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ABSTRACT

This document supplements the draft supplemental environmental impact statement (DSEIS)
which had been prepared in response to an application submitted by NextEra Energy Seabrook,
LLC (NextEra) to renew the operating license for Seabrook Station (Seabrook) for an additional
20 years. This supplement incorporates new information that the U.S. Nuclear Regulatory
Commission (NRC) staff has obtained since the publication of the DSEIS in August 2011.

This supplement to the DSEIS includes the NRC staff evaluation of revised information provided
by NextEra pertaining to the severe accident mitigation alternatives (SAMA) analysis for
Seabrook.

In addition, the NRC is taking the opportunity to (1) update the Uranium Fuel Cycle section in
light of the June 8, 2012, U.S. Court of Appeals for the District of Columbia Circuit (New York v.
NRC, 681 F.3d 471 (D.C. Cir. 2012)) decision to vacate the NRC’s Waste Confidence Decision
Rule (WCD) (75 Federal Register (FR) 81032, 75 FR 81037) and (2) to provide information on
its analysis of new NEPA issues and associated environmental impact findings for license
renewal.
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EXECUTIVE SUMMARY

Background

By letter dated May 25, 2010, NextEra Energy Seabrook, LLC (NextEra) submitted an
application to the U.S. Nuclear Regulatory Commission (NRC) to issue a renewed operating
license for Seabrook Station (Seabrook) for an additional 20-year period.

Pursuant to Title 10, Part 51.20(b)(2) of the U.S. Code of Federal Regulations

(10 CFR 51.20(b)(2)), the renewal of a power reactor operating license requires preparation of
an environmental impact statement (EIS) or a supplement to an existing EIS. In addition,

10 CFR 51.95(c) states that the NRC shall prepare an EIS, which is a supplement to the
Commission’s NUREG-1437, Generic Environmental Impact Statement (GEIS) for License
Renewal of Nuclear Plants.

The NRC published its draft supplemental environmental impact statement (DSEIS) for
Seabrook in August 2011. Subsequent to the issuance of the DSEIS, by letter dated

March 19, 2012, NextEra notified the NRC of significant changes that were made to the severe
accident mitigation alternatives (SAMA) analysis related to the Seabrook license renewal
application (LRA).

To address this new information, the NRC staff has prepared this supplement to the DSEIS in
accordance with 10 CFR 51.72(a)(2) and (b), which address preparation of a supplement to a
final environmental impact statement for proposed actions that have not been taken, under the
following conditions:

. There are significant new circumstances or information relevant to environmental
concerns and bearing on the proposed action or its impacts.

° It is the opinion of the NRC staff that preparation of a supplement will further the
purposes of the National Environmental Policy Act of 1969 (NEPA).

In addition, the NRC is taking the opportunity to update the Uranium Fuel Cycle section in light
of the June 8, 2012, U.S. Court of Appeals for the District of Columbia Circuit (New York v.
NRC, 681 F.3d 471 (D.C. Cir. 2012)) decision to vacate the NRC’s Waste Confidence Decision
Rule (WCD) (75 Federal Register (FR) 81032, 75 FR 81037). In response to the court’s ruling,
the Commission (NRC 2012a) determined that it would not issue licenses dependent upon the
WCD, until the issues identified in the court’s decision are appropriately addressed. The
Commission also noted that this determination extends only to final license issuance; all current
licensing reviews and proceedings should continue to move forward.

Further, the NRC is also taking the opportunity to provide information on its analysis of new
NEPA issues and associated environmental impact findings for license renewal. This is the
result of NRC having recently completed, through its rulemaking process, an update and re-
evaluation of the potential environmental impacts associated with the renewal of an operating
license for a nuclear power reactor for an additional 20 years. A revised Generic Environmental
Impact Statement for License Renewal of Nuclear Plants (GEIS), which updates the 1996 GEIS
(NRC 1996), provides the technical basis for the revised rule, including the list of NEPA issues
and findings contained in Table B-1 in Appendix B to Subpart A of the revised 10 CFR Part 51.



Proposed Action
The proposed action remains the same as that stated in the DSEIS (page 1-1):

[NextEra] initiated the proposed Federal action by submitting an application for
license renewal [for Seabrook], for which the existing license, NPF-86, expires on
March 15, 2030. The NRC’s Federal action is the decision whether to renew the
license for an additional 20 years.

Purpose and Need for Action
The purpose and need for action remains the same as stated in the DSEIS (page 1-1):

The purpose and need for the proposed action (issuance of a renewed license) is
to provide an option that allows for baseload power generation capability beyond
the term of the current nuclear power plant operating license to meet future
system generating needs. Such needs may be determined by other
energy-planning decisionmakers, such as State, utility, and, where authorized,
Federal agencies (other than NRC). This definition of purpose and need reflects
the NRC’s recognition that, unless there are findings in the safety review required
by the Atomic Energy Act or findings in the National Environmental Policy Act
(NEPA) environmental analysis that would lead the NRC to reject a license
renewal application, the NRC does not have a role in the energy-planning
decisions of whether a particular nuclear power plant should continue to operate.

If the renewed license is issued, the appropriate energy-planning
decisionmakers, along with NextEra, will ultimately decide if the plant will
continue to operate based on factors such as the need for power. If the
operating license is denied, then the facility must be shut down on or before the
expiration date of the current operating license, March 15, 2030.

Environmental Impacts of License Renewal
The changes to this section are highlighted in redline and-strikeout.

The SEIS evaluates the potential environmental impacts of the proposed action. The
environmental impacts from the proposed action are designated as SMALL, MODERATE, or
LARGE. As set forth in the GEIS, Category 1 issues are those that meet all of the following
criteria:



The environmental impacts associated with the issue
are determined to apply either to all plants or, for some
issues, to plants having a specific type of cooling
system or other specified plant or site characteristics.

A single significance level (i.e., SMALL, MODERATE,
or LARGE) has been assigned to the impacts, except
for collective offsite radiological impacts from the fuel
cycle and from high-level waste and spent fuel
disposal.

Mitigation of adverse impacts associated with the issue
is considered in the analysis, and it has been
determined that additional plant-specific mitigation

Executive Summary

SMALL: Environmental effects
are not detectable or are so
minor that they will neither
destabilize nor noticeably alter
any important attribute of the
resource.

MODERATE: Environmental
effects are sufficient to alter
noticeably, but not to destabilize,
important attributes of the
resource.

LARGE: Environmental effects
are clearly noticeable and are
sufficient to destabilize important
attributes of the resource.

measures are likely not to be sufficiently beneficial to
warrant implementation.

For Category 1 issues, no additional site-specific analysis is required in this draft SEIS unless
new and significant information is identified. Chapter 4 of this report presents the process for
identifying new and significant information. Site-specific issues (Category 2) are those that do
not meet one or more of the criterion for Category 1 issues; therefore, an additional site-specific
review for these non-generic issues is required, and the results are documented in the SEIS.

Recently, the NRC approved a revision to its environmental protection regulation, 10 CFR
Part 51, which governs environmental impact reviews of nuclear power plant operating
license renewals. The NRC, through its rulemaking process, has completed an update
and re-evaluation of the potential environmental impacts associated with the renewal of
an operating license for a nuclear power reactor for an additional 20 years. A revised
GEIS, which updates the 1996 GEIS, provides the technical basis for the revised rule.

The revised GEIS specifically supports the revised list of NEPA issues and associated
environmental impact findings for license renewal contained in Table B-1 in Appendix B
to Subpart A of the revised 10 CFR Part 51. The revised rule consolidates similar
Category 1 and 2 issues, changes some Category 2 issues into Category 1 issues and
consolidates some of those issues with existing Category 1 issues. The revised rule also
adds new Category 1 and 2 issues.

The revised rule is expected to be published in 2013; it will become effective 30 days
after publication in the Federal Register. Compliance by license renewal applicants will
not be required until one year from the date of publication (i.e., license renewal
environmental reports submitted later than one year after publication must be compliant
with the new rule). Nevertheless, under NEPA, the NRC must now consider and analyze,
in its license renewal SEISs, the potential significant impacts described by the revised
rule’s new Category 2 issues, and to the extent there is any new and significant
information, the potential significant impacts described by the revised rule’s new
Category 1 issues.

Table ES-1 summarizes the Category 2 issues applicable to Seabrook, as well as the NRC
staff’s findings related to those issues. If the NRC staff determined that there were no Category
2 issues applicable for a particular resource area, the findings of the GEIS, as documented in
Appendix B to Subpart A of 10 CFR Part 51, stand.

Xi




Table ES-1. Summary of NRC conclusions relating to site-specific impact of license

renewal
Resource Area Relevant Category 2 Issues Impacts
Land Use None SMALL
Air Quality None SMALL
Surface Water Resources None SMALL
Groundwater Resources Radionuclides released to groundwater SMALL
blens
Aquatic Resources Impingement

Entrainment

Heat shock

SMALL to LARGE

Terrestrial Resources

NoneEffects on terrestial resources (non-
cooling system impact)

SMALL

Protected Species and Habitats

Threatened or endangered species

SMALL to LARGE

Human Health Electromagnetic fields—acute effects SMALL
(electric shock)

Socioeconomics Housing Impacts
Public services (public utilities)
Offsite land use SMALL

Public services (public transportation)

Historic and archaeological resources

Cumulative Impacts

Aquatic resources

All other resource areas

MODERATE to LARGE
SMALL

No further changes were made to the Executive Summary.
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1.0 INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC) staff prepared this supplement to the draft
supplemental environmental impact statement (DSEIS) in accordance with Title 10,

Parts 51.72(a)(2) and (b) of the U.S. Code of Federal Regulations (10 CFR 51.72(a)(2) and (b)),
which address preparation of a supplement to an environmental impact statement for proposed
actions that have not been taken, under the following conditions:

. There are significant new circumstances or information relevant to environmental
concerns and bearing on the proposed action or its impacts.

. It is the opinion of the NRC staff that preparation of a supplement will further the
purposes of the National Environmental Policy Act of 1969 (NEPA).

The NRC staff prepared this supplement to the DSEIS because, subsequent to the issuance of
the DSEIS, NextEra Energy Seabrook, LLC (NextEra) (2012) notified the NRC of significant
changes that were made to the severe accident mitigation alternatives (SAMA) analysis related
to the Seabrook Station (Seabrook) license renewal application (LRA). Specifically, NextEra
identified many changes to its SAMA analysis, based on various plant and probabilistic risk
assessment (PRA) model changes, that were sufficiently different from what was published in
the NRC staff’'s August 2011 DSEIS to warrant the issuance of this supplement.

In addition, the NRC is taking the opportunity to update the Uranium Fuel Cycle section in light
of the June 8, 2012, U.S. Court of Appeals for the District of Columbia Circuit (New York v.
NRC, 681 F.3d 471 (D.C. Cir. 2012)) decision to vacate the NRC’s Waste Confidence Decision
Rule (WCD) (75 Federal Register (FR) 81032, 75 FR 81037). In response to the court’s ruling,
the Commission (NRC 2012a) determined that it would not issue licenses dependent upon the
WCD, until the issues identified in the court’s decision are appropriately addressed. The
Commission also noted that this determination extends only to final license issuance; all current
licensing reviews and proceedings should continue to move forward.

Further, on December 6, 2012, the Commission affirmed a decision to publish in the Federal
Register an amendment that would revise its environmental protection regulation, 10 CFR Part
51, which governs environmental impact reviews of nuclear power plant operating license
renewals (NRC 2012b). Specifically, the revised rule will update and re-evaluate the potential
environmental impacts associated with the renewal of an operating license for a nuclear power
reactor for an additional 20 years. A revised GEIS, which updates the 1996 GEIS, provides the
technical basis for the revised rule. The revised GEIS specifically supports the revised list of
NEPA issues and associated environmental impact findings for license renewal contained in
Table B-1 in Appendix B to Subpart A of the revised 10 CFR Part 51. The revised GEIS and
rule reflect lessons learned and knowledge gained during previous license renewal
environmental reviews. In addition, public comments received on the draft revised GEIS and
rule and during previous license renewal environmental reviews were re-examined to validate
existing environmental issues and identify new ones.

The revised rule identifies 78 environmental impact issues, of which 17 will require plant-specific
analysis. The revised rule consolidates similar Category 1 and 2 issues, changes some
Category 2 issues into Category 1 issues and consolidates some of those issues with existing
Category 1 issues. The revised rule also adds new Category 1 and 2 issues. The new
Category 1 issues include geology and soils, exposure of terrestrial organisms to radionuclides,
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exposure of aquatic organisms to radionuclides, human health impact from chemicals, and
physical occupational hazards. Radionuclides released to groundwater, effects on terrestrial
resources (non-cooling system impacts), minority and low-income populations (i.e.,
environmental justice), and cumulative impacts were added as new Category 2 issues.

The revised rule is expected to be published in 2013; it will become effective 30 days after
publication in the Federal Register. Compliance by license renewal applicants will not be
required until one year from the date of publication (i.e., license renewal environmental reports
submitted later than one year after publication must be compliant with the new rule).
Nevertheless, under NEPA, the NRC must now consider and analyze, in its license renewal
SEISs, the potential significant impacts described by the revised rule’s new Category 2 issues,
and to the extent there is any new and significant information, the potential significant impacts
described by the revised rule’s new Category 1 issues.

Where appropriate, bold text indicates specific text corrections or additions to the DSEIS and
strikeout-indicates deletions from the DSEIS text. This supplement to the DSEIS, and any
changes made to it based on public comments, will be incorporated back into the main
supplemental environmental impact statement (SEIS) prior to publishing the final document.



2.0 AFFECTED ENVIRONMENT

No changes from the draft supplemental environmental impact statement (DSEIS) issued in
August 2011.
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3.0 ENVIRONMENTAL IMPACTS OF REFURBISHMENT

No changes from the draft supplemental environmental impact statement (DSEIS) issued in
August 2011.
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4.0 ENVIRONMENTAL IMPACTS OF OPERATION

This chapter addresses potential environmental impacts related to the period of extended
operation of Seabrook Station (Seabrook). These impacts are grouped and presented
according to resource. Generic issues (Category 1) rely on the analysis provided in the generic
environmental impact statement (GEIS) (NRC 1996, 1999) and are discussed briefly. Site-
specific issues (Category 2) have been analyzed for Seabrook and assigned a significance level
of SMALL, MODERATE, or LARGE, accordingly. Some remaining issues are not applicable to
Seabrook because of site characteristics or plant features.

41 Land Use

No changes from the draft supplemental environmental impact statement (DSEIS) issued
in August 2011.

4.2 Air Quality
No changes from the DSEIS issued in August 2011.

4.3 Geologic Environment

4.3.1 Geology and Soils

As described in Section 1.0 of this supplement, the U.S. Nuclear Regulatory Commission
(NRC) has approved a revision to its environmental protection regulation, Title 10 of the
Code of Federal Regulations, Part 51 (10 CFR Part 51). With respect to the geologic
environment of a plant site, the revised rule amends Table B-1 in Appendix B, Subpart A,
to 10 CFR Part 51 by adding a new Category 1 issue, “Geology and soils.” This new
issue has an impact level of SMALL. This new Category 1 issue considers geology and
soils from the perspective of those resource conditions or attributes that can be affected
by continued operations during the renewal term. An understanding of geologic and soil
conditions has been well established at all nuclear power plants and associated
transmission lines during the current licensing term, and these conditions are expected
to remain unchanged during the 20-year license renewal term for each plant. The impact
of these conditions on plant operations and the impact of continued power plant
operations and refurbishment activities on geology and soils are SMALL for all nuclear
power plants and not expected to change appreciably during the license renewal term.
Operating experience shows that any impacts to geologic and soil strata would be
limited to soil disturbance from construction activities associated with routine
infrastructure renovation and maintenance projects during continued plant operations.
Implementing best management practices would reduce soil erosion and subsequent
impacts on surface water quality. Information in plant-specific SEISs prepared to date,
and GEIS reference documents have not identified these impacts as being significant.

Section 2.2.3 of this SEIS describes the local and regional geologic environment relevant
to Seabrook. The NRC staff did not identify any new and significant information with
regard to this Category 1 (generic) issue based on review of the Environmental Report
(ER) (NextEra 2010), the public scoping process, or as a result of the environmental site
audit. As discussed in Chapter 3 of this SEIS and as identified in the ER (NextEra 2010),
NextEra Energy Seabrook, LLC. (NextEra) has no plans to conduct refurbishment or
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construction of new facilities during the license renewal term. Further, it is anticipated
that routine plant operation and maintenance activities would continue in areas
previously disturbed by construction activities, including existing transmission line
rights-of-way (ROWs). Based on this information, it is expected that any incremental
impacts on geology and soils during the license renewal term would be SMALL.

4.34.4 Surface Water Resources

No changes to the text from the DSEIS issued in August 2011.

4.44.5 Groundwater Resources

The groundwater issues applicable to Seabrook are listed in Table 4.5-1Table-4.-5-1 (also see
Table B-1 of Appendix B of 10 CFR Part 51). Groundwater use and water quality relative to
Seabrook are described in Sections 2.1.7.2 and- 2.2.5 of this SEIS, respectively.

Table 4.5-1. Groundwater use and quality issues

Issues GEIS sections Category
Groundwater use conflicts (potable & service water; 4811 1

plants that use <100 gallons per minute)

Groundwater quality degradation (saltwater intrusion) 4.8.21 1
Radionuclides released to groundwater To be determined® 2

@NRC 2012, since the revised GEIS has not been finalized
and approved by the Commission, the revised GEIS ssection
can not be referenced in this table.

4.5.1 Generic Groundwater Issues

No changes to the text from the DSEIS issued in August 2011.
4.5.2 Groundwater Use Conflicts

No changes to the text from the DSEIS issued in August 2011.
4.5.3 Radionuclides Released to Groundwater

With respect to groundwater quality, the revised rule amends Table B—1 in Appendix B,
Subpart A, to 10 CFR Part 51 by adding a new Category 2 issue, “Radionuclides released
to groundwater,” with an impact level range of SMALL to MODERATE, to evaluate the
potential impact of discharges of radionuclides from plant systems into groundwater.
This new Category 2 issue has been added to evaluate the potential impact to
groundwater quality from the discharge of radionuclides from plant systems, piping, and
tanks. This issue was added because, within the past several years, there have been
events at nuclear power reactor sites that involved unknown, uncontrolled, and
unmonitored releases of radioactive liquids into the groundwater. A discussion of
groundwater quality concerns at Seabrook is included in Section 2.2.5 of the

August 2011 DSEIS, and an assessment of the significance of groundwater quality
degradation due to tritium contamination is presented in Section 4.10 of the August 2011
DSEIS.



-_—
QOWoONOOTPR,WN =

[ P S A | G G N
ONOO AP WN -~

WWWNDNNNNNMNNNNDN =
N--OCQOWooO~NOOPPWN-_O0OO

AP WWWWWWW
QOWoo~NOOPA~,W

ABDADMDMDAMADMANDD
OCoONOOTAWN-=-

Environmental Impacts of Operation

As detailed in Section 2.2.5 of the August 2011 DSEIS, the NRC staff indicated that
groundwater with elevated tritium activity concentrations was detected in the annular
space around the Unit 1 containment structure in September 1999. In response to the
elevated tritium concentrations, NextEra initiated a leak investigation which identified a
leak source associated with the cask loading area and transfer canal adjacent to the
spent fuel pool. In addition, NextEra has undertaken leak source elimination efforts and
other corrective actions, which ultimately involved installation of a groundwater
dewatering and pumping system to mitigate contaminated groundwater. An extensive
groundwater monitoring network was also installed to provide surveillance of
groundwater quality across the Seabrook site.

NextEra has monitored the dewatering system since 2000, the results of which were
reviewed by NRC staff in support of the preparation of the August 2011 DSEIS. The
highest tritium levels (up to 3,500,000 picocuries per liter (pCi/L) in 2003) were found in
water removed from around the Unit 1 containment enclosure ventilation area (CEVA).
Since monitoring began, NextEra has found that the tritium levels are trending down.
Based on the most recent (2011) dewatering system monitoring data available for the
site, tritium concentrations in the CEVA have ranged from 2,150 up to 50,000 pCi/L
(NextEra 2011a).

NextEra continues to conduct groundwater monitoring as part of its participation in the
Nuclear Energy Institute’s Groundwater Protection Initiative (NextEra 2010). Monitoring
results obtained through the onsite Groundwater Protection Program are reported in
NextEra's radioactive effluent release reports, which are submitted to the NRC. Based on
monitoring results from Seabrook’s network of 27 groundwater monitoring wells through
the end of 2011, the highest concentration of tritium detected was 2,850 pCi/L in well SW-
1, a shallow aquifer well located near the Unit 1 containment structure. EPA’s drinking
water standard (or Maximum Contaminant Level) is 20,000 pCi/L. Several other nearby
wells had lower tritium levels, while samples from most wells yielded no tritium above
analytical detection limits. Monitoring results from a line of perimeter wells located
south and downgradient of the tritium leak source have shown no tritium detections.
Finally, NextEra reported no unplanned, unanticipated, or abnormal releases of liquid
effluents from the site to unrestricted areas during 2010 and 2011 (NextEra, 2010a, 2011b,
2012).

As noted above and further discussed in the August 2011 DSEIS, the Unit 1 groundwater
dewatering system, in combination with pumping from beneath the incomplete Unit 2
containment building, functions at Seabrook to remove and provide hydraulic
containment of the tritium-contaminated groundwater by reversing the hydraulic gradient
and flow of groundwater offsite. No offsite migration of tritium in groundwater has been
observed to date. Further, the only drinking water wells (Town of Seabrook) are located
hydraulically upgradient from the Seabrook site, and there is no drinking water pathway
onsite.

While tritium continues to be detected above background levels at several onsite
locations, the applicant is actively monitoring and controlling the tritium concentrations
on site. The tritium-impacted groundwater is sent to the facility’s main outfall to the
ocean, where it is released in compliance with National Pollutant Discharge Elimination
System (NPDES) and NRC'’s radiological limits. Tritium concentrations in groundwater
as measured in onsite monitoring wells have remained well below EPA's 20,000 pCi/L
drinking water standard. Based on the information presented above and in

Sections 2.2.5 and 4.10 of the August 2011 DSEIS, the NRC concludes that inadvertent
releases of tritium have not substantially impaired site groundwater quality or affected
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groundwater use downgradient of the Seabrook site. The NRC staff further concludes
that groundwater quality impacts would remain SMALL during the license renewal term.

4.54.6 Aguatic Resources

Section 2.1.6 of this SEIS describes Seabrook’s cooling-water system, and Section 2.2.6
describes the aquatic resources. Category 1 issues in 10 CFR Part 51, Subpart A,

Appendix B, Table B-1, which are applicable to the operation of Seabrook’s cooling-
water systems during the renewed license term, are listed in Table 4.6-1. The NRC staff

did not find any new and significant information during the review of the ER

(NextEra 2010), the site audit, the scoping process, or the evaluation of other available
information; therefore, the NRC staff concludes that there are no impacts related to

aquatic resource issues beyond those discussed in the GEIS (NRC 1996) and the revised

rule (NRC 2012). Consistent with the GEIS and the revised rule, the NRC staff concludes

that the impacts are SMALL, and additional site-specific mitigation measures are unlikely

to be sufficiently beneficial to warrant implementation.

Table 4.6-1. Aquatic resources issues

Issues GEIS sections Category
For all plants

Accumulation of contaminants in sediments or biota 42124 1
Entrainment of phytoplankton & zooplankton 42211 1
Cold shock 42215 1
Thermal plume barrier to migrating fish 42216 1
Distribution of aquatic organisms 42216 1
Premature emergence of aquatic insects 42217 1
Gas supersaturation (gas bubble disease) 42218 1
Low dissolved oxygen in the discharge 42219 1
Losses from predation, parasitism, & disease among organisms 4.2.21.10 1
exposed to sublethal stresses

Stimulation of nuisance organisms 422111 1
Exposure of aquatic organisms to radionuclides To be determined® 1

For plants with once-through dissipation systems

Entrainment of fish & shellfish in early life stages 41.2 2
Impingement of fish & shellfish 41.3 2
Heat shock 414 2

Table source (61 FR 28467): Table B-1 in Appendix B, Subpart A, to 10 CFR Part 51.

@ NRC 2012, since the revised GEIS has not been finalized and approved by the Commission, the revised GEIS ssection can

not be referenced in this table.NRC-2012

4-4
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4.5:14.6.1 Exposure of Aquatic Organisms to Radionuclides

As described in Section 1.0 of this SEIS, the NRC has approved a revision to its
environmental protection regulation, 10 CFR Part 51. With respect to the aquatic
organisms, the revised rule amends Table B-1 in Appendix B, Subpart A, to

10 CFR Part 51 by adding a new Category 1 issue, “Exposure of aquatic organisms to
radionuclides,” among other changes. This new Category 1 issue considers the impacts
to aquatic organisms from exposure to radioactive effluents discharged from a nuclear
power plant during the license renewal term. An understanding of the radiological
conditions in the aquatic environment from the discharge of radioactive effluents within
NRC regulations has been well established at nuclear power plants during their current
licensing term. Based on this information, the NRC concluded that the doses to aquatic
organisms are expected to be well below exposure guidelines developed to protect these
organisms and assigned an impact level of SMALL.

The NRC staff has not identified any new and significant information related to the
exposure of aquatic organisms to radionuclides during its independent review of
Seabrook’s ER, the site audit, and the scoping process. Section 2.1.2 of this SEIS
describes the applicant’s Radioactive Waste Management Program to control radioactive
effluent discharges to ensure that they comply with NRC regulations in 10 CFR Part 20.
Section 4.9.3 of this SEIS contains the NRC staff’s evaluation of Seabrook’s Radioactive
Effluent and Radiological Environmental Monitoring programs. Seabrook’s Radioactive
Effluent and Radiological Environmental Monitoring programs provide further support
for the conclusion that the impacts of aquatic organisms from radionuclides are SMALL.

The NRC staff concludes that there would be no impacts to aquatic organisms from
radionuclides beyond those impacts contained in Table B-1 in Appendix B, Subpart A, to
10 CFR Part 51 of the revised rule; therefore, the impacts to aquatic organisms from
radionuclides are SMALL.

4.5.24.6.2 Generic Aquatic Ecology Issues

No changes to the text from the DSEIS issued in August 2011.
4.5:34.6.3 Entrainment and Impingement

No changes to the text from the DSEIS issued in August 2011.
4.5:44.6.4 Thermal Shock

No changes to the text from the DSEIS issued in August 2011.
4.5-54.6.5 Mitigation

No changes to the text from the DSEIS issued in August 2011.
4.5.64.6.6 Combined Impacts

No changes to the text from the DSEIS issued in August 2011.

4.7 Terrestrial Resources

Fhe-issuesrelated-to-terrestrialresources-The Category 1 (generic) and Category 2 (site-
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Table 4.7-1. Terrestrial resources issues

Section 2.2.7 provides a description of the terrestrial resources at Seabrook and in the
surrounding area.

Issues GEIS section Category
Cooling tower impacts on crops & ornamental vegetation 43.4 1
Cooling town impacts on native plants 4351 1
Bird collisions with cooling towers 43.5.2 1
Powerline ROW management (cutting herbicide application) 4.5.6.1 1
Bird collisions with powerlines 4.5.6.1 1

Impacts of electromagnetic fields on flora and fauna (plants,

agricultural crops, honeybees, wildlife, livestock) 45.6.3 1
Floodplains & wetland on powerline ROW 457 1
Exposure of terrestrial organisms to radionuclides To be determined® 1
Effects on terrestrial resources (non-cooling system impacts) To be determined® 2

@ NRC 2012, since the revised GEIS has not been finalized and approved
by the Commission, the revised GEIS ssection can not be referenced in
this table.

4.7.1 Generic Terrestrial Resource Issues

For the Category 1 terrestrial resources issues listed in Table 4.7-1, the NRC staff did not
identify any new and significant information during the review of the ER (NextEra 2010),
the NRC staff’s site audit, the scoping process, or the evaluation of other available
information. Therefore, there are no impacts related to these issues beyond those
discussed in the GEIS and the revised rule (NRC 2012). For these issues, the GEIS and
the revised rule concluded that the impacts are SMALL, and additional site-specific
mitigation measures are unlikely to be sufficiently beneficial to warrant implementation.

4.7.1.1 Exposure of Terrestrial Organisms to Radionuclides

As described in Section 1.0 of this SEIS, the NRC has approved a revision to its
environmental protection regulation, 10 CFR Part 51. With respect to the terrestrial
organisms, the revised rule amends Table B-1 in Appendix B, Subpart A, to

10 CFR Part 51 by adding a new Category 1 issue, “Exposure of terrestrial organisms to
radionuclides,” among other changes. This new issue has an impact level of SMALL.
This new Category 1 issue considers the impacts to terrestrial organisms from exposure
to radioactive effluents discharged from a nuclear power plant during the license renewal
term. An understanding of the radiological conditions in the terrestrial environment from
the discharge of radioactive effluents within NRC regulations has been well established
at nuclear power plants during their current licensing term. Based on the revision to the
environmental protection guidance and the staff's understanding of radiological
conditions, the NRC concluded that the doses to terrestrial organisms are expected to be
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well below exposure guidelines developed to protect these organisms and assigned an
impact level of SMALL.

The NRC staff has not identified any new and significant information related to the
exposure of terrestrial organisms to radionuclides during its independent review of
Seabrook’s ER, the site audit, and the scoping process. Section 2.1.2 of this SEIS
describes the applicant’s Radioactive Waste Management Program to control radioactive
effluent discharges to ensure that they comply with NRC regulations in 10 CFR Part 20.
Section 4.9.3 of this SEIS contains the NRC staff’s evaluation of Seabrook’s Radioactive
Effluent and Radiological Environmental Monitoring programs. Seabrook’s Radioactive
Effluent and Radiological Environmental Monitoring programs provide further support
for the conclusion that the impacts from radioactive effluents are SMALL.

Therefore, the NRC staff concludes that there would be no impact to terrestrial
organisms to radionuclides beyond those impacts contained in Table B-1 in Appendix B,
Subpart A, to 10 CFR Part 51 of the revised rule; therefore, the impacts to terrestrial
organisms from radionuclides are SMALL.

4.7.2 Effects on Terrestrial Resources (Non-cooling System Impacts)

As described in Section 1.0 of this supplement, the NRC has approved a revision to its
environmental protection regulation, 10 CFR Part 51. With respect to the terrestrial
organisms, the revised rule amends Table B-1 in Appendix B, Subpart A, to

10 CFR Part 51 by expanding the Category 2 issue, “Refurbishment impacts,” among
others, to include normal operations, refurbishment, and other supporting activities
during the license renewal term. This issue remains a Category 2 issue with an impact
level range of SMALL to LARGE; however, the revised rule renames this issue “Effects
on terrestrial resources (non-cooling system impacts).”

Section 2.2.7 of this SEIS describes the terrestrial resources on and in the vicinity of the
Seabrook site, and Section 2.2.8 describes protected species and habitats. During the
construction of Seabrook, approximately 22 percent of the plant site (194 ac (79 ha)) was
cleared for buildings, parking lots, roads, and other infrastructure. By 2014, NextEra
plans to have returned approximately 32 ac (13 ha), which are currently occupied by
excavation spoil, to its natural state. The remaining terrestrial habitats have not changed
significantly since construction. As discussed in Chapter 3 of this SEIS and according to
the applicant’s ER (NextEra 2010), NextEra has no plans for refurbishment or other
license renewal-related construction activities. Further, it is anticipated that routine plant
operation and maintenance activities would continue in areas previously disturbed by
construction activities, including existing transmission line ROWs. Based on the staff’s
independent review, the staff concurs that operation and maintenance activities that
NextEra might undertake during the renewal term, such as maintenance and repair of
plant infrastructure (e.g., roadways, piping installations, onsite transmission lines,
fencing and other security infrastructure), would likely be confined to previously -
disturbed areas of the plant site or along the in-scope transmission line corridors.
Therefore, the staff expects non-cooling system impacts on terrestrial resources during
the license renewal term to be SMALL.

4.64.8 Protected Species and Habitats

No changes to the text from the DSEIS issued in August 2011.
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4.74.9 Human Health

The human health issues applicable to Seabrook are discussed below and listed in
Table 4.9-1Table-4-9-1 for Category 1, Category 2, and uncategorized issues.

Table 4.9-1. Human health issues
Table B-1 of Appendix B to Subpart A of 10 CFR Part 51 contains more information on these

issues.
Issues GEIS section Category
Radiation exposures to the public during refurbishment 3.8.1@ 1
Occupational radiation exposures during refurbishment 3.8.2@ 1
Microbiological organisms (occupational health) 4.3.6 1
Microbiological organisms (pyblic health, for plants using lakes or 4.3.6® 2
canals or discharging small rivers)
Noise 437 1
Radiation exposures to public (license renewal term) 46.2 1
Occupation radiation exposures (license renewal term) 46.3 1
Electromagnetic fields—acute effects (electric shock) 4541 2
Electromagnetic fields—chronic effects 4542 Uncategorized
Human health impact from chemicals To be determined"® 1
Physical occupational hazards To be determined® 1

@ |ssues apply to refurbishment, an activity that Seabrook does not plan to undertake.

®) |ssue applies to plant features such as cooling lakes or cooling towers that discharge to small rivers. The issue does not apply to
Seabrook.

@NRC 2012, since the revised GEIS has not been finalized and approved by the Commission, the revised GEIS ssection can
not be referenced in this table.

474491 Generic Human Health Issues

Category 1 issues in 10 CFR Part 51, Subpart A, Appendix B, Table B-1, applicable to
Seabrook in regard to radiological impacts, are listed in Table 4.9-2Table-4-9-2. NextEra stated
in its ER (NextEra 2010) that it was aware of one new radiological issue associated with the
renewal of the Seabrook operating license—elevated tritium concentrations in groundwater
adjacent to Unit 1. The groundwater monitoring for tritium is discussed later in this section. The
NRC staff determined that the issue, while new, is not significant. Section 4.10 contains the
discussion of this issue. The NRC staff has not identified any new and significant information,
beyond this issue identified by the applicant, during its independent review of NextEra’s ER, the
site visit, the scoping process, or its evaluation of other available information.

4.9.1.1 New Category 1 Human Health issues

As described in Section 1.4 of this SEIS, the NRC has approved a revision to its
environmental protection regulation, 10 CFR Part 51. With respect to the human health,
the revised rule amends Table B-1 in Appendix B, Subpart A, to 10 CFR Part 51 by adding
two new Category 1 issues, “Human health impact from chemicals” and “Physical
occupational hazards.” The first issue considers the impacts from chemicals to plant
workers and members of the public. The second issue only considers the non-
radiological occupational hazards of working at a nuclear power plant. An

4-8
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understanding of these non-radiological hazards to nuclear power plant workers and
members of the public have been well established at nuclear power plants during the
current licensing term. The impacts from chemical hazards are expected to be minimized
through the applicant’s use of good industrial hygiene practices as required by permits
and Federal and State regulations. Also, the impacts from physical hazards to plant
workers will be of small significance if workers adhere to safety standards and use
protective equipment as required by Federal and State regulations. The impacts to
human health for each of these new issues from continued plant operations are SMALL.

The NRC staff has not identified any new and significant information related to these
non-radiological issues during its independent review of NextEra’s ER, the site audit, and
the scoping process. Therefore, the NRC staff concludes that there would be no impact
to human health from chemicals or physical hazards beyond those impacts described in
Table B-1 in Appendix B, Subpart A, to 10 CFR Part 51 of the revised rule; therefore, the
impacts are SMALL.

Table 4.9-2. Category 1 issues applicable to radiological impacts of normal operations
during the renewal term

Issue—10 CFR Part 51, Subpart A, Appendix B, Table B-1 GEIS section
Human health

Radiation exposures to public (license renewal term) 4.6.2

Occupational radiation exposures (license renewal term) 46.3

According to the GEIS, the impacts to human health are SMALL, and additional plant-specific
mitigation measures are unlikely to be sufficiently beneficial to be warranted (Category 1
issues). These impacts are expected to remain SMALL through the license renewal term.

4.7-1-14.9.1.2 Radiological Impacts of Normal Operations

No changes to the text from the DSEIS issued in August 2011.
4.7.1-24.9.1.3 Seabrook Radiological Environmental Monitoring Program
No changes to the text from the DSEIS issued in August 2011.
4.7-1-34.9.1.4 Seabrook Radioactive Effluent Release Program

No changes to the text from the DSEIS issued in August 2011.

4.7.24.9.2 Microbiological Organisms

No changes to the text from the DSEIS issued in August 2011.
4.7-34.9.3 Electromagnetic Fields—Acute Shock

No changes to the text from the DSEIS issued in August 2011.
4.7-44.9.4 Electromagnetic Fields—Chronic Effects

No changes to the text from the DSEIS issued in August 2011.

4.84.10 Socioeconomics

No changes to the text from the DSEIS issued in August 2011.
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4.94.11 Evaluation of New and Potentially Significant Information

No changes to the text from the DSEIS issued in August 2011.

4104.12 Cumulative Impacts

No changes to the text from the DSEIS issued in August 2011.
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5.0 ENVIRONMENTAL IMPACTS OF POSTULATED ACCIDENTS

This chapter describes the environmental impacts from postulated accidents that Seabrook
Station (Seabrook) might experience during the period of extended operation. A more detailed
discussion of the severe accident mitigation alternative (SAMA) assessment is provided in
Appendix F. The term “accident” refers to any unintentional event outside the normal plant
operational envelope that results in a release or the potential for release of radioactive materials
into the environment. Two classes of postulated accidents are evaluated in the Generic
Environmental Impact Statement (GEIS) for License Renewal of Nuclear Power Plants prepared
by the U.S. Nuclear Regulatory Commission (NRC) (NRC 1996), as listed in Table 5.1-1. These
two classes include the following design-basis accidents (DBAs) and severe accidents.

Table 5.1-1. Issues related to postulated accidents

Two issues related to postulated accidents are evaluated under the National Environmental
Policy Act of 1969 (NEPA) in the license renewal review—DBAs and severe accidents.

Issues GEIS sections Category
DBAs 5.3.2;5.5.1 1
Severe accidents 5.3.3;5.3.3.2; 5.3.3.3; 5.3.3.4; 5.3.3.5; 54; 55.2 2

5.1 Design-Basis Accidents

In order to receive NRC approval to operate a nuclear power facility, an applicant for an initial
operating license must submit a safety analysis report (SAR) as part of its application. The SAR
presents the design criteria and design information for the proposed reactor and comprehensive
data on the proposed site. The SAR also discusses various hypothetical accident situations and
the safety features that prevent and mitigate accidents. The NRC staff reviews the application
to determine if the plant design meets the NRC’s regulations and requirements and includes, in
part, the nuclear plant design and its anticipated response to an accident.

DBAs are those accidents that both the applicant and the NRC staff evaluate to ensure that the
plant can withstand normal and abnormal transients and a broad spectrum of postulated
accidents, without undue hazard to the health and safety of the public. Many of these
postulated accidents are not expected to occur during the life of the plant but are evaluated to
establish the design basis for the preventative and mitigative safety systems of the facility.

Title 10, Part 50, of the U.S. Code of Federal Regulations (10 CFR Part 50) and

10 CFR Part 100 describe the acceptance criteria for DBAs.

The environmental impacts of DBAs are evaluated during the initial licensing process, and the
ability of the plant to withstand these accidents is demonstrated to be acceptable before
issuance of the operating license. The results of these evaluations are found in license
documentation such as the applicant’s final safety analysis report, the NRC staff's safety
evaluation report, the final environmental statement, and Section 5.1 of this supplement to the
draft supplemental environmental impact statement (DSEIS). An applicant is required to
maintain the acceptable design and performance criteria throughout the life of the plant,
including any extended-life operation. The consequences for these events are evaluated for the
hypothetical maximum exposed individual. Because of the requirements that continuous
acceptability of the consequences and aging management programs be in effect for license
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renewal, the environmental impacts, as calculated for DBAs, should not differ significantly from
initial licensing assessments over the life of the plant, including the license renewal period.
Accordingly, the design of the plant, relative to DBAs during the extended period, is considered
to remain acceptable; therefore, the environmental impacts of those accidents were not
examined further in the GEIS.

The NRC has determined that the environmental impacts of DBAs are of SMALL significance for
all plants because the plants were designed to successfully withstand these accidents.
Therefore, for the purposes of license renewal, DBAs are designated as a Category 1 issue in
10 CFR Part 51, Subpart A, Appendix B, Table B-1. The early resolution of the DBAs makes
them a part of the current licensing basis (CLB) of the plant. The CLB of the plant is to be
maintained by the applicant under its current license; therefore, under the provisions of

10 CFR 54.30, it is not subject to review under license renewal.

No new and significant information related to DBAs was identified during the review of the
NextEra Energy Seabrook (NextEra) Environmental Report (ER), the site visit, the scoping
process, or the NRC staff's evaluation of other available information. Therefore, there are no
impacts related to DBAs beyond those discussed in the GEIS.

5.2 Severe Accidents

Severe nuclear accidents are those that are more severe than DBAs because they could result
in substantial damage to the reactor core, whether or not there are serious offsite
consequences. In the GEIS, the staff assessed the impacts of severe accidents during the
license renewal period, using the results of existing analyses and information from various sites
to predict the environmental impacts of severe accidents for plants during the renewal period.
Severe accidents initiated by external phenomena—such as tornadoes, floods, earthquakes,
fires, and sabotage—have not traditionally been discussed in quantitative terms in the final
environmental impact statements and were not specifically considered for the Seabrook site in
the GEIS (NRC 1996). The GEIS, however, did evaluate existing impact assessments
performed by the NRC staff and by the industry at 44 nuclear plants in the U.S. It segregated all
sites into six general categories and then estimated that the risk consequences calculated in
existing analyses bound the risks for all other plants within each category. The GEIS further
concluded that the risk from beyond design-basis earthquakes at existing nuclear power plants
is designated as SMALL. The Commission believes that NEPA does not require the NRC to
consider the environmental consequences of hypothetical terrorist attacks on NRC-licensed
facilities. However, the NRC staff's GEIS for license renewal contains a discretionary analysis
of terrorist acts in connection with license renewal. The conclusion in the GEIS is that the core
damage and radiological release from such acts would be no worse than the damage and
release to be expected from internally initiated events. In the GEIS, the NRC staff concludes
that the risk from sabotage and beyond design-basis earthquakes at existing nuclear power
plants is designated as SMALL and that the risks from other external events are adequately
addressed by a generic consideration of internally initiated severe accidents (NRC 1996).
Based on information in the GEIS, the staff found the following to be true:

The generic analysis...applies to all plants and that the probability-weighted
consequences of atmospheric releases, fallout onto open bodies of water,
releases to groundwater, and societal and economic impacts of severe accidents
are of small significance for all plants. However, not all plants have performed a
site-specific analysis of measures that could mitigate severe accidents.
Consequently, severe accidents are a Category 2 issue for plants that have not
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performed a site-specific consideration of severe accident mitigation and
submitted that analysis for Commission review.

The staff identified no new and significant information related to postulated accidents during the
review of NextEra’s ER, the site audit, the scoping process, or evaluation of other available
information. Therefore, there are no impacts related to postulated accidents beyond those
discussed in the GEIS. In accordance with 10 CFR 51.53(c)(3)(ii)(L), however, the NRC staff
has reviewed SAMAs for Seabrook. Review results are discussed in Section 5.3.

5.3 Severe Accident Mitigation Alternatives

Under 10 CFR 51.53(c)(3)(ii)(L), license renewal applicants must consider alternatives to
mitigate severe accidents if the staff has not previously evaluated SAMAs for the applicant’s
plant in an environmental impact statement (EIS) or related supplement or in an environmental
assessment. The purpose is to ensure that potentially cost-beneficial, aging-related plant
changes (i.e., hardware, procedures, and training) with the potential for improving severe
accident safety performance are identified and evaluated. SAMAs have not been previously
considered by NextEra, for Seabrook; therefore, the remainder of Section 5.3 addresses those
alternatives.

NextEra submitted an assessment of SAMAs for Seabrook as part of the ER (NextEra 2010),
based on the most recently available Seabrook probabilistic risk assessment (PRA). This
assessment is supplemented by a plant-specific offsite consequence analysis performed using
the Methods for Estimation of Leakages and Consequences of Releases (MELCOR) Accident
Consequence Code System 2 (MACCS2) computer code and insights from the Seabrook
individual plant examination (IPE) (NHY 1991) and individual plant examination of external
events (IPEEE) (North Atlantic Energy Service Corp. (NAESC) 1992). In identifying and
evaluating potential SAMAs, NextEra considered SAMAs that addressed the major contributors
to core damage frequency (CDF) and large early release frequency (LERF) at Seabrook, as well
as a generic list of SAMA candidates for pressurized-water reactor (PWR) plants identified from
other industry studies. In the original ER, NextEra identified 191 potential SAMA candidates. |
This list was reduced to 74 SAMA candidates by eliminating SAMAs for the following reasons:

. Seabrook has a different design.

. The SAMA has already been implemented at Seabrook.

. The intent of the SAMA has already been met at Seabrook.

o The SAMA has been combined with another SAMA candidate that is similar in nature.
° Estimated implementation costs would exceed the dollar value associated with

eliminating all severe accident risk at Seabrook.

. The SAMA would be of very low benefit as it is related to a non-risk significant system.

NextEra assessed the costs and benefits associated with each of these 74 potential SAMAs and
concluded in the ER that several of the candidate SAMAs evaluated are potentially cost
beneficial.

Based on its review, the NRC staff issued requests for additional information (RAls) to NextEra
(NRC 2010a, 2011b). NextEra’s responses addressed the NRC staff’'s concerns and resulted in
the identification of additional potentially cost-beneficial SAMAs (NextEra 2011a, 2011b;

NRC 2011a).
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Subsequent to the RAI responses, NextEra submitted a supplement to the ER that
incorporated updates to the PRA model (NextEra 2012a). NextEra identified four
additional SAMA candidates that could be cost beneficial. The supplement to the ER
assessed the costs and benefits of these additional SAMA candidates and reassessed
the costs and benefits of the previously-identified SAMA candidates. The result of this
analysis and reassessment is one additional potentially cost-beneficial SAMA. Based on
its review of this supplement, the NRC staff issued RAIls to NextEra (NRC 2012a).
NextEra’s responses addressed the NRC staff’s concerns (NextEra 2012b; NRC 2012b).

5.3.1 Risk Estimates for Seabrook

NextEra combined two distinct analyses to form the basis for the risk estimates used in the
SAMA analysis—(1) the Seabrook Level 1 and 2 PRA model, which is an updated version of the
IPE (NHY 1991), and (2) a supplemental analysis of offsite consequences and economic
impacts (essentially a Level 3 PRA model) developed specifically for the SAMA analysis." The
SAMA analysis is based on the most recent Seabrook Level 1 and Level 2 PRA models
available at the time of the ER, referred to as SSPSS-2011 (the model-of-record used to support
SAMA evaluation). The scope of this Seabrook PRA includes both internal and external events.

Table 5.3-1 indicates the Seabrook CDF, based on initiating events, for internal events (plus
internal and external flooding and severe weather), fires, and seismic events
(NextEra 2012a, 2012b).

Table 5.3-1. Seabrook CDF for internal and external events

Initiating event oly (a) “ Contritmt)ion to
(per year) total CDF

Loss of offsite power (LOOP)—due to weather'® 6.8x107 4.5x10°° 610

Flood in relay room from high-energy line break (HELB)' 5.9x107 9.5x107 56

Steam generator tube rupture (SGTR) 5.7x107 5

Reactor trip—condenser available 5.4x107 9.3x107 46

Medium loss-of-coolant accident (LOCA) 5.3x107 4

LOOP due to grid-related events 4.5x1079.0x107 46

Flood in )yard due to service water (SW) common return 4.1x1078.4x107 35

rupture®

Loss of essential alternating current (AC) power 4 kV bus 3.2x1077.3x107 35

Steam-generator-tube-rupture{SGTR) 5.0%107 4

Loss of primary component cooling water system (PCCW) B train ~ 3.0x1075.3x10™ 34

Loss of PCCW system A train 2.3x1073.9x10” 23

' The NRC uses PRA to estimate risk by computing real numbers to determine what can go wrong, how likely is it, and what are its
consequences. Thus, PRA provides insights into the strengths and weaknesses of the design and operation of a nuclear power
plant. For the type of nuclear plant currently operating in the U.S., a PRA can estimate three levels of risk. A Level 1 PRA
estimates the frequency of accidents that cause damage to the nuclear reactor core. This is commonly called CDF. A Level 2 PRA,
which starts with the Level 1 core damage accidents, estimates the frequency of accidents that release radioactivity from the nuclear
power plant. A Level 3 PRA, which starts with the Level 2 radioactivity release accidents, estimates the consequences in terms of
injury to the public and damage to the environment. (http://www.nrc.gov/about-nrc/regulatory/risk-informed/pra.html)
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Initiating event o) (a) 7o Contrib(;.gion to
(per year) total CDF

Ma_jor_ flood, rug)ture of SW Train A in primary auxiliary 2.2x1073.5x107 2

building (PAB)

LOOP due to switchyard 2.1x107 3.4x107 2

Large flood, rupture SW Train A piping in PAB® 2.0x107 3.4x197 2

Large flood, rupture SW Train B piping in PAB® 2.0x1073.3x407 2

Major flood, rupture of SW Train B in PAB'® 2.0x1072.5x407 2

Major flood, rupture of fire protection piping in turbine 1.8x1072.5x107

building impacting offsite power®® 2

Loss of Train B essential AC Power (4 kV Bus -E6) 1.6x1074.9x107 1

Large flood, rupture of SW common return piping in PAB" 1.4x1074.7x107 1

Large LOCA 3.4x107 2

Other internal events'” 1.6x10°4-0x10° 137

Total internal events CDF” 7.8x10°4.4x10° 6470

Fire Initiating Event

Fire in control room—power--operated relief valve (PORV) 3.6x1073.72x10” 32
LOCA

Fire in switchgear (SWGR) room B—loss of Bus E6 3.5x1073.7107 32
Fire SWGR room A—loss of Bus E5 3110724407 21
Fire control room—AC power loss 1.8x1074.4x107 1
Other fire events'® 3.8x1072.3x107 2
Total fire events CDF'” 1.4x10°4.3x10° 19

Seismic Initiating Event

Seismic 0.7 g transient event 9.3x1079.2x107 86 |
Seismic 1.0 g transient event 8.9x1078.7x107 76 |
Seismic 1.4 g transient event 3.6x107 32 |
Seismic1-0-g-anticipated-transient without seram-(ATWS) 14407 1 |
Seismic+-4-glarge LOCA 14407 1 |
Seismie0-7-g ATWS 1.0x1407 1 |
Seisric-1.0-glarge LOCA 8.9x10® El |
Other seismic events'®” 8.8x1074.9x10™ 73 |
Total seismic events CDF(d) 3.1x10-6 2521 |
Total CDF (internal and external events)'® 1.2x107°4:5x407° 100
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CDF % Contribution to

Initiating event (per year)(a’ total CDF@

[References were revised, and only new text is provided below.]
@ Individual percent contributions may not sum exactly to subtotals due to round off.

® Optained by subtracting the sum of the internal initiating event contributors to internal event CDF from the total internal
events CDF.

© Obtained by subtracting the sum of the fire initiating event contributors to fire event CDF from the total fire events CDF.

@ Optained by subtracting the sum of the seismic initiating event contributors to seismic event CDF from the total seismic
events CDF.

© NextEra explained in response to an RAI the difference in the frequencies reported for many initiating events for the 2006
and 2011 PRA models. The total internal events CDF in the 2011 model decreased slightly as a result of model
enhancements, the internal flooding CDF increased as result of a more detailed flooding analysis, and the severe weather
CDF decreased primarily due to the incorporation of more recent data (NextEra 2012b).

The Level 2 Seabrook PRA model that forms the basis for the SAMA evaluation is an updated
version of the Level 2 IPE model (New Hampshire Yankee (NHY1991) and IPEEE model
(NAESC 1992), using a single containment event tree (CET) to address both phenomenological
and systemic events. The Level 1 core damage sequences are linked directly with the CET, for
which the quantified sequences are binned into a set of 2144 release categories, which are
subsequently grouped into 1340 source term categories that provide the input to the Level 3
consequence analysis (NextEra 2012a). Source terms were developed using the results of
Modular Accident Analysis Program (MAAP), Version 4.0.7 computer code calculations. The
offsite consequences and economic impact analyses use the MACCS2 code to determine the
offsite risk impacts on the surrounding environment and public. Inputs for these analyses
include plant-specific and site-specific input values for core radionuclide inventory, source term
and release characteristics, site meteorological data, projected population distribution within an
50-mi (80-km) radius for the year 2050, emergency response evacuation planning, and
economic parameters. The core radionuclide inventory corresponds to the end-of-cycle values
for Seabrook operating at 3,659 MWHt, which is slightly above the current licensed power level of
3,648 MWt. The magnitude of the onsite impacts (in terms of cleanup and decontamination
costs and occupational dose) is based on information provided in NUREG/BR-0184

(NRC 1997a). NextEra estimated the dose to the population within 80 km (50 mi) of the
Seabrook site to be approximately 37.8-140-7 person-rem (0.378-107 person-Sievert (Sv)) per
year, as shown in Table 5.3-2 (NextEra 2012a).

Table 5.3-2. Breakdown of population dose by containment release mode

Containment release mode Population dose (Person-rem® per year) % Contribution
Small early releases 1.753 549

Large early releases 1.7 46 415

Large late releases" 34.438 91-36

Intact containment negligible negligible

Total 37.8 107 100

@ One person-rem = 0.01 person-Sv

® Includes small early containment penetration failure to isolate and large late containment basemat failure (SELL).
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5.3.2 Adequacy of Seabrook PRA for SAMA Evaluation

The first Seabrook PRA was completed in December 1983 to provide a baseline risk
assessment and an integrated plant and site model for use as a risk management tool. This
model was subsequently updated in 1986, 1989, and 1990, with the last update used to support
the IPE. Based on its review of the Seabrook IPE, as described in an NRC report dated

March 1, 1992 (NRC 1992), the NRC staff concluded that the IPE submittal met the intent of
generic letter (GL) 88-20, “Individual Plant Examination for Severe Accident Vulnerabilities”
(NRC 1988). Although no severe accident vulnerabilities were identified in the Seabrook IPE,
14 potential plant improvements were identified. Four of the improvements have been
implemented. Each of the 10 improvements not implemented is addressed by a SAMA in the
current evaluation. The internal events CDF value from the 1991 Seabrook IPE (6.1x10° per
year) is near the average of the range of the CDF values reported in the IPEs for Westinghouse
four-loop plants, which ranges from about 3x10® per year to 2x10* per year, with an average
CDF for the group of 6x10™ per year (NRC 1997b). It is recognized that plants have updated
the values for CDF subsequent to the IPE submittals to reflect modeling and hardware changes.
Based on CDF values reported in the SAMA analyses for LRAs, the internal events CDF result
for Seabrook used for the SAMA analysis (7.8x10° +-4<10 -per year, including internal and
external flooding) is somewhat lower than that for most other plants of similar vintage and
characteristics.

There have been 1140 revisions to the IPE model since the 1991 IPE submittal, and 3 revisions
to the PRA model, from the original 1983 PRA model to the 1990 update used to support the
IPE submittal. The SSPSA-2011 model was used for the SAMA analysis. NextEra identified
the major changes in each revision of the PRA, with the associated change in internal and
external event CDF (NextEra 2010, 2011a, 2012a). A comparison of the internal events CDF
between the 1991 IPE and the 2011 PRA model used for the SAMA evaluation indicates a
decrease of approximately 8782 percent (from 6.1x10” per year to 7.8x10°4-4x107 per year).
The external events CDF has increased by approximately 25 percent since the 1993 IPEEE
(from 3.6x107 per year to 4.5x10™ per year).

The Seabrook PRA model is an integrated internal and external events model that has
integrated seismic-initiated, fire-initiated, and external flooding-initiated events with internal
events since the initial 1983 PRA (NextEra 2011a). The external events models used in the
SAMA evaluation are essentially those used in the IPEEE, with the exception of the seismic
PRA model, which underwent a major update for the SSPSA-2005 model. The Seabrook
IPEEE was submitted on October 2, 1992 (NAESC 1992), in response to Supplement 4 of

GL 88-20 (NRC 1991). The submittal used the same PRA as was used for the IPE

(i.e., SSPSA-1990) except for updates to the external events. No fundamental weaknesses or
vulnerabilities to severe accident risk with regard to external events were identified.
Improvements that have already been realized as a result of the IPEEE process minimized the
likelihood of there being cost-beneficial enhancements as a result of the SAMA analysis,
especially with the inclusion of a multiplier to account for the additional risk of seismic events. In
a letter dated May 2, 2001, the NRC staff concluded that the submittal met the intent of
Supplement 4 to GL 88-20, and the applicant’s IPEEE process is capable of identifying the most
likely severe accidents and severe accident vulnerabilities (NRC 2001).

Internal Events CDF

NextEra identified three peer reviews that have been performed on the PRA—a
1999 Westinghouse Owner’s Group (WOG) certification peer review, a 2005 focused peer
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review against the American Society of Mechanical Engineers (ASME) PRA standard

(ASME 2003; NextEra 2010) and a 2009 peer review of the internal flood model against the
ASME PRA standard (ASME 2009; NextEra 2012a). None of the peer reviews included
examination of external flooding, fire, or seismic hazards. The 1999 certification peer review
identified 30 Category A and B facts and observations (F&O), and the 2005 focused peer review
identified 4 Category A and B F&0Os.? NextEra provided the resolution of each of the 34 F&Os
and stated that all have been dispositioned and implemented in the PRA model (NextEra 2010).
NextEra also stated that there were no Category A and three Category B F&Os from the
2009 peer review, all of which were resolved and implemented in the PRA model

(NextEra 2012a). NextEra explained that many other internal reviews including
vendor-assisted reviews have been performed on specific model updates and that comments
from these reviews, along with plant changes and potential model enhancements, are tracked
through a model change database to ensure that the comments are addressed in the periodic
update process (NextEra 2011a).

Consistent with the requirements of the ASME 2009 PRA standard (ASME 2009), NextEra
maintains PRA quality control at Seabrook via an existing administrative procedure that defines
the quality control process for PRA updates and ensures that the PRA model accurately reflects
the current Seabrook plant design, operation, and performance (NextEra 2011a). The quality
control process includes monitoring PRA inputs for new information, recording new applicable
information, assessing significance of new information, performing PRA revisions, and
controlling computer codes and models. NextEra also stated that the PRA training qualification
is performed as part of the Engineering Support Personnel Training Program. Given that the
Seabrook internal events PRA model has been peer-reviewed, and the peer review findings
were all addressed, and that NextEra has satisfactorily addressed NRC staff questions
regarding the PRA, the NRC staff concludes that the internal events Level 1 PRA model is of
sufficient quality to support the SAMA evaluation.

Seismic CDF

The Seabrook IPEEE seismic analysis used a seismic PRA following NRC guidance
(NRC 1991). The seismic PRA included the following:

. a seismic hazard analysis (based on the EPRI (1988) and the Lawrence Livermore
National Laboratory (LLNL) (NRC 1994) hazard curves),

° a seismic fragility assessment,

° seismic quantification to yield initiating event frequencies and conditional system failure

probabilities, and

o plant model assembly to integrate seismic initiators and seismic-initiated component
failures with random hardware failures and maintenance unavailabilities.

The seismic CDF resulting from the Seabrook IPEEE was calculated to be 1.2x107° per year
using a site-specific seismic hazard curve, with sensitivity analyses yielding 1.3x10™ per year
using the LLNL seismic hazard curve and 6.1x10° per year using the EPRI seismic hazard
curve. The Seabrook IPEEE did not identify any vulnerability due to seismic events but did
identify two plant improvements to reduce seismic risk. Neither of the two improvements has

% Now termed a “Finding,” a Category A or B F&Os is an “observation (an issue or discrepancy) that is necessary to address to
ensure: [1] the technical adequacy of the PRA ... [2] the capability/robustness of the PRA update process, or [3] the process for
evaluating the necessary capability of the PRA technical elements (to support applications).” (Nuclear Energy Institute (NEI) 05-04,
“Process for Performing Internal Events PRA Peer Reviews Using the ASME/ANS PRA Standard,” Revision 2, 2008)
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been implemented. Each of the two improvements is addressed by a SAMA in the current
evaluation.

Subsequent to the IPEEE, NextEra updated the seismic PRA analysis. These updates included
expanding fragility analysis, with additional components; using the more current EPRI uniform
hazard spectrum (UHS); and improving modeling and documentation of credited operator
actions.

NextEra stated that extensive internal technical reviews of the seismic PRA analysis were
performed for the original 1983 PRA and again when the seismic analysis was revised for the
IPEEE and when the seismic analysis was revised for the SSPSA-2005 PRA model update. No
significant comments were documented from these reviews, and no formal peer reviews have
been conducted on the seismic PRA model (NextEra 2011a). In response to an NRC staff
request to assess the impact on the SAMA evaluation of updated seismic hazard curves
developed by the U.S. Geological Survey (USGS) in 2008 (USGS 2008), NextEra provided a
revised SAMA evaluation using a multiplier of 2.1 to account for the maximum estimated
seismic CDF for the Seabrook of 2.2x107° per year. This was noted in the attachments to NRC
Information Notice 201078, generic issue (Gl) 199, “Implications of Updated Probabilistic
Seismic Hazard Estimates in Central and Eastern United States on Existing Plants”

(NRC 2010a, 2010b; NextEra 2011a, 2011b, 2012a). Note that, in the process of estimating an
appropriate multiplier, NextEra considered that the estimated seismic CDF of 2.2x107° per year
did not credit the installation of the supplemental electrical power system (SEPS) diesel
generators (DGs) in 2004, which, based on a subsequent PRA estimate, reduced seismic CDF
by 26 percent. Therefore, in estimating the multiplier, NextEra first reduced the 2.2x10~° per
year estimate for seismic CDF by 26 percent to 1.6 x 10™° per year. Using a seismic CDF

of 1.6 x 10°° per year, the total CDF equates to 2.5 x 10 per year or 2.1 times the total
CDF from Table 5.3-1 (1.2 x 10°° per year).

The NRC staff concludes that the seismic PRA model, in combination with the use of a seismic
events multiplier of 2.1, provides an acceptable basis for identifying and evaluating the benefits
of SAMAs. This conclusion is based on the fact that the Seabrook seismic PRA model is
integrated with the internal events PRA, the seismic PRA has been updated to include
additional components and to extend the fragility screening threshold, the SAMA evaluation was
updated using a multiplier to account for a potentially higher seismic CDF, and NextEra has
satisfactorily addressed NRC staff RAIls regarding the seismic PRA.

Fire CDF

The Seabrook IPEEE fire analysis employed EPRI’s fire-induced vulnerability evaluation (FIVE)
methodology (Electric Power Research Institute (EPRI) 1992) based on definitions of

Appendix R fire areas for Seabrook. Qualitative and quantitative screening was performed to
determine that 13 of the 73 fire areas contained important equipment (pumps, valves, and
cabling, etc.). These were further assessed. Final quantification used the Seabrook IPE PRA
model to calculate a fire-induced CDF of 1.2x10° per year. While no physical plant changes
were found to be necessary as a result of the IPEEE fire analysis, potential plant improvements
to reduce fire risk were identified—of which, four have been implemented. The one
improvement not implemented is addressed by a SAMA in the current evaluation.

NextEra updated the fire PRA, subsequent to the IPEEE, in support of the SSPSS-2004 PRA
update. NextEra stated that the fire analysis methodology used was essentially the same, with
some variations, as that described previously for the IPEEE fire analysis (NextEra 2011a).
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NextEra stated that extensive internal technical reviews of the fire PRA analysis were
performed for the original 1983 PRA and, again, when the fire analysis was revised for the
IPEEE and when the fire analysis was revised for the SSPSS-2005 PRA model update. No
significant comments were documented from these reviews, and no formal peer reviews have
been conducted on the fire PRA model (NextEra 2011a). Considering that the Seabrook fire
PRA model is integrated with the internal events PRA, that the fire PRA has been updated to
include more current data, and that NextEra has satisfactorily addressed NRC staff RAls
regarding the fire PRA, the NRC staff concludes that the fire PRA model provides an acceptable
basis for identifying and evaluating the benefits of SAMAs.

“Other” External Event CDF

The Seabrook IPEEE analysis of “other” external events included high winds, external floods,
transportation accidents, etc. (HFO events), and it followed the screening and evaluation
approaches specified in Supplement 4 to GL 88-20 (NRC 1991), concluding that Seabrook met
the 1975 Standard Review Plan (SRP) criteria (NRC 1975b). The following external event
frequencies exceeded the 1.0x10® per year screening criterion (NAESC 1992):

o flooding resulting from a storm surge caused by a hurricane, which is modeled in the
PRA (NextEra 2010) and reported to contribute 2x10® per year to the total Seabrook
CDF, and

. a truck crash into the SF6 transmission lines, which has been mitigated by the

installation of jersey barriers and guard rails and that, as a result, has been screened
from the PRA model (NextEra 2011a).

While no physical plant changes were found to be necessary as a result of the IPEEE HFO
analysis, one plant improvement based on HFO analysis was recommended, but this has
already been implemented (NextEra 2011a). The Seabrook IPEEE submittal also stated that,
as a result of the Seabrook IPE, cost-benefit analyses were being performed for many potential
plant improvements, which may also collaterally reduce external event risk. Four of these five
potential plant improvements have been implemented, and the fifth is addressed by a SAMA in
the current evaluation.

Level 2 and LERF

To translate the results of the Level 1 PRA into containment releases, as well as the results of
the Level 2 analysis, NextEra significantly revised the 2005 PRA update (i.e., PRA model
SSPSS-2005) from that used in the IPE to reflect the Seabrook plant as designed and operated
as of 2006. NextEra explained that the quantification of the Level 1 and Level 2 models is done
using a linked event tree method approach that does not employ plant damage states

(NextEra 2011a). Therefore, all Level 1 sequences are evaluated by the CET. The Level 2
model is a single CET and evaluates the phenomenological progression of all the Level 1
sequences including internal, fire, and seismically initiated events. It has 37 branching events,
for each of which the split fraction is determined based on the type of event. End states
resulting from the combinations of the branches are then assigned to one of 2146 release
categories based on characteristics that determine the timing and magnitude of the release,
whether or not the containment remains intact, and isotopic composition of the released
material. The quantified CET sequences are subsequently grouped into 4013 source term
categories by grouping those that occur due to different phenomena but for which the
consequence is essentially the same. Eight of the release categories were mapped
one-to-one into a corresponding source term category while 13 release categories were

5-10
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mapped into five combined source term categories. These 13 source term categories
provide the input to the Level 3 consequence analysis.

Source terms were developed for each of the source term categories. The release fractions and
timing for 5-ef-the40-source term categories are based on the results of plant-specific
calculations using the MAAP Version 4.0.7. NextEra generally selected the representative
MAAP case based on that which resulted in the most realistic timing and source term release.
For four of the combined source term categories, the source term for the release
category having the highest (dominant) release frequency was used as the source term
for the combined category. In the fifth combined source term category, one of the
contributors had the most significant source term and the highest frequency so it was
selected as the representative case.

The current Seabrook Level 2 PRA model is an update of that used in the IPE, which did not
identify any severe accident vulnerabilities associated with containment performance. The NRC
staff’'s review of the IPE back-end (i.e., Level 2) model concluded that it appeared to have
addressed the severe accident phenomena normally associated with large dry containments,
that it met the IPE requirements, and that there were no obvious or significant problems or
errors. The LERF model was included in the 1999 industry peer review. All F&Os from this
review have been dispositioned and implemented in the PRA model. NextEra explained that
the apparently very low LERF for Seabrook (1.2x10” per year in the SSPSS-2006 model, which
is less than 1 percent of the CDF) results from the very large-volume and strong containment
building in comparison to most other nuclear power plant containment designs (NextEra 2011a),
such that there are no conceivable severe accident progression scenarios that result in
catastrophic failure early in the accident sequence. The NRC staff considers NextEra’s
explanation reasonable. Based on the NRC staff’s review of the Level 2 methodology, the NRC
staff concludes that NextEra has adequately addressed NRC staff RAls, that the LERF model
was reviewed in more detail as part of the 1999 WOG certification peer review, and that all
F&Os have been resolved. Therefore, the NRC staff concludes that the Level 2 PRA provides
an acceptable basis for evaluating the benefits associated with various SAMAs.

Level 3—Population Dose

NextEra extended the containment performance (Level 2) portion of the PRA to assess offsite
consequences (essentially a Level 3 PRA) via Version 1.13.1 of the MACCS2 code, including
consideration of the source terms used to characterize fission product releases for the
applicable containment release categories and the major input assumptions used in the offsite
consequence analyses (NRC 1998). Plant-specific input to the code included the following:

. the source terms for each release category,

. the reactor core radionuclide inventory,

. site-specific meteorological data for the year 2005,

. projected population distribution within an 80-km (50-mi) radius for the year 2050, based
on year 2000 census data from SECPOP2000 (NRC 2003),

. emergency evacuation planning, using only 95 percent of the population (conservative
relative to NUREG-1150, which assumed 99.5 percent (NRC 1990)), and

. economic parameters including agricultural production.

Multiple sensitivity cases were run, including the following:

5-11
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° releases at ground level and 25 percent, 50 percent, and 75 percent of the containment
building height (baseline is release at the top of containment),

° release plumes with 1 and 10 MW heat release,

. factor-of-two scaling of containment building wake effects,

. annual meteorological data from 2004 through 2008,

. variations in evacuation parameters, such as percent of population, evacuation speed,

and delay time, and

° variations in sea-breeze circulation assumptions.

NextEra’s results showed only minor variations from the baseline for these sensitivities, which is
consistent with previous SAMA analyses. The NRC staff concludes that the methodology used
by NextEra to estimate the offsite consequences for Seabrook provides an acceptable basis
from which to proceed with an assessment of risk reduction potential for candidate SAMAs.
Accordingly, the NRC staff based its assessment of offsite risk on the CDF and offsite doses
reported by NextEra.

5.3.3 Potential Plant Improvements

NextEra’s process for identifying potential plant improvements (SAMAs) consisted of the
following elements:

. review of the most significant basic events from the 2011 plant-specific PRA, which was
the most current PRA model at the time the SAMA evaluation was performed,

. review of potential plant improvements identified in the Seabrook IPE and IPEEE,

. review of other industry documentation discussing potential plant improvements, and

. insights from Seabrook personnel.

Based on this process, an initial set of 195-194 candidate “Phase I” SAMAs was identified, for
which NextEra performed a qualitative screening to eliminate ones from further consideration
using the following criteria:

. The SAMA is not applicable to Seabrook due to design differences (19 SAMAs
screened).

. The SAMA has already been implemented at Seabrook or the Seabrook meets the intent
of the SAMA (87 SAMAs screened).

. The SAMA is similar to another SAMA under consideration (11 SAMAs screened).

. The SAMA has estimated implementation costs that would exceed the dollar value
associated with eliminating all severe accident risk at Seabrook (no SAMA screened).

. The SAMA was determined to provide very low benefit (no SAMA screened).

Based on this screening, 117 SAMAs were eliminated, leaving 78-74 for detailed evaluation in
Phase II. In Phase Il,- a detailed evaluation was performed for each of the remaining 78 SAMA
candidates. NextEra accounted for the potential risk reduction benefits associated with each
SAMA by quantifying the benefits using the integrated internal and external events PRA model.
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The NRC staff reviewed NextEra’s process for identifying and screening potential SAMA
candidates, as well as the methods for quantifying the benefits associated with potential risk
reduction. This included reviewing insights from the plant-specific risk studies, reviewing plant

improvements

considered in previous SAMA analyses, and explicitly treating external events

in the SAMA identification process. The NRC staff concludes that NextEra used a systematic
and comprehensive process for identifying potential plant improvements for Seabrook, and the
set of SAMAs evaluated in the ER, together with those evaluated in response to NRC staff
inquiries, is reasonably comprehensive; therefore, it is acceptable.

5.3.3.1 Risk Reduction

NextEra evaluated the risk-reduction potential of the 78 SAMAs retained for the Phase Il
evaluation, which includes the risk-reduction potential of additional SAMAs identified in
the 2012 SAMA supplement (NextEra 2012a) and in response to NRC staff RAls

(NextEra 2012b). NextEra used model re-quantification to determine the potential benefits
based on the SSPSS-2011 PRA model. The majority of the SAMA evaluations were performed
in a bounding fashion in that the SAMA was assumed to eliminate the risk associated with the
proposed enhancement. On balance, such calculations overestimate the benefit and are
conservative. The NRC staff reviewed NextEra’s bases for calculating the risk reduction for the
various plant improvements and concludes that the rationale and assumptions are reasonable
and generally conservative (i.e., the estimated risk reduction is higher than what would actually
be realized). Accordingly, the NRC staff based its estimates of averted risk for the various
SAMAs on NextEra’s risk reduction estimates.

5.3.3.2 CostImpacts

NextEra developed plant-specific costs of implementing the 78 Phase Il candidate SAMAs using
an expert panel—composed of senior plant staff from the PRA group, the design group,
operations, and license renewal—with experience in developing and implementing modifications
at Seabrook. In most cases, detailed cost estimates were not developed because of the large
margin between the estimated SAMA benefits and the estimated implementation costs

(NextEra 2011a). The cost estimates, conservatively, did not specifically account for inflation,

contingencies,

implementation obstacles, or replacement power costs (RPC). The NRC staff

reviewed the bases for the applicant’s cost estimates and, for certain improvements, compared
the cost estimates to estimates developed elsewhere for similar improvements, including
estimates developed as part of other applicants’ analyses of SAMAs for operating reactors and
advanced light-water reactors. The NRC staff concludes that the cost estimates provided by
NextEra are sufficient and appropriate for use in the SAMA evaluation.

5.3.3.3 Cost-Benefit Comparison

The methodology used by NextEra was based primarily on NRC’s guidance for performing
cost-benefit analysis (i.e., NUREG/BR-0184, Regulatory Analysis Technical Evaluation
Handbook (NRC 1997a)). The guidance involves determining the net value for each SAMA
according to the following formula:

Net Value = (APE + AOC + AOE + AOSC) — COE

where:

APE = present value of averted public exposure ($)

AOC = present value of averted offsite property damage costs ($)
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AOE = present value of averted occupational exposure costs ($)
AOSC = present value of averted onsite costs ($)

COE = cost of enhancement ($)

If the net value of a SAMA is negative, the cost of implementing the SAMA is larger than the
benefit associated with the SAMA, and it is not considered cost beneficial. Present values for
both a 3 percent and 7 percent discount rate were considered. Using the NUREG/BR-0184
methods, NextEra estimated the total present dollar value equivalent associated with eliminating
severe accidents from internal and external events at Seabrook to be about $3.05 million
819,000. Use of a multiplier of 2.1 to account for the additional risk from seismic events
in the sensitivity analysis increases the value to $6.4 million. This represents the dollar
value associated with completely eliminating all internal and external event severe
accident risk at Seabrook, and it is also referred to as the maximum averted cost risk
(MACR).

If the implementation costs for a candidate SAMA exceeded the calculated benefit, the SAMA
was considered not to be cost beneficial. In the baseline analysis (using a 7 percent discount
rate), NextEra identified three-ene potentially cost-beneficial SAMAs (SAMA 157, 165, and 192,
see Table 5.3-3). Based on the consideration of analysis uncertainties, NextEra identified three
one additional potentially cost-beneficial SAMAs (SAMA 164, 172, and 493195, see

Table 5.3-3). In addition, as a result of the sensitivity analysis using a multiplier of 2.1 to
account for the additional risk from seismic events, NextEra identified one additional cost-
beneficial SAMA (SAMA 193, see Table 5.3-3).

The seven-feur potentially cost-beneficial SAMAs are discussed in Section 5.3.4. The NRC
staff notes that these are included within the set of SAMAs that NextEra plans to enter into the
Seabrook long-range plan development process for further implementation consideration. The
NRC staff concludes that, with the exception of the seven-four potentially cost-beneficial
SAMAs, the costs of the other SAMAs evaluated would be higher than the associated benefits.

5.3.4 Cost-Beneficial SAMAs

Highlighted in bold italics in Table 5.3-3 are the potentially cost-beneficial SAMAs (157, 164,
165, 172, 192, 193, and 195).

Table 5.3-3. SAMA cost-benefit Phase-Il analysis for Seabrook

o D
o B Total benefit ($)

Analysis case & reduction
applicable SAMAs . . .
(where multiples, only glsosier::gons Basﬁ:'l:teié‘;;':rl; el Cost ($)
number & minimum coF | PoP:
cost are listed) dose Internal + with

External uncertainty
No station blackout Eliminate failure 22 642 220K (470K) 525K 1.75M >1-0M
(SBO): of the emergency 27 160K(330K  (1.1M) (minimum of six)
Six.Eive SAMAS diesel generators 300K (620K

analyzed (EDGs)
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o Di
g R's.k Total benefit ($)
Analysis case & reduction
applicable SAMAs . . .
(where multiples, only MOde"nq Basellne_ (Vf"th = Cost ($)
i assumptions multiplier)
number & minimum coF | PoP:
cost are listed) dose ||nternal+ | with
External uncertainty
No LOOP: Eliminate LOOP 18 17-36 530K (1.2M) 1.2M (2.7M) >3M 2:4M (minimum
ThreeEive SAMAS events 42 340K-FOBK B4OK of three)
analyzed (4-3M;
No loss of 4 kV in-feed Eliminate failure 1 <1 8K (17K) 15K (32K)  Screened
breakers: of the 4 kV bus
#21—Develop in-feed breakers
procedures to repair or
replace failed 4 kV
breakers
No loss of high-pressure  Eliminate failure 22 3452 1.1M (2.3M) 2.5M (5.3M) 8.8M=5.0M (minimum
injection (HPI): of the HPI system 68 470K{(980K  890KL{1-9M of boththree)
Two-Three SAMAs
analyzed
No loss of low-pressure Eliminate failure 244+ 229 68K (140K) 160K >1M-1-0M
injection: of the low- 160K(340K  (340K)
#28—Add a diverse zressure injection 300K (640K
L ystem
low-pressure injection
system
No depletion of reactor Eliminate RWST 13 1042 310K (655K) 730K >3M-1-0M (minimum
water storage tank running out of 28 160K(330K  (1.5M) of both)
(RWST): water 300KA(630K
Two SAMAs analyzed
Reduce common cause Eliminate <1 0 <1K (<1K) <1K (1K) >5M
failure of the safety dependency of
injection (safety the existing
injectionSl) system: intermediate
#39—Replace two of he?d S pump
. trains on AC
the four electric SI power
pumps with diesel-
powered pumps
No small LOCAs: Eliminate all 27 12 27K (57K) 64K (130K) >1M 4-0M
#41—Create a reactor ZTearlltsl,_ OCA E 63K
coolant depressurization
system
No direct current (DC) Eliminate the <24 04 11K (24K) 26K (55K)  >100K
dependence for SW: dependence of Ao JOKA40K

#43—Add redundant DC
control power for SW
pumps

the SW pumps
on DC power
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o Di
g R's.k Total benefit ($)
Analysis case & reduction
applicable SAMAs M - . .
. odeling Baseline (with 2.1
e multn_pl_es, il assumptions multiplier) Cost (3)
number & minimum CDF Pop.
cost are listed) dose Tl £ with
External uncertainty
No loss of component Eliminate failure 14 31 920K (1.9M) 2.15M >6M
cooling water (CCW): of the CCW (4.6M)
#44—Replace pumps
emergency core
cooling system (-ECCS)
pump motors with air-
cooled motors
No failure of support Eliminate 28 34 23 1.0M (2.2M) 2.45M >6.4M-4+-6M (minimum
systems for core spray failures of 25 180K(380K  (5.2M) of six-beth)
(CS) division B of HPI:  support Lol
. systems (e.g.,
SixTwe SAMAs analyzed AC and DC
power, cooling)
for division B of
HPI
No CCW pump failure Eliminate CCW 4 11 335K (700K) 785K >6.1M
when AC/DC power pump failure (1.7M)
available: when AC and
#59—Install a digital le? power
pport is
feed water upgrade available
No plant risk Eliminate all 100 10042 3.05M (6.4M) 7.15M >15M 500k
TwoSeven SAMAs plant risk H S2K{HFOK ({31 SZMQ )erggK (minimum of two
analyzed seven)
No PORYV failures: Eliminate all <1 07 1.7K (4K) 4.1K (9K) >2.7M 1-6M
#79—Install bigger pilot PORV failures 2
operated relief valve so
only one is required
No heating, ventilation, Eliminate the 38 514 150K (320K) 360K >1M 500K
and air conditioning dependence of 32K (750K) 64«
(HVAC) dependence for  CS, SI, residual (130K
CS, SI, RH, & heat removal
containment building (RHR), & CBS
spray (CBS): pumps on HVAC
#80—~Provide a
redundant train or means
of ventilation
No HVAC dependence Eliminate loss of <1 0<% <1K (<2K4K) <2K 1K >250K
for emergency feedwater EFW ventilation (<4K-2K)

(EFW):

#84—Switch for EFW
room fan power supply to
station batteries
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o Di
g R's.k Total benefit ($)
Analysis case & reduction
applicable SAMAs M . . .
. odeling Baseline (with 2.1
e multn_pl_es, il assumptions multiplier) Cost (3)
number & minimum CDF Pop.
cost are listed) dose Tl £ with
External uncertainty
No CBS support system Eliminate CBS 0 58 1.7M (3.5M) 4.0M (8.3M) >10M (minimum of
or common cause power, signal, two)
failures: and cooling
support system
Two SAMAs analyzed failures, and
common cause
failure among
similar
components for
one division of
CBS
No failure of human Eliminate 0 136 39K (82K) 92K (190K) >3M 3-O0M-(minimum
action to vent alifailure of the 160K (340K 310K (650K of six)
containment: human action to
#93—Install an vent containment
unfiltered hardened
containment vent Four
SAMAs analyzed
No release from Eliminate 0 69 2.0M (4.1M)  4.6M (9.7M) >20M
containment venting release category
and reduced release LL3
from basemat melt- (containment
through: vent) and
#94—Install a filtered  Prevent 80
. percent of
containment vent to release category
remove decay heat LL5 (basemat
melt-through)
Reduced likelihood of Reduce by a 0 4 120K (245K) 270K 11.5M
non-recovery off off- factor of 10 the (570K)
site power: non-recovery of
#99—Strengthen gi;ff-zielg&wer
prima_ry & secondary containment
containment (e.g., add pressure failure
ribbing to containment oce
urs
shell)
Reduced failure of CBS: Add redundant 0 1 29K (62K) 69K (140K) >10M
#107—Install a train of CBS
redundant containment
spray system
No hydrogen burns or Eliminate all 0 10 18K (39K) 43K (90K)  >100K (minimum of
detonations: hydrogen ignition <K<K <IKA(<1K three)
Three SAMAs analyzed and burns
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o Di
g R's.k Total benefit ($)
Analysis case & reduction
applicable SAMAs M - . .
. odeling Baseline (with 2.1
e multn_pl_es, il assumptions multiplier) Cost (3)
number & minimum CDF Pop.
cost are listed) dose | |nternal + with
External uncertainty

No failure of operator Eliminate the 32 0<¢ 12K (25K) 27K (58K)  >100K
action to transfer to long-  human failure to e O
term recirculation complete/ ensure
following large LOCA: the RHR/low-

head safety
ﬁgr?tzﬁazlggspray injection (LHSI)
actuation after a large transfer .to Iong-
LOCA term recirculation

during large

LOCA events
No high--pressure core Eliminate high- 0 0 <1K (<1K) 1K (2K) >10M
ejection: pressure core

. ejection
#110—Erect a barrier
that would provide occurrences
enhanced protection of
the containment walls
(shell) from ejected
core debris following a
core melt scenario at
high pressure
No containment Eliminate CIV 0 619 115K (240K) 270K >1M-500K (minimum
isolation valve (CIV) failures 400K(220K  (570K) of both)
failures: 200K-420K
Two SAMAs analyzed
Fodueo ol OO el by sednes Lo 3 oy e e
half eventrisk by 50%
No interfacing system Eliminate all <12 37 48K (100K) 110K >500 490K (minimum
loss-of-coolant accidents ISLOCAs 2ol Lenls (240K) 53K  of beththree)
(ISLOCAs):
Three TwoSAMAs
analyzed
No SGTRs: Eliminate all 53 247 67K (140K) 160K >500K (minimum of
Five SAMASs analyzed SGTR events (330K345K) five)
No anticipated transient Eliminate all 43 24 60K (130K) 140K >500K (minimum of
without scrams ATWS events FolHenll (290K) four)
(ATWSs): 130K(280K
Four SAMAs analyzed
No piping system LOCAs: Eliminate all 910 2142 77K (160K) 180K >500K
ipi i K

#147—Install digital large Egg/‘isfa"”re 2(3989(’,( {)119 ’
break LOCA protection
system
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o Di
g R's.k Total benefit ($)
Analysis case & reduction
applicable SAMAs . . .
(where multiples, only Modelmq Basellne_ (W'th 2 Cost ($)
i assumptions multiplier)
number & minimum CDF Pop.
cost are listed) dose | |nternal + with
External uncertainty
No secondary side Eliminate all <16 0<% 5K (11K) 3k 11K (24K) >500K
depressurization from steam line break K BK-(13K
stem line break upstream events
of main steam isolation
valves:
#153—Install secondary
side guard pipes up to
the main steam isolation
valves
No operator error when Eliminate failure 8 2-NR 64K (135K) 150K >750K
aligning & loading SEPS  of all operator NP= 33K (68K (320K) 62k
DGs: actions to align (130K
#154—Modify SEPS g’édpgagéze
design to accommodate:
(a) automatic bus
loading, (b) automatic
bus alignment
Provide independent AC  Eliminate failure <24 12 34K (72K) 80K (170K)
power to battery of operator 23K (48K 45K (95K 30K
chargers: action to shed
. DC loads to

#157—Provide extend batteries
independent AC power to 12 hours &
source for battery eliminate failure
chargers; for example, to recover
provide portable offsite power for
9 ter;_eratlo’r tt;o charge plant-related,
Station batiery grid-related, &

weather-related

LOOP events
#159—Install additional >1.0M
batteries
No depletion of Eliminate CST <24 1 35K (73K) 9k 81K (170K)
condensate storage: running out of (18K 16K(34K

water >2.5M
#162—Increase the
capacity margin of the
condensate storage >40K-{(minimum-of
tank (CST) Fwo-SAMAs beth)

analyzed

#164—NModify 10"
condensate filter flange
to have a 2-'/,"-inch
female fire hose
adapter with isolation
valve
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o Di

g R's.k Total benefit ($)
Analysis case & reduction
applicable SAMAs . . .
(where multiples, only MOde"nq Basellne_ (Vf"th = Cost ($)

i assumptions multiplier)
number & minimum CDF Pop.
cost are listed) dose | |nternal + with
External uncertainty
No loss of turbine-driven  Eliminate failure 549 129 360K (750K) 835K >2.0M
auxiliary feedwater of the TDAFW 100K(210K  (1.8M)
(TDAFW): train 190K (400K
#163—Install third EFW
pump (steam-driven)
Guaranteed success of Guaranteed 510 28 57K (120K) 130K 50K
RWST long-term makeup success of AELlean (280K)
without recirculation: RWST makeup
#165—RWST fill from [0/ long-term
. , sequences
firewater during where
containment injection— : P
Modify 6" RWST Flush - ;‘;’;’f’,’;’l‘: P
Flange to have a 2)5"
female fire hose
adapter with isolation
valve
No loss of reactor Eliminate failure 34 49 1.5M (3.2M)  2.5M (7.4M) >2M
coolant pump (RCP) of RCP seal
seal cooling and no cooling
failure of RCP seals initiating event
following a plant and RCP seal
transient: failures
subsequent to a

#172—Evaluate :
installation of a plant transient
“shutdown seal” in the
RCPs being developed
by Westinghouse
No fire in turbine building  This SAMA has been implemented (NextEra 2011b)
at west wall or relay
room:
#175—Improve fire
detection in turbine
building relay room
No failure of operator Eliminate operator 04+ 0 <1K (1K) 4K <1K (<2K) >20K
action to close PORV failure to close PORV <t TK-(15K
block valve during a block valve during a
control room fire: control room fire
#179—Fire-induced
LOCA response
procedure from alternate
shutdown panel
No failures due to seismic Eliminate all seismic 12 3 87K (180K) 200K >600K
relay chatter: relay chatter failures 9 412 100K{(210K  (470K410K)

#181—Improve relay
chatter fragility
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o Di
g R's.k Total benefit ($)
Analysis case & reduction
applicable SAMAs . . .
(where multiples, only Modelmq Basellne_ (W'th = Cost ($)
i assumptions multiplier)
number & minimum CDF Pop.
cost are listed) dose | |nternal + with
External uncertainty
No seismic-induced loss  Eliminate all seismic <1 0 2.4K (6K) 5.6K (12K) >500K
of DGs or turbine-driven  failures of EDGs or o e el
emergency feedwater TDEFW
(TDEFW):
#182—Improve seismic
capacity of EDGs &
steam-driven EFW pump
Containment purge Eliminate possibility of 0 =0 <1K (<1K) <1K >20K
valves are always closed: containment purge (<2K1K)
valves being open at
#184—Control/reduce the time of an event
time that the containment
purge valves are in open
position
No CDF contribution from Eliminate all CDF 0 0 4.4K (12K) 10K (27K)  >500K
pre-existing containment  contribution from pre- NP NP HHK23K 20K43K
leakage: existing containment
#186—Install leakage
containment leakage
monitoring system
Benefits of SEPS Modify fault tree so that 6% 214 63K (130K) 150K >2M-300K
success criteria change,  one of two SEPS DGs 30K{(60K (310K) 60K
from two of two SEPS are required rather than 20K
DGs to one of two SEPS  both SEPS DGs being
DGs: required
#189—Modify or analyze
SEPS capability; one of
two SEPS for loss of
system pressure (LOSP)
non-Sl loads, two of two
for LOSP Sl loads
No inadvertent failures of Eliminate inadvertent <1 0 <1K (<1K) <1K (<2K >100K
redundant temperature failure of the redundant <4 1K)

logic during loss of
PCCW:

#191—Remove the
135 °F temperature trip of
the PCCW pumps

temperature
element/logic of the
associated primary
component cooling
(PCC) division for both
loss of PCCW initiating
events & loss of PCCW
mitigative function
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% Risk
Analysis case & reduction

applicable SAMAs Modeling Baseline (with 2.1

(where multiples, only assumptions multiplier)
number & minimum CDF Pop.

cost are listed) dose Internal + with
External uncertainty

Total benefit ($)

Cost ($)

No flooding in control Eliminate control 24 11 470K (990K) 1.1M (2.3M) 370K-200K
building due to fire building fire e

protection system protection flooding

actuation: initiators

#192—Install a globe
valve or flow limiting
orifice upstream in the
fire protection system

No failure of operator Eliminate operator 0
action to close CIV failure to close CIV
CS-V-167: CS-V-167

#193—Hardware
change to eliminate
motor-operated valve
(MOV) AC power
dependency

86K (180K) 200K 300K
190K (400K  (420K)

%:01

No failure of main Eliminate failure of 0 0 <1K (<1K) <1K (<2K) >30K
steam safety valves MSSVs to reseat
(MSSVs) to reseat:

#194—Purchase or
manufacture a
“gagging device” that
could be used to close
a stuck-open steam
generator safety valve

No failure of Eliminate failure of 3 5 140K (300K) 340K 300K
temperature elements temperature control (710K)

for PCC Trains A and B: and modulation for

#195—Make PCC Trains A and B

improvements to PCCW that could fail PCCW
temperature control
reliability

5.3.5 Conclusions

NextEra compiled a list of 191 SAMAs in the ER and 4 additional SAMAs in the 2012 SAMA
supplement (NextEra 2012a) based on a review of the most significant basic events from the
plant-specific PRA, insights from the plant-specific IPE and IPEEE, review of other industry
documentation, and insights from Seabrook personnel. Of these, 117 SAMAs were eliminated
qualitatively, leaving 78 candidate SAMAs for evaluation. These underwent more detailed
design and cost estimates to show that threetwe were potentially cost beneficial in the baseline
analysis (SAMAs 157, 165, and 192). NextEra also performed additional analyses to evaluate
the impact of parameter choices and uncertainties, resulting in three additional potentially
cost-beneficial SAMAs (SAMAs 164, 172, and 195). In addition, NextEra performed a
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sensitivity analysis accounting for the additional risk of seismic events and identified one
additional SAMA (SAMA 193) as being potentially cost beneficial. NextEra has indicated that all
sevenfour potentially cost-beneficial SAMAs will be entered into the Seabrook long-range plan
development process for further implementation consideration.

The NRC staff reviewed the NextEra analysis and concludes that the methods used and their
implementation were acceptable. The treatment of SAMA benefits and costs support the
general conclusion that the SAMA evaluations performed by NextEra are reasonable and
sufficient for the license renewal submittal.

The NRC staff agrees with NextEra’s identification of areas in which risk can be further
reduced