5 and 1.5, respectively. The applicant noted that the
epicenters of these two small earthquakes have not been accurately located due to their small
magnitudes. The other two 2006 earthquakes occurred in September more than 121 km (75 mi)
east-southeast of WLS, as shown in Figure 2.5.3-1, with mb values of 3.5 (September 22)
and 3.7 (September 25). The applicant stated that the two September earthquakes appear to
be spatially related to a small Mesozoic (25 to 145.5 Ma) extensional basin lying beneath the
Coastal Plain as mapped by Benson (1992). Talwani (2006) suggested that the earthquakes
may be spatially related to the regional Eastern Piedmont fault system (EPFS) of Hatcher and
others (1977), which lies beneath the Coastal Plain at the estimated epicentral locations of the
two earthquakes. The applicant reported that there is no definitive correlation of the September
2006 earthquakes with the EPFS because of the uncertainty in their epicentral locations.

2.5.3.2.1.6

Current Aerial and Field Reconnaissance

WLS COL FSAR Section 2.5.3.1.6 discusses current aerial and field reconnaissance studies
performed using aerial photographs, satellite imagery, and topographic maps. The applicant
indicated that no information acquired from the reconnaissance studies showed any evidence of
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active tectonic surface deformation (i.e., surface fault rupture, warping, or offset of geomorphic
features) within the site.
The applicant reported that a northeast-trending topographic lineament, which occurs about
3 km (2 mi) northwest of the WLS location (i.e., Lineament 1), resulted from localized erosion
along a tributary of the Broad River that flows parallel to an erosion-resistant,
northeast-trending, quartzite-capped ridge. Although this lineament has the same trend as the
regional northeastern structural grain of the Appalachian orogenic belt, it does not extend
across the Broad River and the applicant concluded that it is non-tectonic in origin.

2.5.3.2.2

Geologic Evidence, or Absence of Evidence, for Surface Deformation

WLS COL FSAR Section 2.5.3.2 addresses the presence or absence of evidence for surface
deformation within the WLS vicinity and at the site location. The applicant reviewed existing
literature, performed aerial and field reconnaissance studies, and examined aerial photographs
and satellite imagery for evidence of Quaternary (2.6 Ma to present) surface deformation along
six mapped fault traces, interpreted to be Paleozoic (> 251 Ma) in age, which occur in the site
vicinity. These structures include the Kings Mountain shear zone; the southwestern extension
of the Boogertown shear zone; an unnamed fault north of Gaffney; and the Tinsley Bridge,
Brindle Creek, and Reedy River faults. Figure 2.5.3-1 of this report shows the locations of these
six faults relative to the WLS location. The applicant documented a Paleozoic age for these
six tectonic features based on geologic field relationships, and concluded that no evidence
exists for Quaternary surface deformation associated with these faults.
Based on geologic field relationships, the applicant also stated that strain markers comprising
two elongated, north-striking quartzite units in the western part of the site area and the
northerly-striking western margin of the metamorphosed pluton comprising foundation unit Zto
do not show any displacement along northeast-striking faults. A northeastern orientation is the
predominant trend of regional tectonic features in the WLS vicinity and site region. The
applicant stated that the quartzite units and the metamorphosed pluton are Precambrian
(> 542 Ma) in age and provide reliable strain markers for determining that no major faults project
into or across the WLS location.

2.5.3.2.3

Correlation of Earthquakes with Capable Tectonic Sources

WLS COL FSAR Section 2.5.3.3 discusses correlation of earthquakes with capable tectonic
sources within the WLS vicinity. Based on the epicentral data shown in Figure 2.5.3-1 of this
report, the applicant concluded that there is no spatial correlation of earthquake epicenters with
known or postulated faults or other tectonic features within the site vicinity. The applicant stated
that no historical earthquakes have been associated with bedrock faults in the WLS vicinity, and
concluded that none of the faults in the site vicinity are capable tectonic structures.

2.5.3.2.4

Ages of Most Recent Deformation

WLS COL FSAR Section 2.5.3.4 discusses ages of most recent deformations within the WLS
vicinity. Based on geologic field relationships as discussed above in Section 2.5.3.2.2 of this
report, the applicant documented a Paleozoic age for the six faults mapped in the site vicinity
(i.e., the Kings Mountain shear zone; the southwestern extension of the Boogertown shear
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zone; an unnamed fault north of Gaffney; and the Tinsley Bridge, Brindle Creek, and Reedy
River faults). The applicant reported that Garihan and others (1993) suggested the Kings
Mountain shear zone may have experienced localized reactivation during Mesozoic (251 to 65.5
Ma) time. However, based on information presented in WLS COL FSAR Section 2.5.3.2 and
summarized above in Section 2.5.3.2.2 of this report, no evidence exists for Quaternary (2.6 Ma
to present) deformation associated with any of these structures.

2.5.3.2.5

Relationships of Site Area Tectonic Structures to Regional
Tectonic Structures

WLS COL FSAR Section 2.5.3.5 addresses the relationships of the six faults identified in the
site vicinity with regional tectonic structures. The applicant indicated that four of these faults
(i.e., the Kings Mountain shear zone, the Tinsley Bridge fault, the southwest extension of the
Boogertown shear zone, and the Reedy River thrust fault) are part of the regional Central
Piedmont shear zone (CPSZ) of Paleozoic (> 251 Ma) age, which separates the Western
Piedmont Zone from the Charlotte terrane of the Carolina Zone in which WLS lies. The
applicant stated that the relationship of the unnamed fault north of Gaffney and the CPSZ is not
clear, and concluded that none of the six faults represents a capable tectonic structure.

2.5.3.2.6

Characterization of Capable Tectonic Sources

WLS COL FSAR Section 2.5.3.6 discusses characterization of capable tectonic sources within
the WLS vicinity. Based on review of published literature, interviews with technical experts
knowledgeable about the geology and seismology of the site region and site vicinity, and
investigations performed by the applicant for the WLS application, the applicant concluded that
no evidence exists for the existence of capable tectonic sources within the WLS vicinity. The
applicant noted that this interpretation is fully consistent with data derived from previous
investigations performed for the CNS site.

2.5.3.2.7

Designation of Quaternary Deformation Zones in the Site Region

WLS COL FSAR Section 2.5.3.7 addresses zones of Quaternary deformation in the site region.
Based on review of published literature, interviews with technical experts knowledgeable about
the geology and seismology of the site region and site vicinity, and investigations performed for
the WLS application, the applicant concluded that no evidence exists for zones of Quaternary
deformation within the WLS region or site vicinity.

2.5.3.2.8

Potential for Surface Tectonic Deformation at the Site

WLS COL FSAR Section 2.5.3.8 addresses the potential for surface tectonic and non-tectonic
deformation at the site. The applicant stated that detailed geologic mapping of the former CNS
site revealed no evidence of geologically recent or active (i.e., Quaternary) faulting at WLS.
Based on review of published literature, interviews with technical experts knowledgeable about
the geology and seismology of the site region and site vicinity, and investigations performed for
the WLS application, the applicant concluded that no Quaternary faults or capable tectonic
sources occur within the WLS vicinity and the potential for surface tectonic deformation at the
site is negligible.
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Since lithologies in the site vicinity and site area and at the site location are metamorphosed
igneous, volcanic, and sedimentary rock units, the applicant also stated that none of these rock
units are susceptible to dissolution collapse or subsidence due to fluid withdrawal. The
applicant indicated that no evidence exists to suggest there is any potential for non-tectonic
surface deformation within the WLS area, and concluded that the potential for non-tectonic
surface deformation within the site area and at the site location is negligible. The applicant
evaluated the potential for RIS in WLS COL FSAR Section 2.5.2.1.3 and concluded in WLS
COL FSAR Section 2.5.3.8 that the potential for non-tectonic surface deformation due to RIS is
also negligible.

2.5.3.3

Regulatory Basis

The regulatory basis for the information incorporated by reference is addressed in NUREG-1793
and its supplements. The applicable regulatory requirements for surface faulting are as follows:
•

10 CFR 52.79(a)(1)(iii), as it relates to identifying geologic site characteristics with
appropriate consideration of the most severe of the natural phenomena that have been
historically reported for the site and surrounding area and with sufficient margin for the
limited accuracy, quantity and period of time in which the historical data have been
accumulated

•

10 CFR 100.23, as it relates to determining the potential for surface tectonic and
non-tectonic deformation at and in the region surrounding the site

In addition, the related acceptance criteria associated with relevant requirements of NRC
regulations for surface deformation are given in NUREG-0800, “Standard Review Plan for the
Review of Safety Analysis Reports for Nuclear Power Plants,” Section 2.5.3 as follows:
•

Geologic, Seismic, and Geophysical Investigations: Requirements of GDC 2 in
Appendix A of 10 CFR Part 50, 10 CFR 52.17(a)(1)(vi),or 10 CFR 52.79(a)(1)(iii) and
10 CFR 100.23(c) and 10 CFR 100.23(d)(2), are met and guidance in RG 1.208, and
RG 4.7 followed for this area of review if discussions of Quaternary tectonics, structural
geology, stratigraphy, geochronologic methods used for age dating, paleoseismology,
and geologic history of the site vicinity, site area, and site location are complete,
compare reasonably with studies conducted by others in the same area, and are
supported by detailed investigations performed by the applicant. Site vicinity, site area,
and site location-specific geologic maps and cross-sections constructed at scales
adequate to clearly illustrate surficial and bedrock geology, structural geology,
topography, and relationship of power plant foundations and site boundaries to these
features should be included in the application. For sites located near bodies of water,
the application should address how investigations have been conducted to detect
possible surface deformation features that might be located beneath water.

•

Geologic Evidence for Surface Deformation: Requirements of GDC 2 in Appendix A
of 10 CFR Part 50, 10 CFR 52.17(a)(1)(vi) or 10 CFR 52.79(a)(1)(iii), and
10 CFR 100.23(c) and 10 CFR 100.23(d)(2), are met and guidance in RG 1.208, and
RG 4.7 followed for this area of review if the applicant provides sufficient surface and
subsurface information for the site vicinity, area, and location to confirm and characterize
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presence or absence of surface deformation (e.g., faulting, growth faulting, subsidence
or collapse related to dissolution of limestone, salt or gypsum deposits, or salt diapirism
and paleoliquefaction) features. The applicant should also take into account the
potential for blind faults.
•

Timing of Deformation: Requirements of GDC 2 in Appendix A of 10 CFR Part 50,
10 CFR 52.17(a)(1)(vi) or 10 CFR 52.79(a)(1)(iii), and 10 CFR 100.23(c) and
10 CFR 100.23(d)(2), are met for this area of review if recognized surface deformation
features (e.g., tectonic faults and non-tectonic features including growth faults) and
features associated with a blind fault, are investigated in sufficient detail to constrain the
age of the most recent surface deformation event, and, if applicable, the ages of
preceding deformation events. The application shall also provide an acceptable
evaluation of sensitivity and resolution of the exploratory geologic and geophysical
techniques used to determine whether or not appropriate techniques were applied to
assess the age of the most recent displacement.

•

Correlation of Earthquakes with Tectonic Feature: Requirements of GDC 2 in
Appendix A of 10 CFR Part 50, 10 CFR 52.17(a)(1)(vi or 10 CFR 52.79(a)(1)(iii)), and
10 CFR 100.23(c) and 10 CFR 100.23(d)(2), are met for this area of review if the
applicant evaluates all reported historical earthquakes within the site vicinity with respect
to accuracy of hypocenter location and source of origin, and with respect to correlation to
tectonic features. The applicant shall evaluate the potential for historical activity on
tectonic features in the site vicinity. The application should include a plot of earthquake
epicenters superimposed on a map showing tectonic features in the site vicinity.

•

Relationship of Geologic Features in the Site Vicinity to Regional Geologic Features:
Requirements of GDC 2 in Appendix A of 10 CFR Part 50, 10 CFR 52.17(a)(1)(vi) or
10 CFR 52.79(a)(1)(iii), and 10 CFR 100.23(c) and 10 CFR 100.23(d)(2), are satisfied
for this area of review if the applicant evaluates the relationships between faults or other
deformation features in the site vicinity and the regional framework. The application
should provide an acceptable evaluation of the relationships between the regional
(tectonic and non-tectonic) framework and deformation features in the site vicinity,
including growths faults and growth fault systems. The applicant should show how this
information is used in the evaluation of potential for future surface deformation at the
site.

•

Potential for Surface Deformation at the Site: To meet requirements of GDC 2 in
Appendix A of 10 CFR Part 50, 10 CFR 52.17(a)(1)(vi) or 10 CFR 52.79(a)(1)(iii), and
10 CFR 100.23(c) and 10 CFR 100.23(d)(2), for this area of review, the applicant shall
assess the potential future tectonic and nontectonic surface deformation at the site. The
applicant should provide sufficient geological, seismological, and geophysical
information to clearly establish whether there is a potential for future surface deformation
at the site. If the potential for future surface deformation exists at the site, the
application must provide information that demonstrates the potential effects of surface
deformation are within the design basis of the proposed facility. NRC regulations do not
restrict building in an area with surface faulting potential, but if that potential exists, the
regulations require that surface deformation must be taken into account in the design
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and operation of the proposed nuclear power plant. It is questionable whether it might
be feasible to design for surface deformation with any degree of confidence that
safety-related structures, systems, and components would maintain their safety
functions if surface displacements occur in the future. Consequently, it is NRC policy
(e.g. RG 1.208) to recommend that any site located on a surface or near-surface feature
with a potential for future displacement be re-located to an alternate site.
Geologic characteristics should also be consistent with the related guidance from appropriate
sections of RG 1.132, Revision 2, RG 1.198, RG 1.206, and RG 1.208.

2.5.3.4

Technical Evaluation

The staff reviewed WLS COL FSAR Section 2.5.3 and checked the referenced DCD to ensure
that the combination of information presented in the WLS COL FSAR and the AP1000 DCD
completely represents the required information related to tectonic (i.e., faulting) and non-tectonic
surface and near-surface deformation. The staff’s review confirmed that information contained
in the application or incorporated by reference addresses the information required for this review
topic. NUREG-1793 and associated supplements document the results of the staff’s evaluation
of information incorporated by reference into the WLS application. The staff reviewed the
following information in the WLS COL FSAR.
AP1000 COL Information Item
•

WLS COL 2.5-4

The staff reviewed WLS COL 2.5-4 included in WLS COL FSAR Section 2.5.3. WLS COL
FSAR Section 2.5.3 addresses the potential for surface or near-surface tectonic and nontectonic deformation within the site vicinity and site area and at the site location. The COL
information item from the AP1000 DCD, Section 2.5.3, states:
Combined License applicants referencing the AP1000 certified design will
address the following surface and subsurface geological, seismological, and
geophysical information related to the potential for surface or near-surface
faulting affecting the site: (1) geological, seismological, and geophysical
investigations; (2) geological evidence, or absence of evidence, for surface
deformation; (3) correlation of earthquakes with capable tectonic sources;
(4) ages of most recent deformations; (5) relationship of tectonic structures in the
site area to regional tectonic sources; (6) characterization of capable tectonic
sources; (7) designation of zones of Quaternary deformation in the site region;
and (8) potential for surface tectonic deformation at the site.
Based on the discussion of the potential for tectonic and non-tectonic surface deformation at the
site presented in WLS COL FSAR Section 2.5.3, the staff concludes that the applicant provided
the information required to satisfy WLS COL 2.5-4.
Section 2.5.3.2 above specifies the data sources used by the applicant to develop WLS COL
FSAR Section 2.5.3, which contains information related to the potential for tectonic and nontectonic surface and near-surface deformation within the site vicinity and site area and at the
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site location. Through the review of WLS COL FSAR Section 2.5.3, the staff determined
whether the applicant had complied with the applicable regulations and conducted the
investigations at an appropriate level of detail in accordance with RG 1.208.
As part of the technical evaluation of WLS COL FSAR Section 2.5.3, the staff visited WLS on
April 27 to May 2, 2008 (ML120320233); January 27 and 28, 2009 (ML120320258); July 12
through 14, 2011 (ML11216A256); and February 10, 2014 (ML14126A584), to interact with the
applicant and its consultants in regard to the geologic, seismic, geophysical, and geotechnical
investigations being conducted to characterize the site. Technical experts from the USGS
accompanied the staff during the January 2009 site visit to assist with evaluation of geologic
and seismic data collected by the applicant. On February 23 and July 20, 2009
(ML120270235), the staff audited information used by the applicant to constrain timing of
development of minor ductile and brittle shear zones mapped in the excavations at the original
CNS site. The staff also audited Revisions 0 and 1 of the report discussing the compiled
geologic map for the CNS Unit 1 (i.e., WLS Unit 1) excavation on June 6, 9, and 10, 2011 and
October 25 through 27, 2011 (ML120270246). The Duke report documented geologic
characteristics of foundation grade level bedrock at WLS Unit 1 based on previous geologic
mapping of foundation grade bedrock conducted in the former co-located CNS Unit 1
excavation, which lies under concrete poured during initial construction activities at the CNS
site. Section 2.5.1.4 of this report presents details about the site visits and data documentation
audits that enabled staff to assess conclusions made by the applicant regarding the potential for
surface and near-surface tectonic and non-tectonic deformation at WLS and confirm that no
geologic features occurring in foundation bedrock represent capable tectonic structures.
Sections 2.5.3.4.1 through 2.5.3.4.8 of this report present the staff’s evaluation of information
provided by the applicant in WLS COL FSAR Section 2.5.3 and the applicant’s responses to
RAIs for WLS COL FSAR Section 2.5.3. In addition to RAIs addressing specific technical
issues related to tectonic and non-tectonic surface and near-surface deformation at the site,
discussed in detail below, the staff also prepared editorial RAIs to further clarify certain
descriptive statements made by the applicant in the WLS COL FSAR and to qualify geologic
features illustrated in WLS COL FSAR figures. This detailed technical evaluation does not
discuss these editorial RAIs.

2.5.3.4.1

Geologic, Seismic, and Geophysical Investigations

WLS COL FSAR Section 2.5.3.1 describes geologic, seismic, and geophysical investigations
performed by the applicant to assess the potential for tectonic (i.e., due to faulting) and nontectonic surface and near-surface deformation within the site vicinity and site area, as well as
the potential for surface fault rupture at the WLS location. Based on these investigations, the
applicant concluded that no evidence exists for active or geologically recent (i.e., Quaternary
age, 2.6 Ma to present) faulting within the site vicinity and site area or at the site location.
Sections 2.5.3.4.1.1 through 2.5.3.4.1.4 of this report present the staff’s evaluations of the
geologic, seismic, and geophysical investigations performed by the applicant for WLS.

2.5.3.4.1.1

Previous Site Investigations and Published Geologic Mapping

WLS COL FSAR Sections 2.5.3.1.1 and 2.5.3.1.2 discuss, respectively, previous WLS area and
site location investigations and published geologic maps for the site vicinity and site area. The
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applicant concluded that no evidence exists for active or geologically recent (i.e., Quaternary,
2.6 Ma to present) faulting or shearing in the site area, but did not summarize information in the
WLS COL FSAR to qualify this conclusion.
The staff focused the review of WLS COL FSAR Sections 2.5.3.1.1 and 2.5.3.1.2 on
documentation of the sources used by the applicant to conclude that previous detailed geologic
mapping at the CNS site revealed no evidence for active or geologically recent faulting, and on
clarifying the timing of deformation along the brittle shear zones that occur at the margins of
mafic dikes that intrude foundation unit Zto at the site location. In RAI 26, Question 02.05.03-1,
the staff requested that the applicant summarize data derived from geologic investigations
performed at the CNS site used to conclude that no evidence exists for active or geologically
recent faulting in the site area. In RAI 85, Question 02.05.03-11, the staff requested that the
applicant provide the information considered for constraining time of development of the brittle
shear zones observed along the margins of mafic intrusive dikes at the site location and
documenting that the zones are much older than Quaternary.
In response to RAI 26, Question 02.05.03-1, the applicant summarized the information acquired
at the CNS site and re-evaluated during geologic characterization of WLS. The applicant stated
that radiometric age dates on deformed and undeformed mineral samples, collected adjacent to
or within minor faults and shear zones at the CNS site, confirmed that no fault movement or
shearing younger than Mesozoic (251 to 65.5 Ma) had occurred at the site. The applicant
reported that geologic investigations performed for the WLS application, including the
confirmatory mapping of lithologies and geologic features in the northern portion of the CNS
Unit 2 foundation excavation and comparison of those mapping results with the original geologic
map prepared for CNS Unit 2, supported the interpretation of a pre-Quaternary (> 2.6 Ma) age
for tectonic deformation features at WLS. Therefore, the applicant concluded that the historical
CNS geologic map data can be used for characterization of foundation grade level bedrock at
WLS to establish a pre-Quaternary age for the latest shearing and faulting observed at the site.
In response to RAI 85, Question 02.05.03-11, the applicant cross-referenced WLS COL FSAR
Section 2.5.1.2.5.4, which presents radiometric age dates that constrain timing of development
of the shear zones to be no younger than Mesozoic (251 to 65.6 Ma) based on the presence of
undeformed potassium feldspar minerals in veins that cross-cut the shear zones. The applicant
also indicated that the shear zones may be older than 300 Ma based on the presence of
undeformed post-tectonic metamorphic minerals. Therefore, the applicant concluded that the
shear zones are much older than Quaternary and do not reflect active or recent faulting at WLS.
The staff concludes that the shear zones are minor and much older than Quaternary, and that
no evidence exists for active or geologically recent faulting or shearing in the site area or at the
site location. The staff makes these conclusions based on information derived from the
following activities: review of WLS COL FSAR Sections 2.5.3.1.1 and 2.5.3.1.2 and the
applicant’s responses to RAI 26, Question 02.05.03-1 and RAI 85, Question 02.05.03-11; direct
field observation of minor shear zones in the CNS excavations during site visits in April-May
2008 (ML120320233), January 2009, and July 2011 (ML11216A256) , including the
southeastern end of a prominent, northwest-trending shear zone in the excavation for CNS
Unit 2 (originally mapped as Shear Zone 6 at the CNS site) that extends beneath the concrete
covering the CNS Unit 1 (i.e., WLS Unit 1) excavation; direct examination of core from the
relocated footprints of WLS Units 1 and 2 in February 2014; and review of radiometric age dates
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and the compiled geologic map prepared by Duke for CNS/WLS Unit 1, including data
specifically related to Shear Zone 6, during data documentation audits in June and October
2011. Accordingly, the staff considers RAI 26, Question 02.05.03-1 and RAI 85,
Question 02.05.03-11 resolved.

2.5.3.4.1.2

Current Geologic Mapping

WLS COL FSAR Section 2.5.3.1.3 describes current geologic mapping in the site vicinity and
site area and at the site location. The applicant stated that field investigations conducted for the
WLS application enabled refinement of previous geologic maps and provided support for the
conclusions that foundation grade level bedrock in CNS Unit 1 (WLS Unit 1) and CNS Unit 2
does not contain capable tectonic features or exhibit any evidence to suggest a potential for
tectonic or non-tectonic surface or near-surface deformation. The applicant did not summarize
the map refinements or present the refined geologic maps in the WLS COL FSAR.
The staff focused the review of WLS COL FSAR Section 2.5.3.1.3 on clarifying the refinements
made by the applicant to previous geologic maps based on field investigations conducted for the
WLS application. In RAI 26, Question 02.05.03-4, the staff requested that the applicant
summarize the geologic map refinements and present them in the WLS COL FSAR. In
response to RAI 26, Question 02.05.03-4, the applicant explained the refinements made to
geologic maps previously presented in the WLS COL FSAR, which contain the western
boundary of the metamorphosed pluton that comprises foundation unit Zto. The applicant
documented that this boundary is an intrusive contact separating the plutonic rock body from the
surrounding metamorphosed country rock based on field data derived from borings, test pits,
and trenches located to investigate the geologic characteristics of the boundary. The applicant
used these data to conclude that the contact boundary is more irregular than initially shown on
earlier geologic maps and does not exhibit any characteristics indicative of faulting and revised
WLS COL FSAR Figure 2.5.1-226 to more clearly illustrate locations of the field data sources.
Based on review of WLS COL FSAR Section 2.5.3.1.3 and the applicant’s response to RAI 26,
Question 02.05.03-4, particularly the definitive field evidence derived from borings, test pits, and
trenches used to investigate geologic characteristics of the western boundary of the pluton
comprising foundation unit Zto, the staff concludes that the western boundary of the pluton is an
intrusive contact with the surrounding county rock and not a fault. The staff notes that the
applicant’s revisions to WLS COL FSAR Figure 2.5.1-226 reinforce the interpretation that the
western margin of the pluton is irregular, rather than planar, and not a fault. The staff draws this
conclusion based on the field data that show no evidence for faulting along the western
boundary of the pluton that forms foundation unit Zto. Accordingly, the staff considers RAI 26,
Question 02.05.03-4 resolved.

2.5.3.4.1.3

Previous and Current Seismicity Data

WLS COL FSAR Sections 2.5.3.1.4 and 2.5.3.1.5 discuss previous and current seismicity within
the WLS vicinity, respectively. The staff focused the review of WLS COL FSAR
Section 2.5.3.1.5 on understanding the age of last deformation along the EPFS and on
statements made by the applicant that two September 2006 earthquakes with epicenters about
121 km (75 mi) east-southeast of WLS may have been related to either the EPFS or a Mesozoic
extensional basin proposed by Benson to underlie Coastal Plain sediments. In RAI 26,
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Question 02.05.03-5 and RAI 85, Question 02.05.03-12, the staff requested that the applicant
locate the EPFS on an appropriate map in the WLS COL FSAR; to document the age of last
movement on this proposed fault system, including assessment of the interpretation by Nystrom
that post-Miocene (< 5.3 Ma) displacement may have occurred along it; and to discuss the
possible spatial correlation of the two earthquakes with the EPFS, as suggested by Talwani,
and with the buried Mesozoic basin defined by Benson.
In response to RAI 26, Question 02.05.03-5 and RAI 85, Question 02.05.03-12, the applicant
modified WLS COL FSAR Figures 2.5.1-209 and 2.5.1-210 to clearly show the location of the
multiple segments comprising the EPFS. The applicant stated that field evidence generally
constrains timing of last movement on the EPFZ to Paleozoic (i.e., > 251 Ma), since a granitic
intrusive body, located in Georgia and dated at 269 Ma, and Mesozoic dikes (suggesting an
age > 65.5 Ma) in South Carolina cross-cut different segments of the EPFS without any
deformation. The applicant reported that Nystrom (2006) proposed local reactivation of some
segments of the EPFS during the Cenozoic (65.5 Ma to present) based on inferred offset of
mapped geologic units. The applicant noted that Nystrom also identified silicified breccias along
some parts of the EPFS, a field relationship generally characteristic of Mesozoic (251 to
65.5 Ma) faulting in the Piedmont. The applicant summarized the existing field data, which
documents that some of the offsets interpreted by Nystrom (2006) to suggest possible postMiocene reactivation of the EPFS have not been observed along all segments of the ECFS and
that the outcrop patterns of some geologic units mapped by Nystrom (2006) actually preclude
Cenozoic movement along the entire length of the EPFS. The applicant stated that no definitive
evidence exists to demonstrate that the two September 2006 earthquakes show any causative
relationship with the EPFS or the Mesozoic basin proposed by Benson (1992) in light of the lack
of focal mechanism data for these seismic events and the large uncertainty associated with their
epicentral locations. Based on these collective data, the applicant concluded that the EPFS is
most likely not younger than Paleozoic in age, and that no definitive evidence exists for any
relationship between the two September 2006 earthquakes and either the EPFS or the buried
Mesozoic extensional basin.
Based on the review of WLS COL FSAR Sections 2.5.3.1.4 and 2.5.3.1.5, the applicant’s
responses to RAI 26, Question 02.05.03-5 and RAI 85, Question 02.05.03-12, and an
independent examination of the information sources discussed by the applicant in the WLS COL
FSAR and the RAI responses, the staff concludes that no existing data suggest the two small
September 2006 earthquakes resulted from displacement along either the EPFS or a fault
bounding the proposed buried Mesozoic basin. The staff draws this conclusion because of the
large uncertainty in the epicentral locations of these two earthquakes, making even a spatial
correlation between them and either of the structures difficult to establish. The staff also
concludes that existing field data do not indicate Cenozoic (65.5 Ma to present), including postMiocene (< 5.3 Ma), deformation characterizes the entire length of the EPFS, but rather show
that this fault system is generally not younger than Mesozoic (> 65.5 Ma), because the granite
body in Georgia dated at 269 Ma and Mesozoic dikes in South Carolina dated at > 65.5 Ma
cross-cut the EPFS without any deformation. Accordingly, the staff considers RAI 26,
Question 02.05.03-5 and RAI 85, Question 02.05.03-12 resolved.
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2.5.3.4.1.4

Current Aerial and Field Reconnaissance

WLS COL FSAR Section 2.5.3.1.6 discusses current aerial and field reconnaissance conducted
by the applicant to assess the presence of active tectonic surface deformation in WLS area.
The applicant concluded that no geomorphic evidence exists for active faulting in the site area,
including along Lineament 1, the northeast-trending topographic feature that lies 3.2 km (2 mi)
northwest of the site location.
The staff focused the review of WLS COL FSAR Section 2.5.3.1.6 on documenting a nontectonic origin for Lineament 1. In RAI 26, Question 02.05.03-6, the staff requested that the
applicant summarize the information used to conclude that Lineament 1 is the result of erosion.
In response to RAI 26, Question 02.05.03-6, the applicant stated that previous geologic maps
show no faults associated with Lineament 1; field reconnaissance conducted for WLS did not
reveal any evidence for faulting along the lineament; erosion-resistant metasedimentary rocks
cap the ridges lying adjacent to the lineament; streams flowing along the base of the ridges
result in strong topographic enhancement of the lineament; and the lineament does not extend
across the Broad River to the northeast. Based on these field observations, the applicant
concluded that Lineament 1 is non-tectonic in character and the result of localized stream
erosion controlled by erosion-resistant, ridge-forming metasedimentary rock units.
Based on review of the applicant’s response to RAI 26, Question 02.05.03-6 and field
observations made during site visits in April-May 2008 (ML120320233) and January 2009
(ML120320258), the staff concludes that Lineament 1 is the result of erosion rather than
faulting. The staff draws this conclusion because field evidence demonstrates that Lineament 1
reflects localized stream erosion controlled by a resistant ridge-forming quartzite and does not
extend across the Broad River to the northeast. Accordingly, the staff considers RAI 26,
Question 02.05.03-6 resolved.
Based on the review of WLS COL FSAR Sections 2.5.3.1.1 through 2.5.3.1.6 and the
applicant’s responses to RAI 26, Questions 02.05.03-1, 02.05.03-4 through 02.05.03-6, RAI 85,
Question 02.05.03-11 and Question 02.05.03-12, as well as field observations made during the
site visits, the staff finds that the applicant presented thorough and accurate descriptions of the
geologic, seismic, and geophysical investigations performed to assess the potential for tectonic
and non-tectonic surface and near-surface deformation within the site vicinity and site area and
at the site location in support of the WLS application.

2.5.3.4.2

Geologic Evidence, or Absence of Evidence, for Surface Deformation

WLS COL FSAR Section 2.5.3.2 discusses geologic evidence, or lack of evidence, for surface
deformation within the WLS vicinity and at the site location. Based on field relationships and
radiometric age dates, the applicant concluded that the six bedrock faults reported to occur in
the site vicinity, shown in Figure 2.5.3-1 of this report, are Paleozoic (> 251 Ma) in age, and that
no faults oriented parallel to the northeastern trend of regional tectonic structures extend
through the WLS location because good lithologic strain markers show no deformation related
to faulting.
The staff focused the review of WLS COL FSAR Section 2.5.3.2 on the evidence presented by
the applicant to document that the six faults mapped in the vicinity of WLS, including those that
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strike toward the site location, do not exhibit any evidence for Quaternary surface or
near-surface tectonic deformation. Based on review of WLS COL FSAR Section 2.5.3.2,
independent examination of references cited by the applicant, and direct observations made
during site field audits conducted in April-May 2008 (ML120320233), January 2009
(ML120320258), July 2011 (ML11216A256), and February 2014 (ML14126A584), the staff
concludes that these faults are all pre-Quaternary in age and do not exhibit any characteristics
suggesting a potential for Quaternary surface or near-surface tectonic deformation at WLS.
The staff draws this conclusion based on the field evidence and radiometric age dates
presented by the applicant that limit the timing of displacements on these tectonic features to
pre-Quaternary (> 2.6 Ma).
Based on the review of WLS COL FSAR Section 2.5.3.2, independent examination of
references cited by the applicant, and direct observations made during site field audits, the staff
finds that the applicant presented thorough and accurate descriptions of information related to
geologic evidence, or lack of evidence, for surface deformation due to faulting within the site
vicinity and at the site location in support of the WLS application.

2.5.3.4.3

Correlation of Earthquakes with Capable Tectonic Sources

WLS COL FSAR Section 2.5.3.3 addresses the correlation of earthquakes with capable tectonic
sources in the WLS vicinity. The applicant concluded that there is no correlation of earthquakes
with capable tectonic sources in the WLS vicinity.
The staff focused the review of WLS COL FSAR Section 2.5.3.3 on information used by the
applicant to document that there is no correlation of earthquakes with capable tectonic sources
in the WLS vicinity. Based on review of WLS COL FSAR Section 2.5.3.3 and an independent
examination of data sources referenced in WLS COL FSAR Section 2.5.2, the staff concludes
that no correlation exists between earthquakes and capable tectonic sources in the WLS vicinity
because no data demonstrate any correlation.
Based on the review of WLS COL FSAR Section 2.5.3.3 and an independent examination of
references cited by the applicant in WLS COL FSAR Section 2.5.2, the staff finds that the
applicant presented a thorough and accurate description of information related to correlation of
earthquakes with capable tectonic sources in support of the WLS application.

2.5.3.4.4

Ages of Most Recent Deformations

WLS COL FSAR Section 2.5.3.4 discusses ages of most recent deformations in the vicinity of
WLS. The applicant concluded that the six faults mapped within the site vicinity, shown in
Figure 2.5.3-1 of this report, only exhibit evidence for pre-Quaternary (> 2.6 Ma) deformation.
The staff focused the review of WLS COL FSAR Section 2.5.3.4 on information used by the
applicant to document that all faults mapped within the WLS vicinity are pre-Quaternary in age.
Based on review of WLS COL FSAR Section 2.5.3.4 and related information presented in WLS
COL FSAR Section 2.5.3.2, as well as independent examination of references cited by the
applicant and site visits conducted in April-May 2008 (ML120320233), January 2009
(ML120320258), July 2011 (ML11216A256), and February 2014 (ML14126A584), the staff
concludes that tectonic deformation in the site vicinity is pre-Quaternary in age. The staff draws
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this conclusion because field data presented in the WLS COL FSAR and field observations
made by staff during the site visits document a lack of Quaternary deformation in the WLS
vicinity and site area and at the site location.
Based on the review of WLS COL FSAR Section 2.5.3.4, independent examination of
references cited by the applicant, and field observations made during site visits, the staff finds
that the applicant presented a thorough and accurate description of ages of most recent
deformations in support of the WLS application.

2.5.3.4.5

Relationships of Site Area Tectonic Structures to Regional Tectonic
Structures

WLS COL FSAR Section 2.5.3.5 discusses the relationships of tectonic structures in the site
area to regional tectonic structures. The applicant stated that four of the six faults mapped in
the site vicinity (specifically the Kings Mountain shear zone, the southwestern extension of the
Boogertown shear zone, and the Tinsley Bridge and Reedy River faults shown in Figure 2.5.3-1
of this report) are segments of the regional CPSZ. Based on constraining age dates and
observed field relationships summarized in WLS COL FSAR Section 2.5.3.2, which document
that the CPSZ and these four tectonic structures are Paleozoic (> 521 Ma) in age, the applicant
concluded that none of the structures are capable tectonic features.
The staff focused the review of WLS COL FSAR Section 2.5.3.5 on the information used by the
applicant to document that four of the six faults mapped within the WLS vicinity and site area
are segments of the regional CPSZ, which is Paleozoic in age. The staff concludes that these
faults are not capable tectonic features based on the Paleozoic age constraint for the faults and
the CPSZ as summarized in WLS COL FSAR Section 2.5.3.2.
Based on the review of WLS COL FSAR Section 2.5.3.5, the staff finds that the applicant
presented a thorough and accurate description of the relationship of tectonic structures in the
site area to regional tectonic structures in support of the WLS application.

2.5.3.4.6

Characterization of Capable Tectonic Sources

WLS COL FSAR Section 2.5.3.6 addresses the characterization of capable tectonic sources
within the WLS vicinity. Based on constraining age dates and observed field relationships
summarized in WLS COL FSAR Section 2.5.3.2, the applicant concluded that no evidence
exists for any capable tectonic sources in the vicinity of WLS.
The staff focused the review of WLS COL FSAR Section 2.5.3.6 on the information used by the
applicant to document that no capable tectonic sources exist in the site vicinity. Based on the
constraining age dates and observed field relationships summarized in WLS COL FSAR
Section 2.5.3.2, as well as field observations made during site visits in April-May 2008 and
January 2009, the staff concludes that no capable tectonic sources exist in WLS vicinity. The
staff draws this conclusion because the age dates and observed field relationships document a
lack of capable tectonic sources in the site vicinity. The staff notes the suggestion of Garihan
and others (1993) that the Kings Mountain shear zone may have experienced localized
Mesozoic (251 to 65.5 Ma) reactivation does not alter the conclusion about the absence of
capable tectonic sources in the site vicinity.
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Based on the review of WLS COL FSAR Section 2.5.3.6 and field observations made during the
site visits, the staff finds that the applicant presented a thorough and accurate description of
information related to characterization of capable tectonic sources in support of the WLS
application.

2.5.3.4.7

Designation of Zones of Quaternary Deformation in the Site Region

WLS COL FSAR Section 2.5.3.7 discusses the designation of Quaternary (2.6 Ma to present)
deformation zones in the WLS region. Based on information presented in WLS COL FSAR
Section 2.5.1 and cross-referenced in WLS COL FSAR Section 2.5.3.7, the applicant concluded
that no zones of Quaternary deformation requiring further investigation occur in the site region.
The staff focused the review of WLS COL FSAR Section 2.5.3.7 on the data presented by the
applicant, mainly in WLS COL FSAR Section 2.5.1, to document that no zones of Quaternary
deformation occur in the site region. The staff concludes that no evidence exists for zones of
Quaternary deformation in the site region based on independent review of the data sources
presented by the applicant in the WLS COL FSAR, which document a lack of Quaternary
deformation in the site region.
Based on the review of WLS COL FSAR Section 2.5.3.7 and an independent review of
references cited by the applicant, the staff finds that the applicant presented a thorough and
accurate description of information related to designation of zones of Quaternary deformation in
the site region in support of the WLS application.

2.5.3.4.8

Potential for Surface Tectonic Deformation at the Site

WLS COL FSAR Section 2.5.3.8 discusses the potential for surface and near-surface tectonic
and non-tectonic deformation at WLS. The applicant documented that no Quaternary (2.6 Ma to
present) faults or capable tectonic structures occur in the site vicinity or site area, and that rock
units in the site area and at the site location are not susceptible to dissolution collapse or
subsidence related to fluid withdrawals. Therefore, the applicant concluded that the potential for
tectonic and non-tectonic surface and near-surface deformation is negligible at the site location.
The staff focused the review of WLS COL FSAR Section 2.5.3.8 on information presented by
the applicant to document that no evidence exits to indicate any potential for surface or nearsurface tectonic or non-tectonic deformation at WLS. The staff concludes that the potential for
surface or near-surface tectonic or non-tectonic deformation at WLS is negligible based on
results of the following activities: Review of WLS COL FSAR Section 2.5.3.8; examination of
lithologic units and tectonic features in the CNS excavations during site visits in April-May 2008,
January 2009, July 2011, and February 2014; data documentation audits conducted in February
and July 2009 and June and October 2011; and an independent review of published sources
cited by the applicant. The staff draws this conclusion because direct field observations made
by staff during site visits, the data documentation audits, and the independent review of the
information sources cited by the applicant strongly support it.
Based on the review of WLS COL FSAR Section 2.5.3.8, independent review of published
sources cited by the applicant, results of the data documentation audits, and field observations
made during the site visits, the staff finds that the applicant presented a thorough and accurate
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description of the potential for surface tectonic deformation at the site in support of the WLS
application.
With regard to evaluating the potential for surface and near-surface tectonic and non-tectonic
deformation in foundation bedrock units at WLS Unit 1, (i.e., former CNS Unit 1, the excavation
for which lies under concrete poured during initial CNS construction activities), the staff deemed
it necessary to document lithologies and geologic features that occur in foundation grade level
bedrock in WLS Unit 1/CNS Unit 1 excavation. To accomplish this task, the staff performed the
June and October 2011 data documentation audits described in Section 2.5.1.4 of this report
specifically to review the report containing the compiled geologic map and associated data for
CNS Unit 1. The staff also conducted the site visit in July 2011, as described in Section 2.5.1.4
of this report, to directly examine existing exposures in CNS Unit 2 and CNS Unit 3 (WLS
Unit 2) for determining whether lithologies and geologic features mapped in the CNS Unit 1
(WLS Unit 1) excavation are similar to the rock units and geologic features that occur in the
existing adjacent CNS site excavations. Based on the results of these activities, specifically
focused on assessment of the compiled geologic map data presented in the Duke report and
with due consideration for results of the data documentation audits performed in February and
July 2009 and the site visits conducted in April-May 2008 and January 2009, the staff concludes
that the applicant essentially satisfied the requirements for a geologic mapping License
Condition for WLS Unit 1,. The staff makes this conclusion because field relationships observed
during all site visits and field data reviewed during all data documentation audits fully support
the premise of similarity of lithologies and geologic features in excavations for CNS Unit 1,
Unit 2, and Unit 3, and, consequently, for WLS Unit 1,. Also, in support of the staff’s conclusion
regarding how the applicant satisfied the requirements for a geologic mapping License
Condition for WLS Unit 1, the site visits and data documentation audits confirm that no capable
tectonic structures or other potentially detrimental geologic features occur in the foundation
rocks of WLS Unit 1, and that the potential for surface or near-surface tectonic and non-tectonic
deformation at WLS Unit 1, is negligible.
Although the staff concludes that the applicant essentially satisfied the requirements for a
geologic mapping License Condition for WLS Unit 1, based on all geologic data examined and
the direct field observations made, it is the responsibility of the applicant to perform detailed
geologic mapping of the WLS Unit 2 excavation for nuclear island structures. Section 2.5.3.5 of
this report defines this responsibility as License Condition (2-2).

2.5.3.5

Post-Combined License Activities

The staff identified the following geologic mapping License Condition in Section 2.5.3.4.8 of this
report as the responsibility of the COL licensee:
•

License Condition (2-2) – The licensee shall perform detailed geologic mapping of the
excavation for WLS Unit 2 nuclear island structures; examine and evaluate geologic
features discovered in excavations for safety-related structures other than those for the
Unit 2 nuclear island; and notify the Director of the Office of New Reactors, or the
Director’s designee, once excavations for Unit 2 safety-related structures are open for
examination by the staff.
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2.5.3.6

Conclusions

The staff reviewed the WLS COL FSAR and the referenced DCD. Based on these reviews, the
staff confirmed that the applicant addressed the required information related to surface and
near-surface tectonic (i.e., due to faulting) and non-tectonic deformation, and there is no
additional outstanding information related to these types of deformation that must be discussed
in the WLS COL FSAR. NUREG-1793 and associated supplements document the results of the
staff’s technical evaluation of information incorporated by reference into the WLS application.
As set forth above, the staff has reviewed the information in COL Information Item WLS
COL 2.5-4 and concludes that the applicant thoroughly characterized the potential for surface
and near-surface tectonic and non-tectonic deformation at WLS, as required by 10 CFR 10.23
and 10 CFR 52.79(a)(1)(iii). Based on the applicant’s geologic investigations performed for the
site vicinity, site area, and site location, the staff also concludes that the applicant properly
addressed information related to the following specific topics for WLS: Geologic, seismic, and
geophysical investigations; geologic evidence, or absence of evidence, for surface deformation;
correlation of earthquakes with capable tectonic sources; ages of most recent deformations;
relationships between tectonic structures in the site area and regional tectonic structures;
characterization of capable tectonic sources; designation of zones of Quaternary (2.6 Ma to
present) deformation in the site region; and the potential for surface tectonic and non-tectonic
deformation at the site. In addition, the staff concludes that the applicant performed all
investigations in accordance with 10 CFR 100.23 and 10 CFR 52.79(a)(1)(iii) and followed
guidance provided in RG 1.208. Finally, the staff concludes that the applicant established an
adequate basis to state that no known capable tectonic sources exist which could cause surface
or near-surface tectonic deformation at WLS and no known sources exist for non-tectonic
deformation at the site. Therefore, the staff finds that the proposed WLS site is acceptable in
regard to surface and near-surface tectonic and non-tectonic deformation and meets the
requirements of 10 CFR 10.23 and 10 CFR 52.79(a)(1)(iii).
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Figure 2.5.3-1 Tectonic Features And Seismicity Within 80.5 km (50 mi) of WLS
(Reproduced from WLS COL FSAR Revision 8, Figure 2.5.1-210)

2.5.4

Stability of Subsurface Materials and Foundations

2.5.4.1

Introduction

WLS COL FSAR Section 2.5.4 presents the applicant’s evaluation of the stability of subsurface
materials and foundations that relate to the WLS site. The properties and stability of the soil
and rock underlying the site are important to the safe design and siting of the plant. The
information provided by the applicant in WLS COL FSAR Section 2.5.4 addresses: (1) geologic
features in the site vicinity; (2) static and dynamic engineering properties of soil and rock strata
underlying the site; (3) the interface between the foundations for safety-related facilities and the
engineering properties of underlying materials; (4) results of the geophysical surveys performed
to provide the velocity profiles underneath foundation footprints; (5) excavation and backfill
plans and engineered earthwork analysis and criteria for safety-related structure foundations;
(6) groundwater conditions at the site and associated testing monitoring and analyses;
(7) responses of site soils or rocks to dynamic loading; (8) soil liquefaction potential analysis
and evaluation; (9) earthquake design bases; (10) results of investigations and analyses
conducted to determine foundation material stability, deformation, and settlement under static
and dynamic loading conditions; (11) criteria, references, and design methods used in static and
dynamic analyses of subsurface materials and foundation stability; (12) techniques and
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specifications to improve subsurface conditions, which are to be used at the site to provide
suitable foundation conditions; and any additional information deemed necessary in accordance
with 10 CFR Part 52.

2.5.4.2

Summary of Application

WLS COL FSAR Section 2.5.4 incorporates by reference AP1000 DCD, Revision 19,
Section 2.5.4.
In addition, in WLS COL FSAR Section 2.5.4, the applicant provided site-specific information to
address the following:
AP1000 COL Information Items
•

WLS COL 2.5-1

The applicant provided additional information in WLS COL 2.5-1, to resolve COL Information
Item 2.5-1. WLS COL 2.5-1 addresses the provision of regional and site-specific geological,
seismological, and geophysical information, as well as conditions caused by human activities;
structural geology; seismicity of the site; geological history; evidence of paleoseismicity; site
stratigraphy and lithology; engineering significance of geological features; site groundwater
conditions; dynamic behavior during prior earthquakes; zones of alteration, irregular weathering,
or structural weakness; unrelieved residual stresses in bedrock; materials that could be unstable
because of mineralogy or unstable physical properties; and effect of human activities in the
area. This COL information item is also addressed in WLS COL FSAR Sections 2.5.1, 2.5.4.1,
2.5.4.3, 2.5.4.3.3, 2.5.4.3.5 and 2.5.4.8, Appendix 2AA, Appendix 2BB.
•

WLS COL 2.5-2

The applicant provided additional information in WLS COL 2.5-2, to resolve COL Information
Item 2.5-2. WLS COL 2.5-2 addresses the provision for the collection of site-specific geological,
seismological, and geotechnical data and demonstration that the proposed site meets the
specified requirements. This COL information item is addressed in WLS COL FSAR
Sections 2.5, 2.5.2, and 2.5.4.3.3.
•

WLS COL 2.5-3

The applicant provided additional information in WLS COL 2.5-2, to resolve COL Information
Item 2.5-3. WLS COL 2.5-3 addresses the provision for the performance of site-specific
geological, seismological, and geotechnical evaluation; if the site-specific spectra at foundation
level exceed the response spectra in AP1000 DCD Figures 3.7.1-1 and 3.7.1-2 at any
frequency, or if soil conditions are outside the range evaluated for AP1000 design certification.
This COL information item is addressed in WLS COL FSAR Section 2.5.4.3.3.
•

WLS COL 2.5-5

The applicant provided additional information in WLS COL 2.5-5, to resolve COL Information
Item 2.5-5. WLS COL 2.5-5 addresses the provision of site-specific information underlying site
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conditions and geologic features, including site topographic features and locations of Seismic
Category I structures. This COL information item is addressed in WLS COL FSAR
Sections 2.5.4.1, 2.5.4.3.5, and 2.5.4.5.
•

WLS COL 2.5-6

The applicant provided additional information in COL Information Item 2.5-6, resolve WLS
COL 2.5-6. WLS COL 2.5-6 addresses the provision that the properties of the foundation
materials are within the range of the properties considered for the design of the nuclear island
basemat. This COL information item is addressed in WLS COL FSAR Sections 2.5.4.2,
2.5.4.2.1, 2.5.4.3.6, 2.5.4.4, 2.5.4.5.1, 2.5.4.5.2, 2.5.4.5.3, 2.5.4.7, 2.5.4.9, and 2.5.4.10.
•

WLS COL 2.5-7

The applicant provided additional information in WLS COL 2.5-7, to resolve COL Information
Item 2.5-7. WLS COL 2.5-7 addresses the provision of data concerning the extent (horizontally
and vertically) of all Seismic Category (SC) I excavations, fills, and slopes, conditions and
geologic features. This COL information item is addressed in WLS COL FSAR
Section 2.5.4.3.6, 2.5.4.5.1, 2.5.4.5.2, and 2.5.4.5.3.
•

WLS COL 2.5-8

The applicant provided additional information in WLS COL 2.5-8, to resolve COL Information
Item 2.5-8. WLS COL 2.5-8 addresses the provision of addressing groundwater conditions
relative to the foundation stability of the safety-related structures at the site. This COL
information item is addressed in WLS COL FSAR Section 2.5.4.5.4 and 2.5.4.6.4.
•

WLS COL 2.5-9

The applicant provided additional information in WLS COL 2.5-9, to resolve COL Information
Item 2.5-9. WLS COL 2.5-9 addresses the provision of demonstration that the potential for
liquefaction is negligible. This COL information item is addressed in WLS COL FSAR
Section 2.5.4.8.
•

WLS COL 2.5-10

The applicant provided additional information in WLS COL 2.5-10, to resolve COL Information
Item 2.5-10. WLS COL 2.5-10 addresses the verification that the site-specific allowable soil
bearing capacities are equal to or greater than the values documented in the standard design,
or will provide a site-specific evaluation as described in AP1000 DCD Section 2.5.4.2 under all
combined loads, including the safe shutdown earthquake, for static and dynamic loads. This
COL information item is addressed in WLS COL FSAR Section 2.5.4.10.1.
•

WLS COL 2.5-11

The applicant provided additional information in WLS COL 2.5-11, to resolve COL Information
Item 2.5-11. WLS COL 2.5-11 addresses the design of static and dynamic lateral earth
pressures and hydrostatic pressures acting on safety-related facilities using site-specific seismic
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loading and soil parameters. This COL information item is addressed in WLS COL FSAR
Section 2.5.4.10.3
•

WLS COL 2.5-12

The applicant provided additional information in WLS COL 2.5-12, to resolve COL Information
Item 2.5-12. WLS COL 2.5-12 addresses soil characteristics affecting the stability of the nuclear
island including foundation rebound, settlement and differential settlement. This COL
information item is addressed in WLS COL FSAR Section 2.5.4.10.2.
•

WLS COL 2.5-13

The applicant provided additional information in WLS COL 2.5-13, to resolve COL Information
Item 2.5-13. WLS COL 2.5-13 addresses the provision of data on instrumentation, if any,
proposed for monitoring the performance of the foundations of the nuclear island; including the
type, location, and purpose of each instrument, as well as significant details of installation
methods, along with the location and installation procedures for permanent benchmarks and
markers for monitoring settlement. This COL information item is addressed in WLS COL FSAR
Section 2.5.4.10.
•

WLS COL 2.5-16

The applicant provided additional information in WLS COL 2.5-16, to address COL Information
Item 2.5-16. WLS COL 2.5-16 addresses the provision of data on short-term (elastic) and longterm (heave and consolidation) settlement for soil sites for the history of loads imposed on the
foundation consistent with the construction sequence. The resulting time-history of settlements
includes construction activities such as dewatering, excavation, bearing surface preparation,
placement of the basemat, and construction of the superstructure. This COL information item is
addressed to the extent that the applicant stated that this is a rock site.
In addition, this WLS COL FSAR section addresses AP1000 DCD Interface Item 2.12 related to
the seismic parameters peak ground acceleration, response spectra and shear wave velocity
and Interface Item 2.13 related to the required bearing capacity of foundation materials.
AP1000 COL Supplements
•

COL SUP 2.5-2

The applicant provided supplemental information in COL SUP 2.5-2 regarding the backfilling of
exploratory boreholes for monitoring wells. This supplement is addressed in WLS COL FSAR
Section 2.5.4.2.1.2.
•

COL SUP 2.5-3

The applicant provided supplemental information in WLS COL Supplement 2.5-2 regarding the
grouting of polyvinyl chloride (PVC) monitoring well locations that were left open for continued
monitoring. This supplement is addressed in WLS COL FSAR Section 2.5.4.2.1.2.
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Interface Items
•

Interface Item 2.12

The WLS COL FSAR addresses Interface Item 2.12 of the AP1000 DCD related to the seismic
parameters peak ground acceleration, response spectra and shear wave velocity.
•

Interface Item 2.13

The WLS COL FSAR addresses Interface Item 2.13 related to the required bearing capacity of
foundation materials.

2.5.4.2.1

Geologic Features

WLS COL FSAR Section 2.5.4.1 evaluates the non-tectonic processes and features that may
cause permanent ground deformation or foundation instability at the WLS site. In particular, the
applicant focused on areas of actual or potential surface or subsurface subsidence, uplift or
collapse and the causes of these potential conditions. The applicant also considered potential
zones of alteration, irregular weathering profiles, zones of structural weakness, geologic history,
unrelieved residual stresses in the bedrock at the site, and rocks or soils that may be unstable
due to physical or chemical properties. The applicant concluded that that there are no geologic
processes or features that would be detrimental to the stability of the proposed WLS site.

2.5.4.2.2

Properties of Subsurface Materials

WLS COL FSAR Section 2.5.4.2 details the various field and laboratory methods used to
sample and test soil and rock to determine material properties needed for the site safety
evaluation. The applicant stated that the field investigations for determining the engineering
properties of soil and rock materials conform to RG 1.132. WLS COL FSAR Sections 2.5.4.2.1
and 2.5.4.2.2 provide more complete details of the soil and rock sampling programs,
respectively. The applicant used the guidelines of RG 1.138 to plan and conduct the laboratory
testing program. The applicant also summarized the static and dynamic laboratory tests
performed, and reported the results from tests carried out on disturbed samples, undisturbed
samples and remolded samples.

2.5.4.2.2.1

Site Explorations

WLS COL FSAR Section 2.5.4.2.1 describes the methods and equipment used to perform the
site exploration. The applicant described soil and rock borings, groundwater monitoring wells,
cone penetration test (CPT) soundings, surface geophysical surveys, geotechnical test pits,
geologic trench excavations, and downhole deformation testing and seismic and non-seismic
logging of the site soils and rock performed for the WLS investigations.
The site investigation plan was developed based on the evaluations of historic field explorations
performed in the 1970’s for the CNS that is within the site boundary of the WLS. The site
investigation for this application was first conducted between early 2006 and mid-2007. Since
the relocation of the power plant footprint, additional field work was performed in 2012 to obtain
additional geotechnical data at the revised nuclear island locations to confirm the applicability of
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the 2006-2007 data. The applicant provided CNS exploratory work as a supplement in WLS
COL FSAR Appendix 2BB. Figure 2.5.4-01 of this report shows the exploration locations for the
WLS power blocks and adjacent areas, as well as the soil and rock borings from the previous
investigations for the CNS.

2.5.4.2.2.1.1 Soil and Rock Borings
The applicant obtained the soil and rock core borings using conventional drilling equipment and
procedures. WLS COL FSAR Appendix 2AA presents the results of the WLS field exploration.
For selected borings, the applicant presented summary borehole sheets. Figure 2.5.4-2 of this
report shows the summary sheet for boring B-1004 as an example and includes the depths from
which samples were taken for the shear wave velocity (Vs), compression wave velocity (Vp),
Young’s modulus and unconfined compression tests. In addition, the figure shows the percent
recovery and the Rock Quality Designation (RQD), an index that reflects the soundness of the
rock mass, in histogram fashion along the length of the boring length. The rock type is
designated in the lithology column and Goodman Jack test results. The petrographic sample
locations are also shown in the figure.

2.5.4.2.2.1.2 Groundwater Monitoring Wells
The applicant installed groundwater monitoring wells to obtain hydrologic data and performed a
pump test to determine mass permeability to compliment the borehole slug tests and packer
tests to obtain permeability within different material types within the boreholes. Groundwater
flow at the WLS site occurs mainly in the saprolite, partially weathered rock and joints within the
bedrock. The applicant left some groundwater monitoring wells open for continued monitoring.
WLS COL FSAR Section 2.4.12 provides additional information regarding the groundwater
monitoring wells and a detailed summary and evaluation of those wells.

2.5.4.2.2.1.3 Surface Geophysical Testing
The applicant performed surface geophysical testing at the site using the Spectral Analysis of
Surface Waves (SASW) technique at 15 locations to compliment the downhole geophysical
testing and to obtain geophysical data to depths that ranged from several meters (tens of feet)
to approximately 45.7 m (150 ft) below the ground surface. The applicant stated the SASW
surface geophysical testing compared favorably to down-hole geophysical testing methods,
however, the SASW methodology was limited in its penetration depth and useful information
was typically limited to several meters (tens of feet) below the ground surface.

2.5.4.2.2.1.4 In-Situ Testing
The applicant performed several different methods of in-situ testing in boreholes to estimate soil
and rock properties. The applicant measured the deformation properties of the rock using the
Goodman Jack and the borehole pressuremeter tests. Additional borehole geophysical tests in
soil and rock using downhole geophysical techniques included optical televiewer, acoustic
televiewer, P-S (compression and shear waves) suspension logging, downhole seismic velocity
logging and seismic cone penetration test.
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Goodman Jack Testing
The applicant performed 14 Goodman Jack tests in two boreholes at multiple depth intervals to
measure the rock elastic modulus using the procedures described in American Society for
Testing and Materials (ASTM) Standard D4971-02, “Standard Test Method for Determining
in Situ Modules of Deformation of Rock Using Diametrically Loaded 76-mm (3 in.) Borehole
Jack.”
Borehole Pressuremeter Testing
The applicant performed 24 pressuremeter tests in two boreholes at multiple depth intervals
following the procedures described in ASTM D4719-00, “Standard Test Methods for Prebored
Pressuremeter Testing in Soils,” to measure the elastic modulus of soil and rock. WLS COL
FSAR Table 2.5.4-209 provides the results of the pressuremeter tests.
Borehole Geophysical Testing
The applicant performed borehole geophysical testing in 19 boreholes, including 16 P-S
suspension logging tests, four downhole seismic velocity logging tests performed in P-S
suspension logging borings for comparison purposes, and 17 borehole televiewer logging tests
using optical and/or acoustic methods to develop the rock seismic profiles for the determination
of the GMRS and FIRS in WLS COL FSAR Section 2.5.2. WLS COL FSAR Section 2.5.4.2.4
presents the results of the borehole geophysical testing in more details.

2.5.4.2.2.1.5 Petrographic Testing
The applicant collected 15 rock core samples from nine borings for petrographic testing. Using
standard 27 by 46 mm (1.0 by 1.8 in.) covered thin sections, the applicant performed
petrographic analyses and photomicrography at magnifications ranging from 25X to 500X and
used the results to classify the bedrock.

2.5.4.2.2.2

Soil and Rock Sampling

The applicant performed Standard Penetration Tests (SPT) to determine the properties of soils
that would be supporting non-safety-related structures. The SPT thick-walled sampler was used
to collect disturbed samples for classification, and measurements of the resistance of soil to
penetration, or N-value, was recorded.
The applicant performed rock coring when soil drilling methods met refusal to obtain intact rock
cores for laboratory strength testing. Each rock core was photographed in the field and core
logs prepared noting joints and fractures and other pertinent data. The percent recovery and
RQD were recorded on the boring logs.
The applicant determined that rock having a RQD of 65 percent or greater is suitable foundation
material and designated this material as “continuous rock,” but noted that the continuous rock
surface is uneven due to differential depths of weathering. Excavation to continuous rock is
required at WLS Unit 2. The applicant’s interpretation of the surface elevation of continuous
rock across the site is depicted in Figure 2.5.4-3 of this report. The contour map shown in

2-322

William States Lee III Nuclear Station
Units 1 and 2
Figure 2.5.4-3 of this report also reveals the uneven continuous rock surface across the site.
The applicant stated that it will take down the high points and backfill the low areas with
concrete under the foundation support zone of the nuclear island.

2.5.4.2.2.2.1 Static Properties of Geotechnical Materials
Table 2.5.4-1 of this report summarizes the static properties of the continuous rock based on
laboratory testing of intact rock specimens and shows that rock core unconfined compressive
strengths range from 68.9 to 193 Meganewtons/square meter (MPa ) (10.0 to
28 kilopounds/square inch (ksi)) for the various metamorphic rocks identified at the site.
Young’s modulus determined from stress-strain measurements made during unconfined
compressive strength (UCS) tests on instrumented samples ranged from 42,000 to 55,800 MPa
(6,100 to 8,100 ksi). The applicant used data from the CNS Preliminary Safety Analysis Report
(PSAR) to supplement the WLS geotechnical data for soils, such as the lightly weathered rock,
where limited data was available.
The applicant provided the engineering properties of the pre-existing CNS concrete and
underlying rock in a supplemental pre-demolition concrete basemat evaluation report. This
report included a description of the field and laboratory activities, test results, and an evaluation
of the concrete-rock interface. The UCS of the existing concrete generally exceeded 27.5 MPa
(4,000 psi), and the Vs was typically greater than 2,286 m/s (7,500 fps). The applicant
concluded that the field and laboratory Vs are consistent with the values used in the WLS Unit 1
FIRS.
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Table 2.5.4-1 Summary of Laboratory Test Results for Intact Rock Cores
(WLS COL FSAR Table 2.5.4-213)
Meta

Meta

Meta

All Rock

Granodiroite

Quartz

Diorite

Types

Diorite
Unit Weight, pcf

Unconfined
Compressive

168 +/- 1

169 +/- 3

177 +/- 2

170 +/- 4

[19]

[14]

[8]

[41]

23 +/- 5

17 +/-7

22 +/- 6

21 +/- 7

[19]

[14]

[8]

[41]

7.8 +/- 0.3

7.1 +/- 1.0

8.1

7.4 +/- 0.9

[3]

[7]

[1]

[11]

0.23

0.27 +/- 0.05

[1]

[11]

Strength, ksi
Young’s
Modulus, x106 psi
Poisson’s Ratio

0.29 +/- 0.06 0.27 +/- 0.05
[3]

[7]

The number in brackets is the number of tests performed.

2.5.4.2.3

Foundation Interfaces

WLS COL FSAR Section 2.5.4.3 compiles the information gathered during the WLS site
exploration into a geological representation of the foundation conditions at the site.

2.5.4.2.3.1

Geotechnical Profiles

The WLS COL FSAR includes geotechnical profiles along seven geologic cross-sections
through the WLS nuclear islands and adjacent areas. Figure 2.5.4-1 of this report shows the
locations where these cross sections were cut and from which is it possible to depict the former
and existing ground surface, plant and yard grade, nuclear island and non-safety-related
structures locations, geologic features, and relevant boring and geophysical test data.
Figure 2.5.4-4 of this report shows the cross-section BB-BB’, a West-East profile passes
through the centerlines of the WLS. Figure 2.5.4-5 of this report shows the cross-section UUUU’, a West-East profile through the north end of the Units 1 and 2 nuclear island. The crosssections show the extent of the existing concrete from the CNS construction at Unit 1 and the
geologic interpretation of the foundation conditions underlying the structures.
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2.5.4.2.4

Geophysical Surveys

WLS COL FSAR Section 2.5.4.4 describes the exploratory geophysical surveys that the
applicant performed to determine the soil and rock low strain seismic characteristics within the
power block areas and pre-existing concrete and soil fills. The applicant stated that it conducted
the investigations using the methods described in RG 1.132. The applicant also used a
combination of surface and borehole geophysical surveys to characterize the subsurface
conditions. The geophysical tools used to characterize the existing concrete, soil and rock
including SASW, seismic cone penetration tests (SCPT), P-S (compressional wave - shear
wave) suspension logging, downhole seismic velocity logging and acoustic and optical
televiewer logging. The applicant noted that the redundancy of state-of-the-art methods
provides confidence in the results.

2.5.4.2.4.1

Spectral Analysis of Surface Waves Surveys

SASW surveys were conducted at 15 locations with survey depths ranging from several meters
(tens of feet) to approximately 30.5 m (100 ft) below ground surface. The applicant concluded
that the SASW technique yielded average Vs that compare favorably with borehole P-S
suspension and downhole seismic velocity logs.

2.5.4.2.4.2

Seismic Cone Penetration Tests

The applicant performed SCPTs at 10 locations in the site soils and saprolite and used the
results for the design of non-safety-related structures.

2.5.4.2.4.3

Suspension and Downhole Seismic Velocity Logging

The applicant performed suspension velocity logging in a total of 16 boreholes and companion
downhole seismic velocity tests in 4 of the 16 boreholes for comparison. The applicant
concluded that downhole velocity measurements compared favorably with the P-S suspension
logging measurements and developed velocity profiles from the results of the seismic testing.
Figures 2.5.4-06 through 2.5.4-07 of this report show a representative boring summary sheet for
the WLS powerblock areas. These boring logs show consistent hard rock Vs of greater than
2,438 m/s (8,000 fps), particularly at depths below an El. of 162 m (533 ft).

2.5.4.2.4.4

Acoustic and Optical Televiewer Logging

The applicant conducted acoustic and optical televiewer logging in 17 boreholes to correct soil,
rock and geophysical log depths to true depths, and provide acoustic images of the borehole
wall to determine the dip and azimuth of fractures. The applicant used the fracture orientation
data to estimate the Rock Mass Rating and evaluate discontinuity characteristics.

2.5.4.2.5

Excavation and Backfill

WLS COL FSAR Section 2.5.4.5 describes the excavation and backfilling required to reach
foundation grade and plant grade for WLS. The applicant proposed using a combination of
excavation slopes and temporary retaining structures to excavate to the bottom of unsuitable
materials. The purpose of the retaining structures is to minimize disturbance of the slopes.
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The applicant described the foundation for the nuclear islands as consisting of continuous rock
at variable elevations below the basemat foundation level at an El. of 168.7 m (553.5 ft). The
applicant noted that all of the WLS Unit 1 foundation support zone is underlain by pre-existing
CNS concrete overlying continuous rock from the former construction activities associated with
the CNS. The applicant performed pre- and post-demolition studies of the CNS structural and
fill concrete to determine its static and dynamic properties. The existing rock and concrete
surface at WLS Unit 1 is below the basemat founding elevation. In order to bring the site to
basemat foundation grade, the applicant plans to use concrete fill. The applicant proposed to
use a fill concrete mix design based on American Concrete Institute (ACI) Standard 318-02 with
minimum design UCS of 17.2 MPa (2,500 psi). Figure 2.5.4-9 of this report, cut along crosssection BB-BB’, shows the relationship between the excavation, concrete fill, engineered
granular fill, Units1 and 2 Annex Building, Unit 1 and 2 nuclear island, existing CNS concrete fill
and CNS structural fill (basemat).

2.5.4.2.5.1

Extent of Excavation

The applicant noted that it will enlarge the extent of the excavation an additional 3.05 m (10 ft)
laterally into the fill and natural soil materials removing softened, sloughed, or other loose soil
and rock materials in the slopes of the existing CNS excavation. Under the nuclear islands, the
excavations will be taken down as necessary to reach continuous rock, defined as having a
RQD of 65 percent. The applicant determined the limits of the excavation based on the core
borings distributed across the site.
The WLS Unit 1 excavation is made to a foundation subgrade elevation of approximately
164.5 to 165.1 m (540 to 545 ft), corresponding to the elevation of the pre-existing CNS
structural elements where they exist. The applicant stated that the foundation support zone for
the WLS Unit 1 nuclear island is entirely underlain by the existing concrete of CNS Unit 1, which
is underlain by continuous rock. Figure 2.5.4-8 of this report conceptually shows the WLS
excavation depths to reach continuous rock and concrete fill to be placed underneath and
surrounding the nuclear island. The applicant also stated that the existing CNS concrete
foundation has several local pits with horizontal and vertical waterproofing membranes.
In those locations, excavation will be performed to remove those membranes and then be
continued to reach the continuous rock, or the top of the fill concrete layer that is resting on the
continuous rock. The new fill concrete will be placed underneath and surrounding planned
Seismic Category I structures.
The WLS Unit 2 excavation will be made mostly in continuous rock with the exception of the
east side of the Reactor Building. The applicant noted that boring B-1014 indicates that the
continuous rock surface is approximately 4.8 m (16 ft) below the basemat foundation elevation.
The applicant proposed the use of fill concrete in this and any other areas requiring backfill.

2.5.4.2.5.1.1 Concrete Fill
The applicant noted that variable depths of concrete fill and dental concrete are needed to
construct a uniform and smooth subgrade for the placement of the basemat foundation at
El. 168.7 m (553.5 ft). Several meters to 7.6 m (several feet to 25 ft) of concrete backfill are
needed at WLS Unit 1 and approximately 4.8 m (16 ft) of concrete fill are needed at the east
side of WLS Unit 2. The applicant stated that the concrete fill mix design will be in accordance
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with ACI 318-02 and will have a minimum unconfined compressive strength of 17.2 MPa
(2,500 psi) and Vs of 2,286 m/s (7,500 fps). The applicant assumed Vs equal to 2,286 m/s
(7,500 fps) in the dynamic analyses to correspond with the average Vs determined for the
existing CNS concrete fill and structural concrete.
The applicant stated that it will prepare the existing concrete left in place from the CNS
construction by cleaning and scoring the surface 0.64 cm (0.25 in.) deep to provide for adhesion
between the existing concrete and new concrete fill. As described in Section 2.5.4.4.5.1.2 the
applicant stated these properties will be ensured through testing of the mix design.

2.5.4.2.5.2

Soil Backfill Sources and Quantities

WLS COL FSAR Section 2.5.4.5.1 describes the use of both on- and off-site granular material
sources for backfilling the area around the below-grade nuclear island walls out to the limits of
the excavation slope. The offsite granular backfill will be used to support the non-safety-related
and Seismic Category II structures surrounding the nuclear island. The applicant described
steps for verification of foundation conditions and placement of proper backfill materials. The
applicant proposed using South Carolina Department of Transportation (SCDOT) standard
gravel or sand gradations readily available from state-approved borrow sources. The applicant
did not identify the source for the granular fill but stated that the granular fill material would likely
be obtained from an off-site source such as an operating rock quarry. The granular fill to be
placed adjacent to Seismic Category I structures or beneath other important adjacent facilities
would be verified to have the properties used in site response analyses and compatible with the
material properties described in WLS COL FSAR Section 3.7.2.8.4.

2.5.4.2.5.3

Specifications and Control

WLS COL FSAR Section 2.5.4.5.3 describes the methods and procedures used for verification
and quality control of the nuclear island foundation materials and the fill concrete beneath the
nuclear island foundation limits. The applicant noted that these methods and procedures will
verify that all unsuitable material has been removed down to continuous rock and will be verified
by geologic mapping of the final exposed excavation surface prior to placement of concrete.
The staff discusses the requirement for a geologic mapping and proposed a license condition in
Section 2.5.3 of this report.
In pre- and post- demolition reports, the applicant verified that the concrete fill materials and
reactor building basemat slab remaining from the CNS are suitable for support of the WLS
nuclear island foundation. Fill concrete beneath the nuclear island foundation limits will be
designed in accordance with ACI 318-02 to attain a Vs of 2,286 m/s (7,500 fps). The applicant
stated surfaces to receive concrete fill will be intentionally roughened according to the guidance
in ACI 349.
The applicant plans to prepare the foundation materials beyond the limits of the nuclear island
footprint for support of engineered granular backfill. The applicant also stated that it will verify
proper foundation conditions and any depressions or cavities in the surface of the foundation
soil or rock will be backfilled with fill concrete or properly compacted soil fill materials.
Engineered backfill to support Seismic Category II and non-safety-related buildings will be
granular fill conforming to SCDOT gradation limits obtained from approved quarries. The
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applicant further stated that it will compact the backfill to a minimum of 96 percent of the
maximum density determined by the modified Proctor compaction method as described in
ASTM D1556, “Standard Test Method for Density and Unit Weight of Soil in Place by
Sand-Cone Method.” Finally, the applicant stated that in areas where backfill is placed over
saprolite, the saprolite will have N60 values of at least 15 blows per foot.

2.5.4.2.5.4

Groundwater Control

The applicant plans to accomplish temporary groundwater control during excavation and backfill
by deep dewatering wells placed outside of the excavation limits, combined with sump pumps
within low areas in the excavation. The applicant proposed a dewatering scheme similar to that
used for the CNS.

2.5.4.2.6

Groundwater Conditions

The applicant noted that the groundwater conditions at the WLS nuclear island consist of a
permanent ground water table elevation which ranges from 175 to 178 m (574 to 584 ft) MSL.
The standard design plant maximum water table is at El. 180 m (591 ft), and the basemat
foundation is at El. 168.7 m (553.5 ft) MSL. The applicant noted that, although the structure is
below the long term static groundwater elevation, permanent dewatering systems are not
required as the foundation basemat and below grade walls are waterproofed and designed for
hydrostatic pressure as part of the AP1000 standard design.

2.5.4.2.7

Response of Soil and Rock to Dynamic Loading

WLS COL FSAR Section 2.5.4.7 presents the response of the soil and rock to dynamic loading.
The applicant determined the dynamic material properties in rock and existing site soils by
various means including geophysical borehole logging surveys, and by estimating the dynamic
properties of borrow materials for engineered fill based on engineering experience with
compacted fill and dynamic property research conducted on granular soils by Menq (2003).

2.5.4.2.7.1

Field Dynamic Measurements

The applicant established representative dynamic velocity profiles based on the seismic survey
results obtained from downhole and surface seismic surveys performed across the site.
Figure 2.5.4-9 of this report shows the locations of the dynamic profiles and the individual
seismic surveys used to develop the dynamic profiles. Representative velocity profiles from the
footprints of WLS were previously presented in the summary boring data sheets in
Section 2.5.4.2.4 and Figures 2.5.4-6 and -7 of this report.

2.5.4.2.7.2

Dynamic Profiles

The applicant used the seismic velocity profiles to develop three velocity profiles representing
the WLS Unit 1 centerline (smoothed dynamic Profile A), the WLS Unit 2 centerline (smoothed
dynamic Profile C) and generic engineered granular fill (best estimate layer velocity Profile G).
The applicant used Profile A to develop the site GMRS, and Profile C to evaluate possible
differences in site response between WLS as a result of the spatial separation and possible
lateral variability in the rock properties. The applicant developed Profile G to represent
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engineered granular fill placed over the bedrock and around the plant nuclear islands to develop
the plant grade. Coinciding with the location of Profile A is the dynamic profile Base Case A1,
which includes the layered CNS fill and structural concrete, and WLS concrete fill, which the
applicant used for the Unit 1 FIRS analysis. The base Case A5 (CNS Unit 1 Pump Rooms)
defines the GMRS and localized condition of the WLS Unit 1 nuclear island that will overlie
legacy CNS pump rooms at approximately 161 m (527 ft) at the North American Vertical Datum
of 1988 (NAVD). The site GMRS and WLS Unit 1 FIRS A1 dynamic analyses are summarized
and evaluated in Sections 2.5.2 and 3.7.1 of this report, respectively.

2.5.4.2.7.2.1 WLS Unit 1 Nuclear Island
The applicant stated that the foundation rock consists primarily of slightly weathered to fresh
rock that exhibits high average Vs, in the typical range of 2,743 to 3,048 m/s (9,000 to
10,000 fps). The applicant indicated that the Unit 1 nuclear island footprint initially proposed in
its COL application was approximately 90 percent underlain by concrete, but the relocated plant
footprint will be fully underlain by concrete placed on top of continuous rock during the CNS
construction. The construction of WLS Unit 1 will require the placement of additional concrete
fill ranging from several feet to as much as 7.6 m (25 ft) thick to bring the subgrade to basemat
grade. For the development of the WLS dynamic velocity model, the applicant assumed that
the Unit 1 concrete material properties were of similar composition, strength, quality and
dynamic properties as the CNS concrete. Figure 2.5.4-10 of this report shows the WLS Unit 1
centerline dynamic Profile A, which the applicant used in determining the GMRS summarized
and evaluated in Section 2.5.2 of this report.

2.5.4.2.7.2.2 WLS, Unit 2 Nuclear Island
The applicant stated that it will found the WLS Unit 2 nuclear island basemat on sound, massive
metamorphic bedrock that fully complies with the criteria for a uniform site as described in
AP1000 DCD Section 2.5.4.5. At locations where the bedrock is below the foundation grade,
the applicant will use concrete fill. The maximum thickness of concrete fill is about 6.1 m (20 ft)
beneath the east portion of the nuclear island. Figure 2.5.4-11 of this report shows the dynamic
Profile C established under the centerline of Unit 2. The applicant compared the dynamic
analyses using Profile C (Unit 2 centerline) to the dynamic response obtained using Profile A
(Unit 1 centerline) to evaluate ground motion variability between Units 1 and 2. Figure 2.5.4-12
of this report shows the dynamic profile Base Case A5 and C4 that consider site variability
within the foundation rock, the existing CNS concrete materials and WLS concrete fill, assuming
a Vs of 2,286 m/s (7,500 fps) in the concrete materials. The WLS Unit 2 FIRS C4 analyses are
described in Sections 2.5.2 and 3.7.1 of this report.

2.5.4.2.7.3

Laboratory Dynamic Testing

Although the final selection of the borrow area has not been made, the applicant stated that the
laboratory dynamic testing program will consist of resonant column torsional shear (RCTS)
testing of the selected borrow materials. The applicant estimated soil dynamic properties of the
proposed granular fill types: well-graded gravel (GW), poorly-graded gravel (GP), or well-graded
sand (SW) based on the relationships of Menq (2003) and developed generic fill dynamic
profiles for the range of potential backfill types that may be used to support the Seismic
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Category II and non-safety-related structures adjacent to the nuclear island. As an example,
Figure 2.5.4-13 of this report presents the estimated Vs profile and the shear modulus
degradation ratio and damping ratio as function of shear strain for the well-graded sand granular
fill (SW). The applicant used the generic fill dynamic profiles and estimated dynamic soil
properties in the soil structure interaction analyses and liquefaction potential evaluations.

2.5.4.2.8

Liquefaction Potential

WLS COL FSAR Section 2.5.4.8 states that all Seismic Category I safety-related plant
foundations for WLS will bear on rock, or fill concrete over rock, neither of which are susceptible
to liquefaction. The applicant further stated that it will place engineered fill under structures
adjacent to Seismic Category I structures to 96 percent of maximum density in accordance with
modified Proctor compaction specifications, and that these materials will have a very low
potential for liquefaction. The applicant made this conclusion based on an evaluation of the
liquefaction potential of granular soils (SW) placed in a very dense condition, where 96 percent
modified Proctor density is equivalent to 80 percent relative density, according to Lee and Singh
(1971). The estimated normalized SPT blow count number (N1)60 for densely compacted
engineered fill is approximately 30 (Idriss and Boulanger, 2008), while gravel soils would have a
(N1)60 of 45 (Rollins et al., 1998. The applicant conducted similar liquefaction analyses for the
saprolite that underlies the engineered fill supporting non-safety-related structures and
concluded that no liquefaction hazards exist for Seismic Category I safety-related structures, or
the adjacent Seismic Category II and non-safety-related structures.

2.5.4.2.9

Earthquake Site Characteristics

WLS COL FSAR Section 2.5.4.9 summarizes the procedures used to determine the
performance-based site-specific GMRS and FIRS developed for the WLS site. The applicant
determined the methodology and the development of the Unit 2 location-specific GMRS and
Unit 1 location-specific FIRS in accordance with RG 1.208. Site response analysis results are
described in WLS COL FSAR Section 2.5.2.

2.5.4.2.10

Static Stability

WLS COL FSAR Section 2.5.4.10 evaluates the stability of the WLS for foundation bearing
capacity, foundation settlement, and lateral pressures against below-grade walls. The applicant
compared the bearing capacity and settlement estimates obtained for WLS with the design
criteria in the AP1000 DCD. Additionally, the applicant estimated the bearing capacity and
settlement of the non-safety-related structures surrounding the nuclear island to ensure that
differential settlements between the nuclear island and the non-safety-related structures did not
exceed the limit of 7.6 cm (3 in.) given in the AP1000 DCD. The applicant concluded that
bearing capacity factors of safety and settlement of the Seismic Category I, Seismic Category II,
and non-safety-related structures were within AP1000 DCD requirements.

2.5.4.2.10.1 Bearing Capacity
WLS COL FSAR Section 2.5.4.10.1 evaluates the bearing capacity of the WLS Units 1 and 2
nuclear island foundations separately. The applicant used the method of Peck, Hanson and
Thornburn (1974) for allowable bearing pressure based on rock RQD, and determined the
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ultimate bearing capacity based on the Terzaghi (1943) bearing capacity equation and the
strength of the rock mass from the Hoek-Brown (2002) criteria.
The applicant stated that the Peck, Hanson, and Thornburn (1974) method estimated a
minimum allowable bearing pressure of 9,097 kPa (190,000 psf) at Unit 1 and 11,587 kPa
(242,000 psf) at Unit 2. The Terzaghi method (1943) determined ultimate bearing capacities by
utilizing Hoek-Brown parameters of the rock mass to establish the Mohr-Coulomb (1900)
parameters of friction angle and cohesion for the rock, and the bearing capacity factors as
developed in EM 1110-1-2908 (USACE, 1994) and by Sowers (1979), of at least 121,000 kPa
(2,539,000 psf) under static conditions and 117,000 kPa (2,444,000 psf) under combined (static
plus seismic) loading conditions. The applicant concluded that the ultimate static bearing
capacity of the foundation materials at the WLS site exceeds the AP1000 DCD average static
bearing capacity requirement of 425 kPa (8,900 psf) and the combined static and seismic
bearing demand of 1,675 kPa (35,000 psf) by factors of safety of at least 3.0 for the static case
and 1.5 for the dynamic case.

2.5.4.2.10.2 Settlement
WLS COL FSAR Section 2.5.4.10.2 estimates the post-construction settlement calculated
separately for Unit 1 and Unit 2, and the surrounding Seismic Category II and non-safety-related
structures. The applicant used three methods based on the theory of elasticity to calculate
settlement: (1) the Steinbrenner equation (Bowles, 1988), (2) the United States Army Corps of
Engineers equation (USACE, 1990), and (3) the Boussinesq equation (Li, 1995). The applicant
also estimated settlement using an empirical approach described by Peck, Hanson, and
Thornburn (1974), which is based on the RQD of the rock. The applicant assumed the nuclear
island foundation bears directly on rock or on a depth of fill concrete resting on rock and, using
the elastic methods, determined that the settlement is less than 0.25 cm (1/10 of an inch). The
maximum estimated settlements beneath Units 1 and 2 are 0.119 and 0.121 cm (0.047 and
0.048 in.), respectively. Using the empirical RQD method, the applicant estimated a maximum
settlement of 0.180 cm (0.071 in.) beneath Unit 1 and 0.140 cm (0.055 in.) beneath Unit 2. The
applicant concluded that the calculated tilt settlements were within the limits allowed by the
AP1000 DCD design parameter of 1.27 cm in 15.2 m (0.5 inches in 50 ft).
Additionally, the applicant computed the settlement of the adjacent Seismic Category II and
non-safety-related structures to ensure that the differential settlement, settlement of the Seismic
Category II and non-safety-related structures as compared to the settlement of the nuclear
island, was within the AP1000 DCD criteria. The applicant calculated a total settlement of less
than 5.1 cm (2 in.) for each of the Seismic Category II and non-safety-related structures; which,
when compared to the nil settlement of the nuclear island, results in differential settlement of
less than the allowable 7.6 cm (3 in.) between the adjacent Seismic Category II and
non-safety-related structures and the nuclear island.

2.5.4.2.10.3 Lateral Pressures
WLS COL FSAR Section 2.5.4.10.3 addresses the lateral pressures that develop against the
below grade nuclear island walls resulting from backfill placement. The applicant used the
Rankine earth pressure theory to calculate earth pressure envelopes for the cases of active, atrest and passive pressure conditions at both minimum and maximum groundwater elevations.
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The applicant stated that because the walls are unyielding, the at-rest pressure case governs
the design. The applicant also computed the additional lateral load induced by the compaction
effort of the hand-operated equipment and heavy rollers operating within 1.5 m (5 ft) of the
below ground walls. Finally, the applicant computed the dynamic lateral stresses on the walls
using the method in American Society of Civil Engineers (ASCE) 4-98, “Seismic Analysis of
Safety-Related Nuclear Structures and Commentary,” assuming a peak ground acceleration of
0.3 g applied uniformly to the wall. Figure 2.5.4-14 of this report depicts the static at-rest lateral
earth pressures, combined with the excess earth pressures created by compaction equipment
operating within 1.5 m (5 ft) of the below ground nuclear island walls.

2.5.4.2.11

Design Criteria

WLS COL FSAR Section 2.5.4.11 summarizes the AP1000 DCD site parameter criteria and
compares them to the site-specific parameters presented in the WLS COL FSAR. Table 2.5.4-2
of this report summarizes the critical parameters.

2-332

William States Lee III Nuclear Station
Units 1 and 2
Table 2.5.4-2. Comparison of AP1000 Design Criteria to WLS Site Characteristics
(Based on WLS COL FSAR Table 2.0-201)
AP1000 DCD

WLS Site

WLS
FSAR

WLS within
Site
Parameter

Static
Bearing
Capacity

425 kPa
(8,900 psf)

9,097 to 11,587 kPa
190 to 242 ksf

2.5.4.10.1

Yes

Dynamic
Bearing
Capacity

1,675 kPa
35,000 psf

9,097 to 11,587 kPa
190 to 242 ksf

2.5.4.10.1

Yes

Shear
Wave
Velocity

305 m/s
(1,000 fps)

2,743 to 3,048 m/s
9,000 to 10,000 fps

2.5.4.7

Yes

Lateral
Variability

CASE 1, uniform
layer thickness
dips no more than
20 degrees, and
less than 20%
shear wave
velocity variation
in any layer.

CASE 1, non-dipping
massive plutonic rock with
less than 20% shear wave
velocity variation.

2.5.4.7.4

Yes

None: nuclear Island
founded on rock or
concrete over rock;
adjacent structures have
negligible liquefaction
potential.

2.5.4.8

Yes

Founded on rock meeting
the criteria

Not
applicable

Yes

Liquefaction No liquefaction
Potential
considered
beneath the SC I
and SC II
structures and
immediate
surrounding area.
Minimum
Angle of
Internal
Friction of
Foundation
Soils

Greater than 35
degrees.

WLS COL FSAR Section 2.5.4.11 does not specify any departures from or supplements to the
AP1000 DCD. However, because of the reevaluation of the site-specific seismic loading, the
applicant addressed a departure of lateral earth pressure under one load combination in WLS
COL FSAR Sections 2.5.4.10 and 3.8.4.4.4.
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2.5.4.2.12

Techniques to Improve Subsurface Conditions

WLS COL FSAR Section 2.5.4.12 addresses the methods and means for preparing the rock
surface to ensure that the WLS Units 1 and 2 nuclear island foundation mat is supported by
continuous rock, or by fill concrete that is supported on continuous rock.
The applicant stated that it will remove the soil, weathered rock, and concrete within the nuclear
island area and above the design foundation subgrade, down to continuous rock, described as
rock having a RQD equal to or greater than 65 percent. The applicant noted that it will not
remove some relatively minor zones of lower quality rock (RQD < 65 percent). Figure 2.5.4-3 of
this report shows the contours of the continuous rock surface. The applicant planned to verify
the foundation improvement by geologic mapping of the final excavation surface prior to
foundation treatment or placement of any fill materials. The applicant also stated that the
foundation preparation in advance of concrete placement involves removing loose soil and rock,
or other materials from the foundation surface, removing protrusions and overhangs within the
rock or concrete, washing the exposed rock or concrete surface with air and/or water, treating
isolated depressions or cracks in the rock or concrete surface with fill concrete, and roughening
exposed concrete surfaces. The applicant also planned to seal the CNS Unit 1 under slab
drainage system with concrete to prevent the migration of fill materials.
Figure 2.5.4-15 of this report shows one example of how the applicant will backfill drainage
channels in the existing CNS foundation, while Figure 2.5.4-16 of this report shows how the
applicant will improve severely weathered localized zones of rock found in the continuous rock
subgrade.

2.5.4.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed in the FSER
related to the AP1000 DCD and its supplements and in NUREG-1923.
In addition, the acceptance criteria associated with the relevant requirements of NRC
regulations for stability of subsurface materials and foundations are given in NUREG-0800,
Section 2.5.4.
The applicable regulatory requirements for reviewing the applicant’s FSAR on the stability of
subsurface materials and foundations are as follows:
•

10 CFR Part 50, Appendix A, GDC 1, “Quality Standards and Records,” as it relates to
the requirement that SSCs important to safety be designed, fabricated, erected, and
tested to quality standards commensurate with the importance of the safety functions to
be performed. It also requires that appropriate records of the design, fabrication,
erection, and testing of SSCs important to safety be maintained by or under the control
of the nuclear power unit licensee throughout the life of the unit.

•

10 CFR Part 50, Appendix A, GDC 2, "Design Bases for Protection Against Natural
Phenomena,” as it relates to consideration of the most severe of the natural phenomena
that have been historically reported for the site and surrounding area, with sufficient
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margin for the limited accuracy, quantity, and period of time in which the historical data
have been accumulated.
•

10 CFR Part 50, Appendix B, “Quality Assurance Criteria for Nuclear Power Plants and
Fuel Processing Plants,” establishes quality assurance requirements for the design,
construction, and operation of those SSCs of nuclear power plants that prevent or
mitigate the consequences of postulated accidents that could cause undue risk to the
health and safety of the public.

•

10 CFR Part 50, Appendix S, “Earthquake Engineering Criteria for Nuclear Power
Plants,” as it applies to the design of nuclear power plant structures, systems, and
components important to safety to withstand the effects of earthquakes.

•

10 CFR 100 provides the criteria that guide the evaluation of the suitability of proposed
sites for nuclear power and testing reactors.

•

10 CFR 100.23 provides the nature of the investigations required to obtain the geologic
and seismic data necessary to determine site suitability and identify geologic and
seismic factors required to be taken into account in the siting and design of nuclear
power plants.

The related review acceptance criteria from NUREG-0800, Section 2.5.4 are as follows:
•

Geologic Features: To meet the requirements of 10 CFR Part 50 and 10 CFR Part 100,
the section defining geologic features is acceptable if the discussions, maps, and profiles
of the site stratigraphy, lithology, structural geology, geologic history, and engineering
geology are complete and are supported by site investigations sufficiently detailed to
obtain an unambiguous representation of the geology.

•

Properties of Subsurface Materials: To meet the requirements of 10 CFR Part 50 and
10 CFR Part 100, the description of properties of underlying materials is considered
acceptable if state-of-the-art methods are used to determine the static and dynamic
engineering properties of all foundation soils and rocks in the site area to sufficient depth
that impact behavior during construction and over the life of the facility, including during
postulated seismic events.

•

Foundation Interfaces: To meet the requirements of 10 CFR Part 50 and
10 CFR Part 100, the discussion of the relationship of foundations and underlying
materials is acceptable if it includes (1) a plot plan or plans showing the locations of all
site explorations, such as borings, trenches, seismic lines, piezometers, geo logic
profiles, and excavations with the locations of the safety-related facilities superimposed
thereon; (2) profiles illustrating the detailed relationship of the foundations of all Seismic
Category I and other safety-related facilities to the subsurface materials; (3) logs of core
borings and test pits; and (4) logs and maps of exploratory trenches in the application for
an early site permit or COL.

•

Geophysical Surveys: To meet the requirements of 10 CFR 100.23, the presentation of
the dynamic characteristics of soil or rock is acceptable if geophysical investigations
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have been performed at the site and the results obtained there from are presented in
detail.
•

Excavation and Backfill: To meet the requirements of 10 CFR Part 50, the presentation
of the data concerning excavation, backfill, and earthwork analyses is acceptable if:
(1) the sources and quantities of backfill and borrow are identified and are shown to
have been adequately investigated by borings, pits, and laboratory property and strength
testing (dynamic and static); long term solubility properties and dissolution behavior
during the life of the facility have been determined; and these data are included,
interpreted, and summarized; (2) the extent (horizontally and vertically) of all Seismic
Category I excavations, fills, and slopes are clearly shown on plot plans and profiles;
(3) compaction specifications and embankment and foundation designs are justified by
field and laboratory tests and analyses to ensure stability and reliable performance over
the life of the plant; (4) the impact of compaction methods are incorporated into the
structural design of the plant facilities; (5) quality control methods are discussed and the
quality assurance program described and referenced. If backfill is to be placed under
safety-related structures, proper inspections, tests, analyses and acceptance criteria
(ITAAC) should be specified in the applicant’s technical submittal to ensure that the
static and dynamic properties of in-place backfill material will be the same as, or better
than the design parameters. In case cementitious construction material is to be placed
under safety -related structures, proper ITAAC should be specified in the applicant
technical submittal to ensure that the cementitious backfill placed underneath any
Seismic Category I structures to a thickness greater than five feet, meets the design,
construction and testing of applicable ACI standards; (6) control of groundwater during
excavation to preclude degradation of foundation materials and properties is described
and referenced. In addition, the long-term behavior of the backfill subjected to any
aggressive groundwater characteristics is evaluated; and (7) for sites where deeply
embedded structures are involved, deep excavation techniques will likely utilize wall
retaining systems rather than a sloped excavation of the soil. A description of the
planned excavation technique(s) and design of the wall retention system with sufficient
details is provided and it should be able to demonstrate that the excavation technique
used will not significantly affect the surrounding soil properties that are relied upon in the
analysis and design of the foundation and plant structures.

•

Ground Water Conditions: To meet the requirements of 10 CFR Part 50 and
10 CFR Part 100, the analysis of groundwater conditions is acceptable if the following
are included in this subsection or cross-referenced to the appropriate subsections in
Section 2.4 of the applicant’s technical submittal: (1) discussion of critical cases of
groundwater conditions relative to the foundation settlement and stability of the
safety-related facilities of the nuclear power plant; (2) plans for dewatering during
construction and the impact of the dewatering on temporary and permanent structures.
This includes consideration of the potential for substantial head and volume of water due
to the deep excavation for the plant structures; (3) analysis and interpretation of seepage
and potential piping conditions during construction; (4) records of field and laboratory
permeability tests as well as dewatering induced settlements; (5) history of groundwater
fluctuations as determined by periodic monitoring of an adequate number of local wells
and piezometers. Flood conditions should also be considered; and (6) evaluation of
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chemical properties of the groundwater that may impact long-term behavior of the
rock/soil/fill materials as well as structural elements (concrete and steel materials).
•

Response of Soil and Rock to Dynamic Loading: To meet the requirements of
10 CFR Part 50 and 10 CFR Part 100, descriptions of the response of soil and rock to
dynamic loading are acceptable if: (1) an investigation has been conducted and
discussed to determine the effects of prior earthquakes on the soils and rocks at the site.
Evidence of liquefaction and sand cone formation should be include; (2) field seismic
surveys (surface refraction and reflection and in-hole and cross-hole seismic
explorations) have been accomplished and the data presented and interpreted to
develop bounding P and S wave velocity profiles; and (3) dynamic tests have been
performed in the laboratory on undisturbed samples of the foundation soil and rock
sufficient to develop strain-dependent modulus-reduction and hysteretic damping
properties of the soils and the results included. If generic soil degradation properties are
used in the related preliminary analyses (e.g., site seismic response and soil structure
interaction analyses), then reconciliation of the generic properties and laboratory testing
results should be performed. The section should be cross-referenced with WLS COL
FSAR Section 2.5.2.5.

•

Liquefaction Potential: To meet the requirements of 10 CFR Part 50 and
10 CFR Part 100, if the foundation materials at the site adjacent to and under Seismic
Category I structures and facilities are saturated soils and the water table is above
bedrock, then an analysis of the liquefaction potential at the site is required.

•

Static and Dynamic Stability: To meet the requirements of 10 CFR Part 50 and
10 CFR Part 100, the discussions of static and dynamic analyses are acceptable if the
stability of all safety-related facilities has been analyzed from a static and dynamic
stability standpoint including bearing capacity, rebound, settlement, and differential
settlements under dead loads of fills and plant facilities, dynamic loads including “live”
and seismic loads with consideration of loading sequences and combinations.

•

Design Criteria: To meet the requirements of 10 CFR Part 50, the discussion of criteria
and design methods is acceptable if the criteria used for the design, the design methods
employed, and the factors of safety obtained in the design analyses are described and a
list of references presented.

•

Techniques to Improve Subsurface Conditions: To meet the requirements of
10 CFR Part 50, the discussion of techniques to improve subsurface conditions is
acceptable if plans, summaries of specifications, and methods of quality control are
described for all techniques to be used to improve foundation conditions (such as
grouting, vibroflotation, bridging mats, dental work, rock bolting, or anchors).

In addition, the geotechnical engineering characteristics should be consistent with appropriate
sections from: RG 1.27, “Ultimate Heat Sink for Nuclear Power Plants”; RG 1.28, “Quality
Assurance Program Requirements (Design and Construction)”; RG1.132, “Site Investigations
for Foundations of Nuclear Power Plants”; RG 1.138, “Laboratory Investigations of Soils And
Rocks for Engineering Analysis and Design of Nuclear Power Plants”; RG 1.198, “Procedures
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and Criteria for Assessing Seismic Soil Liquefaction at Nuclear Power Plant Sites”; and
RG 1.206, “Combined License Applications for Nuclear Power Plants.”

2.5.4.4

Technical Evaluation

2.5.4.4.1

Description of Site Geologic Features

WLS COL FSAR Section 2.5.4.1 presents an overview of the site geologic features and refers to
WLS COL FSAR Sections 2.5.1.1 and 2.5.1.2 for a more detailed description of the regional and
site geology, respectively. The technical evaluation of site geologic features is presented in
Section 2.5.1.4 of this report. The technical evaluation for vibratory ground motion is presented
in Section 2.5.2.4 of this report, and the technical evaluation of the potential for surface faulting
at the WLS site is located in Section 2.5.3.4 of this report. These sections of this report,
respectively, present the WLS COL FSAR summaries and conclusions regarding the site
geologic features. The applicant provided geotechnical and geological data in the form of
boring logs from the WLS site investigation and the CNS site investigation in Appendices 2AA
and 2BB to resolve WLS COL 2.5-1.

2.5.4.4.2

Properties of Subsurface Materials

WLS COL FSAR Section 2.5.4.2 describes the field investigation and subsurface material
properties at the WLS site. Section 2.5.4.2.2 of this report provides a summary of the
information presented in the WLS COL FSAR. The staff reviewed the geotechnical data
presented and evaluated the WLS exploration and laboratory testing programs in accordance
with the guidelines presented in RG 1.132 and RG 1.138. The main focus of the review was to
ensure that the soil and rock profile was adequately characterized in order to evaluate the ability
of the subsurface to support the nuclear island statically and dynamically.

2.5.4.4.2.1

Site Explorations

The applicant relied on 189 borings completed in support of the CNS exploration program to
locate and drill a total of 131 geotechnical borings for the WLS site exploration. Figure 2.5.4-1
of this report shows the locations of the borings in the power block and adjacent areas.
Additionally, the applicant made test pits and seismic CPT soundings in the soil profile at many
locations, cored the existing CNS concrete and supporting rock, and provided the results of insitu and laboratory engineering tests in pre- and post- demolition reports. In several boreholes
and at various depths, the applicant performed downhole deformation testing with two testing
devices in order to evaluate the engineering properties of the rock mass. The applicant
continuously sampled additional holes for dynamic rock mass properties using P-S suspension
logging and downhole seismic velocity logging methods. The applicant obtained acoustic and
televiewer data to study the lithology and stratification of the rock. Samples collected for
strength testing and petrographic analysis were handled in accordance with ASTM D4220-95,
“Standard Practices for Preserving and Transporting Soil Samples.”
In general and prior to the construction activities associated with the CNS, the site consists of
residual soils overlying saprolite, overlying partially weathered rock, overlying bedrock. The
staff noted that the depth of the overburden is variable due to differential weathering across the
site and, particularly where the WLS will be located, the overburden has been partially or
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completely removed to expose the bedrock. The staff notes that the applicant estimated soil
properties for the support of the non-safety-related structures. Since the estimated soil
properties are not used in the design of safety-related structures, the staff concludes that the
estimated soil data is adequate for the design of non-safety-related structure foundations and
lateral stresses against the nuclear island below ground walls.
The staff noted that the WLS will be founded on continuous rock having a RQD of 65 percent or
greater. The applicant cored the rock continuously to depths of up to approximately 77.7 m
(255 ft) within the nuclear island footprints and between the WLS nuclear island locations.
Selected core samples were tested in the laboratory for strength and deformation characteristics
in unconfined compression and unconfined compression with stress-strain measurements. The
applicant concluded that the materials were consistently high strength with high elastic modulus.
The staff also observed that the applicant performed in-situ deformation tests in selected
boreholes using the Goodman Jack test and pressuremeter. The results of those tests were
lower than the results of tests on intact samples due to the discontinuities in the rock mass, but
still indicated high strength and low deformation. The staff notes that with the exception of
some local pockets of rock with lower strength and stiffness, this site is characterized by a rock
mass having a high UCS and high elastic modulus, and consequently high bearing capacity and
negligible deformation. Since the number of tests indicating lower strength was small and from
few locations in a limited number of borings, the staff concludes that those areas with lower
strength are not representative of the rock mass on the whole, and therefore it should not affect
the static stability of the nuclear units. The staff further concludes that the exploratory program
is sufficient to adequately characterize the subsurface profile and assign material properties to
the geotechnical model.

2.5.4.4.2.2

Existing Concrete at WLS Unit 1

The applicant performed a pre-demolition exploration of the existing concrete to investigate the
quality of the concrete and concrete/rock interface for concrete strength, Vs and adherence
between the concrete and underlying bedrock. Documentation for the exploration was
submitted as a supplement to the WLS COL FSAR.
The staff compared the results of the pre-demolition report to the concrete material property
assumptions made in the WLS COL FSAR and concludes that the measured values of the
pre-demolition exploration envelop the assumed UCS and Vs values of the concrete used in the
design.

2.5.4.4.2.3

Staff Conclusions Regarding the Properties of Subsurface Materials

Based on the types of tests performed, the numbers and locations of tests, the redundancy of
data collected by various methods, the consistency in strength and stiffness data, and the
replication of data from previous exploration programs, the staff concludes that the exploratory
program for the WLS site followed the guidance of RG 1.132 and RG 1.138, and collected
sufficient information to provide the key geotechnical parameters required to perform the
necessary engineering analyses. The staff also concludes that the applicant provided adequate
geological, geotechnical and geophysical field and laboratory test results and engineering
analyses to close COL Information Item 2.5-6. Furthermore, the staff concludes that the data
from the geotechnical site investigation addressed the provision that the properties of the
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foundation materials are within the range of the properties considered for the certified design of
the structures and foundations. The staff further concludes that the material properties are
reasonable representatives of in-situ conditions at the WLS site. Accordingly, the staff
concludes that the exploration program meets the requirements of 10 CFR Part 50 and
10 CFR Part 100.

2.5.4.4.3

Foundation Interfaces

WLS COL FSAR Section 2.5.4.3 describes the foundation conditions existing under the WLS
nuclear islands and non-safety-related structures surrounding the nuclear islands.
The staff focused its review on the geologic interpretations made by the applicant by reviewing
the individual boring logs, boring summary sheets, and geologic profiles relative to the
foundation embedment depths of the nuclear island and the uniformity requirements of the
AP1000 DCD.
The applicant stated that it will found the safety-related structures on continuous rock having an
RQD of at least 65 percent representing a fair rock mass quality index. The staff reviewed the
RQD values recorded on the CNS and WLS site borings, and concludes that the RQD values
are consistently greater that 65 percent over most of the site area.
All or portions of the annex building, turbine building and radwaste building will be founded on
engineered backfill resting on competent, non-liquefiable residual soils, saprolite, partially
weathered rock, concrete or continuous rock depending on the category of the structure and its
location. The staff reviewed the SPT borings penetrating the residual soil, saprolite and into the
partially weathered rock and concludes the borings are adequate to determine the limits to
which the excavation must be carried to ensure removal of all unstable soil and soil-like
material. Figures 2.5.4-04 and 2.5.4-09 of this report illustrate the rock and soil boring
information used to evaluate foundation conditions and excavation requirements under the
footprints of the nuclear island and non-safety-related structures and also present SPT data for
the residual soils and saprolite used in assessing the stability of the natural soils and the
required depth of excavation.
Based on the review of WLS COL FSAR Section 2.5.4.3, the staff concludes that the applicant
provided adequate information to illustrate the interface of foundation and subsurface materials.
The cross-sections of the site in the power block and adjacent areas show the geological
condition and excavation and backfill plan, and the soil profiles and boring summary sheets
present geotechnical and site uniformity data. As the applicant also presented the detailed
results of geotechnical, geological and geophysical field testing obtained during the WLS site
investigation in Appendix 2AA, the staff further concludes that this information closes COL
Information Items 2.5-2 and COL Information Item 2.5-3. The applicant provided cross-sections
showing geologic profiles of WLS borings with structures superimposed at their locations and
embedment depths. The staff concludes that the applicant provided sufficient information on
the underlying site conditions, topographic features, and locations of Seismic Category I
structures in WLS COL FSAR Section 2.5.4.3 to close COL Information item 2.5-5. Finally, the
staff concludes that the applicant provided sufficient foundation interface data to satisfy the
requirements of 10 CFR Part 50 and 10 CFR Part 100.
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2.5.4.4.4

Geophysical Surveys

The applicant described surface and borehole geophysical surveys conducted on the WLS site
in WLS COL FSAR Section 2.5.4.4. The staff focused its review on the methods used to
determine the Vs, the level of agreement between the various surface and downhole testing
methods used, and the site conformity with respect to the minimum acceptable Vs and
uniformity requirements described in the AP1000 DCD.
The AP1000 DCD requires a minimum small strain Vs of 305 m/s (1,000 fps) within the footprint
of the nuclear island at its excavation depth, and the Vs measured in any given layer must be
within 20 percent of the average Vs of that layer, or a site-specific soil-structure interaction (SSI)
analysis must be performed. The staff noted that of the three geophysical survey methods
performed to measure the Vs, P-S suspension logging is the most accurate due to its near
continuous record of discreet measurements made throughout the depth of the borehole.
The staff reviewed the Vs profiles and observed that the basemat bottom elevation of the
nuclear island at both WLS will be at an elevation (El.) of 168.7 m (553.5 ft). The staff also
observed that the borings typically originated below the basemat bottom elevation in the WLS
Unit 1 powerblock area, and above the basemat bottom elevation at WLS Unit 2. Since the
existing WLS Unit 1 subgrade is already below an El. of 168.7 m (553.5 ft), the applicant
planned to add concrete fill with an assumed Vs of 2,286 m/s (7,500 fps) at WLS Unit 1 to raise
the existing grade to the bottom of the basemat.

2.5.4.4.4.1

WLS Unit 1 Vs Profiles

At WLS Unit 1, Vs profiles taken at B-1002 and B-1004 indicate that the average Vs typically
exceed 2,286 m/s (7,500 fps) below the existing ground surface, with the exception of the
originally planned location for the northwest corner. At the original northwest corner location, Vs
profiles shown in B-1074A and 1075A had an average Vs in the range of 1,219 to 1,828 m/s
(4,000 to 6,000 fps) down to an El. of 155 m (509 ft), below which the Vs increased to 2,286 to
2,743 m/s (7,500 to 9,000 fps). However, the staff noted that the original northwest corner
location for WLS Unit 1 represents a softer rock condition than the remainder of the site.
Therefore, in RAI 44, Question 02.05.04-9, the staff requested that the applicant justify site
uniformity given the much lower Vs in this area.
However, in Revision 7 of the application, dated May 9, 2013, as reflected in Revision 9, the
applicant moved the footprint 15 m (50 ft) to the east for WLS Unit 1 and 20 m (66 ft) to the
south for both units. Due to the relocation of the footprints, the planned location of WLS Unit 1
avoids the originally planned “northwest corner” where the uniformity of the subsurface material
is less desirable than other areas within the footprint and, therefore, the concern of the
subsurface material uniformity underneath the Seismic Category I structure no longer exists.
Accordingly, the staff considers RAI 44, Question 02.05.04-9 resolved.

2.5.4.4.4.2

Existing CNS Concrete

The staff reviewed the supplemental pre-demolition CNS concrete report prepared and
submitted by the applicant. The applicant investigated the existing CNS concrete that overlies
the WLS Unit 1 footprint using SASW surveys and cross-hole seismic surveys performed in
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boreholes drilled in the existing concrete into the underlying bedrock. From the pre-demolition
report results, the staff notes that Vs values from cross hole surveys and SASW testing
indicated good agreement in the range of 2,286 m/s (7,500 fps) or greater. The staff concludes
that the Vs of the existing CNS concrete are consistent with values assumed in the geotechnical
model for the Unit 1 FIRS.

2.5.4.4.4.3

WLS Unit 2 Vs Profiles

At WLS Unit 2, the staff noted that the Vs profiles typically started above an El. of 168.7 m
(553.5 ft), except for boring B-1014, where more extensive weathering created a depression
under the East side of the Reactor building and no Vs profile was available. At this location, the
continuous rock surface begins below about El. 165.6 m (543.5 ft). The staff noted that the Vs
results in borings B-1012, B-1015 and B-1017 show Vs on the order of 2,438 to 3,048 m/s
(8,000 to 10,000 fps). The depression underlying the Unit 2 Reactor, location of B-1014, will
require placement of concrete fill to bring the subgrade to an El. of 168.7 m (553.5 ft). The staff
concludes that the concrete fill will require at least Vs of 2,286 m/s (7,500 fps) to match the
properties assumed in the applicant’s dynamic analysis. In WLS COL FSAR Table 2.5.4-220,
“Quality Control Recommendations for Nuclear Island Fill Concrete,” the applicant stated that
the compressive strength as determined from the preconstruction mix design and testing
program will ensure that the fill concrete will exhibit an average shear wave velocity greater than
or equal to 2,286 m/s (7,500 fps), which will meet design requirements.

2.5.4.4.4.4

Conclusions Regarding Geophysical Surveys

The staff concludes that WLS COL FSAR Section 2.5.4.4 was thorough and that the results
obtained by various state-of-the-art methods were complementary and consistent. The staff
further concludes that the geophysical surveys used to reliably determine dynamic properties of
soil and rock were appropriate and the resulting data is sufficient for use in the determination of
the GMRS and FIRS for structures, performance of SSI analyses, and determination of the
liquefaction potential in the soil profiles at the site. Accordingly, the staff considers the
information provided in WLS COL FSAR Section 2.5.4.4 acceptable to satisfy the criteria of
10 CFR Part 100.

2.5.4.4.5

Excavation and Backfill

The applicant presented information regarding excavations and backfill for the WLS site.
Section 2.5.4.2.5 of this report summarizes this information. The staff focused its review in the
applicant’s description of excavations for safety-related structures, sources for backfill materials,
properties of materials, temporary slopes, and quality control for backfill and excavations.

2.5.4.4.5.1

Sources and Quantities

Although the applicant has yet to select the offsite borrow source it will use to backfill the
excavation, in WLS COL FSAR Section 2.5.4.5.3.5, committed to using a qualified quarry to
obtain granular fill that meet the SCDOT gradation limits to support Seismic Category II and
non-safety-related structures. Support of the nuclear island foundations will be on rock or
concrete fill where rock elevations are below the basemat founding level.
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2.5.4.4.5.1.1 Granular Backfill
Initially, the applicant planned to use on-site materials to backfill against the below ground
nuclear island walls and as support for surrounding non-safety-related structures. However, the
staff reviewed the engineering data presented for the on-site backfill and, in RAI 60,
Question 02.05.04-10, requested that the applicant clarify how to ensure the static and dynamic
properties of backfill materials are equal or exceed that used in design and analyses. In
May 15, 2009, and October 30, 2009, responses to RAI 60, Question 02.05.04-10, the applicant
stated that the original data from construction of the CNS plant backfill was no longer available,
but that the backfill was not required for sliding stability of the nuclear island, and therefore is
non-safety-related. However, to add defense in depth, the applicant decided to use an offsite
backfill source for the support of the non-safety-related structures. The applicant also planned
to use the on-site backfill, but only in areas where structural support is not required.
The gradations of the off-site borrow materials are approved by SCDOT and produced at South
Carolina-approved borrow pits. The potential gradations of granular backfill proposed by the
applicant consist of a well-graded gravel, poorly-graded gravel, or well-graded sand. The
off-site granular backfill is planned to be placed and compacted to reach 96 percent modified
Proctor density. The applicant estimated the static and dynamic properties of the
three gradations from correlations, but planned to perform laboratory tests to confirm the
estimated properties. The applicant also determined a “best estimate” seismic velocity profile
for each of the proposed gradations for use in dynamic analyses. Shear modulus and damping
ratio versus strain relationships estimated based on research by Menq on granular materials will
be verified by the applicant using RCTS tests on the selected borrow materials.
The staff reviewed the proposed offsite backfill materials, the testing plans, placement
requirements and quality control plans and concludes that the use of the uniform materials
available from SCDOT-approved borrow sources placed to 96 percent modified Proctor density
meets the stability requirements for support of the non-safety-related structures surrounding the
nuclear island. The staff further concludes that the use of on-site borrow materials at noncritical locations placed to 95 percent standard Proctor density is also acceptable because there
is no backfill requirement for sliding stability or overturning for nuclear islands founded on hard
rock. Accordingly, the staff considers RAI 60, Question 02.05.04-10 resolved.
On April 9-11, 2012, the staff audited the site response and SSI calculations performed by
Westinghouse Electric Corporation in support of the design of WLS. During the audit, the
applicant indicated that the GW, GP, and SW type of soils, as defined by Unified Soil
Classification system, were considered as backfill in its site response and SSI analyses. The
applicant also planned to utilize a gabion/Mechanically Stabilized Earth (MSE) wall to support fill
adjacent to the nuclear island. However, the staff noted that the applicant did not specify the
soil classification of the backfill soil to be placed around Seismic Category I and adjacent
Seismic Category II structures, and there is no mention of the MSE wall in WLS COL FSAR
Section 2.5.4. Therefore, in RAI 106, Question 02.05.04-17, the staff requested that the
applicant specify the type of material to be used as backfill with its classification and static and
dynamic properties; discuss how to ensure that the as-placed backfill properties are comparable
to those assumed in all related site-specific analyses; and provide details of MSE wall design
and discuss its impact on side fill compaction and structural stability analyses.
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In a June 18, 2012, response to RAI 106, Question 02.05.04-17, the applicant stated that two
SCDOT granular products, namely Macadam Base Course (MBC) and Washed Screenings are
candidates for backfill material. Two specific gradations within the range for MBC and a third
specific gradation within the range for Washed Screenings are to be used to predict static and
dynamic properties that are considered to be typical for these materials. Both of these materials
will be considered for construction use pending selection of the quarry source and performance
of a test program to confirm compatibility with the estimated properties. The selection criterion
is that a particular granular quarry aggregate must have static and dynamic properties
comparable to those used in design and analyses. The applicant also states that the
classification symbol for a given specimen of Washed Screenings could be SW or GP.
The applicant revised WLS COL FSAR Table 2.5.4-222 to present a list of laboratory and field
tests that will be conducted to confirm the properties of the chosen backfill material. The
applicant also planned to construct a "test fill" pad on-site using the equipment and granular fill
materials to be used in construction, and then perform the listed tests on the test fill. The
applicant then specified that before the production backfill commences, an engineering report
will be provided to the NRC to demonstrate that the equipment and methods used to construct
the test fill are capable of producing acceptable and consistent results. A program of in-place
measurements of Vs in the granular backfill will be performed to confirm that shear wave
velocities of the as-placed granular backfill are comparable to those used in the site-specific
analyses.
The applicant stated that for construction convenience, a system of MSE walls will be
constructed to surround the nuclear islands. The applicant then described the MSE wall design,
including materials to be used, the facing of the wall and construction procedure. This
description emphasize that the presence of a MSE wall (with its facing of wire forms and
geogrids with geotextile fabric) will have no adverse effect on the structural stability, foundation
bearing capacity or settlement analyses of these structures. The applicant then proposed a
revision to WLS COL FSAR Section 2.5.4.5.3.5 and WLS COL FSAR Table 2.5.4-222 with a
statement of that the moisture content of the fill at the time of compaction should be within
approximately 3 percent of the optimum moisture content determined in accordance with
ASTM D1557, “Standard Test Methods for Laboratory Compaction Characteristics of Soil Using
Modified Effort (56,000 ft-lbf/ft3 (2,700 kN-m/m3)).”
Based on the review of responses to RAI 106, Question 02.05.04-17, the staff concludes that
the applicant provided sufficient information on the type of backfill materials to be used, the
sources where the backfill soil will be obtained, and a suite of tests that will be performed during
backfill construction, and details of the MSE wall design and construction. The staff further
concludes that the backfill materials identified by the applicant have properties that can meet the
design parameter requirements, and the planned field and laboratory tests are adequate to
ensure that the as-placed backfill will have properties as designed. Since the designed MSE
wall will have similar properties as the soil surrounding the wall, the staff concludes that the
existence of the MSE wall will have no adverse effect on the structural stability, foundation
bearing capacity or settlement analysis results of these structures. The staff concludes that the
applicant properly addressed the staff’s concerns regarding the compaction of the fills, and
confirmed that WLS COL FSAR Revision 11, incorporated proposed changes committed to in
the response. Accordingly, the staff considers RAI 106, Question 02.05.04-17 resolved.
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2.5.4.4.5.1.2 Concrete Fill
Concrete fill is required at both WLS. The applicant assumed for its dynamic analyses that the
WLS concrete fill will have a Vs of 2,286 m/s (7,500 fps) with a design compressive strength of
17.2 MPa (2,500 psi). In RAI 95, Question 02.05.04-16, the staff requested that the applicant
provide details on how it would ensure that the in-place concrete fill would have Vs of 2,286 m/s
(7,500 fps), while theoretically concrete with compressive strength of 17.2 MPa (2,500 psi) is not
normally capable of possessing such a high shear wave velocity.
In a March 17, 2011, response to RAI 95, Question 02.05.04-16, the applicant stated that the
concrete mix design would be in accordance with ACI 318-02 and testing of the mix design
would be performed to ensure that a Vs of 2,286 m/s (7,500 fps) is reached. The applicant
acknowledged that this may be at a higher compressive strength than 17.2 MPa (2,500 psi) and
proposed a revision to WLS COL FSAR Table 2.5.4-220 to indicate that an increase in
unconfined compressive strength may be required to meet the Vs requirement of 2,286 m/s
(7,500 fps).
The staff concludes that the required shear wave velocity for concrete backfill can be obtained
by increasing the UCS using the mix design in accordance with ACI 318-02. Therefore, the staff
finds the applicant’s response to RAI 95, Question 02.05.04-16 acceptable. The staff further
confirms that the proposed changes were incorporated in Revision 9 of the WLS COL FSAR.
Accordingly, the staff considers RAI 95, Question 02.05.04-16 resolved.

2.5.4.4.5.2

Extent of Excavations

WLS COL FSAR Section 2.5.4.5.2 states that the excavation for the CNS removed much of the
surface material above the bedrock within the footprints of the proposed WLS.
At WLS Unit 1, previous excavation for the CNS was completed down to continuous rock under
the WLS Unit 1 footprint. The applicant planned to conduct necessary excavation down to
continuous rock, and prepare the existing rock and concrete surfaces to receive new concrete
fill. Proposed temporary excavation slopes will vary from 1.5 horizontal to 1 vertical in the
residual soil to as steep as 0.25 horizontal to 1 vertical in the partially weathered rock.
Figure 2.5.4-8 of this report shows a typical excavation cross-section of WLS. The staff noted
that the excavation at WLS Unit 2 requires the removal of hard rock down to the basemat grade
at El. 168.7 m (553.5 ft) over most of the nuclear island footprint. However, an area underlying
the east side of the WLS Unit 2 nuclear reactor is already below grade and contains rock with
RQD values less than 65 percent as observed in boring B-1018. This will require removal of
unsatisfactory material to reach continuous rock, and then subgrade preparation, prior to placing
approximately 4.8 m (16 ft) of concrete fill to bring this area to grade. The concrete fill will have
properties that meet the strength and Vs requirements as previously discussed. Prior to the
nuclear island footprints being relocated, the staff issued RAI 44, Question 02.05.04-3,
requesting that the applicant clarify how it would determine the limits of excavation in the
northwest corner given the differences in RQD data between Borings B-1074 and B-1074A.
In a December 23, 2008, response to RAI 44, Question 02.05.04-3, the applicant stated that
boring B-1074 encountered difficult drilling conditions and the borehole was abandoned at
El. 152.8 m (501.5 ft) and replaced by boring B-1074A, drilled 1.8 m (6 ft) away. The applicant
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ascribed the differences in RQDs to poorer quality rock and/or mechanical breakage in boring
B-1074 due to drilling. The applicant indicated that continuous rock had not been reached until
El. 152.8 m (501.5 ft) in boring B-1074. The applicant concluded that this boring represents a
local zone of lower quality rock that can be treated with dental concrete as shown in
Figure 2.5.4-16 of this report and, therefore, can remain in place without affecting the overall
static or dynamic bearing capacity of the northwest corner. In addition, because of the
relocation of the WLS Unit 1 footprint, the whole foundation of the nuclear island will be founded
on continuous rock, or concrete fill supported by continuous rock.
Figure 2.5.4-17 of this report shows the area in the vicinity of boring B-1018 that is already
below foundation grade at Unit 2, and contains rock that does not meet the definition of
continuous rock, RQD less than 65 percent. The staff determined that geologic mapping will
ensure that rock not meeting the definition of continuous rock is removed down to continuous
rock for the nuclear islands of WLS. As a result of the applicant’s plan to found the nuclear
islands on continuous rock, or concrete supported by continuous rock, the staff considers
RAI 44, Question 02.05.04-3 resolved.

2.5.4.4.5.3

Conclusions Regarding Excavations and Fills

The applicant provided an excavation plan relative to geologic conditions and features showing
the horizontal and vertical extent of excavations, fills, and slopes for Seismic Category I
structures. The applicant identified areas underlying Seismic Category I structures that required
fill to bring the site to basemat foundation grade and addressed fill quantities, backfill material
types, estimated backfill engineering properties, and backfill compaction specifications. Based
on the information provided in FSAR Section 2.5.4.5.2 and RAI responses, the staff concludes
that the applicant adequately addressed and closed COL Information Item 2.5-7. Further, the
dewatering plan the applicant provided for the planned excavation at WLS closes COL
Information Item 2.5-8.
The staff concludes that the excavation plan considered the stability of temporary slopes and
the details of subgrade preparation and placement of dental concrete for localized soft zones.
The staff further concludes that engineered backfill supporting Seismic Category II and
non-safety-related structures placed in a very dense condition of 96 percent of the modified
Proctor density, and conforming to SCDOT specifications, and the estimated engineering
properties verified by future static and dynamic laboratory and field testing, is sufficient to satisfy
the requirements of 10 CFR Part 100. Finally, a license condition is required for geologic
mapping of the WLS Unit 2 excavation as identified in Section 2.5.3 of this report, and additional
information gained during the excavation and mapping operations will allow for modifications to
the conceptual excavation plans at WLS Unit 2 to ensure that continuous rock is reached prior
to the placement of concrete fill.

2.5.4.4.6

Groundwater Conditions

Details about historic and current groundwater conditions for the WLS site, as well as seepage
and groundwater movement information, were provided in WLS COL FSAR Section 2.4.12.
WLS COL FSAR Section 2.5.4.6 provides a summary description of the groundwater conditions
at the site. The staff focused its review on the proposed plan for dewatering considering
groundwater levels, groundwater flow within the saprolite and fractured rock, and proposed
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dewatering systems to lower the groundwater during excavation and backfill placement. The
staff’s review and evaluation of permanent groundwater levels, permeability and groundwater
flow are provided in Section 2.4.12 of this report. The review in this section is limited to the
dewatering of the excavation during construction.
The applicant justified using a range of groundwater elevations between 178 and 175 m
(584 and 574 ft) based on the high water marks found on the CNS superstructure after 30 years
of exposure. Since the ground water level is below the AP1000 design elevation of 180 m
(591 ft) and will not require a permanent dewatering system, the applicant is only concerned
with temporarily lowering the groundwater level during excavation and backfill placement.
Through field pumping tests, borehole slug tests and borehole hydraulic packer tests the
applicant determined that the seepage into the excavation will occur mostly in the saprolite,
partially weathered rock, and open fractures and joints in the bedrock. Based on staff
experience in the region, the staff concludes that this is typical of the hydrologic characteristics
of the Piedmont soil/rock profile.
The staff reviewed the packer tests and slug tests and found that similar permeability
parameters were obtained by different methods. With the inflow occurring mainly in the
saprolite and partially weathered rock, the staff concludes that the use of deep wells around the
perimeter of the excavation and sumps at selected locations in the excavation will intercept and
control seepage and uplift pressures. This plan capitalizes on the construction dewatering
experience gained during the excavation for the CNS and takes into consideration the current
topography and groundwater conditions. The staff concludes that this dewatering plan will be
effective in minimizing lateral flow into the excavation and removing water from within the
excavation.
The staff further concludes that because this is a hard rock site, there is no negative
groundwater effect on the rock foundation. Erosion, settlement, bearing capacity, and bottom
heave of the foundation cannot occur as a result of seepage or groundwater elevation.
Although seepage into the excavation from the excavation side walls may occur, this should
have minimal effect on the stability of temporary slopes due to the nature of the materials at the
site. The staff notes that most of the flow should be cutoff by the exterior deep wells, and
surface runoff and seepage entering the excavation can be gathered at the designated sumps
and be pumped out. The staff concludes that the experience gained during the construction of
the CNS eliminates many of the unknowns regarding potential excavation and dewatering
problems.
Therefore, the staff concludes that the groundwater data collected, together with past
experience on the site, is sufficient for the design of the temporary dewatering system to allow
safe excavation and backfilling operations during the construction of WLS. Based on the review
of WLS COL FSAR Section 2.5.4.6, the staff concludes that the applicant adequately described
the groundwater conditions to design a temporary dewatering system to meet the construction
dewatering demands, and this section meets the requirements of 10 CFR Part 50 and
10 CFR Part 100 and is acceptable.
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2.5.4.4.7

Response of Soil, Granular Fill and Rock to Dynamic Loading

WLS COL FSAR Section 2.5.4.7 presents the dynamic properties for hard rock at the WLS site
and refers to WLS COL FSAR Section 2.5.2 for the presentation of the development of the
GMRS and the FIRS for WLS Unit 1. In this section, the staff reviewed the methods and results
used to obtain dynamic profiles of the rock supporting the nuclear island, and the dynamic
properties of engineered fill supporting the surrounding structures. The staff focused its review
on the field dynamic measurements for the development of the rock dynamic profile underlying
the Seismic Category I structures and the existing soil overburden, as well as the estimated soil
dynamic material properties for the proposed engineered fill that will support the
non-safety-related structures surrounding the WLS nuclear islands.

2.5.4.4.7.1

Field Dynamic Measurements

The staff reviewed the field seismic test program and results and the use of the state-of-the-art
P-S suspension logging which provides continuous downhole measurements on 0.5 m (1.6 ft)
intervals, and the confirmation of the P-S suspension logging results obtained in four of the
same boreholes using downhole seismic logging equipment that averages Vs over 3.04 m (10 ft)
intervals. The staff concludes that agreement between the two methods was satisfactory, and
therefore reliable. Accordingly, the staff concludes that the number and distribution of velocity
profiles performed for the nuclear island foundations are adequate to characterize the dynamic
properties of the rock and existing concrete across the site.
The staff also considered the selection of borings B-1004, B-2000 and B-2002 for WLS Unit 1,
and B-1074A and B-1075A for the previous location of the northwest corner of WLS Unit 1; and
B-1015, B-1017 and B-2005 for WLS Unit 2, and concluded that these locations provided
consistent results and were deemed representative of those areas for developing dynamic
Profiles A and C, respectively. Based on the fact that the densely compacted fills would be
supporting Seismic Category II and non-safety-related structures, the staff concludes that the
use of the Menq’s relationships is an acceptable method to estimate the soil profiles and
dynamic properties of the potential borrow materials until the dynamic properties can be
determined by RCTS testing.

2.5.4.4.7.1.1 Foundation Conditions and Uniform
The staff noted that the velocity profiles for the previous location of the northwest corner have
lower velocities than the remainder of the site down to approximately El. 155 m (509 ft).
In RAI 44, Question 02.05.04-9, the staff requested that the applicant clarify how the WLS site
meets the uniformity criteria, given rock not meeting the AP1000 DCD criteria would constitute a
soft spot in the subgrade. However, as a result of the revision of application, the applicant
moved the Unit 1 footprint about 25 m (82 ft) to the south-east from the originally planned
location, which addressed the staff’s uniformity concern for the subsurface materials underneath
the nuclear island. Furthermore, dynamic confirmatory sensitivity analyses performed and
evaluated in Sections 2.5.2 and 3.7.1 of this report ensure uniform dynamic response.
Accordingly, the staff considers RAI 44, Question 02.05.04-9 resolved.
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2.5.4.4.7.2

Conclusions Regarding Response to Dynamic Loading

On the basis of the sufficiency of the field testing and similar data collected by various test
methods, the staff concludes that the applicant adequately determined the dynamic properties
of the subsurface rock. The staff also concludes that the applicant addressed Interface
Item 2.12 that is related to the seismic parameters for peak ground acceleration, response
spectra and shear wave velocity by providing geophysical field test data for input to dynamic
analyses performed as presented in WLS COL FSAR Sections 2.5.2 and 3.7.1. Also, the staff
concludes that the dynamic properties of the existing soils, proposed engineered fill, and
existing concrete were reliably established either by field testing, or estimated by reliable
correlations. Future laboratory testing planned by the applicant will confirm the estimated
dynamic properties of the engineered fill. Therefore, the staff concludes that the requirements
of 10 CFR Part 50 and 10 CFR Part 100 have been adequately addressed.

2.5.4.4.8

Liquefaction Potential

The AP1000 DCD requires that no liquefaction is allowed beneath the Seismic Category I and
Seismic Category II structures and the immediate surrounding area. WLS COL FSAR
Section 2.5.4.8 states that the WLS site has a liquefaction potential of low to none. The
applicant based this conclusion on the fact that the Seismic Category I structures will be
constructed on top of either bedrock or concrete fill, and that the non-safety-related structures,
including the Seismic Category II annex building adjacent to the nuclear island, will be founded
on engineered fill compacted to 96 percent modified Proctor density. The staff reviewed the
AP1000 DCD requirements for liquefaction, WLS COL FSAR Section 2.5.4.8, the applicant’s
response to liquefaction related RAIs, and considered the foundation conditions underlying the
nuclear island and the adjacent non-safety-related and Seismic Category I structures to
evaluate the liquefaction potential at the WLS site.

2.5.4.4.8.1

Nuclear Islands

The nuclear islands will be founded either on rock or concrete overlying rock and, therefore, the
staff concludes that liquefaction is not possible for the materials beneath the nuclear islands of
WLS.

2.5.4.4.8.2

Granular Backfill

The staff noted that the backfill surrounding the nuclear island will be a granular material with a
low percentage of fines that meets the SCDOT gradation requirements and the fill material will
be obtained from a SCDOT-approved quarry. The particular gradation has not yet been
selected, but the applicant provided data on three fill types; well-graded gravel, poorly-graded
gravel, and well graded sand. The engineered fill will be placed in the field with 96 percent of
modified Proctor relative compaction, and the granular material will support the
non-safety-related structures. In RAI 44, Questions 02.05.04-1 and 02.05.04-5, and RAI 61,
Questions 02.05.04-11, 02.05.04-12, 02.05.04-13, and 02.05.04-14, the staff requested that the
applicant provide the results of the liquefaction analyses performed for the Group 1 fill material
originally cited as the on-site backfill source. However, the applicant subsequently revised its
liquefaction analysis when it replaced the Group 1 fill with the SCDOT granular fill, therefore the
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concerns raised by the staff in those RAIs no longer apply and accordingly, each of those RAIs
are closed.
The applicant submitted a second liquefaction analysis using offsite borrow material with a
compaction of 96 percent of modified Proctor density (ASTM D1557). The staff reviewed the
liquefaction analyses and performed a simplified confirmatory analysis to check the applicant’s
conclusion. The staff determined that 96 percent relative compaction based on the modified
Proctor specification results in a relative density of 80 percent. This was determined by the Lee
and Singh relationship given in Equation 2.5.4-1 of this report.
RC = 80 + .02Dr

Equation 2.5.4-1

Where: RC is relative compaction with respect to ASTM D1557, and Dr is relative density
Considering that the SW gradation would be the most critical gradation from the standpoint of
liquefaction, the staff determined the (N1)60 from Figure 2.5.4-18 of this report to be 38,
corresponding to a relative density of 80 percent. The applicant had used a different correlation
that gave a more conservative (N1)60 of 30. The relationship between the cyclic stress ratio and
(N1)60 published in Youd et al., shown in Figure 2.5.4-19 of this report, indicates that the
liquefaction potential of clean granular materials having a (N1)60 of 30 or greater is nil. This is
concluded because data points to the right of the “SPT Clean Sand Base Curve” shown in the
figure are in the “no liquefaction” portion of the plot. Therefore, a (N1)60 of 30 or greater always
resides to the right of the liquefaction/no liquefaction boundary. Therefore, the staff concludes
that the applicant made a conservative assumption regarding the strength of the compacted
soils, (N1)60 equal to 30, and that engineered fill placed to 96 percent relative compaction will
provide adequate resistance to liquefaction under the SSE loading.

2.5.4.4.8.3

Saprolite

The applicant also performed liquefaction analyses for the saprolite that will remain to support
the engineered fill. The saprolite will be removed from under the safety-related portions of the
Seismic Category II structures, but saprolite will be left in place at some locations under nonsafety-related buildings or non-safety-related portions of Seismic Category II buildings,
specifically the annex and turbine buildings. The applicant found that for corrected N-values,
N60, exceeding 15, factors of safety were greater than 2.0. The applicant stated that saprolite
exhibiting SPT N60-values less than 15 will be removed.
The staff performed a simplified confirmatory liquefaction analysis based on RG 1.198 and
determined that for soil with a N60 value of 15, at a depth of roughly 5.6 m (18.5 ft) from the
existing ground surface, and 15 percent fines, the cyclic resistance ratio (CRR) was
approximately 0.25 from Figure 2.5.4-19 of this report. Since the relationship in Figure 2.5.4-19
of this report is based on a magnitude 7.5 earthquake, and the local earthquake is a magnitude
(Mw) 5.1, a Magnitude Scaling Factor (MSF) of 2.68 was applied to yield a CRR of 0.67. The
correction factor is a lower bound correction factor recommended in Youd, et al.
𝑀𝑀𝑀𝑀𝑀𝑀 = 10

2.24

Equation 2.5.4-2

�𝑀𝑀2.56
𝑤𝑤
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The factor of safety is computed as:
𝐹𝐹𝐹𝐹 =

𝐶𝐶𝐶𝐶𝐶𝐶
𝐶𝐶𝐶𝐶𝐶𝐶

Equation 2.5.4-3

× 𝑀𝑀𝑀𝑀𝑀𝑀

A conservative cyclic stress ratio (CSR) for the Magnitude Mw 7.5 earthquake was determined
from Equation 2.5.4-4 of this report for the interface at depth of 5.6 m (18.5 ft), because this
profile resulted in the greatest peak ground acceleration of 0.345g.
𝜏𝜏

Where:

𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚
𝜎𝜎
� �𝜎𝜎𝑣𝑣𝑣𝑣
′ � 𝑟𝑟𝑑𝑑
𝑔𝑔
𝑣𝑣𝑣𝑣

Equation 2.5.4-4

𝐶𝐶𝐶𝐶𝐶𝐶 = 𝜎𝜎𝑎𝑎𝑎𝑎
′ = 0.65 �
𝑣𝑣𝑣𝑣

τav = average cyclic shear stress
amax = maximum ground acceleration at the ground surface
g = acceleration of gravity
σvo = total overburden stress
σ'vo = effective overburden stress
rd = reduction factor based on depth of soil
Based on the above equations, the staff calculated a cyclic stress ratio, CSR, of 0.36, which
results in a factor of safety (FS) of 1.86. From this result, the staff concludes that saprolite with
N60 of 15 or greater provides adequate resistance against liquefaction and may remain to
support the engineered fill. The staff also reviewed the excavation plan and boring logs in areas
that show saprolite supporting engineered fill below safety-related structures to observe the field
N-values that will remain below the excavation line. To convert the field N-values to N60 values
the staff consulted WLS COL FSAR Appendix 2AA and found that the average energy imparted
was 78.1 percent in Boring B-1023. Thus, a N60 value of 15 is equivalent to a field N-value
of 11.5. The staff determined that the field N values of saprolite that will remain below the
planned excavation grade were all greater than 11.5. Based on the results of the confirmatory
SPT liquefaction analysis, the staff concludes that the engineered fill placed to the compaction
specifications of 96 percent modified Proctor maximum density will not liquefy, and saprolite
below the planned excavation grade with N60 values of 15 or greater will not liquefy.
However, in Revision 7, submitted on May 9, 2013, WLS COL FSAR Section 2.5.4.8 indicates
that the immediate underlying material for some non-seismic portions of the annex and turbine
buildings will be saprolite soils, instead of compacted engineered granular fill over saprolite soils
as originally planned. Since the SPT N60 values of the saprolite soil are between 11 and 30 as
listed in WLS COL FSAR Table 2.5.4-211, and the possible maximum groundwater level will be
above this layer of soil, this saprolite soil is not totally liquefaction potential free. Therefore, in
RAI 112, Question 02.04.05-18, the staff requested that the applicant address the liquefaction
potential of the saprolite and the impact of such materials underneath portions of the foundation
on the differential settlement between the nuclear island and adjacent buildings.
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In an April 24, 2014, response to RAI 112, Question 02.05.04-18, the applicant stated that
because of the relocation of WLS, the southernmost area of the non-seismic annex building for
Unit 1 lies over existing concrete, which in turn is underlain by continuous rock. Therefore, no
saprolite will exist beneath the southernmost area of the non-seismic annex building for WLS
Unit 1. The applicant further stated that the existing saprolite material will be removed
underneath the non-seismic portion of the WLS Unit 2 turbine building. The only area where
saprolite soil will remain beneath the AP1000 non-seismic buildings is beneath the
southernmost end of the non-seismic part of the Unit 2 annex building. However, the base of
the open excavation has (N1)60 values equal to 26-27, and thus may be considered as highly
resistant to liquefaction. Since the liquefaction potential is negligible at the planned site based
on the properties of the subsurface materials, the applicant stated that the foundation
performance of buildings supported on the granular fill will meet the AP1000 DCD differential
settlement criterion. The applicant then proposed changes to the WLS COL FSAR.
Based on the review of the response to RAI 112, Question 02.05.04-18, the staff concludes that
the liquefaction potential at the planned site is negligible because the whole power block and
non-seismic annex building of Unit 1 will be founded over existing concrete, which in turn is
underlain by continuous rock; and the remaining saprolite soil underneath a portion of the Unit 2
annex building has properties that are highly resistant to liquefaction. The staff confirmed that
WLS COL FSAR Revision 11, incorporated proposed changes to ensure the standard design
requirement on liquefaction potential at the proposed site are met. Accordingly, the staff
considers RAI 112, Question 02.05.04-18 resolved.

2.5.4.4.8.4

Conclusion for Liquefaction Potential

Based upon its review of WLS COL FSAR Section 2.5.4.8 and staff’s independent confirmatory
calculations, the staff concludes that no liquefaction can occur below the nuclear island as the
bedrock formation and concrete fill are non-liquefiable, nor will liquefaction occur in either the
engineered fill or the saprolite that support the Seismic Category II and non-safety-related
structures. Since the applicant demonstrated that liquefaction was not possible in the rock and
concrete foundation materials underlying WLS and demonstrated that liquefaction would not
occur in the densely compacted backfill underlying the non-safety-related structures that border
the nuclear islands, the staff concludes that the applicant adequately addressed and closed
COL Information Item 2.5-9. The staff concludes that the liquefaction analysis described in
WLS COL FSAR Section 2.5.4.8 forms an adequate basis for the assessment of the potential
for liquefaction at the WLS site, and meets the requirements of 10 CFR Part 50, Appendix S;
and 10 CFR 100.23.

2.5.4.4.9

Earthquake Site Characteristics

In WLS COL FSAR Section 2.5.4.9, the applicant summarized the performance-based
site-specific GMRS and FIRS, which were completed in accordance with RG 1.208. The
technical evaluation of the development of GMRS and FIRS is included in Section 2.5.2 of this
report. The history of the surface faulting for the site and evaluation of surface deformation are
evaluated in Section 2.5.3 of this report.
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2.5.4.4.10

Static Stability

The staff focused its review of WLS COL FSAR Section 2.5.4.10 on the determination of the
representativeness of the soil and rock properties used in the analyses, the applicability of the
methods of analysis used, and the applicant’s statement that the estimated performance was
within the AP1000 bounding criteria. The applicant presented the assumptions, methodologies,
and technical references used for its evaluation of the foundation conditions relative to the
proposed demands created by excavation, structure and backfill loads, and lateral pressures
exerted against the exterior walls of the nuclear island.

2.5.4.4.10.1 Bearing Capacity
AP1000 DCD, Tier 1, Chapter 5, states that a site is acceptable if its site characteristics fall
within the AP1000 plant site design parameters in the AP1000 DCD Tier 1, Table 5.0-1. An
extract of this table for bearing capacity is presented in Table 2.5.4-3 of this report. The
applicant evaluated the ultimate bearing capacity of the rock foundation for WLS using
two methods of analysis. An empirical method based on average RQD, cited in Peck, Hanson,
and Thornburn, was used to determine that the allowable bearing pressure provided lower
results than using Tezaghi’s bearing capacity equation.
Table 2.5.4-3 AP1000 DCD Bearing Capacity Requirements
AP1000 DCD Table 5.0-1
Greater than or equal to 8900 lb/ft2
over the footprint of the nuclear
island at its excavation depth.

Average Allowable Static
Soil Bearing Capacity
Maximum Allowable

Greater than or equal to
35,000 lb/ft2 at the edge of the
nuclear island at its excavation
depth.

Dynamic Bearing Capacity
For Normal Plus Safe
Shutdown Earthquake
(SSE)

Using the relationship presented in Peck et al., the applicant determined a minimum allowable
bearing capacity of 9,097 kPa (190,000 psf) at Unit 1, and 11,587 kPa (242,000 psf) at Unit 2.
In RAI 44, Question 02.05.04-6, the staff requested that the applicant clarify if it considered the
lower RQD values obtained in the northwest corner of WLS Unit 1 in the determination of the
allowable bearing capacity. In a December 23, 2008, response to RAI 44, Question 02.05.04-6,
the applicant considered the lower RQD values and provided a summary of the pertinent RQD
values. Table 2.5.4-4 of this report summarizes the RQD values the applicant used in the
determination of the allowable bearing capacity provided in response to this RAI. In every
instance, the allowable bearing capacity, which includes a FS of 3, was greater than the applied
maximum bearing pressure.
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Table 2.5.4-4 Summary of Minimum RQD and Allowable Bearing Capacity at WLS Unit 1
Boring

B-1001
B-1001A
B-1002
B-1003
B-1004
B-1004A
B-1011
B-1074A
B-1075A

Rock Elevation
Range, ft MSL
Top
524.1
550.0
535.5
533.2
544.0
528.5
537.7
505.2
511.5

Bottom
459
459
459
497.2
459
459
459
459
459

Foundation
Width, ft

Minimum
RQDavg, %

Allowable
Bearing
Capacity On
Rock, ksf

Comments
qallow > qapplied

91
91
91
91
91
91
91
91
91

86
82
65
86
86
79
70
95
91

349
309
190
349
349
279
214
492
422

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

The staff performed a bearing capacity confirmatory analysis by first verifying the average
RQDs as provided in the boring logs included in WLS COL FSAR Appendix 2AA. The staff
noted that, based on the boring logs, the average RQD within the zone of influence (a depth
approximately equal to the minimum width of the basemat) was equal to approximately
65 percent at WLS Unit 1 and 80 percent at WLS Unit 2. These values were assumed in the
applicant’s analysis as shown in Table 2.5.4-4 of this report. Using the Peck relationship shown
graphically in Figure 2.5.4-20 of this report, the staff obtained approximate ultimate bearing
capacity values of 9.125 and 14 MPa (190,600 and 292,400 psf) at WLS, respectively. These
values closely match the values given by the applicant and provide factors of safety of greater
than 3 in the static case and greater than 1.5 in the dynamic case. Due to this agreement
between the applicant’s estimations and the staff’s calculations, the staff considers RAI 44,
Question 02.05.04-6 resolved.
WLS COL FSAR, Revision 7, submitted on May 9, 2013, WLS COL FSAR Section 2.5.4.10.1.1,
states, “[t]he applied seismic loading may exceed, by a relatively small amount, the AP1000
DCD value as a result of the site-specific seismic loading.” Since the dynamic bearing capacity
site parameter is a Tier 1 requirement, any exceedance will result in a departure. Therefore, in
RAI 112, Question 02.05.04-19, the staff requested that the applicant provide details on how the
calculated loading differs from the AP1000 DCD value, and properly address this departure in
this application. In an April 11, 2014, response to RAI 112, Question 02.05.04-19, the applicant
clarified that the site-specific maximum bearing pressure is approximately 1,103 kPa
(23,030 psf) based on site-specific structural stability analyses, which is significantly less than
the AP1000 DCD site acceptance characteristic of 1,675 kPa (35,000 psf). The site-specific
analyses also confirmed that no foundation liftoff is expected when the nuclear islands are
subjected to the nuclear island FIRS. The applicant then proposed a revision to the WLS COL
FSAR to clearly state the dynamic bearing capacity at the WLS site. As the applicant clarified
that the calculated site-specific maximum dynamic bearing pressure is less than that specified in
the AP1000 DCD, the staff concludes that there is no departure related to this design
parameter. The staff further confirmed that FSAR Revision 11 incorporated proposed changes
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to properly address the dynamic bearing capacity at the proposed site. Accordingly, the staff
considers RAI 112, Question 02.04.05-19 resolved.
Based on the review of WLS COL FSAR Sections 2.5.4.10 and 3.8.5.5, and the applicant’s
responses to related RAIs, the staff concludes that the applicant showed that the allowable
bearing capacity of the rock supporting the nuclear islands of WLS Units 1 and 2 is greater, with
FS of 3, than the maximum bearing pressure determined from the analyses described in
AP1000 DCD Appendix 3G (35,000 psf (1,675 kPa) under all combined loads including the safe
shutdown earthquake). Therefore, the staff finds that COL Information Item 2.5-10 is
adequately addressed and is closed. The staff also notes that the applicant used material
properties obtained from field and laboratory tests in bearing capacity analyses to satisfy
Interface Item 2.13, related to the required bearing capacity of foundation materials. The staff
concludes that the allowable bearing capacity as determined from the empirical relationship
presented in Peck et al. provides an adequate bearing capacity for both the static and dynamic
loading conditions.

2.5.4.4.10.2 Settlement
The applicant calculated settlement using three methods proposed by: Steinbrenner
(Bowles, 1988), the U.S. Army Corps of Engineers (USACE, 1990), and Boussinesq (Li, 1988).
Each of these methods is based on the theory of elasticity. The applicant also used an
empirical relationship obtained from Peck et al. (1974) that uses the RQD of the rock to predict
settlement. The applicant computed settlements of approximately 0.127 cm (0.05 in.) at WLS
Units 1 and 2 using the elastic theory derived methods. Using the empirical method of
Peck et al. (1974), the applicant computed settlements of 0.058 cm (0.023 in.) at Unit 1
and 0.038 cm (0.015 in.) at Unit 2. The computed settlements from those methods are small
and fall within the design settlement criteria established in the AP1000 DCD: 7.62 cm (3 in.) for
total settlement, and 1.27 cm in 15.24 m (0.5 in. in 50 ft) for differential settlement.
The staff inspected the boring logs to verify input data. Based on the strengths of the rock and
the computed bearing capacity factors of safety, the staff concludes that the settlements will be
small and in the elastic range, which verifies the reasonableness of the applicant’s approach.
The staff also performed its own confirmatory analysis using elastic theory. The staff selected
the four borings with Vs measurements at WLS Unit 1 to estimate possible maximum differential
settlement. The average elastic modulus values to a depth of approximately 45.7 m (150 ft), the
maximum depth of these borings, were conservatively corrected to account for strain using a
correction factor of 0.5. Although settlements were only calculated to a depth of 45.7 m (150 ft)
due to the limitation of the boring depths, the staff concludes that this was sufficiently deep
because the stresses decrease as depth below the basemat increases, and the rock elastic
modulus remains the same or increases as observed by the Vs measurements made in borings
taken to depths of 76.2 m (250 ft). The calculated settlements between the four borings were
compared: the largest settlement was 0.129 cm (0.051 in.) and the least settlement was
0.058 cm (0.023 in.). The AP1000 assigns an allowable total settlement of 7.62 cm (3.0 in.) and
allowable differential settlement of 1.27 cm in 15.24 m (0.5 in. in 50 ft). Accordingly, the staff
concludes that the estimated total settlement and differential settlement of the WLS are within
the AP1000 DCD criteria.
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The staff noted that the AP1000 DCD limits differential settlement between the nuclear island
and the surrounding structures to 7.62 cm (3 in.); however, the applicant did not present
differential settlement data between structures. Therefore, in RAI 66, Question 02.05.04-15, the
staff requested that the applicant provide the differential settlements between the nuclear island
and each of the surrounding structures. In June 2, 2009 and October 30, 2009, responses to
RAI 66, Question 02.05.04-15, the applicant presented the differential settlements between the
nuclear island and the surrounding structures. The applicant based the settlement calculations
on the method of Peck et al. (1974). Table 2.5.4-5 of this report summarizes the results.
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Table 2.5.4-5 Allowable Bearing Pressure Based on Limiting Settlement
(WLS COL FSAR Table 2.5.4-229)
Structure

Subsurface

q(a)allow

qapplied

(k/ft2)

(k/ft2)

qallow >
qapplied

Anticipated
Settlement
(inches)

SW Sand Granular Backfill
Annex
Building

Granular Fill
– SW

7.29

2.43

Yes

<2

Turbine
Building

Granular Fill
– SW

6.96

3.51

Yes

<2

Radwaste
Building

Granular Fill
– SW

7.24

1.31

Yes

<2

GP Gravel Granular Backfill
Annex
Building

Granular Fill
– GP

10.93

2.43

Yes

<2

Turbine
Building

Granular Fill
– GP

10.44

3.51

Yes

<2

Radwaste
Building

Granular Fill
– GP

10.86

1.31

Yes

<2

GW Gravel Granular Backfill
Annex
Building

Granular Fill
– GW

10.93

2.43

Yes

<2

Turbine
Building

Granular Fill
– GW

10.44

3.51

Yes

<2

Radwaste
Building

Granular Fill
– GW

10.86

1.31

Yes

<2

(a) For limiting settlement to 2 inches
The staff reviewed the applicant’s calculations and observed that total settlement is limited to
less than 5.08 cm (2 in.) for each of the Seismic Category II or non-safety-related structures
irrespective of the engineered fill type assumed in the calculations. The most critical case is
associated with the Turbine building and its static bearing pressure of 98.6 kPa (3.51 ksf). The
allowable bearing pressure (qallow) for 5.08 cm (2 in.) settlement at the Turbine building is
340.4 kPa (7.11 ksf). Since a 340.4 kPa (7.11 ksf) of pressure is expected to produce 5.0 cm
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(2 in.) total maximum settlement, for the actual bearing pressure of 98.6 kPa (2.06 ksf), the
applied Turbine building load is expected to produce settlement of less than 5.08 cm (2 in.).
This amount of total settlement compared to the negligible settlement of the nuclear island, falls
within the 7.62 cm (3 in.) differential settlement criteria between structures imposed by the
AP1000 DCD.
The staff concludes that the applicant resolved COL Information Item 2.5-12 by demonstrating
through engineering analyses that the rebound, settlement and differential settlement of the
Seismic Category I, Seismic Category II and non-safety-related structures were within the range
of acceptable settlements required by the AP1000 DCD. Also, because the applicant provided
settlement calculations to demonstrate that settlement of the nuclear islands on rock was
negligible, the staff concludes that the applicant adequately addressed COL Information
Item 2.5-16. The staff further concludes that based on this analysis, the fact that most of the
settlement under the Seismic Category II and non-safety-related structures will occur during
construction, and given the engineering properties of the granular fill, the differential settlement
between the nuclear island and the surrounding structures will be negligible and is acceptable.

2.5.4.4.10.3 Lateral Pressures
The applicant calculated lateral earth pressures caused by the placement of backfill against the
exterior walls of the nuclear island using Rankine’s theory. Earth pressure calculations were
made with conservatively assumed soil properties and the range of expected water table
elevations. Dynamic lateral earth pressures had not been submitted; therefore, in RAI 44,
Question 02.05.04-8, the staff requested that the applicant provide dynamic lateral earth
pressures acting on below ground walls of the plant safety-related facilities.
In December 23, 2008, and October 30, 2009, responses to RAI 44, Question 02.05.04-8, the
applicant provided the lateral stresses due to dynamic forces imposed by the SSE. The
dynamic pressures were calculated in accordance with ASCE 4-98. The staff reviewed the
ASCE 4-98 methodology and concludes that this method is a state-of-the-art and widely used
method for non-yielding walls and, therefore, acceptable for estimating dynamic lateral earth
pressures. The staff also concludes that the input parameters used by the applicant to calculate
the dynamic lateral stresses are conservative. Accordingly, the staff considers RAI 44,
Question 02.05.04-8 resolved.
However, although in revised WLS COL FSAR Chapter 2, Section 2.5.4.10.3, it states,
“Westinghouse has evaluated the WLS site-specific lateral earth pressures and has determined
that they are bounded by the standard AP1000 design pressures,” there is no related table or
figure to show that the site-specific lateral earth pressures are bounded by the standard AP1000
design. Therefore, in RAI 112, Question 02.05.04-20, the staff requested that the applicant
provide necessary table(s) or figure(s) to confirm that the site-specific lateral earth pressures
are bounded by the standard AP1000 design.
In an April 11, 2014, response to RAI 112, Question 02.05.04-20, the applicant stated that
Westinghouse evaluated the WLS site-specific lateral earth pressures by comparing the
site-specific pressures on the nuclear island below-grade walls for Load Combinations
(LC) 1 through 9 in AP1000 DCD Table 3.8.4-2 to the corresponding pressures that were used
in the AP1000 standard design. The analysis results showed that the site-specific lateral
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pressures on the nuclear island exterior walls below grade are bounded by the AP1000 design
pressures for load combinations 1, 2, 3, 4, 5, 6, 8, and 9 in both the east-west (E-W) and
north-south (N-S) directions, with the exception that the site-specific lateral pressure in Load
Combination 7 (LC7) for the GW backfill material slightly exceeds the standard design lateral
pressure. The applicant then indicated that the exceedance of lateral earth pressure under LC7
is mainly attributed to the lower groundwater level at the site and with the assumption of full
passive lateral earth pressure. However, the maximum lateral displacement at the base of the
nuclear island when subjected to the certified seismic design response spectra (CSDRS) is
expected to be 3 to 5 mm (0.12 to 0.19 in.) and such small lateral displacements are not
capable of developing the full passive earth pressure. Therefore, the applicant concluded that
the site-specific nuclear island below-grade wall pressures resulting from the NI FIRS will be
less than those used in the standard AP1000 design for this load combination.
To confirm its conclusion, the applicant presented the results of a sensitivity study that varied
the groundwater levels with a conservative assumption of displacement of 5 mm (0.2 in.). This
study results show that when varying groundwater levels from 2.44 to 5.49 m (8 to 18 ft) below
ground, the maximum fraction of the fully mobilized passive earth pressure is 0.83, or the
passive earth pressure on the nuclear island below-grade wall will not be fully mobilized.
However, the site-specific pressures on below-grade walls for LC7 exceed those specified in the
AP1000 standard design, therefore, this exceedance is identified as a departure from the
AP1000 DCD. The applicant then proposed changes to the WLS COL FSAR accordingly and
referred to WLS COL FSAR Section 3.8.4.4.4 for a detailed discussion of site-specific lateral
earth pressure.
Based on the review of the RAI response and WLS COL FSAR Section 3.8.4.4.4, the staff
concludes that the applicant adequately demonstrated that the passive earth pressure on the
nuclear island below-grade wall will not be fully mobilized given the very small expected lateral
displacement under design seismic loading conditions, and the sensitivity study results
confirmed this conclusion. Therefore, the staff concludes that the site-specific maximum lateral
earth pressure will be smaller than those calculated in the standard AP1000 design for all load
combinations, and the applicant adequately addressed this issue. .

2.5.4.4.10.4 Conclusions of Bearing Capacity, Settlement and Lateral Earth

Pressures

In WLS COL FSAR Section 2.5.4.10, the applicant considered the static and dynamic bearing
capacities, settlement, and lateral stresses at the WLS site. Based on the analytical results, the
staff concludes that the bearing capacity of the WLS metamorphic and igneous rock foundation
is sufficient to meet both the static and dynamic loading demands imposed by the WLS nuclear
islands with adequate factors of safety. The staff also concludes that the settlement of the
foundation under the maximum static load imposed by the nuclear island on the bedrock was
minimal for either unit, less than 0.129 cm (0.051 in.), and the least settlement was 0.058 cm
(0.023 in.); therefore, both the differential and total settlements are smaller than those specified
in the standard design. The staff further concludes that the applicant conducted a site-specific
lateral earth pressure analysis that used a conservative approach and showed that the expected
maximum lateral pressures applied to the nuclear island below grade walls at this site will be
smaller than those specified in the standard design.
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The staff reviewed WLS COL FSAR Section 2.5.4.10 and concludes that the applicant
developed an accurate assessment of the static and dynamic stabilities at the WLS site that
address COL Information Items 2.5-10 through 2.5-13, including the minimum static and
dynamic bearing capacities, lateral earth pressures, and stability of facilities. The staff further
concludes that the applicant resolved COL Information Item 2.5-13 by providing planned
instrumentation programs proposed for monitoring the performance of the dewatering system
during the excavation phase of the project. Since the nuclear islands are founded on rock, the
staff concurs with the applicant that settlement monitoring is not required. The staff also
concludes that the information provided with respect to the required bearing capacity of
foundation materials is adequate to address Interface Item 2.13. Accordingly, the staff
concludes that the applicant’s information in WLS COL FSAR Section 2.5.4.10, with the close of
all related confirmatory items, forms an adequate basis for the stability of subsurface materials
and foundations of Seismic Category I structures at the site and meets the requirements of
10 CFR Part 50, Appendix A and Appendix S, and 10 CFR 100.23.

2.5.4.4.11

Design Criteria

WLS COL FSAR Section 2.5.4.11 describes design criteria considered in the design of the
foundations for the WLS nuclear islands. The applicant referred to WLS COL FSAR
Table 2.1-201 where the AP1000 DCD site parameter requirements are compared to the WLS
site characteristics. The staff focused its review on design criteria used, design assumptions,
design methods, calculated factors of safety, and conservatism in the analyses. The staff
reviewed the cited references to ensure proper interpretation of the equations, assumptions and
limitations on the theory and performed independent confirmatory analyses to check the
applicant’s results.
The staff concludes that the applicant utilized the AP1000 DCD design criteria in its evaluation
of the WLS site, performed calculations for bearing capacity, settlement, static and dynamic
lateral earth pressures in accordance with accepted industry standards, and evaluated
liquefaction potential in accordance with RG 1.198 and state-of-the-art methodology. The staff
further concludes that computed factors of safety for liquefaction of backfill, static and dynamic
bearing capacity are acceptable. Accordingly, the staff concludes that the applicant addressed
the AP1000 DCD Tier 1 requirements; that the applicant used state-of-the art engineering
methodology in determining the engineering behavior of the foundations; and that the site
exhibits factors of safety that are in accordance with acceptable nuclear industry standards.
Therefore, the staff concludes that the information presented in WLS COL FSAR
Section 2.5.4.11 is acceptable to satisfy the applicable criteria of 10 CFR Part 50.

2.5.4.4.12

Techniques to Improve Subsurface Conditions

The applicant stated that with minor exceptions the WLS Units 1 and 2 nuclear islands will be
founded on continuous rock having RQD values greater than 65 percent and that rock with
lower RQD value will be excavated and replaced with fill concrete. Details for using dental
concrete to backfill narrow zones of deeper weathered rock were provided. The applicant also
stated that a drainage network under the existing CNS concrete slab will require modification to
prevent migration of backfill into the drains. The staff focused its review on the proposed
bedrock surface preparation details, including the excavation of unsatisfactory rock, the
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backfilling of joints (dental concrete), and sealing of the open drainage ways under the CNS
foundation.
The rock and existing concrete surfaces will undergo surface preparation in advance of concrete
fill placement. This includes cleaning the bedrock surface of loose soil or weak rock, removal of
rock protrusions and overhangs, backfilling of open joints with dental concrete, and roughening
the surfaces to receive concrete. This procedure is standard practice for bedrock surface
preparation for major structures placed on rock foundations. The staff concludes that those
techniques are acceptable because they are consistent with the assumptions made in the static
and dynamic foundation design. Geologic mapping of the rock surface will provide the
documentation needed to ensure that the excavation was advanced to continuous rock, and that
no geologic hazardous conditions exist that were not uncovered in the geotechnical exploration.
Geologic mapping requirement is evaluated in Section 2.5.3 of this report.
Under the existing CNS foundation basemat, a network of drains exists and the applicant
proposed to seal off the drainage system with concrete to prevent migration of backfill into the
drains. The staff concludes that the placement of concrete as a plug to block the migration of
backfill materials into the drainage system is acceptable. The staff considers the applicant’s
plan for improving the subsurface conditions adequate and, therefore, concludes that the
information is acceptable to satisfy the applicable criteria of 10 CFR Part 50.

2.5.4.5

Post Combined License Activities

There are no post COL activities related to this section.

2.5.4.6

Conclusions

Based on its review of WLS COL FSAR Section 2.5.4, the referenced design certification of
AP1000 and the applicant’s responses to related RAIs, the staff concludes that the applicant
adequately determined the engineering properties of the soil and rock underlying the WLS site
through its field and laboratory investigations. The staff concludes that the applicant used the
state-of-the-art field and laboratory testing methods, in accordance with RG 1.132, RG 1.138,
and RG 1.198, to determine the required site-specific engineering properties for the WLS site
and to ensure that these properties met the design criteria specified in the AP1000 DCD.
Based on the information provided in the WLS COL FSAR and related RAI responses from the
applicant, the staff concludes that the subsurface profile underlying the WLS site was properly
characterized, that state-of-the-art analytical methods were used with conservative input values
to determine factors of safety and limits of deformation in subsurface material and foundation
stability analyses, and that the applicant considered all aspects of the foundation design that
could impact the safety-related SSCs. Specifically, the staff concludes that the applicant
adequately determined: (1) the soil and rock static and dynamic properties through its field
investigations and laboratory tests; (2) the response of the soil and rock to dynamic loading;
(3) the liquefaction potential of the engineered fill; and (4) the static and dynamic stabilities,
including the bearing capacity, settlement, and lateral earth pressures of the nuclear island and
surrounding non-safety-related structures under static and seismic loading conditions.
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The staff concludes that the applicant provided sufficient information in WLS COL 2.5-1 through
WLS COL 2.5-13, WLS COL 2.5-16 and WLS COL 2.5-17 to adequately address COL
information items pertaining to WLS COL FSAR Section 2.5.4, which met the requirements
specified in the AP1000 DCD. Finally, as discussed above, the staff concludes that WLS COL
FSAR Section 2.5.4 is acceptable and meets the applicable requirements of 10 CFR Part 50,
Appendix A (GDC 2) and Appendix S; and 10 CFR 100.23.
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Figure 2.5.4-1 Exploration Points for the Lee Nuclear Station Power Blocks and Adjacent Areas
(WLS COL FSAR Figure 2.5.4-209)
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Figure 2.5.4-2 Boring Summary Sheet, Boring B-1004 (WLS COL FSAR Figure 2.5.4-221)
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Figure 2.5.4-3 Top of Continuous Rock, Power Block and Adjacent Areas (WLS COL FSAR Figure 2.5.4-241)
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Figure 2.5.4-4 Cross-Section BB-BB’ of West-East Profile through the LEE Unit 1 and Unit 2 centerline
(WLS COL FSAR Figure 2.5.4-234)
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Figure 2.5.4-5 Cross-Section UU-UU’ of West-East Profile Through the North End of the LEE Units 1 and 2 Nuclear Island
(WLS COL FSAR Revision 9, Figure 2.5.4-239)
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Boring B 1004 Summary Sheet

Boring B-2000 Summary Sheet

Boring B-2002 Summary Sheet
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Figure 2.5.4-6 Lee Unit 1 Power Block Area Shear Wave Velocity Profiles
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B-1015 Summary Sheet

B-1017 Summary Sheet

B-2005 Summary Sheet
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Figure 2.5.4-7 Lee Unit 2 Power Block Area Shear Wave Velocity Profiles
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Figure 2.5.4-8 Planned Excavation Profile, Cross-Section BB-BB’ (WLS COL FSAR Revision 9, Figure 2.5.4-260)
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Figure 2.5.4-9 Locations of The Dynamic Profiles (WLS COL FSAR Revision 7, Figure 2.5.4-247)
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Figure 2.5.4-10 Lee Nuclear Station Unit 1 Centerline Dynamic Profile (WLS COL FSAR
Revision 7, Figure 2.5.4-248)
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Figure 2.5.4-11 Lee Nuclear Station Unit 2 Centerline Dynamic Profile
(WLS COL FSAR Revision 7, Figure 2.5.4-250)
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Figure 2.5.4-12 Lee Nuclear Station Unit 1 and 2 Dynamic Profiles Base Case A5 and C4 (WLS COL FSAR Revision 7,
Figure 2.5.4-252b and 252c)
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Figure 2.5.4-13 Design Properties of Generic Engineered Granular Fill – SW (WLS COL FSAR Revision 7, Figures 2.5.4-251c
and 253c)
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Figure 2.5.4-14 Compaction-Induced Earth Pressures on Nuclear Island (WLS COL FSAR
Revision 8, Figure 2.5.4-256a)
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Figure 2.5.4-15 Typical Detail Showing Sealing of Existing Cherokee Foundation
Drainage System (WLS COL FSAR Figure 2.5.4-244d)
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Figure 2.5.4-16 Typical Detail Showing Treatment of Weathered Zones Within
Continuous Rock (WLS COL FSAR Figure 2.5.4-259)
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Figure 2.5.4-17 Depressed Areas underneath Lee Unit 2 Foundation That Require Further
Excavation to Reach Continuous Rock (Based on WLS COL FSAR
Revision 9, Figure 2.5.4-264)
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Figure 2.5.4-18 Relationship Between Relative Density and SPT (N1)60 (After Mayne)
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Figure 2.5.4-19 Liquefaction/No liquefaction of Magnitude 7.5 Earthquake of Soils With
Various Percentages of Fines (After Youd, et al.)
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Figure 2.5.4-20 Allowable Bearing Stress on Fractured Rock From RQD
(After Peck, et al., 1974)

2.5.5

Stability of Slopes

2.5.5.1

Introduction and Overview

Stability of slopes addresses the stability of all earth and rock slopes, both natural and
man-made (cuts, fill, embankments, dams, etc.), whose failure, under any of the conditions to
which they could be exposed during the life of the plant, could adversely affect the safety of the
plant. The following subjects are evaluated using the applicant’s data in the WLS COL FSAR
and information available from other sources: (1) slope characteristics; (2) design criteria and
design analyses; (3) results of the investigations including borings, shafts, pits, trenches, and
laboratory tests; (4) properties of borrow material, compaction and excavation specifications;
and (5) any additional information deemed necessary in accordance with 10 CFR Part 52.
Section 2.5.5 of this report addresses slope stability information related to the WLS site.
Section 2.5.5.2 of this report provides a summary of relevant geologic and seismic information
contained in WLS COL FSAR Section 2.5.5 of the WLS application. Section 2.5.5.3 of this
report provides a summary of the regulations and guidance used by the applicant in its
application and by the staff to review the application. Section 2.5.5.4 of this report provides a
review of the staff’s evaluation of the WLS COL FSAR Section 2.5.5. Section 2.5.5.5 of this
report discusses any post combined license activities. Finally, Section 2.5.5.6 of this report
provides an overall summary of the applicant’s conclusions, as well as the staff’s conclusions,
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restates any bases covered in the application, and confirms that the application meets the
requirements defined in NRC regulations.

2.5.5.2

Summary of Application

WLS COL FSAR Section 2.5.5 addresses COL Information Items 2.5-14, “Stability of Slopes,”
and 2.5-15, “Embankments and Dams,” of the AP1000 DCD, Revision 19.
In addition, in WLS COL FSAR Section 2.5.5, the applicant provided the following:
AP1000 COL Information Items
•

WLS COL 2.5-14

The applicant provided additional information in WLS COL 2.5-14 to address COL Information
Item 2.5-14, which addresses the provision of site-specific information about the static and
dynamic stability of site-specific soil and rock slopes with regard to how their failure could
adversely affect the safety of the Seismic Category I structures.
•

WLS COL 2.5-15

The applicant provided additional information in WLS COL 2.5-15 to address COL Information
Item 2.5-15, which addresses the provision of site-specific information about the static and
dynamic stability of site-specific embankments and dams with regard to how their failure could
adversely affect the safety of the nuclear power plant facilities.
The applicant developed WLS COL FSAR Section 2.5.5 for the evaluation of slope stability at
the WLS site based on information derived from site investigations, geotechnical
characterization studies, and excavation and backfill profiles presented in WLS COL FSAR
Sections 2.5.4.1 through 2.5.4.5. These investigations and studies included consideration of
geologic features and characteristics, site exploration involving soil and rock boring and
sampling, groundwater monitoring, surface geophysical testing, in-situ testing, geotechnical test
pits, geologic trench excavations, and laboratory testing; and geophysical surveys.

2.5.5.2.1

Slope Characteristics

WLS COL FSAR Section 2.5.5.1 describes the characteristics of existing permanent slopes,
both natural and man-made, which exist within 0.4 km (0.25 mi) of the WLS Units 1 and 2
nuclear islands, including properties of the materials that make up these slopes. The applicant
cross-referenced detailed information presented in WLS COL FSAR Sections 2.5.4.1 through
2.5.4.5 derived from investigations performed at the site. Based on the results of these
investigations, the distance, height, and inclination of the slopes from the nuclear island, the
applicant concluded that no slope, either permanent or man-made, exists for which failure will
adversely affect the safety-related structures of WLS Units 1 and 2. The following sections
provide a summary of the characteristics and material properties of slopes at the site.

2.5.5.2.1.1

General Discussion

In WLS COL FSAR Section 2.5.5.1.1, the applicant stated that the natural slopes at the WLS
site existed through most or all of Holocene time (i.e., since 10,000 years ago), and the
man-made slopes were part of the initial CNS construction. The applicant indicated that all
these slopes exhibit acceptable stability with no visual evidence of groundwater seepage, past
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failure, incipient movement, or major creep. The applicant further stated that the native
(i.e., residual and saprolitic) soils and engineered fill at the WLS site are not prone to
liquefaction, and that the potential for a liquefaction-induced slope stability hazard does not exist
for Seismic Category I structures under either static or dynamic loading conditions.
The applicant described the two permanent slopes nearest to the nuclear island areas, which
are labeled as Slopes 5 and 7 in Figure 2.5.5-1 of this report. The applicant identified the
highest slope (Slope 5 in Figure 2.5.5-1 of this report) as a natural hill located southwest of the
WLS Unit 1 nuclear island. The applicant stated that this hill rises approximately 24.4 m (80 ft)
above the yard grade, has a natural slope of approximately 2.5 horizontal to 1 vertical (2.5h:1v),
and is located more than 305 m (1,000 ft) from WLS Unit 1.
Another slope (Slope 7 in Figure 2.5.5-1 of this report) identified by the applicant is an
engineered slope about 366 m (1,200 ft) north of WLS Unit 2, which descends 26.8 m (55 ft)
below the yard elevation. The applicant stated that this slope is approximately 2 horizontal to 1
vertical (2h:1v), and no credible mechanism exists whereby failure of a descending slope of
about 26.8 m (55 ft) high and 366 m (1,200 ft) away could affect safety-related structures at the
WLS site.
The applicant concluded that, due to the past stable history of the slopes, slope height and
inclination, and its distance from the safety-related structures, the slopes at the WLS site do not
pose a hazard to the safety of the plant.

2.5.5.2.1.2

Exploration Program

WLS COL FSAR Section 2.5.5.1.2 references information in WLS COL FSAR Sections 2.5.4.1
through 2.5.4.3, in which the applicant describes the assessment of the stability of permanent
slopes at the WLS site.

2.5.5.2.1.3

Groundwater and Seepage

WLS COL FSAR Section 2.5.5.1.3 references the information provided in WLS COL FSAR
Sections 2.4.12 and 2.5.4.6. The applicant concluded that groundwater seepage in natural and
manmade slopes does not pose a hazard for the WLS site since no slopes are in close
proximity to safety-related structures.

2.5.5.2.1.4

Slope Materials and Properties

In WLS COL FSAR Section 2.5.5.1.4, the applicant referenced WLS COL FSAR Section 2.5.4.2
for descriptions of the properties of the existing engineered fill and native residual and saprolitic
soil that consist of all permanent slopes. The slope stability assessment performed by the
applicant consisted of an evaluation of slope locations, geometries, inclinations, past stability,
distance from the WLS Units 1 and 2 nuclear island structures, and observed long-term slope
performance. The applicant used information on slope materials and properties as a guide
regarding the distances between the slopes and safety-related structures. The applicant also
noted that permanent slopes show inclinations of about 26.5 degrees (i.e., 2h:1v) or less, which
is smaller than the friction angle of the materials comprising the slopes and, therefore, stated
that the cohesive component of shear strength of the materials consisting of the slopes
increased the perceived inherent stability of the slopes. The applicant further indicated, based
on liquefaction potential of the materials that comprise the slopes as discussed in WLS COL
FSAR Section 2.5.4.8, that the slope materials are not prone to liquefaction. Therefore, the
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applicant concluded that no potential slope stability hazard exists under either static or dynamic
conditions to adversely affect safety-related structures at the WLS site.

2.5.5.2.2

Design Criteria and Analyses

WLS COL FSAR Section 2.5.5.2 indicates that the applicant limited the assessment of
permanent slope conditions to those slopes within 0.4 km (0.25 mi) of the WLS Units 1 and 2
nuclear island structures and based this assessment on past slope performance, slope height
and angle, and distance of the slope from safety-related structures. The applicant reported that
the nearest permanent slopes are 305 m (1,000 ft) or more away from the WLS Units 1 and 2
nuclear island structures, and concluded that no permanent slopes required further analyses
since none were identified in which failure would pose a hazard to the safety-related structures.

2.5.5.2.3

Logs of Borings

WLS COL FSAR Section 2.5.5.3 states that no borings, test pits, or trenches were used for
stability analyses of permanent slope conditions surrounding the WLS safety-related nuclear
island structures. The applicant indicated that this geotechnical information was not required
since no slopes were determined to pose a hazard to the safety-related structures.

2.5.5.2.4

Compacted Fill

In WLS COL FSAR Section 2.5.5.4, the applicant stated that there are no safety-related
permanent dams, dikes, or embankments at the WLS site. Therefore, the applicant concluded
that design and performance criteria for compacted fills were not required.

2.5.5.3

Regulatory Basis

The applicable regulatory requirements for reviewing the applicant’s discussion of stability of
slopes are:
•

10 CFR 50.55a, "Codes and Standards," as it relates to the requirement that structures,
systems, and components shall be designed, fabricated, erected, constructed, tested,
and inspected in accordance with the requirement of applicable codes and standards
commensurate with the importance of the safety function to be performed.

•

10 CFR Part 50, Appendix A, GDC 1, "Quality Standards and Records," as it relates to
the requirement that structures, systems, and components important to safety be
designed, fabricated, erected, and tested to quality standards commensurate with the
importance of the safety functions to be performed. This regulation also requires that
appropriate records of the design, fabrication, erection, and testing of structures,
systems, and components important to safety be maintained by or under the control of
the nuclear power unit licensee throughout the life of the unit.

•

10 CFR Part 50, Appendix A, GDC 2, "Design Bases for Protection Against Natural
Phenomena," as it relates to consideration of the most severe of the natural phenomena
that have been historically reported for the site and surrounding area, with sufficient
margin for the limited accuracy, quantity, and period of time in which the historical data
have been accumulated.
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•

10 CFR Part 50, Appendix S, “Earthquake Engineering Criteria for Nuclear Power
Plants,” as it applies to the design of nuclear power plant structures, systems, and
components important to safety to withstand the effects of earthquakes.

•

10 CFR Part 100, "Reactor Site Criteria," provides the criteria that guide the evaluation
of the suitability of proposed sites for nuclear power and testing reactors.

•

10 CFR 100.23, "Geologic and Seismic Criteria," provides the nature of the
investigations required to obtain the geologic and seismic data necessary to determine
site suitability and identify geologic and seismic factors required to be taken into account
in the siting and design of nuclear power plants

The related acceptance criteria are summarized from Standard Review Plan (SRP)
Section 2.5.5:
•

Slope Characteristics: To meet the requirements of 10 CFR Part 50 and
10 CFR Part 100, the discussion of slope characteristics is acceptable if the section
includes: (1) cross sections and profiles of the slope in sufficient quantity and detail to
represent the slope and foundation conditions; (2) a summary and description of static
and dynamic properties of the soil and rock comprised by Seismic Category I
embankment dams and their foundations, natural and cut slopes, and all soil or rock
slopes whose stability would directly or indirectly affect safety-related and Seismic
Category I facilities; and (3) a summary and description of groundwater, seepage, and
high and low groundwater conditions.

•

Design Criteria and Analyses: To meet the requirements of 10 CFR Part 50 and
10 CFR Part 100, the discussion of design criteria and analyses is acceptable if the
criteria for the stability and design of all Seismic Category I slopes are described and
valid static and dynamic analyses have been presented to demonstrate that there is an
adequate margin of safety.

•

Boring Logs: To meet the requirements of 10 CFR Part 50 and 10 CFR Part 100, the
applicant should describe the borings and soil testing carried out for slope stability
studies and dam and dike analyses.

•

Compacted Fill: To meet the requirements of 10 CFR Part 50, the applicant should
describe the excavation, backfill, and borrow material planned for any dams, dikes, and
embankment slopes

In addition, the geologic characteristics should be consistent with appropriate sections from:
RG 1.28, “Quality Assurance Program Requirements (Design and Construction)”; RG 1.132,
“Site Investigations for Foundations of Nuclear Power Plants”; RG 1.138, “Laboratory
Investigations of Soils for Engineering Analysis and Design of Nuclear Power Plants”; RG 1.198,
“Procedures and Criteria for Assessing Seismic Soil Liquefaction at Nuclear Power Plant Sites”;
and RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition).”

2.5.5.4

Technical Evaluation

The NRC staff reviewed Section 2.5.5 of the WLS COL FSAR and checked the referenced DCD
to ensure that the combination of information presented in the FSAR and the DCD completely
represents the required information related to the stability of slopes. The staff’s review
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confirmed that information contained in the application or incorporated by reference addresses
the information required for this review topic. NUREG-1793 and its supplements document the
results of the staff’s evaluation of the information incorporated by reference into the WLS COL
application.
The staff reviewed the information in the WLS COL FSAR:
AP1000 COL Information Items
•

WLS COL 2.5-14

The staff reviewed the resolution to the COL information items related to the stability of all earth
and rock slopes, both natural and man-made (cuts, fill, embankments, dams, etc.), the failure of
which, under any of the conditions to which they could be exposed during the life of the plant,
could adversely affect the safety of the plant included under WLS COL FSAR Section 2.5.5.
With respect to COL Information Item WLS COL 2.5-14, the applicant stated that there are no
soils or rock slopes that the failure of which could adversely affect the safety-related structures
at the WLS site. The staff considered the results of site investigations in conjunction with the
applicant’s conclusion and concurs with the applicant’s assessment that the slopes at the site
are a sufficient distance from the WLS safety-related structures. The staff concludes that the
applicant has met the criteria of COL Information Item 2.5-14 WLS COL 2.5-14.
•

WLS COL 2.5-15

Regarding WLS COL 2.5-15, the applicant stated that there are no dams or embankments the
failure of which could adversely affect the safety-related structures at the WLS site. The staff
considered the results of site investigations, as well as the applicant’s assertion and concurs
with the applicant that there are no dams or embankments that might adversely affect safetyrelated structures of the WLS Units 1 and 2. The staff concludes that the applicant adequately
addressed the criteria of COL Information Item 2.5-15 WLS COL 2.5-15.

2.5.5.5

Post Combined License Activities

There are no post COL activities associated with this section.

2.5.5.6

Conclusions

As discussed above, the applicant presented sufficient information on the evaluation of the
stability of all earth and rock slopes, both natural and manmade at the proposed site, and
adequately addressed COL Information Items WLS COL 2.5-14 and 2.5-15, which met the
design criteria and requirements specified in the AP1000 DCD. The staff reviewed the
investigations performed for slope stability studies and the evaluation of the stability of all slopes
at the proposed site by the applicant, and concludes that the analyses and evaluations
demonstrated that natural and manmade slopes will remain stable under the site-specific static
and seismic loading conditions and that safety-related earthwork will function reliably at the site
to justify the soil and rock characteristics used in the design. The staff further concludes that
the design analyses contain adequate margins of safety for construction and operation of the
nuclear power plant and meets the requirements of 10 CFR Part 50, Appendix A (GDC 1 and
GDC 2); 10 CFR Part 50, Appendices B and S; and 10 CFR 100.23. Accordingly, the staff
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concludes that the WLS site is suitable with respect to the criteria governing the stability of
slopes and, therefore, considers WLS COL FSAR Section 2.5.5 acceptable.

Figure 2.5.5-1 Permanent Slopes at the Lee Nuclear Station Site
(WLS COL FSAR Figure 2.5.5-201)

2.5.6

Combined License Information

WLS COL FSAR Section 2.5.6 is an administrative departure from the AP1000 DCD for
organization and numbering for the WLS COL FSAR sections. This section provides a list of all
COL information items addressed in WLS COL FSAR Section 2.5. Since there is no technical
content in this section, no safety evaluation was needed.
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