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Executive Summary

The U.S. Nuclear Regulatory Commission’s (NRC’s) Mitigation of Beyond-Design-Basis Events
Rule amends Title 10 of the Code of Federal Regulations (10 CFR), “Energy,” to accomplish
three objectives: (1) make the requirements in NRC Order EA-12-049, “Order Modifying
Licenses with Regard to Requirements for Mitigation Strategies for Beyond-Design-Basis
External Events,” dated March 12, 2012 (Ref. 1), and Order EA-12-051, “Order Modifying
Licenses with Regard to Reliable Spent Fuel Pool Instrumentation,” dated March 12, 2012
(Ref. 2), generically applicable, (2) establish requirements for an integrated response capability,
and (3) address a number of petitions for rulemaking (PRMs) submitted to the NRC following
the March 2011 Fukushima Dai-ichi event. To achieve these objectives, the rule amends

10 CFR Part 50, “Domestic Licensing of Production and Ultilization Facilities,” and

10 CFR Part 52, “Licenses, Certifications, and Approvals for Nuclear Power Plants,” to require
additional mitigation strategies for responding to beyond-design-basis events (Ref. 3). In
conjunction with this rule, the NRC is issuing three regulatory guides to identify methods and
procedures the NRC staff considers acceptable for demonstrating compliance with the new
requirements.

The analysis in this document examines the benefits and costs of the Mitigation of
Beyond-Design-Basis Events Rule requirements relative to the baseline case (i.e., the no-action
alternative). In addition, the NRC estimated the historical costs incurred as a result of

Order EA-12-049, Order EA-12-051, and related industry initiatives. Appendix B gives the
complete historical cost analysis.

The key findings are as follows:

° Final Rule Analysis—Results. The final rule encompasses provisions that either have
been implemented at this time (December 2016) or, in some cases, are currently being
implemented via Order EA-12-049 and Order EA-12-051 and related industry initiatives.
Because the NRC uses a “no-action” baseline to estimate incremental costs, the total
cost of the final rule, with a notable exception discussed below, largely results from
licensee’s review of the rule to confirm compliance with the requirements (i.e., a
comparison of the rule requirements with the orders and related industry initiatives and
updates to procedures, programs, or plans) because the final requirements are expected
to be implemented before the effective date of the rule.

The notable exception referred to above concerns the possible impacts of licensees
being required to mitigate the effects of seismic and flooding reevaluated hazards under
10 CFR 50.155(b)(2) by amending mitigation strategies, including potential plant
modifications. The NRC requested and received external stakeholder feedback about
these impacts to enable them to be included in this regulatory analysis of the final rule.

. Total Cost to Industry. The final rule is expected to result in a total one-time cost to
industry of approximately ($93.8 million), followed by total annual costs of approximately
($1.2 million). The net present value of these costs is approximately ($107 million) using
a 7-percent discount rate and approximately ($114 million) using a 3-percent discount
rate.

. Average Cost per Site. The industry would incur a one-time average cost per site of
($1.7 million), followed by an average annual cost of ($23,000). The net present value of
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these costs per site is approximately ($2.0 million) using a 7-percent discount rate and
approximately ($2.2 million) using a 3-percent discount rate.

. Total Cost to the NRC. The final rule is expected to result in a total one-time cost to the
NRC of ($34 million) to review licensing submittals and draft and issue safety
evaluations.

. Total Cost. The final rule is expected to result in a total one-time cost of approximately

($128 million), followed by total annual costs of approximately ($1.2 million). The net
present value of these costs is approximately ($141 million) using a 7-percent discount
rate and approximately ($148 million) using a 3-percent discount rate.

According to Executive Order 12866, “Regulatory Planning and Review” (Volume 58 of
the Federal Register (FR), page 51735; October 4, 1993), an economically significant
regulatory action is one that would have an annual effect on the economy of $100 million
or more (Ref. 4). This final rule exceeds this threshold because the annualized cost of
the final rule would be ($141 million) using a 7-percent discount rate and ($148 million)
using a 3-percent discount rate. As such, this is a major rule.

. Benefits. The final rule requirements (i.e., making the order requirements and industry
initiatives generically applicable) are based on stakeholder feedback and lessons
learned from the implementation of Order EA-12-049 and Order EA-12-051, including
any challenges or unintended consequences associated with that implementation.
These regulatory requirements would (1) result in enhanced regulatory efficiency by
giving a predictable and stable set of regulations for future designs and applications,
(2) avoid the need for issuance of orders or license conditions, and (3) preserve
regulatory stability.

. Historical Cost Analysis—Results. For informational purposes, the NRC estimated
the costs that have been incurred (or will be incurred) as a result of Order EA-12-049,
Order EA-12-051, and related industry initiatives (see Appendix B). The NRC estimates
that these actions result in a total present-value cost of $1.9 billion (using a 7-percent
discount rate) and $2.3 billion (using a 3-percent discount rate).

The average site incurred an upfront cost of approximately $29 million, followed by
annual costs of approximately $170,000.

Decision Rationale. The staff selected Option 2, which is to undertake rulemaking to make
generically applicable Order EA-12-049, Order EA-12-051, and the associated regulatory
actions implemented in conjunction with the orders. The staff rejected Option 1, the no-action
alternative, because it would not achieve the NRC'’s three objectives to (1) make the
requirements in Order EA-12-049 and Order EA-12-051 generically applicable, (2) establish
new requirements for an integrated response, and (3) address a number of PRMs submitted to
the NRC.

The scope to make the orders generically applicable and to address a number of PRMs results
in limited implementation costs for industry to review the regulatory requirements in order to
confirm ongoing compliance. These activities included comparing the rule requirements with
the orders and related industry initiatives and updates to procedures, programs, or plans.
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This analysis shows that establishing new requirements for an integrated response, which
includes the reevaluated hazards provisions of Option 2, would result in considerable additional
cost above the $1.9 billion already spent by industry to comply with the orders. These
provisions introduce a more stringent standard for some sites than currently specified in the
orders, to consider the gap between a plant’s licensing basis and the reevaluated hazards,
which are low-frequency events. The analysis identified three significant cost drivers:

(1) industry activities necessary to perform the Path 4 seismic mitigating strategies
assessments, (2) NRC review activities of the Path 4 seismic submittals, and (3) industry
activities to maintain the diverse and flexible coping strategies (FLEX) program for the duration
of the reactor operating licenses.

As further information is developed under Near-Term Task Force Recommendation 2.1
activities, the staff should be mindful of whether further industry action is necessary

(i.e., analysis or plant modification) to achieve the intended “reasonable protection standard” for
the consideration of reevaluated hazards. If not managed properly, implementation and
operation costs to complete these activities could increase substantially above the estimates in
this analysis for a small increment of safety improvement.

With this caveat, the staff concludes that Option 2 is preferable to Option 1.

Xi
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1. Introduction

This document presents the regulatory analysis of the final Mitigation of Beyond-Design-Basis
Events Rulemaking. This introduction is divided into two sections—Section 1.1 gives
background information on the rulemaking, and Section 1.2 states the problem and the
objectives for the final rule.

1.1 Background

The events of March 11, 2011, at the Fukushima Dai-ichi nuclear power plant site highlighted
the possibility that extreme natural phenomena could challenge the prevention, mitigation, and
emergency preparedness defense-in-depth layers that are currently in place under the

U.S. Nuclear Regulatory Commission’s (NRC’s) regulatory framework. The magnitude 9.0
earthquake and resulting tsunami inundated the Fukushima Dai-ichi site and resulted in a loss
of alternating current (ac) electrical power, creating a station blackout (SBO). The SBO caused
operators to lose the ability to cool the fuel in three of the six reactors and resulted in damage to
the nuclear fuel shortly after the loss of cooling capabilities.

Following the Fukushima Dai-ichi event, the NRC Chairman at the time, Gregory Jaczko,
directed the NRC, through tasking memorandum SRM-COMGBJ-11-0002, “Tasking
Memorandum—COMGBJ-11-0002—NRC Actions Following the Events in Japan,” dated
March 23, 2011 (Ref. 5), to conduct a review of the NRC’s processes and regulations to
determine if any changes needed to be made and to make recommendations based on the
findings. The Near-Term Task Force (NTTF) was created in response to the tasking
memorandum. The NTTF’s “Recommendations for Enhancing Reactor Safety in the

21st Century” (SECY-11-0093, dated July 12, 2011 (Ref. 6)) called for the NRC to (1) strengthen
SBO mitigation capability at all operating and new reactors for design-basis events and
beyond-design-basis events (BDBEs), (2) enhance spent fuel pool (SFP) makeup capability and
instrumentation for the SFP, (3) strengthen and integrate onsite emergency response
capabilities. such as emergency operating procedures (EOPs), severe accident management
guidelines (SAMGs), and extensive damage mitigation guidelines (EDMGs), (4) require facility
emergency plans to address prolonged SBO and multiunit events, (5) pursue additional
emergency protection topics related to multiunit events and prolonged SBO, and (6) pursue
emergency management topics related to decisionmaking, radiation monitoring, and public
education.

Following the issuance of the NTTF report, the NRC developed recommendations for the
Commission’s consideration. In response, in Staff Requirements Memorandum
(SRM)-SECY-11-0124, “Staff Requirements—SECY-11-0124—Recommended Actions To Be
Taken without Delay from the Near-Term Task Force Report,” dated October 18, 2011 (Ref. 7),
and SRM-SECY-11-0137, “Staff Requirements—SECY-11-0137—Prioritization of
Recommended Actions To Be Taken in Response to Fukushima Lessons Learned,” dated
December 15, 2011 (Ref. 8), the Commission directed the staff to initiate a high-priority
rulemaking for SBO regulatory actions and onsite emergency response capabilities regulatory
actions.

On February 17, 2012, the NRC staff sent SECY-12-0025, “Proposed Orders and Requests for
Information in Response to Lessons Learned from Japan’s March 11, 2011, Great Tohoku
Earthquake and Tsunam,i” to the Commission. This paper included the proposed order to
implement enhanced mitigation strategies. As directed by SRM-SECY-12-0025, dated
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March 9, 2012 (Ref. 9), on March 12, 2012, the NRC issued Order EA-12-049, “Issuance of
Order To Modify Licenses with Regard to Requirements for Mitigation Strategies for
Beyond-Design-Basis External Events” (Ref. 1), and Order EA-12-051, “Issuance of Order To
Modify Licenses with Regard to Reliable Spent Fuel Pool Instrumentation” (Ref. 2).

Order EA-12-049 imposed new requirements for licensees to implement mitigation strategies to
provide additional capability to respond to beyond-design-basis external events (BDBEES) that
lead to an extended loss of ac power (ELAP) and loss of normal access to the ultimate heat sink
(LUHS) (e.g., events arising from severe natural phenomena). The Commission concluded that
the new requirements were necessary to continue to have reasonable assurance of adequate
protection of public health and safety. Order EA-12-051 required power reactor licensees to
have a reliable means of remotely monitoring wide-range SFP levels to support effective
prioritization of event mitigation and recovery actions in the event of a BDBEE. The
Commission concluded that the new requirements gave a greater capability consistent with the
overall defense-in-depth philosophy and, therefore, greater assurance of protection of public
health and safety from the challenges posed by BDBEESs to power reactors.

Following the imposition of the orders, the NRC began work on two rulemakings as directed by
the Commission: the Station Blackout Mitigation Strategies (SBOMS) Rulemaking and the
Onsite Emergency Response Capabilities rulemaking. During development of these
rulemakings, the NRC found that the Onsite Emergency Response Capabilities Rulemaking
could not be issued before the SBOMS rulemaking because it would need to reference the
SBOMS requirements. The NRC also identified several areas of overlap between the two rules.
The direct links between these post-Fukushima rulemakings caused the NRC to conclude that
they should be combined into a single rule package.

In response to a request from the NRC staff in SECY-14-0046, “Fifth 6-Month Status Update on
Response to Lessons Learned from Japan’s March 11, 2011, Great Tohoku Earthquake and
Subsequent Tsunami,” Enclosure 6, “Proposal to Consolidate Post-Fukushima Rulemaking
Activities,” dated April 17, 2014 (Ref. 10), the Commission agreed in SRM-SECY-14-0046,
dated July 9, 2014 (Ref. 20), to consolidate the SBOMS and Onsite Emergency Response
Capabilities rulemakings into one rulemaking for a new Mitigation of Beyond-Design-Basis
Events (MBDBE) Rule. The combined scope of this final rule, described in terms of the
relationship to various NTTF recommendations that gave the regulatory impetus for the final
rule, includes the following:

. This final rule incorporates all the requirements that were within the scope of the
SBOMS rulemaking, as directed by SRM-COMSECY-13-0002, “Staff
Requirements—COMSECY-13-0002—Consolidation of Japan Lessons Learned
Near-Term Task Force Recommendations 4 and 7 Regulatory Activities,” dated
March 4, 2013 (Ref. 11). This portion of the final rule stems from NTTF
Recommendations 4 and 7 and is intended, in part, to make the requirements of Order
EA-12-049 and Order EA-12-051 (and equivalent license conditions) generically
applicable.

. This final rule incorporates all the requirements that were within the scope of the Onsite
Emergency Response Capabilities Rulemaking. This portion of the final rule stems from
NTTF Recommendation 8 and was directed by the Commission in SRM-SECY-11-0137
(Ref. 8). This includes command and control issues and, as such, addresses NTTF
Recommendation 10.2 on command and control and the qualifications of
decisionmakers. The regulatory guidance for the command and control provisions of
this final rule is being addressed in supporting Regulatory Guide (RG) 1.228, “Integrated
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Response Capabilities for Beyond-Design-Basis Events” (Ref. 41), which endorses
Nuclear Energy Institute (NEI) 14-01, “Emergency Response Procedures and Guidelines
for Extreme Events and Severe Accidents,” Draft Revision O (Ref. 12).

. Actions to enhance onsite emergency response capabilities are incorporated in this final
rule. These enhanced emergency response capabilities have been implemented, or are
currently being implemented (as of December 2016), in conjunction with the
implementation of Order EA-12-049 and through the development of guidance
supporting this final rule. Specifically, the regulatory actions and associated NTTF
Recommendations from which they stem are as follows:

— Staffing and communications requirements in this final rule stem from NTTF
Recommendation 9.3 and are also discussed in NTTF Recommendations 9.1
and 9.2. These regulatory issues have been implemented or are currently (as of
December 2016) being implemented through Order EA-12-049. Specifically,

NEI 12-01 (Ref. 42) is referenced in NEI 12-06, Revision 0, “Diverse and Flexible
Coping Strategies (FLEX) Implementation Guide,” issued August 2012 (Ref. 13),
which is currently endorsed by the NRC in Japan Lessons-Learned Project
Directorate-Interim Staff Guidance (JLD-ISG)-12-01, “Compliance with Order
EA-12-049, Order Modifying Licenses with Regard to Requirements for Mitigation
Strategies for Beyond-Design-Basis External Events,” dated August 29, 2012
(Ref. 14). The supporting guidance for this final rule, RG 1.226, “Flexible
Mitigation Strategies for Beyond-Design-Basis Events” (Ref. 43), includes this
guidance through endorsement of NEI 12-06 and NEI 12-01.

- Facilities and equipment requirements that are addressed in this final rule stem
from NTTF Recommendation 9.3 and are also discussed in NTTF
Recommendations 9.1 and 9.2. These regulatory issues are currently being
addressed through Order EA-12-049 implementation guidance. These issues
are addressed by RG 1.228, which endorses NEI 13-06, “Enhancements to
Emergency Response Capabilities for Beyond Design Basis Accidents and
Events,” Draft Revision 0 (Ref. 15).

- Multiple source term dose assessment capability addressed in the guidance for
this final rule stems from NTTF Recommendation 9.3 and is also discussed in
NTTF Recommendation 9.1. The nuclear industry is voluntarily addressing this
regulatory issue and is establishing this capability by following the guidance in
NEI 13-06, Revision 0.

- Training and drills or exercise requirements addressed in this final rule stem from
NTTF Recommendation 9.3 and are also discussed in NTTF Recommendations
9.1 and 9.2. These regulatory issues are currently being addressed through
Order EA-12-049 implementation guidance. These issues are addressed by
guidance for this final rule, which includes NEI 13-06, Revision O.

— Onsite emergency resources to support a BDBEE that affects the entire site (referred to
in the NTTF report as multiunit events with SBO), including the need to deliver
equipment to the site with offsite infrastructure degraded, stem from NTTF
Recommendation 11.1. This is a requirement either implemented (or currently being
implement as of December 2016) under Order EA-12-049. This requirement is
addressed in RG 1.226 and is included in this final rule.
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Accordingly, this final rule addresses, either in requirements, through implementation guidance,
or through voluntary industry initiatives, all of the recommendations in NTTF Recommendations
4,7,8,9.1,9.2, 9.3 (with one exception, maintenance of emergency response data system
(ERDS) capability throughout the accident), 10.2, and 11.1."

1.2 Statement of the Problem and U.S. Nuclear Regulatory
Commission Objectives for the Rulemaking

The NRC has developed this final rule, in large measure, to make generically applicable the
regulatory actions taken after the Fukushima event. With regard to FLEX support guidelines
(FSGs), current NRC regulations do not include requirements to implement mitigation strategies
that give additional capability to respond to events exceeding the external design basis of the
facility (e.g., events arising from severe natural phenomena).? A final rule would make
generically applicable requirements similar to those imposed by Order EA-12-049, Order EA-12-
051, and other post-Fukushima industry initiatives. The final rule has the following regulatory
objectives:

. Make the requirements in Order EA-12-049 and Order EA-12-051 generically applicable.
The rulemaking is intended to place the requirements of Order EA-12-049 and
Order EA-12-051 in the NRC’s regulations to give regulatory clarity to operating reactors
and to ensure that they apply to all future power reactor applicants. All operating power
reactor licensees and 11 combined license (COL) holders® currently are subject to these
orders’ requirements via order or license condition. In the absence of a rule, these
requirements would need to be implemented for future licensees through additional
orders or license conditions.

As part of the rulemaking process to make Order EA-12-049 and Order EA-12-051
generically applicable, the NRC considered stakeholder feedback and lessons learned
from the implementation of the orders. As a result, the NRC considered unintended
consequences or challenges associated with implementation of the mitigation strategies
(consistent with Commission direction in an August 2012 SRM). These are captured in
the updated guidance for mitigation strategies. Pursuing rulemaking allows the NRC to
make the order requirements generically applicable with adjustments to account for any
lessons learned. These adjustments would result in more effective regulation but would

1 The final rule also addresses NTTF Recommendation 9.4 to modernize the ERDS. This action differs from
the above list of regulatory actions because the ERDS is not an essential component of a licensee’s
capability to mitigate a BDBE. However, the ERDS is important for communication between the licensee
and the NRC and, in some situations, with other external stakeholders. The modernization has been
voluntarily completed by industry, and the NRC has concluded it could readily be incorporated into this final
rule to amend the technology-specific references in Title 10 of the Code of Federal Regulations
(10 CFR) Part 50, “Domestic Licensing of Production and Utilization Facilities” (Ref. 3), Appendix E,
“Emergency Planning and Preparedness for Production and Utilization Facilities,” Section VI, “Emergency
Response Data System.”

2 In the context of the Mitigation of Beyond-Design-Basis Events Rulemaking, the term “FSGs” has replaced
the term “SBOMS.”

3 The 11 COL holders are Fermi Unit 3, Lee Nuclear Station Units 3 and 4, Levy County Units 1 and 2, South
Texas Project Units 3 and 4, Virgil C. Summer Nuclear Station Units 2 and 3, and Vogtle Electric Generating
Plant Units 3 and 4.
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not extend beyond the existing scope of the existing orders. The final rule contains
provisions to rescind the orders and administratively remove the license conditions.

° Establish new requirements for an integrated response. An objective of the final rule is
to establish requirements for an integrated response capability for BDBEs that would
integrate strategies and guidelines (implemented through guideline sets) with the
existing EOPs and enhance onsite emergency response capabilities. This would include
guideline sets that implement the requirements of current 10 CFR 50.54(hh)(2) and
Order EA-12-049. This also would include mitigation strategies, or alternative
approaches, used to address reevaluated hazards, as applicable. This rule requires
sufficient staffing, command and control, training, drills, communications capability, and
documentation of changes to support the integrated response capability. These new
requirements would address emergency-response-related actions such as the following:

- staffing and communications (NTTF Recommendation 9.3, also addressed in
NTTF Recommendations 9.1 and 9.2)

- facilities and equipment (NTTF Recommendation 9.3, also addressed in
NTTF Recommendations 9.1 and 9.2)

- training and exercises (NTTF Recommendation 9.3, also addressed in
NTTF Recommendations 9.1 and 9.2)

- command and control structure and decisionmaking qualifications
(NTTF Recommendation 10.2)

The multiple source term dose assessment that addresses NTTF Recommendation 9.3
and was also addressed in NTTF Recommendation 9.1 is not a requirement within the
MBDBE Rule because this issue has been implemented voluntarily by industry. The
ERDS that addresses NTTF Recommendation 9.4 is not a requirement within the
MBDBE Rule because (1) an ERDS is not an essential component of a licensee’s
capability to mitigate a BDBEE even though it is an important form of communication
between the licensee and the NRC and (2) modernization of the ERDS was completed
voluntarily by industry.

. Address a number of PRMs submitted to the NRC. An objective of the final rule is to
address and complete the regulatory actions planned for the five PRMs* filed by the
National Resources Defense Council, Inc., that raise issues pertaining to the technical
aspects of this rulemaking. The petitions rely solely on the NTTF report and ask the
NRC to undertake rulemaking in several areas that are addressed by this rule. This rule
also addresses, in part, PRM-50-96 submitted by Mr. Thomas Popik; however, the
issues raised in that petition remain under consideration by the NRC.

4 The five PRMs are (1) PRM 50-97, “NRDC'’s Petition for Rulemaking To Require Emergency Preparedness
Enhancements for Prolonged Station Blackouts,” (2) PRM-50-98, “NRDC'’s Petition for Rulemaking To
Require Emergency Preparedness Enhancements for Multiunit Events,” (3) PRM-50-100, “NRDC'’s Petition
for Rulemaking To Require Licensees To Improve Spent Nuclear Fuel Pool Safety,” (4) PRM-50-101,
“NRDC'’s Petition for Rulemaking To Revise 10 CFR § 50.63,” and (5) PRM 50-102, “NRDC'’s Petition for
Rulemaking To Require More Realistic Training on Severe Accident Mitigation Guidelines.”
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To achieve these objectives, the rule amends 10 CFR Part 50 and 10 CFR Part 52, “Licenses,
Certifications, and Approvals for Nuclear Power Plants,” to require additional mitigation
strategies for responding to BDBEs and an integrated response capability that includes FSGs,
EDMGs, and EOPs.

2. Identification and Preliminary Analysis of Alternative
Approaches

The NRC has identified three alternatives for consideration:
(1) Option 1: Take no action.

(2) Option 2: Undertake rulemaking to make Order EA-12-049, Order EA-12-051, and
industry initiatives generically applicable.

(3) Option 3: Undertake rulemaking to require SAMGs and make Order EA-12-049,
Order EA-12-051, and industry initiatives generically applicable. This option
was considered by the staff and was proposed to the Commission in
SECY-15-0065, “Proposed Rule: Mitigation of Beyond-Design-Basis Events,”
dated April 30, 2015 (Ref. 30). The Commission rejected this option in
SRM-SECY-15-0065, dated August 27, 2015 (Ref. 31).

The following sections offer a preliminary analysis of these options.

2.1 Option 1: Take No Action

This alternative entails continuing the implementation of the mitigation strategy requirements in
Order EA-12-049, Order EA-12-051, and other related industry initiatives. No further regulatory
action would be taken to make the order requirements generically applicable or to consider
stakeholder feedback and lessons learned from the implementation of these orders. This
alternative includes that industry will continue to implement and maintain SAMGs through a
voluntary industry initiative and EDMGs as required by 10 CFR 50.54(hh)(2). This alternative is
equivalent to the status quo and serves as a baseline to measure against the other identified
alternatives.

Consistent with the process described in COMSECY-15-0019, “Closure Plan for the
Reevaluation of Flooding Hazards for Operating Nuclear Power Plants,” dated June 30, 2015
(Ref. 38), licensees have been acting to ensure their mitigating strategies are capable of
addressing the reevaluated seismic and flooding hazards through the performance of mitigating
strategies assessments (MSAs). Licensees are conducting MSAs using NRC-approved
industry guidance in NEI 12-06, Revision 2 (Ref. 25). Activities being completed as part of
NTTF Recommendation 2.1, some of which relate to Order EA-12-049 through the MSAs, are
included as part of the regulatory baseline for Option 1. For example, one approach for
conducting the seismic portion of the MSA involves leveraging risk insights from the seismic
probabilistic risk assessments (SPRAs), which are being completed by some licensees as part
of NTTF Recommendation 2.1, to assess the existing mitigating strategies against the
reevaluated seismic hazard. Costs associated with developing the SPRA are included in
Option 1 because they are being incurred as part of NTTF Recommendation 2.1.

This option would avoid certain costs that the final rule would impose, while the benefits
associated with voluntary initiatives would remain. However, under this option, the NRC would
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need to address mitigation strategy requirements for new reactor sites on a case-by-case basis,
through either additional orders or license conditions. As a result, this option would not achieve
the NRC’s objectives discussed in Section 1.2 of this document.

2.2 Option 2: Undertake Rulemaking To Make Order EA-12-049,
Order EA-12-051, and Industry Initiatives Generically Applicable

The staff proposed this option to the Commission in SECY-15-0065 as Option 3. This option
(i.e., the final rule) would address the NRC’s objective to make the requirements in

Order EA-12-049, Order EA-12-051, and industry initiatives generically applicable. The final
rule would ensure that future nuclear power plant license applications are subject to the same
requirements as current operating sites and COL holders without the need for additional orders
or license conditions. This rulemaking option also would allow the NRC to consider stakeholder
feedback and lessons learned from the implementation of these orders and would give
regulatory clarity to operating reactors. As discussed in Option 1, activities associated with
NTTF Recommendation 2.1 (such as the completion of SPRAs by some licensees to inform the
MSA for the reevaluated seismic hazard) are considered part of the regulatory baseline, and are
not included as a cost for Option 2.

Section 3 presents the results of the NRC’s detailed cost-benefit analysis of this option
compared to the “take no action” option.

2.3 Option 3: Undertake Rulemaking To Require SAMGs and Make
Order EA-12-049, Order EA-12-051, and Industry Initiatives
Generically Applicable

The staff proposed this option to the Commission in SECY-15-0065 as Option 2. In
SECY-15-0065, the staff relied on an argument that related the requirement for SAMGs to
defense in depth in order to satisfy the requirements of 10 CFR 50.109, “Backfitting.” The
Commission concluded that the imposition of SAMG requirements was not warranted because it
did not meet the substantial additional protection criteria under 10 CFR 50.109(a)(3).
Consequently, this regulatory analysis does not further evaluate SAMGs as proposed
requirements in the final MBDBE Rule. Instead, SAMGs will continue to be implemented and
maintained through a voluntary industry initiative as discussed in SRM-SECY-0065 and in
Option 1. For more information on this option, refer to the proposed MBDBE Rule published on
November 13, 2015 (80 FR 70609) (Ref. 40).

For the above reasons, the staff rejected Option 3 and did not consider this option any further in
this analysis.

2.4 Nonrulemaking Alternatives

The NRC staff considered nonrulemaking approaches, such as voluntary initiatives, NRC
guidance, and generic communications (e.g., information notices, regulatory information
summaries, generic letters) but rejected these alternatives in the regulatory basis (and by
extension in this regulatory analysis) for two reasons. First, in SRM-SECY-11-0124 and
SRM-SECY-11-0137, the Commission directed the staff to initiate a rulemaking for

SBO regulatory actions and onsite emergency response capabilities and designated the
rulemakings as “high priority.” Second, a nonrulemaking approach would not achieve the
NRC’s objective to make Order EA-12-049, Order EA-12-051, and industry initiatives generically
applicable and, at the same time, incorporate stakeholder feedback and lessons learned from
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implementation, including any challenges or unintended consequences. Because
nonrulemaking approaches would not achieve the broad applicability of a rulemaking, the staff
concluded that these nonrulemaking approaches would not be appropriate to address the
NRC'’s objectives.

3. Estimation and Evaluation of Benefits and Costs:
Presentation of Results

This section describes the NRC'’s approach to estimating costs and benefits and presents the
results of the analysis:

. Section 3.1 details the methodology, assumptions, and baseline used to evaluate the
costs and benefits associated with the options considered in the regulatory analysis.

. Section 3.2 summarizes the costs and benefits associated with the options.

. Section 3.3 presents the details of the costs associated with Option 2 (the final rule).
o Section 3.4 discusses the benefits of Option 2 (the final rule).

. Section 3.5 discusses the uncertainty analysis.

. Section 3.6 discusses the disaggregated results.

3.1 Methodology and Assumptions

This section explains the process used to evaluate the costs and benefits associated with the
rulemaking options, consistent with the guidance in NUREG/BR-0058, “Regulatory Analysis
Guidelines of the U.S. Nuclear Regulatory Commission,” Revision 4, issued September 2004
(Ref. 16). The benefits include any desirable changes in affected attributes (e.g., monetary
savings, improved safety, improved security), while the costs include any undesirable changes
in affected attributes (e.g., monetary costs, increased exposures).

The NRC analyzes costs and benefits according to a “no-action” baseline. The no-action
baseline includes the historical costs incurred by industry and the NRC to implement

Order EA-12-049, Order EA-12-051, and industry initiatives. The NRC estimates all of the
incremental costs and benefits resulting from the final rule requirements that would be incurred
beginning in 2017, the year the final rule is assumed to become effective.

In addition, the NRC estimated the historical costs associated with Order EA-12-049,
Order EA-12-051, and industry initiatives. Appendix B discusses the methodology and results
of the historical cost analysis.

3.1.1 Affected Universe

The regulatory options under consideration would affect all nuclear power plant licensees at the
site level. However, the costs affecting individual sites differ depending on various
characteristics (e.g., type of reactor, design, and nuclear steam supply system (NSSS)).
Section 3.3 describes the differences in cost in more detail.
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The NRC estimates the costs incurred by 56 operating sites and nine decommissioning sites
(i.e., Clinton, Crystal River, Fort Calhoun, Kewaunee, Oyster Creek, Pilgrim, Quad Cities,

San Onofre, and Vermont Yankee).® Paragraph 50.155(a)(2) enables decommissioning
licensees to discontinue compliance with portions of the final rule, with the exception of the

10 CFR 50.155(b)(3), EDMGs, which would not impose incremental costs because EDMGs are
existing requirements under the no-action baseline. To satisfy 10 CFR 50.155(a)(2), the
licensee would be required to prepare and retain an analysis demonstrating that the decay heat
of the fuel in the SFP is removed solely by heating and boiling of water within the SFP and that
the boil-off period gives sufficient time for the licensee to obtain offsite resources; this is referred
to as an “exemption analysis” in the regulatory analysis. The NRC assumes that the currently
decommissioning sites have submitted, or will soon submit, the exemption analysis and will,
therefore, not incur incremental costs. Appendix B details the historical costs that will have
been incurred by current decommissioning sites before the effective date of the final rule.

Of the 55 operating sites included in the analysis, 18 are boiling-water-reactor (BWR) sites and
37 are pressurized-water-reactor (PWR) sites. Exhibit 3-1 lists BWR and PWR operating and
new reactor sites that are included in the universe of affected entities under this analysis. The
Advanced Passive 1000 (AP1000) reactor units are under construction at two of the operating
sites (i.e., Virgil C. Summer Nuclear Station and Vogtle Electric Generating Plant). Because
incremental costs are estimated at the site level, the new units are accounted for as part of the
operating site on which they are located. However, the difference in reactor types on the
Summer and Vogtle sites does affect the costs incurred by the sites and the timeline over which
costs are incurred. Section 3.3 gives additional details about the cost analysis for each type of
site.

Exhibit 3-1 List of Operating PWR and BWR Sites

PWR Sites BWR Sites

Arkansas Nuclear One Browns Ferry Nuclear Plant

Beaver Valley Power Station Brunswick Steam Electric Plant

Braidwood Station Columbia Generating Station

Byron Station Cooper Nuclear Station

Callaway Plant Dresden Nuclear Power Station

Calvert Cliffs Nuclear Power Plant Duane Arnold Energy Center

Catawba Nuclear Station Edwin I. Hatch Nuclear Plant

Comanche Peak Nuclear Power Plant Fermi

Davis-Besse Nuclear Power Station Grand Gulf Nuclear Station

Diablo Canyon Power Plant Hope Creek Generating Station

Donald C. Cook Nuclear Plant LaSalle County Station

H.B. Robinson Steam Electric Plant Limerick Generating Station

Indian Point Nuclear Generating

Monticello Nuclear Generating Plant

Joseph M. Farley Nuclear Plant

Nine Mile Point Nuclear Station

McGuire Nuclear Station

Peach Bottom Atomic Power Station

Millstone Power Station

Perry Nuclear Power Plant

North Anna Power Station

River Bend Station

5

Clinton, Fort Calhoun, Oyster Creek, Pilgrim, and Quad Cities have announced intentions to decommission,
which is likely to occur before the end of the rule implementation period estimated to occur in 2019.
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PWR Sites

BWR Sites

Oconee Nuclear Station

Susquehanna Steam Electric Station

Palisades Nuclear Plant

Palo Verde Nuclear Generating Station

Point Beach Nuclear Plant

Prairie Island Nuclear Generating Plant

R.E. Ginna Nuclear Power Plant

Salem Nuclear Generating Station

Seabrook Station

Sequoyah Nuclear Plant

Shearon Harris Nuclear Power Plant

South Texas Project

St. Lucie Plant

Surry Power Station

Three Mile Island Nuclear Station

Turkey Point Nuclear Generating

Virgil C. Summer Nuclear Station

Vogtle Electric Generating Plant

Waterford Steam Electric Station

Watts Bar Nuclear Plant

Wolf Creek Generating Station

37 Sites

18 Sites

Exhibit 3-2 gives information on the COL applications that the NRC has received to date. The
NRC does not account for any incremental costs for other COL applications that may be
submitted and affected by the alternatives. The staff considered forecasts beyond 2025 as too

speculative for this analysis.

Exhibit 3-2 COL Applications that Reference Reactor Designs

Proposed New Reactors Design COL Applicant Status
oo Send Ruclear Power U.S.EPR | PPL Bell Bend, LLC Withdrawn
Bellefonte Nuclear Station, .

Units 3 and 4 AP1000 Tennessee Valley Authority Suspended

Callaway Plant, Unit 2 U.S. EPR | AmerenUE Withdrawn
Calvert Cliffs 3 Nuclear Project, LLC

Calvert Cliffs, Unit 3 U.S. EPR | and UniStar Nuclear Operating Withdrawn
Services, LLC

gr?(;n:nche Peak, Units 3 US-APWR | Luminant Generation Company, LLC Suspended

Fermi, Unit 3 ESBWR Detroit Edison Company Issued

Grand Gulf, Unit 3 ESBWR Entergy Operations, Inc. Withdrawn

Levy County, Units 1 and 2 AP1000 Progress Energy Florida, Inc. Issued
Nine Mile Point 3 Nuclear Project, LLC

Nine Mile Point, Unit 3 U.S. EPR | and UniStar Nuclear Operating Withdrawn
Services, LLC

North Anna, Unit 3 ESBWR Dominion Virginia Power Under Review

River Bend Station, Unit 3 ESBWR Entergy Operations, Inc. Withdrawn

10
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Proposed New Reactors Design COL Applicant Status
S:geéron Harris, Units 2 AP1000 Progress Energy Carolinas, Inc. Suspended
South Texas Project, Units 3 ABWR South Texas Project Nuclear Operating Issued
and 4 Company
Turkey Point, Units 6 and 7 AP1000 Florida Power and Light Company Under Review
qutorla County Station, ESBWR Exelon Nuclear Texas Holdings, LLC Withdrawn
Units 1 and 2
Zr']rg'gc' Summer, Units 2 AP1000 South Carolina Electric & Gas Issued
Vogtle, Units 3 and 4 AP1000 Southern Nuclear Operating Company Issued
William States Lee I, .
Units 1 and 2 AP1000 Duke Energy Under Review

*  Values from NRC Web page, “Combined License Applications for New Reactors,” accessed
September 30, 2016, at http://www.nrc.gov/reactors/new-reactors/col.html.

Exhibit 3-3 summarizes the review status of known COL applicants whose applications will
reference a new reactor design.

Exhibit 3-3 Number of COL Applications that Reference New Reactor Designs

New Reactor Design

No. of COL Applications by Review Status’

Under Review Suspended Withdrawn Future COLAs
e Bell Bend
e Callaway
Plant Unit 2
AREVA (U.S. EPR) - - e Calvert Cliffs -
Unit 3
e Nine Mile
Point Unit 3
e Comanche
Mitsubishi Heavy Peak Unit 3
Industries (US-APWR) - e Comanche - -
Peak Unit 4

KHNP (APR1400)

NuScale Power

*  The NRC assumes no additional COL applications that reference new reactor designs in this regulatory

analysis.

**  Values from NRC Web page, “Combined License Applications for New Reactors,” accessed
September 30, 2016, at http://www.nrc.gov/reactors/new-reactors/col.html

For the reasons cited, the affected universe in this regulatory analysis does not include any
incremental costs for current and future license applicants.®

6 Current COL applicants under review (i.e., Lee, North Anna, and Turkey Point) have not announced an
intention to construct and operate a new reactor. Therefore, costs for these applicants to develop and
maintain the integrated response capability, additional equipment, training requirements, drills and

exercises, and emergency preparedness requirements are not quantified in this analysis.

11
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3.1.2 Cost Estimation

All rule-related costs are presented in this analysis in 2017 dollars. The historical costs of the
orders and industry initiatives were calculated in 2013 dollars.

To estimate the costs associated with the final rule, the NRC used a work breakdown approach
to deconstruct the final rule requirements according to required activities. For each required
activity, the NRC further subdivided the work across labor categories (i.e., executive, manager,
staff, clerical, and licensing). The NRC estimated the required level of effort (LOE) for each
labor category for each required activity to develop a bottom-up cost estimate.

The NRC gathered data from several sources and consulted industry experts to develop LOE
and unit cost estimates. Mean hourly wage rates for various industry labor categories were
derived from the 2015 occupational employment and wages data for rule-related costs. Per
NUREG/CR-4627, Revision 2, “Generic Cost Estimates,” issued February 1992 (Ref. 17), direct
wage rates are loaded using a 2.0 multiplier to account for licensee and contractor labor and
incremental overhead (i.e., fringe, benefits, general administration, and profit). Exhibit 3-4
presents the wage rates used throughout this analysis.

Exhibit 3-4 Wage Rate Estimates by Labor Category

Labor Category Mean Wage Rate* Loag:gtx\:age Loaded Wage Rate
A B C=AxB
2017 Wage Rates

Industry Executives $83.35 $166.69

Industry Managers $55.18 $110.37

Industry Staff $39.30 2 $78.60

Industry Clerical Staff $28.32 $56.64

Industry Licensing Staff $75.90 $151.80

NRC $128.00**

The mean wage rates for industry labor categories are calculated as the average of the mean hourly wage (in the
Electric Power Generation, Transmission, and Distribution Industry) for applicable standard occupational
classification (SOC) codes from the Bureau of Labor Statistics. The SOC codes used are Top Executives

(SOC 11-1011), Chief Executives (SOC 11-0000); Office and Administrative Support Occupations

(SOC 43-0000); Office Clerks, General (SOC 43-9061); and First-Line Supervisors of Office and Administrative
Support Workers (SOC 43-1011).

The 2016 NRC staff labor rate is $128 per hour. NRC labor rates are calculated based on actual labor and
benefit costs from the prior fiscal year.

*%

3.1.2.1 Cost Estimation Methods

The NRC applied several cost estimation methods in this analysis. Many costs were estimated
using expert opinion, which relies on the NRC’s professional knowledge and judgment. The
NRC consulted industry experts within and outside of the agency to develop most of the LOE
estimates used in the analysis. For example, the NRC referred to industry comments in
response to the reevaluated hazards to inform the LOE estimates used for performing
site-specific reevaluated hazards evaluations.

Some cost activities were estimated using extrapolation, which relies on actual past or current
costs to estimate the future cost of similar activities. The NRC extrapolated LOE estimates from
existing NRC documentation and licensee submittals to estimate the LOE of the final rule’s
required activities. For example, the NRC reviewed exemption analyses already submitted by
licensees to extrapolate the cost of this activity under the final rule.
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Some activities were estimated using the engineering buildup method of cost estimation, which
combines the incremental costs of an activity from the bottom up to estimate a total cost. For
example, the NRC built up the BWR two-unit site costs based on the costs associated with the
BWR one-unit site costs. In these cases, the NRC estimated the equipment and site labor to
procure, modify the plant, and stage this equipment to comply with activities related to

Order EA-12-049.

Finally, the NRC developed other costs using the analogy method, which compares similar
activities to estimate costs. Examples of cost activities that were estimated using the analogy
method include the effort required to develop and maintain the reevaluated hazard change
control program. The NRC considered the costs associated with change management
programs to estimate the costs imposed by the rule requirements.

3.1.3 Time Period of Analysis

To define the period of analysis covered by this regulatory analysis (i.e., the period over which
costs and benefits would be incurred), the NRC derived an average remaining license term for
operating licensees and COL licensees. These average remaining license terms were
calculated based on data from NUREG-1350, Volume 28, “NRC Information Digest 2016-2017,”
issued September 2016 (Ref. 18). In total, the regulatory analysis covers a 63-year period.

To estimate the average remaining license term for operating reactors, the NRC assumed each
operating site applies for and receives one 20-year license renewal beyond its original 40-year
license term. For the 60 operating sites in the analysis, the NRC estimated that the average
remaining license term is 24 years, as of the effective date of the final rule. At the end of this
24-year period, the NRC assumes that these sites would enter the decommissioning phase and
would, in turn, incur decommissioning site costs associated with the final rule for the first 2 years
of decommissioning. According to 10 CFR 50.155(a)(2)(ii), if the licensee performs and retains
an analysis (hereafter referred to as the “exemption analysis”) demonstrating that (1) the decay
heat of the fuel in the SFP is removed solely by heating and boiling of water within the SFP and
(2) the boil-off period provides sufficient time for the licensee to obtain offsite resources to
sustain the SFP cooling function indefinitely, the licensee must only comply with

10 CFR 50.155(b)(3) of the final rule, which has no associated incremental costs. Therefore,
the period of analysis for operating reactors begins in 2017, the year the final rule is assumed to
take effect, and runs through 2040. From 2041 through 2042, the costs associated with these
sites decrease to reflect the change in operating status.’

The analysis includes two new reactor sites (i.e., Summer Units 2 and 3 and Vogtle Units 3 and
4). The NRC assumes that both sites will apply for and receive one 20-year license renewal in
addition to the original 40-year license. Based on these assumptions, the new reactor sites
would incur costs associated with the final rule from 2017 through 2077. In 2078, costs
associated with the new reactor sites would shift to those for decommissioning sites for 2 years

7 The cost associated with the exemption analysis is considered an historical cost (see Appendix B).
Currently, decommissioning sites are preparing these analyses to be granted an exemption from
Orders EA-12-049 and EA-12-051. Therefore, the NRC assumes that in the absence of the rule, operating
and new reactor sites would similarly prepare and submit the exemption analysis. As a result, the cost is
reflected in the no-action baseline.
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(from 2078 through 2079), based on the NRC’s assumption that both sites would prepare and
submit an exemption analysis to the NRC, exempting them from all but 10 CFR 50.155(b)(3) of
the final rule requirements.®

The analysis includes four current COL applicants (i.e., Lee, Levy, North Anna, and Turkey
Point). Because these applicants have not announced an intention to construct and operate a
new reactor, costs for these applicants only include incremental licensing costs for their
applications and the NRC review of that information.

3.1.4 Present-Value Calculations

The NRC calculated the present value of the costs sites would incur over the average remaining
license term. The NRC assumes that the final rule would be finalized and become effective in
2017. One-time implementation costs would be incurred in 2017, while annual operations costs
would begin in 2018 and end in 2079. The analysis uses 3-percent and 7-percent discount
rates to calculate present values. Costs that would be incurred before the effective date of the
final rule are expressed in present-value terms using the 3-percent and 7-percent discount
rates, which increase the costs because of the time value of money.

3.1.5 Reevaluated Hazard Mitigating Strategy Assessment

The NRC is estimating the costs to implement mitigating strategies changes necessary to
address the reevaluated seismic and flooding hazards that would be necessary under the new
rule. The costs are associated with implementing the existing orders or associated with
responding to the NRC letter on 10 CFR 50.54(f) to power reactor licensees dated May 9, 2014
(Ref. 23).

The final rule requires licensees to address the effects of the reevaluated hazard information
using one or both of the two approaches:

(1) the mitigation strategies and guidelines required by 10 CFR 50.155(b)(1) as
implemented or as modified

(2) event-specific approaches

The basis for requiring these provisions within the rule is in COMSECY-14-0037, “Integration of
Mitigating Strategies for Beyond-Design-Basis External Events and the Reevaluation of
Flooding Hazards,” dated November 21, 2014 (Ref. 26), and its associated SRM, dated

March 30, 2015 (Ref. 27). As discussed in COMSECY-14-0037, the requirements of

Order EA-12-049 were imposed in parallel with the agency’s March 12, 2012 (Ref. 44), requests
for information on the reevaluation of external hazards. As a result, Order EA-12-049 included a
requirement for licensees to give reasonable protection to equipment associated with the
required mitigating strategies from external events without specific reference to the necessary
level of protection. The appropriate level of protection from external hazards, particularly
flooding, was the subject of discussion in the course of NRC-held public meetings leading up to
the issuance of JLD-ISG-2012-01, “Compliance with Order EA 12-049, Order Modifying
Licenses with Regard to Requirements for Mitigation Strategies for Beyond-Design-Basis
External Events,” Revision 1, on January 22, 2016 (Ref. 24), and its endorsement of the
industry guidance for Order EA-12-049 in NEI 12-06, Revision 2 (Ref. 25).

8 Ibid.
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In COMSECY-14-0037, the NRC staff asked the Commission to affirm the following three
points:

(1) Licensees for operating nuclear power plants need to address the reevaluated flooding
hazards within their mitigating strategies for BDBEEs.

(2) Licensees for operating nuclear power plants may need to address some specific
flooding scenarios that could significantly damage the power plant site by developing
targeted or scenario-specific mitigating strategies, possibly including unconventional
measures, to prevent fuel damage in reactor cores or SFPs.

(3) The NRC staff should revise the flooding assessments and integrate the decisionmaking
into the development and implementation of mitigating strategies in accordance with
Order EA-12-049 and this rulemaking.

These principles reflect Revision 3 to NEI 12-06 (Ref. 29) and the key assumptions submitted
by multiple licensees in their overall integrated plans for mitigating strategies, using the following
language:

Flood and seismic reevaluations pursuant to the § 50.54(f) letter of

March 12, 2012, are not completed and therefore not assumed in this submittal.
As the reevaluations are completed, appropriate issues would be entered into the
corrective action system and addressed on a schedule commensurate with other
licensing bases changes.

In SRM-COMSECY-14-0037, the Commission approved the first two items recommended by
the NRC staff: (1) the need for operating nuclear power plant licensees to address the
reevaluated flood hazards within the mitigating strategies and (2) the potential for using targeted
or scenario-specific mitigating strategies.

3.1.51 Reevaluated Flooding Hazard

Appendix G to NEI 12-06, Revision 3 (Ref. 29), describes the methodology each licensee would
use to evaluate the impact of the reevaluated flood hazard information using the process
illustrated in Exhibit 3-5.
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Exhibit 3-5 Mitigating Strategies Assessment Flow Chart—Flooding Reevaluation

MS flood hazard FLEX Modifications to AMS can be
T information [Ys@l mplementation FLEX feasible to implemented to
of the MSEHI bound by FLEX successful with maintain respond to the
DB flood MS flood hazard functional MS flood
hazard? information? capabilities? hazard?
G4l

THMS required
to respond to
the MS flood

hazard?

Modify FLEX
strategy based on
the MS flood
hazard
information

Develop AMS Develop THMS
based on the MS based on the MS
flood hazard flood hazard
information information

Source: Ref. 29, Appendix E, Figure 1

The MSA determines whether FLEX strategies can be implemented given the impact of the
mitigating strategies flood hazard information (MSFHI). If it is determined that FLEX strategies
cannot be implemented, the MSA considers other options, such as modifications to FLEX
strategies or different mitigation strategies that address the specific parameters of the MSFHI. If
a strategy other than FLEX is chosen, the basis for choosing the selected strategy as the most
effective option would be documented in the MSA. In addition, the targeted hazard mitigating
strategy (THMS) method is an approach that deviates from the FLEX guidance in that it will not
maintain or restore the containment capability. In this approach, the opening of containment is
used as an element of the strategy. The THMS approach is used only if other strategies are not
reasonable.

The following describes each path shown in Exhibit 3-5:
. Path G.3: Flood hazard information bound by FLEX design-basis flood hazard

Path G.3 illustrates the comparison of the flood hazard used to develop the FLEX
strategies with the MSFHI to determine if the MSFHI is bounded. If the flood hazard is
bounded, no changes to the FLEX strategies are required.

For Path G.3, licensees would document the reevaluated flooding hazard evaluation,
which supports the conclusion that the flood hazard is bounded and that existing FLEX
strategies are acceptable without modification for the MSFHI.

. Path G.4.1. FLEX implementation successful with mitigating strategies flood hazard
information

Path G.4.1 illustrates the situation if the MSFHI is not bounded in all aspects (i.e., flood
height, associated effects, and flood event duration). Section G.4.1 of NEI 12-06,
Revision 3 (Ref. 29), has guidance for evaluating the existing FLEX strategies against
the impacts of the MSFHI to determine if the FLEX strategies can still be implemented
without change.
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For Path G.4.1, licensees would document the reevaluated flooding hazard evaluation,
which supports the conclusion that the existing FLEX strategies are acceptable without
modification for the MSFHI.

. Path G.4.2. Modifications to FLEX feasible to maintain functional capabilities

Path G.4.2 illustrates the situation if the FLEX strategies cannot be implemented without
change. Section G.4.2 of NEI 12-06 has guidance for determining if the FLEX strategies
can be modified to address the identified impacts from the MSFHI.

For Path G.4.2, licensees would document the reevaluated flooding hazard evaluation,
which supports the conclusion that modifications enable the FLEX strategies to be
implemented based on the impacts of the MSFHI. The documentation would include the
following:

identification of the impacts to the FLEX strategies

- a revised sequence of events demonstrating the necessity of revised FLEX
actions

- description and justification of the modifications (e.g., equipment, procedures)
necessary to address the revised FLEX actions

validation documents.

. Path G.4.3. An alternate mitigating strategy (AMS) can be implemented to respond to
the mitigating strategies flood hazard

Path G.4.3 illustrates an alternative to modifying the FLEX strategies. Section G.4.3 of
NEI 12-06 has guidance for developing an AMS. Unlike the FLEX strategies, which
assume specific event consequences from an undefined external event, the AMS would
be based specifically on the MSFHI as the defined external event. As such, the AMS
would not assume an ELAP and loss of the ultimate heat sink unless the flood event
caused such consequences. The AMS can use any configuration of equipment

(e.g., protective features, plant equipment, FLEX equipment) to maintain or restore core
cooling, containment, and SFP cooling capabilities.

For Path G.4.3, licensees would document the reevaluated flooding hazard evaluation
that concludes that the selected strategy will mitigate the MSFHI. The documentation
would include the following:

- the sequence of events for the flood hazards

- a detailed description of the mitigating strategies

— a detailed list of equipment necessary for the mitigating strategies

- a description of how the provisions for the baseline coping capability, the external
flooding impact, and the programmatic controls have been addressed

- validation documentation
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. Path G.4.4. THMS required to respond to the mitigating strategies flood hazard
Path G.4.4 illustrates an alternative to modifying the FLEX strategies or developing an
AMS. Section G.4.4 of NEI 12-06 has guidance for developing a THMS that would
consider other mitigative measures. The difference between an AMS and THMS is that
for the THMS, there will be a need to open containment as an element of the strategy to
perform the core cooling function and, as such, only the core cooling and SFP cooling
capabilities would be maintained or restored. A THMS is used only if it is not reasonable
to develop an AMS.
For Path G.4.4, licensees would document the reevaluated flooding hazard evaluation
that concludes that the selected strategy will mitigate the MSFHI. The documentation
would include the following:
— the sequence of events for the flood hazards
- a detailed description of the mitigating strategies

- a detailed list of equipment necessary for the mitigating strategies

- a description of how the provisions for the baseline coping capability, the external
flooding impact, and the programmatic controls have been addressed

- validation documentation

- for a THMS, documentation of the justification for not maintaining the
containment capability

3.1.5.2 Revaluated Seismic Hazard

Appendix H to NEI 12-06, Revision 3 (Ref. 29), describes the methodology each licensee would
use to evaluate the effect of the reevaluated seismic hazard information using the appropriate
MSA methodology, as illustrated in Exhibit 3-6 and described below.
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Exhibit 3-6 Mitigating Strategies Assessment Process for the Mitigating Strategies

Seismic Hazard Information

Path 1 Path 2 Path 3 Path 4 Path 5

GMRS < 2) S5E
{1-10 Hz)

MEI 12-06 Mitigating Strategies
and/or Alternate Mitigating

*  Strategies valid for MSSHI ¥

Source: Ref. 29, Appendix H, Figure H.2

Path 1: GMRS < SSE

If the safe-shutdown earthquake (SSE) spectrum bounds the ground motion response
spectrum (GMRS) at frequencies of 1 hertz (Hz) and greater, NEI 12-06 advises
licensees that additional evaluation is unnecessary because the effects of the mitigating
strategies seismic hazard information (MSSHI) are bounded by the hazard for which the
mitigating strategies were designed.

For Path 1, licensees would document the reevaluated seismic hazard evaluation that
demonstrates existing FLEX strategies are acceptable without modification for the
MSSHI Path 1. This documentation would include the following:

- the FLEX strategies that can be implemented for the MSSHI
— a comparison of the GMRS to the SSE

Path 2: GMRS < SSE with high-frequency exceedances

For plants where the GMRS spectrum above 10 Hz exceeds the SSE spectrum,
licensees must demonstrate adequacy of the FLEX strategies with respect to the MSSHI
by performing an MSA that consists of an evaluation of high-frequency-sensitive plant
equipment required for strategy implementation.

For Path 2, licensees would document the reevaluated seismic hazard evaluation to
demonstrate that FLEX strategies, or FLEX strategies with modifications, address the
effects of the MSSHI on mitigation strategies. The documented evaluation would include
the following:

— description of comparison of GMRS to SSE

- identification of any MSSHI impacts to the FLEX strategies
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- revised sequence of events demonstrating the necessity of revised FLEX
actions, as appropriate

- description of and justification for any resulting modifications (e.g., equipment,
procedures) to address the revised FLEX actions, as appropriate

- validation documents
° Path 3: SSE < GMRS < IHS

For Path 3, the GMRS is compared to a plant capacity spectrum derived from the
individual plant examination of external events (IPEEE) program using the plant’s
high-confidence-of-low-probability-of-failure (HCLPF) capacity. The IPEEE HCLPF
spectrum (IHS) is described in Section 3.3 of EPRI Report No. 1025287 (Ref. 28). If the
IHS envelops the GMRS between 1 and 10 Hz or was previously accepted by the NRC,
licensees could use an MSA to demonstrate robustness to the MSSHI of structures,
systems, and components (SSCs) relied on for the AMS. These MSAs rely on the
IPEEE seismic evaluation of plant equipment to demonstrate the robustness of SSCs to
the MSSHI. Licensees would also supplement the IPEEE evaluation with reviews of
SFP cooling functions and high-frequency exceedances (as applicable).

For Path 3, licensees