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2.0 SITE CHARACTERISTICS

Chapter 2, “Site Characteristics,” of the Turkey Point Units 6 and 7 combined license (COL) final
safety analysis report (FSAR) addresses the geological, seismological, hydrological, and
meteorological characteristics of the Turkey Point Units 6 and 7 site and vicinity, in conjunction
with present and projected population distribution and land use and site activities and controls.

2.01 Introduction

The site characteristics are reviewed by the U.S. Nuclear Regulatory Commission (NRC) 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 (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 the Turkey Point Units 6 and 7 site. Because
this COL application references a 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

Section 2.0 of the Turkey Point Units 6 and 7 COL FSAR, Revision 7, incorporates by reference
Chapter 2 of the AP1000 DCD. AP1000 DCD Chapter 2 includes Section 2. This safety
evaluation report (SER) refers to the Turkey Point Units 6 and 7 COL FSAR, Revision 7, and
AP1000 DCD, Revision 19, unless otherwise specified.! The advanced safety evaluation (ASE)
with confirmatory items for Section 2.0 was based on the Turkey Point Units 6 and 7 COL FSAR
and AP1000 DCD.

In addition, in the Turkey Point Units 6 and 7 COL FSAR Sections 2.1, 2.2, 2.4, and 2.5, the
applicant provided the following:

Tier 2 Departures

e STD DEP 1.1-1

The applicant proposed numbering Sections 2.0, 2.1, 2.2, 2.4, and 2.5 of this chapter based on
Regulatory Guide (RG) 1.206, “Combined License Applications for Nuclear Power Plants (LWR
Edition),” down to the X.Y.Z level, rather than following the AP1000 DCD numbering and
organization. In addition, Turkey Point Units 6 and 7 COL FSAR Part 7 requests an exemption
from the numbering scheme in the AP1000 DCD. The applicant also requested other portions
of the Turkey Point Units 6 and 7 COL FSAR be renumbered in STD DEP 1.1-1. The evaluation
of STD DEP 1.1-1 can be found in SER Section 1.5.4.

1 See Section 1.2.2 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. This SER refers to the Turkey Point Units 6 and 7 COL
FSAR, Revision 7, and AP1000 DCD, Revision 19, unless otherwise specified. This footnote will be
referenced in several places throughout the chapter of this Safety Evaluation.
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o PTNDEP 2.0-2

The applicant proposed a departure from the maximum normal wet-bulb (noncoincident) air
temperature in Tier 2 material of the AP1000 DCD.

e PTNDEP 2.0-4

The applicant proposed a departure from the site parameter for the population distribution
exclusion area (site) in Tier 2 material of the AP1000 DCD.

Tier 1 and 2 Departures

e PTN DEP 2.0-1

The applicant proposed a departure from the operating basis wind speed in both Tier 1 and
Tier 2 material of the AP1000 DCD.

e PTN DEP 2.0-3

The applicant proposed a departure from the maximum safety wet-bulb (noncoincident) air
temperature in both Tier 1 and Tier 2 material of the AP1000 DCD.

In addition, Turkey Point Units 6 and 7 COL FSAR Part 7 requests an exemption from the site
parameter values described in PTN DEP 2.0-1, PTN DEP 2.0-2, PTN DEP 2.0-3, and PTN DEP
2.0-4.

Supplemental Information

e PTN Supplemental (SUP) 2.0-1

The applicant provided supplemental information in Turkey Point Units 6 and 7 COL FSAR
Section 2.0, “Site Characteristics,” which describes the characteristics and site-related design
parameters of the Turkey Point Units 6 and 7 site. The applicant also provided Turkey Point
Units 6 and 7 COL FSAR Table 2.0-201, which provides a comparison of the AP1000 DCD site
parameters, Turkey Point Units 6 and 7 site parameters, and Turkey Point Units 6 and 7 COL
FSAR Table 2.0-202, which provides control room atmospheric dispersion values expressed as
x/Q for all applicable accident analyses.

2.0.3 Regulatory Basis

The regulatory basis of the information incorporated by reference is addressed in NUREG-1793,
“Final Safety Evaluation Report Related to Certification of the AP1000 Standard Design,” and its
supplements.

In addition, the acceptance criteria associated with the relevant requirements of the NRC
regulations for the site characteristics are given in Section 2.0, “Site Characteristics and Site
Parameters,” of NUREG-0800, “Standard Review Plan for the Review of Safety Analysis
Reports for Nuclear Power Plants: LWR Edition.”
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The applicable regulatory requirements for site characteristics are as follows:

10 CFR 52.79(a)(1)(i)—(vi) provides 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 from Section 2.0 of NUREG-0800 are as follows:

The acceptance criteria associated with specific site characteristics and 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
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 Part 52, Appendix D, “Design Certification Rule for the AP1000 Design,”
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 Part 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). The regulation in
10 CFR 52.63(b)(1) references 10 CFR 52.7, “Specific Exemptions.”

10 CFR Part 52, Appendix D, “Design Certification Rule for the AP1000 Design,”
Section VIII, “Processes for Changes and Departures,” Item B.5.

10 CFR 52.7 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.
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 in Part 52, which are authorized
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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.

e 10 CFR 52.93(a) — Exemptions and variances:

(a) Applicants for a combined license under Part 52, or any
amendment to a combined license, may include in the application
a request for an exemption from one or more of the Commission’s
regulations.

2.04 Technical Evaluation

The staff reviewed Section 2.0 of the Turkey Point Units 6 and 7 COL FSAR 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 site characteristics. The results of the staff’'s evaluation of the information
incorporated by reference in the Turkey Point Units 6 and 7 COL FSAR are documented in
NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR:

Tier 2 Departures

e STDDEP 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 numbering of
Turkey Point Units 6 and 7 COL FSAR Chapter 2 is based on RG 1.206 down to the X.Y.Z level
rather than following the AP1000 DCD organization for Chapter 2. The staff finds the Turkey
Point Units 6 and 7 COL FSAR Chapter 2 numbering system proposed by the applicant to be
acceptable because it provides for a logical presentation and review of the information in
accordance with the guidance in RG 1.206.

The applicant renumbered the Turkey Point Units 6 and 7 COL FSAR Sections 2.0, 2.1, 2.2, 2.4
and 2.5 to include content consistent with RG 1.206, and NUREG-0800. The applicant
identified the affected sections in Part 7 of the Turkey Point Units 6 and 7 COL FSAR. The
departure and the exemption associated with the numbering scheme of the FSAR are closely
related. The departure provided in Part 7 of the COL application provides the specific sections
of the Turkey Point Units 6 and 7 COL FSAR that deviate from the DCD numbering scheme.

As required by 10 CFR 52.7, “Specific exemptions,” and 10 CFR 52.93, “Exemptions and
Variances,” the applicant requested an exemption from 10 CFR Part 52, Appendix D,

Section IV.A.2.3, to include “a plant-specific DCD containing the same type of information and
using the same organization and numbering as the generic DCD for the AP1000 design....” In
Part 7, “Departures and Exemptions,” of the Turkey Point Units 6 and 7 COL FSAR, the
applicant stated that the exemption will not result in any significant departures from the
expected organization and numbering of a typical FSAR, and the information is readily
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identifiable to facilitate NRC review. The applicant stated that the subject deviations are
considered to be purely administrative to support a logical construction of the document.
Furthermore, the revised organization and numbering generally follows the guidance provided in
RG 1.206, and NUREG-0800.

As required by 10 CFR 52.7, the Commission may, upon application by any interested person or
upon its own initiative, grant exemptions from the requirements of 10 CFR Part 52. The
regulations in 10 CFR 52.7 further state the NRC’s consideration will be governed by

10 CFR 50.12, which states that an exemption may be granted when:

(1) the exemptions are authorized by law, will not present an undue risk to public health
or safety, and are consistent with the common defense and security, and

(2) special circumstances are present. Special circumstances are present whenever,
according to 10 CFR 50.12(a)(2)(ii), “Application of the regulation in the particular
circumstances would not serve the underlying purpose of the rule or is not necessary to
achieve the underlying purpose of the rule.”

Before considering whether this numbering exemption should be granted, the staff needed to
address a threshold question regarding the review standard applicable to the request. Under
10 CFR 52.93(a)(1), if a request for an exemption is from any part of a DC rule, then the NRC
may grant the exemption if the exemption complies with any exemption provisions of the
referenced DC rule, or if there are no applicable exemption provisions referenced in the DC rule,
if the exemption complies with 10 CFR 52.63, “Finality of Standard Design Certifications.” Here,
there is no applicable change provision in the referenced DC rule, so, according to Section
52.93(a)(1), the exemption must meet 10 CFR 52.63. However, the standards of the
appropriate provision of 10 CFR 52.63 applicable to requests for exemptions from a DC rule in
Section 52.63(b)(1), by their terms, also do not apply to this change. Specifically, Section
52.63(b)(1) applies to changes to “certification information,” and not administrative or procedural
DC rule provisions such as this one under consideration. In the Statements of Consideration for
10 CFR 52.63, the Commission stated that it used the “phrase ‘certification information’ in order
to distinguish the rule language in the DCRs from the design certification information (e.g.,

Tier 1 and Tier 2) that is incorporated by reference in the DCRs” (72 FR 49,444). The
exemption requested from the AP1000 DCD numbering scheme is an exemption from rule
language, not Tier 1 or Tier 2 information; therefore, 10 CFR 52.63 should not be used to
analyze this exemption.

Because there is not an applicable change provision in the referenced DC, and because

10 CFR 52.63(b)(1) does not apply to this exemption, the exemption cannot comply with the
plain language of 10 CFR 52.93(a)(1). In this situation, the language of 10 CFR 52.93(a)(1)
does not appear to serve the underlying purpose of the regulation as described by the
Commission in the Statements of Consideration to the rule, in which the Commission stated that
only changes to certification information must meet 10 CFR 52.63. Instead, this exemption
should have fallen under 10 CFR 52.93(a)(2), and, thus, be analyzed under the requirements in
10 CFR 52.7. Therefore, the staff finds that, as required by 10 CFR 52.7, an exemption to
Section 52.93(a)(1) should be granted.

This exemption is warranted because it meets the requirements in 10 CFR 50.12. First,
because this is an administrative change regarding what exemption regulation applies, the
exemption to 10 CFR 52.93(a)(1) is authorized by law, will not present an undue risk to public
health or safety, and is consistent with the common defense and security. Additionally,
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application of the regulation in this case is not necessary to achieve the underlying purpose of
the rule. The underlying purpose of the rule is to maintain the safety benefits of standardization
by requiring any exemption from certification information to meet the requirements in

10 CFR 52.63(b)(1). This underlying purpose does not apply to this exemption, because the
form and organization of the application does not affect the safety benefits of standardization of
the certification information. Therefore, for the purpose of determining the standards applicable
to the exemption related to STD DEP 1.1-1, the staff finds an exemption to Section 52.93(a)(1)
to be acceptable for the review of the exemption related to STD DEP 1.1-1.

In accordance with the exemption described above, the staff has reviewed the exemption
related to STD DEP 1.1-1 to determine whether it meets the requirements in 10 CFR 52.7. This
exemption would allow the applicant to provide an FSAR with numbering and topics more
closely related to NUREG-0800 and RG 1.206. The staff finds that this administrative change of
minor renumbering will not present an undue risk to the public health and safety and is
consistent with the common defense and security. In addition, this exemption is consistent with
the Atomic Energy Act of 1954, as amended, and is, therefore, authorized by law. Furthermore,
the application of the regulation in these particular circumstances is not necessary to achieve
the underlying purpose of the rule. Therefore, the staff finds that the exemption to

10 CFR Part 52, Appendix D, Section IV.A.2.a, is justified. Finally, for the same reasons the
staff is granting the exemption request, the staff also finds the departure from the numbering
scheme in the Turkey Point Units 6 and 7 COL FSAR to be acceptable.

e PTNDEP 2.0-2

The staff reviewed PTN DEP 2.0-2 in Turkey Point Units 6 and 7 COL FSAR Section 2.0, “Site
Characteristics,” describing the maximum normal wet-bulb (noncoincident) air temperature. The
maximum normal wet-bulb (noncoincident) air temperature in AP1000 DCD Tier 1, Table 5.0-1
and DCD Tier 2, Table 2-1 is compared to the site-specific maximum normal wet-bulb
(noncoincident) air temperature in Turkey Point Units 6 and 7 COL FSAR Table 2.0-201.

As required by 10 CFR Part 52, Appendix D, Section VIII.A.4 and 10 CFR 52.93, the applicant
requested an exemption from 10 CFR Part 52, Appendix D, Section IV.A.2.d, to include
“information demonstrating compliance with the site parameters and interface requirements,”
related to the maximum normal wet-bulb (noncoincident) air temperature. In Part 7, “Departures
and Exemptions,” of the Turkey Point Units 6 and 7 COL FSAR, the applicant stated that the
exemption was evaluated in accordance with Section VIII.A.4 of the DC rule. Appendix D,
Section VIII.LA.4, 10 CFR 52.63(b)(1), 10 CFR 52.7, and 10 CFR 50.12 govern exemptions such
as requested by the applicant here. These regulations require that: (1) the Commission will
deny a request for an exemption from Tier 1 information if it finds that the design change will
result in a significant decrease in the level of safety otherwise provided by the design (App. D, §
VIII.A.4); (2) the Commission may grant the exemption if it is authorized by law, will not present
an undue risk to the public health and safety, and is consistent with the common defense and
security (§ 50.12(a)(1)); (3) the Commission will not grant the exemption unless special
circumstances, as defined in § 50.12(a)(2), are present; and (4) the special circumstances that
are required to be present outweigh any decrease in safety that may result from the reduction in
standardization caused by the exemption (§ 52.63(b)(1)). The applicant’s bases for satisfying
each of the above criteria are shown below:

1. As described in Section B.3 of Part 7 of the COL application, the exemption does
not have an adverse impact on the AP1000 Standard Plant design and therefore
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will not result in a significant decrease in the level of safety otherwise provided by
the design.

2. The exemption is not inconsistent with the Atomic Energy Act or any other statute
and therefore is authorized by law. As discussed above, the exemption does not
have an adverse impact on the AP1000 Standard Plant design and therefore will
not present an undue risk to the public health and safety. The exemption does
not relate to security and does not otherwise pertain to the common defense and
security.

3. Special circumstances are present as specified in 10 CFR 50.12(a)(2).
Specifically, application of 10 CFR Part 52, Appendix D, Section IV.A.2.d and the
site parameters in Tier 1 of the DCD are not necessary to achieve the underlying
purpose of the rules. The analysis described above shows that the increase in
the maximum normal temperature does not affect the AP1000 Standard Plant
design. Consequently, granting relief from the maximum normal air temperature
in the DCD would maintain the level of safety in the design, which is the
underlying purpose of the rule.

4. The special circumstances outweigh any decrease in safety that may result from
the reduction in standardization (due to the increase in the maximum normal
temperature) caused by the exemption. Specifically, the exemption does not
change the AP1000 Standard Plant design and does not affect the configuration
of the plant or the manner in which the plant is operated.

The staff’'s evaluation of the appropriateness of the 27.5 °Celsius (C) (81.5 °Fahrenheit (F))
value for the Turkey Point Units 6 and 7 site is discussed in SER Section 2.3. The staff’s
evaluation of the effects that this higher temperature has on the operation of the AP1000 design
is addressed in SER Sections 2.3.1,5.4,6.2,6.4,9.1.3,9.2.2and 9.2.7.

Based on these evaluations, the staff has determined that the proposed increase in maximum
normal wet-bulb (noncoincident) air temperature will not result in a significant decrease in the
level of safety otherwise provided by the design as required by 10 CFR Part 52, Appendix D,
Section VIII.A.4 and will not present an undue risk to the public health and safety as required by
10 CFR 50.12(a). Granting this exemption will not adversely affect the common defense and
security. Furthermore, the application of the regulation in these particular circumstances is not
necessary to achieve the underlying purpose of the rule, which qualifies as a “special
circumstance” under 10 CFR 50.12(a)(2), and the special circumstances outweigh any
decrease in safety that may result from the reduction in standardization (due to the increase in
the maximum normal wet-bulb (noncoincident) air temperature) caused by the exemption as
required by 10 CFR Part 52, Appendix D, Section VIII.A.4. Specifically, the exemption does not
change the AP1000 standard plant design and does not affect the configuration of the plant or
the manner in which the plant is operated.

Therefore, the staff finds that the exemption to 10 CFR Part 52, Appendix D, Section IV.A.2.b is
justified and meets the requirements of 10 CFR Part 52, Appendix D, Section VIII.A.4.

e PTNDEP 2.0-4

The staff reviewed PTN DEP 2.0-4 in Turkey Point Units 6 and 7 COL FSAR Section 2.0, “Site
Characteristics,” describing the site parameter for the population distribution exclusion area
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(site). The site parameter for the population distribution exclusion areas (site) in AP1000 DCD
Tier 1, Table 5.0-1 and DCD Tier 2, Table 2-1 is compared to the site-specific site parameter for
the population distribution exclusion areas (site) in Turkey Point Units 6 and 7 COL FSAR
Table 2.0-201.

As required by 10 CFR 52.7 and 10 CFR 52.93, the applicant requested a Tier 2 departure from
10 CFR Part 52, Appendix D, Section IV.A.2.d, to include “information demonstrating
compliance with the site parameters and interface requirements,” related to the site parameter
for the population distribution exclusion area (site).

The staff’'s evaluation of the appropriateness of using a minimum distance from the source
boundary to the exclusion area boundary of 0.43 km (0.27 mi) rather than the AP1000 DCD site
parameter of 0.80 km (0.5 mi) for the Turkey Point Units 6 and 7 site is discussed in SER
Sections 2.1.2 and 2.3.4. Based on these evaluations, the staff has determined that the
applicant’s use of distances less than those provided in the AP1000 DCD would only result in
more conservative (higher) x/Q estimates. These atmospheric dispersion estimates are
appropriate for the assessment of consequences from radioactive releases for design-basis
accidents (DBA) in accordance with 10 CFR 52.79(a)(1)(vi), 10 CFR 100.21(c)(2), General
Design Criterion (GDC) 19, “Control Room.”

This departure will not affect the design or function of any structures, systems, and components
(SSCs), the resolution of a severe accident issue identified in the plant-specific DCD, and will
not adversely affect the common defense and security. Therefore, the staff finds that this
departure to 10 CFR Part 52, Appendix D, Section IV.A.2.d and a departure from AP1000 DCD
Table 2-1 is justified and meets the requirements of 10 CFR 52.7 and 10 CFR 52.93.

Tier 1 and Tier 2 Departures and Exemptions

e PTN DEP 2.0-1

The staff reviewed PTN DEP 2.0-1 in Turkey Point Units 6 and 7 COL FSAR Section 2.0, “Site
Characteristics,” describing the operating basis wind speed. The site parameter for the
operating basis wind speed in AP1000 DCD Tier 1, Table 5.0-1 and DCD Tier 2, Table 2-1 is
compared to the site-specific site parameter for the operating basis wind speed in Turkey Point
Units 6 and 7 COL FSAR Table 2.0-201.

As required by 10 CFR Part 52, Appendix D, Section VIII.A.4 and 10 CFR 52.93, the applicant
requested an exemption from 10 CFR Part 52, Appendix D, Section IV.A.2.d, to include
“information demonstrating compliance with the site parameters and interface requirements,”
related to the operating basis wind speed. In Part 7, “Departures and Exemptions,” of the
Turkey Point Units 6 and 7 COL FSAR, the applicant stated that the exemption was evaluated in
accordance with Section VIII.A.4 of the design certification rule. Appendix D, Section VIII.A.4,
10 CFR 52.63(b)(1), 10 CFR 52.7, and 10 CFR 50.12 govern exemptions such as requested by
the applicant here. These regulations require that: (1) the Commission will deny a request for
an exemption from Tier 1 information if it finds that the design change will result in a significant
decrease in the level of safety otherwise provided by the design (App. D, § VIIL.A.4); (2) the
Commission may grant the exemption if it is authorized by law, will not present an undue risk to
the public health and safety, and is consistent with the common defense and security

(§ 50.12(a)(1)); (3) the Commission will not grant the exemption unless special circumstances,
as defined in § 50.12(a)(2), are present; and (4) the special circumstances that are required to
be present outweigh any decrease in safety that may result from the reduction in
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standardization caused by the exemption (§ 52.63(b)(1)). The applicant’s bases for satisfying
each of these four criteria are shown below:

1. As described in Section A.2 of Part 7 of the COL application, the exemption does
not have an adverse impact on the AP1000 Standard Plant design and therefore
will not result in a significant decrease in the level of safety otherwise provided by
the design.

2. The exemption is not inconsistent with the Atomic Energy Act or any other statute
and therefore is authorized by law. As discussed above, the exemption does not
have an adverse impact on the AP1000 Standard Plant design and therefore will
not present an undue risk to the public health and safety. The exemption does
not relate to security and does not otherwise pertain to the common defense and
security.

3. Special circumstances are present as specified in 10 CFR 50.12(a)(2).
Specifically, application of 10 CFR Part 52, Appendix D, Section IV.A.2.d and the
site parameters in Tier 1 of the DCD are not necessary to achieve the underlying
purpose of the rules. The analysis described in SER Section 2.3.1, 3.3.1, and
3.3.3 shows that the increase in the operating basis wind speed does not affect
the AP1000 Standard Plant design. Consequently, granting relief from the
operating basis wind speed in the DCD would maintain the level of safety in the
design, which is the underlying purpose of the rule.

4. The special circumstances outweigh any decrease in safety that may result from
the reduction in standardization (due to the increase in the operating basis wind
speed) caused by the exemption. Specifically, the exemption does not change
the AP1000 Standard Plant design and does not affect the configuration of the
plant or the manner in which the plant is operated.

The staff’'s evaluation of the appropriateness of the 150 mph operating basis wind speed for the
Turkey Point Units 6 and 7 site is described in SER Section 2.3.1, 3.3.1 and 3.3.3. The staff's
evaluation of the effects that this higher temperature has on the operation of the AP1000 design
is addressed in SER Sections 2.3.1, 3.3.1, and 3.3.3.

Based on these evaluations, the staff has determined that the proposed increase in operating
basis wind speed will not result in a significant decrease in the level of safety otherwise provided
by the design as required by 10 CFR Part 52, Appendix D, Section VIII.A.4 and will not present
an undue risk to the public health and safety as required by 10 CFR 50.12(a). Granting this
exemption will not adversely affect the common defense and security. Furthermore, the
application of the regulation in these particular circumstances is not necessary to achieve the
underlying purpose of the rule, which qualifies as a “special circumstance” under

10 CFR 50.12(a)(2), and the special circumstances outweigh any decrease in safety that may
result from the reduction in standardization (due to the increase in the operating basis wind
speed) caused by the exemption as required by 10 CFR Part 52, Appendix D, Section VIII.A.4.
Specifically, the exemption does not change the AP1000 standard plant design and does not
affect the configuration of the plant or the manner in which the plant is operated.

Therefore, the staff finds that the exemption to 10 CFR Part 52, Appendix D, Section IV.A.2.b is
justified and meets the requirements of 10 CFR Part 52, Appendix D, Section VIII.A.4.
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e PTN DEP 2.0-3

The staff reviewed PTN DEP 2.0-3 in Turkey Point Units 6 and 7 COL FSAR Section 2.0, “Site
Characteristics,” describing the maximum safety wet-bulb (noncoincident) air temperature. The
maximum safety wet-bulb (noncoincident) air temperature in AP1000 DCD Tier 1, Table 5.0-1
and DCD Tier 2, Table 2-1 is compared to the site-specific maximum safety wet-bulb
(noncoincident) air temperature in Turkey Point Units 6 and 7 COL FSAR Table 2.0-201.

As required by 10 CFR Part 52, Appendix D, Section VIII.A.4 and 10 CFR 52.93, the applicant
requested an exemption from 10 CFR Part 52, Appendix D, Section IV.A.2.d, to include
“information demonstrating compliance with the site parameters and interface requirements,”
related to the maximum safety wet-bulb (noncoincident) air temperature. In Part 7, “Departures
and Exemptions,” of the Turkey Point Units 6 and 7 COL FSAR, the applicant stated that the
exemption was evaluated in accordance with Section VIII.A.4 of the DC rule. Appendix D,
Section VIII.LA.4, 10 CFR 52.63(b)(1), 10 CFR 52.7, and 10 CFR 50.12 govern exemptions such
as requested by the applicant here. These regulations require that: (1) the Commission will
deny a request for an exemption from Tier 1 information if it finds that the design change wiill
result in a significant decrease in the level of safety otherwise provided by the design (App. D, §
VIII.A.4); (2) the Commission may grant the exemption if it is authorized by law, will not present
an undue risk to the public health and safety, and is consistent with the common defense and
security (§ 50.12(a)(1)); (3) the Commission will not grant the exemption unless special
circumstances, as defined in § 50.12(a)(2), are present; and (4) the special circumstances that
are required to be present outweigh any decrease in safety that may result from the reduction in
standardization caused by the exemption (§ 52.63(b)(1)). The applicant’s bases for satisfying
each of these four criteria are shown below:

1. As described in Section A.2 of Part 7 of the Turkey Point Units 6 and 7 COL
FSAR, the exemption does not have an adverse impact on the AP1000 Standard
Plant design and therefore will not result in a significant decrease in the level of
safety otherwise provided by the design.

2. The exemption is not inconsistent with the Atomic Energy Act or any other statute
and therefore is authorized by law. As discussed above, the exemption does not
have an adverse impact on the AP1000 Standard Plant design and therefore will
not present an undue risk to the public health and safety. The exemption does
not relate to security and does not otherwise pertain to the common defense and
security.

3. Special circumstances are present as specified in 10 CFR 50.12(a)(2).
Specifically, application of 10 CFR Part 52, Appendix D, Section IV.A.2.d and the
site parameters in Tier 1 of the DCD are not necessary to achieve the underlying
purpose of the rules. The analysis described in SER Section 2.3 shows that the
increase in the maximum safety temperature does not affect the AP1000
Standard Plant design. Consequently, granting relief from the maximum safety
air temperature in the DCD would maintain the level of safety in the design,
which is the underlying purpose of the rule.

4. The special circumstances outweigh any decrease in safety that may result from
the reduction in standardization (due to the increase in the maximum safety
temperature) caused by the exemption. Specifically, the exemption does not
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change the AP1000 Standard Plant design and does not affect the configuration
of the plant or the manner in which the plant is operated.

The staff’'s evaluation of the appropriateness of the 30.8 °C (87.4 °F) value for the Turkey Point
Units 6 and 7 site is described in SER Section 2.3. The staff’s evaluation of the effects that this
higher temperature has on the operation of the AP1000 design is addressed in SER

Sections 2.3.1,5.4,6.2,6.4,9.1.3,9.2.2 and 9.2.7.

Based on these evaluations, the staff has determined that the proposed increase in maximum
safety wet-bulb (noncoincident) air temperature will not result in a significant decrease in the
level of safety otherwise provided by the design as required by 10 CFR Part 52, Appendix D,
Section VIII.A.4 and will not present an undue risk to the public health and safety as required by
10 CFR 50.12(a). Granting this exemption will not adversely affect the common defense and
security. Furthermore, the application of the regulation in these particular circumstances is not
necessary to achieve the underlying purpose of the rule, which qualifies as a “special
circumstance” under 10 CFR 50.12(a)(2), and the special circumstances outweigh any
decrease in safety that may result from the reduction in standardization (due to the increase in
the maximum safety wet-bulb (noncoincident) air temperature) caused by the exemption as
required by 10 CFR Part 52, Appendix D, Section VIII.A.4. Specifically, the exemption does not
change the AP1000 standard plant design and does not affect the configuration of the plant or
the manner in which the plant is operated.

Therefore, the staff finds that the exemption to 10 CFR Part 52, Appendix D, Section IV.A.2.b is
justified and meets the requirements of 10 CFR Part 52, Appendix D, Section VIII.A.4.

Supplemental Information

e PTN SUP 2.0-1

The staff reviewed supplemental information PTN SUP 2.0-1 in Turkey Point Units 6 and 7 COL
FSAR Section 2.0 describing the characteristics and site-related design parameters of Turkey
Point Units 6 and 7 site. The AP1000 DCD site parameters in DCD Table 2-1 are compared to
the site-specific site characteristics in Turkey Point Units 6 and 7 COL FSAR Table 2.0-201.

In addition, control room atmospheric dispersion factors for accident dose analysis are
presented in Turkey Point Units 6 and 7 COL FSAR Table 2.0-202.

The staff reviewed and compared the site-specific characteristics included in the Turkey Point
Units 6 and 7 COL FSAR Tables 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
SER Section 2.3. The staff’'s evaluation of site characteristics associated with flood level,
groundwater level, and plant grade elevation is addressed in SER Section 2.4. The staff's
evaluation of seismic and soil site characteristics is addressed in SER Section 2.5. The staff’s
evaluation of site characteristics associated with missiles is addressed in SER Section 3.5.

With the exception of the population distribution exclusion area (site), the operating basis wind
speed, maximum safety wet-bulb (noncoincident) air temperature value, and maximum normal
wet-bulb (noncoincident) air temperature value, the site-specific parameters listed in Turkey
Point Units 6 and 7 COL FSAR Table 2.0-201 are bounded by the AP1000 DCD values
addressed in DCD Table 2-1.
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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 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 Turkey Point Units 6
and 7 COL FSAR related to this section. The results of the staff’s technical evaluation of the
information incorporated by reference in the Turkey Point Units 6 and 7 COL FSAR 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 PTN DEP 2.0-1, PTN DEP 2.0-2, PTN DEP 2.0-3, PTN DEP 2.0-4, and

VCS SUP 2.0-1 to demonstrate that the characteristics of the site fall within the site parameters
specified in the DC and adequate justification has been provided for population distribution
exclusion area (site), the operating basis wind speed, maximum safety wet-bulb
(noncoincident) air temperature value, and maximum normal wet-bulb (noncoincident) air
temperature value falling outside the DC site parameter. Accordingly, the staff concludes that
the applicant has demonstrated that the requirements of 10 CFR 52.79(d)(1) have been met.
The staff also concludes that PTN DEP 2.0-1, PTN DEP 2.0-2, PTN DEP 2.0-3, and PTN DEP
2.0-4 meet the requirements for departures in 10 CFR Part 52, Appendix D, and are, therefore,
acceptable.

Regarding PTN DEP 2.0-1, PTN DEP 2.0-2, PTN DEP 2.0-3, and PTN DEP 2.0-4, the staff
concludes that the exemptions meets the requirements in Appendix D to 10 CFR Part 52 and
10 CFR 50.12, and are, therefore, acceptable.

2.1 Geography and Demography
211 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
man-made 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 of 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 man-made hazards.
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2.1.1.2 Summary of Application

Section 2.1 of the Turkey Point Units 6 and 7 COL FSAR incorporates by reference Section 2.1
of the AP1000 DCD.

In addition, in Turkey Point Units 6 and 7 COL FSAR Section 2.1, the applicant provided the
following:

AP1000 COL Information Item

e PTNCOL 2.1-1

The applicant provided additional information in PTN COL 2.1-1 to resolve COL Information
Item 2.1-1 (COL Action Item 2.1.1-1), which addresses the provision of site-specific information
related to site location and description, including political subdivisions, natural and man-made
features, population, highways, railways, waterways, and other significant features of the area.

This site-specific information included in the Turkey Point Units 6 and 7 COL FSAR describes
the following:

o Specification of State, county, and political subdivisions, in which the site is located, and
location of site with respect to prominent features (natural and man-made, i.e., rivers,
lakes, industrial, military and transportation facilities).

¢ Universal Transverse Mercator (UTM) co-ordinates (zone number, northing, easting),
meters, and latitude and longitude.

e Site Area Map.

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 the NRC
regulations for the site location and description are given in Section 2.1.1 of NUREG-0800.

The applicable regulatory requirements for identifying site location and description are set forth
in the following:

o 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.

e 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
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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) and 10 CFR 52.79(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 Section 2.1.1 of NUREG-0800 are as follows:

e 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.

e 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 Safety
Evaluation Report (SER) Sections 2.1.2 and 2.1.3, and Chapter 15) that the applicant
has met the requirements of 10 CFR 50.34(a)(1) and 10 CFR Part 100.

e In addition, in accordance with Section VIlI, “Processes for Changes and Departures,” of
Appendix D to 10 CFR Part 52—“Design Certification Rule for the AP1000 Design,” 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.

2.1.14 Technical Evaluation

The staff reviewed Section 2.1 of the Turkey Point Units 6 and 7 COL FSAR 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 site location and description. The results of the staff’'s evaluation of
the information incorporated by reference in the Turkey Point Units 6 and 7 COL FSAR are
documented in NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR using the
review procedures described in Section 2.1.1 of NUREG-0800.

AP 1000 COL Information Item
e PTNCOL 2.11

The staff reviewed PTN COL 2.1-1 related to site location and description, including political
subdivisions, natural and man-made features, population, highways, railways, waterways, and
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other significant features of the area included in Section 2.1.1 of the Turkey Point Units 6 and 7
COL FSAR. COL Information Item 2.1-1 in Section 2.1.1 of the AP1000 DCD 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.

The staff reviewed the resolution to the site-specific items related to the site location and
description included under Section 2.10f the Turkey Point Units 6 and 7 COL FSAR.

The staff independently estimated and verified the latitude and longitude and UTM coordinates
of the proposed site as provided in the Turkey Point Units 6 and 7 COL FSAR (Table 2.1.1-1).

Table 2.1.1-1: NAD83 Coordinates of proposed site provided in Turkey Point Units 6 and 7
COL FSAR
Northing; Easting UTM coordinates in meters | Latitude; Longitude (deg/min/sec)

(feet)

Unit6 | Zone 17, 2,812,087 N; 567,179 E 25°25'27.1” N; 80°19'565.1” W
(9,226,007 N) (1,860,823 E)

Unit7 | Zone 17, 2,812,087 N; 566,920 E 25°25'27.1 N; 80°20°04.3" W

(9,226,007 N) (1,859,973 E)

On the basis of the staff’s review of the information addressed in the Turkey Point Units 6 and 7
COL FSAR, and also the staff’s confirmatory review of pertinent information generally available
in literature and on the internet, as well as information collected during a site visit, the staff
considers the information provided by the applicant with regard to the site location and
description to be adequate and acceptable.

2.1.1.5 Post Combined License Activities

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

2.1.1.6 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 site location and
description, and there is no outstanding information expected to be addressed in the Turkey
Point Units 6 and 7 COL FSAR related to this section. The results of the staff’s technical
evaluation of the information incorporated by reference in the Turkey Point Units 6 and 7 COL
FSAR are documented in NUREG-1793 and its supplements.

As set forth above, the applicant has presented and substantiated information to establish the
site location and description. The staff has reviewed PTN 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 Part 100.3, as well as with the radiological consequence
evaluation factors in 10 CFR 50.34(a)(1) and 10 CFR 52.79(a)(1). The staff further concludes
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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 13.3, and Chapters 11 and 15
of this SER, 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. This addresses COL Information Item 2.1-1. In conclusion, the applicant has provided
sufficient information for satisfying 10 CFR Part 52.79(a)(1) and 10 CFR Part 100.

21.2 Exclusion Area Authority and Control

2.1.2.1 Introduction

The review of the descriptions of exclusion area authority and control was used to verify the
applicant’s legal authority to determine and control activities within the designated exclusion
area, as provided in the application, and is 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

Turkey Point Units 6 and 7 COL FSAR Section 2.1 incorporates by reference Section 2.1 of the
AP1000 DCD.

In addition, in Turkey Point Units 6 and 7 COL FSAR Section 2.1.2, the applicant provided the
following:

Tier 2 Departure

e PTN DEP 2.0-4

The applicant proposed PTN DEP 2.0-4 in which the minimum distance from the source
boundary to the exclusion area boundary of 0.43 km (0.27 mi) rather than the site parameter of
0.80 km (0.5 mi) specified in the AP1000 DCD be used for the Turkey Point Units 6 and 7 site.
The applicant provided the distance from the Turkey Point Units 6 and 7 site’s source boundary
to the exclusion area boundary (EAB) at the atmospheric dispersion value (x/Q) at the EAB in
Turkey Point Units 6 and 7 COL FSAR Table 2.3.4-201.

AP1000 COL Information Item

e PTN COL 2.11

The applicant provided additional information in PTN COL 2.1-1 to resolve COL Information
Item 2.1-1 (COL Action Item 2.1.2-1), which addresses the provision of site-specific information
related to exclusion area authority and control, including size of the area, exclusion area
authority and control, and activities that may be permitted within the designated exclusion area.
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This site-specific information included in the Turkey Point Units 6 and 7 COL FSAR describes
the following:

2.1.2.3

establishment of authority, which determines the legal authority of land, and also mineral
rights and easements,

legal authority for all activities, including exclusion and removal of personnel and
property from area,

minimum distance of the EAB,
description of activities unrelated to plant operation that are permitted in EAB, their
location, nature of activities, number of persons involved and plans for evacuation in the

event of an emergency,

description of traffic control arrangements on highways, railroads and waterways
traversing through EAB in the event of emergency, and

procedures for abandonment, relocation and understanding with other authorities for
control.

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 the NRC
regulations for the exclusion area authority and control are given in Section 2.1.2 of
NUREG-0800.

The applicable regulatory requirements for verifying exclusion area authority and control are set
forth in the following:

10 CFR 50.34(a)(1), and 10 CFR 52.79(a)(1), as it relates to the inclusion in the 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 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) and 10 CFR 52.79 (a)(1) as it relates to site evaluation factors
identified in 10 CFR Part 100.

The related acceptance criteria from Section 2.1.2 of NUREG-0800 are as follows:
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o 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.

e 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.

2.1.24 Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 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.! 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 Turkey Point Units 6 and 7 COL
FSAR are documented in NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR using the
review procedures described in Section 2.1.2 of NUREG-0800.

Tier 2 Departure

e PTNDEP 2.0-4

The staff reviewed PTN DEP 2.0-4 related to the applicant’s use of a minimum distance from
the source boundary to the exclusion areas boundary of 1,427 ft (0.27 mi) for the Turkey Point
Units 6 and 7 site, rather than the site parameter of 0.80 km (0.5 mi) specified in the AP1000
DCD.

The distance from the Turkey Point Units 6 and 7 site’s source boundary to the EAB and the
atmospheric dispersion value (x/Q) at the EAB are listed in Turkey Point Units 6 and 7 COL
FSAR Table 2.3.4-201. The EAB for Turkey Point Units 6 and 7 lies primarily within the EAB for
Turkey Point Units 3 and 4, with the exception of the eastern and southern portions. The
combined EAB provides a minimum distance of 0.43 km (0.27 mi) from the source boundary for
Turkey Point Units 6 and 7. All Turkey Point Units 6 and 7 site sector EAB distances, except for
S, SSW, and SSE sectors are less than the 0.80 km (0.5 mi) site parameter, with the minimum
being 0.43 km (0.27 mi) in the northeast sector. However, the Turkey Point Units 6 and 7 site’s
EAB resides within the current applicant’s site boundary. A comparison of the Turkey Point
Units 6 and 7 site boundary and EAB are shown in Turkey Point Units 6 and 7 COL FSAR
Figures 2.1-202 and 2.1-204. Further evaluation of this departure is discussed in SER Section
2.3.4.

AP1000 COL Information Iltem
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e PTNCOL 2.1-1

The staff reviewed PTN COL 2.1-1 related to the exclusion area authority and control, including
size of the area, exclusion area authority and control, and activities that may be permitted within
the designated exclusion area included in Turkey Point Units 6 and 7 COL FSAR Section 2.1.2.
COL Information Item in Section 2.1.1 of the AP1000 DCD 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 provided the information concerning the following:
o complete legal authority to regulate access and activity within the EAB,

¢ identification of any facilities within the EAB that have activities unrelated to plant
operation being controlled and considered for emergency planning,

e arrangements for traffic control, and
e abandonment or relocation of roads.

Florida Power and Light (FPL) owns the property within the Turkey Point Units 6 and 7
exclusion area, subject to certain encumbrances on portions of the property, specifically, certain
canal, drainage, reclamation, oil, gas and mineral rights reservations held by the Trustees of the
Internal Improvement Fund of the State of Florida and a canal reservation held by Miami-Dade
County. Also, a small parcel of submerged land in the southeast and south-southeast portions
of the exclusion area is located in the Biscayne Bay waterway. Because of the location of the
submerged land, this portion of the exclusion area cannot be reasonably accessed except
through FPL property.

The staff reviewed the resolution to the site-specific items related to the exclusion area authority
and control included under Turkey Point Units 6 and 7 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 by the applicant for the radiological
consequences in Turkey Point Units 6 and 7 COL FSAR Chapters 15 and 13.3. The staff
concludes that the applicant has acquired authority to control all activities within the designated
exclusion area and meets acceptance criteria of Section 2.1.2, Exclusion Area Authority and
Control,” of NUREG-0800.

There are no residences, commercial activities not associated with Turkey Point Units 6 and 7,
or recreational activities within the exclusion area. No public highways or railroads traverse the
exclusion area. The staff verified that no public roads cross the exclusion area; and, therefore,
neither relocation nor abandonment of roads is needed.
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2.1.2.5 Post Combined License Activities

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

2.1.2.6 Conclusion

The staff reviewed Section 2.1.2 of the Turkey Point Units 6 and 7 COL FSAR 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 Turkey Point Units 6 and 7 COL FSAR related to
this section. The results of the staff’s technical evaluation of the information incorporated by
reference in the Turkey Point Units 6 and 7 COL FSAR are documented in NUREG-1793 and its
supplements.

As set forth above, the applicant has provided and substantiated information concerning its legal
authority and control of all activities within the designated exclusion area. The staff has
reviewed PTN 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 50.33,10 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. PTN DEP 2.0-4 is discussed and evaluated in SER Section 2.3.4. 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 methods
by which the relocation or abandonment of public roads that lie within the proposed exclusion
area can be accomplished, if necessary, 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 exclusion and removal of persons and property, and
has established acceptable methods for control of the designated exclusion area. This
addresses COL Information Item 2.1-1. In conclusion, the applicant has provided sufficient
information for satisfying the requirements of 10 CFR 52.79(a)(1) and 10 CFR Part 100.

21.3 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 appropriate protective measures could 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
Regulatory Position C.4 of RG 4.7, “General Site Suitability Criteria for Nuclear Power Stations,”
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
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Turkey Point Units 6 and 7 COL FSAR Section 2.1 incorporates by reference Section 2.1 of the
AP1000 DCD.

In addition, in Turkey Point Units 6 and 7 COL FSAR Section 2.1.3, the applicant provided the
following:

AP1000 COL Information Item

e PTNCOL 2.1-1
The applicant provided additional information in PTN COL 2.1-1 to resolve COL Information
Item 2.1-1 (COL Action Item 2.1.3-1), which addresses the provision of site-specific information
related to population distribution for the site environs to include:

e nearest population center boundary (having 25,000 or more residents) at least one and
one-third times the distance from the reactor units to the outer boundary of LPZ,

e population density within 20 mi less than 500 people/square mile consistent with
guidelines given in RG 4.7 Regulatory Position C.4,

e population data in the site vicinity including transient populations,
e adescription of the population within 10 mi of the plant,
e adescription of the population between 10 and 50 mi of the plant,

e adescription of the seasonal and daily variations in population and population
distribution from land uses,

¢ the low-population zone,
e the nearest population center, and

e a plot out to a distance of at least 20 mi showing the cumulative resident population
(population density).

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 the NRC
regulations for population distribution are given in Section 2.1.3 of NUREG-0800.

The applicable regulatory requirements for identifying site location and description are set forth
in the following:

o 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),
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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.

o 10 CFR 100.20, “Factors To Be Considered When Evaluating Sites,” and
10 CFR 100.21, “Non-Seismic Siting Criteria,” 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 SAR 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 Section 2.1.3 of RG 1.70 and in accordance with
DG-1145, (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.

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

o 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.

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

2.1.34 Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 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.! 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 Turkey Point Units 6 and 7 COL FSAR are
documented in NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR using the
review procedures described in Section 2.1.3 of NUREG-0800.

AP1000 COL Information Item

e PTNCOL 2.1-1
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The staff reviewed PTN COL 2.1-1 related to the population distribution around the site environs
included in Turkey Point Units 6 and 7 COL FSAR Section 2.1.3. COL Information Item in
Section 2.1.1 of the AP1000 DCD 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 resolution to the COL specific items related to the population distribution
around the site environs included under Section 2.1 of the Turkey Point Units 6 and 7 COL
FSAR.

The staff reviewed the data on the population in the site environs, as presented in the Turkey
Point Units 6 and 7 COL FSAR, to determine whether the exclusion area, LPZ, and population
center distance for the proposed site comply with the requirements of 10 CFR Part 100. The
staff evaluated whether, consistent with Regulatory Position C.4 of RG 4.7, 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 and county population data. The staff reviewed the projected population data provided
by the applicant, including the weighted transient population for 2020, 2030, 2040, 2050, 2060,
2070, 2080, and 2090.

The populations for the years 2020 through 2090 have been projected by calculating a growth
rate using State populations (by county) as the base. The projected population for the expected
first year of plant operation (2022 for Unit 6 and 2023 for Unit 7) is conservatively selected as
that for the year 2030. The staff also independently performed and verified the population
projections based on 2010 census data, and State and county population projection data. 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 transient population is reasonable.
The applicant stated in Turkey Point Units 6 and 7 COL FSAR Section 2.1.3.1 that

Figures 2.1-207 through 2.1-215 show the total (resident and transient) population for the year
2010 through 2090. The applicant updated 2000 census data used for the original population
distribution for the Turkey Point Units 6 and 7 COL FSAR Revision 0 with 2010 census data in
the Turkey Point Units 6 and 7 COL FSAR Revision 5. The applicant also updated transient
population data consistent with year 2010, and presented updated information in tables and
figures.

The nearest population center (population of greater than 25,000 residents) to Turkey Point
Units 6 and 7 site is the city of Homestead, which is 7.2 km (4.5 mi) west northwest of the site.
Homestead’s population in 2010 was 60,512. The distance to the boundary of the population
center is 1.6 times the radius of the 8 km (5-mi) LPZ. The staff verified the distance to the
nearest population center to be 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 complies with the guidance provided by RG 4.7. Therefore, the staff concludes that the
proposed site meets the population center distance requirement in 10 CFR 100.21(b).
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The staff evaluated the site population density against the criterion in Regulatory Position C.4 of
RG 4.7, Revision 2, regarding whether it is necessary to consider alternative sites with lower
population densities. The evaluation included the review and verification of population density
in 2030 (more than 5 years after initial site approval), and whether it would exceed the criteria of
500 persons per square mile averaged over a radial distance of 20 mi (cumulative population at
a distance divided by the area at that distance). The applicant determined that the density
based on both the land area and circular area at the 16.1 to 32.2km (10 to 20 mi) radii exceeds
the criterion of 500 people per square mile. Therefore, the applicant stated that in accordance
with RG 4.7, Position C.4, it has evaluated alternative sites in Part 3 of the Turkey Point Units 6
and 7 COL FSAR and the Environmental Report. The staff has also independently verified and
confirmed the applicant’s calculated population density for the year 2030 exceeded the
guideline value of 500 people per square mile. To adequately document the licensing basis, in
a letter dated March 28, 2012, the staff requested the applicant in RAI 02.01.03-2, to discuss
the summary of results containing the rationale and justification for the selection of a high
density site in the Turkey Point Units 6 and 7 COL FSAR in accordance with the guidance
provided in RG 4.7 Position C.4.

In a letter April 25, 2012, the applicant provided the response with a general address of
rationale and justification, and submitted a revision to the Turkey Point Units 6 and 7 FSAR
Section 2.1.3.6. However, the applicant’s response did not demonstrate the merits, benefits, or
advantages of selecting the Turkey Point Units 6 and 7 site, despite a population density in
excess of 500 people per square mile, over the other four alternative sites considered.
Therefore, in letter dated May 20, 2014 (RAI 02.01.03-3), the staff requested the applicant
provide supplemental information to RAI 02.01.03-2, to explain and document in the Turkey
Point Units 6 and 7 COL FSAR, how the Turkey Point Units 6 and 7 site compared to the other
four sites. In a letter dated June 18, 2014, the applicant provided discussion and rationale by
clarifying the merits and advantages of Turkey Point Site over the other alternative sites
considered and evaluated. The staff reviewed this information and found the applicant’s
address reasonable and acceptable as it meets the guidance provided in RG 4.7. The applicant
also provided revision to Turkey Point Units 6 and 7 COL FSAR Section 2.1.3.6. The staff finds
the proposed revisions acceptable and has confirmed that these changes have been
incorporated into the Turkey Point Units 6 and 7 COL FSAR. Therefore, this RAl 02.01.03-03 is
resolved.

2.1.3.5 Post Combined License Activities

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

2.1.3.6 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 population
distribution, and there is no outstanding information expected to be addressed in the Turkey
Point Units 6 and 7 COL FSAR related to this section. The results of the staff’s technical
evaluation of the information incorporated by reference in the Turkey Point Units 6 and 7 COL
FSAR are documented in NUREG-1793 and its supplements.

As set forth above, the applicant has provided an acceptable description of current and

projected population densities in and around the site. The staff has reviewed PTN COL 2.1-1,
and for the reasons given above, concludes that the population data with an exception
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population density guideline of 500 people per square mile, within 32 km (20 mi) from the site,
meets 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 based on the information provided in 10 CFR 100.3. This
conclusion is based on the applicant having provided an acceptable description and safety
assessment of the Turkey Point Units 6 and 7 site, which includes present and projected
population densities in accordance with the guidelines of Regulatory Position C.4 of RG 4.7, and
properly specified the LPZ and population center distance. In addition, the staff has reviewed
and confirmed, by comparison with independently obtained population data, the applicant’s
estimates of the present and projected populations surrounding the Turkey Point Units 6 and 7
site, including transients. The applicant also has calculated the radiological consequences of
design-basis accidents at the outer boundary of the low-population zone (SRP Chapter 15) and
has provided reasonable assurance that appropriate protective measures can be taken within
the low-population zone to protect the population in the event of a radiological emergency. This
addresses COL Information Item 2.1-1. In conclusion, the applicant has provided sufficient
information to satisfy the requirements of 10 CFR Part 52.79(a)(1), and 10 CFR Part 100.

2.2 Nearby Industrial, Transportation, and Military Facilities
2.2.1 Locations and Routes
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
requirements prescribed in the “Contents of Application” sections of the applicable subparts to
10 CFR Part 52.

The staff’s review of Turkey Point Units 6 and 7 COL FSAR Section 2.2.1, “Locations and
Routes,” and Section 2.2.2, “Descriptions,” is addressed in this SER section.

2.2.1.2 Summary of Application

Turkey Point Units 6 and 7 COL FSAR Section 2.2 incorporates by reference Section 2.2 of the
AP1000 DCD.

In addition, in Turkey Point Units 6 and 7 COL FSAR Section 2.2, the applicant provided the
following:

AP1000 COL Information Item

e PTN COL 2.21
e PTN COL 3.3-1
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e PTN COL 3.5-1

The applicant provided additional information in PTN COL 2.2-1, PTN COL 3.3-1, and PTN COL
3.5-1 to resolve COL Information Item 2.2-1 (COL Action 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.

The applicant identified and addressed the potential hazard facilities and routes within the
vicinity, 8 km (5 mi) of the Turkey Point Units 6 and 7 site, and airports within 16 km (10 mi) of
the Turkey Point Units 6 and 7 site along with other significant facilities beyond 8 km (5 mi), in
accordance with RG 1.206 and relevant sections of 10 CFR Part 50 and 10 CFR Part 100.

The applicant addressed one significant industrial facility associated with a military installation,
one natural gas transmission pipeline system, and one navigable waterway for assessment
within 8 km (5 mi) of the site. In addition, potential hazard analysis included chemical storage
associated with Units 1 through 5 and site-specific onsite chemical storage facilities associated
with Turkey Point Units 6 and 7 along with an onsite transportation route. No additional facilities
other than airway and military operation areas significant enough are identified within 16 km

(10 mi) of the Turkey Point Units 6 and 7 site.

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 the NRC
regulations for the nearby industrial, transportation, and military facilities are given in
Sections 2.2.1-2.2.2 of NUREG-0800.

The applicable regulatory requirements for identifying locations and routes are set forth in the
following:

e 10 CFR 100.20(b), which requires that the nature and proximity of man-made related
hazards (e.g., airports, dams, transportation routes, and 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.

e 10 CFR 52.79(a)(1)(iv), as it relates to the factors to be considered in the evaluation of
sites, which require 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.

e 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 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 Section 2.2.1-2.2.2 of NUREG-0800 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.

e 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 Section Il of
Sections 2.2.1-2.2.2 of NUREG-0800.

o 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.

The regulatory requirement associated with the Tier 2 departure request is as follows:

¢ 10 CFR Part 52, “Licenses, certifications, and approvals for nuclear power plants,”
Appendix D “Design Certification Rule for the AP1000 Design,” Section VI, “Processes
for Changes and Departures,” Item B.5.

2.2.14 Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 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.! 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 Turkey Point Units 6 and 7
COL FSAR are documented in NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR:

AP1000 COL Information Items

e PTNCOL 2.21
PTN COL 3.3-1
e PTNCOL 3.51

The staff reviewed PTN COL 2.2-1, PTN COL 3.3-1, and PTN COL 3.5-1 related to information
about industrial, military, and transportation facilities and routes to establish the presence and
magnitude of potential external hazards included in Turkey Point Units 6 and 7 COL FSAR
Section 2.2. COL Information Item in AP1000 DCD Section 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
aircraft hazards, information on nearby transportation routes, and information on
potential industrial and military hazards.
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The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR using the
review procedures described in Section 2.2.1-2.2.2 of NUREG-0800.

This SER section identifies and provides the information that would help in evaluating potential
effects on the safe operation of the nuclear facility by industrial, transportation, mining, and
military installations in the Turkey Point Units 6 and 7 site area. The evaluation of potential
effects on the safe operation of the nuclear facility is described in SER Section 2.2.3.

Locations and Routes

The applicant identified and provided information regarding potential external hazard facilities
and operations within a 5-mile radius of the Turkey Point Units 6 and 7 site.

The location of these transportation routes and facilities are shown on Turkey Point Units 6 and
7 COL FSAR Figure 2.2-201, and include the following:

e industrial and military facilities within 8 km (5 mi),
o Turkey Point Units 1 through 5,

e Homestead Air Reserve Base,

e transportation routes within 8 km (5 mi),

e onsite transportation route,

e Miami to Key West, Florida Intracoastal Waterway,

e Florida Gas Transmission Company, Turkey Point Lateral Pipeline, and Homestead
Lateral Pipeline,

e airport and airway routes within 16.2 km (10 mi),
e Turkey Point Heliport,

e Ocean Reef Club Airport, and

e Airway V-3.

The staff confirmed that no major industrial activities are within 16 km (10 mi) that are significant
enough to be identified as potential hazard facilities.

Description of the Facilities

Turkey Point Units 1 through 5 are located on the approximate 11,000 acre property. Units 1
and 2 are gas/oil-fired steam electric generating units; Units 3 and 4 are nuclear-powered steam
electric generating units; and Unit 5 is a natural gas combined cycle plant. Units 6 and 7 are
located southwest of Units 1 through 5. The center point of the Unit 6 reactor building is
approximately 65.5 m (215 ft) west and 1,105 m (3,625 ft) south of the center point of the Unit 4
containment.
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The Homestead Air Reserve Base is located approximately 7.7 km (4.76 mi) north-northwest of
Units 6 and 7. The Homestead Air Reserve Base is a fully combat-ready unit capable of
providing F-16C multipurpose fighter aircraft, along with mission-ready pilots and support
personnel, for short-notice worldwide deployment. In addition, the Homestead Air Reserve
Base is home to the most active North American Aerospace Defense Command alert site in the
continental United States, operated by a detachment of F-15 fighter intercepts from the 125"
Fighter Wing Florida Air National Guard.

Description of Highways

Miami-Dade County, Florida, is traversed by several highways (i.e., Interstate 95, U.S.

Highway 1, Florida Turnpike, and U.S. Route 41). However, there are no major highways within
8 km (5 mi) of Units 6 and 7. The transportation route that approaches closer than 8 km (5 mi)
to Units 6 and 7 is for chemicals transported onto the plant property.

Description of Railroads
There are no railroads within 8 km (5 mi) of Units 6 and 7.
Description of Waterways

Turkey Point Units 6 and 7 site is on the western shore of south Biscayne Bay. The Biscayne
Bay contains the Miami to Key West, Florida Intracoastal Waterway. The only commodity
transported on the Miami to Key West, Florida Intracoastal Waterway is residual fuel oil. In
2005, there were 611,000 short tons of residual fuel oil transported, and the entirety of this
commodity was delivered to the Turkey Point plant. Residual fuel oil is delivered exclusively by
barges, having a size of barge transporting approximately 18,000 barrels of oil. The residual
fuel oil is stored in two 268,000 barrel tanks. The hazard determined due to these tanks is
bounding compared to the residual fuel oil transported by the barge, and, therefore, it is stated
by the applicant that no further analysis for barge transport is warranted.

Description of Pipelines

There are two natural gas transmission pipelines operated by Florida Gas Transmission
Company within 8 km (5 mi) of the plant. Two of the pipelines, the Turkey Point Lateral and
Homestead Lateral, are located within 8 km (5 mi) of Turkey Point Units 6 and 7.

The Florida Gas Transmission Company Turkey Point Lateral is a 61 cm (24 in) diameter
pipeline, operating at a maximum pressure of 722 psig, providing gas service to Turkey Point’s
gas-fired power plants. The pipeline is buried to an approximate depth of 107 cm (42 in) below
grade. At the closest approach to Turkey Point Units 6 and 7, the Turkey Point Lateral pipeline
passes within approximately 1,382 m (4,535 ft) of the Unit 6 auxiliary building.

The Florida Gas Transmission Company Homestead Lateral is a 16.8 cm (6.625 in) diameter
pipeline that tees off of the 61 cm (24 in) Turkey Point Lateral pipeline approximately 4.8 km
(3 mi) north of the Turkey Point Units 6 and 7 site and extends in a westward direction to
provide gas to the city of Homestead. Because of the proximity and diameter of the Turkey
Point Lateral pipeline compared to the Homestead Lateral pipeline, the Turkey Point Lateral
pipeline presents a greater hazard, and is bounding. Therefore, the applicant stated that no
further analysis of the Homestead Lateral pipeline is warranted.
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Description of Airports and Airways

The Turkey Point site operates its own corporate heliport. The Turkey Point heliport is in the
southeast corner of the Units 3 and 4 parking lot approximately 945 m (3,100 ft) north of Units 6
and 7. Due to the weight of the aircraft (signifying a low-penetration hazard), and infrequent use
of the heliport, the applicant stated that no further analysis is considered.

Homestead Air Reserve Base is approximately 7.7 km (4.76 mi) north-northwest from the
proposed Units 6 and 7. The U.S. Air Force owns the airport. The Homestead Air Reserve
Base has approximately 36,429 annual operations, and this number is expected to remain the
same over the life of the plant.

Ocean Reef Club Airport is a privately owned airport 11.9 km (7.41 mi) south-southeast from
Units 6 and 7. There are approximately 25 aircraft on the site, and the number of flight
operations reasonably falls within plant-to-airport distance criteria.

The site is approximately 9.6 km (5.98 statute mi) from the center of airway V3/G439. The edge
of the closest airway is located closer than 3.2 km (2 statute mi) from Units 6 and 7. Because of
the proximity of airway V43/G439 and the fact that Homestead Air Reserve base airport is within
8 km (5 mi) of the site, a calculation of the probability of an aircraft accident that could possibly
result in radiological consequences was performed to determine whether the accident
probability is less than an order of magnitude of 1x107 per year. The details of analysis for the
determination of the aircraft crash probability are addressed in Turkey Point Units 6 and 7 COL
FSAR Sections 2.2.2.7 and 3.5.1.6.

Based on the review of the information addressed by the applicant pertaining to locations and
routes, and the staff’'s independent review of the information in public domain, the staff
concludes that the information provided by the applicant is adequate and acceptable.

Projections of Industrial Growth
A review of Miami-Dade County’s Comprehensive Development Master Plan does not indicate
any future projections of new major industrial, military, or transportation facilities located with the

vicinity of the Turkey Point Units 6 and 7 site.

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 application and checked the referenced DCD. The staff’s review
confirmed that the applicant addressed the required information relating to nearby industrial,
transportation, and military facilities, and there is no outstanding information expected to be
addressed in the Turkey Point Units 6 and 7 COL FSAR related to this section. The results of
the staff’s technical evaluation of the information incorporated by reference in the Turkey Point
Units 6 and 7 COL FSAR 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 Turkey Point Units 6 and 7 site vicinity. The staff has
reviewed the information provided 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) for
compliance evaluation. 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 Turkey Point Units 6 and
7 COL FSAR as well as information that the staff independently obtained, the staff has
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 SER Sections 2.2.3, 3.5.1.5, and 3.5.1.6. This addresses PTN COL Information
Item 2.2-1. In conclusion, the applicant has provided sufficient information for satisfying the
relevant portions of 10 CFR Part 50, “Domestic Licensing of Production and Utilization
Facilities”; 10 CFR Part 52; and 10 CFR Part 100.

2.2.2 Descriptions

The staff's review of the Turkey Point Units 6 and 7 COL FSAR Section 2.2.2, “Descriptions,” is
addressed in SER Section 2.2.1.

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

Turkey Point Units 6 and 7 COL FSAR Section 2.2 incorporates by reference Section 2.2 of the
AP1000 DCD.

This section of the Turkey Point Units 6 and 7 COL FSAR addresses the need for evaluation of
potential accidents.
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In addition, in Turkey Point Units 6 and 7 COL FSAR Section 2.2, the applicant provided the
following:

AP1000 COL Information Item

e PTNCOL 2.21

The applicant provided additional information in PTN COL 2.2-1 to resolve COL Information
Item 2.2-1 (COL Action 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, including the following accident categories: explosions, flammable vapor clouds
(delayed ignition), toxic chemicals, fires, and airplane crashes.

e PTNCOL 6.4-1

The applicant provided additional information in PTN COL 6.4-1 to address COL Information
Item 6.4-1 (COL Action Item 6.4-1) related to the evaluation of potential accidents involving
hazardous materials that may impact the control room habitability.

e STD COL 6.4-1

The applicant addressed STD COL 6.4-1 in the Turkey Point Units 6 and 7 COL FSAR, related
to the onsite chemicals expected to be standard to all AP1000 COLs by providing Turkey Point
Units 6 and 7 COL FSAR Table 6.4-201.

The applicant identified, evaluated, and provided information for potential accidents considered
as DBAs that may affect the nuclear plant in terms of design parameters (e.g., overpressure,
missile energies) and physical phenomena (e.g., concentration of flammable or toxic vapor
clouds outside building structures). DBAs internal and external to the nuclear plant are defined
as those accidents that have a probability of occurrence on an order of magnitude of 107 per
year or greater and potential consequences serious enough to affect the safety of plant to the
extent that the guidelines of 10 CFR Part 100 could be exceeded.

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 the NRC
regulations for the evaluation of potential accidents are given in Section 2.2.3 of NUREG-0800.

The applicable regulatory requirements for evaluation of potential accidents are set forth in the
following:

e 10 CFR 100.20(b), which requires that the nature and proximity of man-made 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.
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o 10 CFR 52.79(a)(1)(iv), as it relates to the factors to be considered in the evaluation of
sites, which require the location and description of industrial, military, or transportation
facilities and routes, and the requirements of 10 CFR 52.79(a)(1)(vi) as they relate to
compliance with 10 CFR Part 100.

The related acceptance criteria from Section 2.2.3 of NUREG-0800 are as follows:

e 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
107 per year.

o Design-Basis Events (DBE): 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 (December 2001).

2.2.34 Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 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.! 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 Turkey Point Units 6 and 7 COL FSAR are
documented in NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR:

AP1000 COL Information Item

e PTNCOL 2.21
e PTNCOL 6.4-1
e STD COL 6.4-1

The staff reviewed the resolution to the PTN COL 2.2-1 (related to COL Information Item 2.2-1),
which addresses specific items related to the identification and evaluation of potential accidents
resulting from external hazards or hazardous materials included in Turkey Point Units 6 and 7
COL FSAR Section 2.2.1.

The staff reviewed PTN COL 2.2-1 related to information about industrial, military, and
transportation facilities and routes to establish the presence and magnitude of potential external
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hazards, including the following accident categories: explosions, flammable vapor clouds
(delayed ignition), toxic chemicals, fires, and airplane crashes included in Turkey Point Units 6
and 7 COL FSAR Section 2.2.3. COL Information Item in Section 2.2 of the AP1000 DCD
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.

The applicant analyzed postulated accidents for various types considering the identified sources
and locations in Turkey Point Units 6 and 7 COL FSAR Section 2.2.1, which include the
following:

e explosions,

¢ flammable vapor clouds (delayed ignition),
e toxic chemicals,

e fires,

e collision with intake structure

¢ liquid spills, and

¢ radiological hazards.

The applicant considered hazards involving potential explosions resulting in blast overpressure
due to detonation of explosives, munitions, chemicals, liquid fuels, and gaseous fuels for
facilities and activities either onsite or within the vicinity of the Turkey Point Units 6 and 7 site.
The applicant evaluated potential explosions from nearby highways, navigable waterways,
pipelines, or facilities using 1 psi overpressure as a criterion for adversely effecting plant
operation or preventing safe shutdown of the plant. In accordance with RG 1.91, “Evaluations
of Explosions Postulated To Occur at Nearby Facilities and on Transportation Routes near
Nuclear Power Plants,” peak positive incident overpressures below 1 psi are considered to
cause no significant damage.

The Turkey Point Units 6 and 7 site is close to existing Units 1 through 5 chemical storage
locations. The applicant determined that the minimum safe distances for the storage of
chemicals associated with Units 1 through 5 and Units 6 and 7 presented in Turkey Point Units
6 and 7 COL FSAR Table 2.2-213, are less than the minimum separation distance from the
nearest safety-related structure, the Unit 6 auxiliary building to each chemical storage location.
The staff performed independent confirmatory calculations and verified the applicant’s
determined minimum safe distances for all chemicals stored onsite.
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The applicant determined that the minimum safe standoff distances for hazardous chemicals
gasoline, hydrazine, jet fuel, and propane stored at the Homestead Air Base are less than the
minimum separation distance from the Unit 6 auxiliary building. Therefore, the overpressure
resulting from an explosion due to chemicals stored at Homestead Air Base would not adversely
affect the safe operation or shutdown of Units 6 and 7. The staff performed independent
calculations and confirmed the applicant’s determined values.

The applicant determined a minimum safe standoff distance of 81 m (266 ft), which is less than
closest point of approach of 626 m (2,054 ft) to onsite truck transport, using conservative
assumptions and RG 1.91 methodology. The staff performed independent calculations that
confirmed the applicant’s results. Therefore, the staff concludes that the applicant’s
assumptions and methodology are acceptable.

The applicant determined a minimum safe distance of 944 m (3,097 ft) to 1 psi overpressure
due to an explosion from instantaneous release of natural gas from a pipeline at a separation
distance of 1,382 m (4,535 ft) from the Unit 6 auxiliary building. Therefore, the overpressure
from an explosion from a rupture in the Florida Gas Transmission Company Turkey Point
Lateral natural gas transmission will not adversely affect the safe operation or shutdown of Units
6 and 7. The staff performed independent calculations and verified the applicant’s results.

Flammable Vapor Clouds (Delayed Ignition)

The applicant evaluated potential flammable vapor clouds using the ALOHA air dispersion
model to determine the distance that the chemical vapor cloud could exist in the flammable
range between Lower Flammable Limit (LFL) to Upper Flammable Limit (UFL), thus having
potential for ignition, explosion, or thermal hazard. The results of this evaluation are presented
in Turkey Point Units 6 and 7 COL FSAR Table 2.2-214. The results of the analyses indicate
that the calculated distance to LFL and minimum safe distance to 1 psi due to vapor cloud
explosion is less than the distance to the nearest safety-related structure for each chemical from
its source location. The maximum incident heat flux is less than level of concern 5 kW/m?. The
staff performed confirmatory calculations independently by using the ALOHA computer model,
and found the applicant-determined values to be comparable. Based on the review and
independent analyses, the staff finds the applicant’s results acceptable.

Toxic Chemicals

Accidents involving the release of toxic or asphyxiating chemicals from onsite storage facilities
and nearby mobile and stationary sources were considered and evaluated. The ALOHA air
dispersion model was used to predict the concentrations of toxic or asphyxiating chemical
clouds as they disperse downwind from all facilities and sources. The maximum distance a
cloud could travel to reach the immediately dangerous to life and health (IDLH) concentration or
other toxicity limit concentration level was determined by using the ALOHA model.

The effects of toxic chemical releases from standard AP1000 chemicals are summarized in
Turkey Point Units 6 and 7 COL FSAR Table 6.4-201. The applicant stated that these standard
AP1000 chemicals are stored at the Turkey Point Units 6 and 7 site at distances greater than
the minimum safe distances indicated in Table 6.4-201. The effects of toxic chemical releases
from the Turkey Point Units 6 and 7 site-specific chemicals, onsite chemicals (Units 1 through
5), and external nearby sources are summarized in Turkey Point Units 6 and 7 COL FSAR
Table 2.2-215. The staff performed independent confirmatory analyses to determine the
concentration of each chemical from the onsite storage sources and nearby facilities addressed
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in Turkey Point Units 6 and 7 COL FSAR Table 2.2-215 using the ALOHA computer model.
The staff’'s determined values are comparable to those that are presented by the applicant in
Turkey Point Units 6 and 7 COL FSAR Table 2.2-215.

Based on the concentration information in Turkey Point Units 6 and 7 COL FSAR Table 2.2-215,
the concentration of ammonium hydroxide (30 percent) and chlorine due to potential accidental
release from onsite storage for Units 1 through 5; and the concentration of carbon dioxide
(CO>), hydrazine (35 percent), and sodium hypochlorite (10.8 percent) due to potential release
from onsite storage for Units 6 and 7, is observed to exceed the respective chemical IDLH
concentration at the inlet to the control room. Therefore, the staff requested the applicant in RAI
02.02.03-2 and RAI 02.02.03-3, to provide the ALOHA model determined concentration of these
chemicals at the inlet to control room as well as the concentration inside the control room for
easy comparison.

In a letter August 4, 2011, the applicant provided the response with adequate information. The
applicant explained that the inlet to the control room is conservatively assumed to be ground
level concentration. Although the concentration of these chemicals exceeds the respective
IDLH concentration inlet to control room, the concentration inside the control room is lower than
the respective IDLH concentration. However, these chemicals that exceed respective IDLH
concentration at the inlet to the control room are further evaluated for concentration inside the
control room in accordance with the criteria for the control room habitability in SER Section 6.4.

Fires

The heat fluxes determined from potential fires originating from accidents at any of the facilities
are found to be much less than the level concern of 5 kW/m?for heat from fires. In addition,

the safety zone around Units 6 and 7 greatly exceeds recommended distances of 30 to 100 ft,
and therefore, the staff concludes that there will be no effect to Units 6 and 7 from fires and heat
fluxes from fires.

Collision with Intake Structure

The Turkey Point Units 6 and 7 makeup water system consists of either reclaimed water
provided from the Miami-Dade Water and Sewer Department or saltwater makeup water from
the radial collector wells. There is no intake structure associated with either the reclaimed water
pipeline or radial collector well system that would be damaged as a result of navigable waterway
activities.

Liquid Spills

Only fuel oil shipped by barge may potentially spill, but has a specific gravity less than unity, will
float on the surface of the Biscayne Bay, and is not likely to be drawn into the makeup water
system. The staff agrees with the applicant’s assumption and conclusion.

Radiological Hazards

The hazard due to the release of radioactive material from Turkey Point Units 3 and 4 as a
result of normal operations or an unanticipated event will not threaten the safety of the new
units. Smoke detectors, radiation detectors, and associated control equipment are installed at
various plant locations as necessary to provide the appropriate operation of the systems.
Radiation monitoring of the main control room environment is provided by the radiation
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monitoring system. The habitability systems for Turkey Point Units 6 and 7 are capable of
maintaining the main control room environment suitable for prolonged occupancy throughout the
duration of the postulated accidents that require protection from external fire, smoke, and
airborne radioactivity. The staff agrees that the applicant rationale reasonable and acceptable.

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 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
Turkey Point Units 6 and 7 COL FSAR related to this section. The results of the staff’s technical
evaluation of the information incorporated by reference in the COL application are documented
in NUREG-1793 and its supplements.

As discussed above, the applicant has presented and substantiated information to identify
potential hazards in the Turkey Point Units 6 and 7 site vicinity. The staff has reviewed the
information provided and concludes that the applicant has provided sufficient information with
respect to the 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 Turkey Point Units 6 and 7 COL FSAR as well as information that the staff
independently evaluated, the staff has concluded that potentially hazardous activities on site
and in the vicinity of the Turkey Point Units 6 and 7 site have been identified. This addresses
and resolves COL Information Item 2.2-1. In conclusion, the applicant has provided sufficient
information for satisfying 10 CFR Part 50.34(a)(1), 10 CFR Part 52.79(a)(1)(iv), 10 CFR Part
52.79(a)(1)(vi), 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 evaluates 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 reviews
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 has prepared SER
Sections 2.3.1 through 2.3.5 in accordance with the review procedures described in NUREG-
0800, using information presented in Turkey Point Units 6 and 7 site COL FSAR Section 2.3
(which references the AP1000 DCD, responses to staff RAls, and generally available reference
materials (as cited in applicable sections of NUREG-0800)).
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2.31 Regional Climatology

2.3.1.2 Introduction

Turkey Point Units 6 and 7 COL FSAR Section 2.3.1, “Regional Climatology,” addresses
averages and extremes of climatic conditions and regional meteorological phenomena that
could affect the safe design and siting of the plant, including information describing the general
climate of the region, seasonal and annual frequencies of severe weather phenomena, and
other meteorological conditions to be used for design- and operating-basis considerations.

This SER section also addresses the supplemental information in Turkey Point Units 6 and 7
COL FSAR Section 2.3.6 related to regional climatology.

2.3.1.2 Summary of Application

Turkey Point Units 6 and 7 COL FSAR Section 2.3 incorporates by reference Section 2.3 of the
AP1000 DCD.

In addition, in Turkey Point Units 6 and 7 COL FSAR Section 2.3, the applicant provided the
following:

Tier 2 Departure

e PTNDEP 2.0-2

Tier 1 and 2 Departures

e PTN DEP 2.0-1
e PTNDEP 2.0-3

The applicant proposed a departure (PTN DEP 2.0-1) from the operating basis wind speed in
the AP1000 DCD Tier 2, Table 2-1. The 150 mph, 50-year return period, 3-second gust wind
speed identified in Turkey Point Units 6 and 7 COL FSAR Table 2.0-201 exceeds the value in
AP1000 DCD Tier 2 Table 2-1 of 145 mph. The applicant also proposed a departure (PTN
DEP 2.0-2) from the maximum normal air temperature wet bulb (noncoincident) in the AP1000
DCD Tier 2, Table 2-1. The 81.5 °F maximum normal wet-bulb temperature (noncoincident)
identified in Turkey Point Units 6 and 7 COL FSAR Table 2.0-201 exceeds the value in AP1000
DCD Tier 2, Table 2-1 of 80.1 °F. The applicant also proposed a departure (PTN DEP 2.0-3)
from the maximum safety wet-bulb (noncoincident) air temperature in both Tier 1 and Tier 2
material of the AP1000 DCD. The 87.3 °F maximum safety wet-bulb (noncoincident) air
temperature identified in Turkey Point Units 6 and 7 COL FSAR Table 2.0-201 exceeds the
value in AP1000 DCD Tier 1 Table 5.0-1 and DCD Tier 2 Table 2-1.

AP1000 COL Information Iltem

e PTNCOL 2.31
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The applicant provided additional information in PTN COL 2.3-1 to address COL Information
Item 2.3-1 (COL Action Item 2.3.1-1). PTN COL 2.3-1 addresses site-specific information
related to regional climatology.

Supplemental Information

e PTN SUP 2.31

The applicant provided supplemental information in Turkey Point Units 6 and 7 COL FSAR
Section 2.3, discussing regional climatology and local meteorological conditions, the onsite
meteorological measurements program, and short-term and long-term diffusion estimates.

e PTN SUP 2.3.6-1

The applicant provided supplemental information in Turkey Point Units 6 and 7 COL FSAR
Section 2.3.6.1, discussing climatological characteristics of the site region.

2.3.1.3 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 the NRC
regulations for regional climatology are given in Section 2.3.1 of NUREG-0800.

The applicable regulatory requirements for identifying regional meteorology are:

o 10 CFR 52.79(a)(1)(iii), as it relates to identifying the more 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.

o 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.

The climatological and meteorological information assembled in compliance with the above
regulatory requirements are necessary to determine a proposed facility’s compliance with the
following requirements in Appendix A to 10 CFR Part 50, “General Design Criteria for Nuclear
Power Plants”:

o GDC 2, “Design Bases for Protection Against Natural Phenomena,” which requires that
SSCs important to safety be designed to withstand the effects of natural phenomena
such as earthquakes, tornadoes, hurricanes, floods, tsunami, and seiches without loss of
capability to perform their safety functions.

e GDC 4, “Environmental and Dynamic Effects Design Bases,” which requires that SSCs
important to safety be designed to accommodate the effects of and to be compatible with
the environmental conditions associated with normal operation, maintenance, testing,
and postulated accidents, including loss-of-coolant accidents.
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The related acceptance criteria from Section 2.3.1 of NUREG-0800 are as follows:

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).

Data on severe weather phenomena should be based on standard meteorological
records from nearby representative U.S. National Weather Service (NWS), military, or
other stations recognized as standard installations that have long periods of data on
record.

The tornado parameters should be consistent with Regulatory Guide (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 should be
based on appropriate standards, with suitable corrections for local conditions.

Consistent with RG 1.27, “Ultimate Heat Sink for Nuclear Power Plants,” Revision 2, 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. (Not applicable to a passive
containment system design that does not utilize a cooling tower or cooling pond).

The weight of the 100-year return period snowpack should be based on data recorded at
nearby representative climatic stations or obtained from appropriate standards with
suitable corrections for local conditions. The weight of the 48-hour probably maximum
winter precipitation (PMWP) should be determined in accordance with reports published
by NOAA’s Hydrometeorological Design Studies Center.

Ambient temperature and humidity statistics 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 design
and operating bases should be documented and substantiated.

The information should be consistent with acceptable practices, data from NOAA, industry
standards, and NRC regulatory guides.

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 |
Structures,” was issued subsequent to the publication of NUREG-0800, Section 2.3.1. The ISG
clarifies the staff’s position that the applicant should identify winter precipitation events as site
characteristics and site parameters for determining normal and extreme winter precipitation
loads on the roofs of seismic Category | structures.
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2.3.1.4 Technical Evaluation

The staff reviewed Section 2.3.1 of the Turkey Point Units 6 and 7 COL FSAR 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 the
information relating to regional climatology. The results of the staff’'s evaluation of the
information incorporated by reference in the Turkey Point Units 6 and 7 COL FSAR are
documented in NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR:

Tier 2 Departure

e PTNDEP 2.0-2

Tier 1 and 2 Departures

e PTN DEP 2.0-1
e PTNDEP 2.0-3

The applicant proposed a departure (PTN DEP 2.0-1) from the operating basis wind speed in
the AP1000 DCD Tier 2, Table 2-1. The 150 mph, 50-year return period, 3-second gust wind
speed identified in Turkey Point Units 6 and 7 COL FSAR Table 2.0-201 exceeds the value in
AP1000 DCD Tier 2 Table 2-1 of 145 mph. The applicant also proposed a departure (PTN DEP
2.0-2) from the maximum normal air temperature wet bulb (noncoincident) in the AP1000 DCD
Tier 2, Table 2-1. The 81.5 °F maximum normal wet-bulb temperature (noncoincident) identified
in Turkey Point Units 6 and 7 COL FSAR Table 2.0-201 exceeds the value in AP1000 DCD

Tier 2, Table 2-1 of 80.1 °F. The applicant also proposed a departure (PTN DEP 2.0-3) from the
maximum safety wet-bulb (noncoincident) air temperature in both Tier 1 and Tier 2 material of
the AP1000 DCD in PTN DEP 2.0-3. The 87.3 °F maximum safety wet-bulb (noncoincident) air
temperature identified in Turkey Point Units 6 and 7 COL FSAR Table 2.0-201 exceeds the
value in AP1000 DCD Tier 1 Table 5.0-1 and DCD Tier 2 Table 2-1. The evaluation of the
appropriateness of the 87.3 °F value for the Turkey Point Units 6 and 7 site is in SER Section
2.3.1.4.5.

AP1000 COL Information Item

e PTNCOL 2.31
The staff reviewed PTN COL 2.3-1 related to the provision of regional climatology included in
Turkey Point Units 6 and 7 COL FSAR Section 2.3.1. The COL Information Item in
Section 2.3.6.1 of the AP1000 DCD states:

Combined License applicants referencing the AP1000 certified design will address site-
specific information related to regional climatology.

Evaluation of the information provided in PTN COL 2.3-1 is discussed below.

Supplemental Information
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e PTN SUP 2.3-1

The staff reviewed supplemental information in Turkey Point Units 6 and 7 COL FSAR Section
2.3, discussing regional climatological conditions and local meteorological conditions, the onsite
meteorological measurements program, and short-term and long-term diffusion estimates.

e PTN SUP 2.3.6-1

The staff reviewed supplemental information in Turkey Point Units 6 and 7 COL FSAR Section
2.3.6.1, discussing climatological characteristics in the Turkey Point Units 6 and 7 site region.

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.

2.3.1.4.1 Data Sources

The applicant used several sources of data in its discussion describing the regional climatology.
They used a total of 16 stations within an approximately 50 mi radius of the Turkey Point Units 6
and 7 site, including the Miami International Airport, Florida’s NWS first-order reporting station.
The non-NWS sites were located in Broward, Collier, Miami-Dade, and Monroe Counties, FL.
The applicant chose these sites to accurately depict the conditions that might be expected at the
Turkey Point Units 6 and 7 site. The staff used the first-order NWS station at Miami
International Airport to independently confirm the representativeness of the applicant’s
description of the regional climate.

2.3.1.4.2 General Climate

The applicant described the general climate of the Turkey Point Units 6 and 7 site by discussing
the terrain in southern Florida, as well as the general synoptic conditions historically observed.
The applicant noted that the Turkey Point Units 6 and 7 site is in the southern portion of Climate
Division 6 (lower east coast), which includes a majority of Miami-Dade, Palm Beach, and Martin
counties.

The staff compared the applicant’s general climate description to a similar National Climatic
Data Center (NCDC) narrative description of the climate of Florida and confirmed its accuracy
and completeness; thus, the staff accepts the applicant’s description of the general climate.
(NCDC, Climates of the States #60).

2.3.1.4.3 Severe Weather

Extreme Winds

Using the American Society of Civil Engineers/Structural Engineering Institute (ASCE/SEI)
Standard 7-05, “Minimum Design Loads for Buildings and Other Structures,” the applicant found
that the basic wind speed is about 150 mph. The staff confirmed this value using ASCE/SEI
Standard 7-05. ACSE/SEI Standard 7-05 describes the basic wind speed to be the “[t]hree
second wind gust speed at 33 ft (10 m) above the ground in Exposure Category C.” Exposure
Category C relies on the surface roughness categories as defined in Chapter 6, “Wind Loads,”
of ASCE/SEI Standard 7-05. Exposure Category C is acceptable at the Turkey Point Units 6
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and 7 site due to scattered obstructions of various sizes in the immediate site area. Exposure
Category B specifies that there must be urban and suburban areas, wooded areas, or other
terrain with numerous closely spaced obstructions having the size of single-family dwellings or
larger, prevailing in the upwind direction for a distance of at least 792 m (2,600 ft) or 20 times
the height of the building, whichever is greater. Exposure Category D specifies that there must
be flat, unobstructed areas and water surfaces prevailing in the upwind direction for a distance
greater than 1,525 m (5,000 ft) or 20 times the building height, whichever is greater. Neither
Exposure Category B nor Exposure Category D accurately describes the conditions at the
Turkey Point Units 6 and 7 meteorological tower. ASCE/SEI Standard 7-05 states that
Exposure Category C shall apply for all cases where Exposures B or D does not apply.

Consistent with NUREG-0800, Section 2.3.1, the applicant chose the 100-year return period
3-second wind gust site characteristic based on ASCE/SEI Standard 7-05, “Minimum Design
Loads for Buildings and Other Structures,” for the Turkey Point Units 6 and 7 site. The applicant
stated that the 50-year return period 3-second gust is 150 mph. The applicant used a scaling
factor of 1.07, consistent with ASCE/SEI Standard 7-05, Table C6-7, to determine the 100-year
return period 3-second gust of 161 mph.

In RAI 02.03.01-2, the staff asked the applicant to update the Turkey Point Units 6 and 7 COL
FSAR to include additional justification regarding how the proposed 100-year return period 3-
second gust wind speed site characteristic value for safety-related structures suitably accounts
for the historically reported hurricanes. The applicant responded by explaining that the highest
recorded 3-second gust wind speed in the Turkey Point Units 6 and 7 site area was a result of
Hurricane Andrew in 1992. Hurricane Andrew made landfall as a Category 5 storm with
sustained 1-minute winds of 167 mph. Using a conversion factor from Figure C6-4 of ASCE/SEI
Standard 7-05, the associated 3-second gust wind speed is estimated to be 204 mph. The
applicant updated Turkey Point Units 6 and 7 COL FSAR Table 2.0-201 to include the maximum
hurricane wind speed (as recorded during Hurricane Andrew [August 1992]) as a footnote (m) to
the site characteristic tornado wind speed.

The staff accepts the applicant’s response to RAI 02.03.01-2 and the continued use of 161 mph
as the site characteristic operating basis wind speed because the AP1000 operating basis wind
speed is based on the 100-year return period wind, not the historic maximum wind. AP1000
design basis winds are the 10?/year and the 10”7/year wind. The operating basis wind should
be considered a severe environmental load that could infrequently be encountered during the
plant life, and therefore, can be expected to be exceeded. The applicant, through the inclusion
of footnote (m), has included the maximum historic wind gust of 204 mph in comparison to the
maximum tornado wind speed. The AP1000 DCD site parameter tornado wind speed is

300 mph, and therefore bounds the maximum hurricane wind speed. The staff reviewed the
changes proposed and based on the above discussion, finds them to be acceptable. Therefore,
the staff considers RAI 02.03.01-2 to be resolved.

In RAI 02.03.01-3, the staff asked the applicant to describe how the Turkey Point Units 6 and 7
COL FSAR satisfies the Combined License Information requirement of AP1000 DCD Section
3.5.4 in consideration of RG 1.221, “Design-Basis Hurricane and Hurricane Missiles for Nuclear
Power Plants.” The applicant responded by providing an updated analysis of the design-basis
missile spectrum for a hurricane wind speed of 260 mph. The applicant determined the 107 per
year 3-second wind gust to be 260 mph. Based on this wind speed, the applicant updated
Turkey Point Units 6 and 7 COL FSAR Section 3.5.1.4 with an analysis of the site-specific
hurricane generated missiles. The applicant added Table 3.5-201 to provide a comparison
between the AP1000 DCD and site-specific hurricane-missile parameters. The applicant also
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added Section 3.5.2, “Protection from Externally Generated Missiles” as a discussion on the
missile spectrum derived from RG 1.221. The staff reviewed the changes proposed and based
on the above discussion, finds them to be acceptable. Therefore, the staff considers

RAI 02.03.01-3 to be resolved.

A comparison between the AP1000 site parameters and the Turkey Point Units 6 and 7 site
characteristics for the maximum 3-second wind gust is presented in Turkey Point Units 6 and 7
COL FSAR Table 2.0-201. The applicant’s site characteristics for extreme winds were found to
not be bounded by the AP1000 DCD site parameters.

The applicant has stated that an exemption from 10 CFR Part 52, Appendix D, Section IV.A.2.d,
in accordance with 10 CFR 52.7 and 10 CFR 52.93, and a departure from AP1000 DCD Table
2-1 is necessary. Details on the departure (PTN DEP 2.0-1) and associated exemption from the
3-second gust wind speed value of 150 mph can be found in Part 7.A.2, of the Turkey Point
Units 6 and 7 COL application. The staff has determined that the applicant’s stated 50-year
maximum 3-second gust wind speed value of 150 mph is appropriate for the Turkey Point Units
6 and 7 site. Additional staff evaluation of this departure and associated exemption is in SER
Section 2.0. This departure is also discussed in the context of hurricane missiles in SER
Section 3.5.

Tornadoes

Turkey Point Units 6 and 7 COL FSAR Section 2.3.1.3.2 lists the number of tornadoes by Fujita
Scale strength for a 2-degree box surrounding the Turkey Point Units 6 and 7 site.

The applicant chose tornado site characteristics based on RG 1.76, Revision 1, and
NUREG/CR-4461, “Tornado Climatology of the Contiguous United States,” Revision 2.

RG 1.76, Revision 1, provides design-basis tornado characteristics for three tornado intensity
regions throughout the United States, each with a 107 per year probability of occurrence. The
proposed COL site is in tornado intensity Region Il. Tornado intensity Region Il is primarily
characterized by lower maximum wind speeds and lower pressure drops. The applicant
proposed the following tornado site characteristics, which are listed in Turkey Point Units 6 and
7 COL FSAR Table 2.0-201:

Maximum Wind Speed 200 mi per hour

Because the applicant has correctly identified those design-basis tornado site characteristics
presented in RG 1.76, Revision 1, the staff has verified and concluded that the applicant has
chosen acceptable tornado site characteristics. RG 1.76, Revision 1 relies on the Enhanced-
Fujita (EF) scale to relate the degree of damage from a tornado to the tornado maximum wind
speed.

Tropical Cyclones

The applicant discussed a history of hurricanes that have passed within 100 nautical mi of the
Turkey Point Units 6 and 7 site between 1851 and 2007. The applicant stated during this
timeframe, 53 tropical cyclone (hurricanes and tropical storms) storm tracks have passed within
100 nautical mi of the Turkey Point Units 6 and 7 site. In addition to three historical extratropical
cyclones, approximately 50 hurricanes have passed within 100 nautical mi of the Turkey Point
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Units 6 and 7 site; 16 were Category 1, 8 were Category 2, 13 were Category 3, 10 were
Category 4, and 3 were Category 5.

Section 3.3.1 of the AP1000 DCD states that the operating basis wind speed site parameter
value of 145 mph (3-second gust) is based on an annual probability of occurrence of 0.02 (i.e.,
50-year return period). Higher winds with an annual probability of occurrence of 0.01 (i.e.,
100-year return period) were used in the design of seismic Category | structures by using an
importance factor of 1.15. This is equivalent to designing the seismic Category | structures to a
wind speed of 155 mph by using a 1.07 scaling factor from Table C6-7 of ASCE 7-05 to convert
a 50-year return period gust wind speed to a 100-year return period gust wind speed. The most
extreme tropical cyclone reported for the area was Hurricane Andrew (August 1992). This
Category 5 storm is estimated to have had a 1-minute sustained wind speed of 167 mph. Using
a conversion factor from ASCE/SEI 7-05, Figure C6-4, this is converted to a 3-second gust wind
speed of 204 mph. As discussed in SER Section 2.3.1.4.3, this extreme wind speed associated
with Hurricane Andrew is bounded by the 1077 wind speed value of 260 mph derived from

RG 1.221 for the FPL site. Both the wind speeds recorded during Hurricane Andrew and the
wind speeds derived from RG 1.221 are bounded by the AP1000 10" wind speed site
parameter value of 300 mph.

The staff evaluated data from NOAA Coastal Services Center for hurricanes making landfall in
or passing near Homestead, FL, between 1851 and 2009. The staff finds hurricane totals
acceptably close to what the applicant provided in Turkey Point Units 6 and 7 COL FSAR
Section 2.3.1.3.3

Precipitation Extremes

The applicant stated that precipitation can vary significantly from one station to another because
precipitation is a point measurement. The staff agrees with this assessment because extreme
precipitation events are generally short lived and confined to a small region. Because of this,
one station may report extreme precipitation; whereas, a nearby station may report much less.
Based on observations from 17 nearby climatological observing stations, the applicant
presented historical precipitation extremes for the region. The applicant stated that the highest
24-hour rainfall total in the area was 15.1 in on August 26, 2005, about 38 mi to the northwest of
the Turkey Point Units 6 and 7 site. The highest monthly rainfall total in the Turkey Point Units 6
and 7 site area was 34.4 in recorded during October 1965, at a site about 57 mi to the north-
northeast of the Turkey Point Units 6 and 7 site. Site characteristic values corresponding to the
site parameter precipitation (rain) rates for 1-hour and 5-minute rainfall rates are addressed in
Turkey Point Units 6 and 7 COL FSAR Section 2.4.2.

The applicant stated that winter storms that produce measurable amounts of frozen precipitation
near the Turkey Point Units 6 and 7 site are rare. The record snowfall for the region was at
Homestead, FL, which received a trace (0.05 in) of snow in January 1977. The staff issued
DC/COL-ISG-007, which clarifies 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 | 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 | structures. The normal winter precipitation roof load is a function of the normal
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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 (Ib/ft?)) 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.

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

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

The staff evaluated the normal winter precipitation event and the extreme frozen and liquid
winter precipitation events in accordance with the ISG. Due to the location of the proposed
units along Biscayne Bay, large snow and ice events are rare. The normal and extreme winter
precipitation loads for the Turkey Point Units 6 and 7 site were determined to be significantly
less than the AP1000 DCD site parameter value of 75 Ib/ft>. The staff agrees with the applicant
that the normal and extreme winter precipitation roof loads are not significant; therefore the staff
accepts the applicant’s discussion as adequate.

Hail, Snowstorms, and Ice Storms

The following discussion on hail, snowstorms, and ice storms is intended to provide a general
understanding of the severe weather phenomena in the Turkey Point Units 6 and 7 site region
but does not result in the generation of site characteristics for use as design or operating bases.

The applicant stated that hail can occur any time of the year, but has been observed primarily
during late spring and the summer months. Hail stone diameters greater than 0.75 in. have
been recorded in the site area. Consistent with the guidance provided in NUREG-0800,
Section 2.3.1, the applicant compiled this information from the NCDC. The applicant noted that
the number of reported hail events is not consistent across each of the counties. This pattern in
hail reports is likely due to the increased number of targets because of urbanization. This is
because there are more targets damaged by hail in an urban area than in a rural area. The
applicant stated that the largest hailstone observed in the surrounding counties was

4.0-4.5 in in diameter. Using data from the National Severe Storms Laboratory, the staff was
able to confirm that the Turkey Point Units 6 and 7 site area experiences hail, on average, 0-1
days per year. The staff was able to confirm the applicant’s hail statistics provided in Turkey
Point Units 6 and 7 COL FSAR Section 2.3.1.3.5.
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The applicant stated that the largest snow accumulation for the region was a trace (0.05 in.) at
the Homestead Experiment Station. The applicant also stated that there have been no reports
of ice storms in the counties surrounding the Turkey Point Units 6 and 7 site. The staff has
confirmed these statements by using the NCDC Storm Events Database.

Thunderstorms and Lightning

The following discussion on thunderstorms and lightning is intended to provide a general
understanding of the severe weather phenomena in the Turkey Point Units 6 and 7 site region
but does not result in the generation of site characteristics for use as design or operating bases.

The applicant stated that thunderstorms have been observed on an average of 73 days per
year. Thunderstorms have occurred most frequently during the months of June, July, and
August. Consistent with NUREG-0800 Section 2.3.1, the applicant compiled this information
from the 2009 Miami, FL, NCDC Local Climatological Data (LCD).

Using the 2009 NCDC LCD for Miami, FL, the staff confirmed that thunderstorms have been
observed on an average of 73 days per year. The staff agrees with the applicant that
thunderstorms have occurred most frequently in the months of June, July, and August at the
observation location.

The applicant stated that there are approximately 14—16 flashes to Earth per year per square
kilometer, based on the data from Miami, FL. The staff independently evaluated the applicant’s
estimate based on the 2009 LCDs from the same weather reporting station and a method
attributed to the Electric Power Research Institute (8.3 flashes to Earth per square kilometer), a
10-year flash density map (Vaisala, 2009) (6-8 flashes to earth per square kilometer), and a
1999 paper by G. Huffines and R.E. Orville, titled “Lightning Ground Flash Density and
Thunderstorm Duration in the Continental United States: 1989-96" (7—9 flashes to Earth per
square kilometer). Thus, the staff concludes that the applicant has provided a reasonable and
conservative estimate of the frequency of lightning flashes.

Based on a mean frequency of 23 flashes to Earth per year per square mile and an exclusion
area for the proposed Units 6 and 7 of 0.047 square-mi, the applicant predicted that

1.1 lightning flashes per year can be expected within the exclusion area of the two proposed
units. The staff has confirmed the applicant’s calculation and finds it to be a reasonable
estimate.

Consistent with the guidance provided in NUREG-0800, Section 2.3.1, the applicant has
provided the necessary information regarding thunderstorms, hail, and lightning. As previously
discussed, the staff has independently confirmed the descriptions provided by the applicant and
accepts them as adequate.

Droughts and Dust (Sand) Storms

Droughts are defined as a period of abnormally dry weather sufficiently long enough to cause a
serious hydrological imbalance. The applicant stated that the southeastern coastal region of
Florida is occasionally affected by drought conditions. Turkey Point Units 6 and 7 COL FSAR
Subsection 2.4.11 describes the effects of droughts on the Turkey Point Units 6 and 7 site’s
cooling system and the historical frequency of droughts affecting the Turkey Point Units 6 and 7
site area.
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Dust and sandstorms are an unusual severe weather condition characterized by strong winds
and dust-filled air over an extensive area. Generally, a prerequisite for a dust storm is a period
of drought over an area of normally arable land.

The applicant stated that the NCDC Storm Events database indicates that there have been no
occurrences of dust storms near the Turkey Point Units 6 and 7 site dating back to 1950. Using
the same NCDC database, the staff finds that there have been no dust storms reported in
Miami-Dade County, FL during the period of January 1, 1950 through July 31, 2010.

2.3.1.4.4 Meteorological Data for Evaluating the Ultimate Heat Sink

The applicant stated that meteorological conditions will not affect the passive containment
cooling system in the AP1000 design. The staff agrees with this statement for the reasons
discussed below.

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 coincident wet-bulb air temperature site parameters
specified in the AP1000 DCD. Therefore, the applicant need not identify meteorological
characteristics for evaluating the design of a UHS cooling tower.

2.3.1.4.5 Design-Basis Dry- and Wet-Bulb Temperatures
The AP1000 DCD site parameters for ambient air temperature are defined as follows:
e Maximum Safety Dry-Bulb Temperature and Coincident Wet-Bulb Temperature: These
site parameter values represent a maximum dry-bulb temperature that exists for 2 hours

or more, combined with the maximum wet-bulb temperature that exists in that population
of dry-bulb temperatures.

¢ Minimum Safety Dry Bulb Temperature: This site parameter value represents a
minimum dry-bulb temperature that exists within a set of hourly data for duration of
2 hours or more.

o Maximum Safety Noncoincident Wet-Bulb Temperature: This site parameter value
represents a maximum wet-bulb temperature that exists within a set of hourly data for
duration of 2 hours or more.

e Maximum Normal Dry-Bulb Temperature and Coincident Wet-Bulb Temperature: The
maximum normal value is the 1-percent seasonal exceedance temperature. The
maximum temperature is for the months of June through September in the Northern
Hemisphere. The 1-percent seasonal exceedance is approximately equivalent to the
annual 0.4-percent exceedance.

¢ Minimum Normal Dry-Bulb Temperature: The minimum normal value is the 99-percent
seasonal exceedance temperature. The minimum temperature is for the months of
December, January, and February in the Northern Hemisphere. The 99-percent
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seasonal exceedance is approximately equivalent to the annual 99.6-percent
exceedance.

o Maximum Normal Noncoincident Wet-Bulb Temperature: The maximum normal value is
the 1-percent seasonal exceedance temperature. The maximum temperature is for the
months of June through September in the Northern Hemisphere. The 1-percent
seasonal exceedance is approximately equivalent to the annual 0.4-percent
exceedance.

The applicant’s safety temperature site characteristic values are based on conservative
100-year estimates. The ambient air temperatures used for comparison against the AP1000
site parameters are listed in Turkey Point Units 6 and 7 COL FSAR Table 2.0-201.

As shown in Turkey Point Units 6 and 7 COL FSAR Table 2.0-201, most of the applicant’s site
characteristics for ambient air temperature are conservatively bounded by the AP1000 DCD site
parameters. The applicant stated that two departures were necessary regarding the site
characteristic ambient temperatures. The two site-characteristic temperatures that did not fall
within the bounds of the AP1000 DCD site parameters were the maximum normal noncoincident
wet-bulb temperature (PTN DEP 2.0-2) and the maximum safety noncoincident wet-bulb
temperature (PTN DEP 2.0-3).

The applicant stated that an exemption from 10 CFR Part 52, Appendix D, Section IV.A.2.d, in
accordance with 10 CFR 52.7 and 10 CFR 52.93 and a departure from AP1000 DCD Table 2-1
is necessary. Details on the departure (PTN DEP 2.0-2) and associated exemption for the
maximum normal wet-bulb (noncoincident) air temperature of 81.5 °F can be found in Turkey
Point Units 6 and 7 COL FSAR Part 7.A.1. The staff has determined that the applicant’s stated
normal safety wet-bulb (noncoincident) air temperature of 81.5 °F is appropriate for the Turkey
Point Units 6 and 7 site. Additional staff evaluation of this departure and associated exemption
is in SER Section 2.0.

The applicant stated that an exemption from 10 CFR Part 52, Appendix D, Section IV.A.2.d, in
accordance with 10 CFR 52.7 and 10 CFR 52.93 and a departure from AP1000 DCD Table 2-1
is necessary. Details on the departure (PTN DEP 2.0-3) and associated exemption for the
maximum safety wet-bulb (noncoincident) air temperature of 87.4 °F can be found in Turkey
Point Units 6 and 7 COL FSAR Part 7.A.2. The staff has determined that the applicant’s stated
maximum safety wet-bulb (noncoincident) air temperature of 87.4 °F is appropriate for the
Turkey Point Units 6 and 7 site. Additional staff evaluation of this departure and associated
exemption is in SER Section 2.0.

Using NCDC hourly data from Homestead AFB in Homestead, FL, (1973—2009) and climate
data from the American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE), the staff was able to verify the applicant’s site-characteristic temperatures presented
in Turkey Point Units 6 and 7 COL FSAR Table 2.0-201.

2.3.1.4.6 Restrictive Dispersion Conditions
The following discussion on inversions and high air pollution potential is intended to provide a

general understanding of the phenomena in the Turkey Point Units 6 and 7 site region but does
not result in the generation of site characteristics for use as design or operating basis.
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The applicant used model-derived mixing height data to characterize the potential for inversions
at the Turkey Point Units 6 and 7 site. These data were determined by using an interactive,
spatial database developed by the U.S. Department of Agriculture—Forest Service, referred to
as the U.S. Department of Agriculture (USDA) Ventilation Climate Information System (VCIS).
Turkey Point Units 6 and 7 COL FSAR Table 2.3.1-204 lists the maximum, mean, and minimum
monthly mixing depths during the AM and PM hours, as derived from the interactive database.
The lowest mean monthly mixing height occurs during the morning hours of July (474 m) and
the greatest mean mixing height occurs in afternoon hours of April (1,412 m). The staff verified
the results in Turkey Point Units 6 and 7 COL FSAR Table 2.3.1-204 by using data published in
documents referenced in NUREG-0800, Section 2.3.1 (Holzworth, 1972; Wang and Angell,
1999) and the VCIS database.

2.3.1.4.7 Climate Changes

The applicant presented a discussion on the potential effects of global climate change on the
regional climatology of the Turkey Point Units 6 and 7 site. The applicant stated that any
changes to the local climate are speculative and become even less certain for specific areas or
locations.

NUREG-0800, Section 2.3.1, states that historical data used to characterize a site should
extend over a significant time interval to capture cyclical extremes. During the course of the
technical review the staff made an effort to obtain the longest period of data available to
determine the adequacy of the applicant’s proposed site characteristics. For example, snow
load was based on a 100-year return period, ambient design temperatures were based on a
minimum of 65 years of hourly data and an estimated 100-year return period value. Tornadoes
were based on a 107 per year return interval and extreme winds were based on a 100-year
return period, including 157 years of historical hurricane data (1851-2008).

The U.S. Global Change Research Program (USGCRP) released a report to the President and
Members of Congress in June 2009 titled “Global Climate Change Impacts in the United
States.” This report, produced by an advisory committee chartered under the Federal Advisory
Committee Act, summarizes the science of climate change and the impacts of climate change
on the United States.

The USGCRP report found that the average annual temperature of the Southeast (which
includes the Florida coastline where the Turkey Point Units 6 and 7 site is located) did not
change significantly over the past century as a whole, but the annual average temperature has
risen about 2 °F since 1970 with the greatest seasonal increase in temperature occurring during
the winter months. Climate models predict continued warming in all seasons across the
Southeast and an increase in the rate of warming through the end of the 21t century. Average
temperatures in the Southeast are projected to rise by 2—5 °F by the end of the 2050’s,
depending on assumptions regarding global greenhouse gas emissions.

The USGCRP report also states that there has been no discernable change in observed annual
average precipitation from 1958 to 2008 in the region where the Turkey Point Units 6 and 7 site
is located. Future changes in total precipitation are more difficult to project than changes in
temperature. Model projections of future precipitation generally indicate that southern areas of
the United States will become drier. Except for indications that the amount of rainfall from
individual hurricanes will increase, climatic models provide divergent results for future
precipitation for most of the Southeast.
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The USGCRP reports that the power and frequency of Atlantic hurricanes has increased
substantially in recent decades, but the number of North American mainland land-falling
hurricanes does not appear to have increased over the past century. The USGCRP reports that
likely future changes for the United States and surrounding coastal waters include more intense
hurricanes with related increases in wind and rain, but not necessarily an increase in the
number of these storms that make landfall.

The USGCRP further states that there is no clear trend in the frequency or strength of
tornadoes since the 1950s for the United States as a whole. The applicant stated that the
number of recorded tornado events has generally increased since detailed records were
routinely kept beginning around 1950. However, some of this increase is attributable to a
growing population, greater public awareness and interest, and technological advances in
detection. The USGCRP reaches the same conclusion.

The USGCRP reports that the distribution by intensity for the strongest 10 percent of hail and
wind reports is little changed, providing no evidence of an observed increase in the severity of
such events. Climate models project future increases in the frequency of environmental
conditions favorable to severe thunderstorms. But the inability to adequately model the
small-scale conditions involved in thunderstorm development remains a limiting factor in
projecting the future character of severe thunderstorms and other small-scale weather
phenomena.

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 Turkey Point
Units 6 and 7 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 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 has addressed the relevant information relating to regional
climatology, and no outstanding information related to this section remains to be addressed in
the Turkey Point Units 6 and 7 COL FSAR. The staff’s review confirmed that the applicant has
addressed the relevant information relating to this section, and no outstanding information
related to regional climatology remains to be addressed in the Turkey Point Units 6 and 7 COL
FSAR. The results of the staff's technical evaluation of the information incorporated by
reference in the Turkey Point Units 6 and 7 COL application are documented in NUREG-1793
and its supplements.

AP1000 DCD, Section 2.3.6.1 states that a COL applicant shall address the site-specific
regional climatological information. As set forth above, the applicant has presented and
substantiated information to establish the regional meteorological characteristics. The staff has
reviewed the information provided in PTN COL 2.3-1 and PTN SUP 2.3-1 and concludes that
the applicant has established the meteorological characteristics at the Turkey Point Units 6 and
7 site and in the surrounding area acceptable to meet the requirements of 10 CFR 100.20(c)(2)
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and 10 CFR 100.21(d) with respect to determining the acceptability of the Turkey Point Units 6
and 7 site. The staff has reviewed PTN DEP 2.0-1, PTN DEP 2.0-2, and PTN DEP 2.0-3 and
has determined that the applicant’s stated site characteristics are acceptable for the Turkey
Point Units 6 and 7 site. The staff finds that the applicant has provided a sufficient description
to meet the requirements of the AP1000 DCD. PTN COL 2.3-1 has been adequately addressed
by the applicant and is resolved.

The staff also finds that the applicant has considered the most severe natural phenomena
historically reported for the Turkey Point Units 6 and 7 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. Because the applicant has adequately 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

Section 2.3.2, “Local Meteorology,” of the Turkey Point Units 6 and 7 COL FSAR addresses the
local (site) meteorological parameters, the assessment of the potential influence of the
proposed plant and its facilities on local meteorological conditions and the impact of these
modifications on plant design and operation, and a topographical description of the Turkey Point
Units 6 and 7 site and its environs.

2.3.2.2 Summary of Application

Turkey Point Units 6 and 7 COL FSAR Section 2.3 incorporates by reference Section 2.3 of the
AP1000 DCD.

In addition, in Turkey Point Units 6 and 7 COL FSAR Section 2.3, the applicant provided the
following:

AP1000 COL Information Item

e PTNCOL 2.3-2

The applicant provided additional information in PTN COL 2.3-2 to address COL Information
Item 2.3-2. PTN COL 2.3-2 addresses the provision of local meteorology.

2.3.2.3 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 the NRC
regulations for local meteorology are given in Section 2.3.2 of NUREG-0800.
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The applicable regulatory requirements for identifying local meteorology are:

e 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 characteristics of the site.

The related acceptance criteria from Section 2.3.2 of NUREG-0800 are as follows:

e Local summaries of meteorological data based on onsite measurements 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, Section 2.3.2.1.

e 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, Section 2.3.2.2, should be
provided.

e 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 resulting from plant
construction and operation. The acceptability of the information is determined through
comparison with standard assessments.

e The description of local site airflow should include wind roses and annual joint frequency
distributions of wind speed and wind direction by atmospheric stability for all
measurement levels using the criteria provided in RG 1.23, Revision 1.

2.3.24 Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 COL FSAR Section 2.3.2 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.! The staff’s review confirmed
that the information in the application and incorporated by reference addresses the required
information relating to local meteorology. The results of the staff’'s evaluation of the information
incorporated by reference in the Turkey Point Units 6 and 7 COL application are documented in
NUREG-1793 and its supplements.

The staff reviewed the information contained in the Turkey Point Units 6 and 7 COL FSAR:

AP1000 COL Information Item

e PTNCOL 2.3-2

The applicant provided additional information in PTN COL 2.3-2 to resolve COL Information
Item 2.3-2, which addresses the provision of local meteorology.
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The staff reviewed PTN COL 2.3-2, related to the provision of local meteorology included under
Turkey Point Units 6 and 7 COL FSAR Section 2.3. The specific text of this COL Information
Item in Section 2.3.6.2 of the AP1000 DCD states:

Combined License applicants referencing the AP1000 certified design will address site-
specific local meteorology information.

The staff relied upon the review procedures 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 Normal, Mean, and Extreme Values of Meteorological Parameters

Local meteorology data for the Turkey Point Units 6 and 7 site was provided by the first-order
NWS station at Miami, FL, and 16 other nearby cooperative network observing stations, and
measurements from the onsite meteorological measurements program operated in support of
Units 3 and 4.

Measurements from the tower-mounted meteorological monitoring system that supports Units 3
and 4 include wind direction, wind speed, and atmospheric stability. These measurements are
used as the basis for determining and characterizing atmospheric dispersion conditions in the
vicinity of the site. The measurements from this tower were taken over three annual cycles in
2002, 2005, and 2006.

Average Wind Direction and Wind Speed Conditions

The applicant produced monthly and annual wind summaries from the onsite meteorological
data during 2002, 2005, and 2006. Turkey Point Units 6 and 7 COL FSAR Tables 2.3.2-205
and 2.3.2-206 presented the average joint frequency distribution of wind speed and direction by
Pasquill Stability Category (i.e., stability class) for both the lower-level (10-m) and upper-level
(60-m) measurement heights. The 3-year joint frequency distribution, based on the lower-level
measurement height, was used as input to the atmospheric dispersion models discussed in
Turkey Point Units 6 and 7 COL FSAR Sections 2.3.4 and 2.3.5. Using the hourly
meteorological data provided by the applicant, the staff independently produced the 3-year joint
frequency distributions at both the lower-level and upper-level measurement heights and has
confirmed the applicant’'s wind summaries as correct and acceptable.

Graphical illustrations of the wind summaries (i.e., wind roses) from the same observation
period were also produced by the applicant in Turkey Point Units 6 and 7 COL FSAR Figures
2.3.2-201 through 2.3.2-212. These figures show the average monthly wind speed and
direction for 16 radial compass directions over all stability classes during the 3-year period of
record. Using the hourly meteorological data provided by the applicant, the staff independently
produced the same wind roses and has confirmed the applicant’s figures as correct and
acceptable.

Wind Direction Persistence

The applicant presented wind persistence data from the Turkey Point onsite meteorological
monitoring program, as described in Turkey Point Units 6 and 7 COL FSAR Section 2.3.3,
during 2002, 2004, and 2005. As the applicant stated, wind persistence is an indicator of the
duration of atmospheric transport from a specific sector to a corresponding downwind sector
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that is 180 ° opposite. The applicant provided detailed information on the wind persistence that
was observed by the onsite meteorological measurements in Turkey Point Units 6 and 7 COL
FSAR Tables 2.3.2-202 and 2.3.2-203. The staff has independently confirmed the wind
persistence at the Turkey Point Units 6 and 7 site, and thus accepts the application’s data and
discussion.

Atmospheric Stability

The applicant classified atmospheric stability in accordance with the guidance provided in

RG 1.23, Revision 1. Atmospheric stability is a critical parameter for estimating dispersion
characteristics in Turkey Point Units 6 and 7 COL FSAR Sections 2.3.4 and 2.3.5. Dispersion of
effluents is greatest for extremely unstable atmospheric conditions (i.e., Pasquill Stability Class
A) and decreases progressively through extremely stable conditions (i.e., Pasquill Stability
Class G). The applicant based its stability classification on temperature change with height (i.e.,
delta-temperature or AT/AZ) between the 60 m and 10 m height, as measured by the Turkey
Point Units 6 and 7 onsite meteorological measurements program during 2002, 2005, and 2006.

Frequency of occurrence for each stability class is one of the inputs to the dispersion models
used in Turkey Point Units 6 and 7 COL FSAR Sections 2.3.4 and 2.3.5. The applicant included
these data in the form of a joint frequency distribution (JFD) of wind speed and direction data as
a function of stability class. A comparison of a JFD developed by the staff from the hourly data
submitted by the applicant with the JFD developed by the applicant showed reasonable
agreement.

Based on the staff’s past experience with stability data at various sites, a predominance of
neutral (Pasquill Stability Class D) and slightly stable (Pasquill Stability Class E) conditions at
the proposed Turkey Point Units 6 and 7 site is generally consistent with expected
meteorological conditions. Using a JFD of wind speed, wind direction, and atmospheric
stability, and comparing it against the applicants JFD, the staff was able to independently
confirm that the 3-year statistics presented by the applicant are adequate.

Temperature

The applicant characterized normal and extreme temperatures for the site based on the

16 surrounding observation stations listed in Turkey Point Units 6 and 7 COL FSAR Table 2.3.2-
207, as well as the Miami International Airport NWS reporting station. The extreme maximum
temperatures recorded near the site range from 96 °F to 104 °F and the extreme minimum
temperatures recorded near the site range from 21 °F to 42 °F. Annual average temperatures
for the 17 surrounding sites range from 73.8 °F to 78.4 °F. The applicant stated that the annual
average diurnal (day-to-night) temperature differences in the site vicinity range from 9.0 °F to
19.8 °F. The applicant stated that this difference in diurnal temperature ranges is due mainly to
proximity of each station to the Atlantic Ocean.

Atmospheric Water Vapor

The applicant presented wet-bulb temperatures, dew-point temperatures, and relative humidity
data summaries from the Miami International Airport NWS observation station to characterize
the typical atmospheric moisture conditions near the proposed Turkey Point Units 6 and 7 site.

Based on a 25-year period of record, the applicant stated that the mean annual wet-bulb
temperature is 69.6 °F. The highest monthly mean wet-bulb temperature is 76.4 °F during
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August and the lowest monthly mean wet-bulb temperature is 62.0 °F during January.
According to the applicant, the mean annual dew-point temperature at Miami International
Airport is 67.7 °F, which also reaches its maximum during summer and minimum during winter.
The applicant gives the highest monthly mean dew-point temperature as 74.4 °F during August
and the lowest monthly mean dew point temperature as 59.1 °F during January.

Based on a 30-year period of record, the applicant indicates that relative humidity averages
73 percent on an annual basis. The average early morning relative humidity levels exceed
85 percent during August, September, October, and January. Typically, the relative humidity
values reach diurnal maximum in the early morning and diurnal minimum during the early
afternoon.

The staff reviewed the data listed in the NCDC “Miami, Florida 2008 Local Climatological Data,
Annual Summary with Comparative Data” to verify the wet-bulb temperatures, dew-point
temperatures, and relative humidity statistics presented by the applicant and discussed above.
The staff concludes that the applicant’s values are correct and appropriate.

Precipitation

Based on data from the 17 surrounding observation stations, the applicant stated that the
average annual precipitation (water equivalent) totals vary by approximately 21.2 in, ranging
from 44.8 in to 66.0 in. The applicant stated that there are two seasonal maximums, the highest
during the early summer (June) and the second during the late summer and early autumn
(August and September). The applicant stated that the long-term average annual total rainfall at
the Turkey Point Units 6 and 7 site could reasonably be expected to be within this range.

Using daily snowfall and rainfall data from the NCDC, the staff has independently verified the
precipitation statistics presented in Turkey Point Units 6 and 7 COL FSAR Section 2.3.2.1.6 and
accepts them as adequate.

Fog

Miami International Airport is the closest station to the proposed Turkey Point Units 6 and 7 site
that makes fog observations. The applicant stated that, based on a 45-year period of record,
Miami International Airport averages about 4.7 days per year of heavy fog conditions (e.g.,
visibility is reduced to one-quarter mile or less).

According to the applicant, the frequency of typical fog conditions at Miami International Airport
is expected to be similar to that at the proposed Turkey Point Units 6 and 7 site because of the
proximity and similarity of topographic features between the two locations. Both sites are
located in relatively flat terrain and are both located close to the Atlantic Ocean.

The staff confirmed the applicant’s assertion that the Miami International Airport reports
approximately 4.7 days per year with heavy fog observations. The staff agrees that the
frequency of fog conditions at Miami International Airport is expected to be similar to that at the
proposed Turkey Point Units 6 and 7 site because of the proximity and similarity of topographic
features at both locations.

2.3.2.4.2 Potential Influence of the Plant and Related Facilities on Meteorology
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The applicant stated that the potential exists for changes to the micrometeorology as a result of
minor changes to the topography, vegetation, and the construction of additional building and
infrastructure. Wind flow may be altered immediately adjacent to and downwind of larger site
structures, but these effects will likely dissipate within 10 structure heights downwind. SER
Section 2.3.3 discusses the effects of these larger structures on wind flow.

The applicant stated that although temperature may increase above altered surfaces, the effects
will be too limited in their vertical profile and horizontal extent to alter local- or regional-scale
ambient temperature changes. Site clearing, grubbing, excavation, leveling, and landscape
activities associated with plant construction will be localized, and will not represent a significant
change to the gently rolling topographic character of the site and its surrounding site area.

Turkey Point Units 6 and 7 will use mechanical draft cooling towers to dissipate heat to the
atmosphere. Potential meteorological effects due to operation of the cooling towers may
include enhanced ground-level fogging and icing, cloud shadowing and precipitation
enhancement, and increased ground-level humidity.

The staff agrees that the activities discussed above are too small-scale to impact the local
meteorological characteristics of the site.

In response to RAI 02.03.02-2, the applicant provided a discussion of the effects of salt and
moisture deposition on the Turkey Point Units 6 and 7 transformers, switchyard equipment, or
transmission lines. The applicant provided an electronic copy of the input and output files from
the AERMOD computer model. The staff reviewed the model input and output files to assure
that the applicant made conservative assumptions. The AERMOD results indicate that nearly
two months of salt accumulation would result in 0.08 mg/cm?, which is the upper end of the
“Light Contamination Level” range defined by the Institute of Electrical and Electronic Engineers
(IEEE) standard. The applicant stated that the vapor plume from the mechanical draft cooling
towers would only be expected to intersect the switchyard under high wind speeds (greater than
10 m/s) and with winds from the SSE, S, or SSW sectors. Turkey Point Units 6 and 7 COL
FSAR Table 2.3.2-205 shows that these conditions exist for only about 7 hours per year. The
staff has independently verified the sources and data cited by the applicant. The staff agrees
that total salt accumulation reaching amounts that require mitigation is unlikely due to local
precipitation removing any salt deposits before it reaches a level of concern.

The applicant also addressed the potential for the cooling tower plume to increase the
temperature and humidity levels at the control room HVAC intakes. Since the cooling tower
plumes are only marginally higher than the 100-year return period dry-bulb temperature at the
site, the plume is not hot enough to exceed the HVAC design temperature, as shown in AP1000
DCD Table 2-1. The temperature difference, combined with the distance that the plume must
travel, leads to the conclusion that there is little potential for the cooling tower plume to
adversely impact the HVAC intakes.

Topographic Description

The applicant stated that the Turkey Point site and surrounding area is relatively flat, with no
significant terrain features that will otherwise be expected to adversely or unusually impact
natural dispersion downwind of the plant. In Turkey Point Units 6 and 7 COL FSAR Sections
2.3.4 and 2.3.5, the applicant discussed that due to the location of the site adjacent to Biscayne
Bay, there is a potential for recirculation of flow due to land-water boundaries. The results of the
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short- and long-term atmospheric dispersion analyses are discussed in Turkey Point Units 6 and
7 COL FSAR Sections 2.3.4 and 2.3.5. Turkey Point Units 6 and 7 COL FSAR Figure
2.3.2-213, “Terrain Elevation Profiles Within 50 Miles of the Units 6 & 7 Site,” shows topographic
features within an 80 km (50 mi) radius of the Turkey Point Units 6 and 7 site. The staff has
independently verified the topographical assessment provided by the applicant and accepts the
description as correct and adequate.

Fogging and Icing Effects Attributable to Cooling Tower Operation

Ground fogging could occur if ground elevations in the plant vicinity were comparable to
expected heights of the cooling tower plumes. The applicant stated that the expected cooling
towers for Units 6 and 7 are mechanical draft towers. The applicant stated that ground-level
fogging could occur in the immediate vicinity of the mechanical draft cooling towers. However,
those events would be expected only at on-site locations and under relatively cold and moist
atmospheric conditions and when building wake and downwash effects have an adverse
influence on the dispersion of the cooling tower plumes. The staff agrees and accepts the
applicant’s discussion.

The applicant stated that there are no large safety-related plant structures or other nearby
structures that are expected to be affected by icing from cooling tower plumes due to the
meteorological conditions that could reasonably be expected to occur. Because of the small
number of days with ambient temperatures below freezing at the Miami, FL, reporting station,
the staff agrees that the threat of ice formation is sufficiently low. The staff agrees and accepts
the applicant’s discussion.

Assessment of Heat Dissipation Effects on the Atmosphere

The topics discussed in this section of the Turkey Point Units 6 and 7 COL FSAR are addressed
elsewhere in SER Section 2.3.2.4.2.

Current and Projected Site Air Quality

This section discusses Turkey Point Units 6 and 7 COL FSAR Sections 2.3.2.2.5 and 2.3.2.2.6.
The applicant stated that the proposed Turkey Point Units 6 and 7 site is located in the
Southeast Florida Intrastate Air Quality Control Region, which includes Broward, Miami-Dade,
Indian River, Martin, Monroe, Okeechobee, Palm Beach, and St. Lucie counties. The Southeast
Florida Intrastate Air Quality Control Region has been designated as being in attainment, or
unclassified for all EPA criteria air pollutants (i.e., ozone, carbon monoxide, nitrogen dioxide,
sulfur dioxide, particulate matter, and lead) (40 CFR 81.310, “Florida,” and 40 CFR 81.49,
“Southeast Florida Intrastate Air Quality Control Region”).

According to the applicant, the proposed nuclear steam supply system (NSSS) and other
radiological systems related to the proposed facility will not be sources of criteria pollutants or
other hazardous air pollutants. Other proposed supporting equipment such as diesel
generators, fire pump engines, auxiliary boilers, emergency station-blackout generators, and
other nonradiological emission-generating sources are not expected to be, in the aggregate, a
significant source of criteria pollutant emissions. The staff agrees with this assessment because
these systems will be used on an infrequent basis.
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2.3.2.5 Post Combined License Activities

There are no post-COL activities related to this section

2.3.2.6 Conclusion

The staff reviewed the application and checked the referenced DCD. The staff’s review
confirmed that the applicant has addressed the relevant information relating to regional
climatology, and no outstanding information related to regional climatology remains to be
addressed in the Turkey Point Units 6 and 7 COL FSAR. The results of the staff’s technical
evaluation of the information incorporated by reference in the Turkey Point Units 6 and 7 COL
FSAR are documented in NUREG-1793 and its supplements.

COL Information Item 2.3-2 states that a COL applicant shall address the site-specific local
meteorological information. As set forth above, the applicant has presented and substantiated
information describing the local meteorological conditions and topographic characteristics
important to evaluating the adequacy of the design and siting of this plant. The staff has
reviewed the information provided and for the reasons given above, concludes that the
identification and consideration of the meteorological and topographical characteristics of the
site and the surrounding area are acceptable and meet the requirements of 10 CFR 100.20(c)
and 10 CFR 100.21(d). The staff finds that the applicant has provided a sufficient description to
adequately address COL Information Item 2.3-2 (COL Action ltem 2.3.2-1).

The staff also 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 and topographic characteristics. Because the applicant has
correctly implemented these methodologies, as described above, the staff has determined that
the site characteristics including margin, 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)(iii).

233 Onsite Meteorological Measurements Program

2.3.3.1 Introduction

The Turkey Point Units 6 and 7 onsite meteorological measurement program addresses the
need for onsite meteorological monitoring and the resulting data. The staff 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.

This section verifies that the applicant successfully implemented an appropriate onsite
meteorological measurements program and that data from this program provide an acceptable
basis for estimating atmospheric dispersion for DBAs and routine releases from an AP1000
design.
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2.3.3.2 Summary of Application

Turkey Point Units 6 and 7 COL FSAR Section 2.3 incorporates by reference Section 2.3 of the
AP1000 DCD.

In addition, in Turkey Point Units 6 and 7 COL FSAR Section 2.3, the applicant provided the
following:

AP1000 COL Information Item

e PTNCOL 2.3-3

The applicant provided additional information in PTN COL 2.3-3 to address COL Information
Item 2.3-3. PTN COL 2.3-3 addresses the onsite meteorological measurements program.

In addition, this Turkey Point Units 6 and 7 COL FSAR section addresses interface item No. 2.9
related to the onsite meteorological measurement program.

2.3.3.3 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 the NRC
regulations for the onsite meteorological measurements program are given in Section 2.3.3 of
NUREG-0800.

The applicable regulatory requirements for identifying onsite meteorological measurements
program are as follows:

e 10 CFR 100.20(c)(2), with respect 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.

e 10 CFR 100.21(c), with respect 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
any individual located offsite, and (2) radiological dose consequences of postulated
accidents meet prescribed dose limits at the exclusion area boundary (EAB) and the
outer boundary of the low population zone (LPZ).

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

e 10 CFR Part 50.47(b)(4), 10 CFR 50.47(b)(8), and 10 CFR 50.47(b)(9), as well as
Section IV.E.2 of 10 CFR Part 50, Appendix E, “Emergency Planning and Preparedness
for Production and Utilization Facilities,” with respect to the onsite meteorological
information available for determining the magnitude and continuously assessing the
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impact of the releases of radiological materials to the environment during a radiological
emergency.

10 CFR Part 50, Appendix |, “Numerical Guides for Design Objectives and Limiting
Conditions for Operation to Meet the Criterion ‘As Low As Is Reasonably Achievable for
Radioactive Material in Light-Water-Cooled Nuclear Power Reactor Effluents,” with
respect to meteorological data used in determining the compliance with 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
reasonably achievable (ALARA).

10 CFR Part 20, “Standards for Protection against Radiation,” Subpart D, “Radiation
Dose Limits for Individual Members of the Public,” with respect to the meteorological
data used to demonstrate compliance with dose limits for individual members of the
public.

The following RG is applicable to this section:

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

The related acceptance criteria from Section 2.3.3 of NUREG-0800 are as follows:

The preoperational and operational monitoring programs should be described, including:
(1) a site map (drawn to scale) that shows tower location and true north with respect to
man-made structures, topographic features, and other features that may influence site
meteorological measurements, (2) distances to nearby obstructions of flow in each
downwind 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, archiving, and analysis
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. These data
should be used by the applicant to calculate: (1) the short-term atmospheric dispersion
estimates for accident releases discussed in SER Section 2.3.4, and (2) the long-term
atmospheric dispersion estimates for routine releases discussed in SER Section 2.3.5.

The applicant should identify and justify any deviations from the guidance provided in RG 1.23,
Revision 1. Deviations from guidance are discussed in further detail in SER Chapter 1.

2.3.3.4

Technical Evaluation
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The staff reviewed Turkey Point Units 6 and 7 COL FSAR Section 2.3.3 and checked the
referenced DCD to ensure that the combination of the DCD and the COL applications
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 onsite meteorological measurements program. The results
of the staff’'s evaluation of the information incorporated by reference in the Turkey Point Units 6
and 7 COL FSAR are documented in NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR:

AP1000 COL Information Item

e PTNCOL 2.3-3

The staff reviewed PTN COL 2.3-3 related to the onsite meteorological measurements program
included under Section 2.3 of the Turkey Point Units 6 and 7 COL FSAR. The specific text of
this COL information item in Section 2.3.6.3 of the AP1000 DCD states:

Combined License applicants referencing the AP1000 certified design will
address the site-specific onsite meteorological measurements program.

The staff’'s evaluation is based on the descriptions provided by the applicant in Turkey Point
Units 6 and 7 COL FSAR Section 2.3.3 and a NRC site audit held June 7-11, 2010. The
purpose of the site audit was to: (1) become familiar with the prospective applicant’s site and
site selection process, plans, schedules, and initiatives, (2) observe and review the
preoperational onsite meteorological monitoring program, and (3) review the prospective
applicant’s plans for its operational onsite meteorological monitoring program.

The staff relied upon the review procedures presented in NUREG-0800, Section 2.3.3, to
independently assess the technical sufficiency of the information presented by the applicant.

2.3.3.4.1 Preoperational and Operational Monitoring Programs

The onsite meteorological monitoring program at the Turkey Point site is a continuation of the
current program supporting existing Turkey Point Units 3 and 4. Turkey Point Units 6 and 7
COL FSAR Figures 2.3.3-201 and 2.3.3-202 show the location of the 60 m (196 ft) and 10 m
(33 ft) meteorological towers, respectively. Regulatory Guide 1.23, Revision 1, Section 3,
describes an acceptable method for siting of the onsite meteorological observation tower. The
Turkey Point Units 6 and 7 site is supported by two meteorological towers; the 60 m (196 ft)
South Dade tower and the 10 m (33 ft) land utilization (LU) tower. The 60 m (196 ft) South
Dade meteorological tower serves as the data collection system and source of onsite
meteorological data for the COL application. As stated by the applicant, the 10 m (33 ft) wind
speed and wind direction data from the LU tower is primarily used in emergency situations.
Data from the South Dade tower is used as backup during a plant emergency.

The South Dade meteorology tower is a 60 m (196 ft), open latticed meteorological tower
located approximately 8.9 km (5.5 mi) southwest of Turkey Point Units 3 and 4. The tower
design is consistent with the guidance provided in RG 1.23, Revision 1; therefore, it is
acceptable to the staff.

Meteorological Tower Location and Siting
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General Location

Turkey Point Units 6 and 7 COL FSAR Figures 2.3.3-201 and 2.3.3-202 show the location of the
60 m (196 ft) South Dade tower and the 10 m (33 ft) LU tower in relation to the existing and
proposed units. These figures also show the towers in relation to the Units 6 and 7 cooling
towers, existing cooling canals, and Biscayne Bay.

The applicant stated that the South Dade tower is approximately 7.6 m (25 ft) below the
elevation of the expected finished grade of the Turkey Point Units 6 and 7. However, because
of the large distance between the proposed units and the South Dade tower, and the minimal
terrain variations, the South Dade tower and the Turkey Point Units 6 and 7 will likely have
similar meteorological exposures.

The applicant stated that the base of the LU tower is approximately 6.7 m (22 ft) below the
finished grade of Units 6 and 7. However, due to the proposed location of Turkey Point Units 6
and 7, the LU tower requires relocation.

Tower Location Relative to Potential Obstructions to Airflow

According to RG 1.23, Revision 1, the wind sensors should be located over level, open terrain at
a distance of at least 10 times the height of any nearby natural and man-made obstructions.
There is an emergency generator shelter mound located approximately 6.6 m (21.5 ft) north of
the tower. The height of the mound is 2.9 m (9.5 ft) above ground level, and the height of the
shelter is 3.3 m. Combined, the height of the emergency generator shelter is 6.2 m (20.4 ft).
Due to the location of the emergency generator shelter in relation to the South Dade tower, the
shelter does not meet the guidance provided in RG 1.23, Revision 1. However, the staff finds
this deviation from the regulatory guidance acceptable because of the relative infrequency of
winds from the north (approximately 6.50 percent).

The applicant stated that at least 3 months before the start of Turkey Point Units 6 and 7, a
replacement LU tower will be installed and made operational at an appropriate site location on
the Turkey Point property.

Tower Location Relative to Potential Sources of Heat and Moisture

The applicant evaluated heat and moisture sources that might influence ambient temperature
and relative humidity measurements. These included vegetation, cooling towers, and water
bodies. Heat reflection characteristics of the surface underlying the meteorological tower were
also considered.

The applicant stated that the ground surrounding the South Dade tower is a grainy, light colored
material with patches of low-cut grass or weeds that are typical of ground cover in the area.
The applicant further stated that the heat reflection characteristics of the surface underlying the
meteorological tower that could have localized influence on the measurements are expected to
be minimal. Based on the NRC site audit, the staff agrees with the applicant’s characterization.

The applicant discussed the possibility that the extensive cooling canals may have some effect
on the lower level temperature readings, which could affect the stability measurements. The
applicant provided the average water temperatures recorded in the cooling basins and stated
that warmer waters near the meteorological tower could create thermal instability. However,
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thermal instability would enhance the dispersion capability for releases occurring near the plant
site.

Based on the applicant’s description of the site, and the staff’s site audit, the staff has confirmed
that the applicant applied the siting guidance provided in RG 1.23, Revision 1, or has justified
any deviations from the guidance. The staff, therefore, finds the siting of the meteorological
towers acceptable.

Tower Location Relative to Biscayne Bay

The applicant stated that the South Dade tower is located approximately 4.8 km (3 mi) inland
from Biscayne Bay. Due to the location of the tower near Biscayne Bay, it is frequently
subjected to the land/sea breeze circulation, otherwise known as the thermal internal boundary
layer (TIBL). The TIBL develops at or near the land-water interface based on the rate of
differential heating between the land and water surfaces, wind conditions and other factors. The
potential effects of the TIBL on the site’s atmospheric dispersion estimates are discussed in
Turkey Point Units 6 and 7 COL FSAR Sections 2.3.4 and 2.3.5.

The staff accepts the applicant’s discussion on the location of the meteorological tower and its
potential to be affected by the TIBL.

Meteorological Instrumentation and Siting

This section of the SER discusses Turkey Point Units 6 and 7 COL FSAR Sections 2.3.3.1.2.1,
2.3.3.1.2.2,and 2.3.3.1.2.3.

Turkey Point Units 6 and 7 COL FSAR Table 2.3.3-204 provides information on each of the
meteorological instruments in the monitoring system. The meteorological parameters measured
at the South Dade tower during 2002, 2005, and 2006 were wind speed, wind direction, air
temperature, solar radiation, barometric pressure, and precipitation.

Ambient temperature and delta-temperature are monitored at both the lower- (10-m) and upper-
level (60-m) of the tower. Two channels of differential temperature are monitored
simultaneously between the lower- and upper-levels. The temperature probes are mounted in
fan aspirated solar radiation shields attached to a 1.2-m retractable boom. There are no
atmospheric moisture parameters recorded at the Turkey Point Units 6 and 7 site.

As shown in Turkey Point Units 6 and 7 COL FSAR Table 2.3.3-204, the temperature systems
are based on RG 1.23, Revision 1; therefore the temperature systems are acceptable to the
staff.

Wind direction, wind speed, and wind direction variance (i.e., sigma theta) are monitored at both
the lower- (10-m) and upper-level (60-m) of the tower. The wind sensors are mounted on a
1.8-m retractable boom oriented perpendicular to the prevailing wind flow. As shown in Turkey
Point Units 6 and 7 COL FSAR Table 2.3.3-204, these measurements are based on RG 1.23,
Revision 1; therefore, the wind systems are acceptable to the staff.

Precipitation and solar radiation are measured near ground-level by a sensor located near the
base of the tower. As shown in Turkey Point Units 6 and 7 COL FSAR Table 2.3.3-204, the
precipitation sensor is based on RG 1.23, Revision 1. RG 1.23, Revision 1 does not provide
specifications for solar radiation sensors. The RG states that solar radiation measurements are
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not required, but should be provided if available. These measurements are not required
because they are not used as part of the application for any site parameter. Therefore, the staff
has no basis on which to evaluate a licensee’s use of solar radiation sensors. In accordance
with the current regulatory guidance, the precipitation and solar radiation systems are
acceptable to the staff.

Turkey Point Units 6 and 7 COL FSAR Table 2.3.3-204 summarizes the accuracy of the
measurements taken as part of the Turkey Point onsite meteorological measurements program.
The accuracy of the 3-year record for the data provided was consistent with the requirements of
RG 1.23, Revision 1. Therefore, the accuracy of the measurements is acceptable to the staff.

System Operation, Maintenance, and Calibration

This section of the SER discusses Turkey Point Units 6 and 7 COL FSAR Sections 2.3.3.1.3.1
and 2.3.3.1.3.2.

The applicant stated that the meteorological equipment is checked and calibrated on a routine
basis in accordance with NRC guidance. To achieve the required level of system reliability, as
specified in RG 1.23, Revision 1, the applicant employs the following maintenance techniques:
(1) calibrating the datalogger input channels semiannually, (2) channel checks are performed
daily in order to achieve maximum data recovery, (3) checking the consistency between the two
ambient/differential temperature channels, (4) checking the guide wires and the tower anchors
annually.

The instrument maintenance and calibration techniques comply with the guidance provided in
RG 1.23, Revision 1; therefore, they are acceptable to the staff.

Data Acquisition and Recording

Data from each of the meteorological towers are processed through computers in the respective
equipment shelters. These computers are used to receive, process, manage, and archive all of
the data collected from the monitoring towers. The microprocessors used for data collection
sample the meteorological processor modules once per second for each parameter measured,
except for precipitation. Water from the precipitation gauge is automatically drained and
counted each time an internal bucket fills with 0.01 in. of rainfall.

Data Processing and Validation

Data Reduction and Review

The applicant stated that the hourly average data is downloaded and formatted monthly for
review and editing. Missing or invalid data from the 60-m tower, such as 10-m wind speed, wind
direction, and AT data, are deleted or manually replaced with backup tower data.

Data Validation

The applicant described the rigid system of checks and procedures that are applied to the
meteorological data on the monthly, quarterly, and annual data files. The applicant described
the computer programs that are used to validate the data recorded at the meteorological towers.
The applicant, in Turkey Point Units 6 and 7 COL FSAR Section 2.3.3.1.5.2, presented the
acceptance criteria that are used for the onsite meteorological measurement system.
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Data Recovery and Representativeness

This section of the SER addresses Turkey Point Units 6 and 7 COL FSAR Sections 2.3.3.1.5.3
and 2.3.3.1.6.

The applicant stated that historical data from the onsite meteorological monitoring system can
be retrieved, archived, displayed, or printed as needed. This data includes the 15- and 60-
minute averaged meteorological data that is recorded at the site.

As discussed in SER Section 2.3.2, the applicant provided JFDs of wind speed, wind direction,
and atmospheric stability for both the 10-meter and 60-meter levels based on hourly
measurements taken during 2002, 2005, and 2006.

The staff performed a quality review of the 2002, 2005, and 2006 hourly meteorological
database using the methodology described in NUREG-0917, “Nuclear Regulatory Commission
Staff Computer Programs for Use with Meteorological Data,” issued July 1982. The staff used
computer spreadsheets to perform further review. As expected, the staff's examination of the
data revealed generally stable and neutral atmospheric conditions at night and unstable
conditions during the day. Wind speed, wind direction, and stability class frequency
distributions for each measurement channel were reasonable. As discussed in SER

Section 2.3.2, the staff verified and accepts the lower- and upper-level JFDs and wind roses
provided by the applicant.

Turkey Point Units 6 and 7 COL FSAR Table 2.3.3-205 summarizes the annual data recovery
rate for the Turkey Point Units 6 and 7 site’s meteorological monitoring system. The applicant
has shown in the table, and stated, that the recovery rate meets the requirements of RG 1.23,
Revision 1. Since the 3-year composite recovery rate for all of the parameters is above 90
percent for the period submitted, they are acceptable to the staff.

Emergency Preparedness Support

The applicant described the onsite meteorological monitoring system and stated that this data is
also used to represent meteorological conditions in the 10-mile EPZ radius. The staff agrees
with the information presented in this section of the Turkey Point Units 6 and 7 COL FSAR.

Need of Additional Data Sources for Airflow Projections.

The applicant described the local topographic features and how they may affect the dispersion
characteristics determined through the use of the XOQDOQ computer model. The staff will
discuss this information in SER Section 2.3.5.

2.3.3.5 Post Combined License Activities

Turkey Point Units 6 and 7 COL FSAR Part 10 describes proposed COL conditions, including
inspection, test, analysis, and acceptance criteria (ITAAC). Table 3.8-1 in Part 10 of the COL
application includes the emergency planning (EP) ITAAC. The following EP ITAAC involve
demonstrating that the operational onsite meteorological monitoring program appropriately
supports the Turkey Point Units 6 and 7 site’s emergency plan:
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o Acceptance Criteria 5.2.3: Radiological data identified in each Plan Annex,
meteorological data, and plant system data pertinent to determining offsite protective
measures are displayed in the Emergency Operations Facility (EOF), when activated.

e EP Program Element 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.

e EP Program Element 6.4: The means exist to acquire and evaluate meteorological
information.

The EP, including EP ITAAC, are addressed in SER Section 13.3, “Emergency Planning.”

2.3.3.6 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 the onsite
meteorological measurements program, and there is no outstanding information expected to be
addressed in the Turkey Point Units 6 and 7 COL FSAR related to this section. The results of
the staff’s technical evaluation of the information incorporated by reference in the COL
application are documented in NUREG-1793 and its supplements.

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 has reviewed the information provided in PTN COL 2.3-3 and,
for the reasons given above, concludes that the applicant has established consideration of the
onsite meteorological measurements program and the resulting database 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 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 Appendix | to 10 CFR Part 50. 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 Appendix E to 10 CFR Part 50. The staff finds that the
applicant has provided a sufficient description to adequately address COL Information ltem 2.3-
3.

234 Short-Term Dispersion Estimates for Accident Releases

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 (x/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
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atmospheric dispersion factors for postulated accidental radioactive releases, (2) meteorological
data and other assumptions used as input to atmospheric dispersion models, (3) derivation of
diffusion parameters (e.g., oy and o), (4) cumulative frequency distributions of x/Q values,

(5) determination of conservative x/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 within the “Contents of Application” sections of
the applicable subparts to 10 CFR Part 52.

2.3.4.2 Summary of Application

Turkey Point Units 6 and 7 COL FSAR Section 2.3.4 incorporates by reference Section 2.3.4 of
the AP1000 DCD.

Tier 2 Departure

e PTNDEP 2.0-4

The applicant proposed a departure from the population distribution exclusion area (site) of

0.5 mi in Tier 2 material of the AP1000. The 0.27-mi minimum distance from the source
boundary to the exclusion area boundary identified in Turkey Point Units 6 and 7 COL FSAR
Table 2.0-201 is less than the value in the AP1000 DCD Tier 2 Table 2-1. The evaluation of the
appropriateness of the 0.27 mi value for the Turkey Point Units 6 and 7 site is in SER Section
2.3.44.31.

In addition, in Turkey Point Units 6 and 7 COL FSAR Section 2.3, the applicant provided the
following:

AP1000 COL Information Item

e PTNCOL 2.3-4
The applicant provided additional information in PTN COL 2.3-4 to address COL Information
Iltem 2.3-4. PTN COL 2.3-4 addresses the provision of site-specific short-term diffusion
estimates for NRC Review to ensure that the envelope values (Table 2-1 and Appendix 15A
from the AP1000 DCD) of relative concentrations are not exceeded.

In addition, this Turkey Point Units 6 and 7 COL FSAR section addresses Interface Item No. 2.4
related to the limiting meteorological parameters (x/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.

In addition, the acceptance criteria associated with the relevant requirements of the NRC
regulations for the short-term diffusion estimates are given in Section 2.3.4 of NUREG-0800.

The applicable regulatory requirements for the applicant’s description of atmospheric diffusion
estimates for accidental releases are as follows:
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10 CFR Part 50, Appendix A, GDC 19, with respect to the meteorological considerations
used to evaluate the personnel exposures inside the control room during radiological
and airborne hazardous material accident conditions.

10 CFR 52.79(a)(1)(vi), with respect 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), with respect to the atmospheric dispersion characteristics used in
the evaluation of the EAB and LPZ radiological dose consequences for postulated
accidents.

The following RGs are applicable to this section:

RG 1.78, “Evaluating the Habitability of a Nuclear Power Plant Control Room During a
Postulated Hazardous Chemical Release,” Revision 1

RG 1.145, “Atmospheric Dispersion Models for Potential Accident Consequence
Assessments at Nuclear Power Plants,” Revision 1

RG 1.194, “Atmospheric Relative Concentrations for Control Room Radiological
Habitability Assessments at Nuclear Power Plants”

The related acceptance criteria from Section 2.3.4 of NUREG-0800 indicate that the following
information should be provided:

A description of the atmospheric dispersion models used to calculate x/Q values for
accidental releases of radioactive and hazardous materials to the atmosphere.

Meteorological data used for the evaluation (as input to the dispersion models) that
represent annual cycles of hourly values of wind direction, wind speed, and atmospheric
stability for each mode of accidental release.

A discussion of atmospheric diffusion parameters, such as lateral and vertical plume
spread (o, and 0;) as a function of distance, topography, and atmospheric conditions,
should be related to measured meteorological data.

Hourly cumulative frequency distributions of x/Q values from the effluent release point(s)
to the EAB and LPZ should be constructed to describe the probabilities of these x/Q
values being exceeded.

Atmospheric dispersion factors used for the assessment of consequences related to
atmospheric radioactive releases to the control room for design basis, other accidents
and for onsite and offsite 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
intake, and unfiltered in leakage pathways.
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2.3.4.4 Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 COL FSAR Section 2.3.4 and checked the
referenced DCD to ensure that the combination of the DCD and the COL 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 short-term diffusion estimates. The results of the staff's evaluation of
the information incorporated by reference in the Turkey Point Units 6 and 7 COL application are
documented in NUREG-1793 and its supplements.

The staff reviewed the information contained in the Turkey Point Units 6 and 7 COL FSAR:

Tier 2 Departure

e PTNDEP 2.0-4

The staff reviewed PTN DEP 2.0-4 related to the impact on the short-term dispersion estimates
for accident releases potentially caused by applicant’s use of a minimum distance from the
source boundary to the exclusion areas boundary of 0.43 km (0.27 mi) rather than the site
parameter of 0.80 km (0.5 mi) specified in the AP1000 DCD is used for the Turkey Point Units 6
and 7 site.

Evaluation of the information provided in PTN DEP-2.0-4 related to the impact of the applicant’s
use of a minimum distance from the source boundary to the exclusion area boundary of 0.43 km
(0.27 km) on the short-term dispersion estimates for accident releases is discussed below.

AP1000 COL Information Iltem

e PTNCOL 2.34

The staff reviewed PTN COL 2.3-4 related to the short-term diffusion estimates included under
Section 2.3.4 of the Turkey Point Units 6 and 7 COL FSAR. The COL information item in
Section 2.3.6.4 of the AP1000 DCD states:

Combined License applicants referencing the AP1000 certified design will
address the site-specific x/Q values specified in subsection 2.3.4. For a site
selected that exceeds the bounding x/Q values, the Combined License applicant
will address how the radiological consequences associated with the controlling
design basis accident continue to meet the dose limits given in General Design
Criteria 19 using site-specific x/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 x/Q values for each cumulative frequency distribution that exceeds the
median value (50-percent of the time).
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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

Offsite Dispersion Estimates

The applicant used the computer code PAVAN (NUREG/CR-2858, “PAVAN: An Atmospheric-
Dispersion Program for Evaluating Design-Basis Accidental Releases of Radioactive Materials
from Nuclear Power Stations”) to estimate x/Q values at the EAB and at the outer boundary of
the LPZ for potential accidental releases of radioactive material. The PAVAN model implements
the methodology outlined in RG 1.145, Revision 1.

The PAVAN code estimates x/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 x/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 distances for which x/Q values are calculated.

For each of the 16 downwind direction sectors (e.g., N, NNE, NE, ENE), PAVAN calculates x/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 x/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 x/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 x/Q versus probability of being exceeded), such that no plotted point is above the
curve. From this upper envelope, the x/Q value, which is equaled or exceeded 0.5 percent of
the total time, is obtained. The maximum 0.5 percent x/Q value from the 16 sectors becomes
the 0—-2 hour “maximum sector x/Q value.”

Using the same approach, PAVAN also combines all x/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 x/Q value that is equaled or exceeded 5.0 percent of
the total time. This is known as the 0-2 hour “5-percent overall site x/Q value.”

The larger of the two x/Q values, either the 0.5-percent maximum sector value or the 5-percent
overall site value, is selected to represent the x/Q value for the 0—2 hour time interval (note that
this resulting x/Q value is based on 1-hour averaged data but is conservatively assumed to
apply for 2 hours).

To determine x/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 x/Q values and
the annual average (8,760-hour) x/Q values for each of the 16 sectors and overall site. For
each time period, the highest among the 16 sectors and overall site x/Q values is identified and
becomes the short-term site characteristic x/Q value for that time period.

Control Room Dispersion Estimates
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The applicant used the computer code ARCON96 (NUREG/CR-6331, “Atmospheric Relative
Concentrations in Building Wakes”) to estimate x/Q values at the control room for potential
accidental releases of radioactive material. The ARCON96 model implements the methodology
outlined in RG 1.194.

The ARCON96 code estimates x/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 x/Q values calculated through
ARCONO96 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 Data Input

Offsite Dispersion Estimates

The meteorological input to PAVAN used by the applicant consisted of a JFD of wind speed,
wind direction, and atmospheric stability based on hourly onsite data from a 3-year period
during 2002, 2005, and 2006. The wind data were obtained from the 10-m 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 levels on the
onsite meteorological tower.

The staff has completed a detailed review related to the acceptability and representativeness of
the hourly meteorological data as discussed in SER Sections 2.3.2 and 2.3.3. Based on this
review, the staff considers the onsite meteorological database suitable for input to the PAVAN
model.

Control Room Dispersion Estimates

The meteorological input to ARCON96 used by the applicant consisted of wind speed, wind
direction, and atmospheric stability data based on hourly onsite data from a 3-year period during
2002, 2005, and 2006. The wind data were obtained from the 10 m and 60 m levels 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 levels on the
onsite meteorological tower.

The staff has completed a detailed review related to the acceptability and representativeness of
the hourly meteorological data as discussed in SER Section 2.3.3. 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
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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 for its PAVAN model runs. The staff evaluated
the applicability of the PAVAN diffusion parameters and concluded that no unique topographic
features (such as rough terrain, restricted flow conditions, or coastal or desert areas) preclude
the use of the PAVAN model for the Turkey Point Units 6 and 7 site. However, in accordance
with the guidance in RG 1.111, “Methods for Estimating Atmospheric Transport and Dispersion
of Gaseous Effluents in Routine Releases from Light-Water-Cooled Reactors,” Revision 1,
terrain adjustment factors were used for the annual average calculations for the airflow
recirculation effect generated by the local land-sea breeze circulation. Therefore, the staff finds
that the applicant’s use of diffusion parameter assumptions, as outlined in RG 1.145, Revision
1, acceptable.

The applicant stated that an exemption from 10 CFR Part 52, Appendix D, Section IV.A.2.d, in
accordance with 10 CFR 52.7 and 10 CFR 52.93 and a departure from AP1000 DCD Table 2-1
is necessary. Details on the departure (PTN DEP 2.0-4) can be found in Part 7.B.3, of the
Turkey Point Units 6 and 7 COL FSAR. This departure is a result of the applicant choosing an
EAB distance less than the site parameter provided in AP1000 DCD Table 2.-1. The staff has
determined that the applicant’s use of distances less than those provided in the AP1000 DCD
would only result in more conservative (higher) x/Q estimates. The staff confirmed the resulting
¥/Q estimates provided in PTN DEP 2.0-4 and determined that they are correct.

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 wide range of meteorological conditions. Because
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.
Therefore, the staff finds the applicant’s use of the ARCON96 diffusion parameter assumptions
acceptable.

2.3.4.4.4 Relative Concentration for Accident Consequences Analysis

Conservative Short-Term Atmospheric Dispersion Estimates for EAB and LPZ

The applicant modeled one ground-level release point and used the AP1000 DCD dimensions
for the minimum building cross section and containment heights for building wake effects.
Including the building wake effects for a ground-level release has little influence on the predicted
x/Q values. A ground-level release assumption that assumes the appropriate building
dimensions is acceptable to the staff. This is acceptable because the PAVAN model includes
both plume meander and building wake effects, which are mutually exclusive. The applicant
uses a source boundary that encloses all potential release points for both Turkey Point Units 6
and 7. As a result of this method, the minimum distance to the EAB and LPZ was used as input
to PAVAN. The use of the shortest distance results in higher (more conservative) x/Q values for
ground level releases and is therefore acceptable to the staff.
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In accordance with AP1000 DCD Section 2.3.6.4, Turkey Point Units 6 and 7 COL FSAR
Section 2.3.4.2 compared the site-specific EAB and LPZ x/Q values to the corresponding site
parameters provided in the AP1000 DCD. This comparison showed that the AP1000 DCD EAB
and LPZ x/Q values conservatively bounded the site-specific values. The staff notes that
smaller x/Q values are associated with greater dilution capability, resulting in lower radiological
doses. When comparing a DCD site parameter x/Q value and a site characteristic x/Q value,
the site is acceptable for the design if the site characteristic x/Q value is smaller than the site
parameter x/Q value. The staff notes that such a comparison shows that the site has better
dispersion characteristics than that required by the reactor design.

Using the information provided by the applicant, including the 10 m level joint frequency
distributions of wind speed, wind direction, and atmospheric stability presented in Turkey Point
Units 6 and 7 COL FSAR Table 2.3.2-205, the staff confirmed the applicant’s x/Q values by
running the PAVAN computer code and obtaining consistent results. The staff accepts the
short-term x/Q values presented by the applicant.

Short-Term Atmospheric Dispersion Estimates for the Control Room

The applicant provided the following as the necessary input to ARCON9G6:

Onsite Hourly Meteorological Data: 2002, 2005, and 2006,

AP1000 DCD Table 15A-7: Control Room Source / Receptor Data,

AP1000 DCD Figure 15A-1: Site Plan with Release and Intake Locations,

Turkey Point Units 6 and 7 COL FSAR Table 2.3.4-205: Release/Receptor Azimuthal
Angles, and

o Turkey Point Units 6 and 7 COL FSAR Figure 2.1-204: Plant Layout on the Turkey Point
Units 6 and 7 Site.

Two receptor (i.e., air intake) points, the control room heating, ventilation, and air conditioning
(HVAC) intake and control room door, were modeled for the following eight release points:

containment shell,

fuel building blowout panel,

fuel building rail bay door,

steam vent,

power-operated relief valve (PORV)/safety valves,
condenser air removal stack,

plant vent, and

PCS air diffuser.

Turkey Point Units 6 and 7 COL FSAR Tables 2.3.4-205 and 2.3.4-206 compared the
site-specific control room x/Q values to the corresponding site parameters provided in the DCD.
This comparison showed that the AP1000 control room x/Q values conservatively bounded the
site-specific values. This comparison is reproduced in Turkey Point Units 6 and 7 COL FSAR
Table 2.0-202.

The staff confirmed the applicant’s atmospheric dispersion estimates by running the ARCON96

computer model and obtaining similar results (i.e., values on average within £ 0.14 percent).
Both the staff and applicant used a ground-level release assumption for each of the
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release/receptor combinations as well as other conservative assumptions. Based on its
confirmatory analysis, the staff finds the applicant’s control room x/Q values acceptable.

2.3.4.4.5 Onsite and Offsite Hazardous Materials

A review of the identification of onsite and off-site hazardous materials that could threaten
control room habitability is performed in SER Sections 2.2.1, 2.2.2, and 2.2.3. The accident
scenarios, including release characteristics and atmospheric dispersion model descriptions are
also found 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 application including PTN COL 2.3-4 and checked the referenced DCD.
The staff's review confirmed that the applicant has addressed the relevant information relating
to short-term diffusion estimates, and no outstanding information related to this section remains
to be addressed in the Turkey Point Units 6 and 7 COL FSAR. The results of the staff’s
technical evaluation of the information incorporated by reference in the Turkey Point Units 6 and
7 COL FSAR are documented in NUREG-1793 and its supplements.

COL Information Item 2.3-4 states that a COL applicant shall address the site-specific x/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. The staff has
reviewed PTN DEP 2.0-4 and has determined that the applicant’s use of distances less than
those provided in the AP1000 DCD is acceptable for the Turkey Point Units 6 and 7 site.

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.
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235 Long-Term Atmospheric Diffusion Estimates for Routine Releases

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., 0,),
(4) atmospheric dispersion (relative concentration) factors (x/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
additional information requirements prescribed in the “Contents of Application” sections of the
applicable subparts to 10 CFR Part 52.

2.3.5.2 Summary of Application

Turkey Point Units 6 and 7 COL FSAR Section 2.3 incorporates by reference Section 2.3 of the
AP1000 DCD.

In addition, in Turkey Point Units 6 and 7 COL FSAR Section 2.3, the applicant provided the
following:

AP1000 COL Information Iltem

e PTNCOL2.3-5

The applicant provided additional information in PTN COL 2.3-5 to address COL Information
Item 2.3-5. PTN COL 2.3-5 addresses long-term x/Q and D/Q estimates for calculating
concentrations in air and the amount of material deposited on the ground as a result of routine
releases of radiological effluents to the atmosphere during normal plant operation.

In addition, this Turkey Point Units 6 and 7 COL FSAR section addresses Interface ltem No. 2.4
related to the limiting meteorological parameters (x/Q values) for routine releases.

2.3.5.3 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 the regulations
for long-term diffusion estimates are given in Section 2.3.5 of NUREG-0800.
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The applicable regulatory requirements for the applicant’s description of atmospheric dispersion
and dry deposition estimates for routine releases of radiological effluents to the atmosphere are
as follows:

10 CFR Part 20, Subpart D, with respect to demonstrating compliances with dose limits
for individual members of the public.

10 CFR 50.344a, “Design Obijectives for Equipment to Control Releases of Radioactive
Material in Effluents—Nuclear Power Reactors.” and Sections II.B.1, I.C, and II.D of
Appendix | to 10 CFR Part 50, with respect 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) with respect to establishing atmospheric dispersion site
characteristics such that radiological effluent release limits associated with normal
operation can be met for any individual located offsite.

The following RGs are applicable to this section:

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

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 1,”
Revision 1

RG 1.111, “Methods for Estimating Atmospheric Transport and Dispersion of Gaseous
Effluents in Routine Releases from Light-Water-Cooled Reactors,” Revision 1

RG 1.112, “Calculation of Releases of Radioactive Materials in Gaseous and Liquid
Effluents from Light-Water-Cooled Power Reactors,” Revision 1

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

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

A discussion of atmospheric diffusion parameters, such as vertical plume spread (o) 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%. degree
direction sector within a 5-mi (8 km) radius of the site).
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e The x/Q and D/Q values to be used for assessment of the consequences of routine
airborne radiological releases as described in Section C.1.2.3.5.2 of RG 1.206:
(1) maximum annual average x/Q values and D/Q values at or beyond the site boundary
and at specified locations of potential receptors of interest utilizing appropriate
meteorological data for each routine venting location, and (2) estimates of annual
average x/Q values and D/Q values for 16 radial sectors to a distance of 50 mi (80 km)
from the plant using appropriate meteorological data.

2.3.54 Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 COL FSAR 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 Turkey Point Units 6 and 7 COL FSAR are
documented in NUREG-1793 and its supplements.

The staff reviewed the information contained in the Turkey Point Units 6 and 7 COL FSAR:

AP1000 COL Information Item

e PTNCOL2.3-5

The staff reviewed PTN COL 2.3-5 related to the long-term diffusion estimates included in
Turkey Point Units 6 and 7 COL FSAR Section 2.3.5. The specific text of this COL information
item in Section 2.3.6.4 of the AP1000 DCD states:

Combined License applicants referencing the AP1000 certified design will
address long-term diffusion estimates and x/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 x/Q values for 16 radial sectors to a distance of
50 mi from the plant.

Evaluation of the information provided in PTN COL 2.3-5 related to the long-term diffusion
estimates at the Turkey Point Units 6 and 7 site is discussed below.

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 x/Q and D/Q values resulting from routine
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releases. The XOQDOQ model implements the constant mean wind direction methodology
outlined in RG 1.111, 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 x/Q and D/Q values for long time periods (i.e.,
annual averages), the plumes horizontal distribution is assumed to be evenly distributed within
the downwind direction sector (e.g., “sector averaging”). A straight-line trajectory is assumed
between the release point and all receptors.

2.3.5.4.2 Release Characteristics and Receptors

The applicant modeled one ground-level release point, assuming a minimum building
cross-sectional area of 2,636 m? and a building height of 69.7 m, which is smaller than the
height of the entire containment building at 71.4 m. This difference of height is acceptable to
the staff because the applicant’s use of a smaller building height directly leads to assuming a
smaller building cross-section. This is a conservative assumption because a smaller building
cross-section will lead to less air turbulence and higher x/Q values.

The applicant assumed a ground-level release to model routine releases. A ground-level
release is a conservative assumption at a relatively flat terrain site such as the Turkey Point
Units 6 and 7 site, resulting in higher x/Q and D/Q values when compared to a mixed-mode
(e.g., part-time ground, 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 distances to the receptors of interest (i.e., residence, meat animal, vegetable garden,
school) were presented in Turkey Point Units 6 and 7 COL FSAR Section 2.3.5.2. Directional
sectors without a receptor within 5 mi were not modeled. The applicant calculated the distances
to each of the receptors from a location defined as the mid-point of the two proposed units. As
depicted in Turkey Point Units 6 and 7 COL FSAR Figure 2.1-201, the Turkey Point Units 6 and
7 EAB does not extend beyond the Turkey Point plant boundary, except for in the SSE and SE
sectors. However, the staff believed that because these sectors are located over Biscayne Bay
they are not expected to have any long duration population near the boundary. These
assumptions are acceptable to the staff.

2.3.5.4.3 Meteorological Data Input

The meteorological input to XOQDOQ used by the applicant consisted of a JFD of wind speed,
wind direction, and atmospheric stability based on hourly onsite data from three 1-year periods
including 2002, 2005, and 2006. The wind data were obtained from the 10-m 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 levels on the
onsite meteorological tower.

As discussed in SER Section 2.3.3, the staff considers the 2002, 2005, and 2006 onsite
meteorological database suitable for input to the XOQDOQ model.

2.3.5.4.4 Diffusion Parameters
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The applicant chose to implement the diffusion parameter assumptions outlined in RG 1.111,
Revision 1, as a function of atmospheric stability for the XOQDOQ model runs. The staff
evaluated the applicability of the XOQDOAQ diffusion parameters and concluded that no unique
topographic features preclude the use of the XOQDOQ model for the Turkey Point site.
Therefore, the staff finds that the applicant’s use of diffusion parameter assumptions, as
outlined in RG 1.111, Revision 1 was acceptable.

The applicant stated that in order to account for possible land-water recirculation effects due to
the close proximity of Biscayne Bay, default correction factors were implemented in the
XOQDOQ model. The staff agrees that these correction factors were necessary for the location
of the plant and has implemented them for the independent confirmatory analysis.

2.3.5.4.5 Resulting Relative Concentration and Relative Deposition Factors

Turkey Point Units 6 and 7 COL FSAR Table 2.3.5-207 lists the long-term atmospheric
dispersion and deposition estimates for the EAB, LPZ, and special receptors of interest that the
applicant derived from its XOQDOQ modeling results. Turkey Point Units 6 and 7 COL FSAR
Tables 2.3.5-203 through 2.3.5-206 also describe the applicant’s long-term atmospheric
dispersion and deposition estimates for 16 radial sectors from the site boundary to a distance of
50-mi from the proposed facility.

The x/Q values presented in Turkey Point Units 6 and 7 COL FSAR Tables 2.3.5-203 through
2.3.5-207 reflect several plume radioactive decay and deposition scenarios. Section C.3 of
RG 1.111, Revision 1, 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. Section C.3.a of RG 1.111,
Revision 1, 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 iodine released to the atmosphere. Definitions for the
x/Q categories are as follows:

o Undepleted/No Decay x/Q values are x/Q values 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.

¢ Depleted/2.26-Day Decay x/Q values are x/Q values 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-133.

e Depleted/8.00-Day Decay x/Q values are x/Q values 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 Turkey Point Units 6 and 7 COL FSAR
Table 2.3.2-205, the staff confirmed the applicant’s x/Q and D/Q values by running the
XOQDOQ computer code and obtaining similar results (i.e., values on average within about 6-
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percent). In light of the foregoing, the staff accepts the long-term x/Q and D/Q values presented
by the applicant.

COL Information Item 2.3-5 also states that with regard to environmental assessment estimates
of annual average x/Q values for 16 radial sectors to a distance of 50-mi from the plant should
be provided. The applicant provided these values in Turkey Point Units 6 and 7 COL FSAR
Tables 2.3.5-203 through 2.3.5-206. Using the staff-generated JFDs and the XOQDOQ
computer code, these x/Q values were confirmed by the staff and were found to be adequate
and acceptable.

2.3.5.5 Post Combined License Activities

There are no post-COL activities related to this Section.

2.3.5.6 Conclusion

The staff reviewed the application including PTN COL 2.3-5 and checked the referenced DCD.
The staff's review confirmed that the applicant has addressed the relevant information relating
to long-term diffusion estimates, and no outstanding information related to this section remains
to be addressed in the Turkey Point Units 6 and 7 COL FSAR. The results of the staff’s
technical evaluation of the information incorporated by reference in the Turkey Point Units 6 and
7 COL FSAR 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 x/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 50 mi (80 km) 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
Subpart D of 10 CFR Part 20 and Appendix | to 10 CFR Part 50. 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 an applicant’s proposed site and in accordance with the NRC regulations, the staff
evaluates the hydrologic characteristics of the proposed site. These site characteristics
describe the potential for flooding due to precipitation, riverine processes (runoff, dam breach
discharge, channel blockage or diversion), coastal effects (storm surges and tsunamis), and
combined events (e.g., from coincident wind waves). In addition, the staff reviewed the
maximum elevation of surface water during floods and combined events, associated static and
dynamic characteristics, minimum water-surface elevation during low-water events, 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 Turkey
Point Units 6 and 7 site, and provide the basis for determining whether flood protection will be
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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 has prepared SER Sections 2.4.1 through 2.4.14 in accordance with the review
procedures described in NUREG-0800, using information presented in Section 2.4, “Hydrologic
Engineering,” of the Turkey Point Units 6 and 7 Final Safety Analysis Report (FSAR), responses
to the staff requests for additional information (RAIls), and generally available reference
materials (e.g., as cited in applicable sections of NUREG-0800).

241 Hydrologic Description

2.4.1.1 Introduction

Turkey Point Units 6 and 7 COL FSAR Section 2.4.1, “Hydrologic Description,” describes the
site and all safety-related elevations, structures, and systems from the standpoint of hydrologic
considerations and provides a topographic map showing any proposed changes to natural
drainage features.

This SER section provides hydrologic description of the of the following specific review areas:
(1) the interface of the plant with the hydrosphere including descriptions of site location, major
hydrological features in the site vicinity, characteristics related to surface water and
groundwater, and the proposed water supply to the plant, (2) hydrological 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-water 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 hydrological 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 of 10 CFR Part 52. These areas are reviewed in Sections 2.4.2

through 2.4.13.

2.4.1.2 Summary of Application

Turkey Point Units 6 and 7 COL FSAR Section 2.4.1 describes the site and elevations for safety
related structures, systems and components from the standpoint of hydrologic considerations
and provides a topographic map showing any proposed changes to natural drainage

features. The applicant addressed these issues as follows:

AP1000 COL Information Item

e PTNCOL 2.4-1 Hydrological Description
The applicant has referenced the AP1000 DCD in its application to comply with the

requirements of Appendix D to 10 CFR Part 52. DCD Section 2.4.1.1 requires that COL
applicants describe major hydrologic features on or in the vicinity of the site. It also requires the
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COL applicants to provide a specific description of the site, including critical elevations of the
nuclear island and safety-related facilities.

2.4.1.3 Regulatory Basis

The relevant requirements of the NRC regulations for the site and all safety-related elevations,
structures, and systems from the standpoint of hydrologic considerations, and the associated
acceptance criteria are described in Section 2.4.1 of NUREG-0800.

The applicable regulatory requirements for identifying site location and description of the site
hydrosphere are:

o 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).

e 10 CFR 52.79(a)(1)(iii), 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.

The related acceptance criteria are as follows:

¢ Regulatory Guide 1.29, “Seismic Design Classification,” as it relates to those SSCs
intended to protect against the effects of flooding’;

¢ Regulatory Guide 1.59, “Design Basis Floods for Nuclear Power Plants,” as
supplemented by best current practices; and

o 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

2.4.1.4 Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 COL FSAR Section 2.4.1 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 major hydrological features and descriptions of the site and safety-related
elevations, structures, exterior accesses, equipment, and systems. The results of the staff's
evaluation of the information incorporated by reference in the Turkey Point Units 6 and 7 COL
FSAR are documented in NUREG-1793 and its supplements.
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The staff reviewed the following information in the Turkey Point Units 6 and 7 COL FSAR:

AP1000 COL Information Items

e PTNCOL 2.4-1
The staff reviewed PTN COL 2.4-1 related to the description of major hydrologic features
included in Turkey Point Units 6 and 7 COL FSAR Section 2.4.1. The COL Information Item in
Section 2.4.1.1 of the AP1000 DCD states:
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.

Evaluation of the information provided in PTN COL 2.4-1 related to the description of major
hydrologic features at the Turkey Point Units 6 and 7 site is discussed below.

2.4.1.4.1 Site and Facilities

This section describes the location of the proposed site and the major facilities of the proposed
plant as relevant to hydrologic considerations.

Information Submitted by Applicant

The applicant stated that the Florida Power and Light Company (FPL) is proposing to build two
new AP1000 reactors, designated Turkey Point Units 6 and 7, within its existing Turkey Point
plant property boundaries, approximately 25 mi south of Miami, FL, in unincorporated southeast
Miami-Dade County, FL. According to the applicant, the Turkey Point plant property consists of
approximately 11,000 acres (45 square km) and is east of Florida City and the City of
Homestead, bordered by Biscayne Bay to the east. The Turkey Point plant property includes
five operating electric generating units: two gas/oil-fired steam electric generating units (Units 1
and 2), one natural gas combined cycle plant (Unit 5), and two nuclear powered steam electric
generating units (Units 3 and 4). The site for Units 6 and 7 is immediately south of Units 3 and
4 on a tract of approximately 218 acres (0.9 square km). Most Units 6 and 7 plant features are
located on an area bounded on all four sides by a network of industrial wastewater
facility/cooling canals that serve as part of the closed-loop cooling water supply for Units 1
through 4 and receive blowdown discharged from Unit 5.

The plant area for the Turkey Point Units 6 and 7 site would be raised above surrounding grade
to grade elevations varying from 19 ft (5.8 m) to 25.5 ft (7.8 mi) in North American Vertical
Datum of 1988 (NAVD 88) with safety-related facilities at an elevation of 26 ft (7.9 m) NAVD 88.
The area would be surrounded by a retaining wall structure with the top of wall elevation varying
from 20 ft (6 m) to 21.5 ft (6.6 m) NAVD 88.

The NAVD 88 is the plant reference elevation datum for Turkey Point Units 6 and 7. The
applicant notes that some reference documents and data sources for the area provide
elevations referenced to the National Geodetic Vertical Datum of 1929 (NGVD 29). In the site
area, the applicant has determined that NGVD 29 is 1.6 ft (0.5 m) below NAVD 88, meaning that
elevations referenced to NGVD 29 are decreased by 1.6 ft (0.5 m) to convert them to the NAVD
88 datum.
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The FPL proposes to use the Westinghouse AP1000 certified plant design for Turkey Point
Units 6 and 7. The design plant grade for all safety-related facilities is at El. 26.0 ft (7.9 m)
NAVD 88, which is equivalent to the design plant grade elevation of 100 ft (30 m) in the DCD
reference datum. The safety-related structures for the AP1000 design include the
containment/shield building and the auxiliary building. Finished grade elevations at the plant
area are shown in Figure 2.4.1-1. Before construction, the area where the plant is located was
occupied by sparsely vegetated, low-lying mudflats and was isolated by the surrounding cooling
canals. The preconstruction elevations ranged from approximately El. —2.4 ft (-0.7 m) to 0.8 ft
(0.2 m) NAVD 88.
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Figure 2.4.12.4.1-1 Turkey Point Units 6 and 7 power block layout and grading plan.
(Source: COL FSAR Figure 2.4.2-202)

As described by the applicant, the AP1000 reactor design employs a safety-related passive
containment cooling system that serves as the ultimate heat sink for design-basis accident
events. This system does not require offsite water sources to perform its safety functions.
Turkey Point Units 6 and 7 would use mechanical draft cooling towers for non-safety related
circulating water system and service water system cooling, with makeup water from two
independent water sources, each capable of supplying all of the makeup water demand for the
circulating water system. The two independent sources of makeup water for the plant’s non-
safety related circulating water system are reclaimed water and saltwater. The reclaimed water
would be supplied from Miami-Dade Water and Sewer Department wastewater treatment
facilities via a pipeline system to the FPL reclaimed water treatment facility. Treated reclaimed
water would be stored in a concrete makeup water reservoir to be located in the cooling tower
area south of the power block (Figure 2.4.1-1). The top of the makeup reservoir wall is at El.
24.0 ft NAVD 88. The saltwater would be supplied to the cooling tower basins from radial
collector wells; it would be used to supplement reclaimed water as needed to meet the makeup
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water demand. The applicant stated that the maximum makeup water requirement for the two
units when the circulating water system is operating with reclaimed water is approximately
38,400 gallons per minute. When the circulating water system is operating with saltwater the
applicant stated that the maximum makeup water requirement for the two units is approximately
86,400 gallons per minute. According to the applicant, the circulating water system is capable
of operating on any combination of the two types of makeup water.

The applicant stated that none of the surrounding surface water bodies would be used as a
water supply source, waste effluent discharge point, or heat sink for Turkey Point Units 6 and 7.
Cooling tower blowdown and other plant wastewater streams are collected in a common
collection sump for injection into a deep injection well.

In accordance with the requirements in Appendix A to 10 CFR Part 52, the applicant compared
Turkey Point Units 6 and 7 hydrologic site characteristics with the respective envelopes of the
AP1000 standard plant site design parameters specified in Section 2.4 of the reference AP1000
DCD.

Staff’'s Technical Evaluation

The staff conducted a hydrology site audit March 22—-24, 2010. The site audit included visits to
the site of Units 6 and 7 and to the Turkey Point cooling canals. The staff also observed
Biscayne Bay and the general topographic and hydrologic setting of the area.

The staff compared the information presented by the applicant in Turkey Point Units 6 and 7
COL FSAR Section 2.4.1 with publicly available maps and data regarding the Turkey Point Units
6 and 7 site and its surrounding region. The staff finds the applicant’s information on the site
and facilities to be consistent with other sources and sufficient for the staff’'s review.

2.4.1.4.2 Hydrosphere

Information Submitted by Applicant

The Turkey Point Units 6 and 7 site is adjacent to the western edge of Biscayne Bay and is
surrounded by the low-lying areas in the Everglades drainage basin. There are no major rivers,
lakes, or dams located nearby, but the applicant stated that a network of drainage canals
provides freshwater supply to the Everglades and controlled drainage from southeast Florida to
Biscayne Bay. The site’s hydrology is primarily controlled by Biscayne Bay.

Biscayne Bay

As described by the applicant, Biscayne Bay is a shallow coastal lagoon underlain by limestone,
approximately 38 mi (61 km) long and 11.2 mi (18 km) wide, with an area of approximately 428
square mi (1,109 squire mi). According to the applicant, the Turkey Point Units 6 and 7 site is
adjacent to a portion of Biscayne Bay known as South Bay or Lower Biscayne Bay. South Bay
is bounded on the east and separated from the Atlantic Ocean by islands, including Elliott Key,
which formed in the Pleistocene as coral reefs and are considered a part of the Florida Keys,
making up the northern extent of the Florida reef tract (Swarzenski et al., 2004; Klein, 1970). As
described by the applicant, Biscayne Bay is connected to the Atlantic Ocean by a wide and
shallow opening of coral shoal near the middle of the bay that is known as the Safety Valve, and
by several channels and cuts.
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There is little sediment inflow to the bay from rivers and canals. Part of Biscayne Bay near the
plant property is within the designated boundaries of Biscayne National Park, which contains a
narrow fringe of mangrove forest along the mainland. Similar mangrove zones are present on
islands of the Florida Keys including Elliott Key east of the Turkey Point site (U.S. National Park
Service 2011—Reference 216—http://www.nps.gov/bisc/naturescience/keys.htm).

The applicant referenced Caccia and Boyer (2005) as reporting that Biscayne Bay has an
average depth of approximately 6 ft and a maximum depth of approximately 13 ft (4 m).
According to the applicant, the volume at mean low water is approximately 1.5 x 10'° cubic ft
(344,000 ac ft). NOAA maintains tidal stations in Biscayne Bay and surrounding areas (2008b).
The applicant identified the following stations as currently operating and having more than 10
years of record: Virginia Key, FL (NOAA station 8723214; approximately 25 mi (40 km) north-
northwest of Units 6 and 7); Vaca Key, FL (8723970; approximately 70 mi (113 km) southwest);
and Key West, FL (8724580; approximately 110 mi (177 km) southwest). The applicant found
that other stations have only short periods of tidal data or are no longer active. The locations of
the tidal stations are shown on Figure 2.4.1-2. The mean low water datum at NOAA Virginia
Key, FL, station is located at -1.9 ft (-0.6 m) NAVD 88 (NOAA, 2008a).
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Figure -2.4.1-2 NOAA Tidal Stations and USGS Stream Gauges in the vicinity of Biscayne
Bay (source: Turkey Point Units 6 and 7 COL FSAR Figure 2.4.1-212)

According to the applicant, the great diurnal tidal range, defined as the difference between the
mean higher high and mean lower low tide levels, in Biscayne Bay is higher near the northern
entrance of the bay. At Cutler station in Biscayne Bay, the great diurnal range is 2.13 ft (0.6 m);
near the Turkey Point Units 6 and 7 site, the range is 1.78 ft (0.5 m); and at the Card Sound
Bridge station to the south, the range is reduced to 0.63 ft (0.19 m).
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The applicant stated that the principal circulation forces in Biscayne Bay are tidal, although
winds that persist for longer than a complete tidal cycle (12 to 13 hours) cause relatively large
water movements. The applicant stated that measurements of tidal flow past discrete points
such as Cutter Bank (east of the cooling canals) average approximately 50,000 ac ft
(61,674,092 m3) per day, or a continuous flow of 60,000 ac ft (74,008,910 m3) per half of a tidal
cycle. The applicant stated that tidal exchange between Biscayne Bay and the ocean is
estimated to be less than 10,000 ac ft (12,334,818 m3) per day.

The Everglades

The Everglades is the largest wetland in the continental United States. It was part of the larger,
natural Kissimmee-Okeechobee-Everglades watershed that once extended south from Lake
Okeechobee to the southernmost extremity of peninsular Florida. The Everglades were formed
on limestone bedrock and have lower elevations than the Flatwoods and Atlantic Coastal Ridge
physiographic provinces. The Everglades slope toward the south with an average gradient less
than 2 in per mile (3 cm per km). The freshwater flow from Lake Okeechobee and the flat
terrain of the basin supported the accumulation of layers of peat and mud that formed the
historical Everglades wetlands over an area of approximately 4,500 mi? (11,655 km?)
(McPherson and Halley, 1997).

Before the beginning of drainage development in the late 1800s, overflows from Lake
Okeechobee moved slowly through the Everglades as sheet flows. These flows provided the
freshwater supply that sustained the ecosystem functions within the wetlands, which were
dominated by sawgrass and tree islands. From the Everglades, water drained south to the Gulf
of Mexico through a series of open-water sloughs.

The applicant stated that the Atlantic Coastal ridge that separates the Everglades from the
Atlantic coastline has a maximum elevation of approximately 20 ft (6 m) above MSL (equivalent
to NGVD 29), or approximately 18.4 ft (5.6 m) NAVD 88. Historically, nearly all of southeast
Florida, except for the Atlantic Coastal ridge, was flooded annually, with the floodwater
discharging to Biscayne Bay through the Miami, New, and Hillsborough rivers and other sloughs
that formed transverse glades in the Atlantic Coastal ridge.

Beginning in the late 19th century, south Florida underwent substantial anthropogenic
alterations that irreversibly changed its hydrology (McPherson and Halley, 1997). Causes
included land reclamation for agriculture, construction of flood control levees and drainage
canals, and urbanization. In the late 19th and early 20th centuries, canals were dug through the
Everglades to drain water from the area south of Lake Okeechobee to enable agricultural
development (McPherson and Halley, 1997). By the late 1920s, major canals were constructed
and rivers in the transverse glades were modified to connect Lake Okeechobee with the Gulf of
Mexico and Atlantic Ocean. In southeastern Florida, the West Palm Beach, Hillsborough, North
New River, South New River, and Miami (River) Canals connected Lake Okeechobee with
Biscayne Bay and the Atlantic Ocean (McPherson and Halley, 1997).

The Central and Southern Florida Flood Control Project (C&SF project) was authorized in 1948
with a mandate to provide flood protection, water supply, prevention of saltwater intrusion, and
protection of fish and wildlife resources (McPherson and Halley, 1997). The State of Florida
formed the Central and Southern Florida Flood Control District, which later became the South
Florida Water Management District (SFWMD), to work with the C&SF project. The C&SF
project adopted a water management plan for Lake Okeechobee and three water conservation
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areas (WCAs) to provide flood protection and water supply. As part of the water management
plan, the Everglades Agricultural Area (EAA) was drained for agricultural development.

The construction of these flood control canals, levees, and structures by the C&SF project
caused much of the runoff that once flowed to the Everglades from the Kissimmee River and
Lake Okeechobee to be diverted directly to the Gulf of Mexico (via the Caloosahatchee Canal)
and the Atlantic Ocean (via the St. Lucie Canal). Under natural conditions, Lake Okeechobee
overflowed its southern bank at El. 20 ft (6.1 m) to 21 ft (6.4 m)NGVD 29 (18.4 ft (6.6 m) to 19.4
ft (5.9 m) NAVD 88), but now the lake water level is maintained at approximately 13 ft (4 m) to
16 ft (4.9 m) NGVD 29 (11.4 ft (4.3 m) to 14.4 ft (4.4 m) NAVD 88) (U.S. Army Corps of
Engineers 2007 page A-10). Surface water flows from the EAA into the WCAs are maintained
by pumping. Water levels in the Everglades generally are shallower and have shorter
hydroperiods than they had before development (McPherson and Halley, 1997).

Most of the undeveloped portions of the Everglades (about 50 percent of the original area) are
now protected in public parks and other State lands (McPherson and Halley, 1997). The
Everglades National Park, established in 1947, includes approximately 1.4 million acres (5666
km?) (McPherson and Halley, 1997). The park is approximately 15 mi (24 km) west of the plant
property and is adjacent to the southeast Florida drainage canal system.

The applicant described the Comprehensive Everglades Restoration Plan (CERP), which was
authorized by Congress in 2000 to provide a framework and guide the restoration, protection,
and preservation of the water resources of central and southern Florida, including the
Everglades. CERP projects aim to capture some water that currently flows to the Atlantic
Ocean and Gulf of Mexico, hold it in surface and subsurface reservoirs, and redirect it to the
wetlands, lakes, rivers, and estuaries of southern Florida. The surface and subsurface
reservoirs would mainly be located within the low-lying areas of the EAA and WCAs, whereas
the proposed plant facilities will be located at an elevation of 26 ft (7.9 m) NAVD 88. The
applicant stated that, due to elevation differences, failure of these reservoirs would not
adversely affect the functioning of the Turkey Point Units 6 and 7 safety-related structures.

Everglades National Park-South Dade Conveyance System

The applicant described the systems of canals in the site area. According to the applicant,
systematic construction of drainage canals in southern Miami-Dade County was initiated in the
1960s. The Federal Flood Control Act of 1962 authorized the C&SF project for southern Miami-
Dade County. The C&SF project implemented a system of canals and structures to provide
drainage for urban development, prevent over-drainage of agricultural lands, and prevent
contamination of groundwater by saltwater intrusion. The conveyance system relies on gravity
drainage through a primary network of 12 canals with outlets to serve a system of secondary
canals.

The canal system was modified in the 1970s to meet the hydrologic needs of the Everglades
National Park by implementing the Everglades National Park-South Dade Conveyance System
(ENP-SDCS), which interconnected several drainage basins of the C&SF drainage project.
Gated control structures were installed at the eastern (coastal) end of the primary canals to
release excess storm water runoff to the coastal water bodies during wet seasons and to
manage saltwater intrusion during dry seasons. Secondary controls were installed on the inland
reaches of the canals to regulate flow eastward, control inland and agricultural flooding, and
maintain higher water levels in the surficial aquifer system. The ENP-SDCS surface water canal
system was fully developed in the 1980s. The existing north-south, borrow canals L-30 and
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L-31N/L-31W were enlarged to convey water from the Miami Canal (C-6) to the Everglades.
The west-east running canals provide drainage from the southern Dade development corridor to
Biscayne Bay by control structures at the mouth of the canals. The L-31 Canal, the western
borrow canal of the L-31E Levee, runs parallel to the coastline of Biscayne Bay in southern
Miami-Dade County, separating the coastal wetlands along the bay from the mainland. The
L-31E Levee, with a crest elevation of approximately 7 ft (2.1 m) NAVD 88, and L-31 Canal are
located immediately west of the Turkey Point cooling canals.

The applicant stated that the United States Army Corps of Engineers (USACE) has delineated
water management subbasins in southern Miami-Dade County. There are 17 subbasins that
contribute flow to Biscayne Bay and Everglades. Surface water flows between the subbasin
areas and from the drainage subbasins to Biscayne Bay or the Everglades are controlled by
numerous flow control structures. Detailed flow and water level monitoring and measurements
are performed by various agencies, including United States Geological Survey (USGS),
SFWMD, and the Everglades National Park, as part of the operation of the structures in the
ENP-SDCS. The applicant reports that a search of the SFWMD DBHYDRO database for flow
and water level monitoring data returned approximately 700 records.

Units 6 and 7 Plant Area

As described by the applicant, the Turkey Point plant area is bounded by Biscayne Bay to the
east, the Florida City Canal to the north, L-31E Canal to the west, and Card Sound Road and
Card Sound to the south. Two flow control structures, S-20 and S-20F, control outflow from the
canals north and west of Turkey Point Units 6 and 7. The applicant stated that remnants of
east-west drainage ditches and shallow north-south “mosquito ditches” constructed in the early
1900s for mosquito control are present in the area. The SFWMD has undertaken the Biscayne
Bay Coastal Wetlands Project to restore the Biscayne Bay ecosystem in the areas surrounding
the Turkey Point plant property. The applicant stated that FPL maintains a wetland area in the
northern area of the Turkey Point plant property and is implementing a wetland mitigation
project (the Everglades Mitigation Bank) southwest of Turkey Point Units 6 and 7. According to
the applicant, future hydrologic changes in the Biscayne Bay Coastal Wetlands project are not
expected to have adverse flooding and water use impact on the safety-related functions of
Turkey Point Units 6 and 7.

The Federal Emergency Management Agency (FEMA) flood insurance study for Miami-Dade
County indicates that the most severe flooding in the county would result from hurricane storm
surges (FEMA, 1994). FEMA estimated surge elevations (still water level) at transect locations
along the shoreline of Biscayne Bay for different return periods. Turkey Point Units 6 and 7 lie
between Transect 30 in the north to Transect 31 in the south. The maximum still water levels in
these transects range from elevation 8.5 ft (2.6 m) NGVD 29 (6.9 ft (2.1 m) NAVD 88) for a
10-year return period to 12.4 ft (3.8 m) NGVD 29 (10.8 ft (3.3 m) NAVD 88) for a 500-year return
period (FEMA, 1994).

Dams and Reservoirs

The applicant stated that there are no dams or reservoirs near Units 6 and 7. According to the
applicant, the only flow regulation and control near Units 6 and 7 is for the ENP-SDCS, which
regulates drainage from the Everglades and saltwater intrusion from Biscayne Bay. The
applicant’s assessment of dam failure potential is provided in Turkey Point Units 6 and 7 COL
FSAR Subsection 2.4.4.
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Surface Water Users

The applicant stated that SFWMD, which administers water use permits for the south Florida
region, reports that approximately 90 percent of all consumptive water use in southern Florida
comes from groundwater sources, with just 10 percent supplied from surface water sources.
The applicant stated that SFWMD reports that there were 139 water-use permits in use within
Miami-Dade County as of October 13, 2008. There are no surface water withdrawals permitted
for potable water supply. Approximately 83 percent of the permitted surface water use is for
landscape irrigation. The remaining use is for irrigation of golf courses, agriculture, aquaculture,
nursery irrigation, industrial uses, and dewatering. The nearest surface water user to Turkey
Point Units 6 and 7 is located approximately 6 mi to the west-northwest.

The applicant stated that the major non-consumptive surface water uses near Turkey Point
Units 6 and 7 are recreation, fishing, and navigation, with nearly all of this use occurring in
Biscayne National Park and Homestead Bayfront Park.

Groundwater

Turkey Point Units 6 and 7 COL FSAR Section 2.4.12 describes local and regional groundwater
characteristics, groundwater users, groundwater well locations, and withdrawal rates. These
are discussed further in SER Section 2.4.12.

Staff’'s Technical Evaluation

The staff reviewed the information provided by the applicant in Turkey Point Units 6 and 7 COL
FSAR Section 2.4.1. The staff conducted a hydrology site audit on March 22—-24, 2010. The
site audit included visits to the site of Units 6 and 7 and to the Turkey Point cooling canals. The
staff also observed Biscayne Bay and the general topographic and hydrologic setting of the
area.

The staff compared the information presented by the applicant in Turkey Point Units 6 and 7
COL FSAR Section 2.4.1 with publicly available maps and data regarding the Turkey Point site
and its surrounding region. The staff’s review confirmed that the information contained in the
application and incorporated by reference addresses the relevant information related to site
hydrologic description that the staff needs in order to perform safety assessment of the plant
SSC and to consider the effects of any accidental release of radioactive effluent on public health
and safety.

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 provided sufficient
information on the description of major hydrologic characteristics in the vicinity of the site and
site regions as specified in the AP1000 Design Certification. The applicant has presented and
substantiated information to establish the site description. The staff has 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
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documented in SER Section 2.4.1, 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 site safety. This
addresses PTN COL 2.4-1. In conclusion, the applicant has provided sufficient information for
the staff to determine whether it has met the applicable requirements of 10 CFR Part 52 and 10
CFR Part 100 pertaining to hydrologic engineering.

2.4.2 Floods

2.4.2.1 Introduction

Turkey Point Units 6 and 7 COL FSAR Section 2.4.2 discusses historical flooding at the
proposed site and in the region of the 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.

Primary emphases of Section 2.4.2 are (1) flood history, (2) flood design considerations, and
(3) effects of local intense precipitation.

2.4.2.2 Summary of Application

The staff reviewed Section 2.4.2 of the Turkey Point Units 6 and 7 COL FSAR 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 site-specific flooding description. The results of the staff’'s evaluation
of the information incorporated by reference in the VCSNS COL application are documented in
NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR:

AP1000 COL Information Item

e PTNCOL 2.4-2 Floods

The applicant provided additional information in PTN 2.4-2 to resolve COL Information Item
2.4-1 (COL Action Item 2.4.1-2), which addresses the provision for site-specific information
related to historical flooding and the potential for flooding at the plant site, including flood
history, flood design considerations, and the effects of local intense precipitation.

The COL Information Item 2.4-2 also requires the COL applicant to provide sufficient information
to verify that hydrologic-related events will not affect the safety basis for the AP1000. AP1000
DCD Tier 1 Table 5.0-1 site parameters related to hydrology are:

e maximum flood level less than plant elevation 100 ft, which is equal to the design grade
elevation,

e 1 hr 1 mi? probable maximum precipitation (PMP) of 20.7 in/hr or less, and
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¢ maximum groundwater level less than plant elevation 98 ft.

For Turkey Point Units 6 and 7, plant elevation 100 ft is equal to 26 ft NAVD 88. This SER
section addresses the estimation of the first two hydrologic site parameters, while the SER
Section 2.4.12 discusses the issue related to the maximum groundwater level.

2.4.2.3 Regulatory Basis

The relevant requirements of the NRC regulations for the identification of floods and flood
design considerations, and the associated acceptance criteria, are described in Section 2.4.2 of
NUREG-0800.

The applicable regulatory requirements for identifying floods are:

¢ 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).

e 10 CFR 52.79(a)(1)(iii), 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.

The related acceptance criteria are as follows:

e Regulatory Guide 1.29 as it relates to those SSCs intended to protect against the effects
of flooding”;

o Regulatory Guide 1.59 as supplemented by best current practices; and,

e RG 1.102 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

2.4.2.2 Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 COL FSAR Section 2.4.2 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.! The staff’s review confirmed
that the information in the application and incorporated by reference addresses the required
information relating to the site-specific flooding description. The results of the staff's evaluation
of the information incorporated by reference in the Turkey Point Units 6 and 7 COL FSAR are
documented in NUREG-1793 and its supplements.

The staff reviewed the following information in the Turkey Point Units 6 and 7 COL FSAR:

AP1000 COL Information Iltem
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e PTNCOL 2.4-2

The staff reviewed PTN COL 2.4-2 related to the related to historical flooding and the potential
for flooding at the plant site, including flood history, flood design considerations, and the effects
of local intense precipitation included in Turkey Point Units 6 and 7 COL FSAR Section 2.4.2.
COL Information Item in Section 2.4.1.2 of the AP1000 DCD states:

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.

e Probable Maximum Flood on Stream and Rivers — Site-specific information that will

be used to determine the design basis flooding at the site. This information will
include the probable maximum flood on streams and rivers.

e Dam Failures — Site-specific information on potential dam failures.

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

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

e 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.

¢ No further action is required for sites within the bounds of the site parameter for flood
level.

Evaluation of the information provided in PTN COL 2.4-2 related to historical flooding and the
potential for flooding at the Turkey Point Units 6 and 7 site, including flood history, flood design
considerations, and the effects of local intense precipitation is discussed below.

2.4.2.4.1 Flood History

This subsection describes the historical floods at and in the vicinity of the proposed site.

Information Submitted by Applicant

Due to its location alongside the Atlantic Ocean, Florida Bay, and Biscayne Bay, the applicant
stated that the area surrounding the Turkey Point Units 6 and 7 site is exposed to flooding from
tsunami and from storm surge associated with tropical storms and hurricanes. In addition,
ponding can occur in the very flat, poorly drained areas and drainage canals that characterize
the area (FEMA 1994; Federal Emergency Management Agency, Flood Insurance Study, Dade
County, Florida and Incorporated Areas, Revised March, 1994). The applicant summarized the
most severe flooding events (up to 1992) in Miami-Dade County, as reported by the Federal
Emergency Management Agency (FEMA) in the1994 flood insurance study for Miami-Dade
County, FL, and incorporated areas (FEMA, 1994). The applicant also provided information on
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potential for local flooding in streams and canals and for flooding due to dam or levee breaches
and, supplemented this information with more recent data as described below.

In Turkey Point Units 6 and 7 COL FSAR Section 2.4.5, the applicant discusses major historical
hurricanes near the Turkey Point Units 6 and 7 site. The maximum storm tide level in Biscayne
Bay reported by FEMA (1994) was 11.7 ft NAVD 88, occurring at Coconut Grove between
September 6 and 22, 1926. Hurricane Andrew caused the worst flooding on record for the area
near Units 6 and 7. The FEMA flood insurance study (1994) did not report quantitative flood
levels from Hurricane Andrew. During Hurricane Andrew, rainfall totals of more than seven in
were recorded in southeastern Florida (Lovelace, 1996) and the peak storm surge on the
southeast Florida coast occurred near the time of high astronomical tide. The height of the
storm tide ranged from 4 to 6 ft (2.1 to 1.8 m) in northern Biscayne Bay and increased to a
maximum value of 16.9 ft (5.2 m) NGVD 29 (15.37 ft (4.68 m) NAVD 88) at a location in
Biscayne Bay approximately 13 mi north of Turkey Point Units 6 and 7. However, the height of
the storm tide was 4 to 5 ft in southern Biscayne Bay.

The applicant examined three USGS stream gages in the site vicinity for high water levels that
occurred in years more recent than the FEMA flood insurance study. These gages are Card
Sound Canal (USGS Gage 251816080232200), Manatee Bay Creek (USGS Gage
251549080251200), and West Highway Creek (USGS Gage 251433080265000), all located
along the southeastern Florida shoreline south of the Turkey Point Units 6 and 7 site (Figure
2.4.1-2). The maximum gage water levels that the applicant identified in the records are 1.11 ft
(0.34 m) NAVD 88 on November 12, 2003, at the Card Sound Canal gage; 2.27 ft (0.69 m)
NAVD 88 on September 20, 2005, at the Manatee Bay Creek gage; and 2.59 ft (0.79 m) NAVD
88 on October 24, 2005 (during Hurricane Wilma), at the West Highway Creek gage.

The applicant also examined tide level measurements at two tide gage stations: the Virginia
Key tide gage (Station ID: 8723214) 25 mi (40 km) north of the Turkey Point Units 6 and 7 site,
and the Vaca Key tide gage (Station ID: 8723970) 70 mi south of Turkey Point Units 6 and 7
(Figure 2.4.1-2). According to the applicant, all peak tide levels at these stations are associated
with tropical storm or hurricane events, and the maximum gage heights at both stations
occurred on October 24, 2005, during Hurricane Wilma: 2.79 ft (0.85 m) NAVD 88 at the Virginia
Key tide gage and 5.43 ft (1.7 m) NAVD 88 at the Vaca Key gage.

The applicant stated that the design grade elevation at 26 ft (8 m) NAVD 88 for all safety-related
buildings of Units 6 and 7 is above the maximum recorded storm tide level of 11.7 ft NAVD 88,
as reported in the 1994 FEMA flood insurance study for Miami-Dade County, FL.

Staff’'s Technical Evaluation

An accurate description of the history of flooding in the site area and adjacent regions is
required for the staff to perform its safety assessment. The staff reviewed the site-specific
information related to historical flooding and the potential flooding at the plant site provided by
the applicant, as well as references cited.

Based on the review of the information provided or cited by the applicant, the staff concludes
that the applicant has provided a sufficient history of flooding in the site area, and that the
historical flood levels, including the level cited in the applicant’'s comparison (11.7 ft (3.6 m)
NAVD 88) and the highest storm tide level in Biscayne Bay (15.37 ft (4.7 m) NAVD 88), are well
below the proposed plant grade (26.0 ft (7.9 m) NAVD 88) for safety-related facilities.
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2.4.2.4.2 Flood Design Considerations

This section describes the scenarios used to determine the design basis flood at the Turkey
Point Units 6 and 7 site.

Information Submitted by Applicant

The applicant stated that it considered and investigated the following potential flooding
scenarios for Units 6 and 7: probable maximum flood (PMF) on streams and rivers, potential
dam failures, probable maximum surge and seiche flooding, probable maximum tsunami,
flooding due to ice effects, and potential flooding caused by channel diversions. The applicant
stated that these flooding scenarios were investigated in conjunction with other flooding and
meteorological events, such as wind generated waves and tidal levels, as recommended in
ANSI/ANS-2.8-1992 (ANS, 1992).

The applicant stated that flooding from Biscayne Bay during severe storms, such as the PMP
event, would be the most severe and controlling event among all scenarios because Turkey
Point Units 6 and 7 are located on the Biscayne Bay shoreline and there are no major streams
or rivers nearby. Therefore, the applicant did not perform detailed modeling analysis to
determine the flood levels from PMF on streams and rivers.

The applicant stated that the maximum water level in the power block area due to a local PMP
storm event is estimated to be at 24.5 ft (7.5 m) NAVD 88, which is lower than the design grade
of 26.0 ft (7.9 m) NAVD 88 of the safety-related facilities by 1.5 ft (0.5 m). Thus, the applicant
concludes that no safety-related facilities are affected due to flooding as a result of the local
PMP.

The applicant estimated that the maximum flood water surface elevation at the Turkey Point
Units 6 and 7 site would result from storm surge and wave run-up associated with a probable
maximum hurricane storm. The applicant estimates this elevation to be 24.8 ft (7.6 m) NAVD
88, which the applicant determined to be the design basis flood elevation at the site. The
applicant notes that the design basis flood elevation of 24.8 ft (7.6 m) NAVD 88 is lower by 1.2 ft
(0.4 m) than the design grade of 26.0 ft (7.9 m) NAVD 88 of the safety-related facilities,
including the elevation of floor entrances and openings of all safety-related facilities. Thus, the
applicant concludes that no safety-related facilities are affected due to flooding as a result of the
design basis flood.

Staff’'s Technical Evaluation

The staff reviewed the description of flooding mechanisms provided by the applicant in Turkey
Point Units 6 and 7 COL FSAR Section 2.4.2. The staff determines that the applicant has
considered all plausible flooding mechanisms at the Turkey Point 6 and 7 site. The staff’s
technical review of these individual flooding mechanisms and their flooding potential is
described in appropriate sections of the SER.

2.4.2.4.3 Effects of Local Intense Precipitation

This section describes the estimation of local intense precipitation and its effects on the safety-
related SSCs of Turkey Point Units 6 and 7.
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Information Submitted by Applicant

Probable Maximum Precipitation Depths

The design basis for local intense precipitation is the all-season, 1 mi? (2.6 km?) PMP, which the
applicant obtained from NWS Hydrometeorological Reports (HMR) No. 51 and 52 (Schreiner et
al., 1982). The values of the PMP depths obtained by the applicant are reproduced in Table
2.4.2-1.

The applicant noted that the 1-hour local PMP depth of 19.4 in (49.3 cm)is 1.3 in (3.3 cm) less
than the corresponding AP1000 DCD value of 20.7 in (52.6 cm).

Table 2.4.2-1. Local Intense Precipitation at the Turkey Point
Site (Adapted from FSAR Table 2.4S.2-207).

PMP 1-HR, PMP
DURATION POINT DEPTH
AND AREA RATIO SOURCE (IN)

6 hr, 10 mi? - HMR 51 - Fig. 18 32.0
1 hr, point - HMR 52 - Fig. 24 19.4
30 min, point 0.73 HMR 52 - Fig. 38 14.2
15 min, point 0.50 HMR 52 - Fig. 37 9.7
5 min, point 0.32 HMR 52 - Fig. 36 6.2

Local Drainage Components and Subbasins

As addressed in Turkey Point Units 6 and 7 COL FSAR Section 2.4.1, the plant area for Units 6
and 7 will be built up from the existing ground with backfill and surrounded by a retaining wall
structure. The design grade for all safety-related facilities, which consist of the containment/
shields building and auxiliary building, is at 26 ft NAVD 88. The grade elevation adjacent to the
retaining wall is 19 ft NAVD 88. The top of the retaining wall is at 21.5 ft NAVD 88 along the
eastern perimeter and the western perimeter and 20 ft NAVD 88 along the northern perimeter.
The southern portion of the plant area is occupied by the makeup water reservoir with the top of
the reservoir wall at 24 ft NAVD 88. The safety-related facilities are located in the center portion
of the power block and the finish grade slopes away from the safety-related facilities at a
minimum slope of 0.5 percent toward the retaining wall in the east and west and to the swales to
the north and south of the power block.

The swales south of the power block collect overflow from the makeup water reservoir during
extreme rainfall events, and the swales to the north of the power block collect storm water runoff
from the switchyard (Clear Sky substation) and parking lot areas. The applicant determined
water levels in the swales during the local PMP along their flow paths using the step-backwater
methodology in the computer program HEC-RAS (USACE, 2009). For typical design storm
events, runoff from the power block area is conveyed via catch basins and storm drains to a
system of piping and swales that release to the industrial wastewater facility/cooling canal
system (cooling canals). For the local PMP flooding analysis, the applicant assumed
conservatively all storm drains, culverts, and catch basins are to be clogged and not functioning.
All flow during PMP condition is assumed to be either overland or directed through the swales.
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In the PMP flood analysis, the swales south of the power block are referred to as flow paths
Cooling Tower East (CT-E) and West (CT-W). The swales north of the power block are referred
to as flow paths Parking Lot East (PL-E) and Switchyard West (SY-W). The flow path SY-W
consists of two parallel swales located in the switchyard and access road area north of the
power block. These two parallel swales are modeled as one channel because during a PMP
event, the road is postulated to be overtopped. As shown in Figure 2.4.2-1, the plant area has
been delineated into 22 drainage subbasins, with 19 subbasins for the power block area and

3 subbasins for the makeup water reservoir. The overflow from the makeup water reservoir
during the PMP contributes to the flood flow discharges along flow paths CT-E and CT-W.

The northern half of the switchyard and the parking lot is graded down from the high-point
elevations of 21.0 ft and 23.0 ft NAVD 88, respectively, toward the retaining wall along the
northern perimeter of the plant site where grade elevation is at 19.0 ft NAVD 88. Runoff from
these areas would generally behave as sheet flows during the PMP condition. The runoff would
flow along and over the swales on the northern perimeters of the plant area into the industrial
wastewater facility. Therefore, the runoff from these areas does not contribute flood flow to the
major flow paths defined in the PMP analysis.

Peak Discharges

The applicant used the Rational Method to determine PMP peak discharges at the outlet of
each of the 22 subbasins. The whole site drainage area was conservatively assumed to be
impervious at the start of and during the local PMP event, resulting in increasing the calculated
peak discharges. The times of concentration for the subbasins were estimated using the U.S.
Natural Resources Conservation Service (NRCS) methods (NRCS, 1986). In order to account
for nonlinear effects during extreme floods, the estimated times of concentration were reduced
by 25 percent, as recommended by the USACE Engineering Manual EM-1110-2-1417 (USACE,
1994).

The overflow PMP peak discharge on all sides of the makeup water reservoir is also calculated
using the Rational Method. It is conservatively assumed that the reservoir, whose top of wall is
at 24 ft NAVD 88, is full at the beginning of the PMP event. The PMP peak runoff is computed
based on the area of the reservoir, a runoff coefficient of 1.0, and the 5-minute PMP intensity of
74.5 in per hour for the 5-minute storm duration. The depth of the contributing overflow
discharges from the makeup water reservoir to flow paths CT-E and CT-W is determined using
the broad-crested weir equation and the length of reservoir wall.

The applicant calculated PMP peak discharges for all subbasin outlets, including overflow
contributions from the makeup water reservoir. The calculated values are presented in Table
2.4.2-2.

Hydraulic Model Setup

The applicant used the USACE HEC-RAS model (USACE, 2005) to estimate the maximum
water surface elevation during the local site flooding under a local PMP event. The HEC-RAS
model simulated transient, subcritical flow conditions in the site drainage area with a critical flow
depth boundary condition for each swale. This downstream boundary condition assumes a free
overfall discharge at the downstream wall.
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Inflow discharges in the HEC-RAS model were input based on estimates from the Rational
Method. Peak discharge for each subbasin was distributed to the corresponding channel reach
by drainage area proration.

Road crossings and retaining walls are modeled as inline structures with broad crested weirs
with a discharge coefficient of 2.6 (USACE, 2005). Using this fairly low weir coefficient produces
higher and, therefore, more conservative water levels over the structures.
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Figure 2.4.2-1. Units 6 and 7 Local PMP Analysis Subbasin Drainage Areas (Adapted
from FSAR Figure 2.4.2-203)
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Table 2.4.2-2. Units 6 and 7 Subbasin Local PMP Peak
Discharges (Adapted from FSAR Table 2.4.2-211).
withou-t

Drainage | Composite Time of Rainfall MWR Mw
asin Area Runoff Concentration Intensity Overflow Overf
]| (acres) Coefficient (min) (in/hr) (cfs) (cfs
1 2.98 1 5.0 74.5 2223 —
3 12.83 1 8.1 63.0 808.1 275
4 20.45 1 10.0 56.0 1145.0 235
1 1.39 1 50 74.5 103.7 —
2 15.40 1 10.3 56.0 862.3 534
1 3.44 1 5.0 74.5 256.5 —
3 6.89 1 55 73.0 502.8 —
5 20.03 1 13.0 47.0 941.5 —
6 48.02 1 19.9 36.0 1728.6 —
1 2.36 1 52 74.0 174.7 —
3 26.56 1 13.6 45.0 11951 —
" 6.55 1 5.0 745 487.7 —

The Manning’s roughness coefficients (n values) for the channel and over bank areas are
assigned based on guidance provided by Chow (Chow, 1959). A Manning’s n of 0.033, the
maximum value for dredged straight channel with short grass and few weeds, is used for the
swales. The power block area is primarily paved with impervious surface. The area between
the power block and the makeup water reservoir and the area between the power block and the
parking lot/switchyard consist of grassy surfaces. These areas are represented by a Manning’s
n of 0.05, which is the maximum value for over bank areas with high grass.

All storm water inlets were assumed to be completely blocked during the local PMP event.
Flood Elevations

Based on this analysis, the applicant determined the maximum water surface elevation in the
power block area to be 24.5 ft NAVD 88. This elevation is approximately 1.5 ft below the design
grade of 26 ft NAVD 88 for safety-related structures.

The applicant used the Rational Method to estimate peak discharges from the roofs of the
safety-related structures. The flow depth was estimated using Manning’s Equation by
postulating that the runoff will flow over the sides of the safety-related buildings and then sheet
flow away from the buildings. The applicant used a conservatively high Manning’s n value of
0.05 to represent a rough surface and to account for an increased roughness influence on
shallow flows over the surface. The applicant estimated a sheet flow depth near the

2-100



Turkey Point
Units 6 and 7

safety-related facilities during a PMP to be in the range of 1.4 to 3.8 in. The highest finish grade
elevation in the power block is at 25.5 ft NAVD 88, which is 6 in below the design grade of 26 ft
NAVD 88 for safety-related facilities. Therefore the applicant concluded that safety-related
facilities are not affected by PMP flooding.

Staff’'s Technical Evaluation

Probable Maximum Precipitation Depths

The staff reviewed the description of the local PMP analysis performed by the applicant. The
staff finds that the applicant had made appropriate use of the guidance in HMR 51 and HMR 52.
The staff noted that these reports are based on data collected in the 1970s and earlier, and
questioned whether newer data could change conclusions regarding the applicability of these
methods. Accordingly, in RAI 02.04.02-1, the staff asked the applicant to document how
additional rainfall data compiled at locations throughout Florida in the years since the publication
of HMR 51 and HMR 52 influences conclusions about the applicability of these methods. The
applicant stated that in response to this RAI dated on September 1, 2010 (Agencywide
Documents Access and Management System (ADAMS) Accession No. ML102450485), the
applicant had examined data from 10 rainfall stations in southern Florida. Based on its review,
the applicant reported that the records did not reflect significant rainfall events that would
possibly influence the information presented in HMR 51 and HMR 52. The staff accepts this
response as reasonable. Additionally, the staff observes that the applicant’'s PMP point
estimates (Table 2.4.2-1) are higher than both the world record precipitation values for the
relevant time periods (for example, the one-hour world record is 401 mm or 15.8 in) and the
values predicted by analysis of the apparent scaling relationship between peak precipitation
records and durations (NWS, 2009; Galmarini et al., 2004); this increases confidence in the
conservatism of the estimates.

Local Drainage Components and Subbasins

The staff reviewed the description of site drainage components and subbasins provided by the
applicant in Turkey Point Units 6 and 7 COL FSAR Section 2.4.2. The staff determined that this
description matches staff’s interpretation of the site grading plan depicted in Figure 2.4.2-1. The
staff agrees, therefore, with the description of local drainage components and subbasins.

Peak Discharges

The applicant selected the Rational Method to estimate peak discharges in the site drainage
area under a local PMP event. The staff determined that the Rational Method is an appropriate
model to apply for the determination of peak discharge from local site drainages. The Rational
Method is a conservative approach that is likely to overestimate peak discharges. The staff also
determined the Rational Method was applied properly with conservative assumptions.

Hydraulic Model Setup
The applicant used USACE HEC-RAS model to estimate flood elevations at the site during the
local PMP event. This model is one of the recommended models in the SRP. The staff

determined that HEC-RAS is an appropriate model for this purpose.

The staff reviewed the details of the applicant’'s HEC-RAS analysis and found that the applicant
did not demonstrate that its HEC-RAS analysis had bounded the flood elevations during the
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local PMP event. Accordingly, the staff issued RAI 02.04.02-2, requesting that the applicant
explain whether a sensitivity analysis with HEC-RAS would verify the assumption that additional
interpolated cross-sections are not necessary. In particular, the applicant was asked to explain
whether there would be any change in water surface elevations after adding interpolated cross-
sections, confirm whether adding interpolated sections would establish a grid independent
solution, and report on any changes to water surface profiles resulting from interpolated cross-
sections. The applicant replied on September 17, 2010 (ADAMS Accession

No. ML102640041), reporting that it had conducted a sensitivity analysis of the HEC-RAS model
in which additional interpolated cross sections were added in such a way that the spacing
between the cross sections was halved (i.e., the grid resolution is refined by a factor of two).
The applicant stated that the analysis showed that adding interpolated cross sections did not
change the elevation of the maximum water level.

Additionally, the applicant stated that these results were expected because there are no abrupt
changes in the channel cross sections in the HEC-RAS model flow paths near the safety-related
facilities, and the simulated water surface profile has a mild slope. Therefore, the applicant
concluded that the HEC-RAS model used to obtain the maximum water level at the safety-
related facilities due to local PMP is grid independent. The staff reviewed the applicant’s
modeling results and found that some of the added cross-sections resulted in water surface
profiles that had elevations 0.1 to 0.3 ft higher than in the original analysis. The staff interprets
this result to mean that the HEC-RAS simulation is grid dependent, so the applicant has not
demonstrated that its analysis bounds maximum water elevation from the local PMP. However,
because the largest increment found in the sensitivity analysis (0.3 ft) was well below the 1.5 ft
elevation margin indicated by the applicant’s original analysis, the staff concludes that the
applicant has satisfactorily demonstrated that flood elevations at the site due to local PMP
would remain below the design grade for safety-related facilities.

2.4.2.4.4 Combined Flooding Events

Information Submitted by Applicant

The applicant did not provide an explicit discussion of combined flooding events in the initial
version of Turkey Point Units 6 and 7 COL FSAR Section 2.4.2.

Staff’'s Technical Evaluation

The staff’s review resulted in questions about whether combined flooding events related to
hurricanes were sufficiently considered. Accordingly, the staff requested in RAI 02.04.02-2 that
the applicant describe the reasons for selecting a particular combination of events that does not
include a hurricane event. The section “Combined Events Criteria” in SRP Section 2.4.2 states:
“The staff reviews the worst flooding at a site that may result from a reasonable combination of
individual flooding mechanisms. Some or all of these individual mechanisms could be less
severe than their worst-case occurrence but the combination may exceed the most severe
flooding effects from the worst-case occurrence of any single mechanism.” Consistent with that
guidance, in RAI 02.04.02-2 asked the applicant to describe why the combination of events
considered represents a conservative assessment that bounds the range of credible
combinations of flooding events for Turkey Point Units 6 and 7.

In FPL Letter to NRC L-2010-087 Attachment 10, dated April 30, 2010, associated with
Hydrology Information Need HA-16, the applicant indicated that its local PMP flood analysis
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considers a coincident occurrence of a 500-year flood level in Biscayne Bay. Because the
500-year flood in Biscayne Bay would be the result of a hurricane event, the applicant stated
that hurricane events have been considered for combined flooding events. On September 1,
2010 (ADAMS Accession No. ML102450485), the applicant explained that it did not consider
probable maximum storm surge (PMSS) flooding coincident with the peak discharge and flood
level from the local PMP because it estimates the probability of such a combination to be near
zero. The applicant estimated the probability of a PMSS (including 10 percent exceedance high
tides) at a particular site to be on the order of 2.4 x 10-'2 and estimated the probability of a PMP
on a specific watershed to be on the order of 1.0 x 10°. Accordingly the applicant estimated the
combined probability of a coincident event as 2.4 x 1017, which the applicant deems to be “not
credible for design purposes.” Additionally, the applicant stated that if the calculated PMSS
water level of 21.2 ft NAVD 88 (not including wave run-up) were to occur simultaneously with
peak discharges from the local PMP, because the PMSS would not overtop the retaining wall (at
elevation 21.5 ft NAVD 88) on the east and west sides of the plant, it would not affect the
discharge of local runoff flows over the wall. Thus, the applicant concluded that this unlikely
combination of flooding events would not increase PMP-related flood levels in the power block
area. The applicant revised the Turkey Point Units 6 and 7 COL FSAR to include a discussion
of combined events. The staff accepts the applicant’s reasoning as appropriately addressing
the topic of combined flooding events.

The staff reviewed Section 2.4.2 of the Turkey Point Units 6 and 7 COL FSAR. The staff's
review confirmed that the information contained in the application and incorporated by reference
addresses the relevant 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’s technical review of this application includes an
independent review of the applicant’s information in the FSAR and in the responses to the RAls.
The staff supplemented this information with other publicly available sources of information.

2.4.2.5 Post Combined License Activities

There are no post-COL activities related to this subsection.
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 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. The staff has reviewed the information provided and, for the reasons given
above, concludes that the applicant has provided sufficient details about the site description for
the staff to determine, as documented in Section 2.4.2 of this SER, that the applicant has met
the relevant requirements of 10 CFR 52.79(a)(1)(iii) and 10 CFR Part 100 with respect to
determining the acceptability of the site. This addresses COL Information Item 2.4-2.

24.3 Probable Maximum Flood On Streams and Rivers

2.4.3.1 Introduction

Turkey Point Units 6 and 7 COL FSAR Section 2.4.3 describes the hydrological 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.

SER Section 2.4.3 provides a review of the following specific areas: (1) regional probable
maximum precipitations and their losses, (2) runoff and stream course models, (3) PMF,

(4) consideration of other site-related evaluation criteria, and (5) any additional information
requirements prescribed in the “Contents of Application” sections of the applicable subparts of
10 CFR Part 52.

2.4.3.2 Summary of Application

This section of the Turkey Point Units 6 and 7 COL FSAR addresses the information about
site-specific PMFs on streams and rivers. In this section, the applicant provides site-specific
supplemental information to address the COL specific information identified in DCD Tier 2
Revision 12, Section 2.4.1.2.

AP1000 COL Information Item

e PTNCOL 2.4-2 Floods

COL License Information ltem 2.4-2 requires COL applicants to provide 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.

2.4.3.3 Regulatory Basis

The relevant requirements of the NRC regulations for the identification of floods and flood
design considerations, and the associated acceptance criteria, are described in Section 2.4.3 of
NUREG-0800.

The applicable regulatory requirements for identifying probable maximum flooding on streams
and rivers are:

o 10 CFR Part 100, 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).
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o 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.

e 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.

The related acceptance criteria are as follows:

e Regulatory Guide 1.29 as it relates to those SSCs intended to protect against the effects
of flooding”;

o Regulatory Guide 1.59 as supplemented by best current practices; and,

¢ Regulatory Guide 1.102 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

2.4.3.4 Technical Evaluation

The staff reviewed Section 2.4.3 of the Turkey Point Units 6 and 7 COL FSAR 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 site-specific PMF on streams and rivers. The results of the staff's
evaluation of the information incorporated by reference in the Turkey Point Units 6 and 7 COL
application are documented in NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR:

AP1000 COL Information Item

e PTNCOL 2.4-2 Floods

The staff reviewed PTN COL 2.4-2 related to the site-specific information on PMF on streams
and rivers included in Turkey Point Units 6 and 7 COL FSAR Section 2.4.3. COL Information
Item in Section 2.4.1.2 of the AP1000 DCD states:

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.
e Probable Maximum Flood on Stream and Rivers — Site-specific information that will
be used to determine the design basis flooding at the site. This information will
include the probable maximum flood on streams and rivers.

e Dam Failures — Site-specific information on potential dam failures.
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¢ Probable Maximum Surge and Seiche Flooding — Site-specific information on
probable maximum surge and seiche flooding.

e 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.

e No further action is required for sites within the bounds of the site parameter for flood
level.

Evaluation of the information provided in PTN COL 2.4-2 related to PMF on streams and rivers
is discussed below.

Information Submitted by the Applicant

The applicant notes that the site for Turkey Point Units 6 and 7 is adjacent to the Biscayne Bay
shoreline, and there are no major natural streams or rivers nearby. There are several
man-made canals located west of Units 6 and 7 extending from Florida City and Homestead to
Biscayne Bay, as described in Subsection 2.4.1. The applicant notes that the topography of the
area is extremely flat with natural elevations ranging from 2 to 5 ft NAVD 88.

The applicant stated that during a storm event with the magnitude of the PMP, the floodwater
level in the nearby canals would be controlled by the seawater level in Biscayne Bay. The
applicant reasons that this extreme precipitation event would likely be associated with a tropical
storm event and would be accompanied by a strong low-pressure system and a storm surge in
Biscayne Bay.

The applicant reviewed the flood history of these canals, as reported by the FEMA Flood
Insurance Study, Dade County, Florida, and Incorporated Areas (FEMA, 1994). That report
provides still water elevations in Biscayne Bay at the Turkey Point plants and near the mouths
for these canals for return period frequencies ranging from 10 years to 500 years. The highest
still water elevation given in the FEMA study is 12.4 ft NGVD 29 (10.8 ft NAVD 88), for the 500-
year return period, at the location identified as Transect 30 (FEMA, 1994, Table 2). The
applicant notes that this is substantially below the flood elevation determined in the applicant’s
analysis of the probable maximum hurricane, presented in Turkey Point Units 6 and 7 COL
FSAR Section 2.4.5 as a still water elevation of 20.3 ft NAVD 88 with a wave run-up water level
at elevation 24.8 ft.

The applicant notes that all flood elevations given in the FEMA report are higher than the
ground elevations surrounding both the canals and Turkey Point Units 6 and 7. Floodwater
levels from Biscayne Bay would extend landward a significant distance even during a 10-year
flooding event on the bay. Additionally, the applicant stated that the flat topography that
extends for many miles in all directions provides a large storage volume for canal flooding, with
very little increase in water level.

Based on this large storage volume and the expectation that water levels in Biscayne Bay will
control the water levels in the canals, the applicant stated that PMF water levels in canals most
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likely will not reach levels that would impact the site or that would be above the estimated
probable maximum hurricane flood level resulting from PMSS, as presented in Turkey Point
Units 6 and 7 COL FSAR Subsection 2.4.5. The applicant also stated that American National
Standards/American Nuclear Society 2.8-1992 (USACE, 2005) indicates that flooding as a
result of the PMP on adjacent streams or rivers need not be considered for nuclear power
reactor sites located on shorelines because coastal water levels along a shoreline will control
maximum water levels.

Based on this reasoning, the applicant did not perform a PMP runoff analysis on streams and
rivers.

Staff’'s Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 COL FSAR Section 2.4.3 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.! The staff’s review confirmed
that the information in the application and incorporated by reference addresses the required
information relating to probable maximum flooding. The results of the staff’s evaluation of the
information incorporated by reference in the Turkey Point Units 6 and 7 COL FSAR are
documented in NUREG-1793 and its supplements.

The staff conducted a hydrology site audit on March 22 — 24, 2010. The site audit included a
visit to the Turkey Point Units 6 and 7 site, and observations of the topography and hydrology of
the surrounding area. The staff reviewed the applicant’s information in Turkey Point Units 6 and
7 COL FSAR Section 2.4.3, and safety conclusions regarding potential hazards from PMF on
streams and rivers.

Based on its initial review, the staff finds that the applicant had provided a strong qualitative
justification for its conclusion that the large storage volume on the surrounding land would
prevent canal flooding from influencing the flood levels above the estimated probable maximum
hurricane level that it has identified as the design basis flood, but the applicant had not provided
quantitative reasoning to support this conclusion.

Accordingly, in RAI 02.04.3-1 (eRAI 4808, question 18183), the staff requested additional
information concerning the analysis of probable maximum flooding on streams and canals. The
RAI requested quantitative reasoning for the conclusion that canal flooding would not influence
the flood levels above the estimated probable maximum hurricane level.

The applicant responded on September 2, 2010. In its response, the applicant calculated the
storage in the Florida City Canal floodplain, based on the assumptions that the floodplain is
more than 45,000 ft wide and land surface elevations range from 2 to 5 ft NAVD 88. Using this
information, the applicant calculated that every 1,000 ft (305 m) reach of the Florida City Canal
floodplain contains approximately 1,030 ac ft (1,270,484 m?) of storage for every foot of vertical
rise above elevation 5 ft (1.5 m) NAVD 88. In Turkey Point Units 6 and 7 COL FSAR
Subsection 2.4.2, the applicant stated that this storage, combined with the flat topography of the
region, would prevent the flood discharge from a 6 hour, 10 square mi (25.9 square km)
probable maximum precipitation (PMP) depth of 32.0 in (81.2 cm) from reaching elevations
approaching those produced by flooding events in the Atlantic Ocean and Biscayne Bay
(referring to storm surge and tsunami flooding) or the Turkey Point Units 6 and 7 safety-related
buildings design grade elevation of 26.0 ft (7.9 m) NAVD 88. The staff has confirmed the
reasonableness of this conclusion by calculating that a 17 ft rise in water level on a 1,000 ft

2-107



Turkey Point
Units 6 and 7

(304.8 m) reach of the canal floodplain would accommodate the runoff from a 32 in. rainfall over
a 10 mi? (26 km?) area.

The staff reviewed the applicant’s quantitative reasoning and accepts the applicant’s analysis of
probable maximum flooding on streams and rivers, including canals.

2.4.3.5 Post Combined License Activities

There are no post-COL activities related to this subsection.

2.4.3.6 Conclusions

The staff reviewed the application and confirmed that the applicant has addressed the
information relevant to probable maximum flood (PMF) on streams and rivers, and that there is
no outstanding information required to be addressed in the COL FSAR related to this section.

As set forth above, the applicant has presented and substantiated information to establish the
site description. The staff has 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 SER Section 2.4.3. This addresses COL
information item 2.4-2. In conclusion, the staff determines that the identified site characteristics
meet 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.

244 Potential Dam Failures

2.4.4.1 Introduction

Section 2.4.4 of the Turkey Point Units 6 and 7 COL FSAR addresses potential dam failures to
ensure that any potential hazard to safety-related structures due to failure of onsite, upstream,
and downstream water-control structures is considered in the plant design.

This section of the SER presents the staff’s review of the analysis of potential dam failures.

2.4.4.2 Summary of Application

This section of the Turkey Point Units 6 and 7 COL FSAR addresses the site-specific
information about potential dam failures. In addition, in Turkey Point Units 6 and 7 COL FSAR
Section 2.4.4, the applicant provides site-specific supplemental information to address COL
License Information ltems 2.4-2:

AP1000 COL Information Item

e PTNCOL 2.4-2 Floods
COL License Information Item 2.4-2 requires COL applicants to provide site-specific information

related to potential dam failures that will be used to determine the design basis flooding at the
site.
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2.4.4.3 Regulatory Basis

The relevant requirements of the NRC regulations for the identification of floods, flood design
considerations and potential dam failures, and the associated acceptance criteria, are described
in Section 2.4.4 of NUREG-0800.

The applicable regulatory requirements for identifying the effects of dam failures are:

¢ 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).

o 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.

o 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.

Appropriate sections of the following Regulatory Guides are used by the staff for the identified
acceptance criteria:

e RG 1.29 as it relates to those SSCs intended to protect against the effects of flooding”;
o RG 1.59 as supplemented by best current practices; and,

e RG 1.102 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

2.4.4.2 Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 COL FSAR Section 2.4.4 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 potential dam failures. The results of the staff’'s evaluation of the
information incorporated by reference in the Turkey Point Units 6 and 7 COL FSAR are
documented in NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR:

AP1000 COL Information Item

e PTNCOL 2.4-2 Floods
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The staff reviewed PTN COL 2.4-2 related to potential dam failures that will be used to
determine the design basis flooding at the site included in Turkey Point Units 6 and 7 COL
FSAR Section 2.4.4. COL Information Item in Section 2.4.1.2 of the AP1000 DCD states:

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.

¢ Probable Maximum Flood on Stream and Rivers — Site-specific information that will
be used to determine the design basis flooding at the site. This information will
include the probable maximum flood on streams and rivers.

¢ Dam Failures — Site-specific information on potential dam failures.

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

e 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.

¢ No further action is required for sites within the bounds of the site parameter for flood
level.

Failures of dams and impoundments are a concern for safety because they can result in
downstream flooding or loss of access to water supplies. Evaluation of the information provided
in PTN COL 2.4-2 related to potential dam failures is discussed below.

Information Submitted by Applicant

In Turkey Point Units 6 and 7 COL FSAR Section 2.4.4, the applicant stated that there are no
dams located either upstream or downstream of the site. The nearest embankment dam to the
site is the Herbert Hoover Dike that surrounds Lake Okeechobee. The dike and lake are more
than 90 mi (145 km) northwest of the Turkey Point Units 6 and 7 site, and there is no direct
channel or stream path from Lake Okeechobee to the site. The applicant stated that any breach
of the Herbert Hoover Dike would result in floodwaters from the breach quickly spreading out
laterally from the breaching location, as the topography between the lake and Units 6 and 7 is
relatively flat. Herbert Hoover Dike Breach Inundation Area maps published in the Unified
Mitigation Strategy for Palm Beach County, FL, and produced by USACE (Palm Beach County
2009) indicate that flooding as a result of a Herbert Hoover Dike breach would not extend
beyond the drainage canals along the Palm Beach-Broward County line between Lake
Okeechobee and the site. Based on this information, the applicant concluded that flood water
from a Herbert Hoover Dike breach would have no impact on the Units 6 and 7 site.

The applicant also reviewed the potential impact of the failures of dams or dikes controlling

onsite reservoirs. The Turkey Point Units 6 and 7 concrete water storage reservoir, referred to
as the makeup water reservoir, would be located in the cooling tower area south of the power
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block. The top of the reservoir wall is at elevation 24.0 ft (7.3 m) NAVD 88, which is 2 ft (0.6 m)
below the design grade elevation of the safety-related structures. The existing cooling water
return canals for Units 1, 2, 3 and 4 surround the reservoir walls on the east, south, and west
sides. The applicant stated that any breach along these three sides of the reservoir would result
in water flowing away from the power block and into the canals, to Biscayne Bay, or to the low-
lying natural topography south and west of Units 6 and 7. Therefore, the applicant concluded
that breaches along these three sides would pose no flooding risk to the safety-related facilities.

A breach in the makeup water reservoir's northern wall could, however, result in water flowing
toward the power block area. The applicant notes that the design grade elevation adjacent to
the north wall of the makeup water reservoir is approximately elevation 22.0 ft (6.7 m) NAVD 88,
meaning that the north reservoir wall extends only 2 ft (0.6 m) above grade. The maximum
operating water level in the reservoir is approximately elevation 22.5 ft (6.9 m) NAVD 88, 1.5 ft
(0.5 m) below the top of the reservoir. The applicant cites the combined events criteria in
American National Standards/American Nuclear Society 2.8-1992 (NOAA, 2006) as indicating
that a one-half PMF should be considered coincident with a breach of a reservoir wall. Given
that the full PMP event maximum discharge over the reservoir walls is estimated to be 2,696
cfs, the applicant reasoned that a one-half PMP storm event would produce a peak discharge
over the reservoir wall of 1,348 cfs (38 cm). Using the broad crest weir equation with a total wall
length of 5,717 ft (1,743 m) around the four sides of the reservoir and a weir coefficient of 2.6,
the applicant calculated the maximum water level to be 2.4 in (6 cm) above the top of the
reservoir wall at elevation 24.0 ft (7.3 m) NAVD 88. Thus, the applicant determined the
maximum one-half PMP water level in the reservoir to be approximately elevation 24.2 ft (7.4 m)
NAVD 88. The applicant compared this value to the safety-related design grade elevation for
Turkey Point Units 6 and 7, at 26.0 ft (7.9 m) NAVD 88. The applicant stated that because the
flood wave from a breach in the north wall of the reservoir would be 1.8 ft (0.5 m) below the
elevation of the safety-related facilities, it does not pose a flooding risk to the safety-related
facilities. Additionally, the applicant points out that the 700 ft (213 m) distance between the
makeup water reservoir wall and the nearest safety-related building (i.e., the auxiliary building
for either Unit 6 or 7) would further reduce any potential for inundation of safety-related facilities.

In summary, the applicant found that there are no upstream or downstream dams that would
pose a flooding potential to Turkey Point Units 6 and 7. Based on the result of a simple
bounding analysis, the applicant concluded that the flood elevation during a breach of the
makeup water reservoir would be lower than the design grade elevation of the safety-related
facilities.

Staff’'s Technical Evaluation

The staff reviewed the applicant’s information in Turkey Point Units 6 and 7 COL FSAR Section
2.4.4 and found the methods and tools used in conjunction with or developed using this
information to be reasonable.

The staff reviewed publicly available maps and reports and found that they confirm the
applicant’s information about dam and dike locations and the impacts of a failure of the Herbert
Hoover Dike. The staff also reviewed the applicant’s analysis of the potential breach of the
makeup water reservoir, performed some confirmatory calculations for that analysis, and
determined that the applicant’s reasoning and supporting analysis are appropriate.

The staff finds that the applicant has considered the appropriate site phenomena for
establishing the design bases for SSCs important to safety. The staff accepted the
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methodologies used to determine the potential for inundation due to dam breaks in the vicinity of
the site. Accordingly, the staff also concludes that the use of these methodologies provides
acceptable results. The staff concludes that the identified site characteristics meet the
requirements of 10 CFR 52.79 and 10 CFR Part 100.20(c), with respect to establishing the
design basis for SSCs important to safety.

2.4.4.5 Post Combined License Activities

There are no post-COL activities related to this subsection.

2.4.4.6 Conclusion

As set forth above, the applicant presents and substantiates information relative to the potential
for site inundation due to dam failure. The staff reviewed the available information and
concluded, for the reasons given above, that the identification and consideration of the potential
dam failure in the vicinity of the site and site regions are acceptable and meet the requirements
of 10 CFR 52.79 and 10 CFR Part 100.20(c), with respect to determining the acceptability of the
site.

The staff reviewed the application and confirmed that the applicant has addressed the
information relevant to potential dam failures, and that there is no outstanding information
required to be addressed in the Turkey Point Units 6 and 7 COL FSAR related to this section.

As set forth above, the applicant has presented and substantiated information to establish the
site description. The staff has 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 SER Section 2.4.4, 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. This addresses COL information item 2.14.

245 Probable Maximum Surge and Seiche Flooding

2.4.5.1 Introduction

Turkey Point Units 6 and 7 COL FSAR Section 2.4.5 addresses the probable maximum surge
and seiche flooding to ensure that any potential hazard to the SSCs at the proposed site has
been considered in compliance with the Commission’s regulations.

Section 2.4.5 of this SER presents evaluation of the following topics based on data provided by
the applicant in the Turkey Point Units 6 and 7 COL FSAR and information obtained from site
audits, RAI responses, and publicly available 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) wind-induced wave run-up under PMH or PMWS winds, (5) effects of sediment
erosion and deposition during a storm surge and seiche-induced waves that may result in
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blockage or loss of function of SSCs important to safety, (6) 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 (7) any additional information
requirements prescribed in the “Contents of Application” sections of the applicable subparts to
10 CFR Part 52.

2.4.5.2 Summary of Application

This section of the Turkey Point Units 6 and 7 COL FSAR addresses the information related to
probable maximum surge and seiche flooding in terms of impacts on structures and water
supply. The applicant addressed these issues as follows:

AP1000 COL Information Item

e PTNCOL 2.4-2 Floods

COL License Information ltem 2.4-2 requires COL applicants to provide site-specific information
related to probable maximum surge and seiche flooding that will be used to determine the
design basis flooding at the site.

2.4.5.3 Regulatory Basis

The relevant requirements of the NRC regulations for consideration of the effects of probable
maximum surge and seiche, and the associated acceptance criteria, are described in Section
2.4.6 of NUREG-0800.

The applicable regulatory requirements for identifying surge and seiche hazards are:

e 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).

e 10 CFR 100.23(d)(3) sets forth the criteria to determine the siting factors for plant design
bases with respect to water levels at the site.

e 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.

In addition, the staff used the regulatory positions of the following regulatory guides for the
identified acceptance criteria:

¢ Regulatory Guide 1.29 as it relates to those structures, systems, and components
(SSCs) intended to protect against the effects of flooding”;

e Regulatory Guide 1.59 as supplemented by best current practices; and,
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o Regulatory Guide 1.102 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

2.4.54 Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 COL FSAR 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 PMSS. The results of the staff’s evaluation of the information
incorporated by reference in the Turkey Point Units 6 and 7 COL FSAR are documented in
NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR:

AP1000 COL Information Item

e PTNCOL 2.4-2

The staff reviewed PTN COL 2.4-2 related to probable maximum surge and seiche flooding
included in Turkey Point Units 6 and 7 COL FSAR Section 2.4.5. COL Information Item in
Section 2.4.1.2 of the AP1000 DCD states:

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.

¢ Probable Maximum Flood on Stream and Rivers — Site-specific information that will
be used to determine the design basis flooding at the site. This information will
include the probable maximum flood on streams and rivers.

¢ Dam Failures — Site-specific information on potential dam failures.

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

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

e 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.

o No further action is required for sites within the bounds of the site parameter for flood
level.

Because of the location of Turkey Point Units 6 and 7 on Florida’s east coast, the site would be

exposed to hurricane storm surge from hurricanes affecting that coast. Determination of the
PMSS is, therefore, an important element of the safety evaluation for the site. Evaluation of the
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information provided in PTN COL 2.4-2 related to probable maximum surge and seiche flooding
is discussed below.

2.4.5.4.1 Probable Maximum Winds and Associated Meteorological Parameters

An estimate of the probable maximum wind field for the site is necessary to perform the safety
assessment because the potential for storm surge is related to the wind field of the PMH or
PMWS. Subsection 2.4.5 of NUREG-0800 defines the PMSS as the surge that results from a
combination of meteorological parameters of a PMH, a PMWS, or a moving squall line.
NUREG-0800 indicates that the PMH, as defined by NOAA Technical Report NWS 23 (NOAA,
1979), should be estimated for coastal locations that may be exposed to hurricanes. The PMH
is a hypothetical steady-state hurricane with a combination of meteorological parameters that
will give the highest sustained wind speed that can probably occur at a specified coastal
location. Meteorological parameters that define the PMH wind field include the hurricane
peripheral pressure (pn), central pressure (po), radius of maximum winds (R), forward speed (T),
track direction (0), and inflow angles of the hurricane winds ().

Information Submitted by Applicant

The applicant used guidance in NOAA NWS Report 23 (NOAA, 1979) as its basis for defining
the combination of parameters of the wind field for the PMH at the location of Turkey Point Units
6 and 7. The PMH parameter values provided by NWS 23 are based on data from historical
hurricanes from 1851 to 1977. Table 2.4.5.4-1 summarizes the PMH characteristics determined
by the applicant.

Table 2.4.5.4-1 Assumed PMH Characteristics for Turkey Point Units 6 and 7

Hurricane Parameter Magnitude or range
Peripheral Pressure (pn) 30.12 in. mercury (1020 millibar [mb])
Central Pressure (po) 26.12 in. mercury (884.5 millibar [mb])

Radius of Maximum Winds (R) | 4 to 20 nautical miles (4.6 to 23.0 miles)

Forward Speed (T) 6 to 20 knots [kts] (6.9 to 23.0 mph)
Track Direction (8) 72 to 185 ° clockwise from north
Inflow angle (o) 2 to 9 ° (at a distance R from the hurricane center)

According to NWS 23, the pressure difference between the hurricane peripheral and central
pressures, Ap, is the most important meteorological parameter in defining the hurricane wind
field. The applicant notes that the Ap value in its analysis is 4 in. of mercury (135.5 millibar).

The applicant reviewed published information on historical trends in hurricane intensities and
research on the effect of climate variability on hurricane intensity (NOAA, 2006, Blake et al.,
2007). The applicant’s review found that research on the effects of El Nifio/Southern Oscillation
on hurricane formation indicates that El Nifio conditions tend to suppress hurricane formation in
the Atlantic basin and La Nifa conditions tend to favor hurricane development (NOAA, 2006).
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Additionally, hurricane activity increases during warm phases of the Atlantic Multi-decadal
Oscillation, which is the variation of long-duration sea surface temperature in the northern
Atlantic Ocean with cool and warm phases that may last for 20 to 40 years (NOAA, 2006).
Historical hurricane data indicate that Atlantic hurricane seasons have been significantly more
active since 1995 than they were in preceding decades, but earlier periods, such as from 1945
to 1970, were apparently as active the recent period (NOAA, 2006; Blake et al., 2007). Analysis
by Blake et al. (2007) of historical trends from 1851 to 2006 found that the United States is
affected by a Category 4 or stronger hurricane (based on the Saffir-Simpson scale, in which
Category 4 corresponds to wind speeds over 130 mph (113 kts) and central pressure below
945 mb) approximately once every 7 years on average. The applicant stated that this suggests
that the frequency of exceptionally strong hurricane landfalls during the last 35 years of the
study period (from 1971 to 2006, when there were three storms of Category 4 or stronger at
landfall) was less than average.

Based on this information, the applicant concluded that because NOAA Technical Report NWS
23 is based on historical data from 1851 to 1977 and includes the most recent active hurricane
period from 1945 to 1970, it is reasonable to assume that the PMH parameters derived from it
are sufficiently conservative even in the consideration of future climate variability.

Staff’'s Technical Evaluation

The staff reviewed the basis for the applicant’s conclusion that NOAA Technical Report NWS 23
is sufficiently conservative to bound the magnitude of the PMH, and found it to be reasonable.
Although theoretical analyses (such as Bender et al., 2010) have projected an increase in the
frequency of intense hurricanes due to global warming, they do not appear to project an
increase in the intensity of the most severe individual storms.

The staff reviewed the applicant’s application of NOAA Technical Report NWS 23 and
concluded that it is acceptable.

The staff observed that the central pressure at landfall of the recommended PMH is lower than
that for any storm included in the U.S. historical record documented by Blake et al. (2007), and
the wind speed is higher than for any storm in the record. These observations are consistent
with a finding that the PMH parameters are conservative.

2.4.5.4.2 Historical Hurricane Events and Storm Surges
The record of historical hurricane events and storm surges affecting the site, which is adjacent
to the Biscayne Bay shoreline and approximately 8 mi west of the Elliott Key Barrier Island,

helps to inform the analysis of PMSS.

Information Submitted by Applicant

The applicant reviewed the historical record of hurricanes that caused sustained wind damage
to the Florida coast (including hurricanes that did not make landfall) between 1851 and 2006.
The Labor Day hurricane of August/September 1935 (Category 5 on the Saffir-Simpson scale)
was the most intense hurricane to affect the Florida coast during the period of record. With a
central pressure of 892 mb (26.35 in.), this storm had the lowest central pressure at landfall for
any hurricane to strike the U.S. coast during the period of record. It made landfall on the islands
of Islamorada in the upper Florida Keys (roughly 40 mi south of the Turkey Point Units 6 and 7
site).
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The most severe recent hurricane to make landfall near Units 6 and 7 was Hurricane Andrew in
August 1992. Hurricane Andrew made landfall as a Category 5 hurricane (NOAA, 1993 and
2005) approximately 8 mi north of the plant area, at Fender Point, FL. At landfall, the hurricane
had a central pressure of 922 mb (27.23 in.) and a maximum sustained wind speed (1-minute
average, 33-ft-high) of 145 kts (167 mph). The applicant stated that, based on its central
pressure, it is the fourth most intense hurricane to make landfall in the United States in the
period of the historical record.

Observed high water elevations in Biscayne Bay associated with Hurricane Andrew storm surge
are mapped in Figure 2.4.5-1 (NOAA, 1993 and 2005). The highest observed water level
resulting from the combined effects of Hurricane Andrew storm surge and astronomical tide was
16.9 ft NGVD 29 (15.3 ft NAVD 88), on the western shoreline near the center of Biscayne Bay.
In northern Biscayne Bay, high water levels were 4 to 6 ft NGVD 29, which is approximately

2.4 10 4.4 ft NAVD 88. In southern Biscayne Bay, the surge elevation ranged from 4 to 5 ft
NGVD 29 (2.4 to 3.4 ft NAVD 88).

Staff’'s Technical Evaluation

The staff reviewed the applicant’s information on the historical hurricane record and compared it
with published sources cited by the applicant. The staff accepted this information as valid and
appropriate for consideration in evaluating PMSS at the Turkey Point Units 6 and 7 sites.
2.4.5.4.3 Methodology for Storm Surge Analysis

Information Submitted by Applicant

The applicant selected the NOAA computer model “Sea, Lake, and Overland Surges from
Hurricanes” (SLOSH) for simulation of the PMSS elevation from the PMH at Units 6 and 7
(Jelesnianski et al., 1992). SLOSH was developed by the NWS to forecast real-time hurricane
storm surge levels, including inland routing of water levels. SLOSH is a depth-averaged two-
dimensional finite difference model on curvilinear polar, elliptical, or hyperbolic grid schemes.
Modification of storm surges due to the overtopping of barriers (including levees, dunes, and
spoil banks), the flow through channels and floodplains, and barrier cuts/breaches are included
in the model. The effects of local bathymetry and hydrography are also included in the SLOSH
simulation (Jelesnianski et al., 1992). The developer of the SLOSH model conducted
verification and validation testing of the SLOSH computer code.

The applicant used the PMH parameters ([p, radius of maximum wind, forward speed, track
direction) listed in Table 02.04.05.2-1 to define the physical attributes of the PMH in the model.
The applicant ran model simulations with various combinations of the input PMH parameters to
obtain the maximum storm surge elevation.
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Figure 2.4.5-1 Observed high water elevations around Biscayne Bay during Hurricane

Andrew

(Source: Turkey Point Units 6 and 7 COL FSAR Figure 2.4.5-203, based on NOAA, 1993
and 2005 http://www.nhc.noaa.gov/prelims/1992andfig7.gif). Labeled in meters above
1929 mean sea level (1 m = 3.28 ft).
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In applying SLOSH, the applicant separately estimated the antecedent water level, as discussed
below in Subsection 02.04.05.4.4, and used that estimated water level as the initial water level
condition in the SLOSH model simulation.

Staff’'s Technical Evaluation

In evaluating the sufficiency of the methodology for analysis of storm surge, the staff reviewed
the model documentation for the SLOSH model, the Section 02.04.05 of the Turkey Point Units
6 and 7 COL FSAR, the responses to relevant RAls and published studies of modeling of
hurricane storm surge.

Advances in computing technology since the development of SLOSH have led to development
of more sophisticated modeling techniques for storm surge prediction. Among the capabilities
provided by newer modeling tools are three-dimensional simulation, larger domain sizes, and
finer discretization (Massey et al., 2007). Researchers who have compared different modeling
approaches identify several advantages from the use of more sophisticated codes. For
example, Blain et al. (1994) found that domain size influenced hurricane storm surge modeling
results for the Gulf of Mexico. They modeled one actual storm at three scales, and found that
modeling of a domain size similar to the domain sizes used in implementing SLOSH resulted in
lower and less accurate estimates of peak storm surge than modeling at the scale of the entire
Gulf of Mexico or the entire east coast of North America. They attributed the difference in
results to the smaller-scale domain’s inability to represent oscillatory behavior due to resonance
within the semi-enclosed Gulf of Mexico basin, the boundaries of which lay outside the model
domain. Weisberg and Zheng (2008) used two- and three-dimensional models to simulate the
potential impact on the Tampa Bay, FL, area if Hurricane Ivan (September 2004) had made
landfall there. They found that the 2-D model produced lower estimates than the 3-D model for
the height of the storm surge as it moved up an inlet. They concluded that the 2-D model
underestimated storm surge due to its inability to account accurately for bottom stresses.

Some studies of the accuracy of SLOSH predictions, including the applicant’s validation run for
Hurricane Carla, have found relatively large errors in predicting surge for storms striking various
parts of the U.S. Gulf Coast, leading in some instances (e.g., Federal Emergency Management
Agency, USACE and NOAA, 2005) to a recommendation that finer modeling grids are needed,
together with updated bathymetric and topographic data.

The staff’'s review considered these findings, but did not identify any reason to reject SLOSH as
an appropriately conservative tool for use in predicting PMSS at the Turkey Point Units 6 and 7
site on the shore of Biscayne Bay. The site does not have the characteristics that these studies
identified as sources of error in SLOSH and similar models. The influence of domain size on
modeling results that has been identified in the Gulf of Mexico and attributed to boundary-
condition constraints is not a reason to reject the model for use at the Turkey Point Units 6 and
7 site because the site location faces the Atlantic Ocean, where it is not subject to the types of
boundary-condition constraints that make larger-scale modeling desirable for Gulf Coast
locations. Additionally, the model applications where researchers have identified a need for
three-dimensional models, or for finer grid resolutions than are available in SLOSH are
locations, where complex coastal geometry and topography are identified as important
determinants of surge behavior. The coastal geometry of Biscayne Bay and the Florida coast
near the Turkey Point Units 6 and 7 site is simple by comparison, and is further simplified in the
case of an exceptionally large storm event (such as the PMH) that would overtop Elliott Key.
Additionally, the staff noted that good agreement has been achieved in using the SLOSH
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Biscayne Bay Model to simulate the storm surge from Hurricane Andrew. This increases
confidence in the SLOSH implementation for Biscayne Bay.

Furthermore, the staff noted that the applicant accounted for the uncertainty of the SLOSH
model simulations in determining the maximum storm surge level. That is, the estimated
maximum surge level was adjusted conservatively by adding about 20 percent of the estimated
surge level for the uncertainty of its SLOSH simulations as described in SER Subsection
2.4.5.4.5. The staff determined that this adjustment is sufficient to compensate for any effects
of small SLOSH model domain, 3-D wave propagation, and the resonance of wind and wave.

Based on this review, the staff determined that the applicant’s choice of methodology is
appropriate for the analysis of PMSS at the Turkey Point Units 6 and 7 site.

2.4.5.4.4 Antecedent Water Level

To help ensure that modeling of PMSS does not underestimate storm surge elevation, it is
necessary to consider the potential effects of tides, sea-level anomalies, and future sea-level
changes on storm surge. These factors are combined in defining the antecedent water level.
The extreme level of conservatism used in the analyses is included in the following discussion.

Information Submitted by Applicant

The applicant used guidance in RG 1.59 to determine the PMSS antecedent water level,
following two different approaches described in the guidance.

The applicant notes that RG 1.59 states that the 10 percent exceedance high spring tide
including initial rise should be used to represent the PMSS antecedent water level. The

10 percent exceedance high spring tide is the high tide level that is equaled or exceeded by

10 percent of the maximum monthly tides over a continuous 21-year period. For locations
where the 10-percent exceedance high spring tide can be estimated from 21 years or more of
observed tide data, RG 1.59 indicates this value can be used for antecedent water level without
incorporating a separate estimate for initial rise (or sea-level anomaly).

The applicant identified three NOAA tide gauging stations in the area that have long-term
tide-measurement records: Virginia Key (station number 8723214), Vaca Key (8723970), and
Key West (8724580). The applicant reports that only the station at Key West has data records
longer than a 21-year period that can be used to estimate the 10-percent exceedance high
spring tide, consistent with the definition in RG 1.59. The estimated 10-percent exceedance
high spring tide at Key West is 0.97 ft NAVD 88, based on 38 years of record. Closer to the
Turkey Point Units 6 and 7 site, at the Virginia Key station (located north-northeast of the site),
the corresponding value is 1.43 ft NAVD 88, based on 15 years of record.

The RG 1.59 also provides estimates of 10-percent exceedance high spring tide and initial rise
(or sea-level anomaly) at the Miami Harbor Entrance on the Atlantic Ocean, which is located
close to the NOAA tide gage station at Virginia Key. The 10 percent exceedance high spring
tide and the initial rise at the Miami Harbor Entrance are given as 3.6 ft above mean low water
and 0.9 ft, respectively. Using these values, the applicant determined that the combined height
of the 10 percent exceedance high spring tide and initial rise is 3.6 ft + 0.9 ft = 4.5 ft above
mean low water. The applicant stated that mean low water at Virginia Key is at -1.9 ft NAVD 88,
so the antecedent water level at the Miami Harbor Entrance based on this approach is
approximately 2.6 ft NAVD 88. The applicant used this value in its PMSS determinations. The
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applicant stated that this is the highest, and thus most conservative, of the values determined by
the alternative approaches described in RG 1.59.

In addition to the 10 percent exceedance high spring tide and initial rise, the applicant used the
long-term trend in tide gage measurements to estimate the expected sea-level rise over the
design life of the plant. The applicant identified the Miami Beach, FL, (8723170) station as the
NOAA station nearest to Units 6 and 7 where long-term trend in sea-level rise is available. This
station, which is located close to the Virginia Key station, is no longer active. The applicant
cites a NOAA analysis of data from 1931 to 1981 that indicates that the long-term rate of
sea-level rise at Miami Beach is 0.78 ft per century (NOAA, Sea Levels Online). To account for
sea-level rise over the life of the plant, the applicant added a nominal long-term sea-level
adjustment of 1 ft to the estimate of 10-percent high tide level and initial rise to arrive at an
antecedent water level of 3.6 ft NAVD 88 (2.6 ft NAVD 88 + 1 ft).

Staff’'s Technical Evaluation

The staff reviewed the applicant’s basis for determining the antecedent water level, and
accepted the use of RG 1.59 values for 10 percent exceedance high tide and initial rise. The
staff notes that the combined value of 4.5 ft above mean low water (2.6 ft NAVD 88) is higher
than the highest value (1.43 ft NAVD 88) derived from available records, supporting the view
that it is appropriately conservative.

The staff had questions about the applicant’s analysis of long-term sea-level rise, which is
based on a linear extrapolation of historical sea-level changes measured at Miami Beach, FL.
Walton (2007) analyzed historical sea-level records for the State of Florida and found that a
nonlinear model provided a better fit for the data, including some acceleration in sea-level rise.
Using a second-order trend analysis and treating 2006 as the base year, Walton forecast sea-
level rise through 2080 for five Florida coastal sites where long-term historical water level
records exist. Predicted increases range from 0.82 ft (0.25 m) at Fernandina (in the
northeastern corner of the State) to 1.15 ft (0.35 m) at St. Petersburg on the Gulf Coast. At
Cedar Key, the location nearest to the Turkey Point Units 6 and 7 site, the forecast sea-level
rise was 0.89 ft (0.27 m). All of these forecast values exceed the applicant’s estimate of a
sea-level rise of 0.78 ft in a century. Walton’s predictions are generally consistent with average
global sea-level increases of 0.6 to 1.9 ft (0.18 to 0.49 m) by 2100 that were projected by
working group | of the Intergovernmental Panel on Climate Change in its 2007 report on the
physical science basis (National Park Service, 2009), but some more recent studies suggest
that these values may underestimate sea-level rise resulting from climate change (National Park
Service, 2009). For example, the National Park Service (2009) cites a study that projected a
global sea-level rise of 1.6 to 4.6 ft (0.5 to 1.4 m) between 1990 and 2100.

With this background, staff issued RAI 02.04.05-3 asking the applicant to provide analysis of the
effect of a nonlinear model of the future rate of sea-level rise on PMF water levels at Units 6 and
7 resulting from PMH-related storm surge. In a March 22, 2011, response to RAI 02.04.05-3
(ADAMS Accession No. ML110840025), the applicant provided additional analysis of historical
sea-level changes at Miami Beach, FL, including nonlinear modeling approaches, and provided
analysis of the effect of a nonlinear model of the future rate of sea-level rise on PMF water
levels at the Turkey Point Units 6 and 7 resulting from PMH-related storm surge. The
applicant’s analysis showed that a nonlinear analysis of Miami Beach water levels does not
change the conclusion that the results of the linear approach are conservative. However, in
reviewing the analysis, the staff found indications of shortcomings in the Miami Beach data set.
The most recent measurements at Miami Beach were 30 years old (from 1981), so the data set

2-121



Turkey Point
Units 6 and 7

may not represent recent trends, and there are gaps in the record from earlier years. A data set
exists for Key West, FL, that covers a longer period, continuing to the present time, and does
not have gaps. In the applicant’s analyses of the two data sets, R-squared values for both
linear and nonlinear trend analyses of the Miami Beach data were much lower than those for
trend analyses for Key West data (values of 0.32 to 0.35 for Miami Beach data (versus values of
0.45 and 0.46 for Key West data), which indicated a better fit for the Key West data. Also, the
applicant’s attempt to fit a second-order trend to the Miami Beach data counterintuitively
predicts a large drop in sea level, suggesting problems with the data set. The applicant’s linear
regression analysis of the Miami Beach and Key West data sets did, however, find a close
correlation between sea-level measurements at the two locations (R-squared of 0.85). To
provide assurance that there is a technically valid basis for analysis of future sea-level rise, the
staff issued RAI 02.04.5-05 (eRAI 5860, Question 21520):

Provide sufficient reasoning and analysis to demonstrate that reliance on the Miami
Beach sea-level data is a valid and sufficient basis for predicting potential future sea-
level rise, when a longer and more recent data set for the region is available from Key
West.

In a November 4, 2011, response to RAI 02.04.05-5 (ADAMS Accession No. ML11312A049),
the applicant provided comparisons of several linear and non-linear trend analyses of sea-level
data for both Miami Beach and Key West. The applicant’s analyses show that no alternative
analytical approach provides a result that is more conservative than the sea-level rise of 1.0 ft
that the licensee assumed based on the determination from linear trend analysis of the Miami
Beach data. Staff noted that the applicant’s analytical approach is consistent with the
recommendations of NUREG/CR-7046 (NRC 2011) , which states that long-term sea-level rise
for the expected life of the nuclear power plant should be derived from the trend in site or
regional tide gage station data. Thus, the staff considers RAI 02.04.05-3 and RAI 02.04.05-5
resolved.

2.4.5.4.5 Analysis of Probable Maximum Storm Surge

Information Submitted by Applicant

The applicant used the NOAA SLOSH model to simulate PMSS. The model package used was
the version obtained from NWS as of November 30, 2006. The applicant determined that the
site of Turkey Points Units 6 and 7 is within the region of the SLOSH Biscayne Bay basin
domain, which is simulated in SLOSH with a two-dimensional curvilinear hyperbolic grid, as
illustrated in Figure 02.04.05-2. The applicant stated that the center of Units 6 and 7 (25.425°
N, 80.333 ° W) is located in the SLOSH model grid cell (63, 40). Basin bathymetry data are
included in the model and are referenced to NGVD 29. Modeling results were processed using
Version 1.40 of the NOAA SLOSH Display Program (SLOSH, 2006). Output referenced to
NGVD 29 was converted to a NAVD 88 basis using the -1.6 ft conversion determined for
Virginia Key.

The applicant performed model simulations for different combinations of the PMH parameters
given in Table 02.04.05.2-1 to obtain the maximum surge water level at Units 6 and 7. A total of
53 SLOSH model runs were performed to investigate the effects on the storm surge elevation
using different combinations of PMH forward speed, size, direction, and track distance from
Units 6 and 7. The applicant modeled two steady-state PMH forward speeds (the lower and
upper bounds), three PMH radiuses of maximum wind (the mean, the lower bound, and upper
bound), five PMH directions, and seven track distances. The five hurricane directions modeled
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were 225, 247.5, 258.75, 270, and 315°, measured in a clockwise direction from the north.
Storm tracks were modeled at distances of 0, 5.75, 11.5, 17.25, 23, 34.5, and 46 mi in a
southerly direction from Turkey Point Units 6 and 7. All simulations were based on the PMH
pressure differential (Ap) of 4.0 in of mercury (135.5 mb) given in Table 02.04.05.2-1 and used
an antecedent water level of 4.2 ft NGVD 29 (this value includes the 10 percent exceedance
high spring tide and initial rise, but not long-term sea-level rise) as an initial condition.

Figure 02.04.05-3 shows storm surge elevations at the Turkey Point Units 6 and 7 site that the
applicant determined for different combinations of PMH forward speed and radius of maximum
wind at three hurricane directions, 225, 270, and 315 ° from the north. From these simulation
results, the applicant observed that:

o Higher PMH forward speed results in higher surge elevations.

o At the upper bound PMH forward speed, surge elevation increases with increasing storm
radius.

e At the lower bound forward speed, the largest (upper bound) hurricane radius does not
produce the highest surge elevation.

o Storm direction results in the largest differences in surge elevation at the upper bound
PMH radius.

Figure 02.04.05-4 shows the results of the applicant's SLOSH analysis of the effect on surge
elevation of different PMH directions and track distances for a storm with a RMW of 20 nautical
mi. From this analysis, the applicant determined that the highest surge elevation occurs when
the PMH direction is 258.75 ° from the north and the PMH track is at a distance approximately
0.75 times the PMH radius of maximum wind (i.e., 15 nautical mi) south from Turkey Point Units
6 and 7. Based on the results of the SLOSH model sensitivity runs, the applicant concluded
that the PMSS would be generated by a PMH with the upper bound forward speed (20 kts or 23
mph) and size (radius of maximum wind of 20 nautical mi or 23 mi), a track direction of 258.75 °
from the north, and a track distance of approximately 15 nautical mi (17.25 mi) south of Units 6
and 7.

The applicant also investigated the effect of increasing the PMH size (radius of maximum wind)
above the upper bound specified in NWS 23 for a PMH approaching at a direction of 270 °from
the north. In this analysis, the hurricane track was assumed to be located at a distance from
Turkey Point Units 6 and 7 equal to the PMH radius of maximum wind. The analysis for the
effect of radius of maximum winds considered values of 4 (the lower end of the range indicated
in NWS 23), 12, 20 (the upper end of the range in NWS 23), 25, 30, 40, and 100 nautical mi.
Radius of maximum wind values of 25, 30, and 40 nautical mi all resulted in storm surge
elevations higher than were determined for a radius of 20 nautical mi. The highest storm surge
elevation found by the analysis resulted from a radius of 30 nautical mi (34.5 mi), at which value
the predicted surge elevation at Turkey Point Units 6 and 7 was 19.4 ft (NAVD 29),
approximately 2.6 percent (3.5 percent, as a percentage of the surge height) higher than the
18.9 ft surge predicted for the same conditions but with a radius of maximum wind of 20 nautical
mi. The applicant did not determine whether other values between 25 and 35 nautical micould
result in a higher estimated storm surge elevation than that calculated for a value of 30 nautical
mi.
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The applicant used SLOSH to simulate storm surge for four combinations of PMH
characteristics using the full estimate of antecedent water level, 5.2 ft NAVD 29. With an
antecedent water level of 5.2 ft NAVD 29, three of the four modeled combinations (storm
directions of 247.5, 258.75, and 270 ° from north, all with RMW of 20 nautical mi, track distance
of 15 nautical mi, and PMH forward speed of 20 knots) resulted in a storm surge of 19.8 ft
NAVD 29.

Based on this analysis, the applicant concluded that the highest surge elevation at Turkey Point
Units 6 and 7 is 19.8 ft NGVD 29 (18.2 ft NAVD 88) and is obtained from the SLOSH model
simulation using PMH parameters of Ap of 4 in mercury, forward speed of 20 knots, radius of
maximum wind of 20 nautical mi, direction of 258.75 ° from the north, and track distance
approximately 15 nautical mi south of Turkey Point Units 6 and 7, with antecedent water level
of 5.2 ft NGVD 29 (3.6 ft NAVD 88). Figure 02.04.05-5 is a map display of SLOSH output for
this set of conditions, including the storm track and maximum surge elevations over the model
domain. The highest surge elevation predicted in this simulation occurs at a location northwest
of the Turkey Point Units 6 and 7 site.

Foart Lauderdale

Turkey Point
A Units B & T

i ML
B1W i *“Key Large BOW TOW

Figure 02.04.05-2 Biscayne Bay model grid used in applicant’s implementation of SLOSH

2-124



Turkey Point

Units 6 and 7

20
9 | sers
& 18 - 1
o fa
=
g 17 ﬁ 0

o Set2

16 n R o
= 4 L
e 15 4 E|
2 PMH Forward Speed:
= 147 © Set 1 (filled in symbols) - upper bound
1] 13 | Set 2 (open symbols) - lower bound
- PMH Direction (for both PMH Forward Speeds):
5 12 4 [1 270 degrees clockwise from north
o My 225 degrees clockwise from north

11 - 7y 315 degrees clockwise from north

1'::' T T T T T T T T T

2 4 B ] 10 12 14 16 18 20 22

PMH Size (Radius of Maximum Wind) (nautical miles)

Figure 02.04.05-3 Surge elevations simulated for different combinations of PMH
parameters (Source: Turkey Point Units 6 and 7 COL FSAR Figure 02.04.05-205)

13 1

12 1

Surge Elevation (feet NGVD 29)

11 1

10

—— 225 degrees dockwise from north
—0— 247.5 degrees clockwise from north

—— 258.75 degrees dockwise from north
—&— Z70 degrees dockwise from north

0.00

0.25 0.50 0.75 1.00 1.25 1.50 1.75 200
Relative Distance of Hurricane Track, R'/RMW

Note: R is the distance of the PMH track from Units 8 & 7.
RMW is the radius of maximum wind, which is 20 nautical miles or 23 miles

Figure 02.04.05-4 Applicant’s analysis of surge elevation sensitivity to PMH direction and
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2-125



Turkey Point
Units 6 and 7

= Siraits of Florida

Mote: Number in the flag indicates the maximum surge elevation (in NGWD 29) at Units 6 & 7.

Figure 02.04.05-5 Applicant’s SLOSH output for the parameter combination producing
the PMSS at Units 6 and 7. The black line is the storm track at 258.75 ° from north.
(Source: Turkey Point Units 6 and 7 COL FSAR Figure 2.4.5-209)

To evaluate the uncertainty in SLOSH model predictions, the applicant reviewed published
studies in which SLOSH was used to model actual storms and model predictions were
compared with observed hurricane surge levels. Jarvinen and Lawrence (1985; Ref. 209)
evaluated the error in SLOSH predictions for ten storms in eight SLOSH model basins. Based
on a comparison of the SLOSH simulated surge heights against 523 observations, 90 percent of
which were in the Gulf of Mexico, they reported a mean error of -0.09 m (-0.3 ft) and a range of
errors from -2.16 m (-7.1 ft) to 2.68 m (8.8 ft) with a standard deviation of 0.61 m (2 ft). In that
study, negative values for the error mean that SLOSH underpredicted the surge height. NOAA
Technical Report NWS 48 (Jelesnianski et al., 1992) compared SLOSH model results with 570
observations for well-documented hurricanes in nine SLOSH basins. The applicant cited the
report’s finding that model results were “generally” within + 20 percent for “significant surge
heights.” To illustrate that result, the applicant modified a graph from the report by adding a line
to indicate a +20 percent margin above the “perfect forecast” line (Figure 02.04.05-6).
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Figure 02.04.05-6 Comparison of SLOSH predictions with observed storm surge
elevations (Source: Turkey Point Units 6 and 7 COL FSAR Figure 02.04.05-211, modified
from Jelesnianski et. al, 1992)

The evaluation in NWS 48 (Jelesnianski et. al, 1992) considered only the storm surge height
component of SLOSH predictions, not including contributions from antecedent water level. To
apply the 20 percent model uncertainty indicated by NOAA NWS 48 to the modeling results for
Turkey Point Units 6 and 7, the applicant determined the storm surge height component of the
modeling results by subtracting the antecedent water level of 5.2 ft NGVD 29 (3.6 ft NAVD 88)
from the model-simulated maximum surge level of 19.8 ft NGVD 29 (18.2 ft D 88), arriving at a
modeled surge height of 14.6 ft. To account for model uncertainties, the applicant increased
this value by 20 percent to arrive at an adjusted surge height of 17.5 feet. By adding the
antecedent water level (5.2 ft NGVD 29 or 3.6 ft NAVD 88) to this adjusted maximum surge
height, the applicant determined the PMSS elevation at Turkey Point Units 6 and 7 to be
approximately 22.7 ft NGVD 29 or 21.1 ft NAVD 88.

The applicant concluded that no additional adjustment was needed to account for the greater
surge elevation predicted by SLOSH when the radius of maximum wind was increased from 20
to 30 nautical mi. The applicant reasoned that the 20 percent adjustment to surge height to
account for model uncertainties is much greater than the increase in surge elevation
(approximately 2.6 percent of total surge elevation and 3.5 percent of the surge height
component) calculated for the larger radius of maximum wind, so no additional adjustment in
surge height is necessary to account for the potential effect of a larger radius (i.e., the

20 percent adjustment is sufficient to account for all sources of uncertainty).
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The applicant compared its SLOSH model results with estimates of PMSS elevation provided in
RG 1.59, which provides estimates of the PMSS elevation along the U.S. Gulf and Atlantic
Coasts. The applicant stated that, from RG 1.59, the only location close to Units 6 and 7 where
PMSS water level is available is Miami, FL, (25.787 ° N, 80.13 ° W). For this location RG 1.59
lists a wind set-up of 2.51 ft, a pressure set-up of 3.9 ft, an initial rise of 0.9 ft, and a 10 percent
exceedance high spring tide of 3.6 ft above mean low water. These four components combine
to give a total storm surge elevation of 10.91 ft above mean low water, which the applicant
equates to approximately 9 feet NAVD 88 or 10.6 ft NGVD 29. The applicant stated that its
implementation of the SLOSH Biscayne Bay basin model predicts a higher surge elevation of
11.2 ft NGVD 29, for Miami (represented in the model by grid cell [40, 88]), without accounting
for long-term sea-level rise or adjusting for uncertainty in SLOSH predictions. Based on this
comparison, the applicant concluded that the PMSS elevation obtained from the SLOSH model
is more conservative than that presented in RG 1.59.

Staff’'s Technical Evaluation

Applicant SLOSH Simulations

In evaluating the applicant’s analysis of PMSS, the staff reviewed the applicant’s report of its
application of the SLOSH model to predict storm surge from the PMH, the model documentation
for the SLOSH model, the applicant’s report of the verification and validation of the SLOSH
model, and published studies of modeling of hurricane storm surge. The staff also performed
limited confirmatory analysis using SLOSH.

The staff accepts the applicant’s analysis as an appropriate implementation of the model.
Additionally, the staff accepts the analysis as having adequately explored the sensitivity of
model predictions to most of the factors potentially affecting storm surge elevation. The staff
notes, however, that the applicant’s analysis of the effect of PMH forward speed on storm surge
considered only two values for PMH forward speed, 6 knots and 20 kts, the upper and lower
end of the range specified in NWS 23. The analysis found that the higher value resulted in
higher storm surge elevations. Research has shown, however, that storm surge height is not
always correlated with storm forward speed; somewhat slower storms sometimes can result in
higher surge elevations (Peng et al., 2004). The applicant’s analysis does not demonstrate that
a 20-kt forward speed is bounding for PMH storm surge at the Turkey Point Units 6 and 7 site,
that is, that other values of forward speed between 6 kts and 20 kts would not result in higher
storm surge at the Turkey Point Units 6 and 7 site. To resolve this omission, the staff issued
RAI 02.04.05-4 (eRAI 5860, Question 21519), which asked the applicant to provide sufficient
reasoning and analysis to demonstrate that the effect of forward speed on storm surge elevation
is bounded at Turkey Point Units 6 and 7 site.

In a November 16, 2011, response to RAI 02.04.05-4 (ADAMS Accession No. ML11321A3317),
the applicant performed additional simulations with forward speeds of 6 knots, 13 knots, 16.5
knots, and 18.25 knots. The results show that the surge elevation at the site increases with
increasing forward speed within the range specified in NWS 23 and is bounded by the forward
speed of 20 knots. Thus, the staff considers RAI 02.04.05-4 resolved.

In its evaluation of the applicant’s analysis of uncertainty and the sufficiency of the 20 percent
increase in surge height that the applicant used to account for model uncertainty, the staff
reviewed the applicant's SLOSH validation studies, the published information cited by the
applicant, and evaluations by FEMA, USACE, and NOAA (2005) of the SLOSH model’s
accuracy in simulating surge levels for four hurricanes that occurred in 2004 (these are more
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recent than the data set included in NWS 48). The staff observed that, for SLOSH estimates of
storm surge less than about 14 ft NGVD 29, a significant number of observed surge levels
exceed the SLOSH estimate by more than 20 percent, but for larger predicted surge elevations,
no surge observations exceed the prediction by more than 20 percent. The staff accepts the
applicant’s determination that a 20 percent factor is sufficient to account for empirically
determined uncertainty in SLOSH output.

The staff notes that the applicant had not provided clear technical justification, however, for the
conclusion that the adjustment to storm surge height made to account for empirical uncertainty
is sufficient to account for all uncertainty in PMH parameters. Of specific concern is the
deterministically estimated effect on storm surge of a radius of maximum wind larger than

20 nautical mi. Although NWS 23 identified 20 nautical mi as the upper bound value of radius of
maximum winds for a PMH, several major hurricanes striking the continental United States or
the Caribbean in recent years had maximum winds at larger radial distances than 20 nautical
mi. As summarized by Masters (undated), Hurricane Katrina in 2005 had a radius of maximum
winds of about 30 mi (about 26 nautical mi) and Hurricane Ike of 2008 had a radius of 40 to 50
mi (about 35 to 43 nautical mi) one day before it made landfall. In 1995, Hurricane Luis in the
Caribbean in 1995 had an eyewall radius of 60 km (32 nautical mi) and Hurricane Opal had an
asymmetrical wind field as it approached its U.S. landfall, with maximum winds at 20 km (11
nautical mi) and a secondary maximum at a 60 km (32 nautical mi) radial distance (Powell and
Houston, 1998). As discussed above, the highest storm surge elevation that the applicant found
in its sensitivity analysis for the Turkey Point Units 6 and 7 site resulted from a radius of 30
nautical mi, at which value the predicted surge elevation at Units 6 and 7 was approximately 2.6
percent (3.5 percent, as a percentage of the surge height) higher than predicted when the
radius of maximum wind was specified as 20 nautical mi. To address this issue, the staff issued
RAI 02.04.05-6:

Provide technical justification for the conclusion that the adjustment to storm surge
height made to account for uncertainty in storm surge estimation is sufficient to account
for the deterministically estimated effect on storm surge of a radius of maximum wind
larger than 20 nautical mi.

In an October 21, 2011, response to RAI 02.04.05-6 (ADAMS Accession No. ML11298A089),
the applicant described surge simulations using radius of maximum wind values of 25, 30, 40
and 100 nautical mi. The applicant stated that the highest storm surge elevation found by the
analysis resulted from a radius of maximum winds of 30 nautical mi (3.5 percent of the surge
height at a radius of maximum winds of 20 nautical mi). Furthermore, the applicant noted that
the analysis arbitrarily assumed a constant value of Ap, but stated that when considering a
larger radius of maximum wind, Ap should not be held constant (that is, a larger-radius
hurricane would be associated with a lower pressure differential). In addition, the staff noted
that the applicant’'s PMSS of 24.8 ft (using the 20 nautical mile radius of maximum winds) is
within 0.1 ft of comparable USACE ADCIRC storms using a 30 nautical mile radius of maximum
winds (exceedance probability10-") (details provided below). Thus, the staff considers RAI
02.04.05-6 resolved.

NRC and Army Corps of Engineers ADCIRC Simulations

In 2009, in order to specify acceptable methods for estimating design-basis floods that reflect
changes in the state of the art flood estimation since 1977, especially for regions susceptible to
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severe storm events, the NRC and USACE conducted a project to provide a technical basis for
estimating probable maximum floods due to the storm surge from extreme storm events along
the southern coast of the United States for consideration in evaluating flood protection for
nuclear power plants.

As a result of the damaged caused by the 2005 hurricane season (e.g., Hurricane Katrina),
USACE created the Interagency Performance Evaluation Task Force (IPET), a distinguished
group of government, academic, and private sector scientists and engineers. IPET applied
some of the most sophisticated capabilities available in civil engineering to understand what
happened during Katrina and why. The IPET purpose was not just to acquire new knowledge,
but also to improve engineering practice and policies. In addition, the Congress of the United
States authorized the USACE to initiate two important and comprehensive planning efforts to
address the impacts caused by the 2005 storms and to plan actions that would make the region
more resilient and less susceptible to future risk from such disasters. One of the plans of
actions was the Mississippi Coastal Improvements Program (MsCIP), which applied and further
developed the technical approach and tools for estimating storm surge flood levels and waves
established under IPET. The USACE studies, tools, and approach have all been extensively
reviewed. Peer reviews have been conducted by distinguished External Review Panel (ERP) of
the American Society of Civil Engineers, and the National Academy of Sciences. In the
NRC/USACE project, these tools and approaches were applied to the South Texas Project,
Levy County, and Turkey Point new reactor applications for the Estimation of Very-Low
Probability Hurricane Storm Surges for Design and Licensing of Nuclear Power Plants in
Coastal Areas (NUREG/CR-7134).

The USACE hurricane modeling system used for the Turkey Point storm surge analysis
combines various wind models, the WAM offshore and STWAVE nearshore wave models, and
the ADCIRC basin- to channel-scale unstructured grid circulation model. The modeling system
is well validated and, in addition to being applied for Corps projects, has also been adopted by
several FEMA regional offices for flood mapping.

Hurricane storm parameters (synthetic storms) are derived using the Joint Probability Method
(JPM), which is extensively used by USACE and other agencies conducting storm hazard
analyses (Resio and Irish, 2008; NUREG/CR-7134). For synthetic storms, the TC96 Planetary
Boundary Layer (PBL) model (Thompson and Cardone, 1996) is applied to construct snapshots
of wind and atmospheric pressure fields every 15 minutes for driving the surge and wave
models. Storms are defined by a track and time-varying wind field parameters. For each storm,
a unique set of input conditions is defined. The data file includes the track position in space and
time, the forward speed and direction, central pressure, pressure scale radius (which is related
to the radius to maximum winds), a rotation angle, and a pressure profile peakedness
parameter termed the Holland B factor (Holland, 1980). The wind and pressure field is
generated and positioned on a fixed longitude/latitude grid system covering the Gulf of Mexico.
Based on the location of the storm center, these snapshots describe the temporal and spatial
evolution of a hurricane. The final wind and pressure fields resulting from TC96 are targeted on
a grid domain. The temporal variation in these fields is typically set to 1800 s (30 min) average
wind. All wind-fields are marine-exposure (no effective roughness variations for land/sea
changes), and generated at a 10 m elevation. The effect of ground cover on winds as the
hurricane makes landfall is accounted for within the ADCIRC storm surge model.

The depth-integrated circulation model ADCIRC (Luettich et al., 1992; Westerink et al., 1994;

Luettich and Westerink, 2004) was then run to compute the pressure- and wind-driven surge
component. Imposing the wind and atmospheric pressure fields, the ADCIRC model could
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replicate tide induced and storm-surge water levels and currents. In parallel with the initial
ADCIRC runs, the large-domain, discrete, time-dependent spectral wave model WAM (Komen
et al., 1994) was run to calculate directional wave spectra that serve as boundary conditions for
the local-domain, near-coast wave model STWAVE (Smith et al., 2001; Smith, 2007). WAM
generates the offshore wave field and directional wave spectra. The model solved the action
balance equation for the spatial and temporal variation of wave action in frequency and direction
over a fixed longitude-latitude geospatial grid. The numerical model STWAVE simulated
nearshore wave transformation and generation. Using initial water levels from ADCIRC, winds
that included the effects of sheltering due to land boundaries and reduction due to land
roughness, and spectral boundary conditions from the large-domain wave model, STWAVE was
run to produce wave fields and estimated radiation stress fields. The radiation stress fields
were added to the estimated wind stresses, and applied as forcing in the ADCIRC model.
ADCIRC estimates the water level across the entire grid at each time step.

Many coastal landscapes are characterized by complex bathymetry and topography. Natural
features such as barrier islands, bays, inlets, marshes, lakes and rivers as well as man-made
features such as levees, roadways, railways, navigation channels, gates, and seawalls all could
influence surge and wave propagation. The surge and waves were not only influenced by the
elevation of the landscape features, but also by the land cover, such as vegetation or buildings.
The ADCIRC, TC96 PBL, and WAM model domains accurately capture basin-to-basin and
shelf-to-basin physics, which is important in estimating high water levels that often occur well in
advance of a hurricane’s landfall.

The ADCIRC mesh contains over 2.3 million nodes with nodal spacing reaching as low as
approximately 40 m in the most highly refined areas. Increased resolution across the coastal
floodplain allows features such as inlets, rivers, navigation channels, levee systems and local
topography/ bathymetry to be properly represented (Westerink et al., 1994). Levees and
roadways are barriers to flood propagation that are generally below the defined grid scale.
ADCIRC defines these structures as sub-grid scale parameterized weirs with a specified height
(Westerink et al., 2001) within the domain. In addition, wave breaking zones are resolved to
ensure that the grid scales of the surge and nearshore wave models are consistent. The
nearshore wave forcing function is properly incorporated by adding resolution where significant
gradients in the wave radiation stresses exist (IPET 2007; Bunya et al., 2009).

For a detailed, site-specific storm surge analysis, very extreme event storms are used that cover
the range well beyond the annual exceedance probability of 10° (107 to 10-'?) (NRC, 1986). In
the staff analysis, the period of record is chosen to be 1940-2009 (70 year) and considered
east-to-west moving storms within a latitude-longitude box with boundaries at 77.4° W and 80.4°
W longitude and 23.5°N and 27.5° N latitude. The staff analysis further limited the storms to
those with central pressures, which are less than 990 mb in this box.

The Maximum Possible Intensity of a hurricane has been postulated as an upper limit for
extreme tropical cyclone intensities at least since the late 1970’s) (see for example: World
Meteorological Organization, 1976 and Mooley, 1980). More recently, Emanuel (1986, 1991)
and Holland (1997) formulated theoretical models for estimating maximum tropical cyclone
intensity. The central pressures used in the analysis are 880 mb (lowest for the Atlantic) and
870 mb (lowest ever recorded worldwide) with radius of maximum winds 30 to 45 nautical mi.
Note that by restricting the storm tracks to the paths shown in Figure 02.04.05-6, the
exceedance probabilities could actually be lowered one order of magnitude (e.g., range 107 to
1013).
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Figure 02.04.05-6 Storm tracks (blue lines) modeled in ADCIRC analysis for the Turkey
Point site (shown with a red circle and x) in Florida.

Sea-level rise (1 ft NAVDA88), initial rise (0.9 ft Mean Low Water) and the 10 percent
exceedance high tide (3.6 ft Mean Low Water) were added to the ADCIRC still water level
calculations, which included wind wave and wave setup (STWAVE/WAM). All Mean Low Water
(MLW) heights were converted to NAVD88 (MLW = -1.9 ft NAVD88) and simulations were run at
mean tide level. No adjustment was made equal to the difference between the 10 percent
exceedance high tide and mean tide level, thus adding additional conservatism/margin.

Table 2.4.5.4-2 contains the USACE ADCIRC simulations adjusted for Turkey Point site-specific
storm surge characteristics. The site characteristics were calculated in accordance with NRC
guidance (RG 1.59 and NUREG-0800). In addition, the ADCIRC results were verified
(December 2011 and January 2012) by the U.S. Army Engineer Research and Development
Center’'s (ERDC) Coastal & Hydraulics Laboratory (CHL), which performed the original
screening simulations. The PMSS for all 10”7 exceedance probability storms are 24.7 ft and
below (site grade is 26 ft). Table 02.04.05.4-3 shows FPL SLOSH and comparable USACE
ADCIRC simulations for storms having similar meteorological parameters. In summary, there
was only a 0.1 ft difference (24.8 ft vs 24.7 ft), between the FPL SLOSH PMSS and the highest
USACE ADCIRC PMSS for storms, respectively with a central pressure of 880 mb and
probability of recurrence of 10”7. This shows the very conservative nature of the applicant’s
storm surge analyses.
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Table 02.04.05.4-2 USACE Turkey Point ADCIRC PMSS
PMSS | Surge Wind P Rp Vf DeltaP | Exceedance
(ft) (ft) (mph) (mb) | (nm) | (mph) (mb) Probability
27.0 20.4 138 870 30 6 141 108
26.3 19.7 135 880 45 6 131 10-"
26.1 19.5 134 870 45 6 141 1012
25.5 18.9 131 880 45 6 141 1012
25.5 18.9 138 870 45 13 141 1012
25.4 18.8 143 870 30 13 131 107
249 18.3 135 880 45 13 141 1012
249 18.3 127 900 30 6 131 107
24.7 18.1 140 880 30 13 131 107
23.5 16.9 142 870 45 25 141 1012
23.2 16.6 137 870 30 6 131 107
229 16.3 139 880 45 25 141 1012
22,7 16.1 133 880 30 6 131 107
22.7 16.1 148 870 30 25 141 108
22.2 15.6 145 880 30 25 131 107
22.2 15.6 113 930 30 6 81 N/A
22.2 15.6 140 870 30 13 141 108
221 15.5 132 870 45 6 141 1012
21.8 15.2 135 870 45 13 141 1012
21.7 15.1 129 880 30 6 131 107
21.3 14.7 132 880 45 13 131 10"
21.3 14.7 137 880 30 13 131 107
20.3 13.7 140 870 45 25 141 1012
20.0 13.4 146 870 30 25 141 108
19.5 12.9 137 880 45 25 131 10"
19.5 12.9 143 880 30 25 131 107
18.6 12.0 93 960 30 6 51 N/A
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Table 02.04.05.3- FPL SLOSH vs USACE Turkey Point ADCIRC PMSS
(880 mb, Rp=30 nm, 107 Exceedance Probability)

Surge | Wind P Rp Vi | Deltap | Probability
PMSS | () | (mph) | (mb) | (nm) | (mph) | (mb) of
(ft) Recurrence
FPL SLOSH
248 | 175 159 | 880 | 30 23 | 1355 N/A
USACE ADCIRC
247 | 18.1 140 | 880 | 30 13 131 107
227 | 16.1 133 | 880 | 30 6 131 107
222 | 156 145 | 880 | 30 25 131 107
21.7 | 15.1 129 | 880 | 30 6 131 107
213 | 147 137 | 880 | 30 13 131 107
195 | 129 143 | 880 | 30 25 131 107

2.4.5.4.6 Wave Actions

Waves generated by hurricane winds increase water levels above the still-water levels resulting
from storm surge, so the effect of wind-driven waves must be considered in determining the
PMF elevation resulting from the PMSS.

Information Submitted by Applicant

The applicant investigated the effect of PMH wind field on the PMSS still-water level near Units
6 and 7 in order to estimate the PMH-induced waves, set-up, and run-up.

Hurricane Maximum Wind Speed

SLOSH model results were used to estimate the 1-minute average, 33 ft high wind speed at
Units 6 and 7 during the PMH. The maximum wind speed corresponding to the PMH conditions
that provide the maximum surge elevation is estimated to be 188.3 mph.

From SLOSH model results, the applicant estimated the maximum 1-minute average, 33-ft high
wind speed at Units 6 and 7 as 188.3 mph. Following a procedure given in the Coastal
Engineering Manual of USACE (USACE, 2005), the applicant converted this to the sustained
10-minute average, 33-ft-high wind speed. The converted 10-minute average wind speed is
approximately 159 mph, which value the applicant used to calculate wind wave activities.

Wave Height, Period, and Run-up

The applicant notes that SLOSH model results indicate that a PMH surge elevation inundates
the Elliott Key Barrier Island east of Biscayne Bay. Because the PMH maximum wind
approaches from the Atlantic Ocean, the fetch length to produce wind waves during a PMH is
very large. The applicant stated that wave heights at the retaining wall surrounding Units 6 and
7 would likely limited by the shallow water depth, with the breaking wave height representing the
limiting wave condition beyond which waveforms cannot sustain. Because the breaking wave
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condition would bound the maximum wave height, the applicant did not separately calculate the
significant and 1 percent wave heights. Following procedures given in the Coastal Engineering
Manual (USACE, 2005), the applicant calculated the breaking wave height and corresponding
wave period in front of the retaining wall as approximately 15.4 ft and 5.1 seconds, respectively.
To calculate wave run-up above the retaining wall (which would have a top of wall elevation of
21.5 ft NAVD 88 on the eastern side, and therefore could be overtopped by wind waves during a
PMH), the applicant treated the ground above the wall as a berm with an equivalent slope
based on the grade elevations between the retaining wall to the safety-related facilities. The
surf similarity parameter, which defines wave breaking and run-up and depends on approach
bottom slope and wave steepness, was calculated using equivalent deep-water wave
parameters corresponding to the breaking waves at the retaining wall and the equivalent slope
including the berm. By this approach, the applicant estimated the maximum wave run-up at the
Turkey Point Units 6 and 7 sites as 3.7 ft.

Maximum Water Surface Elevation due to the PMH

Adding the wave run-up of 3.7 ft to the PMSS still water level of 21.1 ft NAVD 88, the applicant
estimated the maximum water level due to a PMH at Units 6 and 7 as 24.8 ft NAVD 88.

Staff’'s Technical Evaluation

The staff reviewed the applicant’s analysis of wind conditions, formation of wind waves, and
wave run-up during the PMH event, and accepts the analysis as sufficient to define the
maximum wave height during this event.

2.4.5.4.7 Resonance

Information Submitted by Applicant

Turkey Point Units 6 and 7 are adjacent to the west shore of Biscayne Bay approximately 8 mi
(13 km) west of the Elliott Key barrier island. The applicant reports that there are no records of
seismic seiches within the bay. However, because the bay is a semi-enclosed body of water,
seiche oscillation may occur due to atmospheric forcing. The applicant stated that it is likely that
such oscillations would occur along the principal axis of the bay in the north-south direction.
Assuming that the bay is approximately 25 mi (40 km) long, the natural period of oscillation for
the bay is estimated to be approximately 36.8 minutes.

The applicant stated that because storm surges during a PMH event would overtop Elliott Key
and other barrier islands, seiche oscillations within the bay would not be expected to coincide
with large storm surge events like the PMSS.

In addition, the applicant noted that the natural period of oscillation is much greater than the
period of wind-waves and shorter than the period of storm surge waves. Therefore, the
applicant concluded that natural oscillations within the bay do not result in a resonance, and
flooding of the plant area due to a seiche event in Biscayne Bay is precluded.
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Staff’'s Technical Evaluation

The staff reviewed the applicant’s reasoning regarding resonance in Biscayne Bay.

With an elevation of about 3 ft (0.8 m) above sea-level, the Elliott Key barrier island would be
overtopped by the model-predicted storm surge from a PMH (Turkey Point Units 6 and 7 COL
FSAR Figure 2.4.5-209 indicated a storm surge elevation at Elliott Key of about 15 ft (4.6 m)
NGVD 29 in association the PMSS at Turkey Point Units 6 and 7) and inundated beneath more
than 10 ft (3 m) of water (similar to the average depth of Biscayne Bay under normal
conditions). Under those conditions, the staff finds that the barrier island would no longer
function as a physical boundary that could contribute to a within-bay seiche, making it unlikely
that such a seiche could add to the elevation of the PMSS from the PMH.

The staff reviewed the applicant’s reasoning regarding the potential for natural oscillations within
the Biscayne Bay to produce a resonance. The staff finds that the application discusses
seismic forcing and acknowledges the possibility of atmospheric forcing as a contributor to
seiche oscillation, but it does not discuss the possible role of ocean currents (such as the
Florida Current) in contributing to oscillations (see Soloviev et al., 2003, and Davis et al., 2008).

Accordingly, the staff issued RAI 02.04.05-1 asking the applicant to provide sufficient reasoning
and analysis to demonstrate that natural oscillations in the Biscayne Bay would not coincide
with other phenomena to produce flooding that could adversely affect the safety-related facilities
of Turkey Point Units 6 and 7. The RAI asked the applicant to demonstrate that all potential
natural causes of oscillation are accounted for, and provide details for any quantitative analyses,
calculations, and comparisons. The applicant responded on March 22, 2011, to RAI 02.04.05-1
(ADAMS Accession No. ML110840025).

In the response, the applicant described additional assessments that were conducted to
examine other natural phenomena that might generate oscillations with periods close to the
natural oscillation periods of the Biscayne Bay. The applicant stated that, in addition to seismic
forcing and seiche oscillation induced by a PMSS, Florida Current and sea breeze forcing are
the only phenomena identified to be capable of generating high frequency oscillations. The
applicant’s evaluations concluded that the Florida Current and sea breeze will not produce
resonance responses in the Biscayne Bay and will have no safety-related flooding impact on the
Turkey Point Units 6 and 7 site. The applicant noted that Florida Current is a major influence on
the coastal circulation and current dynamics in the southeast Florida shelf, generating internal
wave field and coastal ocean current oscillations with a dominant periodicity of about 10 hours
(Refs. 1, 2, and 3). The applicant stated that Soloviev et al. (2003) illustrates that the presence
of the Florida Current has no apparent effect on the sea-level and its oscillations near the shore,
which still follows the tidal constituents with dominant periods near 12 and 24 hours. Therefore,
the applicant concluded that there is no evidence to support a hypothesis that the Florida
Current has any impact on the sea-level oscillations near the Turkey Point Units 6 and 7 site,
despite its influence on the velocity and density fields. The staff accepts the applicant’s
assessments and considers RAI 02.04.05-1 resolved.

The applicant estimated the natural period of Biscayne Bay using methodology from Section
11-5-6 of the USACE Coastal Engineering Manual for open and closed basins. The analysis
assumed that Biscayne Bay has an average depth of approximately 6 ft (1.8 m) (Turkey Point
Units 6 and 7 COL FSAR Subsection 2.4.1, Ref. 217) and is approximately 25 mi (40 km) long
from north to south and 8 mi wide from east to west. In the north-south direction, the bay was
postulated to be a closed basin, and an open basin in the east-west direction. The applicant
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estimated the natural oscillation periods of Biscayne Bay during a normal sea condition as
approximately 3.4 to 5.3 hours, which are much smaller than the observed oscillation period of
10 hours in the current and density fields. Therefore, the applicant determined that the potential
for resonance in Biscayne Bay as affected by the Florida Current can further be precluded.

The applicant also evaluated the potential of resonance within Biscayne Bay from the forcing
from sea breeze, which is caused by the diurnal (24-hour period) heating and cooling of the land
and sea. The applicant noted that this 24-hour period is much greater than the natural
oscillation periods of the Biscayne Bay, which are estimated to be approximately 3.4 to 5.3
hours. Militello and Kraus, 2001 observed that sea breeze can introduce diurnal oscillations and
generate higher harmonic motions into water bodies. Their study, using an analytical solution
and numerical modeling developed for a simplified one-dimensional idealized basin, illustrates
that (1) the amplitudes of wind-forced motions at the higher harmonics are orders of magnitude
smaller than that at the fundamental period, and (2) the wind-forced motions near the resonant
modes can be almost completely damped by relatively small bottom friction in the water body.
Consequently, the applicant concluded that flooding from resonance within the Biscayne Bay
due to sea breeze is not expected.

The staff determined that the Turkey Point Units 6 and 7 COL FSAR did not include an
evaluation of the potential for resonance within the makeup water reservoir (MWR) resulting
from the interaction of natural oscillations with storm-driven wind waves. Accordingly, the staff
issued RAI 02.04.05-2 asking the applicant to provide this evaluation. The applicant responded
to RAI 02.04.05-2 on February 28, 2011 (ADAMS Accession No. ML110610686). The applicant
stated that resonance is not expected because the natural periods of the MWR are much longer
than the wave periods generated from storms such as the probable maximum hurricane. To
determine the natural wave periods of the MWR, the applicant approximated it as a rectangular
basin and applied Equation 11-5-26 of the USACE Coastal Engineering Manual (Chapter 5) for
a closed water body. The applicant stated that the dimensions along the two principal axes of
the MWR are approximately 2,200 feet and 766 feet (a north side dimension of 2,260 feet is
used for this evaluation). With the top of wall and bottom elevations at 24.0 ft (7.3 m) and -2.0
(0.6 m) ft NAVD 88, respectively, the applicant determined the natural periods of the MWR to be
approximately 156 and 53 seconds, based on the two principal dimensions and a full reservoir
with 26 ft of water to account for precipitation. The applicant stated that the corresponding wave
height and wave period for the maximum PMH wind condition at the Turkey Point Units 6 and 7
site is 2.4 ft (0.7 m) (NAVD88) and 1.7 seconds, respectively, following procedures in the
USACE Coastal Engineering Manual (Chapter 2). Because of the large difference in wave
periods, the applicant concluded that resonance in the MWR due to storm-driven wind waves is
not expected.

The staff accepts the applicant’s reasoning and analysis related to resonance and considers
RAI 02.04.05-2 resolved.

2.4.5.4.8 Protective Structures

Information Submitted by Applicant

The applicant noted that the estimated PMSS still-water level at Turkey Point Units 6 and 7,
combined with coincidental wind-wave run-up, of approximately 24.8 ft (7.6 m) NAVD 88 is
lower than the design plant grade elevation of 26 ft (7.9 m) NAVD 88 for safety-related facilities.
Therefore, the applicant concluded that the postulated PMH event does not affect the safety
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functions of the plant, and debris, waterborne projectiles, and sediment erosion and deposition
are not of concern to the safety-related facilities.

Staff’'s Technical Evaluation

The staff reviewed and accepts the applicant’s basis for determining that if the PMH event does
not affect the safety functions of the plant, then debris, waterborne projectiles, and sediment
erosion and deposition associated with that event are not of concern to the safety-related
facilities.

2.4.5.5 Post Combined License Activities

There are no post-COL activities related to this subsection.

2.4.5.6 Conclusion

The staff reviewed Turkey Point Units 6 and 7 COL FSAR Section 2.4.5 and PTN COL 2.4-2
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 COL FSAR related to this section.

As set forth above, the applicant has presented and substantiated information to establish the
site description. The staff has reviewed the information provided and, for the reasons given
above, concludes that the applicant has provided sufficient details about the site description for
the staff to determine, as documented in Section 2.4.5, of this SER, that the applicant has met
the relevant requirements of 10 CFR 52.79(a)(1)(iii) and 10 CFR Part 100 with respect to
determining the acceptability of the site. This addresses part of COL Information Item 2.4-2.

2.4.6 Probable Maximum Tsunami Hazards

2.4.6.1 Introduction

The probable maximum tsunami (PMT) hazards are addressed to ensure that any potential
tsunami hazards to the SSCs important to safety are considered in plant design. The specific
areas of review are as follows: (1) historical tsunami data, including paleotsunami mappings
and interpretations, regional records and eyewitness reports, and more recently available tide
gauge and real-time bottom pressure gauge data, (2) PMT that may pose hazards to the site,
(3) tsunami wave propagation models and model parameters used to simulate the tsunami
wave propagation from the source toward the site, (4) extent and duration of wave runup during
the inundation phase of the PMT event, (5) static and dynamic force metrics, including the
inundation and drawdown depths, current speed, acceleration, inertial component, and
momentum flux that quantify the forces on any safety-related SSCs that may be exposed to the
tsunami waves, (6) debris and water-borne projectiles that accompany tsunami currents and
may impact safety-related SSCs, (7) effects of sediment erosion and deposition caused by
tsunami waves that may result in blockage or loss of function of safety-related SSCs, (8)
potential effects of seismic and non-seismic information on the postulated design bases and
how they relate to tsunami in the vicinity of the site and the site region, and (9) any additional
information requirements prescribed within the “Contents of Application” sections of the
applicable subparts to 10 CFR Part 52.

2-139



Turkey Point
Units 6 and 7

2.4.6.2 Summary of Application

This section of the Turkey Point Units 6 and 7 COL FSAR addresses the site-specific
information about tsunami hazards. The applicant addressed the information as follows:

AP1000 COL Information Item

e PTNCOL 2.4-2 Probable Maximum Tsunami

The applicant provided additional information in PTN 2.4-2 to resolve COL Information Item
2.4-1 (COL Action Item 2.4.1-2), which addresses the provision for site-specific information
related to tsunami loading.

2.4.6.3 Regulatory Basis

The relevant requirements of the NRC regulations for the identification of tsunami floods,
tsunami flood design considerations and the associated acceptance criteria are described in
Section 2.4.6 of NUREG-0800.

The applicable regulatory requirements for identifying the effects of tsunami flooding are:

e 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).

e 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.

e 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.

Appropriate sections of the following RGs are used by the staff for the identified acceptance
criteria:

o Regulatory Guide 1.29 as it relates to those SSCs intended to protect against the
effects of flooding”;

e Regulatory Guide 1.59 as supplemented by best current practices
e Regulatory Guide 1.102 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
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2.4.6.4 Technical Evaluation

The staff reviewed Turkey Point Units 6 and 7 COL FSAR Section 2.4.6 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 probable maximum tsunami hazards. The results of the staff's
evaluation of the information incorporated by reference in the Turkey Point Units 6 and 7 COL
application are documented in NUREG-1793 and its supplements.

The staff reviewed the information in the Turkey Point Units 6 and 7 COL FSAR:

AP1000 COL Information Iltem

e PTNCOL 2.4-2

The staff reviewed PTN COL 2.4-2 related to include tsunami loading in Turkey Point Units 6
and 7 COL FSAR Section 2.4.5. COL Information Item in Section 2.4.1.2 of the AP1000 DCD
states:

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.

¢ Probable Maximum Flood on Stream and Rivers — Site-specific information that will
be used to determine the design basis flooding at the site. This information will
include the probable maximum flood on streams and rivers.

e Dam Failures — Site-specific information on potential dam failures.

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

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

e 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.

¢ No further action is required for sites within the bounds of the site parameter for flood
level.

Evaluation of the information provided in PTN COL 2.4-2 related to tsunami loading at the
Turkey Point Units 6 and 7 site is discussed below.
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2.4.6.4.1 Probable Maximum Tsunami

Information Submitted by the Applicant

In Turkey Point Units 6 and 7 COL FSAR Section 2.4.6.1, the applicant qualitatively
summarized potential tsunami sources and their effects for four submarine landslide regions
and two submarine earthquakes regions. The primary reference for these source regions that
the applicant cited was ten Brink et al. (2008). The landslide regions include the U.S. Atlantic
margin as far south as the Blake Escarpment, the Gulf of Mexico (Mississippi Canyon and
carbonate landslides off the West Florida shelf, and Campeche Escarpment), the Canary
Islands (specifically, off the volcanic island of La Palma), and the North Atlantic Ocean (the
Storegga landslide offshore Norway and the Grand Banks landslide offshore Canada).
Earthquake source regions for PMT determination include the Azores-Gibraltar plate boundary
between the African and Eurasian tectonic plates and the northern Caribbean subduction zones.

In terms of other sources, intraplate earthquakes are not considered by the applicant in terms of
defining the PMT. The applicant also did not provide any information regarding seismically
induced seiches in Biscayne Bay. Finally, the applicant indicated that the flat topography near
the Turkey Point Units 6 and 7 site prevents the occurrence of subaerial slope failures that may
generate tsunami-like waves. The applicant indicated that the most likely source for the PMT is
an earthquake in the Azores-Gibraltar region and that the associated maximum tsunami runup
will not exceed the proposed plant-grade elevation.

Staff’'s Technical Evaluation

The staff conducted independent confirmatory analyses to determine the PMT at the Turkey
Point Units 6 and 7 site. The detail is described in the sections that follow. A general
conclusion found from the modeling was that while the Bahamas do not necessary shield the
Turkey Point Units 6 and 7 site from large incident tsunami waves, the very shallow and
irregular nature of the Biscayne Bay makes penetration of tsunami wave energy through the
Bay to the shoreline difficult. The Puerto Rico Trench landslide source proved to have the
largest impact at the Turkey Point Units 6 and 7 site, with maximum water surface elevations
due to the tsunami of 10.5 ft (3.2 m). The Florida Straits and Mid-Atlantic landslide sources
have the potential to produce multi-meter wave heights, but produce smaller waves than the
Puerto Rico landslide source. The Florida Straits source produced, by far, the largest wave
height just offshore of the Bay in a water depth of 250 m (820.2 ft), but due to the relatively short
period of these waves they were rapidly damped and scattered within the Bay. The Canary
Islands source, despite generating sea surface elevation of 1 km at the source, led to a tsunami
crest elevation less than 1.6 ft (0.5 m) offshore of the Turkey Point Units 6 and 7 site. The
earthquake source has the smallest effect on the site, with maximum water surface elevations
less than 0.5 ft (0.15 m). Thus the Puerto Rico Trench landslide source is the PMT, however
the effects of the PMT are below that of the PMSS.

2.4.6.4.2 Historical Tsunami Record

Information Submitted by the Applicant

The applicant identified 11 historical tsunamis along the U.S. and Canadian Atlantic Coast and
divides the historical tsunami record into four regions: (1) the Nova Scotia margin offshore
Newfoundland, (2) the Caribbean region, (3) the mid- to North U.S. Atlantic margin, and

(4) far-field sources. The primary source that the applicant uses is the National Geophysical

2-142



Turkey Point
Units 6 and 7

Data Center (NGDC) tsunami database (http://www.ngdc.noaa.gov/hazard/tsu.shtml), which is a
compilation of original tsunami catalogs and sources. A secondary source of information is the
catalog by Lockridge et al., (2002) for the Delaware-New York coast.

In terms of historical tsunami observations near the site, for the first region related to the
1929 Grand Banks earthquake and landslide the applicant indicated a reading of 12 cm near
Charleston, SC.

For the second region related to Caribbean tsunami sources, that applicant indicated that
observations along the Florida Atlantic coast from these sources are absent. A6 cm
wave-amplitude observation was reported near Atlantic City, New Jersey, from the 1918 Mona
Passage earthquake and landslide.

For the third region, tsunami waves from the 1886 Charleston earthquake were reported in
Jacksonville and Mayport, Florida. No amplitude measurements were recorded. No waves
were reported along the Florida Atlantic coast from the New Jersey and New York events listed
in the tsunami database.

For far-field events, the applicant reports a 23 ft (7 m) reading in the Lesser Antilles Islands from
the 1755 Lisbon earthquake. In addition, a 0.56 ft (17 cm) reading at Trident Pier in Port
Canaveral, FL, was reported from the 2004 Sumatra-Andaman earthquake.

For paleotsunami events, the applicant indicates that an extensive literature search and review
of borehole logs from the site revealed no evidence for paleotsunami deposits (cf.
RAI 02.04.06-3).

The staff issued RAI 02.04.06-3 (eRAI 4809, Question 18186) to obtain detailed information
regarding (1) evidence of tsunami deposits at the site, distinguishing characteristics of tsunami
versus storm deposits, and interpretation of the boring logs, (2) updated information on
submarine landslides offshore of Puerto Rico and indicate how these sources are included in
PMT determination, (3) clarification that seafloor offset from earthquake sources is not
necessary to generate significant tsunamis, with regard to mid-plate earthquakes, and

(4) correction regarding the phrase “wide continental shelf’ offshore of the site in relation to the
attenuating effect of tsunami waves. The applicant responded to the staff's RAI 2.4.6-3 in a
letter dated September 2, 2010 (ADAMS Accession No. ML102500207).

In its response to RAI 2.4.6-3, the applicant cross-referenced a Subsection 2.5.1.1.5 that
doesn’t exist in the Turkey Point Units 6 and 7 COL FSAR. No reference to tsunami deposit can
be found in Section 2.5.1. Second, the assertion that the site is sheltered by the Bahamas
Islands from landslide-generated tsunamis north of the Puerto Rico depends on the results from
RAI 02.04.06-2.

In response to RAI 02.04.06-2, the applicant did not specifically model tsunamis from landslides
north of Puerto Rico. Further evidence is needed to verify this assertion. Third, the assertion
that the impact of a submarine landslide to the north (offshore of the Carolinas) would be
considerably reduced depends on the results from RAI 02.04.06-2. In response to RAI
02.04.06-2, the applicant did not specifically model tsunamis from landslides offshore of the
Carolinas. Further evidence was needed to verify this assertion. Finally, the applicant did
adequately address the issued that seafloor offset from earthquake sources is not necessary to
generate significant tsunamis, with regard to mid-plate earth. The staff issued RAI 2.4.6-06
(eRAI 5818, Question 21396) to request the applicant to provide the following:
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¢ Provide the correct COL FSAR cross-reference for paleotsunami deposits.

o Justify the assertion that the Bahamas Islands shelter the site from landslide-generated
tsunamis north of the Puerto Rico.

o Justify the assertion that tsunami water levels from submarine landslides to the north
(offshore of the Carolinas) would be negligible at the site.

The applicant responded to the staff's RAI 02.04.06-6 in a letter dated October 10, 2010
(ADAMS Accession No. ML11286A088). In its response, the applicant resolved Part (1)
(Subsection 2.4.1.1.5 exists in Revision 2 of the Turkey Point Units 6 and 7 COL FSAR). For
Parts (2) and (3) of this RAI, the applicant provides justification for its assertions described in
the original COL FSAR. For Part (2), the applicant referred to coarse-grid modeling described in
ten Brink et al. (2008). Finer grid modeling and modeling of shorter wavelengths associated
with landslide tsunamis may affect the numerical results, but a physical basis for the assertion is
now provided in the COL FSAR revision (resolved). For Part (3), the applicant referred to
modeling described in Hornbach et al. (2007) to justify its assertion. However, the Hornbach et
al. (2007) study did not use conservative estimates of the landslide source parameters for
tsunami generation. Hornbach et al. (2007) only investigated the upper part of the Cape Fear
slide, relying on very limited bathymetry coverage to determine the size of the evacuated mass
(they only looked at the scars around the diapir, and did not include the larger scar further
downslope). In the Hornbach et al. (2007) paper (Section 4.3.3), the authors made special
mention to note that they have very limited constraints on slide volume, timing (they separate
the scars into multiple “failures”), and triggering. There are likely limited constraints on
mobilization parameters as well. The 2007/2008 USGS reports contain information on the Cape
Fear slide clearly different from that in the Hornbach et al. (2007) paper, yet the applicant
appeared to not explain its rational for choosing the Hornbach et al. vs. USGS source
information.

Because the applicant’s offshore tsunami amplitude estimate from the Cape Fear landslide is
close to its PMT offshore tsunami amplitude (1.5 m (4.9 ft) vs. 2 m (6.6 ft), respectively) and
because the Hornbach et al. (2007) study did not use the most conservative parameters for
landslide tsunami generation, further justification was needed for the applicant’s assertion that
landslides to the north would be negligible at the site (Part 3). The staff issued RAI 2.4.6-08
(eRAI 6225, Question 23013) requesting the applicant to provide justification that source
parameters for the Cape Fear landslide from Hornbach et al. (2007) are conservative, with
regard to not only the upper part of the landslide, but also the downslope region of failure. If the
source parameters for this potential PMT source are revised, the applicant was requested to
discuss how the revised source affects PMT water levels at the site. In a January 20, 2012,
response to RAI 2.04.06-8 (ADAMS Accession No. ML12025A2491), the applicant provided the
requested information.

In response to RAI 02.04.06-8, the COL applicant provided a new COL FSAR Subsection
2.4.6.4.2 that evaluates the impact at the Turkey Point Units 6 and 7 site from a tsunami
generated as a result of a hypothetical submarine landslide event at a site identified as the
Cape Fear Slide. It concluded, based on COL applicant modeling results and assessments
inferred from recent published literature on the subject, that the flood risk at the Units 6 and 7
site from the Cape Fear Slide will be bounded by the postulated PMT, i.e., the 1755 Lisbon
Earthquake tsunami, as described in Subsection 2.4.6.4.1. An additional discussion on the
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source characteristics of the Cape Fear Slide including the downslope region of the failure was
provided. Furthermore, the COL applicant provided a quantitative assessment of the tsunami
generation at the Cape Fear Slide using a set of conservative source parameters, and its
propagation toward the Turkey Point Units 6 and 7 site using the numerical models, NHWAVE
(Version 1.1) and FUNWAVE (Version 1.1), developed and maintained by the University of
Delaware, is described. Specifically, the COL applicant’s response explained how the
postulated Cape Fear Slide was represented in the model and describes the estimation of the
wave shape and size generated by this slide, The COL applicant’s numerical simulations of the
tsunami wave propagation and coastal inundation at the Turkey Point Units 6 and 7 site based
on two alternative assumptions for the initial wave, corresponding to a dynamic source and a
static source generated by the Cape Fear Slide, was also presented.

The staff verified that the above information is included in Turkey Point Units 6 and 7 COL
FSAR Section 2.4.6 and considers RAI 02.04.06-3, RAI 02.04.06-6 and RAI 02.04.06-8
resolved.

Staff’'s Technical Evaluation

The staff's assessment of the historical record is consistent with that of the applicant. The
applicant has summarized the essential historical record of tsunamis in the region. The
complete history of tsunamis and tsunami-like waves along the Atlantic seaboard of the U.S. is
given by Lockridge and others (2002).

With regard to the 1918 Puerto Rico tsunami cited by the applicant, the source is most likely a
landslide triggered by an earthquake (Lopez-Venegas et al., 2008). It is not representative of a
Greater Antilles subduction zone earthquake, but rather normal faulting within the arc from
oblique extension (Chaytor and ten Brink, 2010).

With regard to the1755 Lisbon tsunami, it should be emphasized that tsunami amplitude
estimates along the Florida coasts were derived from a numerical model (Mader, 2001a).

The source parameters for the earthquake that generated this tsunami are very uncertain and
likely to be complex (e.g., possibly compound earthquake rupture). Barkan and others (2009)
indicated that tsunami amplitudes from this earthquake are likely to be less than 1 m (39.4 ft)
and demonstrated the effect that source parameter uncertainty had on computed tsunami
amplitudes at the U.S. East Coast.

The most relevant tsunami observations near the site appeared to be from the 1886 Charleston,
SC, earthquake. At Jacksonville, Florida, reports were of “a tidal wave smashed along the
Jacksonville beaches and thrust itself up the St. John River past Mayport...sailors dashed
ashore as their vessels rocked and heaved on violent waves that whipped against the shore.”
In Mayport, Florida, reports were of “a sudden wave dashed high over the beach.” In addition,
the 1946 Dominican Republic seismogenic tsunami was recorded on the Daytona Beach tide
gauge station although no amplitude measurements were available as indicated by the
applicant in the Turkey Point Units 6 and 7 COL FSAR. Large waves up to 6 m (19.7 ft) that
struck Daytona Beach and St. Augustine, FL, in 1992 were included in the NGDC tsunami
database, but are likely of meteorological origin. The applicant therefore indicated the most
relevant historical tsunamis in the Turkey Point Units 6 and 7 COL FSAR.
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Evaluation of Turkey Point Boring Logs
An independent analysis of the geotechnical boring logs provided was conducted. The boring
are focused toward a geotechnical/engineering purpose. Lastly, no definitive, widespread

evidence of paleotsunami-type deposits (borings with items of note listed below) is found.

Stratigraphy (see Section 2.5.1.1.2.3 of the COL FSAR for detailed discussion of these units)

Formations present in borings include (youngest to oldest): Muck—mix of organic material,
shell fragments, silt; high water content; often present in the upper 1 m of the borings overlying
limestone/boundstone units; Miami Formation—poorly to well indurated, sandy, fossiliferous
limestone (oolitic and bryozoans facies); Fort Thompson Formation—alternating beds of marine,
brackish and freshwater limestones; Tamiami Formation—Poorly graded, silty, carbonate sand
(contains shell fragments); Hawthorn Group—interbedded limestone, mudstone, dolomite,
sandstone.

Boring of Note
Several characteristics of individual boring should be noted.

#B-620 (DH): contains 3 m (10ft) of gravel (gravel/sand) at the base of a limestone layer at a
depth of 39 m (117 ft).

#B-635: ~ 1m (3ft) of fat clay at the ground surface.

#B-734: ~0.7 m (2ft) of lean clay at ground surface (above muck layer).

#B-736: ~ 0.7 m (2ft) of fat clay at ground surface (above muck layer)

#B-738: ~ 0.7 m (2ft) of fat clay at ground surface (above muck layer)

#B-802: ~ 1.3 m (4ft) of fat clay at ground surface (above muck layer)

As boring #B-620 is the only occurrence of this type section in the boring logs, it is unlikely that
it is the result of paleotsunami deposition. Similarly, the presence of clay layers of varying
thicknesses (i.e., #B-635, 734, 736, 738, and 802) above the muck layer is likely to be due to
anthropogenic causes, or localized depositional processes. Therefore, the staff has reasonable

assurance that there has been no history of paleotsunami at the site.

2.4.6.4.3 Source Generator Characteristics

Information Submitted by the Applicant

The applicant identified two regions that are likely to define the PMT source for the site: the
Azores-Gibraltar plate-boundary zone between the African and Eurasian tectonic plates, and the
northern Caribbean subduction zones. The source parameters necessary to define tsunami
generation from ten Brink and others (2008), including magnitude, depth to fault plane, fault
dimension, orientation, and average fault slip, are tabulated by the applicant for each of these
source regions.
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For the Azores-Gibraltar plate-boundary zone (Figure 2.4.6-1), the applicant considered a 200
km (124 mi) long by 80 km (50 mi) wide earthquake rupture zone with an average slip of 13.1 m
(43 ft). The applicant did not indicate the earthquake magnitude for this scenario but from these
rupture dimensions and slip, assuming a shear modulus of 50-70 GPA and using standard
formulas for seismic moment (e.g., Lay and Wallace, 1995), the staff calculated an approximate
moment magnitude of Mw = 8.6 to 8.7. However, for the estimated tsunami water levels, the
applicant used the source specification of Mader (2001a) rather than tabulated values (See
Turkey Point Units 6 and 7 COL FSAR Section 2.4.6.5).
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Figure 2.4.6-1: Azores-Gibraltar region showing various faults that make up the oceanic
convergence zone boundary (Barkan and others, 2009).

For the northern Caribbean subduction zones (Figure 2.4.6-2), the applicant provided source
parameters for both a Puerto Rico Trench and a Hispaniola trench earthquake rupture scenario.
The magnitudes for each of these scenarios are Mw = 8.85 and Mw = 8.81, respectively.

However, in Turkey Point Units 6 and 7 COL FSAR Section 2.4.6.5 the applicant used the

source specification by Knight (2006) for a Puerto Rico Trench earthquake only and not the
tabulated values (i.e., a Hispaniola earthquake is not considered further).
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Figure 2.4.6-2: The Caribbean Plate Boundary and its Tectonic Elements

To address submarine landslides in the Florida Straits/Bahamas/Cuba region as potential
sources for PMT, the staff issued RAI 02.04.06-1 asking the applicant why these sources were
not considered for the PMT and the justification for excluding them. The applicant responded to
the staff’'s RAI 02.04.06-1 in a letter dated September 2, 2010 (ADAMS Accession
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No. ML102500207). The applicant acknowledged evidence of Miocene debris flows in the
Florida Straits region. However, it justified omission of Florida straits debris flows as potential
tsunami sources for PMT determination on the basis of (1) absence of evidence for any
correlated tsunami deposit along the southern Florida coast, and (2) the unlikelihood of debris
flows similar to those that occurred in the Miocene under present-day sea-level-rise conditions.
With regard to the first point, Miocene tsunami deposits would probably not be preserved over
such a long period and in areas that are near sea-level now, given the changes in
paleogeography since Miocene time. With regard to the second point, additional justification
(e.g., past scientific studies) was needed to support this assertion. The staff also notes that the
cross-referenced Subsection 2.5.1.1.5 did not exist in the Turkey Point Units 6 and 7 COL
FSAR. The applicant might be referring in part to Subsection 2.5.1.1.1.5 with regard to Cuban

geology.

The staff issued RAI 02.04.06-4 (eRAI 5818, Question 21394) to request the applicant to
provide justification for the assertion that debris flows in the Florida straits region, similar to
those observed in the Miocene from drill-hole records, would not occur under present-day sea-
level conditions, and to provide the correct cross-reference to Subsection 2.4.1.1.5, which does
not exist in the Turkey Point Units 6 and 7 COL FSAR. The applicant responded to the staff’s
RAI 02.04.06-4 in a letter dated October 11, 2010 (ADAMS Accession No. ML11286A088).
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The applicant evaluated the ocean circulation patterns and contourite/turbidite depositional
regimes of the Florida Straits beginning in the Cretaceous, but still failed to justify ignoring the
Florida Straits debris flows as a potential PMT source. Essentially, it said the sequence of
events (contourite/turbidite deposition on the carbonate bank tops and falling sea level)
responsible for the failure of the slope and deposition of the Miocene debris deposits observed
in drill-hole records cannot occur today because of the ocean current regime and rising sea
level. What was missing from its justification was a convincing explanation of the underlying
cause of the slope instability; sea-level variations and the presence of an unknown thickness
and composition of deposits on the bank tops did not provide a satisfactory description of the
pre-conditioning/loading factors or triggers. The pre-conditioning factors and the triggering
mechanism for the failure were unknown (could be any or all of the usual triggers: tectonic,
sediment loading, current undercutting, underlying structure, pore pressure variations), so
excluding them as possible PMT sources based on sea level and ocean currents alone was not
a basis for determining if debris flows will happen again. Moreover, younger likely
Pleistocene-age debris deposits occur at the western-most end of the Florida Straits near the
Florida Slope/Escarpment and in a similar geologic environment (Holmes, 1985; Twichell and
others, 1993), further suggesting the possibility of debris flows in the Florida Straits near the
site.

As a result of insufficient justification provided by the applicant addressing why debris flows in
the Florida straits region would not occur, the staff issued RAI 02.04.06-7. The staff requested
the applicant to provide justification that triggering conditions for submarine mass failures in the
Florida Straits are not currently present. If triggering and pre-conditioning factors/loading
conditions such as those that caused the Miocene debris flows and likely Pleistocene-age
failures at the western end of the Florida Straits (Holmes, 1985; Twichell and others, 1993)
cannot be determined, the applicant requested to explain whether potential submarine mass
failures can be conservatively excluded. If such failures are considered, the applicant was
asked to discuss how inclusion of this source affects PMT water levels at the site.

In its January 20, 2012, response to RAI 02.04.06-7, the COL applicant elected to supplement
the COL FSAR evaluation with numerical model simulations, using the NHWAVE and
FUNWAVE codes developed and maintained by University of Delaware, to provide a
quantitative estimate of the flood level at the site and reaffirm that the tsunami source of
concern will not affect the probable maximum tsunami (PMT) flood level reported in the COL
FSAR. The COL applicant’s simulations of a tsunami generated by a conservatively large
submarine mass failure at the Florida Escarpment suggested that the impact of such an event
on water levels near Turkey Point Units 6 and 7 would be smaller than that of the postulated
PMT presented in Subsection 2.4.6.4.1. The maximum predicted water level near Turkey Point
Units 6 and 7 due to this tsunami event would be 1.71 m (5.6 ft) MLW or 1.14 m (3.7 ft) NAVD
88, representing a rise of only 0.02 meter (0.065 foot) above the initial sea water level. The
assumed initial sea water level in the FUNWAVE model simulation includes the 10 percent
exceedance high tide, an initial rise plus the long-term sea-level rise, all of which add up to 1.68
m (5.5 ft) MLW or 1.11 m (6 ft) NAVD 88. This water level was much smaller than the maximum
tsunami water level of 4.5 m (14.76 ft) MSL (4.82 m (15.81 ft) MLW) reported for the PMT case
in Subsection 2.4.6.5. This conclusion was also consistent with the results of the Florida
Escarpment Slide evaluation described in Subsection 2.4.6.1.2.

The staff verified that the above information was included in Turkey Point Units 6 and 7 COL

FSAR Section 2.4.6, and considers RAI 02.04.06-1, RAI 02.04.06-4 and RAI 02.04.06-7
resolved.
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Staff’'s Technical Evaluation

Tsunami sources used for the independent confirmatory analysis were described in terms of
their identification, characteristic, and tsunami generation parameters. Potential tsunamigenic
sources are first discussed below, followed by parameters associated with the maximum
credible earthquakes and submarine landslides around the Atlantic Ocean basin.

Potential Tsunamigenic Sources
Potential tsunami sources likely to determine the PMT at the Turkey Point site are as follows:
Subaerial Landslides

With regard to subaerial landslides, there are no major coastal cliffs along the Florida coast near
the site that could be a location of large sub-aerial landslides. Thus, there are no areas of
subaerial coastal landslides near the site that would produce tsunami-like waves exceeding the
amplitude of those generated by other sources. Similarly, no major coastal cliffs exceeding 10
m (30 ft) are present along the western margins of the islands of the Bahamas.

Coastal elevations, which rarely exceeding 30 m (100 ft), are present along a segment of the
north-central Cuban between Havana and Matanzas. Pliocene to Holocene age limestone
formations (likely Matanzas and Jaimanitas formations; de la Torre y Callejas, 1966) crop out
along the coast forming low coastal cliffs above extensive, shallowly submerged coastal
platforms. lturralde-Vinent (2009) noted the presence of boulders on coastal terraces along the
north coast of Cuba, which he attributed to tsunami deposition, but, the emplacement
mechanism of these boulders has not been well studied. lturralde-Vinent (2009) described the
presence of minor coastal rock falls originating from limestone cliffs along the south coast of
Cuba, but did not identify any similar features along the north coast. Although coastal erosion
leading to rock fall along the limestone cliffs is possible along the north coast of Cuba, the
fractured nature of the limestone formations and the presence of shallow water platforms on to
which they fall would likely limit any resulting water disturbance. See below for details of
subaerial landslides associated with volcanogenic sources.

Volcanogenic Sources

According to the Global Volcanism Program of the Smithsonian Institution
(http://www.volcano.si.edu/), there are three general regions of volcanic activity that have the
potential to generate localized wave activity along the Florida coast and Caribbean Sea: (1) two
Mexican volcanoes near the Gulf of Mexico coastline, (2) two volcanoes in the western
Caribbean, and (3) volcanic activity along the Lesser Antilles island arc. Two Mexican
volcanoes, (Cerro el Abra/Los Atlixos and San Martin) associated with the eastern
Trans-Mexican Volcanic Belt, are near the Gulf of Mexico coastline. Basaltic flows associated
with Los A