RULEMAKING ISSUE
AFFIRMATION

December 10, 2010

SECY-10-0161

FOR:

The Commissioners

FROM:

R. W. Borchardt
Executive Director for Operations

SUBJECT:

FINAL RULE: RISK-INFORMED CHANGES TO LOSS-OF-COOLANT
ACCIDENT TECHNICAL REQUIREMENTS (10 CFR 50.46a)
(RIN 3150-AH29)

PURPOSE:
To obtain Commission approval to publish a final rule providing alternative risk-informed
emergency core cooling system (ECCS) requirements.
SUMMARY:
The U.S. Nuclear Regulatory Commission (NRC) staff is seeking Commission approval of the
enclosed rule that would establish an alternative, risk-informed set of ECCS requirements
applicable to the current fleet of operating reactors and certain new light water reactors whose
designs are similar to currently operating plants. The rule would reduce some ECCS analysis
requirements for larger, less likely pipe breaks and provide some plants with additional design
flexibility. Facility changes made possible by the new ECCS requirements would also have to
meet risk-informed acceptance criteria specified in the rule to ensure adequate protection of
public health and safety.
BACKGROUND:
This rulemaking effort was initiated by the Staff Requirements Memorandum (SRM) of
March 31, 2003, (Agencywide Documents Access and Management System (ADAMS)
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Accession No. ML030910476), on SECY-02-0057, “Update to SECY-01-0133, ‘Fourth Status
Report on Study of Risk-Informed Changes to the Technical Requirements of 10 CFR Part 50
(Option 3) and Recommendations on Risk-Informed Changes to 10 CFR 50.46 (ECCS
Acceptance Criteria)’," dated March 29, 2002, (ADAMS Accession No. ML020660607). This
SRM directed the staff to prepare a proposed rule that would provide a risk-informed alternative
maximum loss-of-coolant accident (LOCA) break size. Since receiving the initial SRM, the NRC
staff has resolved a closely-related petition for rulemaking submitted by the Nuclear Energy
Institute (NEI) and held over a dozen public meetings to discuss this rulemaking with members
of the public, industry stakeholders, and with the Advisory Committee on Reactor Safeguards
(ACRS). On two occasions, the staff has summarized various issues affecting this rulemaking
and requested additional guidance from the Commission on specific policy issues. The NRC
has published a proposed and a supplemental proposed rule and has addressed all associated
public comments submitted on these proposals. The staff has now completed and is seeking
Commission approval of the enclosed final rule. A detailed history of staff activities on this
rulemaking effort is provided in Enclosure 1.
DISCUSSION:
The final rule will establish an alternative set of risk-informed ECCS requirements in Title 10 of
the Code of Federal Regulations (10 CFR) Part 50.46a with which licensees may choose to
comply in lieu of meeting the current requirements in 10 CFR 50.46, “Acceptance Criteria for
Emergency Core Cooling Systems for Light-Water Nuclear Power Reactors.” The rule divides
the current spectrum of LOCA break sizes into two regions. The division between the two
regions is delineated by the transition break size (TBS). The first region includes small-size
breaks, up to and including the TBS. The second region includes breaks larger than the TBS,
up to and including the double-ended guillotine break (DEGB) of the largest reactor coolant
system pipe. These larger breaks are considered to have a much lower likelihood than the
smaller breaks in the first region. Under the new rule, the ECCS design requirements for pipe
breaks less than the TBS are the same as the requirements for all breaks under the current
10 CFR 50.46 ECCS rule. By contrast, under the new rule, the ECCS design requirements for
pipe breaks larger than the TBS may be analyzed using less conservative assumptions based
on their lower likelihood. Although LOCAs for break sizes larger than the transition break would
become beyond design-basis accidents, these breaks will still be subject to regulatory control.
The final rule will require that licensees maintain the ability to mitigate all LOCAs, up to and
including the DEGB of the largest reactor coolant system pipe. However, mitigation analyses
for LOCAs larger than the TBS need not assume the loss-of-offsite power or the occurrence of a
single failure. Licensees will be allowed to credit the use of non-safety-related equipment and
will be permitted to operate the facility for a short time (up to 14 days in a 12-month period or an
NRC-approved alternative) with certain equipment inoperable that is needed to mitigate the
larger breaks.
After performing LOCA analyses under the alternative ECCS requirements in the final rule,
some licensees may find that their plant designs are no longer limited by certain parameters
associated with previous DEGB analyses. Reducing the DEGB limitations will allow some
licensees to propose a wide scope of design or operational changes, up to the point where
operation is limited by some other parameter associated with the required accident analyses.
Potential design changes include containment spray system set point changes; fuel
management improvements; optimization of plant modifications and operator actions to address
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postulated sump blockage issues; power uprates; and changes to the required number of
accumulators, diesel start times, sequencing of equipment, and valve stroke times.
Some of these design and operational changes could increase plant safety because a licensee
could modify its systems to better mitigate the more likely LOCAs. Other changes, such as
increasing power, could increase overall risk to the public. Thus, the 10 CFR 50.46a option
includes risk acceptance criteria for evaluating future design changes to ensure that any risk
increases “enabled” by this rule are acceptably small. These acceptance criteria (i.e., very
small increase in risk) are consistent with the guidelines for risk-informed license amendments
in Regulatory Guide 1.174, “An Approach for Using Probabilistic Risk Assessment in
Risk-Informed Decisions on Plant-Specific Changes to the Licensing Basis,” that can be used at
all facilities unless the facility’s total risk is unacceptably high. Satisfying these guidelines will
ensure both the acceptability of the changes from a risk perspective and the retention of
sufficient defense-in-depth, safety margins, and performance monitoring.
The NRC staff will periodically evaluate LOCA frequencies. Should estimated LOCA
frequencies increase, causing a significant increase in the risk associated with breaks larger
than the TBS, the NRC staff will recommend to the Commission that the agency undertake
rulemaking (or issue orders, if appropriate) to change the TBS. The new rule also includes
changes to the backfit rule, 10 CFR 50.109, providing that a backfitting analysis need not be
prepared for changes the NRC may make to the TBS. If previous plant changes made under
10 CFR 50.46a are invalidated because of a change made to the TBS, licensees will have to
modify or restore components or systems or make offsetting changes to other parts of the plant
so that the facility will continue to comply with the rule’s acceptance criteria. Paragraph (d)(4) of
the rule states that the backfit rule and applicable finality provisions in Part 52 will also not apply
to such licensee actions. The NRC staff believes that these exclusions from the backfit rule and
Part 52 finality provisions are appropriate as a regulatory policy matter because the technical
requirement is a voluntary alternative and the technical basis supporting the regulatory
acceptance criterion is subject to evolving understanding as more is learned about the
frequency of loss-of-coolant events. The “Backfit Analysis” section in the enclosed Federal
Register Notice (FRN) provides a more detailed discussion of the reasons for these exclusions
from the backfit rule.
Public Comments
The NRC received 15 comment letters on the initial proposed rule, nearly all of which were from
nuclear industry stakeholders. Although comments were related to a number of issues, several
industry commenters were concerned that the significant implementation burden of the rule
could prevent it from being widely adopted by licensees. The staff discussed these comments
with stakeholders in two public meetings and addressed them in the supplemental proposed
rule published in Volume 74 of the Federal Register (FR), page 40,006 (74 FR 40006). The
NRC received five comment letters on the supplemental proposed rule, two from nuclear
industry stakeholders, and three from public citizens. The nuclear industry comments
addressed various technical aspects of the supplemental proposed rule, but several were again
concerned with potential implementation burden. The public commenters expressed the view
that the NRC should resolve the issues raised in several petitions for rulemaking before
publishing the final 10 CFR 50.46a rule. Section IV of the enclosed FRN addresses these
public comments categorized according to the various issues that were raised.
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Recommendations Provided by the ACRS on Applying 10 CFR 50.46a to New Reactor Designs
In a letter on October 20, 2010, (ADAMS Accession No. ML102850279), the ACRS concluded
that the staff’s draft final rule was an acceptable risk-informed alternative to the current
requirements in 10 CFR 50.46 for operating reactors. The ACRS then concluded that it is
premature to extend 10 CFR 50.46a to new reactors at this time. The Committee’s
recommendation was primarily based on the concern that new reactors are expected to have
significantly different risk profiles from the current operating reactor fleet and that development
of appropriate risk metrics and risk acceptance criteria for these designs is still in the conceptual
stage. But the ACRS also recommended that if the NRC staff decides to include new reactors
in the final rule, the short time during which a facility may operate without all equipment needed
to mitigate beyond-TBS LOCAs should be subject to an additional limitation to preclude a
significant relative decrease in the level of safety provided by the new design. The NRC staff
agrees with this ACRS recommendation and has modified the rule to include the additional
requirement. A detailed discussion of the staff’s response to the ACRS recommendations on
new reactors is included in Enclosure 2.
Implementation Burden
Because the use of this rule is voluntary, the NRC staff expects that each licensee would do its
own plant-specific cost-benefit analysis to decide whether to adopt the rule. But for those
licensees who do apply for approval to use 10 CFR 50.46a, the NRC staff agrees with
comments made by industry stakeholders that the implementation burden of this rule is
potentially significant. The staff held four public stakeholder meetings to consider alternatives to
reduce the burden incurred by licensees who adopt the rule. The staff believes that all
requirements now included in the rule are necessary to ensure adequate protection of the
public. For those licensees who do adopt the rule, potential net benefits are expected to be
large. If 18 plants implement the rule, cumulative net benefits have been estimated to range
from $279 million up to $5,656 million, depending upon the assumed scenario (see pages 34
and 35 of the regulatory analysis provided in Enclosure 3).
The staff is preparing implementation guidance in the form of two regulatory guides. The
agency published one guide, DG-1216, ‘‘Plant-Specific Applicability of the Transition Break Size
Specified in 10 CFR 50.46a,” for public comment in June 2010. This guide describes the
evaluation that a licensee must perform to ensure that the TBS is applicable to its plant. But this
draft guide does not reflect the changes recently made to the rule in response to the ACRS
recommendations received in October 2010. The staff may need to revise this guide and seek
additional public comments on the changes. To evaluate the regulatory burden associated with
this applicability review guidance, the NRC plans to conduct a pilot plant study with industry.
The goal of this study is to ensure that the final guidance provides reasonable assurance that
plant safety is not impacted by proposed facility changes under 10 CFR 50.46a while minimizing
licensee implementation costs. The second regulatory guide will provide process guidance for
implementing the rule. The staff expects to publish the second guide for public comment
approximately 12 months after the Commission makes its decision on the enclosed rule. With
the possible exception of the pilot plant study, all final regulatory guidance is expected to be
completed approximately 19 - 22 months after the Commission makes its decision on the final
rule. The staff typically would prefer to publish regulatory guides concurrently with the issuance
of a final rule; however, since this rule is voluntary the staff believes it will be acceptable to
complete these regulatory guides after the rule is promulgated. The staff also believes

The Commissioners

5

collaboration on the development of the final guidance will be more effective once the final rule
is approved. Additionally, given the options currently associated with the resolution of GSI-191,
the Commission may benefit from the availability of this proposed final rule for review, and the
industry would also likely benefit from an earlier issuance of the final rule than the time required
developing the regulatory guides would allow.
Major Rule
As previously noted, one scenario considered in the regulatory analysis resulted in net
cumulative benefits of $5,656 million. These benefits would accrue over the remaining lifetimes
of a group of plants from 2011 until 2054, when the license of the last plant would expire.
Because the average annual benefit over this 43-year period is over $100 million, the staff plans
to identify this action as a major rule. As required by the Congressional Review Act, the
effective date of the rule will be extended from 30 days until 60 days to allow for possible
Congressional review.
Petition for Rulemaking
In February 2002, NEI submitted a petition for rulemaking (PRM-50-75) requesting the NRC to
revise the ECCS requirements by redefining the large break LOCA (ADAMS Accession no.
ML020630082). Specifically, NEI requested that the NRC amend § 50.46 to allow licensees to
use as an alternative to the DEGB of the largest pipe in the reactor coolant system, an alternate
maximum break size that would be approved by the Director of the Office of Nuclear Reactor
Regulation (NRR). Notice of the petition was published for public comment (67 FR 16654) and
18 sets of public comments were received. Comments were mostly from the power reactor
industry in favor of granting the petition, but two commenters were concerned about potential
impacts on defense-in-depth and safety margins if significant changes were made to reactor
designs based upon a smaller break size. The NRC staff addressed the petition on
November 6, 2008, by publishing a notice in the FR stating that the petitioner’s recommendation
would be considered in the rulemaking process (See 73 FR 66000). The NRC staff considered
all PRM-50-75 public comments during the 10 CFR 50.46a rulemaking, but formally addressed
only the comments that did not support the petition. After considering the petition and the public
comments, the NRC staff concluded that the Director of NRR should not specify maximum
LOCA break sizes in a case-by-case fashion because of potential problems with determining the
level of adequate protection on a design-specific basis and associated difficulties in maintaining
fairness and regulatory stability. The staff concluded that the maximum LOCA break size
should be determined during a rulemaking in which all stakeholders could participate. This
approach resulted in the transition break size concept upon which the enclosed final rule is
based. The final rule addresses the petitioner’s rulemaking request by specifying the TBS for
currently operating reactors and establishing the process and criteria for evaluating applicants’
proposals for a TBS applicable to a new reactor design. However, because the rule does not
reflect the rule language submitted in PRM-50-75, the petitioner’s request is accepted in part
and denied in part.
RESOURCES:
The following staff full-time equivalent and contractor support resources are required to
complete this rulemaking and prepare the associated regulatory guidance. These resources
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have been allocated in the fiscal year (FY) 2011 and FY 2012 budgets for NRR, for the Office of
New Reactors (NRO) and the Office of Nuclear Regulatory Research (RES).
Office

Description

FY 2011
CS&T FTE
NRR Risk-Informed Rulemaking and Regulatory Guidance
0
1.1
NRO Risk-Informed Regulatory Guidance
0
0.3
RES Final Rule: Risk Informed Changes to Loss-of-Coolant
150K
0
Accident Technical requirements
RES Final Rule: Risk Informed Changes to Loss-of-Coolant
0
0.6
Accident Technical requirements
Total:
150K
2.0

FY 2012
CS&T
FTE
0
0.1
0
0.1
0
0
0

0.25

0

0.45

RECOMMENDATIONS:
The staff recommends that the Commission take the following four actions:
(1)

Approve the enclosed final rule (Enclosure 4) for publication in the FR.

(2)

Certify that this rule, if promulgated, will not have a significant impact on a substantial
number of small entities. This certification is included in the enclosed FRN and satisfies
the requirement of the Regulatory Flexibility Act of 1980 (5 U.S.C. 605(b)).

(3)

Note the following:

(4)

a.

The staff has prepared a final regulatory analysis for this rulemaking
(Enclosure 3).

b.

The final rule contains amended information collection requirements subject to
the Paperwork Reduction Act of 1995 (44 U.S.C. 3501, et seq.) that must be
submitted to the Office of Management and Budget (OMB) for its review and
approval before the final rule can be published in the FR.

c.

The staff has determined that this action is a “major rule,” as defined in the
Congressional Review Act of 1996 (5 U.S.C. 804(2)), and has confirmed this
determination with OMB. The staff will inform the appropriate Congressional and
U.S. Government Accountability Office contacts.

d.

The staff will inform the appropriate Congressional committees.

e.

The Office of Public Affairs will issue a press release when the NRC publishes
the final rule in the FR.

Approve the staff recommendation to partially accept and partially deny PRM-50-75.
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COORDINATION:
The staff conducted its final briefings of the ACRS subcommittee and full committee on
September 22 and October 7, 2010, respectively. The ACRS concluded that the rule was an
acceptable alternative for operating reactors. The staff’s response to the ACRS
recommendations on applying the rule to new reactor designs is provided in Enclosure 2. The
staff coordinated this paper with NRR, RES, NRO, the Office of Administration, the Office of
Information Services, the Office of the Chief Financial Officer, and the Office of Enforcement.
The Office of the General Counsel has no legal objection to this paper.
/RA Martin Virgilio for/
R. W. Borchardt
Executive Director
for Operations
Enclosures:
1. History of § 50.46a Rulemaking
2. Staff Evaluation of ACRS
Recommendations
3. Regulatory Analysis
4. Federal Register Notice

History of § 50.46a Risk-Informed ECCS Rulemaking Activities
The Commission’s Staff Requirements Memorandum (SRM) of March 31, 2003 (Agencywide
Documents Access and Management System (ADAMS) Accession No. ML030910476), on
SECY-02-0057, “Update to SECY-01-0133, ‘Fourth Status Report on Study of Risk-Informed
Changes to the Technical Requirements of 10 CFR Part 50 (Option 3) and Recommendations
on Risk-Informed Changes to 10 CFR 50.46 (ECCS Acceptance Criteria)’," dated
March 29, 2002 (ADAMS Accession No. ML020660607) directed the staff to prepare a
proposed rule that would provide a risk-informed alternative maximum loss-of-coolant accident
(LOCA) break size. The Nuclear Regulatory Commission (NRC) staff began to prepare a
proposed rule in response to the SRM direction. However, after holding two public stakeholder
meetings (June 9, 2003 and July 24, 2003; ADAMS Accession Nos. ML031810178 and
ML032130059, respectively) the NRC staff found differences between stated Commission
objectives and industry stakeholder interests.
To reach a common understanding about the objectives of the rulemaking, the NRC staff
requested additional Commission guidance in SECY-04-0037, “Issues Related to Proposed
Rulemaking to Risk-Inform Requirements Related to Large Break Loss-of-Coolant Accident
(LOCA) Break Size and Plans for Rulemaking on LOCA with Coincident Loss-of-Offsite Power,”
dated March 3, 2004 (ADAMS Accession No. ML040490133). The Commission stated in an
SRM dated July 1, 2004 (ADAMS Accession No. ML041830412), that the NRC staff should
determine an appropriate risk-informed alternative break size and remove breaks larger than
this size from the design-basis event category. The Commission indicated that the proposed
rule should be structured to allow operational as well as design changes and should include
requirements for licensees to maintain capability to mitigate the full spectrum of LOCAs, up to
the double-ended guillotine break (DEGB) of the largest reactor coolant system pipe. The
Commission stated that the mitigation capabilities for beyond-design-basis events should be
controlled by NRC requirements commensurate with the safety significance of these
capabilities. The Commission also stated that LOCA frequencies should be periodically
reevaluated and if LOCA frequencies increase, licensees may be required to restore the facility
to its original design basis or make other compensating changes. For plant changes made in
this manner, the backfit rule (10 CFR 50.109, “Backfitting”) would not apply.
On March 29, 2005, in SECY-05-0052, “Proposed Rulemaking for ‘Risk-Informed Changes to
Loss-of-Coolant Accident Technical Requirements,’” the NRC staff provided a proposed rule to
the Commission for its consideration. In an SRM dated July 29, 2005 (ADAMS Accession No.
ML052100416), the Commission directed the NRC staff to publish the proposed rule for public
comment after making certain changes.
On November 7, 2005, the NRC published the proposed rule in the Federal Register (FR)
(70 FR 67598), with a comment period of 90 days. In response to two different stakeholder
requests, the NRC extended the public comment period by 30 days until March 8, 2006. The
NRC held a public workshop on February 16, 2006, to ensure before the comment period
closed that stakeholders understood the NRC’s intent and interpretation of the proposed rule.
The NRC then held public meetings on June 28, 2006 and August 17, 2006 (ADAMS Accession
Nos. ML061940138 and ML062360105, respectively), to discuss public comments. After
evaluating public comments, the NRC completed draft final rule language that addressed nearly
all commenter concerns.
ENCLOSURE 1

-2On October 31 and November 1, 2006, the NRC staff met with the Advisory Committee on
Reactor Safeguards (ACRS) to discuss the draft final rule. In a letter dated November 16, 2006,
(ADAMS Accession No. ML063190465) ACRS provided its evaluation of the draft rule. ACRS
recommended that the NRC not issue the rule in its current form and suggested numerous rule
changes, primarily to increase the defense-in-depth provided for large pipe breaks.
The NRC staff evaluated the ACRS recommendations and, in SECY-07-0082, “Rulemaking to
Make Risk-Informed Changes to Loss-of-Coolant Accident Technical Requirements;
10 CFR 50.46a, ‘Alternative Acceptance Criteria for Emergency Core Cooling Systems for Light
Water Nuclear Power Reactors,’” dated May 16, 2007 (ADAMS Accession No. ML070180692),
sought additional guidance from the Commission on the both the priority of the rule and the
issues raised by ACRS. In its SRM dated August 10, 2007 (ADAMS Accession No.
ML072220595), the Commission approved NRC staff recommendations for a revised rule
priority and its approach for addressing the ACRS concerns and completing the final rule.
Following the ACRS recommendations and the Commission’s direction, the NRC staff modified
the rule by making numerous substantive changes in the draft final rule. After considering the
extent of these changes, the NRC decided to provide an additional opportunity for public
stakeholders to review and submit comments on the revised rule language. Thus, the NRC
published a supplemental proposed rule on August 10, 2009 (74 FR 40006). In response to an
industry stakeholder request, the NRC extended the comment period for all stakeholders until
January 22, 2010. The NRC evaluated public comments received on the supplemental
proposed rule and prepared a draft final rule. This draft rule language was made publicly
available on May 12, 2010, and posted on regulations.gov. The NRC held a public meeting on
June 4, 2010, to discuss resolution of public comments and the draft final rule language with
stakeholders. The staff prepared the final draft rule and discussed it in meetings with the ACRS
subcommittee and full committee on September 22, and October 7, respectively. The ACRS
provided its views on the rule to the Commission in a letter on October 20, 2010 (ADAMS
Accession No. ML102850279).

ACRS Recommendations on Applying § 50.46a to New Reactor Designs
The NRC staff conducted its final briefings of the Advisory Committee on Reactor Safeguards
(ACRS) subcommittee and full committee on September 22 and October 7, 2010, respectively.
The ACRS provided a letter with its final recommendations on October 20, 2010. The letter
concluded that, for operating reactors, the staff’s draft final rule was an acceptable risk-informed
alternative to the current regulations in Title 10 of the Code of Federal Regulations
(10 CFR) Part 50.46. The letter then concluded that it is premature to extend § 50.46a to new
reactor designs at this time. This recommendation was primarily based on the concern that new
reactors are expected to have significantly different risk profiles from the current operating
reactor fleet and that development of appropriate risk metrics and risk acceptance criteria for
these designs is still in the conceptual stage. But the ACRS also recommended that if the
Nuclear Regulatory Commission staff decides to include new reactors in the final rule, the
allowable outage time for equipment needed to mitigate beyond-transition break size (TBS)
loss-of-coolant accidents should be subject to an additional limitation to preclude a significant
decrease in the level of safety provided by the new design. The staff’s response to the ACRS
recommendations regarding new reactors follows.
The draft final rule states in paragraph (c)(2) that an applicant for a construction permit, design
approval, design certification, manufacturing license, or combined license or a holder of a
design approval seeking to implement the requirements of § 50.46a shall demonstrate why the
proposed reactor design is similar to the designs of reactors licensed before the effective date of
the rule. That demonstration must include a recommendation for an appropriate TBS and a
justification that the recommended TBS is consistent with the technical basis for the rule.
Acceptance criteria in paragraph (c)(3)(vi) require that the TBS includes sufficient margin to
provide assurance that, when considering the limited availability of data and the uncertainty in
the estimation of loss of coolant accident frequency, the estimated frequency of breaks larger
than the TBS for all initiators does not exceed 10-5 per year. Also, paragraph (f)(3)(iv) of the rule
requires the new reactor applicants under 10 CFR Part 52 to supplement the allowable
increases in core damage frequency and large early release frequency with an evaluation
demonstrating that implementing the proposed plant changes will also not result in a significant
decrease in the level of safety otherwise provided by the new reactor design.
Further, in the responses to public comments related to the application of § 50.46a to new
reactor designs, the staff explains that if, in response to the staff’s policy paper, SECY-10-0121,
“Modifying the Risk-Informed Regulatory Guidance for New Reactors,” dated
September 14, 2010, the Commission directs the staff to promulgate guidance that describes
new metrics to be used for new reactors, the staff will also make appropriate conforming
changes § 50.46a by rulemaking.
The staff agrees with the final ACRS recommendation that if new reactor applicants under
Part 52 are permitted to implement the requirements of § 50.46a, they must justify the allowable
time for operating in configurations without a demonstrated capability to mitigate beyond-TBS
pipe breaks to preclude a significant decrease in the level of safety provided by the new design.
The staff has added a provision to paragraph (d)(5) of the rule to implement this ACRS
recommendation.

ENCLOSURE 2

-2With these additions, the staff believes that the requirements in the draft final rule and the
clarifying provisions in its supporting documentation are sufficient to continue to recommend
that the Commission apply the rule to new reactor designs. Should the Commission direct the
staff, in response to SECY-10-0121, to adopt an approach other than the option (Option 2)
recommended by the staff, the staff will respond appropriately.

Regulatory Analysis
Risk-Informed Changes to Loss-of-Coolant
Accident Technical Requirements
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EXECUTIVE SUMMARY
The Nuclear Regulatory Commission (NRC) is proposing an alternative set of risk-informed
requirements that licensees may voluntarily choose in lieu of the current requirements for
analyzing the performance of emergency core cooling systems (ECCS) in 10 CFR 50.46. The
alternative requirements will enable some licensees to change aspects of facility design and
procedures. This complex rulemaking culminates years of study and analysis on the topic of
risk-informing technical requirements in Part 50.
This regulatory analysis assesses the potential values and impacts of the final rule. Because the
final rule is voluntary, it is difficult to project whether and how different types of licensees may
use it. Moreover, the final rule contains new procedures and requirements whose costs cannot be
precisely benchmarked. Therefore, the regulatory analysis follows a conservative approach
throughout and addresses uncertainty by analyzing three scenarios representing different degrees
to which licensees may employ the rule. Based on input from the Boiling Water Reactors
(BWR) Owners’ Group and the Westinghouse Owners Group, the analysis quantifies values and
impacts only for pressurized water reactors (PWRs) and analyzes the potential use of the rule
only for power uprates and relaxation of emergency diesel generator (EDG) start times.
The increased ability to uprate should make this an attractive rule for PWRs despite the
regulatory costs, which exceed required capital costs at lower uprate levels (at 7.5% uprates,
capital costs exceed regulatory costs). The NRC also will incur substantial review and research
costs, most of which can be recovered from licensees.
The regulatory analysis considered two types of benefits. The dominant benefit came from
increased power generation due to uprating that will displace some of the high cost oil and gas
generation and lead to significant cost savings. The expected monetary benefits related to EDGs
were much smaller but still significant.
Integrating the values and impacts reveals a final rule with a positive net present value (NPV).
The NPV ranges from $279 million to $2.9 billion (7% discount rate) and $568 million to $5.7
billion (3% discount rate). This is a cost-beneficial rule, as measured by the data and
assumptions documented in the regulatory analysis.
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1.

STATEMENT OF THE PROBLEM AND NRC OBJECTIVES

During the last few years, the NRC has had numerous initiatives underway to make
improvements in its regulatory requirements that would reflect current knowledge about reactor
risk. The overall objectives of risk-informed modifications to reactor regulations include:
(1) Enhancing safety by focusing NRC and licensee resources in areas commensurate with their
importance to health and safety;
(2) Providing NRC with the framework to use risk information to take action in reactor
regulatory matters; and
(3) Allowing use of risk information to provide flexibility in plant operation and design, which
can result in reduction of burden without compromising safety.
In stakeholder interactions, one candidate area identified for possible revision was emergency
core cooling system (ECCS) requirements in response to postulated loss-of-coolant accidents
(LOCAs). The NRC acknowledges that LOCAs in the larger break size region are considered
very rare events. Requiring reactors to conservatively withstand such events focuses attention
and resources on extremely unlikely events. This could have a detrimental effect on mitigating
accidents initiated by other more likely events. Nevertheless, because of the interrelationships
between design features and regulatory requirements, making changes to technical requirements
of certain parts of the regulations on ECCS performance has the potential to affect many other
aspects of plant design and operation. The NRC has evaluated various aspects of its
requirements for ECCS and LOCAs in light of the very low estimated frequency of the large
LOCA initiating event.
NRC’s regulations and their implementation are largely based on a “deterministic approach,”
which establishes requirements for engineering margin and quality assurance in design,
manufacture, and construction. In addition, it assumes that adverse conditions can exist (e.g.,
equipment failures and human errors) and establishes a specific set of design basis events
(DBEs) for which specified acceptance criteria must be satisfied. Each DBE encompasses a
spectrum of similar but less severe accidents. The deterministic approach then requires that the
licensed facility include safety systems capable of preventing and/or mitigating the consequences
of those DBEs to protect public health and safety. While the requirements are stated in
deterministic terms, the approach contains implied elements of probability (qualitative risk
considerations), from the selection of accidents to be analyzed to the system level requirements
for emergency core cooling (e.g., safety train redundancy and protection against single failure).
Those structures, systems or components (SSC) necessary to defend against the DBEs were
defined as “safety-related,” and these SSCs were the subject of many regulatory requirements
designed to ensure that they were of high quality, high reliability, and had the capability to
perform during postulated design basis conditions.
Defense-in-depth is an element of NRC’s safety philosophy that employs successive measures,
and often layers of measures, to prevent accidents or mitigate damage if a malfunction, accident,
or naturally caused event occurs at a nuclear facility. Defense-in-depth is used by the NRC to
provide redundancy through the use of a multiple-barrier approach against fission product
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releases. The defense-in-depth philosophy ensures that safety will not be wholly dependent on
any single element of the design, construction, maintenance, or operation of a nuclear facility.
The net effect of incorporating defense-in-depth into reactor design, construction, maintenance
and operation is that the facility or system in question tends to be more tolerant of failures and
external challenges.
The LOCA is one of the design basis accidents established under the deterministic approach. If
coolant is lost from the reactor coolant system and the event cannot be terminated (isolated) or
the coolant is not restored by normally operating systems, it is considered an “accident” and then
subject to mitigation and consideration of potential consequences. If the amount of coolant in
the reactor is insufficient to provide cooling of the reactor fuel, the fuel would be damaged,
resulting in loss of fuel integrity and release of radiation.
A “probabilistic approach” to regulation enhances and extends the traditional deterministic
approach by allowing consideration of a broader set of potential challenges to safety, providing a
logical means for prioritizing these challenges based on safety significance, and allowing
consideration of a broader set of resources to defend against these challenges. In contrast to the
deterministic approach, probabilistic risk assessments address a very wide range of credible
initiating events and assess the event frequency. Mitigating system reliability is then assessed,
including the potential for common cause failures. The probabilistic treatment considers the
possibility of multiple failures, not just the single failure requirements used in the deterministic
approach. The probabilistic approach to regulation is therefore considered an extension and
enhancement of traditional regulation that considers risk (i.e. product of probability and
consequences) in a more coherent and complete manner.
The NRC published a Policy Statement on the Use of Probabilistic Risk Assessment (PRA) on
August 16, 1995 (60 FR 42622). In the policy statement, the NRC stated that the use of PRA
technology should be increased in all regulatory matters to the extent supported by the state of
the art in PRA methods and data, and in a manner that complements the deterministic approach
and that supports the NRC’s defense-in-depth philosophy. PRA evaluations in support of
regulatory decisions should be as realistic as practicable and appropriate supporting data should
be publicly available. The policy statement also stated that, in making regulatory judgments,
NRC’s safety goals for nuclear power reactors and subsidiary numerical objectives (on core
damage frequency and containment performance) should be used with appropriate consideration
of uncertainties.
In addition to quantitative risk estimates, the defense-in-depth philosophy is invoked in riskinformed decision-making as a strategy to ensure public safety because both unquantified and
unquantifiable uncertainties exist in engineering analyses (both deterministic analyses and risk
assessments). The primary need with respect to defense-in-depth in a risk-informed regulatory
system is guidance to determine which measures are appropriate and how good these should be
to provide sufficient defense-in-depth.
To implement the Commission Policy Statement, the NRC developed guidance on the use of risk
information for reactor license amendments and issued Regulatory Guide (RG) 1.174. This RG
provided guidance on an acceptable approach to risk-informed decision-making consistent with
NRC’s policy, including a set of key principles. These principles include: (1) being consistent
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with the defense-in-depth philosophy; (2) maintaining sufficient safety margins; (3) allowing
only changes that result in only a small increase in core damage frequency or risk (consistent
with the intent of NRC’s Safety Goal Policy Statement); and (4) incorporating monitoring and
performance measurement strategies.
Regulatory Guide 1.174 further clarifies that in implementing the above principles, the NRC
expects that all safety impacts of the proposed change are evaluated in an integrated manner as
part of an overall risk management approach in which the licensee is using risk analysis to
improve operational and engineering decisions broadly by identifying and taking advantage of
opportunities to reduce risk; and not just to eliminate requirements that a licensee sees as
burdensome or undesirable.
The process described in RG 1.174 is applicable to changes to plant licensing bases. As
experience with the process and applications grew, NRC recognized that further development of
risk-informed regulation would require making changes to the regulations themselves. In June
1999, NRC decided to implement risk-informed changes to the technical requirements of Part 50.
The first risk-informed revision to the technical requirements of Part 50 consisted of changes to
the combustible gas control requirements in 10 CFR 50.44; 68 FR 54123 (September 16, 2003).
The NRC also decided to examine the requirements for large break LOCAs. A number of
possible changes were considered, including changes to General Design Criteria (GDC) 35 and
changes to § 50.46 acceptance criteria, evaluation models, and functional reliability
requirements. The NRC also plans to refine previous estimates of LOCA frequency for various
sizes of LOCAs to more accurately reflect the current state of knowledge with respect to the
mechanisms and likelihood of primary coolant system rupture.
Industry interest in a redefined LOCA was shown by filing of a Petition for Rulemaking (PRM
50-75) by the Nuclear Energy Institute (NEI) in February 2002. Notice of that petition was
published in the Federal Register for comment on April 8, 2002 (67 FR16654). The petition
requested the NRC to amend § 50.46 and Appendices A and K to allow an option [to the doubleended rupture of the largest pipe in the reactor system] for the maximum LOCA break size as
“up to and including an alternate maximum break size that is approved by the Director of the
Office of Nuclear Reactor Regulation.” Seventeen sets of comments were received, mostly from
the power reactor industry in favor of granting the petition. A few stakeholders were concerned
about potential impacts on defense-in-depth or safety margins if significant changes were made
to reactor designs based upon use of a smaller break size. The NRC is addressing the technical
issues raised by the petitioner and stakeholders in this rulemaking.
During public meetings, industry representatives expressed interest in a number of possible
changes to licensed power reactors resulting from redefinition of the large break LOCA. These
include: containment spray system design optimization, fuel management improvements,
elimination of potentially required actions for postulated sump blockage issues, power uprates,
and changes to the required number of accumulators, diesel start times, sequencing of equipment,
and valve stroke times; among others. In later written comments provided after an
August 17, 2004, public meeting, the Westinghouse Owners Group concluded that the
redefinition of the large break LOCA should have a substantial safety benefit. The NEI
submitted comments which included a discussion of six possible plant changes made possible by
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such a rule. The NEI stated its expectation that all six changes would most likely result in a
safety benefit.
The NRC staff requirements memorandum (SRM) of March 31, 2003, on SECY-02-0057,
approved most of the staff recommendations related to possible changes to LOCA requirements
and also directed the NRC staff to prepare a proposed rule that would provide a risk-informed
alternative maximum break size. The NRC began to prepare a proposed rule responsive to the
SRM direction. However, after holding two public meetings the NRC found that there were
significant differences between stated NRC and industry interests. The original concept in
SECY-98-300 for Option 3 was to make risk-informed changes to technical requirements in all
of Part 50. The March 2003 SRM, as it related to LOCA redefinition, preserved design basis
functional requirements (i.e., retaining installed structures, systems and components), but
allowed relaxation in more operational aspects, such as sequencing of EDG loads. The NRC
supported a rule that allowed for operational flexibility, but did not support risk-informed
removal of installed safety systems and components. Stakeholders expressed varying
expectations about how broadly LOCA redefinition should be applied and the extent of changes
to equipment that might result, based upon their understanding of the intended purpose of the
Option 3 initiative.
To reach a common understanding about the objectives of the LOCA redefinition rulemaking,
the NRC staff requested additional direction and guidance from the Commission in SECY-040037, “Issues Related to Proposed Rulemaking to Risk-Inform Requirements Related to Large
Break Loss-of-Coolant Accident (LOCA) Break Size and Plans for Rulemaking on LOCA with
Coincident Loss-of Offsite Power,” (March 3, 2004). The Commission provided direction in a
SRM dated July 1, 2004. The Commission stated that the staff should determine an appropriate
risk-informed alternative break size and that breaks larger than this size should be removed from
the design basis event category. The Commission indicated that the rule should be structured to
allow operational as well as design changes and should include requirements for licensees to
maintain capability to mitigate the full spectrum of LOCAs up to the double-ended guillotine
break of the largest reactor coolant system pipe. The Commission stated that the mitigation
capabilities for beyond design-basis events should be controlled by NRC requirements
commensurate with the safety significance of these capabilities. The Commission also stated
that LOCA frequencies should be periodically re-evaluated and should increases in frequency
require licensees to restore the facility to its original design basis or make other compensating
changes, the backfit rule (10 CFR 50.109) would not apply.
On March 29, 2005, in SECY-05-0052, “Proposed Rulemaking for >Risk-Informed Changes to
Loss-of-Coolant Accident Technical Requirements=”, the NRC staff provided a proposed rule to
the Commission for its consideration. In an SRM on July 29, 2005, the Commission directed the
NRC staff to publish the proposed rule for public comment after making certain changes. The
most significant change requested by the Commission was to require that after implementing the
alternative ' 50.46a requirements, all subsequent plant changes made by a licensee would be
evaluated by the licensee=s risk-informed process to ensure that they met all of the requirements
in ' 50.46a. Another change requested by the Commission was to address the issue of seismic
loading of degraded piping during very large earthquakes and to solicit public comments on the
subject.
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On November 7, 2005, (70 FR 67598), the proposed rule was published in the Federal Register
(FR) with a comment period of 90 days. In response to two different stakeholder requests, on
January 18, 2006, the NRC extended the public comment period by 30 days to expire on March
8, 2006.
As directed by the Commission in its SRM on SECY-05-0052, the NRC staff addressed the
seismic issue by preparing a report entitled “Seismic Considerations for the Transition Break
Size” (ML053470439). This report was posted on the NRC=s rulemaking web site and a notice
of its availability and opportunity for public comment was published in the FR on December 20,
2005, (70 FR 75501). A public workshop was held on February 16, 2006, to ensure that
stakeholders understood the NRC=s intent and interpretation of the proposed rule and two public
meetings were held on June 28, 2006, and August 17, 2006, to discuss public comments received
on the proposed rule.
After evaluating all written public comments and comments received at the public meetings, the
NRC completed draft final rule language that addressed nearly all commenters’ concerns. On
October 31 and November 1, 2006, the NRC staff met with the Advisory Committee on Reactor
Safeguards (ACRS) to discuss the draft final rule. In a letter dated November 16, 2006,
(ML063190465) the ACRS provided its evaluation of the draft final rule. In its
November 16, 2006, letter to the Commission, the ACRS recommended that the rule not be
issued in its current form. The ACRS recommended numerous changes to the rule, primarily to
increase the defense-in-depth provided for large pipe breaks. The NRC staff evaluated the
ACRS recommendations, and in SECY-07-0082, “Rulemaking to Make Risk-Informed Changes
to Loss-of-Coolant Accident Technical Requirements; 10 CFR 50.46a “Alternative Acceptance
Criteria for Emergency Core Cooling Systems for Light-Water Nuclear Power Reactors,”
(May 16, 2007) sought additional guidance from the Commission on the priority of the rule and
on the issues raised by the ACRS. In its August 10, 2007, SRM (ML072220595) responding to
SECY-07-0082, the Commission approved NRC staff recommendations for a revised priority
and approach for addressing the ACRS concerns and completing the final rule. On April 1,
2008, the NRC staff provided the Commission with its planned schedule (ML080370355) for
completing the rule.
As the NRC staff modified the rule in response to the ACRS recommendations and the
Commission’s direction, numerous substantive changes were made to the requirements in the
draft final rule. After considering the extent of these changes, the NRC decided to provide an
additional opportunity for public stakeholders to review and submit comments on the revised
rule language. The NRC published the supplemental proposed rule on August 10, 2009
(74 FR 40006). In the Federal Register document publishing the supplemental proposed rule,
the NRC addressed the public comments on the initial proposed rule and explained the bases for
all changes made to the rule language.
On August 18, 2009, NEI requested a 120-day extension to the public comment period. The
NRC granted the extension request on September 24, 2009, (74 FR 48667) by extending the
comment period for all stakeholders until January 22, 2010. The NRC evaluated public
comments and prepared a draft final rule which was made publicly available on May 12, 2010
and posted on regulations.gov. The NRC held a public meeting on June 4, 2010 to discuss
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resolution of public comments and the draft final rule language with stakeholders. The NRC
then prepared the final rule.
Because the criteria in NUREG/BR-0058, “Regulatory Analysis Guidelines of the U.S. Nuclear
Regulatory Commission,” Rev.4, Section 3.1 are not met, a safety goal evaluation was not
performed as part of this regulatory analysis. In accordance with Section 4.3.2 of
NUREG/BR-0058, as revised, this regulatory analysis considered the costs of each individual
requirement of the rule. However, the benefits of the rule and the overall balancing of costs and
benefits were considered in the aggregate because the NRC determined that all of the key
requirements of the rule are necessary to ensure reasonable assurance of adequate protection to
the public under the alternative requirements governing ECCS. In addition, based upon the cost
analysis of the rule’s specific requirements, there is no reason to believe that the cost associated
with a particular provision of the rule is being masked by the aggregated benefits. Accordingly,
the NRC did not prepare a regulatory analysis which disaggregates cost and benefits.
2.

ANALYSIS OF ALTERNATIVE REGULATORY STRATEGY

The NRC is establishing an alternative set of risk-informed requirements with which licensees
may voluntarily chose to comply in lieu of meeting the current emergency core cooling system
requirements in 10 CFR 50.46. Using the alternative ECCS requirements will provide some
licensees with opportunities to change aspects of facility design and operations. The overall
structure of the risk-informed alternative is described below.
This rulemaking will apply to operating plants and to new reactor designs that are demonstrated
to be similar to existing operating reactors. The rule will establish risk-informed LOCA break
sizes1 (smaller than the double-ended guillotine break (DEGB) of the largest reactor coolant
system pipe) to divide the current spectrum of LOCA break sizes into two regions, which are
delineated by a “transition” break size (TBS). The first region includes small size breaks up to
and including the TBS. The second region includes breaks larger than the TBS up to and
including the DEGB of the largest reactor coolant system pipe.
Pipe breaks in the smaller break size region are considered more likely than pipe breaks in the
larger break size region. Consequently, each region will be subject to different ECCS
requirements, commensurate with the relative likelihood of the breaks in each region. LOCAs in
the smaller break size region will continue to be analyzed by current methods, assumptions, and
criteria.
Based on their lower likelihood, accidents in the larger break size region will be analyzed by less
stringent methods. Although loss-of-coolant accidents for break sizes larger than the transition
break will become “beyond design-basis accidents,” the NRC will include requirements ensuring
that licensees maintain the ability to mitigate all LOCAs up to and including the DEGB of the
largest reactor coolant system pipe.

1

Different transition break sizes (diameters) for PWRs and BWRs are being established due to the
differences in design between these two types of reactors.
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Licensees who perform the new LOCA analyses using the risk-informed alternative requirements
may find that their plant designs are no longer limited by certain parameters associated with
previous DEGB analyses. Reducing the DEGB limitations could enable licensees to propose a
wide scope of design or operational changes. Potential design changes include optimization of
containment spray designs, increasing power, modifying core peaking factors, optimizing
setpoints on accumulators or removing some from service, eliminating fast starting of one or
more EDGs, etc. Some of these design and operational changes could increase plant safety,
since a licensee could optimize its systems to mitigate the more likely LOCAs. The riskinformed § 50.46a option will establish criteria for evaluating design changes. The criteria will
be consistent with the criteria for risk-informed license amendments contained in Regulatory
Guide 1.174. These criteria ensure both the acceptability of the changes from a risk perspective
and the maintenance of sufficient defense-in-depth.
The rule also will require that facility changes be reviewed and approved by the NRC via the
routine process for risk-informed license amendments,2 including any needed changes to the
facility’s technical specifications, except for certain plant changes that have such a minimal
impact on risk that licensees will be allowed to make them without NRC review or approval.
Potential impacts of plant changes on facility security would be evaluated as part of the license
amendment review process.
The NRC periodically will evaluate LOCA frequency information. If estimated LOCA
frequencies significantly increase, the NRC will undertake rulemaking (or issue orders, if
appropriate) to change the transition break size. In that case, the backfit rule (10 CFR 50.109)
would not apply. As the result of changing the transition break size, some licensees might be
required to take appropriate action to modify their facilities in order to restore compliance with
§ 50.46a requirements. In these cases, the backfit rule (10 CFR 50.109) would not apply.
BACKFIT CONSIDERATION
The NRC has determined that the final 10 CFR 50.46a and the conforming changes in 10 CFR
parts 50 and 52 generally do not constitute backfitting as defined in the backfit rule, 10 CFR
50.109(a)(1), or are otherwise in conflict with the various issue finality provisions in part 52. In
addition, the NRC has determined that three provisions of the rule which exclude certain NRC
actions from the purview of the backfit rule, viz., ' 50.109(b)(2); ' 50.46a(d)(4), and
' 50.46a(m), are appropriate. The basis for each of these determinations is detailed in the
Backfit Analysis section of the Federal Register notice for the final rule (ADAMS Accession no.
ML103260109).

2

The administrative requirements governing NRC processing of license amendments are specified in
10 CFR 50.90. They include public notice of all amendment requests in the Federal Register, an
opportunity for affected persons to request a public hearing, preparation of an environmental analysis, and
a detailed NRC technical evaluation to ensure that the facility will continue to provide adequate
protection of public health and safety after the amendment is implemented.
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3.

ESTIMATION AND EVALUATION OF VALUES AND IMPACTS

3.0 Overview
This section describes the analysis conducted to identify and evaluate the benefits (values) and
costs (impacts) of the rule. Section 3.1 identifies the attributes that the rulemaking is expected to
affect. Section 3.2 describes the baseline used to analyze the benefits and costs associated with
changes to the affected attributes. Section 3.3 presents the impacts of the rule, while Section 3.4
presents the benefits.
3.1 Identification of Affected Attributes
This section identifies the factors that affect the public and private sectors as a result of the
rulemaking. These factors are classified as “attributes” using the list of potential attributes
provided in Chapter 5 of the NRC’s “Regulatory Analysis Technical Evaluation Handbook.”3
Each attribute listed in Chapter 5 was evaluated, and the basis for selecting those attributes
expected to be affected by the potential action is presented in the balance of this section.
•

Industry Implementation. The regulatory action will require licensees to prepare and submit
ECCS re-analyses for LOCAs at or below and LOCAs above the TBS, risk-informed
assessments, and license amendment applications to support changes to design, operations,
and technical specifications.

•

Industry Operation. Licensees will need to update their PRAs periodically, submit reports,
and perform annual monitoring of approved changes. In addition, licensees may need to
implement corrective actions as necessary to ensure compliance with all applicable
regulatory requirements. Licensees are expected to incur significant operational benefits
from the opportunities provided by the rule, both in cost savings as well as revenue
enhancements.

•

NRC Implementation.4 In order to implement the regulatory action, the NRC will review
ECCS re-analysis and risk-informed information submitted by licensees and conduct the
license amendment process. NRC also will develop one or more Regulatory Guides for the
final rule.

•

NRC Operation. The action would require NRC inspections of facility changes, review of
PRA updates, and evaluation of LOCA frequency information.

3

NUREG/BR-0058 Revision 4, “Regulatory Analysis Guidelines of the U.S. Nuclear Regulatory
Commission,” U.S. Nuclear Regulatory Commission, Office of Nuclear Regulatory Research, September,
2004.
4

Consistent with direction in Section 5.7.9 of the NRC’s “ Regulatory Analysis Technical
Evaluation Handbook,” this analysis does not include the predecisional costs of analyzing and
promulgating the proposed requirements.
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•

Regulatory Efficiency. The action would enhance regulatory efficiency by reducing attention
on very-low probability accident scenarios.

•

Improvements in Knowledge. The rule will require licensees to use acceptable PRAs or other
risk assessment techniques and update them periodically.

•

Other Considerations. The rule could affect public confidence in the NRC. The rule could
increase public confidence of those individuals who view it as focusing the application of
NRC and licensee resources away from the less risk-significant accidents toward the more
risk-significant accident scenarios. Alternately, although NRC believes that meeting the
generic acceptance criteria will maintain an adequate level of safety; the public may perceive
the new rule’s flexibility as providing less assurance of safety. Consequently, the public may
perceive NRC to be unnecessarily relaxing safety standards.

The rulemaking is not expected to affect the following attributes:
•
•
•
•
•
•

Environmental Considerations
General Public
Public Health (Routine)
Other Government
Occupational Health (Routine)
Safeguards and Security Considerations

The NRC anticipates that the rulemaking would have insignificant effects on the following
attributes:
•
•
•
•

Public Health (Accidental)
Occupational Health (Accidental)
Offsite Property
Onsite Property

The magnitudes of the risk increases and associated public health and property impacts caused
by plant modifications to increase licensed power and modify EDG start time are highly plantspecific. The NRC has not attempted to quantify the level of these potential increases. Because
§ 50.46a(f)(2)(ii) would permit an increase in accident risk of no more than very small
(approximately 10-6 per year in CDF and 10-7 per year in LERF), the NRC expects that accidentrelated costs associated with the above attributes will be offset by the increased power
generation.
Industry implementation/operation and NRC implementation/operation are evaluated
quantitatively. Quantitative analysis requires a baseline characterization of factors such as the
number of licensees anticipated to take advantage of the rule, the cost to prepare and review a
§ 50.46a request, and the economic benefits of uprates and delayed EDG start-times.

Page 10

3.2 Baseline for Analysis
This regulatory analysis estimates the incremental benefits and costs of the rulemaking relative
to a baseline, which is how the world would be if the regulation were not imposed. The
regulation is applicable to both pressurized water reactors (PWRs) and boiling water reactors
(BWRs). However, NRC expects that PWRs will be the primary beneficiaries. The NRC
expects that most PWRs may be able to uprate power, depending upon plant-specific equipment
capabilities, such as steam generator capacity, and also may be able to extend EDG start times.
The Westinghouse Owners Group (WOG) has identified Redefinition for LOCAs above the TBS
as the highest priority regulatory issue facing the industry since 2000 and reiterated that position
in its response to the questions raised at the August 17, 2004, public meeting. Although the
WOG did not survey its membership to determine how many would take advantage of
redefinition for LOCAs above the TBS, it expected that most PWRs (>75%) will ultimately
perform one or more applications, such as power uprates and relaxation of EDG start times.
BWRs, which tend not to be LOCA-limited, may not be able to uprate power but may be able to
relax technical specifications and reduce analysis as well as operations and maintenance costs.
The BWR Owners’ Group, in comments submitted in response to the questions raised at the
August 17, 2004 meeting, identified no potential values at the TBS and added that it was
extremely difficult to evaluate the cost-benefit of the rule, independent of any value that could be
gained, due to uncertainties about the true costs of adopting the rule. Accordingly, this
regulatory analysis focuses solely on PWRs.
The NRC staff assumes that all 69 pressurized water power reactor licensees will seek and obtain
license renewals. This is consistent with NUREG/BR-0058, “Regulatory Analysis Guidelines of
the U.S. Nuclear Regulatory Commission,” Rev. 4, which states that, “… estimates for a license
renewal term should be made if the analyst judges that the results of the regulatory analysis could
be significantly affected by the inclusion of such a renewal term.”
The construction of new pressurized water power reactors is possible but uncertain. For the
purposes of this analysis, it is assumed that any new reactors will not benefit from the regulation.
This assumption is based on uncertainty regarding when new reactors will be constructed and the
extent of the benefits available from the regulation given the use of new designs.
Section 3.3 presents the estimated incremental costs and Section 3.4 presents the estimated
incremental benefits associated with the rule relative to this baseline. The benefits of the rule
include any desirable changes in affected attributes while the costs include any undesirable
changes in affected attributes.
NRC believes that the most likely benefit from the rule change appears to be the potential for
PWRs to seek power uprates to generate additional electricity. Since 1977, NRC staff have
approved 76 power uprate license amendments for PWRs. These license amendment
applications have been filed by 58 of the 69 PWRs (84 percent). Sixteen PWRs have received
power uprate license amendments more than once:
•
•
•

Beaver Valley 1
Beaver Valley 2
Comanche Peak 1

(1.4 percent and 8 percent)
(1.4 percent and 8 percent)
(1.4 percent and 4.5 percent)
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•
•
•
•
•
•
•
•
•
•
•
•
•

Comanche Peak 2
Crystal River 3
H.B. Robinson
Indian Point 2
Indian Point 3
Kewaunee
Palo Verde 1
Palo Verde 2
Palo Verde 3
Salem 1
Seabrook
Vogtle 1
Vogtle 2

(1 percent, 0.4 percent, and 4.5 percent)
(0.9 percent and 1.6 percent)
(4.5 percent and 1.7 percent)
(1.4 percent and 3.3 percent)
(1.4 percent and 4.9 percent)
(1.4 percent and 6 percent)
(2 percent and 2.9 percent)
(2 percent and 2.9 percent)
(2 percent and 2.9 percent)
(2 percent and 1.4 percent)
(5.2 percent and 1.7 percent)
(4.5 percent and 1.7 percent)
(4.5 percent and 1.7 percent)

Power uprates by PWRs have ranged from 0.4 percent to 16.8 percent. The most frequently
requested power uprate level among the 59 approved uprates is 1.4 percent, which occurred 16
times. The average power uprate level granted to PWRs is 3.5 percent, while the median power
uprate level is 2.9 percent.
Eleven PWRs (representing approximately 16 percent of all PWRs) have yet to receive power
uprate license amendments:
•
•
•
•
•
•

Arkansas Nuclear 1
Catawba 1
Catawba 2
Diablo Canyon 2
McGuire 1
McGuire 2

•
•
•
•
•

Oconee 1
Oconee 2
Oconee 3
Prairie Island 1
Prairie Island 2

As of January 2009, NRC staff are reviewing two power uprate license amendments for PWRs.
Due to the uncertainty associated with these pending uprates, NRC excluded them from the
baseline used for this regulatory analysis:
•
•

Calvert Cliffs 1
Calvert Cliffs 2

(1.4 percent)
(1.4 percent)

In this regulatory analysis, the values and impacts associated with future power uprates are
calculated based on three scenarios that could result from the rule change. The power uprate
scenarios were developed by the NRC staff based on the history discussed above (e.g., 84
percent of PWRs have received uprates ranging from 0.4 percent to 16.8 percent, with an average
of 3.5 percent and median of 2.9 percent), ongoing research and analysis, and other expertise
available in published literature. The scenarios are defined in Exhibit 1.
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Exhibit 1
SUMMARY OF POWER UPRATE SCENARIOS

Scenario
1
2
3

Degree of
Power Uprate
1%
3%
10%

Participating
Plants
18
18
14

Scenario 1 is based on the regulatory analysis related to the revision of Appendix K,
10 CFR Part 50.5 In the Appendix K analysis, NRC assumed that all nuclear power reactors
would be able to achieve a power uprate of 1 percent. However, based on input from industry
and the voluntary nature of the regulation, NRC assumed that roughly 25 percent of PWRs, or 18
PWRs, would take advantage of the regulation. NRC staff believes that this scenario is a
realistic lower bound for the rule change currently under consideration.
The assumptions for Scenario 2 are based on formal comments made by industry and the
Westinghouse Owners’ Group (WOG) regarding the § 50.46 rule change. In a published
interview, an NEI staff member predicts “power uprates on the order of 3 percent.”6 The WOG,
in its comments in response to the questions raised in the August 17, 2004 public meeting, stated
that, depending on how the revised rule is written, up to 25 percent of PWRs would use the new
§ 50.46a rule to achieve a 2.5% power uprate. NRC believes it is quite plausible that 25%
percent of PWRs will be able to achieve a 3 percent uprate. Based on NRC’s assumption of
PWR participation, 18 PWRs, or 25 percent of total PWRs, would take advantage of the
regulation for a 3 percent uprate.
Scenario 3 serves as an upper bound for the anticipated power uprates in this regulatory analysis.
Although NRC staff believes that the rule change will result in power uprates of up to 10 percent,
it is not known how many reactors will actually be able to accomplish that level of power uprate.
Based on NRC’s conservative assumption, 14 PWRs, or 20 percent of total PWRs, will take
advantage of the regulation for a 10 percent uprate. Although power uprates greater than 10
percent also may be feasible, Scenario 3 is considered a realistic upper bound for the uprate
values and impacts NRC expects to result from this rule change.
This analysis also assumes that licensees applying for a license amendment to uprate power will
simultaneously seek reductions to their EDG start times. However, licensees are not expected to
incur the costs of § 50.46a solely to secure the benefits of relaxed EDG start times. Therefore,
the rates of PWR’s seeking relaxed EDG start times were assumed to be identical to the three
scenarios enumerated above (e.g., 18 PWRs, 18 PWRs, 14 PWRs).
5

U.S. Nuclear Regulatory Commission, “Regulatory Analysis for Revision of 10 CFR Part 50,
Appendix K.” September 23, 1999.
6

Knapik, M. “Industry, Seeing Huge Benefits, Presses for Redefining Large-Break LOCA,” Inside
NRC (January 15,2001.4)
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Appendix A further describes the methodology and data used to analyze quantitatively the
benefits associated with the rule.
3.3 Analysis of the Impacts
3.3.1 Impacts to Licensees
Unit Regulatory Costs. The PWRs will incur implementation costs associated with pursuing
power uprates and relaxed start times for EDGs through § 50.46a. To achieve the benefits
associated with this rule change, a PWR must submit a § 50.46a package and license amendment
request to NRC. To ensure that safety is not compromised, NRC requires documentation from
the licensee to support the risk-informed changes. As a result, the licensee is subject to costs
associated with providing these supporting analyses. NRC staff assume that these costs will
begin to accrue to industry following the promulgation of the final rule in June 2010 (estimated)
and will continue for several years.
(a) Initially, to take advantage of the rule, a licensee must conduct ECCS re-evaluations
separately for LOCAs at or below and LOCAs above the TBS that meet applicable
requirements and acceptance criteria. The NRC estimates that an ECCS process requires
2,500 hours of industry staff/consultant time.7 To complete separate ECCS evaluations for
LOCAs at or below and LOCAs above the TBS, 3,750 hours are estimated. At an average
labor rate of $238 per hour (2008$), the NRC estimates that this activity will cost $892,500
(i.e., 3,750 hours x $238 per hour) over a several month period for each submission. The
$238 per hour labor rate is the current amount that NRC charges per hour to licensees for
NRC review of various documents.
(b) The next step is preparing the risk-informed assessment. Analysis of safety margins,
defense-in-depth, equipment reliability, risk estimates, and a PRA8 of large break LOCA
frequencies (or other type of risk assessment) must be performed under the assumption that
the plant changes have been implemented. The NRC expects that this process will require
1900 person-hours of industry staff time and 600 hours of contractor support time. Using an
average labor rate of $238 per hour both for industry and its contractors, the NRC estimates
the cost of this engineering analysis to be $595,000 (i.e., (1,900 hours + 600 hours) x $238
per hour). For this analysis, it is assumed these costs will be incurred over an eight-month
period.
7

OMB Supporting Statement for Acceptance Criteria for Emergency Core Cooling Systems (ECCS):
10 CFR 50.46 and Appendix K (Section 7).
8

The licensee will need to address PRA quality issues. At a minimum, licensees will need to have a
PRA that reflects the current plant configuration, is sufficiently complete for the intended application,
meets a quality standard (RG 1.200), and is up-to-date. Depending on the state of the licensee’s PRA,
this activity could involve a significant commitment in resources. NRC notes that many licensees have
already made investments in development of a PRA and having the PRA peer-reviewed for use in various
applications, such as implementation of Section 50.65(a)(4) and new § 50.69. Some licensees who
choose to implement this risk-informed alternative already may have incurred many of these costs and
would be interested in additional opportunities for using the PRA.
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(c) The rule will require that proposed facility changes be reviewed and approved by the NRC
as risk-informed applications in accordance with the existing license amendment process,
including any needed changes to the facility’s technical specifications. Potential impacts of
the changes on facility security will be evaluated as part of the process for performing
license amendment reviews. In addition, the application will be reviewed to ensure that any
changes to onsite physical protection systems and security organizations needed to maintain
high assurance that activities involving nuclear material are not inimical to the common
defense and security and do not constitute an unreasonable risk to the public health and
safety are identified. Alternatively, a justification of why changes are not needed must be
provided. NRC has previously estimated a licensee burden of 384 hours for a license
amendment under § 50.59, 50.90, or 50.91. At an average labor rate of $238 per hour, the
NRC estimates that this licensing process will cost a licensee $91,392 (i.e., $238 per hour x
384 hours).
(d) In order to ensure equipment and SSCs continue functioning properly if changes to a plant
have been made, and to retain proper documentation of all plant changes and the effects of
those changes, a licensee must create and maintain a comprehensive continuous monitoring
program. The NRC estimates that design and planning of a monitoring program specifically
for plant alterations and documentation in line with the new rule will require 850
person-hours of staff time. Likewise, the NRC estimates that a licensee will incur an
additional annual monitoring burden of 1150 person-hours of staff time to oversee changes
related to the new risk-informed rule. The NRC estimates this additional monitoring burden
will cost a licensee $273,700 annually (i.e., 1150 hours x $238 per hour) after a one-time
cost of $202,300 (i.e., 850 hours x $238 per hour) to design the monitoring plan over a
three-month period. For the purposes of this regulatory analysis, these annual costs will
accrue until the year 2054, when the last PWR license is set to expire.
(e) To satisfy the requirements of § 50.46a(d)(6), licensees will need to evaluate all proposed
changes to a facility before such changes are implemented to ensure that the change does not
invalidate the evaluation performed pursuant to paragraph (c)(1)(i) demonstrating the
applicability to the licensee’s facility of the generic studies performed in NUREG-1829,
“Estimating Loss-of-Coolant Accident (LOCA) Frequencies through the Elicitation
Process,” March 2008, and NUREG-1903, “Seismic Considerations for the Transition Break
Size,” February 2008, that support the technical basis for this section. NRC estimates that
the evaluation will require 550 licensee person-hours annually. At an average labor rate of
$238 per hour, each evaluation will cost a licensee $130,900 (i.e., 550 hours x $238/hour).
(f) To implement § 50.46a, licensees will incur impacts that result from the need to periodically
(every other refueling outage) re-evaluate and update risk assessments to reflect subsequent
changes to the plant, operational practices, equipment performance, changes in the model,
and other factors. NRC believes that licensees have already developed much of this
infrastructure in order to comply with the PRA quality guidance being implemented in
support of the maintenance rule. NRC estimates that the update will require 200 licensee
person-hours and 200 contractor hours every three years. At an average labor rate of $238
per hour, each update will cost a licensee $95,200 (i.e., 400 hours x $238/hour). For the
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purposes of this regulatory analysis, these recurring costs will accrue until the year 2052, the
last year the update will be necessary before the expiration of the last PWR license in 2054.
(g) Licensees should design, purchase, and install local monitoring equipment for critical
components of the RCPB for leaks. NRC estimates that, on average, the monitoring will
cost each licensee $100,000. For the purposes of this analysis, it is assumed that the
monitoring will require 315 licensee person-hours, and $25,000 in capital expenditures.
(h) The rule will require licensees to evaluate the capabilities of leakage monitoring systems to
ensure effective management of leakage. NRC estimates that this evaluation will require
210 licensee person-hours. At an average labor rate of $238 per hour, each evaluation will
cost a licensee $50,000 (i.e., 210 hours x $238/hour).
(i) To implement § 50.46a, licensees will need to modify plant technical specifications to
ensure that all non safety equipment credited in the analysis of breaks larger than the TBS is
listed in the technical specifications. NRC estimates modifying technical specifications will
require 210 licensee person-hours. At an average labor rate of $238 per hour, each
modification will cost a licensee $50,000 (i.e., 210 hours x $238/hour).
(j) During maintenance and refueling outages, licensees should take actions to identify the
source of any unidentified leakage that was detected during plant operation. Licensees
should take corrective action to eliminate the condition resulting in the leakage. NRC
estimates that revising procedures during maintenance and refueling outages will require 84
person-hours. At an average labor rate of $238 per hour, each modification will cost a
licensee $20,000 (i.e., 84 hours x $238/hour). For the purposes of this analysis, it is
assumed that all plants will modify procedures.
(k) To implement § 50.46a(c), licensees will need to prepare a written evaluation demonstrating
applicability of results in NUREG-1829 and NUREG-1903 to the licensee’s facility. Under
§ 50.46a(c)(1)(i), for facilities that differ significantly from plants analyzed in NUREG1903, the licensee’s application must contain a plant specific analysis to demonstrate that
the risk of seismically-induced LOCAs larger than the transition break size is less than or
comparable to the seismically-induced LOCA risk reported in NUREG-1903. NRC
estimates that preparing the applicability evaluation will require 1,500 person-hours. At an
average labor rate of $238 per hour, each evaluation will cost a licensee $357,000 (i.e.,
1,500 hours x $238/hour).
Total upfront plant-specific implementation would cost $2,358,192 per application, as depicted
in Exhibit 2. For comparison purposes, in its September 16, 2004, submission, WOG estimated
an implementation cost between $700K and $1 million per unit, plus up to $500,000 ($787,176,
$1,124,537, and $562,268 in 2008$ respectively) per licensee for new thermal-hydraulic
analyses for breaks larger than the transition break size.
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Exhibit 2
SUMMARY OF § 50.46a UNIT COSTS TO LICENSEES
(2008$)
Activity

Burden

Estimated Cost

ECCS Re-Analysis
Risk-Informed Assessment
Develop Monitoring Plan
License Amendment Process
Design, Install Monitoring
Equipment
Local Monitoring Equipment
Evaluate Systems Capabilities
Modify Technical
Specifications
Modify Procedures
Prepare Applicability
Evaluation

3,750 hours
2,500 hours
850 hours
384 hours

$892,500
$595,000
$202,300
$91,392

315 hours
Capital expenditure
210 hours

$75,000
$25,000
$50,000

210 hours
84 hours

$50,000
$20,000

1500 hours
Upfront Implementation Total
400 hours/@3 years
550 hours/year
1150 hours/year

$357,000
$2,358,192
$95,200/@3 years
$130,900/year
$273,700/year

PRA Updates
Evaluate Proposed Changes
Implement Monitoring

Uprate Capital Costs. Licensees will incur capital costs associated with the plant modifications
needed to uprate PWRs; however, relaxation of EDG start times requires no significant
additional capital. Following NRC’s approval for license modification, PWRs will require
upgrades in order to achieve the power uprate. These upgrades can range from minor to major
plant modifications. For the purposes of the regulatory analysis, NRC staff assume that license
amendment approvals will be spread over a three-year period, reflecting the assumption that
NRC staff approve one-third of all power uprate requests per year. Therefore, upfront capital
costs will accrue to licensees in 2010, 2011, and 2012.
In general, the larger the power uprate, the greater the capital investment necessary to achieve
the higher power level. As a result, NRC assumes that the power uprates from Scenarios 1 and 2
associated with this rule change will require capital costs that range from $206 per kilowatt to
$460 per kilowatt (2008$).9 This range of costs is typical of a stretch power uprate. NRC
estimates that Scenario 1 will add about 153,000 kW10 to nuclear electricity generation by 2013,
while Scenario 2 will add 406,000 kW. Scenario 3 assumes that 75 percent of the participating
PWRs will achieve a higher power uprate (10 percent); generally, power uprates at this level
9

Renwick, B. “Nuclear Station Performance Fuels Industry Renaissance.” Power. July/August,

2001.
10

Estimates for additional kW are based on a baseline average PWR capacity of 950,000 kW, and
assuming PWRs operate at full capacity 95 percent of the time.
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require higher capital costs. Therefore, NRC has assigned larger unit capital cost estimates (in
2008$) to Scenario 3 ($500/kW to $825/kW).11 NRC estimates that Scenario 3 will add 1.17
million kW to baseline nuclear electricity generation by 2013. For the purposes of this
regulatory analysis, NRC staff conservatively chose the upper bound of each unit cost range to
estimate total capital costs associated with power uprates. Exhibit 3 contains the estimated
capital costs associated with power uprates for all licensees according to the three scenarios,
calculated by multiplying the unit cost per kilowatt by the total number of kilowatts added,
assuming an equal number of kilowatts added in 2010, 2011, and 2012.
Exhibit 3
TOTAL UPFRONT INDUSTRY CAPITAL COSTS OF POWER UPRATES
(millions 2008$)

Capital
Costs

Expected Years of
Implementation

Estimated Cost
All Licensees

Scenario 1

2011 - 2012 - 2013

$75

Scenario 2

2011 - 2012 - 2013

$199

Scenario 3

2011 - 2012 - 2013

$1,043

Accordingly, Exhibit 4 contains the net present value of total capital costs for the three power
uprate scenarios discussed in the regulatory analysis. The net present value is calculated using
both a 3 percent and 7 percent discount rate.

11

Renwick, B. “Nuclear Station Performance Fuels Industry Renaissance.” Power. July/August,

2001.
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Exhibit 4
NPV OF INDUSTRY CAPITAL COSTS OF POWER UPRATES
(millions 2008$)
Estimated NPV
3 % discount rate
7 % discount rate

Capital
Costs
All
Licensees

Scenario 1

$66
$57

Scenario 2

$177
$152

Scenario 3

$927
$797

Relaxation of EDG Start Times. The regulatory analysis considers scenarios described in
Section 3.2, where 75 percent to roughly 100 percent of the participating PWRs apply for power
uprates while simultaneously seeking relaxation of EDG start times. This assumption differs
from the WOG expectation that (depending on how the revised rule is written) a greater portion
(50 percent) of PWRs will seek changes in EDG start times than will seek power uprates. Given
the initial costs of applying for § 50.46a, this analysis assumes that a licensee would seek both
power uprate and EDG benefits in the absence of other constraints. EDG benefits alone are not
likely to be worth the costs to licensees, based on commercial discount rates.
In this regulatory analysis, the values and impacts associated with EDG start time relaxation are
therefore calculated using three plausible scenarios that could result from the rule change,
defined as follows:
Exhibit 5
SUMMARY OF EDG START TIME RELAXATION SCENARIOS
FOR PWRS
Scenario

Degree of Participation

1

25%

2

25%

3

20%

Each EDG scenario corresponds to the power uprate scenario described in 3.2. PWRs not
applying for power uprates are assumed in this analysis to also not apply for relaxation of EDG
start times.
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The PWRs will incur costs associated with pursuing the EDG start-time relaxations. For the
purposes of this regulatory analysis, the industry’s costs include:
•

Implementation costs associated with preparing EDG start-time relaxation requests; and

•

Operating costs associated with monitoring changes related to EDG start-time relaxations.

There are no significant capital costs associated with plant modifications related to relaxation of
EDG start-time requirements.
To achieve the benefits associated with EDG start-time changes resulting from this rule, a PWR
must submit a § 50.46a package and license amendment request to NRC. To ensure that safety is
not compromised, NRC requires documentation from the licensee to support the EDG start-time
relaxation. As a result, the licensee is subject to costs associated with providing these supporting
analyses. By piggy-backing on the § 50.46a package for power uprates, each licensee can use
the same ECCS re-analysis, avoiding incurring a cost of $892,500. However, the other elements
of the application listed in sections 3.3.1(b)-3.3.1(j) must be tailored to this set of changes,
excluding the costs of local monitoring equipment which is not an analytical cost, or $100,000,
and the regulatory analysis does not assume any “learning curve” cost avoidance because the
applications occur concurrently. The up-front cost per licensee for requesting relaxation of EDG
start times was then calculated by subtracting the costs for the ECCS re-analysis and the local
monitoring equipment from the total up-front costs for requesting power uprates (i.e., $2,358,192
- $892,500 - $100,000). This calculation results in a total up-front cost per licensee for
requesting relaxation of EDG start times of $1,365,692 (2008$). This impact is expected to
accrue to licensees through 2011, assuming the rule change is effective in June 2010.
The three scenarios result in estimated implementation costs shown in Exhibit 6.
Exhibit 6
SUMMARY OF UPFRONT IMPLEMENTATION COSTS FOR
EDG START TIME RELAXATION REQUESTS
(2008$)
Expected
Year of Implementation

Estimated Cost

Scenario 1

2010

$24,582,456

Scenario 2

2010

$24,582,456

Scenario 3

2010

$19,119,688

Category

License Amendment
Request Costs
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Summary. NRC assumes that licensees must conduct all the activities, with the exceptions of the
ECCS re-analysis and designing and installing local monitoring equipment, twice to account for
power uprates and EDG start time relaxation applications. NRC believes this is a conservative
approach to estimating the impacts on the industry. Exhibits 7 and 8 display the total net present
value, discounted at 3% and 7% respectively, of the total industry burden for all activities
required to implement the new rule and benefit from both power uprates and EDG start time
relaxation.
Exhibit 7
NPV SUMMARY OF IMPACTS TO INDUSTRY @ 3% Discount Rate (millions 2008$)
Activity

Scenario 1

Scenario 2

Scenario 3

ECCS Re-analysis

$15.14

$13.46

$11.78

Risk-Informed Assessment

$20.19

$17.95

$15.7

Implementation & Monitoring Plan

$6.86

$6.1

$5.34

License Amendment

$3.1

$2.76

$2.41

Design/Install Monitoring Equipment

$1.7

$1.51

$1.32

Evaluate Capabilities

$1.7

$1.51

$1.32

Modify Tech Specifications

$1.7

$1.51

$1.32

Modify Procedures

$.68

$.6

$.53

$12.11

$10.77

$9.42

Capital Costs

$66

$177

$927

Subtotal (Upfront costs)

$130

$233

$976

Monitoring Program

$234.55

$208.49

$182.43

Evaluate Proposed Changes

$56.09

$56.09

$43.62

PRA Reassessments

$24.48

$21.76

$19.04

$445

$513

$1,221

Prepare Applicability Evaluation

Total
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Exhibit 8
NPV SUMMARY OF IMPACTS TO INDUSTRY @ 7% Discount Rate (millions 2008$)
Activity

Scenario 1

Scenario 2

Scenario 3

ECCS Re-analysis

$14.03

$12.47

$10.91

Risk-Informed Assessment

$18.71

$16.63

$14.55

Implementation & Monitoring Plan

$6.36

$5.65

$4.95

License Amendment

$2.87

$2.55

$2.24

Design/Install Monitoring Equipment

$1.57

$1.4

$1.22

Evaluate Capabilities

$1.57

$1.4

$1.22

Modify Tech Specifications

$1.57

$1.4

$1.22

Modify Procedures

$.63

$.56

$.49

$11.23

$9.98

$8.73

Capital Costs

$58

$152

$797

Subtotal (Upfront costs)

$116

$204

$842

Monitoring Program

$125.29

$111.37

$97.45

Evaluate Proposed Changes

$29.96

$29.96

$23.30

PRA Reassessments

$12.49

$11.1

$9.71

$283

$398

$973

Prepare Applicability Evaluation

Total

3.3.2 Impacts to NRC
In implementing the regulatory action, the NRC expects to incur costs from performing
regulatory review and research activities.
(a) Activities involved in processing applications under § 50.46a include the following:
• review of the ECCS re-analyses;
• proposed plant modifications (e.g., for power uprates and relaxation of EDG start
times) and their anticipated effects on SSCs, safety margins, and defense-in-depth
measures;
• licensee plans for monitoring plant operations and equipment, and changes in risk
estimates (CDF (core damage frequency) and LERF (large early release
frequency));
• changes to licensee technical specifications pursuant to 10 CFR 50.36; and
• the scientific validity of the PRA performed by the licensee which encompasses
the proposed plant changes.
The NRC estimates that the staff burden for reviewing applications for changes to the licensing
basis will depend on the size of the requested power uprate.12,13 Therefore, NRC has calculated
12

Final OMB Supporting Statement for PRA in Risk Informed Decisions on Plant-Specific Changes
to the Current Licensing Basis (Sections 33, 3150-0011).
13

U.S. Nuclear Regulatory Commission, “Status Report on Power Uprates,” SECY-04-0104, June
24, 2004.

Page 22

three distinct review burdens for the three power uprate scenarios (1 percent, 3 percent, 10
percent) enumerated above. NRC estimates thirty percent more time to review applications for
changes to a licensing basis under the new § 50.46a rule than to review applications solely for
power uprates, due to a larger work load associated with reviewing the risk-informing and PRA
information. The NRC review burden calculations are presented in Exhibit 9 below. An
estimated average labor rate of $99 per hour was assigned for NRC staff time.
Exhibit 9
NRC REVIEW BURDEN FOR § 50.46a APPLICATIONS
(2008$)
Power Uprate Type

Review Burden

Impacts

Measurement Uncertainty Recapture (1%)

1,248 hours

$123,552

Stretch (3%)

2,340 hours

$231,660

Extended Power (10%)

5,070 hours

$501,930

Source: U.S. Nuclear Regulatory Commission, SECY-04-0104: Status Report on Power Uprates. June 24,
2004, and NRC calculations.

(b) Should the NRC decide to endorse a proposal for changes to the licensing basis, NRC must
thoroughly document the decision and rationale for approval. The NRC has estimated this
process will take 200 person-hours per application. Using an average NRC labor rate of $99
per hour, the cost to NRC is estimated to be $19,800 per license approved. NRC assumes
this work burden will be accomplished in four month’s time.
In 2001 and 2002 uprate requests increased significantly, NRC approved 22 power uprate
requests in 2001 and 18 requests in 2002.14 NRC staff have indicated that, apart from review of
the ECCS re-evaluation and risk-based change submissions, the power uprates resulting from
this rule change will not require extensive NRC review.15 Therefore, in terms of Scenarios 1 and
2, it is reasonable to assume that NRC reviews will be completed within a similar time period.
With regard to Scenario 3, NRC assumes a longer review time since 10 percent power uprates
are considered “extended power” and therefore require more time to review.
This analysis assumes that these review costs will accrue to the NRC in 2010, 2011, and 2012.
Exhibit 10 presents the annual costs associated with license amendment reviews under the three
scenarios outlined above.

14

U.S. Nuclear Regulatory Commission. “Fact Sheet: Power Uprates for Nuclear Plants.”
Washington, D.C. March 2004.
15

Based on a phone conversation conducted with NRC staff July 30, 2004.
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Exhibit 10
TOTAL ANNUAL NRC REVIEW BURDEN FOR § 50.46a UPRATE APPLICATIONS
(2008$)

Scenario

Years

Number of
Current Licensing
Basis Requests

1

2010-2012

6

$741,312

$237,600

2

2010-2012

5.33

$1,389,960

$237,600

3

2010-2012

4.67

$2,342,340

$184,800

Review Burden

Licensing Process

(c) NRC is planning to develop two regulatory guides for this rule. This analysis assumes that
2,000 hours of NRC staff time and 4,000 hours of NRC contractor time will be required.16
At an average labor rate of $99 per hour for NRC staff and $238 per hour for NRC
contractors, the cost for the regulatory guide(s) would be $1,150,000, which would be
incurred in 2010-2011.
(d) NRC must undertake the responsibility of reviewing risk reassessments from industry. NRC
estimates that each risk reassessment review takes 200 person-hours of staff time. Using an
NRC labor rate of $99 per hour, the NRC burden for reviewing each risk reassessment is
$19,800 (i.e., 200 person-hours x $99 per hour). NRC anticipates reviewing licensee risk
reassessments approximately every 3 years. For the purposes of this regulatory analysis,
these recurring costs will accrue until the year 2052, the last year reviews will be necessary
before the expiration of the last PWR license in 2054.
(e) NRC has directed the staff to conduct a rigorous re-estimation of LOCA frequency
distributions every 10 years and review for new types of failures every 5 years. Staff is to
conduct a practical reconciliation of LOCA frequency distributions by the (1) expert use of
service-data, (2) probabilistic fracture mechanics (PFM), and (3) expert elicitation to
converge the results. Research will be carried out to determine the accuracy of the previous
frequency estimates and to determine if a new TBS should be set. This effort will be
repeated every ten years. The NRC estimates this process will require 6,000 person-hours of
NRC staff time and 12,000 person-hours of NRC contractor support time.17 Using the
16

The Probabilistic Safety Assessment Branch of the Division of Systems Safety & Analysis
estimated, in August 2004, required resources of 600 staff hours to revise existing regulatory documents
pertaining to crediting containment accident pressure in determining net positive suction head of ECCS
and containment heat removal pumps. The original burden estimated for this regulatory analysis has been
doubled to account for the new applicability requirement § 50.46a(c)(1)(i).
17

NRC issued a three-year, $2.3 million, sole-source contract RS-RES-02-074 to Battelle Memorial
Institute Columbus Operations to provide “Technical Development of Loss-of-Coolant Frequency
Distributions,” including PFM code, estimated LOCA frequency distributions, and management of expert
elicitation process. This contract was preceded by a four-year contract NRC-04-98-039 for approximately
$600K which ran from 1998-2002.
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average labor rates of $99 per hour for NRC staff and $238 per hour for its contractors, the
costs for each ten-year review are estimated to be $3,450,000 in 2008 dollars.
(f) NRC also will incur implementation costs associated with the review and approval of the
EDG start-time relaxation requests. Activities involved in processing EDG applications
under § 50.46a include review of the ECCS re-analyses; proposed plant modifications and
their anticipated effects on SSC’s, safety margins, and defense-in-depth measures; licensee
plans for monitoring plant operations and equipment; changes in risk estimates (CDF, LRF,
and LERF); and the scientific validity of the PRA performed by the licensee which
encompasses the proposed plant changes. The NRC estimates that 2,000 person-hours of
NRC staff time and 1,000 person-hours of contractor time will be required to perform each
review. Using an estimated average labor rate of $99 per hour for NRC staff time and $238
per hour for NRC contractor support time, the total cost for each NRC review is anticipated
to be $436,000 [(2,000 person-hours x $99 per hour) + (1,000 person-hours x $238 per
hour)]. Since the EDG package will be submitted together with the power uprate
application, NRC will not need to review the ECCS re-analyses, which NRC estimates to be
about 25 percent of the total review burden, thus avoiding $109,000 (i.e., .25 x $308,000),
for a net cost of 2,400 hours and $327,000, as summarized in Exhibit 11 below.
Exhibit 11
TOTAL ANNUAL NRC REVIEW BURDEN FOR PIGGY-BACKED EDG
START TIME RELAXATION APPLICATIONS
(2008$)

Scenario

Years

Number of
Requests

1

2010 - 2012

6

$2,703,312

2

2010 - 2012

5.33

$3,351,960

3

2010 - 2012

4.67

$3,868,340

Costs to NRC

(g) NRC will need to evaluate applicability evaluations in accordance with § 50.46a(c)(1). NRC
estimates that this burden will be proportional to the burden on licensees to meet the
requirements of § 50.46a(c)(1). For the purposes of this regulatory analysis, it is assumed
that NRC’s burden is a 1:2 ratio to licensee burden (i.e. 1 hour of NRC effort for every 2
hours of licensee effort), based on other reciprocal burdens of this analysis. Accordingly, it
is estimated that evaluating an applicability evaluation will require 750 hours of NRC staff
time, based on a licensee burden of 1,500 person hours to prepare an applicability
evaluation. Using an estimated average labor rate of $99 per hour, each applicability
evaluation is anticipated to be $74,250.
(h) The new rule requires NRC to review any new codes, and it is possible that licensees will
choose to perform an ECCS re-evaluation with a new code that has not been previously
approved. NRC estimates reviewing a new code will require one staff-year of time. At an
estimated average labor rate of $99 per hour, each review is anticipated to be $205,920. For
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the purposes of this regulatory analysis, it is assumed that two PWR fuel vendors,
Westinghouse and Areva, will choose to perform an ECCS evaluation with a new code.
(i) The cost associated with analyzing the proposed changes also will be incorporated into this
analysis. The analysis is assumed to have taken the time of two full-time employees at an
estimated annual salary of $158,000, for a total cost of $316,000 (i.e., 2 x $158,000).
Exhibits 12 and 13 display the net present value, discounted at 3 and 7 percent respectively, of
the total NRC impacts for all activities required to implement the new rule and review industry
requests for changes to licensing basis given the three scenarios. The Review Submissions,
Process License Amendments, and Review of PRA Updates lines of these exhibits reflect the
total net present value of the costs associated with both the uprate and EDG applications.
Exhibit 12
NPV SUMMARY OF IMPACTS TO NRC @ 3% Discount Rate
(2008$)
Activity

Scenario 1

Scenario 2

Scenario 3

Prepare Reg. Guide(s)
Review Submissions
Process License Amendments
Applicability Evaluation
ECCS for New Code
Review PRA Updates
Research LOCA Frequencies
Cost of Analysis

$1,116,505
$7,207,672
$633,498
$1,187,809
$376,892
$5,090,737
$6,179,900
$316,000

$1,116,505
$8,937,121
$633,498
$1,187,809
$376,892
$5,090.737
$6,179,900
$316,000

$1,116,505
$10,313,913
$492,721
$923,851
$376,892
$3,959,462
$6,179,900
$316,000

Total

$22,109,013

$23,838,463

$23,679,245

Exhibit 13
NPV SUMMARY OF IMPACTS TO NRC @ 7% Discount Rate
(2008$)
Activity

Scenario 1

Scenario 2

Scenario 3

Prepare Reg. Guide(s)
Review Submissions
Process License Amendments
Applicability Evaluation
ECCS for New Code
Review PRA Updates
Research LOCA Frequencies
Cost of Analysis

$1,074,766
$6,196,476
$544,622
$1,021,166
$336,184
$2,597,821
$3,137,180
$316,000

$1,074,766
$7,683,293
$544,622
$1,021,166
$336,184
$2,597,821
$3,137,180
$316,000

$1,074,766
$8,866,929
$423,595
$794,240
$336,184
$2,020,528
$3,137,180
$316,000

Total

$15,224,216

$16,711,033

$16,969,422
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3.4 Analysis of the Benefits
This section analyzes the different quantifiable benefits associated with the rule and estimates the
present value of these benefits using 3 and 7 percent discount rates. Benefits are calculated
separately for the three uprate scenarios discussed above and the corresponding increased
generation over a “business-as-usual” baseline.
•

Section 3.4.1 analyzes Power Uprate Benefits. Because electricity generated from nuclear
units is cheaper than electricity generated from fossil fuels, increased nuclear generation due
to uprates can lead to significant monetary benefits. Power Uprate Benefits are valued on
the assumption that this increased nuclear generation would displace some of the more
expensive generation capacity from other sources at the margin. Because nuclear generation
costs less than fossil fuel generation on a per-unit basis, significant cost savings for the
industry and society can result. This valuation method is defined as the Generation Cost
Savings method in this study.

•

Section 3.4.2 estimates the value of EDG Benefits by assessing how relaxed requirements
for EDGs can lead to cost savings, not just from reduced labor cost and materials needed for
maintenance tear downs, but also from the replacement power saved due to shortened
outages.

The following sections provide details on the methods, data, and assumptions used to quantify
these benefits associated with the rule change.18 Summary tables providing the discounted
benefits under the different scenarios are presented at the end of Section 3.4.
3.4.1

Power Uprate Benefits

Increased generation from existing PWR units can lead to significant quantifiable benefits.
Because nuclear generation is cheaper than the other primary generating type -- fossil fuel -increased nuclear generation from uprates can lead to significant monetary benefits.
NRC’s method of valuing increased nuclear generation is to compare its cost to the more
expensive generation costs from other sources, assuming that the former displace the latter and
lead to Generation Cost Savings. On a per-unit basis, nuclear generation costs less than most
other types of fossil generation, especially oil and gas generation. Oil and gas units have the
highest variable cost of generation due to their high fuel cost. Because they have the highest
cost, NRC assumed that, at the margin, the increased generation from nuclear units would
replace the most expensive oil and gas units and lead to significant cost savings for the industry
and society.

18

In addition to these quantified benefits, industry representatives mentioned other potential benefits
expected as a consequence of this proposed rulemaking (i.e., optimization of containment spray setpoints,
fuel management improvements; elimination of potentially required actions for postulated sump blockage
issues; changes to required number of accumulators, sequencing of equipment, and valve stroke times;
among others).
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The benefits depend not only on the cost and performance characteristics of nuclear power
generation, but also on the characteristics of other sectors of the power industry, particularly oil
and gas units (since the calculation depends on the ability of increased nuclear generation to
displace oil and gas generation). Moreover, because of the extended time period for this
analysis, the study uses projected data that take into account well-defined assumptions about the
power industry. The data used for the projected cost and performance characteristics of the
electricity generation industry are taken from the Integrated Planning Model (IPM). IPM is a
multi-regional, dynamic, deterministic, linear programming model of the electric power sector
used extensively by the Federal Energy Regulatory Commission (FERC) and the U.S.
Environmental Protection Agency (EPA) to analyze policy and regulatory issues and to consider
the costs and benefits of alternate proposals. Details on IPM’s forecast capabilities and reasons
why NRC chose to use IPM data for this analysis are discussed in Appendix A.
The data used for fossil and nuclear generation costs come from IPM projections for the Base
Case scenario where results are reported for 2010, 2015, 2020, 2025, and 2032.19 Specific years
were chosen for reporting purposes in the exhibit below. This analysis assumes that the first year
PWRs start benefitting from the LOCA rule is 2011, and therefore reports results for that year
using 2010 data from IPM. For reasons discussed elsewhere in this report, NRC also assumed an
annual phase-in rate such that the full impact of the rule is felt in 2013 (see Section 3.3.2 where
the phase-in rate is discussed).
NRC’s preferred approach to value the benefit of increased PWR generation is to assume that
this increase will replace an equivalent amount of electricity generated by units that are most
expensive to operate at the margin.20 Comparison of generation cost data from IPM Base Case
results indicate that, in terms of fuel and non-fuel variable operation and maintenance (VOM)
costs, the most expensive units at the margin are the existing oil and gas units. In this method,
NRC considered only the fuel and non-fuel VOM costs of competing sources of electricity to
determine which units are more expensive than nuclear units, because these two cost components
are functions of the generation level. Exhibit 14 below provides the projected costs for these
types of units.

19

For details about the assumptions used in IPM Base Case scenario, see Appendix A.

20

NRC employed this method in the Regulatory Analysis for the Revision of Appendix K of 10 CFR
Part 50 (1999).
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Exhibit 14
GENERATION COST SAVINGS ASSUMPTIONS
(2008$/MWh)
Assumptions

2010

2015

2020

2025

2032

Coal Generation Cost

21.62

20.99

20.56

20.42

23.19

Oil/Gas Generation Cost

53.93

49.46

47.35

48.31

48.92

Nuclear Generation Cost

8.55

9.04

9.43

9.53

9.38

Cost Savings per MWh1

45.38

40.42

37.92

38.78

39.54

1

Cost Savings are calculated as the difference between the generation costs of oil/gas units and nuclear units.
Generation cost data for the coal units are presented for illustrative purposes only.
Sources: IPM Base Case results and NRC calculations.

According to IPM’s Base Case forecasts, generation cost from oil/gas units is expected to hover
around $47-$53/MWh between 2010 and 2032. Generation cost from nuclear units in the same
time period is projected to be less than $10/MWh. The difference in the per MWh generation
cost is thus $45.38/MWh in 2010, which indicates the per-unit cost saving if a MWh of oil and
gas generation is replaced by additional nuclear generation. Similar calculations were performed
to obtain the per-unit generation cost savings for the other years in the exhibit above.
Given the increased generation expected from PWRs because of this rule, NRC then calculated
the total generation cost savings by multiplying this per-unit cost savings times the incremental
generation expected from PWRs for each of the three scenarios. The analysis assumes that one
third of participating PWRs will experience power uprates in 2012, two thirds in 2013, and all
participating PWRs for each scenario will experience power uprates through the remaining life
of their license, until the expiration of the last license in 2054.
3.4.2

Relaxation of EDG Start Time Benefits

NRC believes that the rule change will allow PWRs to eliminate fast-starts of EDGs. This will
yield two categories of benefits to the plants.
First, PWRs will benefit from the reduced cost and time needed for EDG maintenance tear
downs. Specifically, reactors will experience cost savings related to materials and labor used to
conduct tear downs. For each uprate scenario, NRC assumed 80 percent of the plants will save
$213,396 per year and the remaining 20 percent will save $328,111 per year in reduced costs for
maintenance tear downs (in 2008$). The $213,396 per-year figure is based on a savings of 26%
in baseline tear down costs of $500,000 (in 2000$) per EDG every 18 months; the latter figures
were provided by WOG in 2000, and NRC adjusted and inflated the numbers to reflect a peryear value, as plants typically have 2 EDGs. The $328,111 figure also originates with WOG
estimates that, if EDG tear downs had been outsourced, the reduction in scope of the tear down
could result in $200,000 (in 2000$) savings per EDG by allowing the work to be performed inhouse. NRC adjusted the $200,000 savings figure to reflect 2 EDGs per plant and an annual
basis. Based on input from the vendor community and NRC staff, and to be conservative, the
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regulatory analysis assumes most PWRs will be able to attain the smaller savings amount, as
opposed to the larger amount.21
Second, EDG tear downs typically occur during scheduled reactor outages necessary for
refueling and other maintenance. Such refueling outages occur, on average, every 18 months
and last 35 days. This rule is expected to reduce the duration of such outages by reducing the
duration of the tear downs. In 2000, the WOG stated that if the EDG tear down was done during
a refueling outage and was on the critical path, the tear down scope reduction could reduce the
critical path duration by 3.5 days. To be conservative, NRC assumed, for each uprate scenario,
only 10 percent of the plants experiencing EDG benefits will save 3.5 days of avoided
replacement power costs (out of the average duration of 35 days) in addition to the savings
above.
Since the replacement power cost savings in this section arise only during outages, NRC first
determined the number of PWRs having such outages every year, based on their last scheduled
outage data22 and assuming these outages occur every 18 months for each plant. Then, because
the number of units affected under the three uprate scenarios are different, NRC estimated the
corresponding number of units that can save on replacement power costs due to reduced outage
duration, assuming all PWRs are equally likely to benefit. For example, since 75 percent of the
participating plants are affected under uprate scenario 3, and since only 10 percent of these units
may save on replacement power, NRC assumed 7.5 percent of the participating operating units
save on replacement power (75% x 10% = 7.5%). Moreover, since 3.5 days of savings out of a
35-day outage duration translate to a 10 percent savings for these plants, the overall savings is
estimated to be 0.75 percent of the total replacement power needs for participating PWRs
(10% x 7.5% = 0.75%).
To estimate how much replacement power is needed during these scheduled outages every year,
and consequently, how much money can be saved, NRC used the projected annual generation
under the baseline and assumed an average outage duration of 35 days per outage per plant.
However, since the number of operating plants decrease rapidly over time (once licenses expire),
NRC weighted the total generation lost by the proportion of operating plants having scheduled
outages for each year. Combining these calculations, NRC estimated the total MWh of
replacement power that can be saved annually by relaxing EDG start times.
To estimate the value of the replacement power saved, NRC then multiplied the MWh of
replacement power saved calculated above, by the difference between the wholesale price of
electricity (in $/MWh) and the average variable cost of nuclear generation consisting of the fuel,
and non-fuel VOM costs (in $/MWh). This difference represents the per MWh savings for a
plant from not having to purchase replacement power during outages, and multiplying this per-

21

It is possible that the BWRs also benefit from the reduced cost and time needed for EDG
maintenance tear downs. However, the analysis presented above does not attempt to quantify the benefits
to BWRs from this rule.
22

Scheduled outage data were obtained from the NRC Daily Report Files, available at
www.nrc.gov/reading-rm/doc-collections/event-status/reactor-status.
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unit savings by the MWh of replacement power saved gives the total cost savings due to a 3.5day reduction in scheduled outages.
Finally, the total benefit is calculated by summing up the cost savings from reduced tear down
labor and materials and the cost savings from reduced replacement power needs for each
scenario for each year. Results are presented using 3 and 7 percent discount rates.
According to NRC staff, over the past 10 years, the NRC has become increasingly open to
relaxing the testing requirements for fast-starts. This has included changing from fast-start tests
on a monthly basis to monthly tests using a slow-start procedure and one fully loaded test every
six months that mimics an emergency situation calling for a fast-start. Additionally, the NRC is
allowing pre-lube and pre-warm systems during all surveillance start tests, and has relaxed the
3-day servicing to be conducted while the plant is on-line. On-line servicing has significantly
reduced the replacement power issue associated with major tear down events. Unfortunately,
data were not available regarding the extent to which PWRs have been able to take advantage of
these policies.
3.4.3

Results of Benefits Analyses

In sum, Exhibits 15, 16, and 17 below present benefit results for Scenarios 1, 2, and 3,
respectively, using 3 and 7 percent discount rates.
Exhibit 15
PRESENT VALUE OF MONETIZED BENEFITS UNDER UPRATE SCENARIO 1a
(2008$ in Millions)
Increased
Nuclear
Energy
Benefits

Relaxation of
EDG Benefits

Total

3 percent

899

136

1,035

7 percent

505

72

577

Discount
Rates

a

Uprate Scenario 1 assumes a 1% uprate for 18 PWRs.
Totals may not add due to rounding.

Exhibit 16
PRESENT VALUE OF MONETIZED BENEFITS UNDER UPRATE SCENARIO 2a
(2008$ in Millions)
Increased
Nuclear
Energy
Benefits

Relaxation of
EDG Benefits

Total

3 percent

2,697

136

2,832

7 percent

1,515

72

1,588

Discount
Rates

a

Uprate Scenario 2 assumes a 3% uprate for 18 PWRs
Totals may not add due to rounding.
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Exhibit 17
PRESENT VALUE OF MONETIZED BENEFITS UNDER UPRATE SCENARIO 3a
(2008$ in Millions)
Increased
Nuclear
Energy
Benefits

Relaxation of
EDG Benefits

Total

3 percent

6,796

104

6,901

7 percent

3,811

56

3,866

Discount
Rates

a

Uprate Scenario 3 assumes a 10% uprate for 14 (75% of) PWRs
Totals may not add due to rounding.

4.

VALUE-IMPACT RESULTS

This section integrates the principal costs and benefits associated with the rulemaking to add
provisions to 10 CFR Part 50.46 to enable licensees to use a risk-informed alternative maximum
LOCA break size to support risk-informed changes in a reactor’s design and operations.
4.1 Principal Benefits Assessed
The following benefits were quantified as part of this regulatory analysis:
Power Uprate Benefits. These benefits accrue from the increased nuclear generation facilitated
by the rulemaking. Because nuclear power is cheaper to generate than power from non-nuclear
sources, the rulemaking will result in cost savings.
Relaxed EDG Start-Time Benefits. These benefits result from savings in the cost of EDG tear
downs as well as some additional savings due to reduced outages and replacement power needs
resulting from less time required for EDG tear downs.
4.2 Principal Costs Assessed
The following costs were quantified as part of this regulatory analysis:
Industry Costs. The burden of these costs will fall on nuclear power licensees and may be
further classified as:
•

Initial Licensing Costs: These upfront costs include the emergency core cooling system
re-analysis, engineering analysis, design of annual monitoring program, definition of change,
license amendment, submission of license modification proposal, costs of local monitoring
equipment, evaluation of leakage monitoring systems, modification of technical
specifications, procedural modifications, and preparing applicability evaluations.

•

Capital Costs: These are the costs of plant upgrades that will be necessary to achieve the
projected uprate levels. (Note: This analysis computed both a low-end and a high-end
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estimate of capital costs. Only the high-end values are displayed and utilized in the valueimpact analysis).
•

Recurring Monitoring/Licensing Costs: These include an annual monitoring program and a
recurring three-yearly probabilistic risk reassessment update.

NRC Costs. The burden of these costs initially would fall on the NRC and may be further
classified as:
•

Initial Regulatory Costs: These up-front costs include the NRC review of submissions,
management of the license amendment process, the development of regulatory guides, the
review of applicability evaluations, and the review of new codes .

• Deferred/Recurring Regulatory Costs: These include the cost of a recurring 10-year TBS
review and a recurring three-yearly probabilistic risk reassessment review.

4.3 Key Assumptions
Scenarios Assessed. Three different scenarios reflecting potential industry responses to the rulemaking were assessed as part of this analysis. These scenarios were described earlier in Section
3.3.3; a summary table is repeated here for ready reference.
Exhibit 18
SUMMARY OF POWER UPRATE AND EDG SCENARIOS
(BASED ON BASELINE OF 18 PARTICIPATING PWRS)
Scenario

Degree of Power Uprate

Degree of Participation

1

1%

25%

2

3%

25%

3

10%

20%

The regulatory analysis assumes that PWRs which apply for power uprates simultaneously apply
for relaxed EDG start times. PWRs which do not apply for power uprates are assumed to not
apply for relaxed EDG start times.
Energy Demand. An assumption inherent in this analysis is that the increased nuclear
generation will be “absorbed” in the market. Under the three scenarios for this rule, the highest
overall increase in PWR generation is 1.9 percent under Scenario 3, which, assuming PWRs
comprise about two-thirds of all nuclear generation, and nuclear generation is approximately 20
percent of total generation, implies an overall increase of less than 1 percent of electricity
generation due to this rule (20% x 66% x 1.9% = 0.002%). Given the Energy Information
Agency’s assumption of about a 1.1 percent annual growth rate in electricity demand in the
reference case,23 and that this added nuclear capacity is from current nuclear plants operating
23

See Energy Information Agency, Annual Energy Outlook 2008 - Table A8 - “Electricity Supply,
Disposition, Prices, and Emissions”.
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more efficiently, coupled with the fact that nuclear plants generally have lower marginal cost of
generation than fossil units, NRC expects this added generation to be absorbed fairly easily in the
market without any significant price impact. In other words, the absorption assumption appears
quite reasonable.
Base-Year for Present Value Estimates. All present value estimates are for the year 2008.
Base-Year for Real Dollar Values. All discounted costs and benefits are reported in 2008
dollars.
Inflation Indices. Cost estimates were updated to 2008 dollars using inflation indices obtained
from the Bureau of Labor Statistics inflation calculator at http://data.bls.gov/cgi-bin/cpicalc.pl.
Discount Rates. NRC Guidelines Section 4.3.3 states that, based on OMB guidance, both 3%
and 7% real discount rates are to be used in preparing regulatory analyses. Accordingly, real
discount rates of 3 percent per-year and 7 percent per-year have been applied in this analysis.
4.4 Net Present Value Estimates of the Rule
Exhibits 19 and 20 display net present value estimates of the rule for 3 and 7 percent discount
rates, as specified, for each of the three scenarios defined earlier. All values presented below are
in millions of 2008 dollars, rounded to the nearest million. Values in parentheses represent costs.
Exhibit 19 presents the net present value in the year 2009 (in millions of 2008 dollars) of the rule
at a 7 percent per-year discount rate.
Exhibit 19
Net Present Value in 2009 in millions of 2008$
Annual Discount Rate = 7%
Present Value Estimates
(2008$)
Quantitative Attributes
Power Uprating Benefits
EDG Benefits
Licensee Costs

NRC Costs

Capital Costs
Initial Licensing Costs
Recurring Costs
Initial Regulatory Costs
Deferred/Recurring Regulatory Costs

Overall Net Present Value
Note: Totals are subject to round-off error
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Scenario 1

Scenario 2

Scenario 3

$505
$72
($57)
($59)
($168)

$1,515
$72
($171)
($59)
($168)

$3,811
$56
($797)
($46)
($130)

($9)
($6)

($11)
($5)

($12)
($5)

$279

$1,173

$2,876

Exhibit 20 presents the net present value in the year 2008 (in millions of 2008 dollars) of the rule
at a 3 percent per year discount rate.
Exhibit 20
Net Present Value in 2009 in millions of 2008$
Annual Discount Rate = 3%
Present Value Estimates
(2008$)
Scenario
1

Scenario
2

Scenario
3

Capital Costs
Initial Licensing Costs
Recurring Costs

$899
$136
($66)
($63)
($315)

$2,697
$136
($149)
($63)
($315)

$6,796
$104
($927)
($49)
($245)

Initial Regulatory Costs
Deferred/Recurring Regulatory Costs

($11)
($11)

($13)
($11)

($14)
($10)

$568

$2,231

$5,656

Quantitative Attributes
Power Uprating Benefits
EDG Benefits
Licensee Costs

NRC Costs
Overall Net Present Value

Note: Totals are subject to round-off error

4.5 Significant Results in the Present Value Analysis
The principal results from the present value analysis are as follows:
•

The net present value of the rule is positive, regardless of discount rate or scenario.

•

The low-bound NPV (at a 7 percent discount rate and under scenario 1 assumptions) is
estimated at $279 million.

•

The high-bound NPV (at a percent 3 discount rate and under scenario 3 assumptions) is
estimated at $5,656 million.

•

For any given discount rate, NPV in Scenario 3 > NPV in Scenario 2 > NPV in Scenario 1.
In other words, the economic value to society increases as more plants undertake greater
uprates facilitated by the rule.

•

Using a discount rate of 3 percent instead of a discount rate of 7 percent approximately
doubles NPV estimates, for any given scenario.

5.

DISAGGREGATION

In order to comply with the guidance provided in Section 4.3.2 (“Criteria for the Treatment of
Individual Requirements”) of the Regulatory Analysis Guidelines, the NRC conducted a
screening review to determine if any of the individual requirements (or set of integrated
requirements) of the final rule are unnecessary to achieving the objectives of the rulemaking. The
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NRC determined that the objectives of this rulemaking are to: (1) establish a risk-informed
alternative set of emergency core cooling regulations; (2) that the alternative provides additional
operational flexibility to licensees; and (3) any additional flexibility or operational condition
“enabled” by the risk-informed provisions of this rule will nonetheless provide adequate
protection to the public health and safety. Furthermore, the NRC concluded that each of the final
rule’s requirements is necessary to achieve one or more objectives of the rulemaking. The
results of this determination are set forth in the following table.
Regulatory
Goals for 10
CFR 50.46a
Paragraph (a)
Definitions
Paragraph (b)
Applicability
Paragraph (c)
Application
Paragraph (d)
Requirements
during
operation
Paragraph (e)
ECCS
performance
Paragraph (f)
Changes to
facility,
technical
specifications,
or procedures
Paragraph (g)
Reporting
Paragraph (h)
Documentation
Paragraph (m)
Changes to TBS

(1) Establish RiskInformed
Alternative
Regulations
X
X

(2) Alternative
Regulations Provide
Additional Flexibility
to Licensees
X

(3) Adequate Protection
of Public Maintained
Given Additional
Operational Flexibility

X
X
X

X

X

X

X
X

X
X
X

Second, the NRC evaluated whether any of the rule’s requirements masks the inclusion of
individual requirements that are not cost-beneficial when considered separately. The NRC
determined that there were no individual requirements to which a disproportionate share of the
benefits would be attributed to, such that the aggregation of that requirement’s benefits into a
single overall rulemaking benefit would mask inclusion of other, unjustified (non-cost beneficial)
requirements.
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6.

DECISION RATIONALE

Based on the available information, it is the NRC’s judgment that the values described above
substantially outweigh the identified impacts. However, because the rule is voluntary, NRC does
not know how many or which licensees will seek to use it nor how those licensees will value the
potential benefits of the rule.
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APPENDIX A
BENEFITS VALUATION METHODS
This Appendix provides further details on the methodology used to determine the baseline power
generation for all 69 PWRs and the steps involved in calculating the increased generation due to
the three scenarios. It also provides further details on the Integrated Planning Model (IPM) used
for analyzing the cost and performance characteristics of the power sector, including projected
emissions.
A.1 Convert Uprates into Increased Base Power Generation
The first step in quantifying the benefits of uprates is to estimate the generation increases as a
result of expected uprates. To do that, this study first defines a baseline generation from all
PWRs based on historical data and then Energy Information Administration’s (EIA) projections
for capacity factors. Next, to convert the uprate scenarios to increased generation, an “Overall
Increase” parameter is calculated for the different scenarios. Since all uprate scenarios provide a
“Degree of Participation” less than 100 percent, and identifying which PWRs would actually
benefit under each scenario is beyond the scope of this study, NRC calculated an “Overall
Increase” parameter that combined the Degrees of Uprate and Participation into one composite
number as a convenience for the analysis. (See Exhibit A-1). That is, under Scenario 3, instead
of estimating the impact of 20 percent of the 69 PWRs increasing their generation by 10 percent,
this study estimated the benefit of 69 PWRs increasing their generation by 5 percent
(i.e., 20% x 10% = 5.0%). This assumes that participating PWRs are equally likely to apply for
and benefit from the marginal uprates.
Exhibit A-1
Uprate Scenarios
Scenarios

Degree of Uprate

Degree of Participation

Overall Increase

1

1%

25%

.25%

2

3%

25%

.75%

3

10%

20%

2%

A.2 Determination of Baseline Generation
The baseline generation for all PWRs is calculated using the following steps:
Using actual summer 2002 capacity and the corresponding capacity factors for all 69 PWRs from
EIA, this study first calculated their actual generation in 2002.
2. To calculate the baseline generation beyond 2002, NRC assumed all PWR units will apply
for and receive a 20-year license extension (some plants already have received license
A-1

extensions). This yielded a total time period for the analysis that extended up to 2054, when
the last PWR unit (Watts Bar 1) reaches the end of its extended license period.
3. Also, using projections from EIA’s Annual Energy Outlook (AEO) 2008, NRC assumed an
average capacity factor of 90 percent between 2002 and 2010 and 91 percent for the period
after 2010 until the end of a plant’s license. Note that EIA provided capacity factor
projections until 2025, and NRC used the same capacity factors for the period beyond that
due to the lack of any other data sources.
4. For those plants that already have implemented an uprate (58 PWRs), NRC incorporated the
increased capacity in estimating the baseline generation. However, for those that plan to
apply for an uprate but have not done so yet, NRC excluded the planned uprates from the
baseline. There are two such units that have pending uprate applications with NRC.1
Exhibit A-2 below presents the baseline generation for all PWRs for 2002 and NRC’s projections
based on the discussion above.2 For brevity, results are presented for selected years only.
Exhibit A-2
PWR GENERATION IN BASELINE AND UNDER UPRATING SCENARIOS
Assumption

2002

2008

2012

2020

2040

2050

90

90

91

91

91

91

527

527

532

521

297

18

Scenario 1

--

--

533

527

300

18.6

Scenario 2

--

--

536

535

305

18.9

Scenario 3

--

--

545

560

319

19.8

Avg. Capacity Factor (%)
Generation (‘000 GWh)
Baseline

Sources: EIA Survey Form 906 (for 2002 generation data), AEO 2004 projections, and NRC calculations.

The increased generation in the baseline from 2012 is due to the increased capacity factor
assumption (91 percent versus 90 percent), based on EIA’s projections. The significant drop in
PWR generation for 2040 is driven by units shutting down as their licenses expire. In fact, 2050
generation shown in the Exhibit above is from two out of the 69 units - Comanche Peak 2 and
Watts Bar 1, with all the others having reached the end of their license renewal periods.
1

See NRC website www.nrc.gov/reactors/operating/licensing/power-uprates/approvedapplications.html for data on uprates.
2

To verify the baseline calculations for 2002, NRC cross-checked the total generation estimated in
Exhibit A-2 with other industry data. Given that the nuclear industry generates about 20 percent of total
electricity and PWRs make up about two-thirds of all nuclear units (the other one-third being BWRs), the
expected generation from PWRs is about 13 percent of total annual generation (20% x 67% = 13%).
Since EIA estimated total electricity generation in 2002 was about 3,831 million MWh, the baseline
estimate of 520 million MWh from PWRs in 2002 equates to approximately 13.6 percent of the total
generation.
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A.3 Increased Generation Due to the Three Uprating Scenarios
The next step in this analysis was to calculate the increased generation over the baseline
expected from the three uprate scenarios. Using the same capacity factor assumptions outlined
above for the lifetime of the plants, NRC calculated the incremental generation from the PWRs
under the three uprate scenarios defined above. Exhibit A-2 above summarizes these results.
Again, for brevity, results are presented for selected years only.
Similar temporal patterns are observed in the generation increases due to uprates. Moreover,
generation increases across uprate scenarios are directly proportional to the overall increase
assumptions shown in Exhibit A-1 above. Thus Scenario 1 produces the smallest incremental
generation and Scenario 3 the largest, because of the similar patterns in the overall increase
parameter above.
A.4 Integrated Planning Model
Most of the benefit calculations in this regulatory analysis are driven by the characteristics of the
electric power industry in general, and the nuclear industry in particular. The data used for the
projected cost and performance characteristics of the electricity generation industry are taken
from the Integrated Planning Model (IPM). IPM is a multi-regional, dynamic, deterministic,
linear programming model of the electric power sector used extensively by the Federal Energy
Regulatory Commission (FERC) and the U.S. Environmental Protection Agency (EPA) to
analyze policy and regulatory issues and to consider the costs and benefits of alternate
proposals.3 IPM can provide forecasts of least-cost capacity expansion, electricity dispatch, and
emission control strategies for meeting various energy demand and environmental (both singleand multi-pollutant), transmission, dispatch, and reliability constraints. IPM is one of the best
known simulation models used to project the behavior of the power industry and has been
extensively peer-reviewed. NRC used results from this model in this regulatory analysis because
they are easy to understand, readily available in the public domain, and perhaps more
importantly, used extensively by EPA to estimate impacts for potential regulations that would
have effects similar to the ones analyzed in this study (i.e., reduced emissions from fossil-fueled
power plants).
Much of the IPM data used in this analysis have been taken from results for the EPA “Base Case
assumptions.” The Base Case assumes the current state-of-the-world is true going forward and
projects industry characteristics and behavior until 2020.4 Because Base Case projections are
used only until 2020 and because the time period in this analysis extends until 2054, NRC
assumed that IPM projections for 2020 would be constant until 2054 when the last of the PWRs

3

More information on IPM is available at EPA’s website at www.epa.gov/airmarket/epa-ipm/.

4

The full set of constraints used in the Base Case simulation and detailed results can be accessed at
the EPA website www.epa.gov/airmarkets/epa-ipm/results2003.html. IPM also projects for 2026, but
because this is the last year in the model’s time horizon, IPM recommends not using those data for
significant uncertainty.
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shuts down.5 This is similar to the assumption for the EIA projections that also end in the same
time horizon. Given the large uncertainties expected in any projections beyond 2020, this is the
least speculative approach when dealing with an extended analysis period.

5

This is the recommended approach when using IPM data, because 2026, being the last year in
IPM’s horizon, may produce estimates that are less reliable than the other years.
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Risk-Informed Changes to Loss-of-Coolant Accident Technical Requirements

AGENCY: Nuclear Regulatory Commission.
ACTION: Final rule.
SUMMARY: The Nuclear Regulatory Commission (NRC) is amending its regulations that
govern domestic licensing of production and utilization facilities and licenses, certifications, and
approvals for nuclear power plants to allow current and certain future power reactor licensees
and applicants to choose to implement a risk-informed alternative to the current requirements
for analyzing the performance of emergency core cooling systems (ECCS) during
loss-of-coolant accidents (LOCAs). The amendments will also establish procedures and
acceptance criteria for evaluating certain changes in plant design and operation based upon the
results of the new analyses of ECCS performance. This action also completes all activities
associated with a petition for rulemaking filed by the Nuclear Energy Institute (NEI)
(PRM-50-75).
DATES: Effective Date: [INSERT DATE 60 DAYS AFTER PUBLICATION IN THE FEDERAL
REGISTER.]
ADDRESSES: You can access publicly available documents related to this document using the
following methods:
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Federal e Rulemaking Portal: Go to http://www.regulations.gov and search for
documents filed under Docket ID NRC-2004-0006. Address questions about NRC dockets to
Carol Gallagher (301) 415-5905; e-mail Carol.Gallager@nrc.gov.
NRC's Public Document Room (PDR): The public may examine publicly available
documents at the NRC’s PDR, Public File Area O-F21, One White Flint North, 11555 Rockville
Pike, Rockville, Maryland. The PDR reproduction contractor will copy documents for a fee.
NRC’s Agencywide Document Access and Management System (ADAMS):
Publicly available documents created or received at the NRC are available electronically at the
NRC’s Electronic Reading Room at http://www.nrc.gov/reading-rm/adams.html. From this page,
the public can gain entry into ADAMS, which provides text and image files of NRC’s public
documents. If you do not have access to ADAMS or if there are problems in accessing the
documents located in ADAMS, contact the NRC’s PDR reference staff at 1-800-397-4209, or
(301) 415-4737, or by e-mail to PDR.Resource@nrc.gov.
FOR FURTHER INFORMATION CONTACT: Richard Dudley, Office of Nuclear Reactor
Regulation, U.S. Nuclear Regulatory Commission, Washington DC 20555-0001; telephone
(301) 415-1116; e-mail: richard.dudley@nrc.gov.
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I. Background
During the last 11 years, the NRC has had numerous initiatives underway to make
improvements in its regulatory requirements that would reflect current knowledge about reactor
risk. The overall objectives of risk-informed modifications to reactor regulations include:
(1) Enhancing safety by focusing NRC and licensee resources in areas commensurate
with their importance to health and safety;
(2) Providing NRC with the framework to use risk information to take action in reactor
regulatory matters, and
(3) Allowing use of risk information to provide flexibility in plant operation and design,
which can result in reduction of burden without compromising safety, improvements in
safety, or both.
The Commission published a Policy Statement on the Use of Probabilistic Risk
Assessment (PRA) on August 16, 1995 (60 FR 42622). In the Policy Statement, the
Commission stated that the use of PRA technology should be increased in all regulatory matters
to the extent supported by the state-of-the-art in PRA methods and data, and in a manner that
complements the deterministic approach and that supports the NRC=s defense-in-depth
philosophy. PRA evaluations in support of regulatory decisions should be as realistic as
practicable and appropriate supporting data should be publicly available. The policy statement
also stated that, in making regulatory judgments, the Commission=s safety goals for nuclear
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power reactors and subsidiary numerical objectives (on core damage frequency and
containment performance) should be used with appropriate consideration of uncertainties.
To implement the policy statement, the NRC developed guidance on the use of risk
information for reactor license amendments and issued Regulatory Guide (RG) 1.174, AAn
Approach for Using Probabilistic Risk Assessments in Risk-Informed Decisions on Plant
Specific Changes to the Licensing Basis,@ (Agencywide Document Access and Management
System (ADAMS) Accession No. ML023240437). This RG provided guidance on an acceptable
approach to risk-informed decision-making consistent with the Commission=s policy, including a
set of key principles. These principles are discussed in RG 1.174 and include:
(1) Being consistent with the defense-in-depth philosophy
(2) Maintaining sufficient safety margins
(3) Allowing only changes that result in no more than a small increase in core damage
frequency or risk (consistent with the intent of the Commission's Safety Goal Policy
Statement); and
(4) Incorporating monitoring and performance measurement strategies.
The process described in RG 1.174 is applicable to changes in plant licensing bases.
As NRC experience with the risk-informed process and applications grew, the NRC recognized
that further development of risk-informed regulation would require making changes to the
regulations. In June 1999, the Commission decided to implement risk-informed changes to the
technical requirements of Part 50. The first risk-informed revision to the technical requirements
of Part 50 consisted of changes to the combustible gas control requirements in Title 10 of the
Code of Federal Regulations (10 CFR) Section 50.44 (68 FR 54123; September 16, 2003).
Other risk-informed regulations issued later by the NRC include ' 50.48(c) on fire protection
(69 FR 33550; June 16, 2004), ' 50.69 on special treatment requirements for systems,
structures, and components (69 FR 68047; Nov. 22, 2004), and § 50.61 on fracture toughness
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requirements for protection against pressurized thermal shock events (75 FR 13;
January 4, 2010).
In February 2002, NEI submitted a petition for rulemaking (PRM 50-75) requesting that
the NRC revise ECCS requirements by redefining the large break LOCA (ADAMS Accession
No. ML020630082). Notice of that petition was published in the Federal Register (FR) for public
comment on April 8, 2002 (67 FR 16654). The petition requested the NRC to amend § 50.46
and Appendices A and K of Part 50 to allow licensees to use as an alternative to the doubleended rupture of the largest pipe in the reactor coolant system (RCS), “an alternate maximum
break size that is approved by the Director of the Office of Nuclear Reactor Regulation.”
Detailed information regarding the NRC’s resolution of this petition is provided in Section V, of
this document.
Before the NEI petition was submitted, the NRC staff had already begun its own
investigation of the feasibility of a risk-informed ECCS rule. Specifically, the NRC examined the
ECCS requirements for large break LOCAs. A number of possible changes were considered,
including changes to General Design Criterion (GDC) 35 and changes to ' 50.46 acceptance
criteria, evaluation models, and functional reliability requirements. The NRC also proposed to
refine previous estimates of LOCA frequency for various sizes of LOCAs to more accurately
reflect the current state of knowledge with respect to the mechanisms and likelihood of primary
coolant system rupture. During public meetings, industry representatives expressed interest in
a number of possible changes to licensed power reactors resulting from redefinition of the large
break LOCA. Possible changes include: containment spray system setpoint changes; fuel
management improvements; optimization of plant modifications and operator actions to address
postulated sump blockage issues; power uprates; and changes to the required number of
accumulators, diesel start times, sequencing of equipment, and valve stroke times.
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The Staff Requirements Memorandum (SRM), of March 31, 2003 (ADAMS Accession
No. ML030910476), on SECY-02-0057, AUpdate to SECY-01-0133, >Fourth Status Report on
Study of Risk-Informed Changes to the Technical Requirements of 10 CFR Part 50 (Option 3)
and Recommendations on Risk-Informed Changes to 10 CFR 50.46 (ECCS Acceptance
Criteria)=" (ADAMS Accession No. ML020660607), approved most of the NRC staff
recommendations related to possible changes to LOCA requirements and also directed the
NRC staff to prepare a proposed rule that would provide a risk-informed alternative maximum
break size. The NRC began to prepare a proposed rule responsive to the SRM direction.
However, after holding two public meetings, the NRC found that there were differences between
stated Commission and industry interests.
To reach a common understanding about the objectives of the LOCA redefinition
rulemaking, the NRC staff requested additional direction and guidance from the Commission in
SECY-04-0037, “Issues Related to Proposed Rulemaking to Risk-Inform Requirements Related
to Large Break Loss-of-Coolant Accident (LOCA) Break Size and Plans for Rulemaking on
LOCA with Coincident Loss-of-Offsite Power,” dated March 3, 2004; (ADAMS Accession No.
ML040490133). The Commission provided direction in an SRM dated July 1, 2004, (ADAMS
Accession No. ML041830412). The Commission stated that the NRC staff should determine an
appropriate risk-informed alternative break size and that breaks larger than this size should be
removed from the design basis event category. The Commission indicated that the proposed
rule should be structured to allow operational as well as design changes and should include
requirements for licensees to maintain capability to mitigate the full spectrum of LOCAs up to
the double-ended guillotine break (DEGB) of the largest RCS pipe. The Commission stated that
the mitigation capabilities for beyond design-basis events should be controlled by NRC
requirements commensurate with the safety significance of these capabilities. The Commission
also stated that LOCA frequencies should be periodically reevaluated and that future increases
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in LOCA frequencies may require licensees to restore the facility to its original design basis or
make other compensating changes. The Commission further stipulated that these changes
should not be subject to the backfit rule (10 CFR 50.109).
II. Progression of Rulemaking
On March 29, 2005, in SECY-05-0052, “Proposed Rulemaking for >Risk-Informed
Changes to Loss-of-Coolant Accident Technical Requirements=,” the NRC staff provided a
proposed rule to the Commission for its consideration. In an SRM on July 29, 2005 (ADAMS
Accession No. ML052100416), the Commission directed the NRC staff to publish the proposed
rule for public comment after making certain changes.
On November 7, 2005 (70 FR 67598), the proposed rule was published in the FR with a
comment period of 90 days. In response to two different stakeholder requests, on
January 18, 2006, the NRC extended the public comment period by 30 days to March 8, 2006.
As directed by the Commission in its SRM on SECY-05-0052, the NRC staff addressed
the effect of seismic events on the selection of the transition break size by preparing a report
entitled “Seismic Considerations for the Transition Break Size” (ADAMS Accession No.
ML053470439). This report was posted on the NRC=s rulemaking web site and a notice of its
availability and opportunity for public comment was published in the FR on December 20, 2005
(70 FR 75501). A public workshop was held on February 16, 2006, to ensure before the
comment period closed that stakeholders understood the NRC=s intent and interpretation of the
proposed rule. Additional public meetings were held on June 28, 2006, and August 17, 2006, to
discuss public comments.
After evaluating public comments, the NRC completed draft final rule language that
addressed nearly all commenters’ concerns. On October 31 and November 1, 2006, the NRC
staff met with the Advisory Committee on Reactor Safeguards (ACRS) to discuss the draft final
rule. In a letter dated November 16, 2006 (ADAMS Accession No. ML063190465), the ACRS
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provided its evaluation of the draft final rule. The ACRS recommended that the rule not be
issued in its then current form. The ACRS recommended numerous changes to the rule,
primarily to increase the defense-in-depth provided for large pipe breaks. The NRC staff
evaluated the ACRS recommendations, and in SECY-07-0082, “Rulemaking to Make RiskInformed Changes to Loss-of-Coolant Accident Technical Requirements; 10 CFR 50.46a
“Alternative Acceptance Criteria for Emergency Core Cooling Systems for Light-Water Nuclear
Power Reactors” (May 16, 2007), sought additional guidance from the Commission on the
priority of the rule and on the issues raised by the ACRS. In its August 10, 2007, SRM (ADAMS
Accession No. ML072220595), the Commission responded by approving NRC staff
recommendations for a revised priority and approach for addressing the ACRS concerns and
completing the final rule.
As the NRC modified the rule in response to the ACRS recommendations and the
Commission’s direction, the NRC staff made many substantive changes to the requirements.
After considering the extent of these changes, the NRC decided to provide an additional
opportunity for public stakeholders to review and submit comments on the revised rule
language. The NRC published the supplemental proposed rule in the FR on August 10, 2009
(74 FR 40006). In this document, the NRC addressed the public comments on the initial
proposed rule and explained the bases for the subsequent changes made to the rule language.
On August 18, 2009, NEI requested a 120-day extension to the public comment period.
The NRC granted the extension request by extending the comment period for all stakeholders
until January 22, 2010. The NRC evaluated public comments received on the supplemental
proposed rule and prepared a draft final rule which was made publicly available on
May 12, 2010, and posted on www.regulations.gov. The NRC held a public meeting on
June 4, 2010, to discuss resolution of public comments and the draft final rule language with
stakeholders. The NRC then prepared the final rule.
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The NRC staff conducted its final briefings of the ACRS subcommittee and full
committee on September 22 and October 7, 2010, respectively. The ACRS recommended
approval of the final rule for operating reactors in a letter dated October 20, 2010 (ADAMS
Accession No. ML102850279), but concluded that it was premature to extend the proposed rule
to new reactors at this time. However, the ACRS also recommended that if new reactors are to
be included in the final rule, new reactor facility changes enabled by § 50.46a may not result in
a significant decrease in the level of safety provided by the new reactor design. The ACRS
further stated that this requirement should be extended to determining the allowable time for
operating in configurations without a demonstrated capability to mitigate a large LOCA. The
NRC agrees with these ACRS recommendations and has modified the rule to make these
recommended provisions applicable to all new reactors licensed under Part 52. Further details
on applying this rule to new reactor designs are provided in subsequent sections of this FR
document.
III. Final Action
A. Overview
The final rule establishes an alternative set of risk-informed requirements
(10 CFR 50.46a) with which licensees may choose to comply in lieu of meeting the current
emergency core cooling system requirements in 10 CFR 50.46. Using these alternative ECCS
requirements will provide some licensees with opportunities to change various aspects of facility
design and operation.
As was the case in the initial and supplemental proposed rules, the final rule divides the
current spectrum of LOCA break sizes into two regions. The division between the two regions is
delineated by the transition break size (TBS). The first region includes small size breaks, up to
and including the TBS. The second region includes breaks larger than the TBS, up to and
including the DEGB of the largest reactor coolant system pipe. These larger breaks are
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considered to have a much lower likelihood than the smaller breaks in the first region. Under
the new rule, the ECCS design requirements for breaks smaller than the TBS remain the same
as the requirements for all breaks under the current 10 CFR 50.46 ECCS rule. By contrast,
under the new rule, the ECCS design requirements for the pipe breaks larger than the TBS may
be analyzed using less conservative assumptions based on their lower likelihood. Although
LOCAs for break sizes larger than the transition break will become “beyond design-basis
accidents”, these breaks will still be subject to regulatory control. The final rule will require that
licensees maintain the ability to mitigate all LOCAs, up to and including the DEGB of the largest
reactor coolant system pipe. However, mitigation analyses for LOCAs larger than the TBS need
not assume the loss-of-offsite power or the occurrence of a coincident single failure. Licensees
will also be allowed to credit the use of non-safety-grade systems.
Licensees who perform LOCA analyses using the risk-informed alternative requirements
may find that their plant design or operation is no longer limited by certain parameters
associated with previous DEGB analyses. Reducing the DEGB limitations will allow some
licensees to propose a wide scope of design or operational changes up to the point of being
limited by some other parameter associated with any of the other required accident analyses.
Potential design changes include containment spray system setpoint changes; fuel
management improvements; optimization of plant modifications and operator actions to address
postulated sump blockage issues; power uprates; and changes to the required number of
accumulators, diesel start times, sequencing of equipment, and valve stroke times. Some of
these design and operational changes could increase plant safety because a licensee could
modify its systems to better mitigate the more likely smaller LOCAs. Other changes, such as
increasing power, could increase the overall risk of inadvertent release of radioactive material.
The risk-informed ' 50.46a option includes risk acceptance criteria for evaluating future
design changes to ensure that any risk increases are acceptably small. These acceptance
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criteria are consistent with the guidelines for risk-informed license amendments in RG 1.174 and
ensure both the acceptability of the changes from a risk perspective and the retention of
sufficient defense-in-depth, safety margins, and performance monitoring. The requirements for
the risk-informed evaluation process are discussed in detail in Section III.E of this document.
The NRC will also periodically evaluate LOCA frequencies. Should estimated LOCA
frequencies increase, causing a significant increase in the risk associated with breaks larger
than the TBS, the NRC will undertake rulemaking (or issue orders, if appropriate) to change the
TBS. The new rule includes changes to the Backfit Rule, 10 CFR 50.109, indicating that a
backfitting analysis need not be prepared for changes the NRC may make to the TBS. If
previous plant changes are invalidated because of a change made to the TBS, licensees will
have to modify or restore components or systems or make offsetting changes to other parts of
the plant so that the facility will continue to comply with 10 CFR 50.46a acceptance criteria. The
new § 50.46a rule in paragraph (d)(4), states that the Backfit Rule will also not apply to such
licensee actions.
Changes to 10 CFR Title I which are accomplished by this final rule are a new
10 CFR 50.46a, and conforming changes to existing 10 CFR '' 50.34, 50.46, 50.46a
(redesignated as ' 50.46b), 50.109, 10 CFR Part 50, Appendix A, General Design Criteria 17,
35, 38, 41, 44 and 50, and 10 CFR §§ 52.47, 52.79, 52.137, and 52.157.
B. Determination of the Transition Break Size
To help establish the TBS, the NRC developed pipe break frequencies as a function of
break size using an expert opinion elicitation process for degradation-related pipe breaks in
typical BWR and PWR reactor coolant systems (NUREG-1829; AEstimating Loss-of-Coolant
Accident (LOCA) Frequencies through the Elicitation Process@ March 2008; ADAMS Accession
No. ML082250436). The elicitation process is used for quantifying phenomenological
knowledge when data or modeling approaches are insufficient. The elicitation focused solely on
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determining event frequencies that initiate from unisolable primary system side failures related
to material degradation.
A baseline TBS was established from the expert elicitation results for each reactor type
(i.e., PWR and BWR) that corresponded to a break frequency of once per 100,000 reactor years
(1X10-5, or 10-5 per reactor year). The NRC then considered uncertainty in the elicitation
process, other potential mechanisms that could cause passive component failure that were not
explicitly considered in the expert elicitation process, and the higher susceptibility to
rupture/failure of specific locations in the RCS by adjusting the TBS upwards to account for
these factors. Other mechanisms that contribute to the overall LOCA frequency include LOCAs
resulting from failures of non-passive components and LOCAs resulting from low probability
events (e.g., earthquakes of magnitude larger than the safe shutdown earthquake and dropped
heavy loads). These LOCAs have a strong dependency on plant-specific factors.
LOCAs caused by failure of non-passive components, such as stuck-open valves and
blown out seals or gaskets have a greater frequency of occurrence than LOCAs resulting from
the failure of passive components. LOCAs resulting from the failure of non-passive components
would be small-break LOCAs, when considering the size of the opening that could result should
components fail open or blow out (e.g., safety valves, pump seals). LOCAs resulting from
stuck-open valves are limited by the size of the auxiliary pipe. In some PWRs, there are large
loop isolation valves in the hot and cold leg piping. However, a complete failure of the valve
stem packing is not expected to result in a large flow area, because the valves are back-seated
in the open configuration. Based on these considerations, non-passive LOCAs are relatively
small in size and are bounded by the selected TBS.
LOCAs could also be caused by dropping heavy loads that could cause a breach of the
RCS piping. During power operation, personnel entry into the containment is typically
infrequent and of short duration. The lifting of heavy loads that if dropped would have the
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potential to cause a LOCA or damage safety-related equipment is typically performed while the
plant is shut down. The majority of heavy loads are lifted during refueling when the primary
system is depressurized, further reducing the risk of a LOCA and a loss of core cooling. If loads
are lifted during power operation, they would not be loads similar to the heavy loads lifted during
plant shutdown, e.g., vessel heads and reactor internals. In addition, the RCS is inherently
protected by surrounding concrete walls, floors, missile shields, and biological shielding. Thus,
the contribution of heavy load drops to overall LOCA frequency is not considered to be
significant and does not affect the TBS.
Seismically-induced LOCA break frequencies can vary greatly from plant to plant
because of factors such as site seismicity, seismic design considerations, and plant-specific
layout and spatial configurations. Seismic break frequencies are also affected by the amount of
pipe degradation occurring prior to postulated seismic events. Seismic PRA insights have been
accumulated from the NRC Seismic Safety Margins Research Program and the Individual Plant
Examination of External Events submittals. Based on these studies, piping and other passive
RCS components generally exhibit high seismic capacities and, therefore, are not significant
risk contributors. However, these studies did not explicitly consider the effect of degraded
component performance on the risk contributions. Therefore, the NRC conducted a study to
evaluate the seismic performance of undegraded and degraded passive system components
(NUREG-1903, ASeismic Considerations for the Transition Break Size,” February 2008),
(ADAMS Accession No. ML080880140). This effort examined operating experience, seismic
PRA insights, and models to evaluate the failure likelihood of undegraded and degraded piping.
The operating experience review considered passive component failures that have occurred as
a result of strong motion earthquakes in nuclear and fossil power plants as well as other
industrial facilities. No catastrophic failures of large pipes resulting from earthquakes between
0.2g and 0.5g peak ground acceleration have occurred in power plants. However, piping
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degradation could increase the LOCA frequency associated with seismically-induced piping
failures. The NUREG-1903 report evaluated seismic loadings on degraded piping and
concluded that a large, pre-existing crack on the order of 30 percent through-wall and 145
degrees around the piping circumference would have to be present during a large, rare
earthquake (i.e., frequency of occurrence equivalent to 10-5 or 10-6 per year) in order for pipe
failure to occur. The NRC concluded that the likelihood of flaws large enough to fail during such
a seismic event is sufficiently low that the TBS need not be modified to address seismicallyinduced direct piping failures. In reaching its conclusion, the NRC considered the comments
received as well as historical information related to piping degradation and the potential for the
presence of cracks sufficiently large that pipe failure would be expected under loads associated
with these rare (i.e., 10-5 per year) earthquakes.
Indirect failures are primary system ruptures that are a consequence of failures in nonprimary system components or structural support failures (such as a steam generator support).
Structural support failures could then cause displacements in components that stress and in
turn, fail the piping. The NRC performed studies on two plants to estimate the conditional pipe
failure probability due to structural support failure given a large, rare earthquake (i.e., 10-5 to 10-6
per year). The results indicated that the conditional failure probability of the piping was on the
order of 0.1. These studies used seismic hazard curves from NUREG-1488, “Revised
Livermore Seismic Hazard Estimates for Sixty-Nine Nuclear Power Plant Sites East of the
Rocky Mountains, April 1994 (ADAMS Accession No. ML052640591). More recent studies
were completed by the Electric Power Research Institute (EPRI) on three plants using updated
seismic hazard estimates. The updated seismic hazard increases the peak ground acceleration
at some sites. The highest pipe failure probability calculated for the three plants in the industry
analyses was 6 X10-6 per year. However, the NRC noted in its report that indirect failure
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analyses are highly plant-specific. Therefore, it is possible that example plants assessed in the
NRC and EPRI analyses are not limiting for all plants.
The NRC has considered the importance of indirect failures on the selection of the TBS.
For the cases considered in both the EPRI and NRC studies, the likelihood of indirectly induced
piping failures resulting from major component support failures is less than 10-5 per reactor year,
the frequency criterion used to select the TBS. Also, the median seismic capacities for both the
primary piping system and primary system components are typically higher than other safety
related components within the nuclear power plant. Because of these relative capacities, it is
expected that a seismic event of sufficient magnitude to cause consequential failure within the
primary system would also induce failure of components in multiple trains of mitigation systems,
or even induce multiple RCS pipe breaks. Consequently, the risk contribution from seismicallyinduced indirect failures is expected to depend more heavily on the relative fragilities of plant
components and systems than the size of the TBS. Therefore, the NRC believes that
adjustment to the TBS for seismically-induced indirect LOCAs is also not warranted.
The final consideration in selecting the TBS was actual piping system design (e.g.,
sizes) and operating experience. For example, due to system configuration and operating
environment, certain piping is considered to be more susceptible to degradation and failure than
other piping in the same size range. For PWRs, the range of pipe break sizes determined from
the various statistical aggregations of expert opinion was 6 to 10 inches in diameter (i.e., inside
dimension) for the 95th percentile. This is only slightly smaller than the PWR surge lines, which
are attached to the RCS main loop piping and are typically 12- to 14-inch diameter Schedule
160 piping (i.e., 10.1 to 11.2 inch inside diameter piping). The RCS main loop piping is in the
range of 30 inches in diameter and has substantially thicker walls than the surge lines. The
expert elicitation panel concluded that this main loop piping is much less likely to break than
other RCS piping. The shutdown cooling lines and safety injection lines may also be 12- to
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14-inch diameter Schedule 160 piping and are likewise connected to the RCS. The difference
in diameter and thickness of the reactor coolant piping and the piping connected to it forms a
reasonable line of demarcation to define the TBS. Therefore, to capture the surge, shutdown
cooling, and safety injection lines in the range of piping considered to be equal to or less than
the TBS, the NRC specified the TBS for PWRs as the cross-sectional flow area of the largest
piping attached to the RCS main loop.
For BWRs, the range of pipe sizes determined from the various statistical aggregations
of expert opinion was approximately 13 to 20 inches equivalent diameter for the 95th percentile.
The information gathered from the elicitation for BWRs also showed that the estimated
frequency of pipe breaks dropped markedly for break sizes beyond the range of approximately
18 to 20 inches. After evaluating BWR designs, it was determined that typical residual heat
removal piping connected to the recirculation loop piping and feedwater piping is about 18 to 24
inches in diameter. These pipe sizes are consistent with break sizes beyond which the pipe
break frequency is expected to decrease markedly below 10-5 per year. It was also recognized
that the sizes of attached pipes vary somewhat among plants. Thus, for BWRs, the TBS is
specified as the cross-sectional flow area of the larger of either the feedwater or the RHR piping
inside primary containment.
Because the effects of TBS breaks on core cooling vary with the break location, the NRC
evaluated whether the frequency of TBS breaks varies with location and whether TBS breaks
could, therefore, vary in size with location. In PWRs, the pressurizer surge line is only
connected to one hot leg and the pipes attached to the cold legs are generally smaller than the
surge line. The cold legs (including the intermediate legs) also operate at slightly cooler
temperatures such that thermally-activated degradation mechanisms would be expected to
progress more slowly in the cold leg than in the hot leg. The frequency of occurrence of a break
of a given size is composed of both the frequency of a completely severed pipe of that size (a
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complete circumferential break) plus the frequency of a partial break of that size in an equal or
larger size pipe (a partial circumferential or longitudinal break). Therefore, the NRC evaluated
an option where the TBS for the hot and cold legs would be distinctly different by considering
the frequency contributions of these two break components: (1) complete breaks of the pipes
attached to the hot or cold legs at the limiting locations within each attached pipe, and (2) partial
breaks of a constant size, as appropriate for either the hot or cold leg, at the limiting locations
within the hot or cold legs. The NRC attempted to estimate the appropriate size of the partial
break component for the TBS by reviewing the expert elicitation results to determine the
frequencies of occurrence of partial breaks within hot and cold legs that would be equivalent to
the frequency of a complete surge line break. The NRC found that frequencies of occurrence of
partial breaks of a given size are generally lower for the cold leg than for the hot leg. However,
other than this general trend, the elicitation results do not contain sufficient information to
adequately quantify differences among the hot leg, cold leg, and surge line pipe break
frequencies. Because it was not possible to establish a smaller partial break TBS criterion in
the hot or cold legs, the NRC concluded that the TBS associated with partial breaks in the hot
and cold legs should remain equivalent in size to the internal cross sectional area of the surge
line. Similarly, the elicitation results do not contain sufficient detail to quantify break frequency
differences among the BWR recirculation, residual heat removal, and feedwater system piping.
Thus, a smaller partial break TBS criterion also could not be established for BWR recirculation
piping.
The NRC also evaluated whether TBS breaks should be analyzed as single-ended or
double-ended breaks. To address this issue, the NRC reviewed the expert elicitation process
and the guidance given to the experts in developing their frequency estimates. The NRC
concluded that the expert elicitation LOCA frequency estimates correspond to a break area
having an equivalent circular diameter at each break size. This correspondence is
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representative of a single-ended break. Additionally, the experts based their estimates on
knowledge of postulated failure mechanisms in pressure boundary components and not on the
flow rates emanating from the breaks. The flow rates are governed by the break location and
system configuration which determines whether reactor coolant will be discharged from both
ends of the break.
The current design basis analysis for light water reactors requires analysis of a DEGB of
the largest pipe in the RCS. Under the new rule, all breaks up to and including the TBS will be
analyzed under existing requirements. A possible reason for specifying the TBS for PWRs as
double-ended could be that a complete break of the pressurizer surge line would result in
reactor coolant exiting both ends of the break. Although this occurs initially during a LOCA, core
cooling requirements are dominated by the flow rate of coolant exiting from the hot leg side of
the break, with much less contribution from the flow rate of coolant exiting from the pressurizer
side. Therefore, specifying the TBS break as an area equivalent to a double-ended break of the
surge line would be overly conservative. For BWRs, the effect of a double-ended break area is
also considered to be overly conservative. The selected TBS for BWRs is based on the larger
of the residual heat removal or main feedwater lines attached to the main recirculation piping. A
single-ended break in these lines would bound double-ended breaks of the smaller lines in the
reactor recirculation and feedwater system. Therefore, the NRC concluded that treating the
TBS as a single-ended break reasonably characterizes the expert elicitation results and
represents the flow rates associated with postulated pipe breaks within the RCS.
For the TBS to be valid at a particular facility, the rule requires that licensee to
demonstrate that the generic assumptions or bounding aspects of the approaches and analysis
used to determine the NUREG-1829 and NUREG-1903 results are applicable. For example,
the licensee should show that design, configuration, operation, and maintenance of the primary
pressure boundary piping systems larger than the TBS (e.g., hot and cold legs in PWRs) are
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consistent with the assumptions, approach, and limitations associated with the NUREG-1829
and NUREG-1903 studies. Also, the licensee should demonstrate that aging management
programs for these systems follow acceptable industry practice or have been approved by the
NRC.
In addition, the final rule requires the licensee to demonstrate that proposed plant
modifications do not significantly increase the LOCA pipe break frequency estimates generated
during the expert elicitation and used as the basis for the TBS. For example, the expert
elicitation panel did not consider the effects of power uprates in deriving the break frequency
estimates. Further, the expert elicitation panel assumed that future plant operating
characteristics would remain consistent with past operating practices. The NRC recognizes that
significant plant changes may change plant performance and relevant operating characteristics
to a degree that they might impact future LOCA frequencies. Therefore, after a facility has
adopted § 50.46a, the final rule requires the licensee to ensure that the TBS remains applicable
to the facility by reviewing all subsequent plant changes to ensure that those changes do not
significantly increase LOCA pipe break frequencies.
As discussed previously, the baseline TBS was selected to account for uncertainties and
failure mechanisms leading to pipe rupture that were not considered in the expert elicitation
process. As the NRC obtains additional information that may tend to reduce those uncertainties
or allow for more structured consideration of degradation mechanisms, the NRC will assess
whether the TBS (as defined in § 50.46a) should be adjusted. Also, the NRC will continue to
assess failure precursors identified through operating experience to determine whether
adjustments should be made to the TBS. The NRC may initiate rulemaking (or issue orders) to
revise the TBS to account for this new information.
Nevertheless, the selected TBS values are within the range supported by the expert
elicitation estimates when considering the uncertainty inherent in processing the degradation20

related frequency estimates. The NRC believes that the TBS values specified in the final rule
are sufficiently conservative to compensate for possible future increases in either break
frequencies or failure precursors. Therefore, the NRC expects that the TBS values will remain
stable and that any future LOCA frequency reevaluations are unlikely to require the NRC to
increase the TBS and cause licensees to undo plant modifications made after implementing
§ 50.46a.
C. Evaluation of the Plant-Specific Applicability of the Transition Break Size
As previously discussed in Section III.B of this document, the NRC has published two
reports, NUREG-1829 (ADAMS Accession No. ML082250436), and NUREG-1903 (ADAMS
Accession No. ML080880140) that form part of the technical basis used to select the TBS for
BWR and PWR plants. NUREG-1829 used expert elicitation to develop generic LOCA
frequency estimates of passive system failures as a function of break size for both BWR and
PWR plants and considered normal operational loading and transients expected over a 60-year
plant life. NUREG-1903 assessed the likelihood that rare seismic events would induce primary
system failures larger than the postulated TBS. NUREG-1903 evaluated both direct failures of
flawed and unflawed primary system pressure boundary components and indirect failures of
system components and supports that could lead to primary system failures. Because both the
NUREG-1829 and NUREG-1903 studies did not develop bounding estimates, unique plant
attributes may result in plant-specific LOCA frequencies that are greater than reported in either
NUREG-1829 or NUREG-1903. Consequently, the NRC has included a requirement that
applicants wishing to implement § 50.46a conduct an evaluation to demonstrate that the results
in NUREG-1829 and NUREG-1903 are applicable to their individual plants.
This evaluation applies only to primary system piping and other primary pressure
boundary components that are large enough to result in LOCA break sizes larger than the TBS.
This evaluation is also only applicable to aspects of facility design and operation affecting
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compliance with ECCS requirements and does not pertain to design-bases or operational
procedures associated with other aspects of the facility licensing basis.
This evaluation to demonstrate the applicability of NUREG-1829 requires that § 50.46a
applicants first demonstrate that the applicable plant systems adhere to the facility’s licensing
basis. Additionally, the evaluation requires that licensees consider the effects of unique, plantspecific attributes on the generic LOCA frequencies developed in NUREG-1829. Licensees
must then evaluate the effect of proposed plant changes on both direct and indirect system
failures to demonstrate that NUREG-1829 results remain applicable after the proposed changes
have been implemented. After a licensee is approved to implement the new § 50.46a
requirements, it is necessary to evaluate the effect of future proposed plant changes to
demonstrate that NUREG-1829 results remain applicable after enacting the future changes.
The evaluation to demonstrate the applicability of the NUREG-1903 is focused on the
assessment of both direct and indirect piping failures. The regulatory acceptance criteria that
are established in paragraphs (c)(1)(i) and (c)(3)(i) of the final rule for demonstrating the
applicability of the NUREG-1903 results require the licensee to demonstrate that the total
frequency of seismically-induced direct and indirect failures of piping larger than the TBS at the
facility is significantly less than 10-5 per year. In addition, because the frequency of indirect
failure is highly plant-specific and NUREG-1903 only considered the frequencies associated
with two different plants, this limited analysis does not provide a sufficient technical basis for
allowing generic changes to the seismic design, testing, analysis, qualification, and
maintenance requirements (i.e., seismic design basis) associated with any component under
§ 50.46a . Therefore, licensees may not make any changes to components that would alter
their seismic design basis unless such changes are justified using a plant-specific analysis to
assess the change in risk associated with seismically-induced failures of the relevant
component and/or system that results from the proposed plant changes.
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After receiving approval to implement the final § 50.46a requirements, it is also
necessary for licensees to demonstrate that the NUREG-1903 results remain applicable and
that the frequency of seismically-induced direct and indirect piping failures remains acceptable
after implementing all future facility changes.
The NRC is preparing guidance for conducting the plant-specific evaluation to
demonstrate the applicability of both the NUREG-1829 and NUREG-1903 results, such that the
TBS described herein, is also applicable. Draft regulatory guide DG-1216, ‘‘Plant-Specific
Applicability of the Transition Break Size Specified in 10 CFR 50.46a” (ADAMS Accession No.
ML100430352), was published in June 2010 for public comment. This guidance identifies the
scope, provides acceptable methods, and identifies acceptance criteria for evaluating the results
of the evaluation to determine the applicability of NUREG-1829. The guidance also provides an
evaluation framework and acceptance criteria to demonstrate the applicability of the
NUREG-1903 assessment of direct piping failures. This framework identifies the analysis scope
and considerations, provides several options for conducting the analysis, and describes a
systematic approach for each option. One important step is to determine whether the
NUREG-1903 results can be used directly or if a plant-specific analysis is required to determine
the limiting flaw sizes under rare seismic loading.
D. Alternative ECCS Analysis Requirements and Acceptance Criteria
The final rule requires licensees to analyze ECCS cooling performance for breaks up to
and including a double-ended rupture of the largest pipe in the RCS. These analyses must be
performed by methods acceptable to the NRC and must demonstrate that ECCS cooling
performance conforms to the acceptance criteria set forth in the rule. For breaks at or below the
TBS, ' 50.46a(e)(1) specifies requirements identical to the existing ECCS analysis requirements
set forth in ' 50.46. However, commensurate with the lower probability of breaks larger than the
TBS, ' 50.46a(e)(2) of the rule specifies less conservatism for the analyses and associated
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acceptance criteria for breaks larger than the TBS. LOCA analyses for break sizes equal to or
smaller than the TBS must be applied to all locations in the RCS to find the limiting break
location. LOCA analyses for break sizes larger than the TBS must also be applied to all
locations in the RCS (but using less conservative assumptions) to find the limiting break size
and location. This analytical approach is consistent with current NRC regulatory positions and
industry practice.
1. Acceptable methodologies and analysis assumptions.
Under existing ' 50.46 requirements, prior NRC approval is required for ECCS
evaluation models. The requirement for prior NRC approval of evaluation models is retained in
§ 50.46a(e). Acceptable evaluation models are currently of two types - those that realistically
describe the behavior of the RCS during a LOCA, and those that conform with the required and
acceptable features specified in Appendix K to Part 50. Appendix K evaluation models
incorporate conservatism as a means to justify that the acceptance criteria are satisfied by an
ECCS design. In contrast, the realistic or best-estimate models attempt to accurately simulate
the expected phenomena. As a result, comparisons to applicable experimental data must be
made and uncertainty in the evaluation model and inputs must be identified and assessed. This
is necessary so that the uncertainty in the results can be estimated so that when the calculated
ECCS cooling performance is compared to the acceptance criteria, there is a high level of
probability that the criteria will not be exceeded. Appendix K, Part II, contains the
documentation requirements for evaluation models. All of these existing requirements are
included in ' 50.46a(e)(1) of the final rule for breaks at or below the TBS.
As currently required under ' 50.46, the ECCS analysis performed with a model other
than one based on Appendix K must demonstrate with a high level of probability that the
acceptance criteria will not be exceeded. The position taken in RG 1.157 has been that 95
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percent probability constitutes an acceptably high probability. Section 50.46a(e)(1) of the final
rule retains this high level of probability as the statistical acceptance criterion.
Final '' 50.46a(e)(1) and (e)(2) require that the worst break size and location be
calculated separately for breaks at or below the TBS and for breaks larger than the TBS up to
and including a double-ended rupture of the largest pipe in the RCS. Different methodologies,
analytical assumptions, and acceptance criteria may be used for each break size region.
Consistent with current ' 50.46 requirements, licensees are required to analyze breaks at or
below the TBS by assuming the worst single failure concurrent with a loss-of-offsite power and
only crediting operability of safety systems. For breaks larger than the TBS, licensees may take
credit for operation of both safety and non-safety systems (subject to system availability as
supported by operating experience or test data) provided that onsite power can be reliably
provided to that equipment through manual actions within a reasonable time after a loss-ofoffsite power. All non-safety equipment that is credited for analyses of breaks larger than the
TBS must be identified as such and listed in the plant technical specifications. The assumptions
of loss-of-offsite power and the worst single failure are not required in these analyses because
breaks larger than the TBS are very unlikely and therefore, less margin is needed. The
requirement to provide onsite power to non-safety equipment in a reasonable time following a
loss-of-offsite power (e.g., approximately 30 minutes) is a defense-in-depth consideration for
severe accident management.
2. Acceptance criteria.
ECCS acceptance criteria in ' 50.46a(e)(3) for breaks at or below the TBS are the same
as those currently required in ' 50.46. Therefore, licensees must use an approved methodology
to demonstrate that the following acceptance criteria are met for the limiting LOCA at or below
the TBS:
$

Peak cladding temperature (PCT) less than 2200EF;
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$

Maximum local cladding oxidation (MLO) less than 17 percent;

$

Maximum hydrogen production -- core-wide cladding oxidation less than one
percent;

$

Maintenance of coolable geometry; and

$

Maintenance of long-term cooling.

Commensurate with the lower probability of occurrence, the acceptance criteria in
' 50.46a(e)(4) for breaks larger than the TBS are less prescriptive:
$

Maintenance of coolable geometry, and

$

Maintenance of long-term cooling.

The final rule allows licensees flexibility in establishing appropriate metrics and
quantitative acceptance criteria for maintenance of coolable geometry. A licensee=s metrics and
acceptance criteria must realistically demonstrate that coolable core geometry and long-term
cooling will be maintained. However, unless data or other valid justification criteria are provided,
licensees should use 2200EF and 17 percent for the limits on PCT and MLO, respectively, as
metrics and quantitative acceptance criteria for meeting the rule. Other less conservative
criteria would be acceptable if properly justified by licensees.
Currently, the NRC is working to revise the ECCS acceptance criteria in § 50.46(b) to
account for new experimental data on cladding ductility and to allow for the use of advanced
cladding alloys. The NRC expects that this rulemaking (Docket ID NRC-2008-0332) will
establish new cladding embrittlement acceptance criteria in § 50.46(b) for design basis LOCAs.
When these new acceptance criteria are established, the NRC will also make any necessary
conforming changes to § 50.46a for pipe breaks below and above the TBS.
3. Restriction of reactor operation.
Paragraph 50.46a(e)(5) allows the Director of the Office of Nuclear Reactor Regulation
to impose restrictions on reactor operation if it is determined that the evaluations of ECCS
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cooling performance are not consistent with the requirements for evaluation models and
analysis methods specified in final §§ 50.46a(e)(1) through (e)(4). Non-compliance may be due
to factors such as lack of a sufficient data base upon which to assess model uncertainty, use of
a model outside the range of an appropriate data base, use of models inconsistent with the
requirements of Appendix K of Part 50, or discovery of phenomena unknown at the time of
approval of the methodology. Lack of compliance with methodological requirements would not
necessarily mean that the ECCS capability is unacceptable, but only that the analysis results
using the methodology in question cannot be relied upon to demonstrate compliance with the
appropriate acceptance criteria. Thus, depending upon the specific circumstances, it might be
necessary for the NRC to impose restrictions on operation until these issues are resolved. This
requirement is included in the final rule for consistency with the current ECCS regulations as
specified in existing ' 50.46(a)(2).
E. Risk-Informed Changes to the Facility, Technical Specifications, or Procedures
Licensees who adopt ' 50.46a will use a risk-informed evaluation process to
demonstrate, before implementation, that facility changes will satisfy the risk-informed
acceptance criteria in ' 50.46a(f). Changes that must be evaluated are specified in
' 50.46a(d)(3) and include all “enabled” changes that satisfy the alternative ECCS analysis
requirements in § 50.46a but do not satisfy the current ECCS analysis requirements in § 50.46.
Licensees are required to periodically maintain and upgrade the PRA used in the risk
assessments and ensure that over time all changes made under ' 50.46a continue to meet the
risk-informed acceptance criteria. If necessary, ' 50.46a(g)(1)(ii) requires the licensee to
propose steps and a schedule to bring the facility back into compliance with the acceptance
criteria in ' 50.46a(f).
The risk-informed evaluation is required to demonstrate that increases in plant risk (if
any) meet appropriate risk acceptance criteria, defense-in-depth is maintained, adequate safety
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margins are maintained, and adequate performance-measurement programs are implemented.
The NRC believes that all changes to a plant, its technical specifications, or its procedures
which are based upon the analyses of ECCS performance permitted under § 50.46a(e)(2) – with
the exception of those changes permitted under § 50.46a(f)(1) – must be reviewed and
approved by the NRC for two reasons. First, a wide range of changes could be implemented
under § 50.46a, which, if improperly implemented by licensees, could result in significant
adverse impacts on public health and safety or common defense and security. NRC review and
approval will provide verification that a licensee has properly evaluated each proposed change
against the acceptance criteria in § 50.46a. Second, changes involving technical specifications
must receive NRC review and approval in the form of a license amendment, as required by the
Atomic Energy Act of 1954, as amended. Accordingly, the NRC’s final rule requires NRC
review and approval of all changes initiated under § 50.46a(f)(2).
A licensee who wishes to make certain future changes that are enabled by the rule
without prior NRC review and approval (i.e., via self-approval) must submit for review its riskinformed process that will be used in evaluating the acceptability of these changes as described
in § 50.46a(c)(1)(vi). A licensee who will only make a single or a few changes enabled by the
rule need not submit a risk-informed self-approval process. Instead, that licensee must only
submit its risk-informed evaluation of each change it has requested. Acceptance criteria for
self-approved changes enabled by the rule are described in § 50.46a(f)(1). Each licensee
should evaluate its approach to implement § 50.46a to determine whether the self-approval
process is its preferred alternative. If a licensee’s initial application to implement § 50.46a did
not include a self-approval process, that licensee may, at any later time, submit another license
amendment requesting approval of a risk-informed self-approval process.
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After one or more changes enabled by the rule have been implemented, licensees must
periodically update its risk-informed evaluation of the changes to ensure that the acceptance
criteria in § 50.46a(f), as applicable, continue to be met.
1. Requirements for the risk-informed evaluation.
The final rule is based upon the regulatory premise that the acceptability of all
licensee-initiated changes made under the rule must be judged in a risk-informed manner. The
risk-informed assessment process must include methods for evaluating compliance with the risk
criteria, defense-in-depth criteria, safety margin criteria, and performance measurement criteria
in ' 50.46a(f). These attributes have been identified by the Commission as a necessary set of
risk evaluation tools to ensure that changes to the facility do not endanger public health and
safety.
Compliance with the risk criteria plays a key role in the regulatory structure of the rule. A
risk assessment must be used to determine the change in risk associated with facility changes.
Inasmuch as PRA methodologies are generally recognized as the best approach for conducting
risk assessments suitable for making decisions in areas of potential safety significance,
§ 50.46a(f)(4) of the final rule requires that a technically adequate PRA be used to demonstrate
compliance with the requirements of ' 50.46a if the change being assessed could substantively
increase risk. Sections 50.46a(f)(4)(i) through (iv) set forth the four general attributes of an
acceptable PRA for the purposes of this rule. However, the NRC recognizes that
non-quantitative PRA assessment methodologies and approaches could also be used to
complement or supplement the quantitative aspects of a PRA, especially when performance of
a quantitative PRA methodology of the level needed to support a particular plant modification
decision is not justifiable because the safety significance of the decision does not warrant the
level of technical sophistication inherent in a PRA. Accordingly, ' 50.46a(f)(5) establishes the
minimum requirements for risk assessment methodologies other than PRA. This requirement
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provides flexibility for licensees to use the non-PRA risk methodology (or combination of
different methodologies) when these methodologies produce results that are sufficient to
determine that the risk acceptance criteria in the rule have been met.
2.

Aggregation of plant changes when evaluating changes in risk

Licensees often make changes to the facility, technical specifications, and procedures.
Some changes that the licensees may make after adopting this rule would not have been
permitted without the new § 50.46a ECCS requirements (enabled changes). Other changes
would be unrelated insofar as the basis of the changes and NRC approval, when necessary, will
rely on regulations, guidelines, or facility priorities that do not depend on the new ECCS
requirements in § 50.46a. Unrelated changes will indirectly influence the change in risk of the
§ 50.46a related changes because they change the risk profile of the facility. If unrelated
changes are combined (bundled) with enabled changes in evaluating the § 50.46a change in
risk estimates, the result will typically be different than if the unrelated changes are considered
as part of the baseline risk associated with the current design and operation of the facility.
Regulatory Guide 1.174 permits bundling changes (referred to as combined changes in RG
1.174) and provides additional acceptance guidelines that must be met when combining
unrelated plant changes that might decrease risk together with a group of enabled changes to
evaluate the total change in risk for comparison to the acceptance guidelines.
The NRC believes that allowing bundling of unrelated changes into the § 50.46a change
in risk estimates will encourage licensees to use risk-informed methods to take advantage of
opportunities to reduce risk, and not just eliminate requirements that a licensee deems as
undesirable. However, in some situations, bundling could mask the creation of significant risk
outliers. To ensure that outliers are not created, and that the additional guidelines in RG 1.174
are appropriately applied, the rule will not permit bundling of unrelated changes with enabled
changes without NRC review and approval. Therefore, the final § 50.46a(f)(2)(iii) allows
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changes not enabled by § 50.46a to be combined (bundled) with changes enabled by § 50.46a
in the calculation of the change in risk when a licensee submits an application for a change
under 50.90.
3. NRC approval of a licensee process for making changes to a licensee’s facility or
procedures without NRC review and approval.
As a general matter, the licensee must obtain NRC review and approval (through a
license amendment application) for any changes to the facility, technical specifications, or
procedures that may be implemented under § 50.46a. However, the NRC believes that there is
a subset of plant and procedure changes that would be made possible by § 50.46a involving
minimal changes in risk which also have no significant impact upon defense-in-depth
capabilities. Prior NRC review and approval of these changes on an individual basis is
unnecessary if the NRC has previously concluded that the licensee has an adequate technical
process for appropriately identifying this subset of changes. In the NRC’s view, plant changes
which involve minimal changes in risk and have no significant impact upon defense-in-depth
(and do not involve a change to the technical specifications), by definition, do not result in
significant issues involving public health and safety or common defense and security.
Expending licensee resources to prepare an application for approval of plant changes
involving minimal changes in risk and NRC resources to review and approve these applications
is not an efficient use of resources. Rather, the NRC believes that if it reviews and approves in
advance the licensee’s processes (including the adequacy of the licensee’s PRA and other risk
assessment methods) and criteria for identifying changes which are both minimal from a risk
standpoint and do not significantly affect defense-in-depth or plant physical security, then there
is no need to review and approve each of the changes individually. Further, the NRC believes
that these minimal changes are unlikely to impact the built-in capability of the facility to resist
security threats. Accordingly, the NRC is including an approach in § 50.46a(f)(1) allowing a
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licensee to obtain “pre-approval” of a process for identifying minimal plant and procedure
changes made possible under § 50.46a.
Section § 50.46a(f)(1) states that a licensee may self-approve changes based upon the
provisions of this section without prior review and approval if the stated requirements in
paragraphs (f)(1) and (f)(3) of this section are met. The rule also states that the provisions of
the existing § 50.59 change process continue to apply. Licensees with a pre-approved
§ 50.46a(f)(1) change process will be allowed to make facility changes without NRC approval if
they met both § 50.59 and § 50.46a requirements. Compliance with the current § 50.59
requirements is necessary to ensure that facility changes made without NRC approval do not
result in plant conditions that could impact public health and safety. Compliance with the
§ 50.46a(f) requirements for risk assessments is required to ensure that facility changes result
in acceptable changes in risk, that adequate defense-in-depth is maintained, that safety margins
will be maintained, and that adequate performance-measurement programs are implemented.
4. Risk acceptance criteria for plant changes.
Section 50.46a(f)(2)(ii) requires that the total increases in risk are very small and that the
overall plant risk remains small. The NRC believes that this requirement is a necessary element
for ensuring that changes which are permitted by the final ' 50.46a ECCS analyses do not
result in a greater change in risk than intended by the Commission.
a. Risk estimate.
To satisfy the Commission's requirement in '' 50.46a(f)(2)(ii) that the total increases in
risk are very small requires that the change in risk for each facility change be evaluated and
shown to meet the acceptance guidelines. If a series of changes are made over time,
' 50.46a(f)(2)(iii) requires that cumulative effect of these changes be evaluated and shown to
meet the acceptance criteria. Section 50.46a(f)(2)(iii) also permits changes in risk from facility
changes not enabled by § 50.46a to be combined by the licensee with facility changes that are
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enabled by this section for the purposes of meeting the acceptance guidelines. Taken together,
this combined (bundled) group of enabled changes and unrelated changes is referred to as the
changes made under § 50.46a. For each change requiring a risk-informed evaluation, the total
change in risk from all facility changes made under the rule after adopting ' 50.46a must be
evaluated and compared to the "very small" acceptance criterion when the change is first made,
then with each subsequent enabled change that results in a greater than minimal increase in
risk, and again after each time that the PRA is changed through periodic maintenance and
upgrading. Requiring that the total change in risk from all facility changes made under the rule
after the adoption of ' 50.46a be compared to the ' 50.46a acceptance criteria instead of
allowing the changes in risk to be partitioned and individually compared to the acceptance
criteria ensures that the total risk increase for all changes, as they are implemented over time,
does not constitute more than a very small increase in risk. If the total increase in the applicable
risk metrics were not compared to the acceptance criteria, a number of changes in which each
individual change's risk increase is kept below the rule's risk acceptance criteria could,
considered cumulatively, result in a significant increase in risk. A significant increase would not
satisfy the Commission’s criteria that the overall plant risk remains small. Also, comparing the
risk increase from each change to the acceptance criteria independently of all previous changes
would render the use of the >>very small'' criterion inadequate to monitor and control increases in
risk from a series of plant changes implemented over time.
Comparing the total risk increase to the risk increase criterion, and allowing bundling of
unrelated changes in the change in risk estimate, will support the NRC’s philosophy that,
consistent with the principles of risk-informed integrated decision making, licensees will have a
risk management philosophy in which risk insights are not just used to systematically increase
risk, but also to help reduce risk where appropriate and where it is shown to be cost effective.
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b. Acceptance criteria.
In ' 50.46a(f)(2)(ii), core damage frequency (CDF) and large early release frequency
(LERF) are used as surrogates for early and latent health effects, which are used in the
Commission=s Policy Statement on Safety Goals (51 FR 30028; August 4, 1986). The NRC has
used CDF and LERF in making regulatory decisions for over 20 years. The NRC endorsed the
use of CDF and LERF as appropriate measures for evaluating risk and ensuring safety in
nuclear power plants when it adopted RG 1.174 in 1997. Since the adoption of RG 1.174, the
NRC has had 13 years of experience in applying risk-informed regulation to support a variety of
applications, including amending facility procedures and programs (e.g., IST and ISI programs),
amending facility operating licenses, making changes to the FSAR, and implementing riskinformed technical specifications. On the basis of this experience, the NRC has determined that
CDF and LERF are acceptable measures for evaluating changes in risk as the result of changes
to a facility, technical specifications, and procedures, with the exception of certain changes that
affect containment performance but do not affect CDF or LERF. Changes that affect
containment performance are considered as part of the defense-in-depth evaluation.
The Commission has concluded that changes under this rule shall be restricted to very
small risk increases. As discussed in RG 1.174, a very small risk increase is independent of a
plant's overall risk as measured by the current CDF and LERF. Increases in CDF of 10-6 per
reactor year or less, and increases in LERF of 10-7 per reactor year or less are very small risk
increases for existing reactor facilities. Applicants for new reactor operating licenses under
Part 52 may need to supplement these criteria to also meet the requirement that implementing
the proposed changes will not result in a significant decrease in the level of safety otherwise
provided by the new reactor design.
Since adopting RG 1.174 in 1997, the NRC has applied the quantitative change in risk
guidelines to individual plant changes and to sequences of plant changes implemented over
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time. The NRC has found these guidelines and the CDF and LERF values (when used together
with the defense in depth, safety monitoring, and performance measurement criteria) are
capable of differentiating between changes, and sequences of changes, that are not expected
to endanger public health and safety from those that might.
Section 50.46a(f)(1) permits licensees to make changes under this provision without
prior review and approval if the changes involve minimal increases in risk which also have no
significant impact upon defense-in-depth capabilities. A minimal risk increase is one which,
when considered qualitatively by itself or in combination with all other minimal increases, would
never become significant. Logically, a minimal increase is less than the very small increase in
CDF and in LERF, and has been chosen as an increase of less than 10-7 per reactor year for
CDF and an increase in LERF of less than 10-8 per reactor year for existing reactor facilities.
Although ten changes, each separately considered to be minimal increases, when considered
together could exceed the very small criteria, the NRC believes that most of these changes will
have a much smaller (and, in some cases, an unmeasurable) increase in risk. Regardless of
whether a licensee makes changes under § 50.46a(f)(1) instead of § 50.46a(f)(2), the total
cumulative risk including all the individually minimal risk increases as well as any increases
approved by the NRC under § 50.46a(f)(2), must be considered in the periodic reporting
required by § 50.46a(g)(1)(ii). If a licensee implements an unexpectedly large number of
minimal risk changes, the periodic reporting requirements in § 50.46a(g)(2) will provide
adequate notice to ensure that the NRC is aware of potentially significant changes (or any
collective impact), so that the NRC may undertake additional oversight actions as deemed
necessary and appropriate.
5. Defense-in-depth.
Section 50.46a(f)(3)(i) requires that the risk-informed evaluation demonstrate that
defense-in-depth is maintained. Defense-in-depth is an element of the NRC's safety philosophy
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that employs successive measures to prevent accidents or mitigate damage if a malfunction,
accident, or naturally caused event occurs at a nuclear facility. As conceived and implemented
by the NRC, defense-in-depth provides, among other things, redundancy in addition to a
multiple barrier approach against fission product releases. Defense-in-depth continues to be an
effective way to account for uncertainties in equipment and human performance. The NRC has
determined that retention of adequate defense-in-depth must be ensured in all risk-informed
regulatory activities.
6. Safety margins.
Section 50.46a(f)(3)(ii) requires that adequate safety margins be retained to account for
uncertainties. These uncertainties include phenomenology, modeling, plant construction, and
plant operation. The NRC's concern is that plant changes could inappropriately reduce safety
margins, resulting in an unacceptable increase in risk or challenge to plant systems, structures
and components (SSCs). This provision ensures that an adequate safety margin exists to
account for these uncertainties, such that there are no unacceptable results or consequences
(e.g., structural failure) if an acceptance criterion or limit is exceeded.
7. Performance measuring programs.
Section 50.46a(f)(3)(iii) requires that adequate performance measurement programs and
feedback strategies be implemented to ensure that the risk-informed evaluation continues to
reflect actual plant design and operation. The risk-informed evaluation includes the risk
assessment, maintenance of defense-in-depth, and maintenance of adequate safety margins.
This section requires that the monitoring programs be designed to detect degradation of SSCs
before plant safety is compromised. Permitting degradation to advance until plant safety could
be compromised would be inconsistent with the NRC's regulatory responsibility of protecting
public safety. The NRC expects that licensees will integrate existing programs for monitoring
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equipment performance and other operating experience both on their site and throughout
industry with the performance measuring programs required by this section.
F. Leak Detection Requirements
In its SRM on SECY-07-0082, the Commission directed the NRC staff to increase the
defense-in-depth provided by the rule against large pipe breaks. The SRM also directed the
NRC staff to evaluate various approaches for enhancing the rule with requirements for
enhanced leak detection methods. The NRC determined that enhanced leak detection
capability could improve defense-in-depth for LOCAs larger than the TBS by reducing the
likelihood of pipe breaks in the large break region. Thus, § 50.46a(d)(2) of the final rule requires
that, “The licensee shall have leak detection systems available at the facility and shall
implement actions as necessary to identify, monitor and quantify leakage to ensure that adverse
safety consequences do not result from primary pressure boundary leakage from piping and
components that are larger than the transition break size.”
Because § 50.46a makes no changes to the design basis of piping and components that
are smaller than the TBS, the requirements of § 50.46a(d)(2) only apply to piping and
components that are larger than TBS. The NRC recognizes that leakage detection methods
that satisfy these requirements may not be capable of determining whether the source of
leakage is from piping or a component that is larger or smaller than the TBS. Discrimination
between leaks in pipes larger or smaller than the TBS is unnecessary as long as enhanced leak
detection is provided for all beyond-TBS piping.
In response to a recommendation made by the Davis-Besse Lessons Learned Task
Force (DBLLTF), (see memorandum from Arthur T. Howell to William F. Kane, ‘‘Degradation of
the Davis-Besse Nuclear Power Station Reactor Pressure Vessel Head Lessons-Learned
Report; September 30, 2002; ADAMS Accession No. ML022740211) the NRC evaluated
whether it should impose tighter reactor coolant leakage limits and new leakage monitoring
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requirements on licensees. Specifically, the DBLLTF Recommendation 3.1.5(1) was that the
NRC should determine whether PWR plants should install online enhanced leakage detection
systems on critical plant components which could detect leakage rates of significantly less than
1 gallon per minute. The NRC’s evaluation identified techniques that could improve localized
leak detection and on-line monitoring and also identified several areas of possible
improvements to leakage detection requirements that could provide increased confidence that
plants are not operated at power with reactor coolant pressure boundary leakage. Although the
NRC concluded that there was not a sufficient basis to require the technical specification on
allowable leakage to be reduced for existing licensees through a backfit, the NRC
recommended updating Regulatory Guide 1.45 on leak detection.
In May 2008, the NRC finalized Revision 1 to Regulatory Guide 1.45, “Guidance on
Monitoring and Responding to Reactor Coolant System Leakage” which provides new guidance
on improved leak detection methods. RG 1.45, Revision 1, incorporates progress in reactor
coolant pressure boundary leakage detection technology; addresses the effect on radiation
monitoring, and, subsequently, on leak detection, from reduced reactor coolant activity levels
due to improved fuel integrity; and incorporates lessons learned from operating experience.
Revision 1 also provides detailed guidance for timely detection and location of leaks, continuous
monitoring, quantifying and trending leak rates, assessing safety significance of leakage, and
specifying plant actions following confirmation of an adverse trend in the unidentified leak rate.
Revision 1 describes acceptable leakage detection systems and methods, using risk-informed
and performance-based criteria to the extent practical. It retains the recommendations for
monitoring of sump level or flow, airborne particulate activity, and condensate flow rate from air
coolers. Other supplementary detection methods are recommended for use where and when
appropriate.
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The NRC has concluded that by implementing the guidance in Regulatory Guide 1.45,
Revision 1, licensees who choose to comply with § 50.46a will have improved monitoring and
response to leaks in the reactor coolant system sufficient to satisfy the requirements of
§ 50.46a(d)(2).
G. Operational Requirements
The final rule includes six specific operational requirements that apply to licensees who
are approved to implement § 50.46a. These requirements are set forth in ' 50.46a(d) and
remain in effect as long as the facility is subject to the § 50.46a alternative ECCS requirements
until such time as the licensee permanently ceases operations by submitting the
decommissioning certifications required under ' 50.82(a). They are:
1. Maintain ECCS models and/or analysis methods that demonstrate compliance with
the ECCS acceptance criteria.
2. Maintain reactor coolant leak detection equipment available at the facility and identify,
monitor, and quantify leakage to ensure that adverse safety consequences do not result from
leakage from piping and components larger than the transition break size.
3. Perform a risk-informed evaluation for each potentially risk-significant change (or
group of changes) to the facility enabled by or made under § 50.46a.
4. Periodically confirm that the cumulative risk impact of changes to the facility made
under ' 50.46a continue to meet the acceptance criteria.
5. Do not operate the plant for more than a “short time” in any 12-month period in an atpower operating configuration that has not been demonstrated to meet the ECCS acceptance
criteria for breaks larger than the TBS.
6. Perform an evaluation to determine the effect of all planned facility changes and do
not implement any facility change that would invalidate the applicability to the facility of the
results in NUREG-1829 and NUREG-1903.
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Each of the six operational requirements is discussed in detail below.
1. Maintain ECCS models and/or analysis methods that demonstrate compliance with
the ECCS acceptance criteria.
Section 50.46a(d)(1) requires that calculated results of licensee ECCS models and/or
analysis methods must demonstrate compliance with the ECCS acceptance criteria throughout
the operating lifetime of the plant. Licensees must also update ECCS models and/or analysis
methods by modifying them as needed to address any plant design changes affecting ECCS
performance during this time period.
2. Section 50.46a(d)(2) requires licensees to maintain reactor coolant leak detection
equipment available at the facility and identify, monitor, and quantify leakage to ensure that
adverse safety consequences do not result from leakage from piping and components larger
than the transition break size.
This requirement for enhanced leak detection capability was previously discussed in
section III.F, of this document. Enhanced leak detection must be provided for all primary piping
and components (excluding the reactor vessel) whose rupture could result in a break larger than
the TBS.
3. Perform a risk-informed evaluation for each change (or group of changes) to the
facility enabled by or made under § 50.46a.
In addition to meeting all other applicable requirements, a risk-informed evaluation
required by § 50.46a(d)(3) must be performed for changes enabled by or made under § 50.46a.
If a licensee has a change methodology that was submitted under § 50.46a(c)(1)(vi) and
approved by the NRC, that licensee can make some changes without NRC approval as long as
the acceptance criteria in § 50.46a(f)(1) are met. Otherwise, the licensee is required to submit
the results of its risk-informed evaluation for NRC review and approval in a license amendment
request subject to the requirements of § 50.90. The licensee must retain the results of all risk40

informed evaluations made under § 50.46a(f)(1) and periodically submit a summary of the
results to the NRC as required under § 50.46a(g)(1)(iii).
4. Periodically assess the cumulative effect of changes to the facility made under
§ 50.46a.
Key components of risk-informed regulation are the monitoring of changes in plant risk
and updating the risk assessment and/or plant design activities and processes which are the
subject of the risk assessment. Section 50.46a(d)(4) requires that after adopting ' 50.46a, a
licensee must periodically maintain and upgrade the risk assessments (both PRA and non-PRA)
required under '' 50.46a(f)(4) and (f)(5). It is necessary that the PRA be maintained to reflect
all plant changes; such as modifications, procedure changes, or changes in plant performance
data. Other factors that could change the risk-assessments, such as changes to LOCA
frequencies or seismic hazards, must also be included as part of the PRA maintenance. This
maintenance enables the licensee to demonstrate that the total increases in CDF and LERF
after adopting ' 50.46a continue to meet the acceptance criteria in ' 50.46a(f)(2). The risk
assessments must also continue to meet the minimum quality requirements in §§ 50.46a(f)(4)
and (f)(5) to support reasoned decision making under the rule.
The final rule specifies that the maintenance and upgrading be conducted periodically
“but no less often than once every four years.” The NRC believes that this is an appropriate
period because the uncertainty of risk changes occurring during the period is tolerable and
unlikely to lead to high risk situations as a result of the implementation of plant changes. The
NRC's determination is based upon the stringent acceptance criteria governing changes made
under ' 50.46a, the existing deterministic criteria in the technical requirements in Part 50, and
the criteria utilized in determining the acceptability of plant changes.
If the assessment of the cumulative effect of changes made under the rule demonstrates
that the acceptance criteria in ' 50.46a(f)(2) are not met, ' 50.46a(g)(1)(ii) requires the licensee
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to develop steps and a schedule to bring the facility design and operation back into compliance
with the acceptance criteria. These actions may include (but are not limited to) corrections to
the risk analyses to demonstrate compliance, implementation of facility changes to offset
adverse changes in risk, or reversal of changes previously made under the provisions of
' 50.46a(f). The NRC believes that this requirement provides appropriate flexibility for the
licensee to determine the actions necessary to ensure continued compliance with the
' 50.46a(f) acceptance criteria, and is consistent with the concept of performance-based
regulation.
5. Do not operate the plant for more than a short time in an operating configuration that
has not been demonstrated to meet the ECCS acceptance criteria for breaks larger than the
TBS.
A short time for an operating reactor whose construction permit was issued before
[INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR], is either a total of
fourteen (14) days in any 12-month period or an alternative proposed by the licensee and
approved by the NRC. The final rule does not define a short time for a new reactor design (i.e.,
a future operating reactor whose license is issued under Part 52 of this chapter). Instead the
rule requires the applicant or licensee, as applicable, to propose a time period constituting a
“short time” for its plant by demonstrating that there is not a significant decrease in the level of
safety otherwise provided by the design.
As previously discussed in the supplementary information of this document, the final rule
includes restrictions on plant operation in configurations where licensees have not
demonstrated that LOCAs larger that the TBS will be mitigated. The initial proposed rule
(November 2005) would have completely prohibited at-power operation in any configuration
without the demonstrated ability to mitigate a beyond-TBS LOCA. The final rule restricts
operation in such a configuration to a short time in any 12 month period. A short time for
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existing operating reactors is either 14 days in 12 months or an NRC-approved alterative time
the NRC believes it is unlikely that licensees will experience circumstances where they would
consider operating in such a condition for more than 14 days, but has concluded that the
establishing a limit on the allowable time is necessary to support the defense-in-depth
philosophy. The rule allows using an alternative to the 14 days per 12 months limit because
risk-informed evaluations could be developed to determine a different plant specific limit. Even
though the LOCA frequencies on which the TBS is founded indicate that the expected frequency
of breaks larger than the TBS is low, the restriction is needed because there are large
uncertainties associated with these frequency estimates. The Commission concluded that the
consequences of a challenge to the facility from an unmitigated break larger than the TBS are
severe enough to warrant confidence that the break can be mitigated.
As discussed above, a short time for new reactor designs shall be proposed by the
licensee and be approved by the NRC. In addition to meeting all the risk-informed acceptance
criteria for existing operating reactors, new reactor licensees must also demonstrate that the
allowable outage period does not cause a significant decrease in the level of safety otherwise
provided by the design. The additional limitation is needed because new reactors are expected
to have significantly lower risk profiles from the current operating reactor fleet and the NRC
does not want new reactors to significantly increase the overall risk profile of the plant during
operation.
6. Perform an evaluation to determine the effect of all planned facility changes and do
not implement any facility change that would invalidate the applicability to the facility of the
results in NUREG-1829 and NUREG 1903.
For the TBS to properly apply to a specific facility, an evaluation must be performed to
demonstrate that the results of the two generic studies on which the TBS is based are
applicable to that particular facility. But after the initial evaluation has demonstrated the
43

applicability of the NUREG-1829 and NUREG-1903 results, a licensee could make significant
facility changes that would invalidate the initial evaluation. Therefore, after a facility has
adopted § 50.46a, the final rule requires the licensee to ensure that the TBS remains applicable
to the facility by reviewing all subsequent plant changes to ensure that the facility is not modified
to the extent that the results of the NUREG-1829 and NUREG-1903 studies no longer apply.
The NRC believes it is likely that a licensee’s existing configuration management program, that
contains a process to controI plant changes made under § 50.59, “Changes, Tests and
Experiments” could be modified, through screening or evaluation, to identify future plant
changes made which may invalidate the applicability of the NRC’s generic studies.
H. Reporting Requirements
1. ECCS Analysis reporting requirements.
Section 50.46a(g)(1)(i) sets forth reporting requirements with respect to changes or
errors in LOCA evaluation models. For each change to or error discovered in an ECCS
evaluation model or analysis method or in the application of such a model that affects the
calculated results, the licensee shall report the nature of the change or error and its estimated
effect on the limiting ECCS analysis to the NRC at least annually as specified in § 50.4. If the
change or error is significant, the licensee shall provide this report within 30 days and include
with the report a proposed schedule for providing a reanalysis or taking other action as may be
needed to show compliance with § 50.46a requirements. The 30-day period ensures sufficient
time for the licensee to complete its evaluation, explain the changes, and determine the course
of action necessary to address compliance issues. For breaks smaller than the TBS, a
significant change is one which results in a calculated peak fuel cladding temperature different
by more than 50 degrees Fahrenheit from the temperature calculated for the limiting transient
using the last acceptable model, or is a cumulation of changes and errors such that the sum of
the absolute magnitudes of the respective temperature changes is greater than 50 degrees
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Fahrenheit. This requirement is the same as in § 50.46. The NRC will also apply these
reporting criteria to LOCAs involving pipe breaks larger than the TBS unless a specific
alternative is proposed by a licensee and is approved by the NRC.
2. Risk assessment reporting requirements.
Section 50.46a(g)(1)(ii) sets forth reporting requirements with respect to maintaining and
upgrading the PRA as required by ' 50.46a(d)(4). When updating and upgrading the PRA,
' 50.46a(g)(1)(ii) requires the licensee to report changes to the NRC within 60 days if the
acceptance criteria in §§ 50.46a(f)(2)(ii) are exceeded. This provision also requires the report to
include a schedule for implementation of any corrective actions necessary to bring plant
operation or design back into compliance with the acceptance criteria. The 60-day period
ensures sufficient time for the licensee to complete its evaluation and explanation of the
changes and determine the course of action necessary to address adverse changes in risk,
while not unduly delaying the report to the NRC and thereby delaying NRC oversight. The NRC
believes it should be informed of the licensee's implementation schedule so the NRC can
ensure that the licensee takes corrective action on a timely basis, consistent with the safety
significance of the change.
Section 50.46a(g)(1)(iii) requires periodic reports of changes that required a riskinformed evaluation under ' 50.46a(d)(3) and were implemented without prior NRC approval
under paragraph (f)(1) of this section. This process is comparable in many respects to the
' 50.59 process which requires similar reports.
Section 50.46a(g)(2) contains reporting requirements for design certification applicants
and applicants for and holders of design approvals. If errors in the submitted or approved
ECCS evaluation models are discovered, they must be reported to the NRC in accordance with
the requirements in § 50.46a(g)(2)(i), for LOCAs at or below the TBS and § 50.46a(g)(2)(ii), for
LOCAs larger than the TBS. In this paragraph the NRC has modified the rule language that
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was published in the supplemental proposed rule to specify the time period for making these
reports. The reporting requirements and time periods specified in the § 50.46a final rule are
now consistent with the reporting requirements in § 50.46(a)(iii). Errors must be reported to the
NRC and to any applicant or licensee referencing the design approval or design certification at
least annually. Significant errors must be reported within 30 days. These reporting
requirements continue until the later of either the termination or expiration of the design
certification; or the termination of the last license directly or indirectly referencing the design
certification.
I. Documentation Requirements
Section 50.46a(h) of the final rule requires that licensees maintain records sufficient to
demonstrate compliance with ' 50.46a requirements. When making plant changes under
' 50.46a(f) and when updating its PRA and/or other risk assessments, licensees are required to
document the bases for concluding that the acceptance criteria in '' 50.46a(f)(1) and (f)(2) are
satisfied and that they continue to be satisfied throughout the operating lifetime of the facility.
Licensees are required under Part II of Appendix K to Part 50 to document the bases of
evaluation models used to perform ECCS calculations. Licensees must document the time
spent in an operating configuration not demonstrated to meet the ECCS acceptance criteria in
' 50.46a(c)(3) to demonstrate compliance with the time limits in paragraph (d)(5) of this section.
Licensees must also document plant design changes made under ' 50.46a by updating the
Final Safety Analysis Report in accordance with the requirements in ' 50.71(e). All
documentation could be reviewed during NRC inspections and/or audits.
J. Submittal and Review of Applications
1. Initial application for implementing alternative ' 50.46a requirements.
When a licensee first applies to adopt the alternative ' 50.46a requirements, that
licensee must submit an application under ' 50.90 for NRC review and approval of a license
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amendment request. The initial application must contain the information specified in
'' 50.46a(c)(1)(i) through (viii), as applicable. This includes information related to the
applicability to the facility of the NUREG-1829 and NUREG-1903 results (and consequently the
TBS); information identifying the ECCS analysis methods to be used; information explaining the
risk-informed basis for any alternative “short time” period proposed for use by existing operating
reactors under paragraph (d)(5); information explaining the risk-informed basis for the “short
time” period under paragraph (d)(5) proposed for new reactor designs; information describing
the risk-informed evaluation for all changes enabled by or made under the rule (enabled
changes plus bundled unrelated changes) and proposed in the application; information
describing the proposed process for making risk-informed changes without prior NRC approval
(if the applicant is seeking approval of such a process); information describing non-safety
equipment to be credited for compliance with the ECCS acceptance criteria in ' 50.46a(e), and
information describing how the leak detection program satisfies the criteria in ' 50.46a(d)(2). A
licensee's initial change from its existing ECCS analysis need not be reviewed by the licensee
under the provisions of ' 50.59 because the rule requires NRC review and approval of the initial
license amendment application to implement the alternative ' 50.46a requirements. After the
' 50.46a evaluation models and initial ECCS LOCA analyses are established by approval of the
' 50.46a license amendment, subsequent changes to ECCS analyses will be controlled by the
existing process in ' 50.59 (which provides criteria for determining which changes are within the
licensee's authority) and the requirements in ' 50.46a(g) for reporting when changes to
evaluation models and analysis methods (whether from correction of errors or changes) are
significant. The initial application may request one or more facility changes.
Paragraph (c)(1)(iii) allows operating reactor applicants who wish to determine
compliance with paragraph (d)(5) by proposing a time period other than 14 days, to submit for
NRC approval the appropriate length of time constituting a “short time.” Paragraph (c)(1)(iv)
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requires new reactor applicants under Part 52 of this section, to provide in the initial application
the length of time constituting a “short time” for the allowable outage time for certain plant
equipment under paragraph (d)(5).
The initial application may also include a request for NRC approval of a process for
evaluating the acceptability of future facility changes enabled by § 50.46a using the provisions
in paragraph (f)(1) of this section. If approval of a process for evaluating future changes is
requested, the application must include the information described in ' 50.46a(c)(1)(vi).
2. Subsequent applications for plant changes under ' 50.46a.
After NRC approval of a licensee's initial license amendment application addressing
ECCS analyses and the risk-informed evaluation processes, licensees may submit individual
license amendment applications for plant changes under ' 50.90. These individual license
amendment applications must contain:
a. The information required by ' 50.90;
b. Information from the risk-informed evaluation demonstrating that the risk criteria,
defense-in-depth criteria, safety margins, and performance monitoring criteria in '' 50.46a(f)(2)
and (f)(3) are met;
c. Information demonstrating that the ECCS acceptance criteria in '' 50.46a(e)(3) and
(e)(4) are met; and
d. Information demonstrating that the proposed change will not increase the LOCA
frequency of the facility by an amount that will invalidate the applicability to the facility of the
NUREG-1829 and NUREG-1903 reports (and consequently the TBS).
After reviewing the individual plant change license amendment application, the NRC
may approve the change if it complies with the above criteria and all other applicable NRC
regulations, including the current requirements for plant physical security. In addition, the NRC
will evaluate potential impacts of the proposed change on facility security to ensure that the
48

change does not significantly reduce the Abuilt-in capability'' of the plant to resist security
threats, thus ensuring that the change is not inimical to the common defense and security and
provides adequate protection to public health and safety.
Licensees who have not submitted a request for NRC approval of a process for
evaluating the acceptability of future changes enabled by § 50.46a using the provisions in
paragraph (f)(1) of that section may make such a request at any time by submitting a license
amendment application containing the information described in paragraph (c)(1)(vi).
K. Applicability to New Reactor Designs
Based on information currently available, new reactor designs may have similar piping
materials, similar service conditions and operational programs, similar piping designs, and
similar mitigation and control of age-related degradation programs to those found in currently
operating plants. There are several new LWR designs for which the NRC expects that the
frequency of large LOCAs could be as low as it is at current LWRs. Thus, it could be
appropriate to allow applicants to apply the ' 50.46a requirements to these future designs.
Accordingly, the final rule applies to new LWR designs; i.e. facilities other than those which are
currently licensed to operate. Applicants for design certification or combined licenses, holders
of combined licenses under 10 CFR Part 52, or any other future licensees of operating
light-water reactors who wish to apply ' 50.46a must submit an analysis for NRC approval
demonstrating why it would be appropriate to apply the alternative ECCS requirements and
what the appropriate TBS would be in order for the new design to meet the intent of the
' 50.46a rule.
In its analysis, the applicant, holder, or licensee must demonstrate that the proposed
reactor facility is similar to reactors licensed before the effective date of the rule. In addressing
similarity of the proposed design to reactors licensed before the effective date of rule, the
applicant, holder, or licensee will need to address design, construction and fabrication, and
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operational factors that include, but are not limited to:
(1) The similarity of the piping materials of construction and construction techniques for
new reactors to those in the currently operating fleet;
(2) The similarity of service conditions and operational programs (e.g., in-service
inspection and testing, leak detection, quality assurance etc.) for new reactors to those for
operating plants;
(3) The similarity of piping design, (e.g., pipe sizes and pipe configuration) for new
reactors to those found in operating plants;
(4) Adherence to existing regulatory requirements, regulatory guidance, and industry
programs related to mitigation and control of age-related degradation (e.g., aging management,
fatigue monitoring, water chemistry, stress corrosion cracking mitigation etc.); and
(5) Any plant-specific attributes that may increase LOCA frequencies compared to the
results in NUREG-1829 and NUREG-1903.
The analysis must also include a recommendation for an appropriate TBS and a
justification that the proposed TBS includes sufficient margin to provide assurance that, when
considering the limited availability of data and the uncertainty in the estimation of loss of coolant
accident frequency, the estimated frequency of breaks larger than the TBS for all initiators does
not exceed 10-5 per year. For those new reactor designs that employ design features that
effectively increase the break size via opening of specially designed valves to rapidly
depressurize the reactor coolant system during any size loss of coolant accident, justification of
the relevance of a TBS would also be necessary. The methodology used to determine the
proposed TBS should be described in the justification.
It should be noted that all of the preceding discussion in Section III of this supplementary
information uses the term “licensee” to describe who might implement the final § 50.46a rule
and how the rule would be applied. The NRC has used this term for convenience only to
50

simplify the discussion. The NRC does not intend for this discussion to limit the application of
§ 50.46a to licensees only. As stated in the final rule language (with certain specified
restrictions) and in the section-by-section analysis of the final rule, for reactor designs that are
shown to be similar to the designs of currently operating reactors, § 50.46a could be used by
applicants for and holders of construction permits, operating licenses, combined licenses, and
standard design approvals and applicants for certified designs and for manufacturing licenses.
IV. Discussion of Public Comments on Supplemental Proposed Rule
The NRC received five comment letters on the supplemental proposed rule from two
private citizens and two nuclear industry organizations, NEI and the Pressurized Water Reactor
Owners Group (PWROG). The NRC considered all public comments in formulating the final
rule language. This section summarizes the comments received on supplemental proposed rule
and the NRC’s responses to those comments. The following comment identification
abbreviations are used: NEI = NEI; PWR Owners Group = P, Mark Leyse = ML;
and Robert Leyse = RL.
Comments and other publicly available documents related to this rulemaking may be
viewed electronically on the public computers located at the NRC's Public Document Room
(PDR), Room O-F21, One White Flint North, 11555 Rockville Pike, Rockville, Maryland.
Selected documents, including comments, may be viewed and downloaded electronically via
the Federal e Rulemaking Portal. Go to http://www.regulations.gov and search for documents
filed under Docket ID NRC-2004-0006.
The public comments were related to nine different general topics: selection of the TBS,
applicability of generic studies, thermal-hydraulic analysis, probabilistic risk assessment,
comments related to existing petitions for rulemaking, enhanced leak detection, applicability to
new reactor designs, applicability of the backfit rule, general comments, and comments on three
questions posed by the Commission. The comments are discussed below by topic area.
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A. Comments on Selection of the TBS
Comment. A commenter stated that the TBS proposed for boiling water reactors
(BWRs) is overly conservative and may unnecessarily limit or preclude benefits for BWRs. The
commenter reiterated an earlier comment made on the initial proposed rule suggesting that the
specified piping for the BWR TBS should be equivalent to the 16-inch schedule 80 piping in the
shutdown cooling suction line inside containment. (NEI-A1-1, Part A)
NRC response. The NRC disagrees with the commenter’s view. The TBS for BWRs is
based on the cross-sectional area of the larger of either the shutdown cooling residual heat
removal (RHR) or feedwater pipes which are connected to the RCS inside containment. These
pipe sizes are generally in the 18- to 24-inch range, and are similar in size to the 95th percentile
estimates from the expert elicitation for BWRs at a 10-5 per year frequency. (It should be noted
that the NRC also considered uncertainties in the estimates based on analysis sensitivities of
the expert elicitation results, such as the method of aggregating the individual frequency
estimates. More specifically, the 95th percentile estimate of BWR break size diameter for the
geometric mean aggregation method is approximately 13 inches and the corresponding break
size for the arithmetic mean aggregation method is approximately 20 inches.) The actual plant
pipe sizes were used as a logical selection criterion; because for a given size break, it is more
likely that a break will be circumferentially oriented and result in complete severance of the pipe
than a partial break or one that is longitudinally oriented. Therefore, the NRC selected the TBS
by considering the actual size of the attached piping, rather than by selecting a single break size
value which would conservatively bound all plant configurations. For BWRs, the pipes
connecting to the RCS, other than the largest reactor recirculation piping or main steam line
piping, are the feedwater and RHR piping. Also, these pipes are large enough so that a singleended break of one of them will generally bound the total cross-sectional discharge area for a
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double-sided break in smaller size piping that is connected to the feedwater or recirculation
systems. The commenter provided no technical basis for its recommended alternative TBS and
provided no data or analyses to demonstrate that the NRC made any logical or technical errors
in its method used to select the BWR TBS. For these reasons, the NRC has determined that
the TBS for BWRs will be based on the cross-sectional area of the larger of either the feedwater
or RHR lines inside containment. No changes to the BWR TBS were made in the final rule.
Comment. A commenter reiterated an earlier comment made on the initial proposed rule
by stating that for pressurized water reactors (PWRs) with large piping connected to both the
hot and cold legs, the TBS for the hot leg should be based on the largest connecting pipe on the
hot leg, and the TBS for the cold leg should be based on the largest connecting pipe on the cold
leg. For PWRs with no large piping connected to the cold legs, it should be acceptable to use
the TBS for the hot leg for both hot and cold legs. (NEI-A1-1, Part B)
NRC response. In developing the basis for the PWR TBS, the NRC not only used the
mean break frequency estimates from the expert elicitation but also included additional
allowances for various uncertainties. To address uncertainties in the elicitation process, the 95th
percentile estimates of break size diameter were used. Further, the methods of aggregating the
individual elicitation frequency estimates were evaluated for sensitivities. For PWRs, the break
size at a 10-5 per year frequency using the geometric mean method is approximately 6 inches,
and the corresponding break size for the arithmetic mean method is approximately 10 inches.
This is similar in size to the cross-sectional area of the largest pipe attached to the main reactor
coolant loop on which the TBS is ultimately based. The largest attached piping in PWRs is
generally in the 12- to 14-inch nominal pipe size range (with inside diameters corresponding to
10.1 to 11.2 inches), and typically corresponds to the surge line which is attached to the hot leg.
However, on some Combustion Engineering and Babcock and Wilcox plants, the largest
attached pipes may be the RHR, safety injection, or core flood lines, which may not be similarly
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attached to the hot leg. However, as stated in the statement of considerations for the initial
proposed rule (see 70 FR at 67603-67606), the NRC selected only one size which would
uniformly apply for all locations in the RCS piping because the expert elicitation did not provide
sufficient detail to distinguish between the hot leg and cold leg break frequencies. The
commenter did not provide additional information or technical data that justifies different break
frequencies or use of a smaller TBS on the cold leg piping and provided no data or analyses to
demonstrate that the NRC made any logical or technical errors in its method used to select the
PWR TBS. Thus, no changes to the PWR TBS were made in the final rule.
B. Comments on Applicability of Generic Studies Supporting the TBS
Comment. A commenter reiterated an earlier comment made on the initial proposed
rule, stating that plant-specific assessments of the effect of seismically-induced breaks should
not be required to demonstrate that seismically-induced pipe breaks do not significantly affect
the likelihood of pipe breaks larger than the TBS. The commenter stated that EPRI studies
demonstrated the negligible contribution of the indirect seismically-induced LOCA risk and
reiterated that such an assessment is not necessary given the negligible contribution to the
overall LOCA frequency. The commenter noted that § 50.46a(3)(c)(i) of the supplemental
proposed rule retained the requirement for such a plant specific assessment. (NEI-A1-9)
NRC response. The NRC disagrees with the commenter’s view that plant-specific
assessments of seismically-induced pipe breaks should not be required to demonstrate that the
seismically-induced pipe breaks do not significantly affect the likelihood of pipe breaks larger
than the TBS. Although seismic considerations did not significantly affect TBS selection, the
plant-specific nature of the seismic studies requires an applicant to demonstrate that these
studies are applicable to its plant and site. The NUREG-1903 study did generically conclude
(based on operating experience, probabilistic risk assessment insights, experimental testing,
and analysis) that the likelihood of seismically-induced unflawed piping failure was much less
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than 10-5 per year. However, a general conclusion about the likelihood of both seismicallyinduced flawed direct piping and indirect piping failure could not be reached for all plants.
Twenty-six plant-specific calculations were conducted in NUREG-1903 using available
seismic hazard assessments for plants east of the Rocky Mountains (i.e., from NUREG-1488;
April, 1994) and piping stress and material information obtained from historical leak-beforebreak applications. These calculations indicated that large circumferential flaws (i.e., greater
than 30 percent of the piping wall thickness for a flaw approximately 145 degrees around the
piping circumference) would be required before failure would occur due to earthquakes with a
return frequency of 10-5 or 10-6 per year. However, the plant-specific conditions used in the
calculations were not chosen to bound conditions at all nuclear power plants. Additionally,
some plants may have updated seismic hazard, piping stress, material property, or other
information used in the flawed piping evaluation. Thus, the NUREG-1903 results may not be
applicable to every plant.
The ACRS, in its letter dated November 16, 2006 (ADAMS Accession No.
ML063190465), also noted that seismic hazards are very plant specific. The ACRS further
recommended that licensees who adopt § 50.46a should demonstrate that the results
developed by the NRC bound the likelihood of seismically-induced failure at their plants. The
Committee further stated that licensees may have to perform additional calculations to
demonstrate a comparable robustness of flawed piping. The ACRS recommendations are
consistent with the limitations of the NUREG-1903 study as noted above. It would also be
inconsistent with the Commission’s intent to allow the relaxation of ECCS requirements at a
plant with a seismically-induced large break LOCA frequency greater than the 10-5 per reactor
year criterion used for selecting the TBS.
Because seismic analyses, and in particular direct and indirect piping failure estimates,
are highly plant and site specific, the NRC believes that it is necessary for a licensee to
55

demonstrate that its seismic LOCA frequency is sufficiently low before implementation of the
alternative ECCS requirements. Consistent with the ACRS recommendations, the Commission
also provided explicit direction1 to the NRC staff to “… require licensees to justify that the
generic results in the revised NUREG-1829, ‘Estimating Loss-of-Coolant Accident Frequencies
through the Elicitation Process,’ are applicable to their individual plants.” Because the analyses
conducted in NUREG-1903 were not bounding and the results are plant-specific, the NRC has
decided, consistent with its treatment of NUREG-1829, to also require licensees to justify that
the NUREG-1903 results are applicable. Thus, licensees of plants choosing to implement
§ 50.46a are required by paragraph (c)(1)(i) of the rule to ensure that the total frequency of
seismically-induced direct and indirect failures of piping larger than the TBS remains
significantly less than 10-5 per year. As a consequence, the final rule is consistent with the
Commission’s direction.
Some additional rule limitations result from the treatment of indirect failures in
NUREG-1903. Indirect failures are primary system ruptures that are a consequence of failures
in non-primary system components or structural support failures (such as a steam generator
support). Structural support failures resulting from seismic events could then cause
displacements in components that stress and in turn, fail the piping. The NRC, in
NUREG-1903, performed studies on two plants to estimate the conditional pipe failure
probability due to structural support failure given a large, rare earthquake (i.e., 10-5 to 10-6 per
year). The results indicated that the conditional failure probability of the piping was on the order
of 0.1 such that the total failure probability is on the order of 10-6 to 10-7 per year. These results
are consistent with more recent studies completed by EPRI on three plants. However, the NRC
noted in NUREG-1903 that because seismically-induced indirect failure risks are highly plantSee memorandum from A.L. Vietti-Cook to L.A. Reyes, “Staff Requirements – SECY-07-0082 Rulemaking To Make Risk-Informed Changes To Loss-Of-Coolant Accident Technical Requirements; 10 CFR
50.46a, "Alternative Acceptance Criteria For Emergency Core Cooling Systems For Light-Water Nuclear Power
Reactors", dated August 10, 2007, ADAMS Accession No. ML072220595.
1
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specific, it is possible that the small number of plants assessed in the NRC and EPRI analyses
are not limiting. Consequently, the limited analysis of indirect piping failures does not provide a
sufficient technical basis for allowing generic changes to the seismic design, testing, analysis,
qualification, and maintenance requirements (i.e., seismic design basis) associated with any
component under § 50.46a. Therefore, licensees may not make any changes to components
that would alter their seismic design basis unless these changes are justified using a plantspecific analysis to assess the change in risk associated with seismically-induced failures of the
relevant component and/or system that results from the proposed plant changes.
No change was made to the rule as a result of the comment.
Comment. A commenter noted that the NRC included in the revised proposed rule a
requirement that licensees wishing to implement § 50.46a conduct an evaluation to demonstrate
that the results in NUREG-1829 and NUREG-1903 are applicable in their plants. The
commenter also stated that the further expectation for re-evaluation of applicability of
NUREG-1829 and NUREG-1903 after making plant changes embeds a continuous process in
the rule such that implementation costs (demonstrating plant-specific applicability of NUREG1829 and NUREG-1903) and associated reporting requirements will have the potential to limit
industry-wide implementation of § 50.46a. Therefore, the commenter recommends that some
limitation on continuously ensuring applicability needs to be developed. The commenter also
stated that a simplified method to ensure the applicability of NUREG-1829 and NUREG-1903
needs to be developed for use by licensees adopting § 50.46a. (P-1.3, P-5)
NRC Response. The NRC agrees with the commenter that implementation costs for
demonstrating the plant-specific applicability of NUREG-1829 and NUREG-1903 could affect
licensee implementation of § 50.46a. Since the decision to implement § 50.46a is voluntary, the
NRC recognizes that licensees will choose to apply for plant changes enabled by this rule based
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upon a comparison of the benefit associated with the intended changes and the implementation
and operational costs.
The NRC also recognizes the need to develop guidance for an approved method that
plants can use to justify the applicability of the NUREG-1829 and NUREG-1903 results2. The
NRC is currently developing guidance for conducting these plant-specific assessments and
published draft regulatory guide, DG-1216, ‘‘Plant-Specific Applicability of the Transition Break
Size Specified in 10 CFR 50.46a,” (ADAMS Accession No. ML100430352), in June 2010 for
public comment. This guidance identifies the scope, provides acceptable methods, and
identifies acceptance criteria for evaluating the results of the evaluation to determine the
applicability of NUREG-1829. The guidance also provides an evaluation framework and
acceptance criteria to demonstrate the applicability of the NUREG-1903 assessment of direct
piping failures. This guidance will also allow licensees to estimate this portion of the costs
associated with implementing § 50.46a.
Also, the NRC will solicit interest in a pilot study to evaluate the appropriateness of the
regulatory positions contained within the guidance. A pilot study would allow licensees to more
accurately assess the associated implementation costs. This planned pilot study, and public
comments associated with the draft regulatory guidance, may also provide a basis for revising
the regulatory guidance so that implementation costs are minimized while the evaluation still
provides reasonable assurance that the TBS in § 50.46a is applicable.
Also as indicated by the comment, the NRC has included in the final rule a specific
requirement to ensure that the initial evaluation performed to demonstrate the applicability of
NUREG-1829 and NUREG-1903 is not invalidated when future changes are made to the
licensee’s facility. It is likely that the licensee’s existing configuration management program,
See the Commission’s SRM on SECY-07-0082, “ Rulemaking To Make Risk-Informed Changes To LossOf-Coolant Accident Technical Requirements; ‘10 CFR 50.46a - Alternative Acceptance Criteria For Emergency Core
Cooling Systems For Light-Water Nuclear Power Reactors’", dated August 10, 2007, ADAMS Accession No.
ML072220595.
2
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that contains a process to controI plant changes made under § 50.59, could be modified,
through screening or evaluation, to identify future plant changes made which may invalidate the
applicability of the NRC’s generic studies. However, due to the variety of approaches licensees
use to evaluate facility changes, other options may be available to ensure that the initial
evaluation is not invalidated by future plant changes. It is up to each licensee to decide how to
best implement this requirement.
The NRC also notes that although the information submitted in initial applicability
demonstration will require a more extensive evaluation, it is expected that subsequent plant
change evaluations will require much less effort.
For these reasons, the NRC agrees with the comment, but made no change to the rule
as a result of the comment.
C. Comments on Thermal-Hydraulic Analysis
Comment. A commenter noted that the supplemental proposed rule language in
§ 50.46a(e) was changed to require NRC review and approval of analysis methods used to
evaluate plant thermal-hydraulic response to LOCAs larger than the TBS. The commenter
recommended that these models should be available for inspection, but that prior NRC review
and approval of these models for beyond design-basis events should not be required. The
commenter believes this would be consistent with the classification of breaks larger than the
TBS as being beyond design-basis accidents and that fewer NRC resources would be required
if prior approval is not required. Therefore, the commenter recommended that prior approval of
beyond-TBS analysis methods be included as an option at the discretion of the vendor or
licensee. (P-6)
NRC Response. The NRC disagrees with the commenter’s recommendation. The
proposed language in § 50.46a(e) was changed in response to recommendations from the
Advisory Committee on Reactor Safeguards (ACRS). In a letter dated November 16, 2006,
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following review of an earlier draft final rule, the ACRS recommended that the final rule be
modified to increase defense in depth. In that same letter, the ACRS also recommended that
prior review and approval by the NRC of the analysis methods used for beyond-TBS breaks
should be required. Such a requirement would increase confidence in the ability to mitigate
breaks larger than the TBS. The NRC also considered the resource implications for review of
methods used for breaks larger than the TBS. The NRC noted that the most significant
changes in analysis requirements for breaks greater than the TBS are credit for offsite power
and removal of the single failure assumption. Currently approved LOCA analysis
methodologies can be readily adapted to take advantage of these changes without a significant
resource impact. Further simplification of existing analysis methods by licensees would be
expected to introduce greater uncertainty in the results and thereby reduce confidence in the
ability to mitigate breaks larger than the TBS. In such a case, the increased review resources
are warranted. The NRC has therefore retained the requirement in the final rule for prior review
and approval of ECCS analysis methods for all break sizes.
Comment. A commenter noted that in the supplemental proposed rule, the NRC
retained the requirement in § 50.46a(e)(2) that evaluations of ECCS cooling performance for
LOCAs larger than the TBS must utilize comparisons to applicable experimental data. The
commenter reiterated comments made on the initial proposed rule, stating that other
approaches, such as comparison of results to accepted analysis techniques or to text book
approaches, are also appropriate. The “sufficient justification” clause allows for a demonstration
of the calculational approach that is appropriate to the importance of the phenomena without the
specific requirement to benchmark data. (NEI-A1-10)
NRC Response. The NRC disagrees with the commenter. Analysis methods for large
break LOCA have been largely developed on the basis of empirical correlations that were
derived from a limited data range and for a specific application. The NRC expects the extent
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and rigor of the experimental validation for greater than TBS evaluations may differ from the
design basis evaluations, but the Commission does not agree that textbook or code to code
comparisons alone can provide sufficient justification for an analysis method. The NRC has
therefore retained the requirement for comparison of the analysis results to applicable
experimental data in the final rule.
Comment. A commenter stated that the new draft rulemaking language introduces a
new requirement in § 50.46a(e)(2) that non-safety-related equipment can only be credited if
"onsite power can be readily provided through simple manual actions to equipment that is
credited in the analysis." The commenter stated that the requirement that all equipment
credited to mitigate pipe breaks larger than TBS must be designed so that onsite power can be
provided automatically or as the result of simple manual actions, is contrary to the notion that
the beyond-design basis LOCAs can be analyzed without assuming a coincident LOOP. The
commenter stated that this new requirement places additional burden on the licensee if nonsafety-related equipment is to be credited for the mitigation of the LOCA greater than the TBS
and that this will likely require additional analysis and modification of existing equipment and
procedures to comply with this new requirement. (P-7)
NRC Response. The NRC disagrees with the commenter’s interpretation. The
requirement in § 50.46a(e)(2) to provide onsite power to all equipment credited for breaks larger
than the TBS does not require licensees to consider the time necessary to provide the onsite
power when analyzing beyond TBS breaks. To analyze breaks larger than the TBS, the
analysis may assume the immediate availability of offsite power. The requirement that the
equipment be designed so that onsite power can be provided through simple manual actions
(within approximately 30 minutes) is for the purposes of severe accident management.
Furthermore, given current plant designs, the NRC expects that this requirement will have no
burden impact unless a plant makes significant changes to existing core designs or ECCS
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configuration. In these circumstances, the NRC believes that it reasonable to enhance defensein-depth by assuring the ability to provide onsite power capability to accident mitigation
equipment. This requirement has therefore been retained in the final rule.
Comment. In the supplementary information published with the supplemental proposed
rule, the NRC requested stakeholder comment on whether § 50.46a should retain the coolable
geometry ECCS acceptance criterion for beyond-TBS breaks (NRC Question 3). Two
commenters recommended that the option to use the coolable geometry criterion be retained
because it would provide flexibility, could reduce the analysis scope and cost for beyond TBS
compliance, and would increase the likelihood that a licensee could find implementation of this
rule to be beneficial. (P-9, NEI-A2-3)
NRC Response. The NRC agrees with the commenters that maintaining the coolable
geometry acceptance criterion for beyond TBS breaks will provide some flexibility for beyond
TBS compliance. The criterion has been retained in the final rule.
Comment. A commenter stated that § 50.46a(e) includes the requirements for smaller
than TBS breaks as well as for breaks larger than the TBS. The commenter reasoned that if an
applicant who uses § 50.46a needs the smaller than TBS requirements as well, it seems that it
would be administratively cleaner for § 50.46a to refer to the § 50.46(b) requirements for smaller
than TBS breaks, assuming the requirements are the same in both places. (P-12)
NRC Response. The NRC agrees with the commenter that it would be possible to
reference the § 50.46(b) requirements in § 50.46a with regard to breaks less than the TBS. It is
the NRC’s intent for breaks smaller than (or equal to) the TBS, that the loss of coolant accident
(LOCA) analysis and acceptance criteria be the same regardless of the option (i.e., § 50.46 or
§ 50.46a) selected by a licensee to demonstrate the adequacy of ECCS performance. Such a
scheme would facilitate consistency between the two options when changes are made in the
future to the criteria for breaks smaller than the TBS. The NRC believes, however, that there
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are benefits to rules being all inclusive as well. When a rule is all inclusive, a licensee or
applicant has a clearer view of the totality of the requirements. The NRC believes that there is a
greater chance of misinterpreting rule requirements when a rule refers to requirements specified
in whole, or in part, in other regulations. Therefore, the final rule will retain the same structure
as in the proposed rule.
Comment. A commenter asserted that § 50.46a should not be promulgated until after
the ECCS acceptance criteria in § 50.46(b) are modified to account for new experimental data
on cladding ductility so that conforming changes can be made to § 50.46a as necessary for both
below and above TBS breaks. The commenter stated this is because the current ECCS
acceptance criteria in § 50.46(b) are non-conservative and facility changes proposed by
licensees adopting § 50.46a will likely result in more demanding reactor operating conditions
that may further stress the fuel, or result in small break LOCAs becoming limiting. (ML-2)
NRC Response. The NRC disagrees with the commenter’s assertion. The Commission
specifically considered this issue3 and decided that the § 50.46a rulemaking could proceed prior
to completing the revisions to § 50.46(b) on cladding ductility. The NRC believes that significant
changes in core design under § 50.46a (such as power uprates) that could result in more
demanding operating conditions would involve several years of lead time prior to the submission
of a license amendment. Even if the § 50.46(b) rulemaking is not finalized by the time a
§ 50.46a application is submitted, the NRC review of any such application would be conducted
in light of the information that is forming the basis for the revised § 50.46(b) criteria. Using this
information, the NRC can ensure that safety margin for fuel clad integrity is conservatively
included in any proposed design. No changes were made in the final rule.

3

See the SRM on SECY-07-0082, “Rulemaking To Make Risk-Informed Changes To Loss-Of-Coolant
Accident Technical Requirements; 10 CFR 50.46a, "Alternative Acceptance Criteria For Emergency Core Cooling
Systems For Light-Water Nuclear Power Reactors", dated August 10, 2007, ADAMS ML072220595.
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D. Comments Related to Probabilistic Risk Assessment
Comment. Many commenters objected to the prescriptive restriction in § 50.46a(d)(5)
that the allowable time for operating in a configuration not demonstrated to meet the acceptance
criteria in § 50.46a(e)(4) may not exceed a total of 14 days in any 12-month period. The
commenters raised numerous objections. The primary objection was that current risk-informed
management infrastructure including the maintenance rule provides adequate controls to
manage the risk of the low-safety-significant configuration in question. Another objection was
that the requirement for additional controls is contrary to how technical specifications are
currently defined, and that implementation would be excessively complex and would divert
resources from more risk-significant activities. A commenter also stated that the existing
operational restrictions on equipment to mitigate greater than TBS LOCAs are based on the
traditionally conservative ECCS analyses and are more than sufficient to provide reasonable
assurance that the same equipment can mitigate breaks larger than the TBS, as analyzed in the
reasonably conservative mitigating analysis. (P-1.1, P-4, P-4.1, P-4.2, P-4.3, P-4.4, P-4.5, NEIA1-3.1, NEI-A1-3.2, NEI-A1-3.3)
NRC Response. The NRC disagrees with the commenters’ premise that the plant
operating configurations controlled by existing technical specifications and risk-management
infrastructures are the same as the operating configurations controlled by § 50.46a(d)(5). The
commenters discuss existing risk-management infrastructure activities associated with the
maintenance rule (§ 50.65) and Risk Management Technical Specification (RMTS) initiative 4b.
These existing risk-management infrastructures control activities when capability to mitigate
accidents is reduced but the required function is not lost. In contrast, § 50.46a(d)(5) controls
activities when some function required to mitigate breaks larger than the TBS is lost or
unavailable. RMTS initiative 6 addresses loss of function, but the methodology has not been
implemented and differs substantially from the existing infrastructure. To allow licensees to use
64

other NRC-approved approaches, the final rule was changed by adding language in
§ 50.46a(d)(5) that will allow licensees to propose an alternative plant-specific evaluation and
operational control mechanism.
The NRC has incorporated the relatively low-safety-significance of the loss of the
capability to mitigate LOCAs greater than the TBS into the rule by permitting a limited time
period in operation when this mitigating capability is unavailable. The NRC has concluded that
a total unavailability not to exceed 14 days in any 12-month period would protect public health
and safety and provide adequate time for licensees to perform beneficial maintenance activities.
As described in the supplemental proposed rule (74 FR 40015), the NRC developed the 14
days per 12 months criterion based on related, existing NRC guidelines and has concluded that
this time period provides adequate protection of public health and safety. The NRC agrees with
the commenter that current standard technical specifications do not include cumulative time
limits but such limits have been used when necessary. Although somewhat more complex than
current technical specifications, a cumulative limit is included in the final rule because the
allowable out of service time has been justified on the basis of an acceptable annual increase in
risk. As a result, the allowable out of service time has been specified as a cumulative annual
limit to remain consistent with the basis upon which it was established.
The NRC recognizes that alternative evaluations might demonstrate that a different time
period measurement or criterion that does not accumulate the time on a per year basis might be
consistent with the Commission’s intent that mitigation capability be retained for the full
spectrum of LOCA events “commensurate with the safety significance of these capabilities.”
Therefore, the NRC has modified the rule to permit licensees to propose alternative, plantspecific evaluations and operational control mechanisms commensurate with the mitigation
capability available if supported by an acceptable risk-informed evaluation of the configuration-
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specific risk, defense-in-depth, and safety margins. After obtaining approval, licensees could
implement the alternative approach.
The NRC also disagrees with the commenter’s assertion that current LOCA analyses are
sufficiently conservative that LOCAs up to the double-ended rupture of the largest pipe can
always be mitigated with the original ECCS equipment after implementing any plant changes
enabled by § 50.46a. Section 50.46a (e)(2) describes the analysis and § 50.46a(e)(4) provides
acceptance criteria that licensees must use to demonstrate that LOCAs up to the double-ended
rupture of the largest pipe can be mitigated after implementing changes enabled by § 50.46a. If
a licensee demonstrates that the same equipment required to mitigate a break up to the TBS
size continues to be capable of mitigating a break up to the double ended rupture of the largest
pipe after implementing all its changes enabled by § 50.46a, there would be no operation in an
unanalyzed condition and no burden imposed by the requirement. No changes were made to
the rule in response to this comment.
Comment. One commenter stated that the proposed rule language will add significant
costs to the § 50.59 facility change process. The requirement in § 50.46a(f)(1) would require a
licensee to establish a process or program to perform risk evaluations for all changes at the
facility, including those not enabled by § 50.46a but performed in accordance with § 50.59.
(P-2)
NRC Response. The NRC agrees with the commenter that the supplemental proposed
rule appears to have changed the facility change process established by § 50.59, but this was
caused by an error in the cross references in the rule. Section 50.46a(f)(1)(ii) of the
supplemental proposed rule incorrectly referred to § 50.46a(c)(1)(iii) instead of the correct
reference to § 50.46a(c)(1)(iv). The incorrect reference to § 50.46a(c)(1)(iii) could have been
interpreted to require a risk-informed evaluation for any plant change that a licensee intends to
make without prior NRC approval including all changes made under § 50.59. The NRC has
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changed the rule to correct the error. The correct reference to § 50.46a(c)(1)(vi) now clarifies
that a risk-informed evaluation is only required for changes enabled by § 50.46a that a licensee
intends to make without prior NRC approval.
Comment. Several commenters noted that acceptable increases in risk must be “very
small” instead of “small” and argued that this criterion departs from and conflicts with RG 1.174.
The “very small” criterion establishes an acceptable risk increase that is smaller than the
maximum increase permitted by RG 1.174 guidance and does not include consideration of the
magnitude of the baseline risk estimates. The commenters believe that “small” should be used
instead of “very small” to be consistent with RG 1.74 guidelines. Differing views were
expressed regarding the related topic in NRC Question 1 about whether any increase in risk
should be allowed under § 50.46a. Another commenter argued that no risk increase should be
allowed because uncertainties in PRA success criteria calculations caused by alleged
inadequacies in NRC and industry ECCS analysis models imply that total risk is currently very
high and should not be further increased. Commenters stated that risk increases consistent
with RG 1.174 should be allowed. One commenter argued that not allowing any risk increase
was contrary to the Commission’s PRA policy statement. (P-3.1, NEI-A1-4, NEI-A2-1,
NEI-A1-4)
NRC Response. The NRC disagrees that the “very small” criterion conflicts with the
RG 1.174 guidance although not all options in the RG are used. RG 1.174 defines “very small”
increases in CDF and LERF and provides guidance to be used to determine the acceptability of
facility changes that cause these risk increases. The NRC intends to apply the RG 1.174
guidance applicable to “very small” increases in CDF and LERF. Consistent with RG 1.174
guidance for “very small,” the rule does not require a licensee to calculate the baseline CDF and
LERF from all plant operating modes and all possible initiating events and show that the
baseline estimates are less than10-4 per year and 10-5 per year, respectively.
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In the SRM to SECY-07-0082, the Commission directed the staff to limit the total
increase in risk from changes implemented under § 50.46a to “very small.” As described in the
supplemental proposed rule (74 FR 40033), a very small risk increase is independent of a
plant’s baseline risk (unless there are indications that a plant’s risk is exceptionally high) and the
same criterion can be used by all licensees. Beyond disagreeing with the Commission’s
direction, the commenters provided no new bases and provided no new data or analyses to
demonstrate that the NRC made any logical or technical error by selecting the “very small” risk
increase as the appropriate criterion in this rulemaking; thus, the rule was not changed.
The NRC decided to retain the proposed acceptance criteria arising from changes
enabled by § 50.46a as “very small” rather than reduce the criteria to risk neutral or a risk
decrease. The NRC believes permitting only very small risk increases addresses, in part, the
individual commenter’s concern that the uncertainty about the total risk levels should preclude
further risk increases because relatively low baseline risk estimates cannot be used to justify
greater risk increases. Risk increases will be permitted by the rule when they are part of an
acceptable risk-informed evaluation which is clearly consistent with the PRA policy statement.
Comment. A commenter noted that “minimal” is not used in RG 1.174 and, if it is used in
the § 50.46a rule, it should be defined in the rule. The commenter also stated that the rule
implied that “minimal” was the same as “very small.” (P-3.2)
NRC Response. The NRC disagrees that “minimal” should be defined in the rule
beyond its current use as a description of the acceptance criterion identifying changes the
licensee may make without prior NRC approval. Quantitative guidelines that the NRC uses to
implement acceptance criteria in a rule are typically contained in guidance documents. The
NRC agrees that the rule language and the supplementary information published with the
supplemental proposed rule implied that “minimal” could have the same guideline value as “very
small” for plants with total CDF/LERF estimates below 10-4/10-5 per year.
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During its evaluation of comments on the supplemental proposed rule, the NRC
concluded that the phrase in § 50.46a(f)(1)(ii), “minimal compared to overall plant risk,” would
introduce a relative criterion that differs from the fixed “very small” criterion in paragraph
(f)(2)(ii). The NRC has concluded that a specific value (defined in other regulatory documents)
for all plants is desirable to define acceptable “very small” risk increases and believes a specific
value for all plants is also desirable to define “minimal.” The NRC has removed the phrase
“comparable to overall plant risk” from § 50.46a(f)(1)(ii) of the final rule. To implement this rule,
the NRC will use the same self-approval guidelines as described in RG 1.205 which specify
CDF and LERF guideline values of 10-7 and 10-8 per year, respectively.
Comment. Several commenters argued that the requirement in proposed
§ 50.46a(f)(4)(i) that the PRA must address initiating events "... for all modes of operation
including low power and shutdown” would require the expenditure of resources on some
initiators and modes of operation that are not significant to the implementation of this rule. The
commenters identified shutdown operation and large LOCAs during shutdown operations, as
examples of PRA analyses that would introduce substantial regulatory uncertainty. (P-8,
NEI-A1-6)
NRC Response. The NRC disagrees with the claim that substantial regulatory
uncertainty is introduced by the supplemental proposed rule language in § 50.46a(f)(4)(i) that
would result in unnecessary evaluation of all initiators and modes of operation. A basic tenet of
risk-informed evaluations is that the change in risk estimates need to reflect the risk impact of
proposed facility changes for all initiating events and on all modes of operation which might be
affected by the proposed action. Another basic tenet is that qualitative or bounding evaluations
may be used where applicable. RG 1.174 describes these tenets and they have been
successfully applied to all risk-informed activities.
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Changes in risk caused by facility changes enabled by this rule may be qualitatively
evaluated if the impact on risk is insubstantial, or a bounding evaluation may be used if the
results are acceptable. Qualitative evaluations concluding that the risk from unquantified
initiators and operating modes need only show that the change in risk from a proposed change
is insubstantial because a rigorous estimate of the baseline risk is not necessary for “very small”
increases. If the impact on risk of a facility change cannot be shown to be insubstantial and
cannot be bounded, then effort will be required to develop appropriate PRA models for the
applicable initiating events and operating modes. No changes were made in the final rule in
response to this comment.
Comment. A commenter recommended that the reporting of changes resulting in no
more than a minimal increase in risk in proposed § 50.46a(g)(3) be deleted. The commenter
argues that § 50.59 already requires licensees to submit a report to the NRC at least every 24
months that summarizes the changes that were made that did not require a license amendment.
(NEI-A1-5)
NRC Response. The NRC disagrees with the commenter that all changes enabled by
§ 50.46a would necessarily be reportable under § 50.59. Section § 50.46a(a)(3) states that
LOCAs involving breaks larger than the TBS are beyond design basis events. The NRC
believes that some facility changes that may be enabled by the new rule would no longer be
reportable under § 50.59 because the change might no longer affect design basis events.
Therefore, the NRC’s final rule retains the reporting requirements in § 50.46a(g)(3) because
these requirements will ensure the reporting of all potentially risk significant facility changes
made under the rule. The report periodicity is purposely selected to be the same as the § 50.59
reporting requirement, so one report may include both types of changes.
Comment. A commenter proposed that a specific periodicity for PRA maintenance and
upgrade in § 50.46a(d)(4) be replaced with the requirements in Section 1-5, PRA configuration
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control, in the American Nuclear Society (ANS)/American Society of Mechanical Engineers
(ASME) PRA Standard. (NEI-A1-7)
NRC Response. The NRC disagrees with the commenter. The ASME/ANS standard
referred to by the commenter is endorsed by the NRC in Revision 2 of RG 1.200, “An Approach
For Determining The Technical Adequacy of Probabilistic Risk Assessment Results for
Risk-Informed Activities.” Revision 2 endorsed the ASME/ANS RA-Sa-2009, “Standard for
Level 1/Large Early Release Frequency Probabilistic Risk Assessment for Nuclear Power Plant
Applications,” Addendum A to RA-S-2008, February 2009. New revisions of RG 1.200 and the
ASME/ANS standard are periodically issued.
The NRC believes that the configuration and control requirements in § 50.46a(d)(4) are
consistent with the ANS/ASME standard but disagrees that the standard requirements can
replace the requirements in § 50.46a(d)(4) and has not changed the paragraph in the final rule.
The configuration control requirements in Section 1-5 in the ANS/ASME standard describe how
a PRA is to be maintained and upgraded. Section 50.46a(d)(4) describes how a properly
maintained and upgraded PRA is to be used to support the risk-informed evaluations required
by the final rule.
Comment. One commenter stated that the cumulative change in risk evaluation in
§ 50.46a(f)(2)(iii) is an unnecessary and inefficient use of NRC and licensee resources. The
commenter argued that many other risk-informed applications have been implemented with no
such requirement, and experience has demonstrated that this issue has not arisen. (NEI-A1-8)
NRC Response. The NRC disagrees that evaluation of the cumulative change in risk is
unnecessary. The NRC also disagrees that other risk-informed applications have been
implemented with no requirements related to cumulative impact of changes proposed over time.
The commenter simply asserts that “many” other risk-informed applications have been
implemented without this requirement and did not provide any examples.
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Any process that allows facility changes to be spaced out over time must consider
requirements to ensure that the process as a whole is consistent with the intent of the
evaluations of individual plant changes so that the process cannot be bypassed or inadvertently
misapplied solely by sequencing plant changes in a different manner. Previous risk-informed
applications address the cumulative impact on risk of changes made over time. Risk-informed
in service inspection, risk-informed in service testing, and risk-informed integrated containment
leak rate testing applications all compare the risk associated with the new program with the risk
associated with the original deterministic program requirements that were replaced. Additional
changes made later in time are also evaluated against the risk associated with the deterministic
program requirements that were replaced, not the latest risk-informed program requirement.
Risk-informed allowed outage time extensions evaluate the proposed changes against no
outage time, even if the time interval is extended step wise in subsequent applications spaced
over a period of time. Section 50.69 clarifies that changes to special treatment requirements
may be implemented system by system over time, but the acceptance criteria are applied to the
total change as each system is added. Both RMTS initiatives 4b and 5b require the licensee to
assess the cumulative risk impact over time and implement corrective actions if unanticipated
risk increases are identified.
The final rule requirement in § 50.46a(f)(2)(iii) to evaluate the cumulative impact of plant
changes is written to be effectively identical to the requirement in the § 50.48(c) which
incorporates similar requirements in NFPA-805 Section 2.4.4.1, Risk Acceptance Criteria. This
similarity permits the methodology developed to implement § 50.48(c) to be used as applicable
to support § 50.46a.
Comment. A commenter stated that § 50.46a(f)(1) of the revised proposed rule would
read better as: "The licensee may make changes other than changes to the Technical
Specifications without prior NRC approval if ...". Also, § 50.46a(f)(2) would have a
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complementary change: "For implementing changes to the Technical Specifications or changes
that are not permitted under paragraph (f)(1) of this section ...". (P-13)
NRC Response. The NRC agrees with the commenter that licensees may not make
changes to the Technical Specifications without NRC approval. This change has been
incorporated in the final rule.
Comment. A commenter stated that eliminating the large break LOCA from the design
basis, based on its insignificant contribution to plant risk, should be even easier to justify than
eliminating requirements for Hydrogen Recombiners (as was done when the risk-informed
§ 50.44 rule was issued). (P-1a)
NRC Response. The NRC staff disagrees with the commenter that this rulemaking
should be easier to justify than § 50.44 because the risk associated with changes enabled by
§ 50.46a is substantially different than the risk associated with changes enabled by § 50.44. As
summarized in SECY-00-0198 which described the proposed § 50.44, the NRC concluded that,
in large volume and sub atmospheric containments, equipment to control combustible gas
concentration (e.g., recombiners) does not provide any mitigating capability in accident
scenarios affecting risk, so discontinuing associated combustible gas control requirements
would not affect risk. In other containment types where hydrogen combustion could cause
failures that affect risk, requirements to prevent or mitigate the effect of combustion were
retained. In contrast, implementing § 50.46a will permit reducing the LOCA mitigating capability
in scenarios that do affect risk and therefore, some increase in risk is expected. The § 50.46a
rule is expected to result in plant changes that could increase risk, but the provisions in the rule
provide confidence that any increases in risk are very small and acceptable. No changes were
made to the rule in response to this comment.
Comment. In response to NRC Topic 1 which solicited public comments on whether the
§ 50.46a rule should allow plant design changes that cause any increase in plant risk, a
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commenter stated, “The rule should not allow plant changes that increase risk at all. The NRC
should decrease the probabilities of core damage frequency (CDF)” and “the frequency
of…accidents leading to significant, unmitigated releases from [the] containment in a time frame
prior to effective evacuation of the close-in population such that there is a potential for early
health effects” (LERF), rather than increase them.
The commenter made the comment primarily because of the commenter’s assertion that
there are deficiencies in the NRC’s and nuclear industry’s ECCS evaluation models that, among
other things, indicate the ECCS analysis acceptance criteria of § 50.46(b) are non-conservative.
Thus, as a result, the commenter believes that the probabilities assigned to CDF and LERF are
erroneous. (ML-3.1, ML-3.2)
NRC Response. The NRC disagrees with the commenter’s position that no risk increase
should be allowed by § 50.46a and provides its evaluation of this position below. The NRC’s
policy statement on probabilistic risk assessment (60 FR 42622 dated August 16, 1995)
encourages greater use of this analysis technique to improve safety decisionmaking and
improve regulatory efficiency. In its approval of the policy statement, the Commission
articulated its expectation that implementation of the policy statement will improve the regulatory
process in three areas: foremost, through safety decisionmaking enhanced by the use of PRA
insights; through more efficient use of agency resources; and through a reduction in
unnecessary burdens on licensees. RG 1.174 provides an approach for using PRA in
risk-informed decisions on plant-specific changes to the licensing basis. RG 1.174 describes
the five principles of risk-informed integrated decisionmaking. Impact on risk is only one of the
five elements that must be considered when evaluating a proposed change which might
increase risk. Specifically, the proposed change must:
•

Meet current regulations (presumption of adequate protection)

•

Be consistent with the defense-in-depth philosophy
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•

Maintain sufficient safety margins

•

Result in an increase in CDF or risk that is small and consistent with the intent of the
Commission’s Safety Goal Policy Statement (51 FR 30026; August 4, 1986)

•

Be monitored using performance measurement strategies.
The Commission’s safety goals (and associated quantitative health objectives) define an

acceptable level of risk that is a small fraction (0.1 percent) of other risks to which the public is
exposed. The change in risk that will be allowed by this rule thus constitutes a small fraction of
an already small fraction of risks to which the public would be exposed.
In addition, the inadequacies asserted by the commenter in the NRC’s requirements for
ECCS evaluation models and ECCS acceptance criteria are now being reviewed by the NRC in
its evaluation of PRM-50-93 and in the ongoing rulemaking to establish improved ECCS
acceptance criteria in § 50.46(b). If the NRC determines that changes should be made to the
ECCS rules, appropriate changes will be made to the regulations in both §§ 50.46 and 50.46a.
No changes were made to the rule in response to this comment.
E. Comments Related to Existing Petitions for Rulemaking
Comment. A commenter asserted that there are deficiencies in the NRC’s and the
nuclear industry’s ECCS evaluation models and acceptance criteria that need to be reviewed
and corrected before the NRC promulgates 10 CFR 50.46a. The commenter stated that the
NRC has acknowledged that under proposed § 50.46a, it is likely that the NRC will find requests
for additional power uprates at pressurized water reactors (PWRs) acceptable. The commenter
further stated that the uprates will clearly decrease safety margins, even for breaks below the
TBS and may result in small break LOCAs becoming limiting. Thus, the commenter asserts that
the NRC must not revise its regulations to:
(1) allow for “design changes, such as increasing power that could cause
increases in plant risk;
75

(2) “divide the current spectrum of LOCA break sizes into two regions and make
each break size region subject to different ECCS requirements where the larger break
size region would be analyzed by less conservative assumptions based on the lower
likelihood of larger breaks; or
(3) allow break sizes larger than the transition break to become “beyond designbasis accidents,” even if the proposed rule would require licensees to maintain the ability
to mitigate all LOCAs up to and including the double-ended guillotine break of the largest
reactor coolant system pipe during all operating configurations.
The commenter stated that these ECCS evaluation model deficiencies are detailed in a
petition for rulemaking (PRM-50-93; ADAMS Accession No. ML093290250) submitted by the
commenter. PRM-50-93 asserts that the results of LOFT test LP-FP-2 multi-rod (assembly)
severe fuel damage experiment and several other tests (i.e., PBF Severe Damage 1-1, NRU
Thermal-Hydraulic Experiment 1, BWR FLECHT Zr2K) demonstrate that the § 50.46(b)(1) peak
cladding temperature limit of 2200°F is non-conservative. The commenter also asserted that
NRC’s denial in 2005 of a petition for rulemaking (PRM-50-76, ADAMS Accession No.
ML022240009, May 1, 2002) which argued that both Baker-Just and Cathcart-Pawel zirconium
oxidation correlations were non-conservative, was in error because the NRC did not consider
the results of the LOFT LP-FP-2 test when making its decision. (ML-1, ML-4, ML-9, ML-10)
NRC Response. The NRC disagrees with the commenter that no changes should be
made at the present time to the NRC’s ECCS regulations. The § 50.46a alternative
requirements include changes to the size of pipe breaks and assumed plant conditions that
must be evaluated by licensees (i.e., evaluation model inputs and analysis assumptions), but do
not change the requirements for how ECCS evaluation models must be designed. Also, the
potential technical issues underlying the inadequacies asserted by the commenter above are
the subject of PRM-50-93, which is now being reviewed by the NRC to determine if the NRC’s
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emergency core cooling evaluation model requirements in § 50.46 should be revised. The
review of PRM-50-93 is being performed independently from the § 50.46a rulemaking. If the
review of PRM-50-93 determines that changes should be made to the ECCS evaluation model
requirements, appropriate changes will be made to the regulations in both §§ 50.46 and 50.46a.
Comment. Regarding whether the beyond-TBS acceptance criteria should allow
licensees the flexibility to develop new criteria for demonstrating the existence of coolable core
geometry, a commenter stated that beyond-TBS acceptance criteria should be the same as the
acceptance criteria for TBS and smaller breaks; (i.e., the criteria of § 50.46(b)) The commenter
stated that the criteria of maintenance of coolable core geometry and maintenance of long-term
core cooling should not be used as a substitute for the criteria of § 50.46(b) for beyond-TBS
LOCAs because there are deficiencies in the NRC’s and the nuclear industry’s ECCS evaluation
models that indicate the deterministic criteria of § 50.46(b) are non-conservative. The
commenter also stated that using the alternative performance-based criteria of maintenance of
coolable core geometry and maintenance of long-term core cooling would be even more nonconservative than using the criteria in § 50.46(b). (ML-6)
NRC Response. The NRC disagrees with the commenter’s views that beyond-TBS
acceptance criteria should be the same as the acceptance criteria for TBS and smaller breaks,
and that the criteria of maintenance of coolable core geometry and maintenance of long-term
core cooling should not be used as a substitute for the current acceptance criteria in § 50.46(b)
for beyond-TBS LOCAs. The commenter provided no direct arguments or facts directly
supporting these assertions. Instead, the assertions are based on the commenter’s belief that
current NRC and industry ECCS evaluation models are deficient. As previously discussed, the
§ 50.46a alternative requirements include changes to the size of pipe breaks and assumed plant
conditions that must be evaluated by licensees (i.e., evaluation model inputs and analysis
assumptions), but do not change the requirements for how ECCS evaluation models must be
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designed. In addition, the potential technical issues underlying the inadequacies asserted by
the commenter are the subject of PRM-50-93 which is now being reviewed by the NRC to
determine if the NRC’s emergency core cooling evaluation model requirements in § 50.46
should be revised. The review of PRM-50-93 is being performed independently from the
§ 50.46a rulemaking. If the review of PRM-50-93 determines that changes should be made to
the ECCS evaluation model requirements, the NRC will amend both §§ 50.46 and 50.46a.
Comment. The commenter submitted approximately 10 pages of text taken directly from
another petition for rulemaking (PRM-50-84, ADAMS Accession No. ML070871368,
March 15, 2007) which argued that the current NRC ECCS regulations do not properly
incorporate the potential thermal effects of “crud” (corrosion deposits) that may accumulate on
reactor fuel cladding during plant operation. PRM-50-84 noted that crud deposits inhibit fuel
cooling and would increase the actual fuel temperature of reactor fuel. The commenter stated
that thermal resistance of crud layers on fuel cladding significantly affects cladding performance
during a LOCA The commenter stated that there is little or no evidence that crud has ever been
properly factored into ECCS evaluation calculations for postulated LOCAs for nuclear power
plants. (ML-7, ML-8)
NRC Response. Although not clearly stated, the NRC presumes that the commenter
believes that there are deficiencies related to crud in the NRC’s and the nuclear industry’s
emergency core cooling (ECCS) evaluation models and acceptance criteria that need to be
corrected before the NRC promulgates § 50.46a. The NRC disagrees with the view that no
changes should be made at the present time to the NRC’s ECCS regulations. The commenter
provided no direct arguments or facts directly supporting why the issue of crud was relevant to
the changes proposed in the § 50.46a alternative ECCS requirements. Section 50.46a includes
changes to the size of pipe breaks and assumed plant conditions that must be evaluated by
licensees (i.e., evaluation model inputs and analysis assumptions), but does not change the
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requirements for how ECCS evaluation models must be designed. The NRC evaluated the
potential technical issues noted by the commenter when it resolved PRM-50-84 (see
73 FR 71564; November 25, 2008) and decided to evaluate the thermal effects of crud in the
ongoing rulemaking to update the ECCS acceptance criteria in § 50.46(b). The NRC’s current
plans are to provide a proposed § 50.46(b) rule to the Commission by March 2011. When this
rulemaking is completed, any necessary changes to the NRC’s requirements for considering
crud in ECCS evaluations will be made in both §§ 50.46 and 50.46a.
F. Comments Related to Enhanced Leak Detection
Comment. A commenter recommended that § 50.46a(d)(2) pertaining to leak detection
for pipes larger than the TBS, be deleted because leakage detection methods cannot determine
if the source of the leakage is from a component that is larger than the TBS and also because
there already are adequate Technical Specification requirements on leakage. (P-1.2)
NRC Response. The NRC disagrees with the commenter’s recommendation.
Section 50.46a(d)(2) requires that, “The licensee shall have leak detection systems available at
the facility and shall implement actions as necessary to identify, monitor and quantify leakage to
ensure that adverse safety consequences do not result from primary pressure boundary
leakage from piping and components that are larger than the transition break size.” The NRC
believes that increased defense-in-depth against large pipe breaks is needed for plants
implementing the alternative ECCS rule. In its SRM on SECY-07-0082, the Commission
directed the NRC staff to evaluate various approaches for enhancing the rule with requirements
for enhanced leak detection methods. In May 2008, the NRC finalized Revision 1 to Regulatory
Guide 1.45, “Guidance on Monitoring and Responding to Reactor Coolant System Leakage” to
provide new guidance on improved leak detection methods. The NRC believes that § 50.46a
licensees who implement the new RG 1.45 guidance will meet the enhanced leak detection
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requirements of § 50.46a(d)(2) for improved monitoring and response to RCS leakage. These
requirements are expected to reduce the likelihood of a LOCA larger than the TBS.
Because § 50.46a makes no changes to the design basis of piping and components that
are smaller than the TBS, the requirements of § 50.46a(d)(2) are only applied to piping and
components that are larger than TBS. The NRC recognizes that leakage detection methods
that satisfy these requirements may not be capable of determining whether the source of
leakage is from piping or a component that is larger or smaller than the TBS. However, the
NRC believes that discrimination between leaks in pipes larger or smaller than the TBS is
unnecessary as long as all piping larger than the TBS has enhanced detection. No changes
were made to the rule in response to this comment.
G. Comments Related to Applying § 50.46a to New Reactor Designs
Comment. A commenter stated that the definition for TBS in § 50.46a(a)(5) is valid for
reactors licensed before the effective date of the § 50.46a final rule. For reactors licensed after
the rule becomes effective, the TBS will "be determined on a plant-specific basis." This would
create some uncertainty for the licensee of any new plants that plan to implement § 50.46a
because there would be a question about what constitutes an acceptable TBS. (P-11)
NRC Response. The NRC agrees that there is uncertainty as to the size of an
acceptable TBS for new reactor designs. The NRC has therefore modified the rule to make the
acceptance criterion for the TBS for new reactors more explicit. However, the NRC also notes
that implementing the § 50.46a rule is voluntary. A new reactor licensee may use the rule
provided it demonstrates similarity of its design to the design of plants currently operating in the
U.S. Based on the information currently available, it would not be possible to define a specific
TBS applicable to all new plant designs. Although the NRC has not performed a detailed
analysis of the existing new plant designs in the manner used for establishing the technical
basis of this rule for the current operating reactor fleet, the NRC recognizes that evolutionary
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plant designs generally have similar piping materials, service conditions, operational programs,
piping configurations, and mitigating systems to those found in the operating fleet. For these
evolutionary designs, the TBS defined in the final rule would likely be applicable.
However, evolutionary designs previously certified by the NRC cannot take full
advantage of the § 50.46a rule unless the certified design is amended. Nevertheless, a
combined license (COL) licensee who references a certified design may request to implement
the rule by way of a license amendment. For the evolutionary designs currently being
considered by the NRC, an applicant may request to apply the rule as part of the design
certification. Or, a subsequent COL applicant referencing the design certification may request
NRC approval to comply with § 50.46a. To implement the § 50.46a rule in either case, the
recommendation of an appropriate TBS including the supporting analysis must be provided to
the NRC for approval.
For new reactor designs that use passive safety features, the concept of dividing the
LOCA break spectrum may not provide substantial benefit in that the LOCA mitigating systems
for these designs depend on automatic systems that completely depressurize the reactor
following the occurrence of any size LOCA in a manner similar to a much larger size pipe break.
In addition, relaxing the single-active-failure criterion or allowing offsite power may not provide
any substantial benefit to passive new reactors. However, applicants or licensees for new
reactor designs that use passive safety features may request to implement the § 50.46a rule by
recommending an appropriate TBS and providing supporting analyses to the NRC
demonstrating similarity of the new reactor design parameters to those of operating reactors.
The NRC review would determine if the design was similar with respect to LOCA frequencies
and whether the TBS concept could be implemented in a manner consistent with the intent of
the § 50.46a rule.

81

Overall, the intent for evaluating the TBS on a plant specific basis for new plants is to
account for all the new plant design scenarios. At this time, the NRC believes that the
remaining uncertainty associated with this approach is reasonable given the diversity in possible
new plant designs.
Comment. A commenter noted that for new plants, § 50.46a(f)(2)(iii) stated that new
reactors will need to show that a risk change is "very small" by computing the risk metrics CDF
and large release frequency (LRF). The risk metric LRF is contained in the § 50.46a rule
language even though the staff has not yet decided what risk metrics will be required of new
reactors for risk-informed applications. For LRF, that would be less than 10-8/year. The
rulemaking language may be in conflict with the staff’s final disposition on risk metrics for
applications for new plants. (P-3.3)
NRC Response. The NRC agrees with the comment that the rulemaking language
regarding the use of the risk metrics of CDF and LRF for new reactors may be premature at this
time. Over a period of 16 months, the NRC staff engaged stakeholders regarding the issues
related to the use of risk metrics in risk-informed applications for new reactors, and whether it is
appropriate to use the same metrics as are currently in use for operating reactors per RG 1.174
and associated guidance, or whether new metrics should be developed. The NRC staff has
considered input from stakeholders, and in a Commission policy paper provided options on riskinformed regulatory guidance for new reactors. The NRC believes that it is more appropriate to
specify the acceptance criteria in appropriate regulatory guidance once the NRC has fully
addressed the use of alternative guidance for new reactor risk-informed applications. The NRC
has modified the final rule to use CDF and LERF for all reactors (currently operating and new
reactors) as described in the current version of RG 1.174. If, as a result of Commission
direction, different guidance is promulgated that describes new metrics to be used for new
reactors, the NRC will then make appropriate changes in § 50.46a in a rulemaking.
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Comment. Regarding the NRC’s request for public comments on the difference in risk
acceptance criteria metrics used for currently operating reactors (LERF) and new reactors
(LRF), a commenter stated, “The definition of what constitutes a “very small increase” and
“minimal increase” for LRF should be a full decade lower than those defined for LERF.
However, it would be difficult to determine the values for LERF and LRF and ensure that the
probabilities assigned to a “very small increase” and “minimal increase” for LRF would indeed
be a full decade lower than those assigned to such an increase for LERF, because the NRC’s
and nuclear industry’s ECCS evaluation models are deficient.” The commenter then provided a
detailed summary of various asserted deficiencies in the NRC’s and industry’s ECCS evaluation
models which were previously submitted to the NRC for evaluation in PRM-50-93. (ML-5)
NRC Response. The NRC does not agree that it would be difficult to determine the
values of LERF and LRF (if it were decided to include this latter metric) to ensure a “very small
increase” and “minimal increase” once the NRC agrees on the appropriate risk metric and
numerical values to use for new reactors. Significant guidance is provided in consensus
industry PRA standards as to what constitutes a large early release. Although the NRC and
industry have not adopted a uniform definition of large release, the NRC has been able to
review new standard designs and combined license applications against the Commission’s LRF
goal because of the generally conservative definitions that each applicant has used to date.
The NRC believes it is premature to reach a decision as to whether LRF should be a full decade
lower than those defined for LERF as described in the comment. On this matter, the NRC staff
has engaged stakeholders regarding the issues related to the use of risk metrics in riskinformed applications for new reactors, and whether it is appropriate to use the same metrics as
are currently in use for operating reactors per RG 1.174 and associated guidance, or whether
new metrics should be developed. The NRC staff has considered input from stakeholders and
in a Commission policy paper provided options on risk-informed regulatory guidance for new
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reactors. If, as a result of Commission direction, different guidance is promulgated that
describes new metrics to be used for new reactors, the NRC will then make appropriate
changes to § 50.46a in a rulemaking.
Also, as previously discussed, the NRC is reviewing PRM-50-93 as a separate action.
After completing this review, if the NRC determines that revisions are necessary to its ECCS
analysis requirements and/or acceptance criteria, it will make appropriate changes in both
§§ 50.46 and 50.46a.
Comment. Regarding the NRC’s request for public comments on the difference in risk
acceptance criteria metrics used for currently operating reactors (LERF) and new reactors
(LRF), another commenter stated that extensive NRC and industry efforts regarding treatment
of risk metrics for reactors licensed under 10 CFR Part 52 have been underway for over a year,
and recommended that these decisions as specific to § 50.46a should be deferred until after the
completion of these efforts. (NEI-A2-2)
NRC Response. The NRC agrees with the comment that the rulemaking language
regarding the use of the risk metric of LRF (as well as CDF) for new reactors may be premature
at this time. On this matter, the NRC staff engaged stakeholders regarding the issues related to
the use of risk metrics in risk-informed applications for new reactors, and whether it is
appropriate to use the same metrics as are currently in use for operating reactors per RG 1.174
and associated guidance, or whether new metrics should be developed. The NRC staff has
considered input from stakeholders and in a Commission policy paper provided options on riskinformed regulatory guidance for new reactors. The NRC staff believes that it is more
appropriate to specify the acceptance criteria in appropriate regulatory guidance after the NRC
has fully addressed the use of alternative guidance for new reactor risk-informed applications.
If, as a result of Commission direction, different guidance is promulgated that describes new
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metrics to be used for new reactors, appropriate changes will be made in § 50.46a. In the
interim, the rule will use the same risk metrics for both operating reactors and new reactors.
Comment: In a letter dated October 20, 2010 (ADAMS Accession No. ML102850279),
the ACRS concluded that it was premature to extend the proposed rule to new reactors at this
time. The recommendation was primarily based on the concern that new reactors are expected
to have significantly different risk profiles from the current operating reactor fleet and that
development of appropriate risk metrics and risk acceptance criteria for these designs is still in
the conceptual stage. However, the ACRS also recommended that if new reactors are to be
included in the final rule, the requirement that new reactor facility changes enabled by the rule
may not result in a significant decrease in the level of safety provided by the new reactor design
should also apply to determining the allowable time for operating in configurations without a
demonstrated capability to mitigate a large LOCA.
NRC response. The NRC partially agrees and partially disagrees with the ACRS
recommendations.
The NRC disagrees with the recommendation that the rule not be applied to new
reactors. Section III.E.4.b of this FR document states that applicants for new reactor licenses
under Part 52 may need to supplement the allowable increases in core damage frequency and
large early release frequency to meet the requirement in final rule paragraph (f)(3)(iv) that
implementing the proposed plant changes will not result in a significant decrease in the level of
safety otherwise provided by the new reactor design. The issue regarding development of
appropriate risk metrics and risk acceptance criteria for new reactor designs is now being
addressed by the Commission in its review of Commission policy paper SECY-10-0121,
“Modifying the Risk-Informed Regulatory Guidance for New Reactors” (ADAMS Accession No.
ML102230076). Consistent with the NRC staff recommendation to the Commission (Option 2 in
SECY-10-0121), the final § 50.46a rule uses the same risk metrics for new reactors as are
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currently being used for operating reactors. Should the Commission give the staff direction in
response to SECY-10-0121 to use different risk metrics for new reactors that are inconsistent
with the option recommended by the NRC staff, the NRC will then make appropriate conforming
changes in § 50.46a.
The NRC agrees with the other ACRS recommendation that the requirement that new
reactor facility changes enabled by the rule may not result in a significant decrease in the level
of safety provided by the design should also be applied to determining the allowable time for
operating in configurations without a demonstrated capability to mitigate a large LOCA. The
NRC has included these additional requirements in the final rule. With these additions, the NRC
believes there are sufficient requirements in the final rule and clarifying provisions in its
supporting documentation to continue to recommend that the Commission apply the rule to new
reactor designs.
H. Comments Related to the Applicability of the Backfit Rule
Comment. One commenter stated that the provision exempting changes to the TBS
from backfit rule evaluation as written in proposed § 50.109(b)(2) should be deleted, because
the NRC has not sufficiently justified departure from this part of the regulatory process. The
commenter stated further that the backfit rule should apply to all aspects of § 50.46a because it
ensures that an appropriate safety focus is maintained and does not dilute licensee and NRC
attention and resources unnecessarily. Thus, any subsequent changes to the TBS should be
accomplished by rulemaking, and § 50.109 should apply as it does today.
Another commenter stated that the proposed rule would require in § 50.46a(d)(4) that
any changes to the PRA, facility, technical specifications, or procedures as a result of PRA
maintenance and update "shall not be deemed to be backfitting under any provision of this
chapter." This part of the language change appears to be very broad including not just changes
to the PRA, but changes to the facility, technical specifications, and operating procedures. By
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not considering any of these changes to be a "back-fit," the commenter asserted that a licensee
would be denied any protection afforded by the Backfit Rule that requires that the NRC staff
justify the cost effectiveness of the changes. In addition, the new rulemaking language would
continue to exclude future TBS changes from the Backfit Rule. (P-10, NEI-A1-2)
NRC Response. The NRC does not agree with the commenters. The implicit
assumption of this comment is that, absent the Backfit Rule, the NRC would not, when changing
the TBS via rulemaking, be subject to any regulatory controls to ensure that an appropriate
safety focus is maintained and does not result in unjustified expenditures of licensee and NRC
resources. The NRC believes that this assumption is incorrect. As discussed in the draft
backfitting discussion in the supplementary proposed rule, any change to the TBS via
rulemaking would be subject to a regulatory analysis, which is the Federal Government-wide
tool for assessing the worth and costs of proposed Federal action. The NRC would perform a
regulatory analysis in connection with any rulemaking change to the TBS, even if it did not
prepare a backfit analysis. The commenter did not include any analysis of the NRC’s rationale,
nor did the commenter explain why a properly-performed regulatory analysis would fail to
protect stakeholders against unjustified or ill-considered changes to the TBS.
In considering the comment, the NRC realized that the supplemental proposed rule’s
backfitting discussion did not clearly state why a TBS rule change differs from other rules which
are subject to the Backfit Rule’s restrictions, such that the Backfit Rule’s restrictions should not
apply to a TBS rule change. The following discussion explains the NRC’s views in this regard.
The NRC believes that when the NRC establishes regulatory requirements using new
regulatory concepts and paradigms without a large body of technical information, or without
substantial implementation history or experience on the overall regulatory approach, the Backfit
Rule is not appropriate in evaluating subsequent changes to the new requirements – at least
until the NRC has gained substantial experience in implementing the new requirements. In the
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NRC’s view, the Backfit Rule’s restrictions on changes to NRC requirements are most
appropriate where: (i) the technical phenomena and/or issues being addressed in the
rulemaking are well-understood; (ii) the analytical methods used in developing the rule’s
requirements or required to be used in implementing the rule are relatively mature and have
some history of use; (iii) there is a large body of data and experience to support the regulatory
requirement; (iv) the regulatory area being controlled does not involve requirements governing
reasonable assurance; and (v) the regulatory requirement is mandatory, and does not represent
a voluntary alternative (i.e., one which may be selected by the affected regulated entity).
After considering the effects of these factors on the possible need for future rulemaking
to change the TBS values established in this rule, the NRC concludes that such changes to the
TBS should not be subject to the Backfit Rule. This rulemaking, governing the regulatory
requirements for evaluating the effectiveness of ECCS systems, is an adequate protection
requirement. The NRC has no previous regulatory experience, and there is no implementation
experience associated with the concept of risk-informing ECCS requirements using an NRCestablished TBS applicable to different classes of plants. The technical basis for estimating the
frequency of large pipe break events is not supported by a large body of pipe break failures at
operating nuclear power reactors. This lack of actual failures contributes to large uncertainties
in the estimated values. Additional operational experience in piping degradation could result in
increased estimates of LOCA frequency, potentially affecting the technical bases for the TBS
values specified in the final rule. Finally, the proposed regulatory requirement is a voluntary
alternative, so that each entity who wishes to comply with the rule may decide on its own
whether to choose to comply with the provisions of the proposed rule. This freedom to choose
lessens the possibility that an unjustified regulatory burden would actually be incurred by any
entity. Accordingly, the NRC has determined that the limited exclusion from the restrictions of
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the Backfit Rule of possible future changes to the size of the TBS and of associated plant
changes needed as a result of changes to the TBS is justified.
The NRC is adding to this supplementary explanation of the NRC’s decision not to apply
the Backfit Rule to possible future rulemaking changes to the TBS to the backfitting statement in
the final rule.
I. General Comments
Comment. A commenter stated “While we believe some revisions to the proposed rule
are necessary to achieve an implementable approach, we also believe it is important for NRC to
codify the concept of a risk-informed break size. The promulgation of a final rule will
demonstrate NRC’s continuing commitment to risk-informed performance-based methods and
provides a platform for enhanced regulatory stability in the future.” (NEI-CL-1)
NRC Response. The NRC agrees with the commenter’s view that the promulgation of a
final rule will demonstrate NRC’s continuing commitment to a risk-informed and
performance-based regulatory approach. The final rule may also provide a platform for
enhanced regulatory stability in the future. No change was made to the rule as a result of the
comment.
Comment. A late comment requested that comments specific to the information
collection aspects of the supplemental proposed rule should be accepted until at least 30 days
following NRC release of 7 reports prepared for the NRC by the Pennsylvania State University.
The commenter asserted that the documents are not available to the public and bear on the
requirements for analyzing the performance of emergency core cooling systems (ECCS) during
loss-of-coolant accidents (LOCAs). (RL-1)
NRC Response. The NRC disagrees with the commenter’s assertion that the
information contained in the draft reports cited above must be available for review by the public
before the NRC issues a final § 50.46a Risk-Informed ECCS rule. The commenter does not
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appear to understand the purpose of soliciting comments on the burden associated with the
information collection and recordkeeping aspects of the supplemental proposed rule. The
commenter provided no information to identify any disputed technical issues related to the
§ 50.46a rule that depend on information from the referenced documents. The public comment
period for comments on information collection aspects of the supplemental proposed rule
expired on November 9, 2009, several months before this late comment was received. The
commenter provided no information to demonstrate why the referenced documents would have
any effect on the information collection aspects of the supplemental proposed rule. The NRC
will not reopen the comment period. Nevertheless, the NRC informed the commenter of the
public availability status and estimated timeframe for public release of each of the reports in a
letter dated April 16, 2010. No change was made to the rule as a result of the comment.
J. Comments on Topics Requested by the NRC
In the supplemental proposed rule (74 FR 40038), the NRC identified 3 topics and
invited the public to submit specific comments on those issues.
NRC Topic 1. Although the supplemental proposed rule would permit licensees to make
plant changes that result in very small risk increases, the NRC requested stakeholder
comments on whether the rule should allow plant changes that increase risk at all. Instead of
the risk acceptance criteria allowing very small risk increases, should the risk acceptance
criteria in the final rule require that the net effect of plant changes made under § 50.46a be risk
neutral or risk beneficial?
Comments. As previously discussed in the PRA comment section IV.D, of this
document, differing views were expressed regarding NRC Topic 1 on whether any increase in
risk should be allowed under § 50.46a. One commenter argued that no risk increase should be
allowed because uncertainties in PRA success criteria calculations caused by alleged
inadequacies in NRC and industry ECCS analysis models imply that total risk is currently very
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high and should not be further increased. The commenter further stated that “[t]he NRC should
decrease the probabilities of core damage frequency (CDF)” and “the frequency of…accidents
leading to significant, unmitigated releases from [the] containment in a time frame prior to
effective evacuation of the close-in population such that there is a potential for early health
effects.” Other commenters stated that risk increases consistent with RG 1.174 should be
allowed. One commenter argued that not allowing any risk increase was contrary to the
Commission’s PRA policy statement.
NRC response. The NRC does not agree with the comments suggesting that the rule
should not permit any risk increases. The NRC concluded that the rule’s approach allowing
very small risk increases is acceptable because it is consistent with the NRC’s PRA Policy
Statement, which permits risk-informed plant changes causing very small increases in risk as
long as the Commission’s safety goals are still met.
NRC Topic 2. Because of the difference in the risk acceptance criteria metrics used for
currently operating reactors (LERF) and new reactors (LRF), the NRC sought public comments
on whether LRF should be the metric of concern in lieu of LERF for new reactor applicants (or
licensees) implementing the § 50.46a alternative ECCS requirements. Because the LRF goal
for new reactors is a decade lower than the 10-5 per reactor year LERF reference value above
which a facility would be limited to very small increases, should the definition of what constitutes
“very small increase” and “minimal increase” for LRF (for new reactors) be a full decade lower
than those defined for LERF (for existing reactors) or should the definition be based on relative
change in LRF?
Comments. As previously discussed in the new reactor comment section IV.G, of this
document, one commenter noted that for new plants, § 50.46a(f)(2)(iii) of the supplemental
proposed rule stated that new reactors will need to show that a risk change is "very small" by
computing the risk metrics CDF and large release frequency (LRF). The risk metric LRF is
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contained in the § 50.46a rule language even though the staff has not yet decided what risk
metrics will be required of new reactors for risk-informed applications. For LRF, that would be
less than 10-8 per year. The rulemaking language may be in conflict with the staff’s final
disposition on risk metrics for applications for new plants. Another commenter said, “The
definition of what constitutes a “very small increase” and “minimal increase” for LRF should be a
full decade lower than those defined for LERF. However, it would be difficult to determine the
values for LERF and LRF and ensure that the probabilities assigned to a “very small increase”
and “minimal increase” for LRF would indeed be a full decade lower than those assigned to
such an increase for LERF, because the NRC’s and nuclear industry’s ECCS evaluation models
are deficient.” Another commenter stated that extensive NRC and industry efforts regarding
treatment of risk metrics for reactors licensed under 10 CFR Part 52 have been underway for
over a year, and recommended that these decisions as specific to § 50.46a should be deferred
until after the completion of these efforts.
NRC response. Over a period of 16 months, the NRC staff engaged stakeholders
regarding the issues related to the use of risk metrics in risk-informed applications for new
reactors, and whether it is appropriate to use the same metrics as are currently in use for
operating reactors per RG 1.174 and associated guidance, or whether new metrics should be
developed. The NRC staff has considered input from stakeholders, and in a Commission policy
paper provided options on risk-informed regulatory guidance for new reactors. If, as a result of
Commission direction, different guidance is promulgated that describes new metrics to be used
for new reactors, appropriate changes will be made in § 50.46a through rulemaking. In the
interim, the § 50.46a rule will use the same risk metrics for both operating reactors and new
reactors.
NRC Topic 3. In § 50.46a(e)(4)(i) of the supplemental proposed rule, the NRC
proposed coolable core geometry as a high level performance-based ECCS analysis
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acceptance criterion for beyond-TBS LOCAs. Applicants would be allowed to justify appropriate
metrics to demonstrate coolable geometry or use the current metrics (i.e., 2,200°F PCT and 17
percent MLO). However, the NRC acknowledged that it would be expensive and timeconsuming for industry to develop the necessary experimental and analytical data to justify
alternative acceptance criteria as a surrogate for demonstrating coolable geometry. Because of
the difficulty in demonstrating alternative metrics, the NRC requested stakeholder comments on
whether the final § 50.46a rule should retain the coolable geometry criterion for beyond-TBS
breaks.
Comments. As previously discussed in the thermal-hydraulic comment section IV.C of
this document, two commenters recommended that the option to use the coolable geometry
criterion be retained because it would provide flexibility, could reduce the analysis scope and
cost for beyond TBS compliance, and would increase the likelihood that a licensee could find
implementation of this rule to be beneficial. Another commenter stated that beyond-TBS
acceptance criteria should be the same as the acceptance criteria for TBS and smaller breaks;
i.e., the criteria of § 50.46(b). The commenter stated that the criteria of maintenance of coolable
core geometry and maintenance of long-term core cooling should not be used as a substitute for
the criteria of § 50.46(b) for beyond-TBS LOCAs because there are deficiencies in the NRC’s
and the nuclear industry’s ECCS evaluation models that indicate the deterministic criteria of
§ 50.46(b) are non-conservative.
NRC response. The final rule will retain the coolable geometry criterion for beyond-TBS
breaks so that licensees will have the opportunity to propose and justify new metrics for this
region. However, until alternative criteria are conclusively demonstrated to ensure core
coolability, the NRC will continue to use the same peak cladding temperature and maximum
local oxidation criteria for below-TBS and beyond-TBS breaks.
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V. Petition for Rulemaking, PRM-50-75
In February 2002, the Nuclear Energy Institute submitted a petition for rulemaking
(PRM-50-75) requesting the NRC to revise ECCS requirements by redefining the large break
LOCA (ADAMS Accession No. ML020630082). Notice of that petition was published in the
Federal Register for public comment on April 8, 2002 (67 FR 16654). However, before the NEI
petition was submitted, the NRC staff had already begun its own investigation of the feasibility of
a risk-informed ECCS rule. As previously discussed in Section I of this document, in March
2002, the NRC staff made recommendations to the Commission on risk-informing its regulations
in SECY-02-0057, “Update to SECY-01-0133, >Fourth Status Report on Study of Risk-Informed
Changes to the Technical Requirements of 10 CFR Part 50 (Option 3) and Recommendations
on Risk-Informed Changes to 10 CFR 50.46 (ECCS Acceptance Criteria)=” (ADAMS Accession
No. ML020660607). Based on these recommendations, on March 31, 2003, the Commission
directed the NRC staff to initiate a risk-informed ECCS rulemaking. In this manner, the NRC
began to work on a risk-informed ECCS rulemaking before the NRC staff’s evaluation of
PRM-50-75 was completed.
Eighteen sets of public comments were received on PRM-50-75, mostly from the power
reactor industry in favor of granting the petition. Two commenters, the Illinois Department of
Nuclear Safety (IDNS) and Robert Leyse (RL) were concerned about potential impacts on
defense-in-depth or safety margins if significant changes were made to reactor designs based
upon use of a smaller break size. The NRC reviewed all public comments, but because the
NRC had already initiated a rulemaking on the petitioner’s issue, the Petition Review Board
resolved the petition by concluding that the petitioner’s request should be considered in the
ongoing rulemaking process. On November 6, 2008, the NRC published a document in the FR
(73 FR 66000) resolving the petition by considering the petitioner’s recommendation in this
rulemaking. The PRM-50-75 docket was closed. This rulemaking constitutes the NRC’s final
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action on the substance of the petitioner’s request and is consistent, for the most part, with the
petitioner’s proposal. Accordingly, the NRC has formally addressed only the public comments
that were not in support of the petition. These public comment evaluations follow at the end of
this section.
Specifically, PRM-50-75 requested the NRC to amend ' 50.46 and Appendices A and K
of Part 50 to allow licensees to use as an alternative to the double-ended rupture of the largest
pipe in the RCS, Aan alternate maximum break size that is approved by the Director of the Office
of Nuclear Reactor Regulation (NRR).@ However, the NRC decided that it would not be
advisable for the Director of NRR to specify maximum LOCA break sizes in a case-by-case
fashion because of potential problems with determining the level of adequate protection on a
design-specific basis and associated difficulties in maintaining fairness and regulatory stability.
Therefore, the NRC concluded that the maximum LOCA break size should be determined
during a rulemaking in which all stakeholders could participate. This approach resulted in the
transition break size concept upon which the § 50.46a rule is based. Thus, the § 50.46a final
rule addresses the rulemaking request made by the petitioner, but because the rule does not
reflect the rule language submitted in PRM-50-75, the petitioner’s request is accepted in part
and denied in part. The publication of the final ' 50.46a completes all activities associated with
PRM-50-75. Documents related to PRM-50-75 are available at http://www.regulations.gov
under docket ID: NRC-2002-0018.
Public Comments Opposed to PRM-50-75
Comment. A commenter asserted that nuclear plant operating experience reveals there
is no basis for changing the break size rules based upon risk-informed performance-based
considerations. (RL-1)
NRC Response. The NRC disagrees with the comment. The NRC’s bases for the final
rule are set forth in this statement of considerations and the referenced technical documents.
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Moreover, in the last 13 years, the NRC has developed and implemented risk-informed,
performance-based requirements, as well as using risk-informed methodologies to review
licensee requests for changes to their licensing bases. The commenter’s assertions are
unsupported; the commenter does not say what aspects of nuclear plant operating experience
show that there is no basis for a risk-informed LOCA break size rule. In addition, the commenter
did not identify any NRC experience in the application of a risk-informed regulatory approach
which would reasonably lead one to question the technical or regulatory prudence of using riskinformed approaches generically.
Comment. A commenter asserted that PRM-50-75, with its reliance on LBB [leakbefore-break], should be withdrawn. (RL-18)
NRC Response. The NRC disagrees with the commenter’s implicit assertion that the
§ 50.46a rule relies on the concept of leak-before-break as the primary technical basis for the
rulemaking. The referenced technical documents forming part of the technical basis for this final
rule do not rely heavily on the concept of LBB. The technical basis for this rule is the expert
elicitation report (NUREG-1829) which provided the LOCA frequency vs. LOCA break size
curves. The experts who prepared this report relied primarily on plant operational experience
and their individual knowledge of the various technical aspects of piping degradation
mechanisms. The individual experts considered LBB to some degree when making their
estimates, but LBB was not the principal consideration. The experts and the NRC are aware
that piping degradation under certain circumstances can cause pipes to rupture before
exhibiting detectable leakage. The commenter did not provide an explanation of why the NRC’s
limited reliance on LBB adversely affects the viability of a risk-informed ECCS rule. While it is
also true that the final § 50.46a rule requires enhanced leak detection methods to be applied to
piping larger than the TBS, this requirement was added to increase the defense-in-depth
provided by the rule for the degradation methods in which leakage is a detectable precursor to
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piping failure; it was not the primary basis for ensuring that pipe breaks larger than the TBS do
not present an unacceptable risk to public health and safety. In any event, the NRC may not
order withdrawal of PRM-50-75; only the petitioner may withdraw the petition.
Comment. A commenter questioned how the NRC would determine how much
reduction in defense-in-depth and safety margins would be acceptable when risk-informing the
ECCS requirements to allow plant changes that could reduce licensee costs and also increase
risk to the public. (IDNS-1)
NRC Response. The NRC agrees with the commenter that before the § 50.46a
rulemaking was initiated, explicit guidance did not exist about how much reduction in defensein-depth and safety margins would be appropriate for mitigating the very low frequency large
pipe breaks. However, during the rulemaking the Commission provided guidance to the NRC
staff in a publicly-available SRM and the Advisory Committee on Reactor Safeguards provided
its views on defense-in-depth and safety margins in a letter to the Commission.
Assessing changes in overall risk is a universal measure, whereas evaluating changes
to defense-in-depth and safety margins is unique to each individual proposed change at a
specific facility. To determine the appropriate level of defense-in-depth and safety margins for
individual proposed changes at a specific facilities, the NRC based the § 50.46a rule
requirements on the existing regulatory guidance in RG 1.174 for ensuring adequate defensein-depth and safety margins. This guidance has been successfully applied to risk-informed
applications for the last 13 years. Paragraphs 50.46a(f)(3)(i) and (ii) incorporate these
requirements. Therefore, changes to defense-in-depth and safety margins are evaluated as
each facility change is proposed. This allows changes to defense-in-depth and safety margins
to be appropriately evaluated for any proposed change based on the difference between the
traditional requirements or the plant’s current licensing basis and the operating configuration
that would exist after the proposed changes. It is not feasible to develop a set of universally
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applicable decision guidelines for ensuring adequate defense-in-depth and safety margins for all
plant changes at all facilities.
Comment. A commenter stated that the 2500 [reactor] years of operating and safety
experience cited by the petitioner proves that the present set of regulations and regulatory
processes is effective. IDNS says that even though some of the large technological
uncertainties have been reduced, there are still large uncertainties involved in risk analysis and
that there seems to be a trade-off of uncertainties involved in risk-informing the original
rulemaking criteria. (IDNS-2)
NRC Response. The NRC agrees with the commenter that the present regulations and
regulatory processes are effective but has concluded that they can be made more efficient. The
comment did not provide any details about which uncertainties the commenter believes should
preclude risk-informed changes. The NRC gave due consideration to major uncertainties when
developing all aspects of the risk-informed ECCS rule. For example, the size of the TBS was
developed through a consideration of operating experience and analytical evaluations via an
expert elicitation process. The NRC then increased the resulting nominal values to add margin
to account for uncertainties associated with the process. Uncertainties regarding thermalhydraulic analyses were also addressed. Analyses performed in compliance with the
prescriptive requirements in Appendix K have been shown to produce significantly conservative
results to account for uncertainties. Best-estimate ECCS analysis methods allowed by § 50.46
are specifically required to include an identification and assessment of analysis uncertainties.
The total estimated uncertainty must be accounted for in the analysis results, and the results
must demonstrate that there is a high probability that the ECCS acceptance criteria will not be
exceeded.
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Comment. A commenter stated that although the petitioner said that a risk-informed
ECCS rule will result in increased plant safety and resource benefits, IDNS sees no examples of
the expected safety benefits and doesn’t recognize what resource benefits will result. (IDNS-3)
NRC response. Although it is possible that licensees could use this rule to increase
safety at individual facilities, the rule does not require that plant changes increase safety. Thus,
the NRC agrees with the commenter that the rule may not result in overall safety benefits. As a
result, the NRC has placed restrictions in the final rule to ensure that any increases in overall
risk are very small and do not exceed other acceptable increases in risk allowed by the NRC in
other approved risk-informed applications. The NRC will review and approve each plant change
made under this rule involving more than a minimal increase in risk via the license amendment
process. All such changes will be noticed for public comment which will allow members of the
public an opportunity to request a hearing on issues of significant concern in accordance with
NRC’s rules in 10 CFR Part 2 governing such requests.
Comment. A commenter stated that if leak-before-break and fracture mechanics
methodologies are used to reduce the ECCS requirements, they should be subject to standards
for rigor and quality which do not presently exist. This commenter said that PRA standards did
exist but have not been unequivocally adopted by the NRC and that neither the ASME PRA
standard, the NEI PRA peer review criteria, nor the RG 1.174 guidelines adequately treat pipe
cracking issues. The commenter further stated its concern that generic analyses that might be
done to support the rule might not be applicable to all facilities given the varying as-built plant
configurations and operating histories that could affect pipe failures. Thus, the commenter
concluded that insufficient technical work had been performed to support risk-informed rule
changes. (IDNS-4)
NRC response. The NRC agrees with the commenter that the technical information
available at the time of the comment (June 2002) was insufficient to support rulemaking. To
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ensure that adequate technical information was available to support a risk-informed ECCS rule,
the NRC conducted extensive additional studies to estimate pipe break frequencies as a
function of break size (See NUREG-1829, “Estimating Loss-of-Coolant Accident Frequencies
Through the Elicitation Process,” March 2008; ADAMS Accession No. ML082250436) and to
evaluate the seismic effects on piping failures greater than the proposed transition break size
(See NUREG-1903, ASeismic Considerations for the Transition Break Size,” February 2008;
ADAMS Accession No. ML080880140). The NRC addressed the commenter’s concern about
applying generic information to plants with different designs by adding paragraphs (c)(1)(i) and
(d)(6) to the final rule. Paragraph (c)(1)(i) requires the licensee of a facility to demonstrate that
the results of the NUREG-1829 and NUREG-1903 studies apply to that facility in the initial
application for approval to implement § 50.46a. Once a licensee is approved to implement
§ 50.46a, paragraph (d)(6) requires that licensee determine the effect of all future facility
changes on the evaluation performed pursuant to § 50.46a(c)(1)(i) demonstrating the
applicability to the licensee’s facility of the generic results in NUREG-1829 and NUREG-1903.
Changes that would invalidate this applicability evaluation may not be made. The NRC has also
developed draft regulatory guidance (DG-1216, “Plant-Specific Applicability of Transition Break
Size Specified in 10 CFR 50.46a”) to provide an acceptable method for licensees to
demonstrate applicability of the generic transition break size.
The NRC also agrees with the commenter’s view that industry consensus standards are
important. The NRC referenced consensus standards for maintaining and upgrading PRAs in
paragraph (d)(4) of the final rule.
Comment. A commenter said that the petitioner stated the rule would cause changes to
containment analyses, including peak accident pressure, but that it did not intend for changes to
be made to containment structural integrity. The commenter stated that it was not only
interested in containment structural integrity, but also containment capability. The commenter
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also said that if containment integrity testing is done less often, the margin of safety could be
reduced and any such reduction must be technically justified. (IDNS-5)
NRC response. The NRC agrees with the commenter that any reductions to
containment capability must be justified. The final § 50.46a rule does not affect the frequency of
containment leak testing. The final rule does require containment leak tight capability to be
maintained for "realistically" calculated temperatures and pressures for LOCAs larger than the
TBS. This requirement could allow leak testing to be performed under slightly less conservative
conditions for pipe breaks larger than the TBS. The NRC has determined that this reduction is
technically justified because of the low frequency of occurrence of these large LOCAs. No
public comments were received during the rulemaking on this proposed determination.
Comment. A commenter asked if the rule would reduce emergency planning zone sizes
or reduce the need for emergency planning capability. IDNS stated that such changes would
potentially affect public safety and confidence. (IDNS-6)
NRC response. The NRC agrees with the commenter. The final § 50.46a rule makes
no change to emergency preparedness requirements.
Comment. Although the petitioner stated that the rule would focus facility design and
operation on the more likely safety-significant events, a commenter asked why not focus on
both the existing design-basis events and the more likely events? (IDNS-7)
NRC response. The NRC agrees in part with the commenter. The final § 50.46a rule
allows licensees to focus resources on the more likely, smaller LOCAs, but still requires that the
facility be able to mitigate a break in the largest (design-basis) piping. But because of the lower
likelihood of large breaks, the rule allows less conservative assumptions to be used for large
break analyses.

101

Comment. A commenter stated that the probability of a large break LOCA increases
with age. The commenter was skeptical of allowing reduced Section XI inservice inspection for
aging plants. (IDNS-8)
NRC response. The NRC agrees with the commenter on the importance of considering
plant aging. The NRC considered plant aging, existing aging management programs, and inservice inspection programs when establishing the LOCA frequency vs. break size curves in
NUREG-1829; and, ultimately in selecting the TBS. However, the NRC disagrees with the
commenter that the probability of a large break LOCA increases with age. Effective aging
management coupled with adequate inspection based upon increased knowledge of the active
degradation mechanisms associated with pressure boundary components, can prevent
increases in large break LOCA frequency as plant age increases.
Comment. A commenter asserted that the Davis-Besse reactor head corrosion problem
shows that degradation methods are not fully understood and that new ones emerge
periodically. The commenter also stated that PRAs cannot now adequately predict boric acid
erosion/corrosion and hydrogen explosions in RCS piping. (IDNS-9)
NRC response. The NRC agrees with the commenter that continued operating
experience will increase the existing knowledge related to the understanding of degradation
mechanisms in primary pressure boundary components. This consideration, along with
research and evaluation, is part of the ongoing effort to mitigate existing and future plant
challenges. For example, the occurrence of primary water stress corrosion cracking (PWSCC)
in pressure boundary piping was first observed in the United States at the V. C. Summer plant in
2000. However, prior to this time, the NRC was aware of the potential of PWSCC through its
research programs and also international operating experience. Since the V. C. Summer
discovery, NRC and industry-sponsored research has been used to develop and evaluate
mitigation measures to provide reasonable assurance that the risk associated with PWSCC in
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piping systems will remain low. The LOCA frequency estimates developed in NUREG-1829
addressed the effect of boric acid corrosion and the possibility of hydrogen explosions in RCS
piping as quite a bit of knowledge exists about these degradation mechanisms. Additionally, the
TBS values selected by the NRC were conservatively adjusted to account for uncertainties in
the NUREG-1829 evaluation process. In addition, the NRC will reassess LOCA frequencies in
10 year intervals and update the estimates based on knowledge gained since the previous
assessment. If estimated LOCA frequencies increase, the NRC will change the size of the TBS,
as appropriate.
Comment. A commenter argued against the concept of having voluntary alternative
regulations by stating that two alternative sets of regulations will not reduce regulatory burden
for the NRC and goes against the NRC strategic objectives of reducing regulatory burden,
maintaining public confidence and increasing regulatory efficiency and effectiveness. The
commenter stated that having alternative regulations indicates that the nuclear industry is not
fully committed to the approach and objected to the petitioner’s argument that having alternative
risk-informed technical specification requirements would increase plant safety. The commenter
also questioned that if risk-informed technical specifications would increase safety, why would
the NRC not require that risk-informed standard technical specifications be implemented at all
facilities? (IDNS-10)
NRC Response. The NRC agrees with the commenter’s view that alternative
regulations will not reduce regulatory burden for the NRC, but does not agree that alternative
regulations are contrary to the NRC strategic objectives of reducing overall regulatory burden,
maintaining public confidence and increasing regulatory efficiency and effectiveness. The NRC
believes that the alternative rule will provide an opportunity for reducing unnecessary burden for
licensees since it relaxes certain analysis assumptions that can result in limitations on operating
parameters. With respect to maintaining public confidence and increasing regulatory efficiency
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and effectiveness, the NRC has already implemented several alternative risk-informed
regulatory approaches. The NRC has successfully implemented numerous alternative riskinformed technical specification initiatives. Experience gained from this effort has shown that
using risk as a decision making tool improves the NRC’s efficiency and effectiveness and
reduces burden on both the NRC and licensees. The NRC is now implementing risk-informed
regulations on fire protection and pressurized thermal shock. The overall experience the NRC
is accumulating with these efforts already shows that alternative requirements can work well
without significantly impacting public health and safety or the efficiency and effectiveness of the
NRC’s regulatory oversight. The NRC believes that such demonstrations, approved by the NRC
and monitored to determine if adjustments are needed, can increase public confidence in riskinformed regulation.
The NRC disagrees with the commenter’s view that having alternative regulations
indicates that the nuclear industry is not fully committed to the risk-informed approach. While
comment letters from the nuclear industry disagree with specific aspects of the rule, they are
unanimously in support of promulgating a risk-informed ECCS option. Issuing the rule as an
alternative regulation allows licensees to choose to implement it at facilities where plant
changes under the rule are cost-effective and consistent with the licensee’s business plans.
The NRC disagrees with the commenter’s implied comment that if risk-informed
technical specifications increase safety, the NRC should require all licensees to implement riskinformed standard technical specifications. Regardless of whether risk-informed technical
specifications do or do not increase safety, the NRC has determined that adequate protection of
public health and safety is provided by both the current standard technical specifications and the
new risk-informed technical specification initiatives which licensees may use in certain areas to
complement the existing deterministic standard technical specifications. The NRC believes it is
important that licensees be given a reasonable amount of flexibility to meet regulatory
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requirements as long as the overall results of the licensee’s actions ensure adequate protection.
As a result, the NRC has established the risk-informed technical specification initiatives as a
voluntary alternative to the existing standard technical specifications.
Comment. A commenter stated that approving the petition at this time would not have a
positive effect on the confidence level of the public that the regulator is keeping a close watch
on a complex and potentially hazardous technology. Thus, IDNS recommended that the
Commission proceed cautiously. (IDNS-11)
NRC Response. The NRC agrees with the commenter that agency must proceed
cautiously while risk-informing its ECCS regulations. Licensees who adopt this alternative rule
must periodically reconfirm that changes made to the plant do not invalidate the applicability of
the underlying basis for the rule and that the cumulative risk increase does not exceed a very
small amount. Also, the NRC plans to reassess the estimates of LOCA frequency that serve as
the basis for the rule every 10 years. If LOCA frequencies are found to be increasing, the NRC
may increase the size of the TBS. If the TBS is increased, the rule specifies that licensees will
have to reevaluate the risk impacts of plant changes they have implemented under § 50.46a to
show that they still meet the risk acceptance criteria. If the acceptance criteria are not met,
licensees will have to reverse plant changes or make other compensatory changes to satisfy the
acceptance criteria.
NRC Overall Response to IDNS comments. The NRC agrees that nearly all of the
concerns cited by the IDNS are important issues. None of these comments raised issues that
the NRC did not consider during the course of the § 50.46a rulemaking. All of these issues
were addressed by the NRC as the risk–informed ECCS rule was being developed.
Stakeholder input was sought on these and many other issues throughout the process by three
notices in the Federal Register, two proposed rules, and four public meetings. The NRC
provided IDNS with copies of both proposed rules published during this effort. IDNS submitted
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no comments objecting to the way the NRC addressed any of these issues during the
rulemaking. Thus, the NRC believes that it has successfully addressed the concerns raised by
IDNS and that the final § 50.46a rule establishes an appropriate level of balance to allow
potential operational benefits to licensees and ratepayers while ensuring adequate protection of
public health and safety.
VI. Section-by-Section Analysis of Changes
A. Section 50.34 - Contents of application; technical information
Paragraph (a)(4)(i) of this section specifies that ' 50.46a contains alternative ECCS
requirements that applicants may choose to apply to reactors whose construction permits were
issued before the effective date of the rule. This section also states that applicants for
construction permits for facilities which may be issued after the effective date of the rule may
also choose to apply the ' 50.46a alternative ECCS requirements to preliminary analysis and
evaluation of the design if the applicant demonstrates that the facility is similar to the designs of
facilities licensed before the effective date of the rule.
Paragraph (a)(4)(ii) of this section, specifies that applicants for construction permits for
facilities which may be issued after the effective date of the rule who have not demonstrated
that the facility is similar to the designs of facilities licensed before the effective date of the rule
may not apply the ' 50.46a alternative ECCS requirements in the preliminary analysis and
evaluation of the design.
Paragraph (b)(4)(i) of this section specifies that applicants for operating licenses for
facilities which may be issued after the effective date of the rule may also choose to apply the
' 50.46a alternative ECCS requirements to final analysis and evaluation of the design if the
applicant demonstrates that the facility is similar to the designs of facilities licensed before the
effective date of the rule.
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Paragraph (b)(4)(ii) specifies that applicants for operating licenses for facilities which
may be issued after the effective date of the rule who have not demonstrated that the design is
similar to the designs of facilities licensed before the effective date of the rule may not apply the
' 50.46a alternative ECCS requirements in the final analysis and evaluation of the design.
B. Section 50.46 - Acceptance criteria for emergency core cooling systems for lightwater nuclear power plants
Paragraph (a) of this section specifies that boiling or pressurized light-water nuclear
power reactor fueled with uranium oxide pellets with zirconium alloy cladding must be provided
with an ECCS. It also specifies that the ECCSs of BWRs and PWRs licensed before the
effective date of the rule must be designed under § 50.46 or ' 50.46a. Paragraph (a) also
specifies that ECCSs of BWRs and PWRs licensed after the effective date of the rule may also
choose to comply with the ' 50.46a alternative ECCS requirements if the applicant or licensee
demonstrates that the design is similar to the designs of LWR facilities licensed before the
effective date of the rule.
Paragraph (a)(1)(i) of this section requires that the cooling performance of ECCS for
BWRs and PWRs be calculated by an acceptable evaluation model and specifies certain
general requirements for acceptable evaluation models that are prepared in accordance with
Appendix K to 10 CFR Part 50. These requirements were relocated to this subparagraph but
were not modified by this rulemaking.
C. Existing Section 50.46a - Acceptance criteria for reactor coolant system venting
systems, is administratively redesignated as Section 50.46b.
D. Section 50.46a - Alternative acceptance criteria for emergency core cooling systems
for light-water reactors
A new Section 50.46a is created by this rulemaking. Paragraph (a) of this section
provides definitions for terms used in other parts of this section. The definition of evaluation
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model in § 50.46a(a)(2) is the same as in § 50.46. The definition of loss-of-coolant accidents in
§ 50.46a(a)(3) is based on the existing definition in ' 50.46 but has been modified to indicate
that pipe breaks larger than the TBS are beyond design-basis accidents.
The new definitions are:
(a)(1) Changes enabled by this section, which means changes to the facility, technical
specifications, or procedures which are permitted at a facility whose licensing basis includes
§ 50.46a but are not permitted at a facility whose licensing basis includes § 50.46;
(a)(4) Operating configuration, which is used in ' 50.46a(d)(5) to specify plant equipment
availability conditions that must be analyzed for conformance with acceptance criteria; and
(a)(5) Transition break size (TBS), which is used to distinguish between requirements
applicable to pipe breaks at or below this size from those applicable to pipe breaks above this
size.
Paragraph (b)(1) provides the applicability and scope of the requirements of this section.
Section 50.46a applies to currently licensed light-water nuclear power reactors (licensed before
the effective date of the rule) and to LWRs licensed after the effective date of the rule, whose
designs have been demonstrated to be similar to the designs of LWR facilities licensed before
the effective date of the rule. Thus, for similar reactor designs (but with some limitations as
specified for certain specific provisions), § 50.46a could be used by applicants for and holders of
construction permits, operating licenses, combined licenses, and standard design approvals and
by applicants for certified designs and for manufacturing licenses. Paragraph (b)(2) specifies
that the requirements in Section 50.46a are in addition to any other requirements applicable to
ECCSs set forth in 10 CFR 50, with the exception of § 50.46.
Paragraph (c)(1) specifies the contents of initial applications that may be submitted by
various entities for approval to implement the alternative ECCS requirements in ' 50.46a.
Paragraph (c)(1)(i) requires that an application contain a written evaluation demonstrating
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applicability of the results in NUREG-1829 and NUREG-1903 to the specific facility. To confirm
the applicability of NUREG-1903, the applicant must demonstrate that the total frequency of
seismically-induced direct and indirect failures of piping larger than the TBS at the facility is
significantly less than 10-5 per year. Paragraph (c)(1)(ii) requires identification of the NRCapproved analysis methods to be used to comply with the ECCS analysis requirements and
acceptance criteria in paragraph (e). Paragraph (c)(1)(iii) requires operating reactor licensees
whose construction permits were issued before § 50.46a becomes effective and who wish to
establish an allowable outage time other than 14 days for use under paragraph (d)(5) of the
rule, to propose the alternative period of time. Paragraph (c)(1)(iv) requires licensees of
operating reactors whose licenses may be issued under Part 52 of this chapter (which are
expected to be new reactor designs) to propose an appropriate allowable outage time (or “short
time”) for use under paragraph (d)(5) of the rule. Paragraph (c)(1)(v)(A) requires a description
of the risk-informed evaluation used to determine whether proposed change(s) to the facility
meet the acceptance criteria for making risk-informed changes in paragraph (f). Paragraph
(c)(1)(v)(B) requires operating reactor licensees whose construction permits were issued before
§ 50.46a becomes effective to submit a description of the risk-informed evaluation (if applicable)
used to demonstrate that any proposed alternative outage time (or “short time”) for use in
paragraph (d)(5) meets the acceptance criteria in paragraph (c)(3)(iii)(B). Paragraph
(c)(1)(v)(C) requires licensees of operating reactors whose licenses may be issued under Part
52 of this chapter to provide a description of the risk-informed evaluation used to demonstrate
that the proposed outage time (or “short time”) for use in paragraph (d)(5) meets the acceptance
criteria in paragraph (c)(3)(iii)(C). For both types of licensees, a risk-informed evaluation must
be used to demonstrate the reasonableness of the duration of the proposed “short time.”
Paragraph (c)(1)(vi) requires entities who wish to make facility design changes enabled
by § 50.46a without prior NRC approval to submit a description of the risk-informed evaluation
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process to be used to determine the acceptability of such changes. Design certification
applicants are not subject to this provision, either before or after NRC certification of the design.
An applicant for a design certification that has not been approved by the NRC does not need
this provision since it is free to change the design specified in its unapproved application at any
time. By contrast, the NRC has determined that design certification applicants whose designs
have been certified should not be allowed to change the certified designs without NRC review
and approval via rulemaking. Allowing the design certification applicant to make changes to the
certified design without NRC approval through the rulemaking process would appear to be
inconsistent with the underlying concept of design certification as rulemaking and would
effectively reduce NRC's regulatory control over the design certification. The NRC has also
decided to exclude manufacturing license holders from this option to avoid a reduction of NRC
regulatory control over the approved manufacturing design. Under paragraph (c)(1)(vi)(A), the
process must include an approach for evaluating each change for compliance with all of the
acceptance criteria in paragraphs (f)(1), (f)(2), and (f)(3). Under paragraph (c)(1)(vi)(B), the
process must include a description of the PRA model or non-PRA risk assessment methods
used to determine compliance with paragraphs (f)(4) and (f)(5).
Paragraph (c)(1)(vii) requires entities who wish to adopt the alternative ECCS
requirements in § 50.46a to submit a description of all non-safety equipment to be relied on to
mitigate the consequences of a LOCA larger than the TBS. Paragraph (c)(1)(viii) requires
entities who wish to adopt the alternative ECCS requirements in § 50.46a to submit a
description of the facility’s leak detection program demonstrating how the program satisfies the
criteria in paragraph (d)(2).
Paragraph (c)(2) states that all applicants other than those holding operating licenses
issued before § 50.46a becomes effective (i.e., applicants for a construction permit, operating
license, design approval, design certification, manufacturing license, or combined license or
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holder of a design approval) seeking to implement the requirements of this section shall, in
addition to the information that is required by paragraph (c)(1) of this section, submit an analysis
demonstrating why the proposed reactor design is similar to the designs of reactors licensed
before the effective date of the rule and recommend an appropriate TBS.
Paragraph (c)(3) specifies the acceptance criteria for approval of applications to comply
with § 50.46a. Paragraph (c)(3)(i) requires the evaluation submitted under paragraph (c)(1)(i) to
demonstrate that the NUREG-1829 and the NUREG-1903 results are applicable to the facility.
For NUREG-1903 to apply, the total frequency of seismically-induced direct and indirect failures
of piping larger than the TBS must be significantly less than 10-5 per year. Paragraph (c)(3)(ii)
requires that the method(s) for demonstrating compliance with the ECCS acceptance criteria in
paragraphs (e)(3) and (e)(4) of this section meet the requirements in paragraphs (e)(1) and
(e)(2). Paragraph (c)(3)(iii)(A) requires that the risk-informed evaluation process proposed for
use to make changes enabled by or made under this section be adequate for determining
whether the acceptance criteria in paragraph (f) of this section have been met. Paragraph
(c)(3)(iii)(B) requires that the risk-informed evaluation process (if applicable) used to justify any
proposed alternative time period longer than 14 days for use in paragraph (d)(5), be appropriate
by considering the mitigative capability available, the configuration specific risk, the philosophy
of defense-in-depth, and adequate safety margins. For operating reactors licensed under
Part 52, paragraph (c)(3)(iii)(C) requires that the risk-informed evaluation process used to justify
the proposed short time for use in paragraph (d)(5), demonstrate that the proposed time is
consistent with the mitigative capability available, the configuration specific risk, the philosophy
of defense-in-depth, adequate safety margins, and does not result in a significant decrease in
the level of safety otherwise provided by the design. Paragraph (c)(3)(iv) requires that the riskinformed evaluation process (if applicable) used for making self-approved plant changes under
paragraph (f)(1) is adequate for determining whether the acceptance criteria in paragraph (f) of
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this section, have been met. Paragraph (c)(3)(v) requires that all non-safety equipment credited
for demonstrating compliance with the ECCS acceptance criteria be identified and listed as such
in plant technical specifications if possible at the time the § 50.46a application is approved.
Because applicants for and holders of design approvals will not have developed plant technical
specifications, the NRC intends to include appropriate provisions in the design approval to
ensure that future licensees using these designs list this equipment in plant technical
specifications. Paragraph (c)(3)(vi) requires that the reactor design for all applicants other than
those holding operating licenses issued before the effective date of the rule be similar to the
designs of current operating reactors and that the applicant’s proposed TBS includes sufficient
margin to provide assurance that, when considering the limited availability of data and the
uncertainty in the estimation of loss of coolant accident frequency, the estimated frequency of
breaks larger than the TBS for all initiators does not exceed 10-5 per year. Paragraph (c)(3)(vii)
requires that all other applicable standards and requirements of the Act and the Commission’s
regulations are met.
Paragraph (d) specifies the requirements for licensees during facility operation after
implementing § 50.46a.
Paragraph (d)(1) requires that the ECCS models be maintained to comply with the
ECCS acceptance criteria in paragraphs (e)(1) and (e)(2) of this section.
Paragraph (d)(2) requires that the licensee maintain leak detection equipment available
at the facility and identify, monitor, and quantify leakage to ensure that adverse safety
consequences do not result from leakage from piping or components larger than the TBS.
Paragraph (d)(3) requires that changes to the facility, technical specifications, or
procedures enabled by or made under ' 50.46a be evaluated by a risk-informed evaluation
process which demonstrates that acceptance criteria in ' 50.46a(f) are met.
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Paragraph (d)(4), requires licensees to maintain and upgrade its PRA analyses no less
often than once every 4 years. Maintaining a PRA involves the update of PRA models to reflect
facility changes such as plant modifications, procedure changes, or changes in plant
performance data. Upgrading a PRA involves incorporating into the PRA models a new
methodology or significant changes in scope or capability that impact the significant accident
sequences. Risk assessments are required to continue to meet the quality requirements in
'' 50.46a(f)(4) and (f)(5). Licensees are required to take action to ensure that facility design
and operation is consistent with the risk assessment assumptions used to meet the acceptance
criteria in ' 50.46a(f)(2) or (f)(3). Any necessary changes to the facility caused by maintaining
or upgrading risk assessments will not be deemed backfitting.
Paragraph (d)(5) requires licensees to control plant operation to ensure that for LOCAs
larger than the TBS, operation in a plant operating configuration not demonstrated to meet the
acceptance criteria in paragraph (e)(4) may not exceed a short time. A short time for existing
operating reactors is either a total of fourteen (14) days in any 12-month period or an alternative
time period proposed by the licensee and approved by the NRC. A short time for new reactor
designs (i.e., future operating reactors whose licenses are issued under Part 52 of this chapter)
must be proposed by the applicant or licensee and approved by the NRC.
Paragraph (d)(6) requires licensees to perform an evaluation to determine the effect of
all planned facility changes on the evaluation performed pursuant to § 50.46a(c)(1)(i)
demonstrating the applicability to the licensee’s facility of the results in NUREG-1829 and
NUREG-1903 and prohibits licensees from implementing any facility change which would
invalidate that evaluation.
Paragraph (e) contains the ECCS evaluation model requirements, analysis
requirements, and acceptance criteria for the two LOCA break size regions.
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Paragraph (e)(1) specifies model and analysis requirements for breaks smaller than or
equal to the TBS. These requirements are the same as the current requirements for LOCA
analysis models in existing ' 50.46.
Paragraph (e)(2) specifies model and analysis requirements for breaks larger than the
TBS. Methods for evaluating ECCS cooling performance for breaks larger than the TBS must
be approved by the NRC. However the analysis for breaks larger than the TBS may be
performed using different assumptions than those required for breaks smaller than or equal to
the TBS. Analysis of breaks larger than the TBS need not assume a coincident single failure of
mitigation equipment or loss-of-offsite power. Non-safety grade equipment may also be
credited in analyses of breaks larger than the TBS provided that onsite power can supplied to
that equipment in a reasonable time in the event offsite power is lost.
Paragraph (e)(3) provides ECCS acceptance criteria for LOCAs smaller than or equal to
the TBS. The criteria are the same as the current requirements in ' 50.46(b).
Paragraph (e)(4) provides ECCS acceptance criteria for LOCAs larger than the TBS.
These acceptance criteria are based on maintaining a coolable geometry in the core and
demonstrating long term cooling capability and are less prescriptive than the criteria presently
used for LOCA analysis.
Paragraph (e)(5) provides that the Director of the Office of Nuclear Reactor Regulation
or the Office of New Reactors may impose restrictions on reactor operation if ECCS
requirements are not met. This paragraph is added to be consistent with existing ' 50.46 which
also contains this requirement.
Paragraph (f) provides requirements for implementing changes to the facility, technical
specifications, and procedures under ' 50.46a.
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Paragraph (f)(1) specifies that certain entities other than design certification applicants
and holders of manufacturing licenses may make changes under § 50.46a without NRC
approval if:
(i) The changes are permitted under ' 50.59 or § 52.98 (as applicable);
(ii) A risk-informed evaluation process has been submitted by the licensee and reviewed
and approved by the NRC under § 50.46a(c)(1)(vi) and (c)(3)(iv); and
(iii) The change does not invalidate the evaluation performed under § 50.46a(c)(1)(i) of
the applicability of the results in NUREG-1829 and NUREG-1903 to the licensee’s facility.
Paragraph (f)(2) states that for plant changes not permitted under paragraph (f)(1), an
application must be submitted to the NRC containing the following information:
(i) For reactor licensees, the information required under § 50.90;
(ii) Information from the risk-informed evaluation demonstrating that the total increases in
core damage frequency and large early release frequency are very small and the overall risk
remains small, and the risk-informed change criteria in paragraph (f)(3) are met;
(iii) If previous changes have been made under § 50.46a, information from the riskinformed evaluation on the cumulative effect on risk of the proposed change and all previous
changes made under this section. If more than one plant change is combined; including plant
changes not enabled by this section, into a group for the purposes of evaluating acceptable risk
increases; the evaluation of each individual change must be performed along with the
evaluation of combined changes;
(iv) Information demonstrating that the ECCS analysis acceptance criteria in paragraphs
(e)(3) and (e)(4) are met; and
(v) Information demonstrating that the proposed change will not increase the LOCA
frequency of the facility (including the frequency of seismically-induced LOCAs) by an amount
that would invalidate the applicability to the facility of the results of the studies (NUREG-1829,
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AEstimating Loss-of-Coolant Accident (LOCA) Frequencies through the Elicitation Process@,
March 2008 and NUREG-1903, ASeismic Considerations for the Transition Break Size@,
February 2008@).
Under paragraph (f)(2), design certification applicants are permitted to request an
amendment to the design certification for which they submitted the original design certification
application, in order to make changes enabled by § 50.46a. The amendment request must be
submitted in accordance with applicable requirements including 10 CFR Part 2, Subpart H. In
addition, combined license holders referencing certified designs are permitted to request NRC
approval of plant-specific departures from the certified design in accordance with the
requirements in § 52.98(c).
Paragraph (f)(3) specifies requirements for all plant changes made under § 50.46a.
Paragraph (f)(3)(i) requires that defense-in-depth be maintained. Paragraph (f)(3)(ii) requires
that adequate safety margins be maintained. Paragraph (f)(3)(iii) requires that adequate
performance-measurement programs be implemented and provides criteria on the specific
attributes required to meet the performance measurement requirements. Paragraph (f)(3)(iv)
specifies that for new reactor license applicants under Part 52, plant changes made under
§ 50.46a must not result in a significant decrease in the level of safety otherwise provided by the
new reactor design.
Although previous paragraph (f)(2) does not require use of PRA in assessing risks
associated with the proposed changes, to the extent that PRA is used, paragraph (f)(4) of the
rule identifies specific technical requirements for the risk-informed assessment. It must:
(i) Address initiating events from sources both internal and external to the plant and for
all modes of operation, including low power and shutdown modes, that would affect the
regulatory decision in a substantial manner;
(ii) Reasonably represent the current configuration and operating practices at the plant;
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(iii) Have sufficient technical adequacy (including consideration of uncertainty) and level
of detail to provide confidence that the total risk estimate and the change in total risk estimate
adequately reflect the plant and the effect of the proposed change on risk; and
(iv) Be determined, through peer review, to meet industry standards for PRA quality that
have been endorsed by NRC.
Paragraph (f)(5) requires that to the extent that risk assessment methods other than
PRA are used to develop quantitative or qualitative estimates of changes to risk in the riskinformed evaluation, an integrated, systematic process must be used. All aspects of the
analyses must reasonably reflect the current plant configuration and operating practices, and
applicable plant and industry operating experience.
Paragraph (g) provides the requirements for making reports to the NRC.
Paragraph (g)(1)(i) requires reporting of all errors or changes to ECCS analyses at least
annually as specified in ' 50.4. For significant changes or errors, licensees must report within
30 days including a schedule for reanalysis or other action as needed to show compliance with
ECCS requirements. Under paragraph (g)(1)(i)(A), for LOCAs involving pipe breaks equal to or
smaller than the TBS, significant changes are defined as a change in peak cladding
temperature of greater than 50°F. Under paragraph (g)(1)(i)(B), for LOCAs involving pipe
breaks larger than the TBS, a significant change is defined as one resulting in a significant
reduction in the capability to meet the ECCS acceptance criteria in ' 50.46a(e)(4).
Paragraph (g)(1)(ii) sets forth reporting requirements with respect to the PRA
maintenance and upgrading that is required by ' 50.46a(d)(4). When maintaining and
upgrading the PRA, this paragraph requires the licensee to report changes to the NRC within 60
days if the acceptance criteria in §50.46a(f)(2)(ii) are exceeded. This provision also requires the
report to include a schedule for implementation of any corrective actions necessary to bring
plant operation or design back into compliance with the acceptance criteria.
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Paragraph (g)(1)(iii) contains reporting requirements for plant changes made under
' 50.46a(f)(1) involving minimal risk (self-approved changes). A short description of these
changes must be reported every 24 months.
Paragraph (g)(2) contains reporting requirements associated with design certifications
and design approvals. During the lifetime of the standard design, reports must be made to the
NRC of all significant errors in the ECCS analyses. Paragraphs (g)(2)(i) and (g)(2)(ii) specify
the criteria for significant errors which are the same as the criteria for operating reactors
specified in paragraphs (g)(1)(i)(A) and (g)(1)(i)(B).
Paragraph (h) provides documentation requirements for plant changes. Following
implementation of ' 50.46a, licensees are required to maintain records sufficient to demonstrate
compliance with all requirements in ' 50.46a and ' 50.71.
Paragraphs (i) through (l) are reserved for future use.
Paragraph (m) specifies the actions that must be taken by various entities if the NRC
increases the TBS.
Paragraph (m)(1) requires that holders of operating licensees, combined licenses, and
manufacturing licenses must re-perform the ECCS analyses required by paragraphs (e)(1) and
(e)(2). If the acceptance criteria in paragraphs (e)(3) and (e)(4) are not met, licensees must
make changes to the facility to comply with the acceptance criteria. This paragraph also
specifies that plant changes made necessary after an increase in the TBS are not deemed to be
backfitting under 10 CFR 50.109 or a violation of any finality provision in Part 52.
Paragraph (m)(2) requires that holders of combined licenses referencing a design
certification must re-perform the ECCS analyses required by paragraphs (e)(1) and (e)(2). If the
acceptance criteria in paragraphs (e)(3) and (e)(4) are not met, licensees must make changes
to the facility to comply with the acceptance criteria. This paragraph also specifies that plant
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changes made necessary after an increase in the TBS are deemed to be in conformance with
applicable finality provisions in Part 52.
Paragraph (m)(3) requires that holders of combined licenses referencing a design
approval must re-perform the ECCS analyses required by paragraphs (e)(1) and (e)(2). If the
acceptance criteria in paragraphs (e)(3) and (e)(4) are not met, licensees must make changes
to the facility to comply with the acceptance criteria. This paragraph also specifies that plant
changes made necessary after an increase in the TBS are not deemed to be backfitting under
10 CFR 50.109 or a violation of any finality provision in Part 52.
E. Section 50.109 - Backfitting.
This section is modified to provide that changes made by the NRC to the TBS and
changes made by licensees to continue to comply with § 50.46a are not deemed to be
backfitting under 10 CFR 50.109.
F. Appendix A to Part 50 - General Design Criteria for Nuclear Power Plants
Five of the general design criteria contained in Appendix A are modified to remove the
requirement to assume a single failure and a loss-of-offsite power in the systems subject to
these criteria for pipe breaks larger than the TBS up to and including the DEGB of the largest
RCS pipe for those plants implementing '50.46a. The specific criteria are: GDC 17, Electrical
power systems, GDC 35, Emergency core cooling, GDC 38, Containment heat removal,
GDC 41, Containment atmosphere cleanup, and GDC 44, Cooling water systems. General
Design Criterion 50, Containment design basis, is modified to specify that for plants under
' 50.46a, leak tight containment capability should be maintained for "realistically" calculated
temperatures and pressures for LOCAs larger than the TBS.
G. Section 52.47 - Contents of applications; technical information.
Paragraph (a)(4) of this section is amended to specify the technical information to be
submitted in an application for a standard design certification for a nuclear power facility filed
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separately from the filing of an application for a construction permit or combined license for such
a facility.
New paragraph (a)(4)(i) specifies that analyses of emergency core cooling systems and
the need for high point vents for standard designs certified after the effective date of the
' 50.46a rule must be performed under the requirements of either § 50.46 or § 50.46a (for
ECCS performance) and § 50.46b (for reactor coolant system high point vents) if the standard
design is demonstrated to be similar to the designs of reactors licensed before the effective date
of ' 50.46a.
New paragraph (a)(4)(ii) specifies that analyses of emergency core cooling systems and
the need for high point vents for standard designs certified after the effective date of the
' 50.46a rule must be performed under the requirements of § 50.46 (for ECCS performance)
and § 50.46b (for reactor coolant system high point vents) if the standard design is not
demonstrated to be similar to the designs of reactors licensed before the effective date of
' 50.46a.
H. Section 52.63 - Finality of standard design certifications.
In this section, a new paragraph (a)(1)(viii) is added to make clear that the NRC may
amend a standard design certification rule to implement the alternative ECCS requirements in
10 CFR 50.46a, and that such an amendment would not constitute a violation of the issue
finality provisions in § 52.63. Inasmuch as § 50.46a(f)(2) only allows the original design
certification applicant to request a change to a certified design which is enabled by § 50.46a, the
NRC does not believe it is necessary to specify in § 52.63(a)(1)(viii) that such amendments may
only be initiated by the original design certification applicant.
I. Section 52.54 - Issuance of standard design certifications.
In this section, paragraph (b) is amended to specify that a design certification rule which
is reviewed and approved as meeting the requirements of 10 CFR 50.46a must specify the
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criteria governing departures that a referencing combined license must meet and that the
criteria must ensure that the safety bases for the NRC’s approval of the certified design’s
compliance with § 50.46a (including applicability of the TBS) continue to apply despite the
departure.
J. Section 52.79 - Contents of applications; technical information in final safety analysis
report.
In this section, paragraph (a)(5) is amended to specify the technical information to be
submitted in the final safety analysis report for an application for a combined license for a
nuclear power facility.
New paragraph (a)(5)(i) specifies that analyses of emergency core cooling systems and
the need for high point vents for plants licensed after the effective date of the ' 50.46a rule must
be performed under the requirements of either § 50.46 or § 50.46a (for ECCS performance) and
§ 50.46b (for reactor coolant system high point vents) if the design is demonstrated to be similar
to the designs of reactors licensed before the effective date of ' 50.46a.
New paragraph (a)(5)(ii) specifies that analyses of emergency core cooling systems and
the need for high point vents for plants licensed after the effective date of the ' 50.46a rule must
be performed under the requirements of § 50.46 (for ECCS performance) and § 50.46b (for
reactor coolant system high point vents) if the design is not demonstrated to be similar to the
designs of reactors licensed before the effective date of ' 50.46a.
K. Section 52.137 - Contents of applications; technical information.
Paragraph (a)(4) of this section is amended to specify the technical information to be
submitted in an application for approval of a standard design for a nuclear power facility.
New paragraph (a)(4)(i) specifies that analyses of emergency core cooling systems and
the need for high point vents for designs approved after the effective date of the ' 50.46a rule
must be performed under the requirements of either § 50.46 or § 50.46a (for ECCS
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performance) and § 50.46b (for reactor coolant system high point vents) if the design is
demonstrated to be similar to the designs of reactors licensed before the effective date of
' 50.46a.
New paragraph (a)(4)(ii) specifies that analyses of emergency core cooling systems and
the need for high point vents for designs approved after the effective date of the ' 50.46a rule
must be performed under the requirements of § 50.46 (for ECCS performance) and § 50.46b
(for reactor coolant system high point vents) if the design is not demonstrated to be similar to
the designs of reactors licensed before the effective date of ' 50.46a.
L. Section 52.157 - Contents of applications; technical information in final safety
analysis report.
Paragraph (f)(1) of this section is amended to specify the technical information to be
submitted in the final safety analysis report for an application for issuance of a license
authorizing manufacture of nuclear power reactors to be installed at sites not identified in the
manufacturing license application.
New paragraph (f)(1)(i) specifies that analyses of emergency core cooling systems and
the need for high point vents for a license authorizing manufacture of nuclear power reactors
issued after the effective date of the ' 50.46a rule must be performed under the requirements of
either § 50.46 or § 50.46a (for ECCS performance) and § 50.46b (for reactor coolant system
high point vents) if the design is demonstrated to be similar to the designs of reactors licensed
before the effective date of ' 50.46a.
New paragraph (f)(1)(ii) specifies that analyses of emergency core cooling systems and
the need for high point vents for a license authorizing manufacture of nuclear power reactors
issued after the effective date of the ' 50.46a rule must be performed under the requirements of
§ 50.46 (for ECCS performance) and § 50.46b (for reactor coolant system high point vents) if
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the design is not demonstrated to be similar to the designs of reactors licensed before the
effective date of ' 50.46a.
VII. Availability of Documents
Publicly available documents related to this rulemaking identified below are available to
interested persons through one or more of the following methods, as indicated.
Public Document Room (PDR). The NRC PDR is located at 11555 Rockville Pike,
Rockville, Maryland 20852.
Regulations.gov (Web). These documents may be viewed and downloaded
electronically through the Federal eRulemaking Portal http://www.regulations.gov, Docket
number NRC-2004-0006.
NRC’s Electronic Reading Room (ERR). The NRC’s public electronic reading room is
located at www.nrc.gov/reading-rm.html.
DOCUMENT

PDR

Policy Statement on the Use of Probabilistic Risk
Assessment, August 16, 1995 (60 FR 42622)
Regulatory Guide 1.174, AAn Approach for Using
Probabilistic Risk Assessments in Risk-Informed
Decisions on Plant Specific Changes to the
Licensing Basis”
Nuclear Energy Institute Petition for Rulemaking PRM-50-75, February 6, 2002
Federal Register notice of receipt of PRM-50-75
(67 FR16654), April 8, 2002
Commission SRM on SECY-02-0057, AUpdate to
SECY-01-0133, >Fourth Status Report on Study of
Risk-Informed Changes to the Technical
Requirements of 10 CFR Part 50 (Option 3) and
Recommendations on Risk-Informed Changes to
10 CFR 50.46 (ECCS Acceptance Criteria)="
March 31, 2003
Commission SRM on SECY-04-0037, “Issues
Related to Proposed Rulemaking to Risk-Inform
Requirements Related to Large Break Loss-ofCoolant Accident (LOCA) Break Size and Plans for
Rulemaking on LOCA with Coincident Loss-ofOffsite Power,” July 1, 2004
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Commission SRM on SECY-05-0052, “Proposed
Rulemaking for Risk-Informed Changes to Loss-ofCoolant Accident Technical Requirements,” July
29, 2005
Initial Proposed Rule (70 FR 67598), November 7,
2005
NRC Report – Seismic Considerations for the
Transition Break Size, December 2006
Letter from Graham B. Wallis (ACRS) to Dale E.
Klein, “Draft Final Rule To Risk-Inform 10 CFR
50.46, ‘Acceptance Criteria For Emergency Core
Cooling Systems For Light-Water Nuclear Power
Reactors,’” November 16, 2006
SECY-07-0082 - Rulemaking to Make RiskInformed Changes to Loss-of-Coolant Accident
Technical Requirements; 10 CFR 50.46a
“Alternative Acceptance Criteria for Emergency
Core Cooling Systems for Light-Water Nuclear
Power Reactors,” May 16, 2007
Commission SRM on SECY-07-0082, August 10,
2007
Memorandum from Luis A. Reyes to NRC
Commissioners, “Plans And Schedule For The
Rulemaking On Risk- Informed Changes To
Loss-of-Coolant Accident Technical Requirements
(April 1, 2008)
NUREG-1488 - Revised Livermore Seismic Hazard
Estimates for Sixty-Nine Nuclear Power Plant Sites
East of the Rocky Mountains (April 1994)
NUREG-1829 - Estimating Loss-of-Coolant
Accident (LOCA) Frequencies Through the
Elicitation Process (Draft Report; June 2005)
NUREG-1829 - Estimating Loss-of-Coolant
Accident (LOCA) Frequencies Through the
Elicitation Process (Final Report; March 2008)
NUREG-1903 - Seismic Considerations for the
Transition Break Size (February 2008)
Federal Register notice of Resolution and Closure
of PRM-50-75 (73 FR 66000), November 6, 2008
NRC White Paper – Plant-Specific Applicability of
10 CFR 50.46a Technical Basis (February 2009)
Memorandum from Arthur T. Howell to William F.
Kane, “Degradation of the Davis-Besse Nuclear
Power Station Reactor Pressure Vessel Head
Lessons-Learned Report”; (September 30, 2002)
Supplemental Proposed Rule (74 FR 40006)
DG-1216 - ‘‘Plant-Specific Applicability of the
Transition Break Size Specified in 10 CFR 50.46a,”
June 2010
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Letter from Said Abdel-Khalik (ACRS) to Gregory
B. Jaczko, “Draft Final Rule For Risk-Informed
Changes to Loss-of-Coolant Accident Technical
Requirements (10 CFR 50.46a),” October 20, 2010
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VIII. Compatibility of Agreement State Regulations
Under the “Policy Statement on Adequacy and Compatibility of Agreement States
Programs,” approved by the Commission on June 20, 1997, and published in the Federal
Register (62 FR 46517) on September 3, 1997, this rule is classified as compatibility category
“NRC.” Agreement State Compatibility is not required for Category “NRC” regulations. The
NRC program elements in this category are those that relate directly to areas of regulation
reserved to the NRC by the Atomic Energy Act or the provisions of Title 10 of the Code of
Federal Regulations. Although an Agreement State may not adopt program elements reserved
to NRC, it may wish to inform its licensees of certain requirements via a mechanism that is
consistent with the particular State’s administrative procedure laws. Category “NRC”
regulations do not confer regulatory authority on the State.
IX. Plain Language
The Presidential memorandum dated June 1, 1998, entitled "Plain Language in
Government Writing" directed that the Government's writing be in plain language. This
memorandum was published on June 10, 1998 (63 FR 31883). The NRC requested comments
on the initial proposed rule and on the supplemental proposed rule specifically with respect to
the clarity and effectiveness of the language used. No comments were received.
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X. Voluntary Consensus Standards
The National Technology Transfer and Advancement Act of 1995, Pub. L. 104-113,
requires that Federal agencies use technical standards that are developed or adopted by
voluntary consensus standards bodies unless using such a standard is inconsistent with
applicable law or is otherwise impractical.
In this final rule, the NRC uses the following Government-unique standard: 10 CFR
50.46a. The NRC notes the ongoing development of voluntary consensus standards on PRAs,
such as the ASME/ANS RA-Sa-2009 consensus standard on Probabilistic Risk Assessment for
Nuclear Power Plant Applications. This Government standard (see 10 CFR 50.46a(f)(4)(iv))
requires the use of industry consensus standards for PRA quality that have been endorsed by
the NRC. These standards were selected for use in the final rule based on their applicability to
the subject of the desired requirements.
Except for consensus standards on PRA quality, the NRC does not believe that any
other existing standards are sufficient to specify the necessary requirements for licensees who
wish to modify plant ECCS analysis methods and nuclear power reactor designs based on the
results of probabilistic risk analysis. The NRC is not aware of any voluntary consensus
standard addressing risk-informed ECCS design and consequent changes in a light-water
power reactor facility, technical specifications, or procedures that could be used instead of the
proposed Government-unique standard.
XI. Criminal Penalties
For the purposes of Section 223 of the Atomic Energy Act (AEA), as amended, the NRC
is issuing the final rule to amend ' 50.46, add ' 50.46a, redesignate existing ' 50.46a as
' 50.46b and amend '' 52.47, 52.79, 52.137, and 52.157 under one or more of sections 161b,
161i, or 161o of the AEA. Willful violations of the rule will be subject to criminal enforcement.
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Criminal penalties, as they apply to regulations in Part 50, are discussed in ' 50.111 and as
they apply to the regulations in Part 52, are discussed in § 52.303.
XII. Finding of No Significant Environmental Impact: Environmental Assessment
The NRC has determined under the National Environmental Policy Act of 1969, as
amended, and the Commission's regulations in Subpart A of 10 CFR Part 51, that this rule will
not be a major Federal action significantly affecting the quality of the human environment and,
therefore, an environmental impact statement is not required. The basis for this determination is
as follows:
This action stems from the NRC=s ongoing efforts to risk-inform its regulations. The final
rule establishes a voluntary alternative set of risk-informed requirements for emergency core
cooling systems. The alternative requirements are less stringent in the area of large break lossof-coolant accidents (LOCAs). Using the alternative ECCS requirements will provide some
licensees with opportunities to change various aspects of plant design to increase operational
flexibility, increase power, or decrease costs. Licensee actions taken under the rule could either
decrease the probability of an accident or increase the probability of an accident by a very small
amount. Mitigation of LOCAs of all sizes is still required but with less redundancy and margin
for the larger, low probability breaks. Increases in risk, if any, are required to be very small so
that adequate assurance of public health and safety is maintained. When considered together,
the net effect of the licensee actions is expected to have an insignificant effect on accident
probability.
Thus, the final action will not significantly increase the probability or consequences of an
accident, when considered in a risk-informed manner. No changes will be made in the types or
quantities of radiological effluents that may be released offsite, and there is no significant
increase in public radiation exposure because there is no change to facility operations that could
create a new or significantly affect a previously analyzed accident or release path.
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With regard to non-radiological impacts, no changes will be made to non-radiological
plant effluents and there will be no changes in activities that will adversely affect the
environment. Therefore, there are no significant non-radiological impacts associated with the
final action.
The primary alternative is the no action alternative. The no action alternative, at worst,
would result in no changes to current levels of safety, risk, or environmental impact. The no
action alternative would also prevent licensees from making certain plant modifications that
could be implemented under the rule that could potentially increase plant safety, increase
operational flexibility, or decrease costs. The no action alternative would also maintain existing
regulatory burdens; in some instances for which there could be little or no safety, risk, or
environmental benefits.
The NRC requested the views of the States on the environmental assessment for this
rule. No comments were received.
XIII. Paperwork Reduction Act Statement
This final rule contains new or amended information collection requirements that are
subject to the Paperwork Reduction Act of 1995 (44 U.S.C. 3501 et seq.). These requirements
were approved by the Office of Management and Budget, control number 3150-0011.
The burden to the public for these information collections is estimated to average 968
hours per response, including time the time for reviewing instructions, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the
information collection. Send comments on any aspect of these information collections, including
suggestions for reducing the burden, to the Information Services Branch (T-5 F52), U.S. Nuclear
Regulatory Commission, Washington, DC 20555-0001, or by Internet electronic mail to
Infocollects.Resource@NRC.gov and to the Desk Officer, Christine Kymn, Office of Information
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and Regulatory Affairs, NEOB-10202 (3150-0011), Office of Management and Budget,
Washington, DC 20503.
Public Protection Notification
The NRC may not conduct or sponsor, and a person is not required to respond to, a
request for information or an information collection requirement unless the requesting document
displays a currently valid OMB control number.
XIV. Regulatory Analysis
The NRC has prepared a final regulatory analysis on this regulation. The analysis
examines the costs and benefits of the alternatives considered by the NRC and concludes that
implementation of this alternative rule can result in the accrual of significant benefits over the
remaining lifetimes of certain facilities at which the rule is implemented. Availability of the final
regulatory analysis is provided in Section VII of this document. The NRC published draft
regulatory analyses with both the initial and the supplemental proposed rules. No comments
were received on the proposed or supplemental regulatory analyses.
XV. Regulatory Flexibility Certification
In accordance with the Regulatory Flexibility Act (5 U.S.C. 605(b)), the NRC certifies that
this rule will not have a significant economic impact on a substantial number of small entities.
This final rule will affect only the licensing and operation of currently operating nuclear power
plants. The companies that own these plants do not fall within the scope of the definition of
“small entities” set forth in the Regulatory Flexibility Act or the size standards established by the
NRC (10 CFR 2.810).
XVI. Backfit Analysis
The NRC has determined that the final 10 CFR 50.46a and the changes in 10 CFR parts
50 and 52 generally do not constitute backfitting as defined in the backfit rule, 10 CFR
50.109(a)(1), or are otherwise in conflict with the various issue finality provisions in part 52. In
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addition, the NRC has determined that three provisions of the final rule which exclude certain
NRC actions from the purview of the backfit rule, viz., ' 50.109(b)(2); ' 50.46a(d)(4), and
' 50.46a(m), are appropriate. The basis for each of these determinations follows.
10 CFR 50.46a
The NRC has determined that final § 50.46a rule does not constitute backfitting because
it provides a voluntary alternative to the existing requirements in 10 CFR 50.46 for evaluating
the performance of an ECCS for light-water nuclear power plants. A licensee may decide to
either comply with the requirements of ' 50.46a, or to continue to comply with the existing
licensing basis of their plant with respect to ECCS analyses. Therefore, the backfit rule does
not require the preparation of a backfit analysis for the final 50.46a rule.
Conforming changes in 10 CFR Part 50, Appendix A
The NRC has determined that the conforming changes to several of the general design
criteria (GDCs) in Part 50, Appendix A, do not constitute backfitting because the conforming
changes make clear that several deterministic-based performance requirements in the relevant
GDCs are not applicable when using the risk-informed approach to evaluating emergency core
cooling above the transition break size under § 50.46a. The changes to the GDC do not apply
to licensees currently subject to (or who have committed to) the GDC and who choose not to
use the new, risk-informed ECCS requirements in 10 CFR 40.46a. Thus, the conforming
changes facilitate the implementation of the voluntary, risk-informed alternative to the existing
ECCS requirements in § 50.46, but do not affect existing licensees who are subject to (or have
committed to) the GDC.
Conforming changes in 10 CFR Part 52
The NRC has determined that the conforming changes in Part 52 do not constitute
backfitting because they are intended to make clear that, for design approvals, design
certifications, combined licenses and manufacturing licenses, the requirements of § 50.46a are
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a voluntary alternative to the existing requirements in § 50.46 for evaluating the performance of
an ECCS for light-water nuclear power plants. An applicant or licensees subject to these Part 52
provisions may decide to either comply with the requirements of ' 50.46a, or to continue to
comply with the existing licensing basis of their plant with respect to ECCS analyses. By
providing this voluntary alternative, there is no conflict with the applicable issue finality
provisions in Part 52 (§§ 52.63, 52.98, 52.145, 52.171). Therefore, neither the backfit rule nor
any of these finality provisions require the preparation of a backfit analysis or comparable
justification for the conforming changes in Part 52.
Three provisions excluding certain NRC actions from the backfit rule
As discussed in Section III.A of this document, the NRC may undertake future
rulemaking to revise the TBS based upon re-evaluations of LOCA frequencies occurring after
the effective date of a final rule. The NRC is adopting a change to ' 50.109(b)(2) to exclude
future changes to the TBS from the backfit rule, imposed on a license by either rulemaking or by
NRC action taken on a plant specific basis. The NRC has determined that there is no statutory
bar to the adoption of such a provision. The NRC also believes that the exclusion of such
rulemakings from the backfit rule is appropriate from a policy standpoint.
When the NRC establishes regulatory requirements using new regulatory concepts and
paradigms without a large body of technical information, or without substantial implementation
history or experience on the overall regulatory approach, the Backfit Rule is not appropriate in
evaluating subsequent changes to the new requirements – at least until the NRC has gained
substantial experience in implementing the new requirements. In the NRC’s view, the Backfit
Rule’s restrictions on changes to NRC requirements are most appropriate where: (i) the
technical phenomena and/or issues being addressed in the rulemaking are well-understood; (ii)
the analytical methods used in developing the rule’s requirements or required to be used in
implementing the rule are relatively mature and have some history of use; (iii) there is a large
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body of data and experience to support the regulatory requirement; (iv) the regulatory area
being controlled does not involve requirements governing reasonable assurance; and (v) the
regulatory requirement is mandatory, and does not represent a voluntary alternative (i.e., one
which may be selected by the affected regulated entity).
After considering the effects of these factors on the possible need for future rulemaking
to change the TBS values established in this rule, the NRC concludes that such changes to the
TBS should not be subject to the Backfit Rule. This rulemaking, governing the regulatory
requirements for evaluating the effectiveness of ECCS systems, is an adequate protection
requirement. The NRC has no previous regulatory experience, and there is no implementation
experience associated with the concept of risk-informing ECCS requirements using an NRCestablished TBS applicable to different classes of plants. The technical basis for estimating the
frequency of large pipe break events is not supported by a large body of pipe break failures at
operating nuclear power reactors. This lack of actual failures contributes to large uncertainties
in the estimated values. Additional operational experience in piping degradation could result in
increased estimates of LOCA frequency, potentially affecting the technical bases for the TBS
values specified in the final rule. Finally, the proposed regulatory requirement is a voluntary
alternative, so that each entity who wishes to comply with the rule may decide on its own
whether to choose to comply with the provisions of the proposed rule. This freedom to choose
lessens the possibility that an unjustified regulatory burden would actually be incurred by any
entity. Accordingly, the NRC has determined that the limited exclusion from the restrictions of
the Backfit Rule of possible future changes to the size of the TBS and of associated plant
changes needed as a result of changes to the TBS is justified.
From a practical standpoint, the NRC believes that this exclusion will be unlikely to result
in unjustified changes to the TBS. The NRC also does not regard the exclusion as allowing the
NRC to adopt cost-unjustified changes to the TBS. The NRC prepares a regulatory analysis for
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each substantive regulatory action which identifies the regulatory objectives of the action, and
evaluates the costs and benefits of proposed alternatives for achieving those regulatory
objectives. The NRC has also adopted guidelines governing treatment of individual
requirements in a regulatory analysis (69 FR 29187; May 21, 2004). The NRC believes that a
regulatory analysis performed in accordance with these guidelines will be effective in identifying
unjustified regulatory proposals. The NRC intends to revise the TBS in § 50.46a rarely and only
if based upon public health and safety and/or common defense and security considerations.
This further decreases the possibility that licensees would actually be subject to unjustified
changes to the TBS.
For these reasons, the NRC concludes that the exclusion in ' 50.109(b)(2) of future
changes to the TBS from the requirements of the backfit rule is appropriate.
As discussed in Section III.E of this document, ' 50.46a(d)(4) requires that a PRA used
to demonstrate compliance with the risk acceptance criteria in ' 50.46a(f)(1) or (f)(2) be
periodically re-evaluated and updated, and that the licensee implement changes to the facility
and procedures as necessary to ensure that the acceptance criteria continue to be met. To
ensure that the re-evaluation and updating of the PRA and any necessary changes to a facility
and its procedures under § 50.46a(d)(4) are not considered backfitting, ' 50.46a(d)(4) states
that such re-evaluation, updating, and changes are not deemed to be backfitting. There is no
statutory bar to the adoption of this provision. Furthermore, the NRC believes that this exclusion
from the backfit rule is appropriate, inasmuch as application of the backfit rule in this context
would effectively favor increases in risk. This is because most facility and procedure changes
involve an up-front cost to implement a change which must be recovered over the remaining
operating life of the facility in order to be considered cost-effective. For example, assume that
after a change is implemented, subsequent PRA analyses suggest that the change should be
Arescinded@ (either the hardware is restored to the original configuration or the new configuration
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is not credited in design bases analyses) in order to maintain the assumed risk level. The
cost/benefit determination of the second, Arestoring@ change must address the unrecovered cost
of the first change and the cost of the second, Arestoring@ change. In most cases, application of
cost/benefit analyses in evaluating the second, Arestoring@ change would skew the decisionmaking in favor of accepting the existing plant with the higher risk. Accumulation of these
incremental increases in risk does not appear to be an appropriate regulatory approach.
Accordingly, the NRC concludes that the backfitting exclusion in ' 50.46a(d)(4) is appropriate.
Section 50.46a(m) provides that if the NRC changes the TBS specified in ' 50.46a,
licensees who have evaluated their ECCS under ' 50.46a shall undertake additional actions to
ensure that the relevant acceptance criteria for ECCS performance are met with the new TBSs,
and that these licensee actions are not considered to be backfitting. Consequently, the NRC
may require licensees to take action under ' 50.46a(m) without consideration of the backfit rule.
The NRC has determined that there is no statutory bar to the adoption of this provision. The
NRC has also determined that the provision represents a justified departure from the principles
underlying the backfit rule. The NRC=s decision on this matter recognizes that any future
rulemaking to alter the TBS will require preparation of a regulatory analysis. As discussed, the
regulatory analysis will ordinarily include a cost/benefit analysis addressing whether the costs of
the TBS redefinition are justified in view of the benefits attributable to the redefinition. In
addition, the licensee has substantial flexibility under § 50.46a to determine the actions
(reanalysis, procedure and operational changes, design-related changes, or a combination
thereof) necessary to demonstrate compliance with the relevant ECCS acceptance criteria. The
performance-based approach of the final § 50.46a lends substantial flexibility to the licensee
and may tend to reduce the burden associated with changes in the TBS. Accordingly, the NRC
concludes that the backfitting exclusion in ' 50.46a(m) is appropriate.
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Paragraph (m) also includes provisions analogous provisions governing how changes to
the TBS are to be applied to those combined licenses referencing design certifications and
design approvals which the NRC has approved the use of the provisions of § 50.46a. Changes
to the TBS for a design certification must be accomplished by rulemaking, but are subject to the
finality provisions in applicable provisions of part 52. However, once such TBS changes are
made by rulemaking, any referencing COL applicant must use the revised TBS, and any
changes necessary to the design would not be considered to be a violation of the finality
provisions in §§ 52.63, 52.83 or 52.98.
XVII. Congressional Review Act
Under the Congressional Review Act of 1996, the NRC has determined that this action is
a major rule and has verified this determination with the Office of Information and Regulatory
Affairs of the Office of Management and Budget. Because major rules are subject to
Congressional review, the NRC has specified that the rule will not become effective until 60
days after publication in the Federal Register to allow Congress sufficient time to complete its
review.
List of Subjects
10 CFR Part 50
Antitrust, Classified information, Criminal penalties, Fire protection, Intergovernmental
relations, Nuclear power plants and reactors, Radiation protection, Reactor siting criteria,
Reporting and recordkeeping requirements.
10 CFR Part 52
Administrative practice and procedure, Antitrust, Backfitting, Combined license, Early
site permit, Emergency planning, Fees, Inspection, Limited work authorization, Nuclear power
plants and reactors, Probabilistic risk assessment, Prototype, Reactor siting criteria, Redress of
site, Reporting and recordkeeping requirements, Standard design, Standard design certification.
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For the reasons set out in the preamble and under the authority of the Atomic Energy
Act of 1954, as amended; the Energy Reorganization Act of 1974; and 5 U.S.C. 552 and 553;
the NRC is adopting the following amendments to 10 CFR Parts 50 and 52.
PART 50 -- DOMESTIC LICENSING OF PRODUCTION AND UTILIZATION FACILITIES
1. The authority citation for part 50 continues to read as follows:
Authority: Secs. 102, 103, 104, 105, 161, 182, 183, 186, 189, 68 Stat. 936, 937, 938,
948, 953, 954, 955, 956, as amended, sec. 234, 83 Stat. 444, as amended (42 U.S.C. 2132,
2133, 2134, 2135, 2201, 2232, 2233, 2236, 2239, 2282); secs. 201, as amended, 202, 206, 88
Stat. 1242, as amended, 1244, 1246 (42 U.S.C. 5841, 5842, 5846); sec. 1704, 112 Stat. 2750
(44 U.S.C. 3504 note); Energy policy Act of 2005, Pub. L. No. 109-58, 119 Stat. 194 (2005).
Section 50.7 also issued under Pub. L. 95-601, sec. 10, 92 Stat. 2951 as amended by Pub. L.
102-486, sec. 2902, 106 Stat. 3123 (42 U.S.C. 5841). Section 50.10 also issued under secs.
101, 185, 68 Stat. 955, as amended (42 U.S.C. 2131, 2235); sec. 102, Pub. L. 91-190, 83 Stat.
853 (42 U.S.C. 4332). Sections 50.13, 50.54(dd), and 50.103 also issued under sec. 108, 68
Stat. 939, as amended (42 U.S.C. 2138).
Sections 50.23, 50.35, 50.55, and 50.56 also issued under sec. 185, 68 Stat. 955 (42
U.S.C. 2235). Sections 50.33a, 50.55a and Appendix Q also issued under sec. 102, Pub. L. 91190, 83 Stat. 853 (42 U.S.C. 4332). Sections 50.34 and 50.54 also issued under sec. 204, 88
Stat. 1245 (42 U.S.C. 5844). Sections 50.58, 50.91, and 50.92 also issued under Pub. L. 97415, 96 Stat. 2073 (42 U.S.C. 2239). Section 50.78 also issued under sec. 122, 68 Stat. 939 (42
U.S.C. 2152). Sections 50.80 - 50.81 also issued under sec. 184, 68 Stat. 954, as amended (42
U.S.C. 2234). Appendix F also issued under sec. 187, 68 Stat. 955 (42 U.S.C. 2237)
2. In § 50.8, paragraph (b) is revised to read as follows:
(b) The approved information collection requirements contained in this part appear in
§§ 50.30, 50.33, 50.34, 50.34a, 50.35, 50.36, 50.36a, 50.36b, 50.44, 50.46, 50.46a, 50.47,
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50.48, 50.49, 50.54, 50.55, 50.55a, 50.59, 50.60, 50.61, 50.61a, 50.62, 50.63, 50.64, 50.65,
50.66, 50.68, 50.69, 50.70, 50.71, 50.72, 50.74, 50.75, 50.80, 50.82, 50.90, 50.91, 50.120, and
appendices A, B, E, G, H, I, J, K, M, N,O, Q, R, and S to this part.
3. In § 50.34, paragraphs (a)(4) and (b)(4) are revised to read as follows:
§ 50.34 Contents of application; technical information.

(a)

*

*

*

(4) A preliminary analysis and evaluation of the design and performance of structures,
systems, and components of the facility with the objective of assessing the risk to public health
and safety resulting from operation of the facility and including determination of the margins of
safety during normal operations and transient conditions anticipated during the life of the facility,
and the adequacy of structures, systems, and components provided for the prevention of
accidents and the mitigation of the consequences of accidents.
(i) Analysis and evaluation of ECCS cooling performance and the need for high point
vents following postulated loss-of-coolant accidents must be performed under the requirements
of either § 50.46 or § 50.46a, and § 50.46b for facilities whose construction permits were issued
after December 28, 1974, but before [INSERT DATE 60 DAYS AFTER DATE OF
PUBLICATION IN THE FR], and for facilities for which construction permits may be issued after
[INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR] and are demonstrated
under § 50.46a(c)(2) to have designs that are similar to the designs of reactors licensed before
[INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR].
(ii) Analysis and evaluation of ECCS cooling performance and the need for high point
vents following postulated loss-of-coolant accidents must be performed under the requirements
of § 50.46 and § 50.46b for facilities for which construction permits may be issued after
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[INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR] and are not
demonstrated under § 50.46a(c)(2) to have designs that are similar to the designs of reactors
licensed before [INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR].

*

(b)

*

*

*

*

*

*

*

(4) A final analysis and evaluation of the design and performance of structures, systems,
and components with the objective stated in paragraph (a)(4) of this section and taking into
account any pertinent information developed since the submittal of the preliminary safety
analysis report.
(i) Analysis and evaluation of ECCS cooling performance following postulated LOCAs
must be performed under the requirements of either § 50.46 or § 50.46a, and § 50.46b for
facilities whose operating licenses may be issued after [INSERT DATE 60 DAYS AFTER DATE
OF PUBLICATION IN THE FR] and are demonstrated under § 50.46a(c)(2) to have designs that
are similar to the designs of reactors licensed before [INSERT DATE 60 DAYS AFTER DATE
OF PUBLICATION IN THE FR].
(ii) Analysis and evaluation of ECCS cooling performance following postulated LOCAs
must be performed under the requirements of §§ 50.46 and 50.46b for facilities whose operating
licenses may be issued after [INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN
THE FR] and are not demonstrated under § 50.46a(c)(2) to have designs that are similar to the
designs of reactors licensed before [INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION
IN THE FR].
*

*

*

*
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4. In § 50.46, paragraph (a) is amended by adding an introductory paragraph and
revising paragraph (a)(1)(i) to read as follows:
§ 50.46 Acceptance criteria for emergency core cooling systems for light-water nuclear
power plants.
(a) Each boiling or pressurized light-water nuclear power reactor fueled with uranium
oxide pellets within cylindrical zircalloy or ZIRLO cladding must be provided with an emergency
core cooling system (ECCS). The ECCS system must be designed under the requirements of
this section or § 50.46a for facilities whose operating licenses were issued before [INSERT
DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR]; for facilities whose operating
licenses, combined licenses under part 52 of this chapter, or manufacturing licenses under part
52 of this chapter are issued after [INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION
IN THE FR] and are demonstrated under § 50.46a(c)(2) to have designs that are similar to the
designs of reactors licensed before [INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION
IN THE FR]; and for design approvals and design certifications under part 52 of this chapter
issued after [INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR] that are
demonstrated under § 50.46a(c)(2) to have designs that are similar to the designs of reactors
licensed before [INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR]. The
ECCS system must be designed under the requirements of this section for facilities whose
operating licenses, combined licenses under part 52 of this chapter, or manufacturing licenses
under part 52 of this chapter are issued after [INSERT DATE 60 DAYS AFTER DATE OF
PUBLICATION IN THE FR] and are not demonstrated under § 50.46a(c)(2) to have designs that
are similar to the designs of reactors licensed before [INSERT DATE 60 DAYS AFTER DATE
OF PUBLICATION IN THE FR]; and for design approvals and design certifications under part 52
of this chapter that are not demonstrated under § 50.46a(c)(2) to have designs that are similar
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to the designs of reactors licensed before [INSERT DATE 60 DAYS AFTER DATE OF
PUBLICATION IN THE FR].
(1)(i) The ECCS system must be designed so that its calculated cooling performance
following postulated LOCAs conforms to the criteria set forth in paragraph (b) of this section.
ECCS cooling performance must be calculated in accordance with an acceptable evaluation
model and must be calculated for a number of postulated LOCAs of different sizes, locations,
and other properties sufficient to provide assurance that the most severe postulated LOCAs are
calculated. Except as provided in paragraph (a)(1)(ii) of this section, the evaluation model must
include sufficient supporting justification to show that the analytical technique realistically
describes the behavior of the reactor system during a LOCA. Comparisons to applicable
experimental data must be made and uncertainties in the analysis method and inputs must be
identified and assessed so that the uncertainty in the calculated results can be estimated. This
uncertainty must be accounted for, so that, when the calculated ECCS cooling performance is
compared to the criteria set forth in paragraph (b) of this section, there is a high level of
probability that the criteria would not be exceeded. Appendix K, Part II Required
Documentation, sets forth the documentation requirements for each evaluation model. This
section does not apply to a nuclear power reactor facility for which the certifications required
under § 50.82(a)(1) have been submitted.

*

*

*

*

*

5. Section 50.46a is redesignated as § 50.46b, and a new § 50.46a is added to read as
follows:
§ 50.46a Alternative acceptance criteria for emergency core cooling systems for lightwater nuclear power reactors.
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(a) Definitions. For the purposes of this section:
(1) Changes enabled by this section means changes to the facility, technical
specifications, and procedures that satisfy the alternative ECCS analysis requirements under
this section but do not satisfy the ECCS requirements under 10 CFR 50.46.
(2) Evaluation model means the calculational framework for evaluating the behavior of
the reactor system during a postulated design-basis loss-of-coolant accident (LOCA). It
includes one or more computer programs and all other information necessary for application of
the calculational framework to a specific LOCA, such as mathematical models used,
assumptions included in the programs, procedure for treating the program input and output
information, specification of those portions of analysis not included in computer programs,
values of parameters, and all other information necessary to specify the calculational procedure.
(3) Loss-of-coolant accidents (LOCAs) means the hypothetical accidents that would
result from the loss of reactor coolant, at a rate in excess of the capability of the reactor coolant
makeup system, from breaks in pipes in the reactor coolant pressure boundary up to and
including a break equivalent in size to the double-ended rupture of the largest pipe in the reactor
coolant system. LOCAs involving breaks at or below the transition break size (TBS) are designbasis accidents. LOCAs involving breaks larger than the TBS are beyond design-basis
accidents.
(4) Operating configuration means those plant characteristics, such as power level,
equipment unavailability (including unavailability caused by corrective and preventive
maintenance), and equipment capability that affect plant response to a LOCA.
(5) Transition break size (TBS) for reactors licensed before [INSERT DATE 60 DAYS
AFTER DATE OF PUBLICATION IN THE FR] is a break area equal to the cross-sectional flow
area of the inside diameter of the largest piping attached to the reactor coolant system for a
pressurized water reactor, or the inside diameter of the larger of the feedwater line inside
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containment or the residual heat removal line inside containment for a boiling water reactor. For
reactors licensed after [INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR],
and for design certifications, design approvals, and manufacturing licenses approved or issued
after [INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR], the TBS will be
determined on a plant-specific basis.
(b) Applicability and scope.
(1) The requirements of this section may be applied to each boiling or pressurized lightwater nuclear power reactor fueled with uranium oxide pellets within cylindrical zircalloy or
ZIRLO cladding whose operating license was issued prior to [INSERT DATE 60 DAYS AFTER
DATE OF PUBLICATION IN THE FR]; to each boiling or pressurized light-water nuclear power
reactor fueled with uranium oxide pellets within cylindrical zircalloy or ZIRLO cladding whose
operating license, combined license under part 52 of this chapter or manufacturing license
under part 52 of this chapter is issued after [INSERT DATE 60 DAYS AFTER DATE OF
PUBLICATION IN THE FR] and whose design is demonstrated under § 50.46a(c)(2) to be
similar to the designs of reactors licensed before [INSERT DATE 60 DAYS AFTER DATE OF
PUBLICATION IN THE FR]; and to each boiling or pressurized light-water nuclear power reactor
fueled with uranium oxide pellets within cylindrical zircalloy or ZIRLO cladding whose design
approval or design certification under part 52 of this chapter is demonstrated under
§ 50.46a(c)(2) to be similar to the designs of reactors licensed before [INSERT DATE 60 DAYS
AFTER DATE OF PUBLICATION IN THE FR]. The requirements of this section do not apply to
a reactor for which the certification required under § 50.82(a)(1) has been submitted.
(2) The requirements of this section are in addition to any other requirements applicable
to ECCS set forth in this part, with the exception of § 50.46. The criteria set forth in paragraphs
(e)(3) and (e)(4) of this section, with cooling performance calculated in accordance with an
acceptable evaluation model or analysis method under paragraphs (e)(1) and (e)(2) of this
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section, are in implementation of the general requirements with respect to ECCS cooling
performance design set forth in this part, including in particular Criterion 35 of Appendix A to this
part.
(c) Application. (1) A construction permit holder or licensee of a facility, or other entity
seeking to implement this section shall submit the appropriate application containing the
following information:
(i) A written evaluation demonstrating applicability of the results in NUREG-1829,
AEstimating Loss-of-Coolant Accident (LOCA) Frequencies through the Elicitation Process@;
March 2008 and NUREG-1903, ASeismic Considerations for the Transition Break Size@;
February 2008, to the applicant’s facility. The applicant shall confirm that the NUREG-1903
results are applicable by demonstrating that the total frequency of seismically-induced direct
and indirect failures of piping larger than the TBS at its facility is significantly less than 10-5 per
year.
(ii) Identification of the approved analysis method(s) for demonstrating compliance with
the ECCS criteria in paragraph (e) of this section.
(iii) For an operating reactor whose construction permit was issued before [INSERT
DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR], and whose compliance with
paragraph (d)(5) of this section is to be determined by a period of time other than 14 days, the
proposed alternative period of time.
(iv) For an operating reactor whose license is issued under Part 52 of this chapter, the
length of time constituting a “short time” under paragraph (d)(5) of this section.
(v) A description of the risk-informed evaluation used to:
(A) Demonstrate that the proposed changes to the facility meet the requirements in
paragraph (f) of this section;
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(B) For an operating reactor whose construction permit was issued before [INSERT
DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR], demonstrate that the proposed
alternative to period specified in paragraph (d)(5) meets the acceptance criteria in paragraph
(c)(3)(iii)(B); or
(C) For an operating reactor whose license is issued under Part 52 of this chapter,
demonstrate that the time proposed by the licensee as constituting a “short time” under
paragraph (d)(5) meets the acceptance criteria in paragraph (c)(3)(iii)(C).
(vi) A construction permit holder or licensee of a facility, or an entity other than a design
certification applicant or a holder of a manufacturing license who wishes to make changes
enabled by this section without prior NRC review and approval must submit for NRC approval a
process to be used for evaluating the acceptability of these changes; including:
(A) A description of the approach, methods, and decisionmaking process to be used for
evaluating compliance with the acceptance criteria in paragraphs (f)(1), (f)(2), and (f)(3) of this
section; and
(B) A description of the PRA model and non-PRA risk assessment methods to be used
for demonstrating compliance with paragraphs (f)(4) and (f)(5) of this section.
(vii) A description of non-safety equipment that is credited for demonstrating compliance
with the ECCS acceptance criteria in paragraph (e) of this section.
(viii) A written evaluation demonstrating how the leak detection program in place at the
facility satisfies the criteria in paragraph (d)(2) of this section.
(2) Each applicant, other than one holding an operating license issued before [INSERT
DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR], seeking to implement the
requirements of this section shall, in addition to the information required by paragraphs (c)(1)(i)(viii) of this section, submit an analysis demonstrating why the proposed reactor design is
similar to the designs of reactors licensed before [INSERT DATE 60 DAYS AFTER DATE OF
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PUBLICATION IN THE FR] such that the provisions of this section may properly apply. The
analysis must also include a recommendation for an appropriate TBS and a justification that the
recommended TBS is consistent with the technical basis for this section.
(3) Acceptance criteria. The NRC may approve an application to use this section if:
(i) The evaluation submitted under paragraph (c)(1)(i) of this section demonstrates the
applicability of the NUREG-1829 and NUREG-1903 results to the facility. The NUREG-1903
results are applicable if the total frequency of seismically-induced direct and indirect failures of
piping larger than the TBS is significantly less than 10-5 per year;
(ii) The method(s) for demonstrating compliance with the ECCS acceptance criteria in
paragraphs (e)(3) and (e)(4) of this section meet the requirements in paragraphs (e)(1) and
(e)(2) of this section;
(iii) The risk-informed evaluation process(es) used to:
(A) Make changes under this section is adequate for determining whether the
acceptance criteria in paragraph (f) of this section have been met;
(B) For an operating reactor whose construction permit was issued before [INSERT
DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR], the evaluation submitted under
paragraph (c)(1)(v)(B) demonstrates that any short time other than 14 days in any 12-month
period that may be proposed for use under paragraph (d)(5) of this section, is consistent with
the mitigative capability available, the configuration specific risk, the philosophy of defense-indepth, and adequate safety margins; or
(C) For an operating reactor whose license is issued under Part 52 of this chapter, the
evaluation submitted under paragraph (c)(1)(v)(C) demonstrates that the short time proposed by
the licensee for use under paragraph (d)(5) of this section, is consistent with the mitigative
capability available, the configuration specific risk, the philosophy of defense-in-depth, adequate
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safety margins and does not result in a significant decrease in the level of safety otherwise
provided by the design.
(iv) If applicable, the risk-informed process proposed for use to make changes under
paragraph (f)(1) of this section, is adequate for determining whether the acceptance criteria in
paragraph (f) of this section, have been met;
(v) Non-safety equipment that is credited for demonstrating compliance with the ECCS
acceptance criteria in paragraph (e) of this section is identified in plant Technical Specifications
or appropriate conditions require that future licensees list this equipment in the plant’s Technical
Specifications;
(vi) For each reactor whose operating license, combined license, standard design
approval, manufacturing license, or standard design certification rule is issued after [INSERT
DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR], the reactor design is similar to
the designs of reactors licensed before [INSERT DATE 60 DAYS AFTER DATE OF
PUBLICATION IN THE FR] and the applicant’s TBS includes sufficient margin to provide
assurance that, when considering the limited availability of data and the uncertainty in the
estimation of loss-of-coolant accident frequency, the estimated frequency of breaks larger than
the TBS for all initiators does not exceed 10-5 per year; and
(vii) The applicable standards and requirements of the Act and the Commission’s
regulations have been met.
(d) Requirements during operation. A licensee whose application under paragraph (c) of
this section is approved by the NRC shall comply with the following requirements as long as the
facility is subject to the requirements in this section until the licensee submits the certifications
required by § 50.82(a):
(1) The licensee shall maintain ECCS model(s) and/or analysis method(s) meeting the
requirements in paragraphs (e)(1) and (e)(2) of this section;
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(2) The licensee shall have leak detection systems available at the facility and shall
implement actions as necessary to identify, monitor and quantify leakage to ensure that adverse
safety consequences do not result from primary pressure boundary leakage from piping and
components that are larger than the transition break size.
(3) Changes made under this section must, in addition to meeting other applicable NRC
requirements, be evaluated by a risk-informed evaluation demonstrating that the acceptance
criteria in paragraph (f) of this section, are met.
(4) The licensee shall periodically maintain and upgrade, as necessary, its risk
assessments to meet the requirements in paragraph (f)(4) and (f)(5) of this section. The
maintenance and upgrading shall be consistent with NRC-endorsed consensus standards on
PRA and must be completed in a timely manner, but no less often than once every four years.
Based upon a re-evaluation of the risk assessments after the periodic maintenance and
upgrading are completed, the licensee shall take appropriate action to ensure that the
acceptance criteria in paragraph (f) of this section, as applicable, are met. The PRA
maintenance and upgrading required by this section, and any necessary changes to the facility,
technical specifications and procedures as a result of this re-evaluation, shall not be deemed to
be backfitting under any provision of this chapter.
(5) For pipe breaks larger than the TBS, operation in a plant operating configuration not
demonstrated to meet the acceptance criteria in paragraph (e)(4) of this section may not exceed
a short time. A short time for an operating reactor whose construction permit was issued before
[INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR], is either a total of
fourteen (14) days in any 12-month period or an alternative proposed by the licensee and
approved by the NRC. A short time for an operating reactor whose license is issued under
Part 52 of this chapter shall be proposed by the licensee, approved by the NRC, and must
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demonstrate that there is not a significant decrease in the level of safety otherwise provided by
the design.
(6) The licensee shall perform an evaluation to determine the effect of all planned facility
changes and shall not implement any facility change that would invalidate the evaluation
performed pursuant to § 50.46a(c)(1)(i) demonstrating the applicability to the licensee’s facility
of the results in NUREG-1829 and NUREG-1903.
(e) ECCS Performance. Each nuclear power reactor or nuclear power reactor design
subject to this section must be provided with an ECCS that must be designed so that its
calculated cooling performance following postulated LOCAs conforms to the criteria set forth in
this section. The evaluation models for LOCAs must meet the criteria in this paragraph, and
must be approved for use by the NRC. Appendix K, Part II, to 10 CFR Part 50, sets forth the
documentation requirements for evaluation models.
(1) ECCS evaluation for LOCAs involving breaks at or below the TBS. ECCS cooling
performance at or below the TBS must be calculated in accordance with an evaluation model
that meets the requirements of either section I to Appendix K of this part, or the following
requirements, and must demonstrate that the acceptance criteria in paragraph (e)(3) of this
section are satisfied. The evaluation model must be used for a number of postulated LOCAs of
different sizes, locations, and other properties sufficient to provide assurance that the most
severe postulated LOCAs involving breaks at or below the TBS are analyzed. The evaluation
model must include sufficient supporting justification to show that the analytical technique
realistically describes the behavior of the reactor system during a LOCA. Comparisons to
applicable experimental data must be made and uncertainties in the analysis method and inputs
must be identified and assessed so that the uncertainty in the calculated results can be
estimated. This uncertainty must be accounted for, so that when the calculated ECCS cooling
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performance is compared to the criteria set forth in paragraph (e)(3) of this section, there is a
high level of probability that the criteria would not be exceeded.
(2) ECCS analyses for LOCAs involving breaks larger than the TBS. ECCS cooling
performance for LOCAs involving breaks larger than the TBS must be calculated in accordance
with an evaluation model that meets the requirements of either section I to Appendix K of this
part, or the following requirements, and must demonstrate that the acceptance criteria in
paragraph (e)(4) of this section are satisfied. The evaluation model must include sufficient
supporting justification to show that the analytical technique realistically describes the behavior
of the reactor system during a LOCA. Comparisons to applicable experimental data must be
made and uncertainties in the analysis method and inputs must be identified and assessed so
that the uncertainty in the calculated results can be estimated. This uncertainty must be
accounted for, so that when the calculated ECCS cooling performance is compared to the
criteria set forth in paragraph (e)(4) of this section, there is a high level of probability that the
criteria would not be exceeded. The evaluation model must be used for a number of postulated
LOCAs of different sizes, locations, and other properties sufficient to provide assurance that the
most severe postulated LOCAs larger than the TBS up to the double-ended rupture of the
largest pipe in the reactor coolant system are analyzed. These calculations may take credit for
the availability of offsite power and do not require the assumption of a single failure. Availability
of safety-related or non-safety-related equipment may be assumed if supported by plant-specific
data or analysis, and provided that onsite power can be readily provided through simple manual
actions to equipment that is credited in the analysis.
(3) Acceptance criteria for LOCAs involving breaks at or below the TBS. The following
acceptance criteria must be used in determining the acceptability of ECCS cooling performance:
(i) Peak cladding temperature. The calculated maximum fuel element cladding
temperature must not exceed 2200°F.
149

(ii) Maximum cladding oxidation. The calculated total oxidation of the cladding must not
at any location exceed 0.17 times the total cladding thickness before oxidation. As used in this
paragraph, total oxidation means the total thickness of cladding metal that would be locally
converted to oxide if all the oxygen absorbed by and reacted with the cladding locally were
converted to stoichiometric zirconium dioxide. If cladding rupture is calculated to occur, the
inside surfaces of the cladding must be included in the oxidation, beginning at the calculated
time of rupture. Cladding thickness before oxidation means the radial distance from inside to
outside the cladding, after any calculated rupture or swelling has occurred but before significant
oxidation. Where the calculated conditions of transient pressure and temperature lead to a
prediction of cladding swelling, with or without cladding rupture, the unoxidized cladding
thickness must be defined as the cladding cross-sectional area, taken at a horizontal plane at
the elevation of the rupture, if it occurs, or at the elevation of the highest cladding temperature if
no rupture is calculated to occur, divided by the average circumference at that elevation. For
ruptured cladding the circumference does not include the rupture opening.
(iii) Maximum hydrogen generation. The calculated total amount of hydrogen generated
from the chemical reaction of the cladding with water or steam must not exceed 0.01 times the
hypothetical amount that would be generated if all of the metal in the cladding cylinders
surrounding the fuel, excluding the cladding surrounding the plenum volume, were to react.
(iv) Coolable geometry. Calculated changes in core geometry must be such that the
core remains amenable to cooling.
(v) Long term cooling. After any calculated successful initial operation of the ECCS, the
calculated core temperature must be maintained at an acceptably low value and decay heat
must be removed for the extended period of time required by the long-lived radioactivity
remaining in the core.
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(4) Acceptance criteria for LOCAs involving breaks larger than the TBS. The following
acceptance criteria must be used in determining the acceptability of ECCS cooling performance:
(i) Coolable geometry. Calculated changes in core geometry must be such that the core
remains amenable to cooling.
(ii) Long term cooling. After any calculated successful initial operation of the ECCS, the
calculated core temperature must be maintained at an acceptably low value and decay heat
must be removed for the extended period of time required by the long-lived radioactivity
remaining in the core.
(5) Imposition of restrictions. The Director of the Office of Nuclear Reactor Regulation or
the Office of New Reactors may impose restrictions on reactor operation if it is found that the
evaluations of ECCS cooling performance submitted are not consistent with paragraph (e) of
this section.
(f) Changes to facility, technical specifications, or procedures. A construction permit
holder, licensee, or other entity who wishes to make changes enabled by this section, to the
facility, facility design, or procedures or to the technical specifications shall perform a riskinformed evaluation.
(1) A construction permit holder or licensee of a facility, or entity other than a design
certification applicant or a holder of a manufacturing license may make changes enabled by this
section, other than changes to the technical specifications, without prior NRC approval if:
(i) The change is permitted under § 50.59 for holders of operating licenses, combined
licenses that do not reference a design certification, design approval, or manufacturing license
(per § 52.98(b)), or combined licenses that reference a design approval; permitted under
§ 52.98(c) for holders of combined licenses that reference a design certification; or permitted
under § 52.98(d) for holders of combined licenses that reference a manufacturing license;
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(ii) The risk-informed evaluation process described in paragraph (c)(1)(vi) of this section
demonstrates that any increases in the estimated risk are minimal and the criteria in paragraph
(f)(3) of this section are met; and
(iii) The change does not invalidate the evaluation performed pursuant to paragraph
(c)(1)(i) of the applicability of the results in NUREG-1829 and NUREG-1903 to the applicant’s
facility.
(2) For implementing changes which are not permitted under paragraph (f)(1) of this
section, the construction permit holder or licensee of a facility, or other entity must submit the
appropriate application. The application must contain:
(i) For reactor licensees, the information required under § 50.90;
(ii) Information from the risk-informed evaluation demonstrating that the total increases in
core damage frequency and large early release frequency are very small and the overall risk
remains small and the criteria in paragraph (f)(3) of this section are met;
(iii) If previous changes have been made under § 50.46a, information from the riskinformed evaluation on the cumulative effect on risk of the proposed change and all previous
changes made under this section. If more than one plant change is combined; including plant
changes not enabled by this section, into a group for the purposes of evaluating acceptable risk
increases; the evaluation of each individual change shall be performed along with the evaluation
of combined changes;
(iv) Information demonstrating that the criteria in paragraphs (e)(3) and (e)(4) of this
section are met; and
(v) Information demonstrating that the proposed change will not increase the LOCA
frequency of the facility by an amount that would invalidate the applicability to the facility of the
results of NUREG-1829,AEstimating Loss-of-Coolant Accident (LOCA) Frequencies through the
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Elicitation Process@, March 2008, and NUREG-1903, ASeismic Considerations for the Transition
Break Size@, February 2008@).
(3) All changes made under this rule must meet the following criteria:
(i) Adequate defense in depth is maintained;
(ii) Adequate safety margins are retained to account for uncertainties;
(iii) Adequate performance-measurement programs are implemented to ensure the riskinformed evaluation continues to reflect actual plant design and operation. These programs
shall be designed to detect degradation of the system, structure or component before plant
safety is compromised, provide feedback of information and timely corrective actions, and
monitor systems, structures or components at a level commensurate with their safety
significance; and
(iv) For new reactor license applicants under Part 52, will not result in a significant
decrease in the level of safety otherwise provided by the new reactor design.
(4) Requirements for risk assessment - PRA. Whenever a PRA is used in the riskinformed evaluation, the PRA must, with respect to the area of evaluation which is the subject of
the PRA:
(i) Address initiating events from sources both internal and external to the plant and for
all modes of operation, including low power and shutdown modes, that would affect the
regulatory decision in a substantial manner;
(ii) Reasonably represent the current configuration and operating practices at the plant;
(iii) Have sufficient technical adequacy (including consideration of uncertainty) and level
of detail to provide confidence that the total risk estimate and the change in total risk estimate
adequately reflect the plant and the effect of the proposed change on risk; and
(iv) Be determined, through peer review, to meet industry standards for PRA quality that
have been endorsed by the NRC.
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(5) Requirements for risk assessment other than PRA. Whenever risk assessment
methods other than PRAs are used to develop quantitative or qualitative estimates of changes
to risk in the risk-informed evaluation, an integrated, systematic process must be used. All
aspects of the analyses must reasonably reflect the current plant configuration and operating
practices, and applicable plant and industry operating experience.
(g) Reporting.
(1) Licensees. (i) Each licensee shall estimate the effect of any change to or error in
evaluation models or analysis methods or in the application of such models or methods to
determine if the change or error is significant. For each change to or error discovered in an
ECCS evaluation model or analysis method or in the application of such a model that affects the
calculated results, the licensee shall report the nature of the change or error and its estimated
effect on the limiting ECCS analysis to the Commission at least annually as specified in §§ 50.4
or 52.3. If the change or error is significant, the licensee shall provide this report within 30 days
and include with the report a proposed schedule for providing a reanalysis or taking other action
as may be needed to show compliance with § 50.46a requirements. This schedule may be
developed using an integrated scheduling system previously approved for the facility by the
NRC. For those facilities not using an NRC-approved integrated scheduling system, a schedule
will be established by the NRC staff within 60 days of receipt of the proposed schedule. Any
change or error correction that results in a calculated ECCS performance that does not conform
to the criteria set forth in paragraphs (e)(3) or (e)(4) of this section is a reportable event as
described in §§ 50.55(e), 50.72 and 50.73. The licensee shall propose immediate steps to
demonstrate compliance or bring plant design or operation into compliance with § 50.46a
requirements. For the purpose of this paragraph, a significant change or error is:
(A) For LOCAs involving pipe breaks at or below the TBS, one which results either in a
calculated peak fuel cladding temperature different by more than 50°F from the temperature
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calculated for the limiting transient using the last acceptable model, or is a cumulation of
changes and errors such that the sum of the absolute magnitudes of the respective temperature
changes is greater than 50°F; or
(B) For LOCAs involving pipe breaks larger than the TBS, one which results in a
significant reduction in the capability to meet the requirements of paragraph (e)(4) of this
section.
(ii) As part of the PRA maintenance and upgrading under paragraph (d)(4) of this
section, the licensee shall report to the NRC if the re-evaluation results in exceeding the
acceptance criteria in paragraph (f) of this section, as applicable. The report must be filed with
the NRC no more than 60 days after completing the PRA re-evaluation. The report must
describe and explain the changes in the PRA modeling, plant design, or plant operation that led
to the increase(s) in risk, and must include a description of and implementation schedule for any
corrective actions required under paragraph (d)(4) of this section.
(iii) Every 24 months, the licensee shall submit, as specified in §§ 50.4 or 52.3, a short
description of each change involving minimal changes in risk made under paragraph (f)(1) of
this section after the last report and a brief summary of the basis for the licensee’s
determination pursuant to § 50.46a(f)(2)(vi) that the change does not invalidate the applicability
evaluation made under § 50.46a(c)(1)(i).
(2) Design certifications; applicants for and holders of design approvals. Each design
certification applicant and each applicant for and holder of a design approval shall estimate the
effect of any change to or error in evaluation models or analysis methods or in the application of
such models or methods to determine if the change or error is significant. For each change to
or error discovered in an ECCS evaluation model or analysis method or in the application of
such a model that affects the calculated results, the applicant or holder shall report the nature of
the change or error and its estimated effect on the limiting ECCS analysis to the Commission
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and to any applicant or licensee referencing the design approval or design certification at least
annually as specified in § 52.3. If the change or error is significant, the applicant or holder shall
provide this report within 30 days and include with the report a proposed schedule for providing
a reanalysis or taking other action as may be needed to show compliance with § 50.46a
requirements. A design certification applicant’s duty to report under this paragraph continues
until the later of either the termination or expiration of the design certification; or the termination
of the last license directly or indirectly referencing the design certification. For the purpose of
this paragraph, a significant change or error is:
(i) For LOCAs involving pipe breaks at or below the TBS, one which results either in a
calculated peak fuel cladding temperature different by more than 50°F from the temperature
calculated for the limiting transient using the last acceptable model, or is a cumulation of
changes and errors such that the sum of the absolute magnitudes of the respective temperature
changes is greater than 50°F; or
(ii) For LOCAs involving pipe breaks larger than the TBS, one which results in a
significant reduction in the capability to meet the requirements of paragraph (e)(4) of this
section.
(h) Documentation. Following implementation of the § 50.46a requirements, each entity
subject to this section shall maintain records sufficient to demonstrate compliance with the
requirements in this section in accordance with § 50.71.
(i) through (l) - [RESERVED]
(m) Changes to TBS. If the NRC increases the TBS specified in this section, affected
entities shall take the following actions.
(1) Operating licenses under Part 50, combined licenses under Part 52, and
manufacturing licenses. Each licensee subject to this section (other than a licensee referencing
a design certification rule or a design approval complying with the requirements of this section)
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shall re-perform the evaluations required by paragraphs (e)(1) and (e)(2) of this section and
reconfirm compliance with the acceptance criteria in paragraphs (e)(3) and (e)(4) of this section.
If the licensee cannot demonstrate compliance with the acceptance criteria, then the licensee
shall change its facility, technical specifications or procedures so that the acceptance criteria are
met. The evaluation required by this paragraph, and any necessary changes to the facility,
technical specifications or procedures as the result of this evaluation, are not to be deemed to
be backfitting under any provision of this chapter or a violation of any finality provision in
Part 52.
(2) Design certifications and referencing combined licenses under Part 52. Changes to
a TBS for a design certification must be accomplished by rulemaking, in accordance with 10
CFR 52.63(a). Holders of combined licenses referencing a design certification rule shall reperform the evaluations required by paragraphs (e)(1) and (e)(2) of this section and reconfirm
compliance with the acceptance criteria in paragraphs (e)(3) and (e)(4) of this section. If the
licensee cannot demonstrate compliance with the acceptance criteria, then the licensee shall
change its facility, technical specifications or procedures so that the acceptance criteria are met.
These actions are deemed to be in conformance with applicable finality provisions in Part 52.
(3) Design approvals and referencing combined licenses under Part 52. Holders of
combined licenses referencing a design approval rule shall re-perform the evaluations required
by paragraphs (e)(1) and (e)(2) of this section and reconfirm compliance with the acceptance
criteria in paragraphs (e)(3) and (e)(4) of this section. If the licensee cannot demonstrate
compliance with the acceptance criteria, then the licensee shall change its facility, technical
specifications or procedures so that the acceptance criteria are met. The evaluation required by
this paragraph, and any necessary changes to the facility design, technical specifications or
procedures as the result of this evaluation, are not to be deemed to be backfitting under any
provision of this chapter or a violation of any finality provision in Part 52.
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6. In ' 50.109, paragraph (b) is revised to read as follows:
' 50.109 Backfitting.

*

*

*

*

*

(b) Paragraph (a)(3) of this section shall not apply to:
(1) Backfits imposed prior to October 21, 1985; and
(2) Any changes made to the TBS specified in ' 50.46a or as otherwise applied to a
licensee.
*

*

*

*

*

7. In Appendix A to 10 CFR Part 50, under the heading, ACRITERIA,@ Criterion 17, 35,
38, 41, 44, and 50 are revised to read as follows:
APPENDIX A TO PART 50 -GENERAL DESIGN CRITERIA FOR NUCLEAR POWER
PLANTS

*

*

*

*

*

*

*

CRITERIA

*

*

*

Criterion 17--Electrical power systems. An on-site electric power system and an offsite
electric power system shall be provided to permit functioning of structures, systems, and
components important to safety. The safety function for each system (assuming the other
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system is not functioning) shall be to provide sufficient capacity and capability to assure that (1)
specified acceptable fuel design limits and design conditions of the reactor coolant pressure
boundary are not exceeded as a result of anticipated operational occurrences and (2) the core
is cooled and containment integrity and other vital functions are maintained in the event of
postulated accidents.
The onsite electric power supplies, including the batteries, and the onsite electrical
distribution system, shall have sufficient independence, redundancy, and testability to perform
their safety functions assuming a single failure, except for loss of coolant accidents involving
pipe breaks larger than the transition break size under 10 CFR 50.46a, where a single failure of
the onsite power supplies and electrical distribution system need not be assumed for plants
under 10 CFR 50.46a. For those pipe breaks only, neither a single failure nor the unavailability
of offsite power need be assumed.
Electric power from the transmission network to the onsite electric distribution system
shall be supplied by two physically independent circuits (not necessarily on separate rights of
way) designed and located so as to minimize to the extent practical the likelihood of their
simultaneous failure under operating and postulated accident conditions. A switchyard common
to both circuits is acceptable. Each of these circuits shall be designed to be available in
sufficient time following a loss of all onsite alternating current power supplies and the other
offsite electric power circuit, to assure that specified acceptable fuel design limits and design
conditions of the reactor coolant pressure boundary are not exceeded. One of these circuits
shall be designed to be available within a few seconds following a LOCA to assure that core
cooling, containment integrity, and other vital safety functions are maintained.
Provisions shall be included to minimize the probability of losing electric power from any
of the remaining supplies as a result of, or coincident with, the loss of power generated by the
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nuclear power unit, the loss of power from the transmission network, or the loss of power from
the onsite electric power supplies.

*

*

*

*

*

Criterion 35--Emergency core cooling. A system to provide abundant emergency core
cooling shall be provided. The system safety function shall be to transfer heat from the reactor
core following any loss of reactor coolant at a rate such that (1) fuel and clad damage that could
interfere with continued effective core cooling is prevented and (2) clad metal-water reaction is
limited to negligible amounts.
Suitable redundancy in components and features, and suitable interconnections, leak
detection, isolation, and containment capabilities shall be provided to assure that for onsite
electric power system operation (assuming offsite power is not available) and for offsite electric
power system operation (assuming onsite power is not available) the system safety function can
be accomplished, assuming a single failure, except for loss of coolant accidents involving pipe
breaks larger than the transition break size under 10 CFR 50.46a. For those pipe breaks only,
neither a single failure nor the unavailability of offsite power need be assumed.

*

*

*

*

*

Criterion 38--Containment heat removal. A system to remove heat from the reactor
containment shall be provided. The system safety function shall be to reduce rapidly, consistent
with the functioning of other associated systems, the containment pressure and temperature
following any LOCA and maintain them at acceptably low levels.
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Suitable redundancy in components and features, and suitable interconnections, leak
detection, isolation, and containment capabilities shall be provided to assure that for onsite
electric power system operation (assuming offsite power is not available) and for offsite electric
power system operation (assuming onsite power is not available) the system safety function can
be accomplished, assuming a single failure, except for analysis of loss of coolant accidents
involving pipe breaks larger than the transition break size under 10 CFR 50.46a. For those pipe
breaks only, neither a single failure nor the unavailability of offsite power need be assumed.

*

*

*

*

*

Criterion 41--Containment atmosphere cleanup. Systems to control fission products,
hydrogen, oxygen, and other substances which may be released into the reactor containment
shall be provided as necessary to reduce, consistent with the functioning of other associated
systems, the concentration and quality of fission products released to the environment following
postulated accidents, and to control the concentration of hydrogen or oxygen and other
substances in the containment atmosphere following postulated accidents to assure that
containment integrity is maintained.
Each system shall have suitable redundancy in components and features, and suitable
interconnections, leak detection, isolation, and containment capabilities to assure that for onsite
electric power system operation (assuming offsite power is not available) and for offsite electric
power system operation (assuming onsite power is not available) its safety function can be
accomplished, assuming a single failure, except for analysis of loss of coolant accidents
involving pipe breaks larger than the transition break size under 10 CFR 50.46a. For those pipe
breaks only, neither a single failure nor the unavailability of offsite power need be assumed.
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*

*

*

*

*

Criterion 44--Cooling water. A system to transfer heat from structures, systems, and
components important to safety, to an ultimate heat sink shall be provided. The system safety
function shall be to transfer the combined heat load of these structures, systems, and
components under normal operating and accident conditions.
Suitable redundancy in components and features, and suitable interconnections, leak
detection, and isolation capabilities shall be provided to assure that for onsite electric power
system operation (assuming offsite power is not available) and for offsite electric power system
operation (assuming onsite power is not available) the system safety function can be
accomplished, assuming a single failure, except for analysis of loss of coolant accidents
involving pipe breaks larger than the transition break size under 10 CFR 50.46a. For those pipe
breaks only, neither a single failure nor the unavailability of offsite power need be assumed.

*

*

*

*

*

Criterion 50--Containment design basis. The reactor containment structure, including
access openings, penetrations, and the containment heat removal system shall be designed so
that the containment structure and its internal compartments can accommodate, without
exceeding the design leakage rate and with sufficient margin, the calculated pressure and
temperature conditions resulting from any loss-of-coolant accident. This margin shall reflect
consideration of (1) the effects of potential energy sources which have not been included in the
determination of the peak conditions, such as energy in steam generators and as required by
10 CFR 50.44 energy from metal-water and other chemical reactions that may result from
degradation but not total failure of emergency core cooling functioning, (2) the limited
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experience and experimental data available for defining accident phenomena and containment
responses, and (3) the conservatism of the calculational model and input parameters.
For reactors designed to comply with 10 CFR 50.46a, the structural and leak tight
integrity of the reactor containment structure, including access openings, penetrations, and its
internal compartments, shall be maintained for realistically calculated pressure and temperature
conditions resulting from any loss of coolant accident larger than the transition break size.

*

*

*

*

*

PART 52 - LICENSES, CERTIFICATIONS AND APPROVALS FOR NUCLEAR POWER
PLANTS
8. The authority citation for part 52 continues to read as follows:
AUTHORITY: Secs. 103, 104, 161, 182, 183, 185, 186, 189, 68 Stat. 936, 948, 953, 954,
955, 956, as amended, sec. 234, 83 Stat. 444, as amended (42 U.S.C. 2133, 2201, 2232, 2233,
2235, 2236, 2239, 2282); secs. 201, 202, 206, 88 Stat. 1242, 1244, 1246, as amended
(42U.S.C. 5841, 5842, 5846); sec. 1704, 112 Stat. 2750 (44 U.S.C. 3504 note); Energy Policy
Act of 2005, Pub. L. No. 109-58, 119 Stat. 594 (2005), secs. 147 and 149 of the Atomic Energy
Act.
9. In § 52.47, paragraph (a)(4) is revised to read as follows:
§ 52.47 Contents of applications; technical information

(a)

*

*

*

(4) An analysis and evaluation of the design and performance of structures, systems,
and components with the objective of assessing the risk to public health and safety resulting
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from operation of the facility and including determination of the margins of safety during normal
operations and transient conditions anticipated during the life of the facility, and the adequacy of
structures, systems, and components provided for the prevention of accidents and the mitigation
of the consequences of accidents.
(i) Analysis and evaluation of emergency core cooling system (ECCS) cooling
performance and the need for high-point vents following postulated loss-of-coolant accidents
may be performed under the requirements of either § 50.46 or § 50.46a and § 50.46b of this
chapter for designs certified after [INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN
THE FR] and demonstrated under § 50.46a(c)(2) of this chapter to be similar to reactor designs
licensed before [INSERT DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR], or
(ii) Analysis and evaluation of ECCS cooling performance and the need for high-point
vents following postulated loss-of-coolant accidents must be performed under the requirements
of §§ 50.46 and 50.46b of this chapter for designs that are not demonstrated under
§ 50.46a(c)(2) of this chapter to be similar to reactor designs licensed before [INSERT DATE 60
DAYS AFTER DATE OF PUBLICATION IN THE FR].

*

*

*

10. In § 52.54, paragraph (b) is revised to read as follows:
§ 52.54 Issuance of standard design certification.

*

*

*

(b) The design certification rule must specify the site parameters, design characteristics,
and any additional requirements and restrictions of the design certification rule. A design
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certification rule which was reviewed and approved as meeting the requirements of
10 CFR 50.46a must specify the criteria governing departures that a referencing combined
license must meet. The criteria must ensure that the safety bases for the NRC’s approval of the
certified design’s compliance with § 50.46a (including applicability of the TBS) continue to apply
despite the departure.

*

*

*

*

*

11. In § 52.63, paragraph (a)(1)(viii) is added to read as follows:
§ 52.63 Finality of standard design certifications.

(a)(1)

*

*

(viii) Implements the requirements of 10 CFR 50.46a.

*

*

*

*

*

12. In § 52.79, paragraph (a)(5) is revised to read as follows:
§ 52.79 Contents of applications; technical information in final safety analysis report.

(a)

*

*

*

(5) An analysis and evaluation of the design and performance of structures, systems,
and components with the objective of assessing the risk to public health and safety resulting
from operation of the facility and including determination of the margins of safety during normal
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operations and transient conditions anticipated during the life of the facility, and the adequacy of
structures, systems, and components provided for the prevention of accidents and the mitigation
of the consequences of accidents.
(i) Analysis and evaluation of ECCS cooling performance and the need for high-point
vents following postulated loss-of-coolant accidents must be performed under the requirements
of either § 50.46 or § 50.46a and § 50.46b of this chapter for facilities licensed after [INSERT
DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR] and demonstrated under
§ 50.46a(c)(2) of this chapter to be similar to reactor designs licensed before [INSERT DATE 60
DAYS AFTER DATE OF PUBLICATION IN THE FR], or
(ii) Analysis and evaluation of ECCS cooling performance and the need for high-point
vents following postulated loss-of-coolant accidents must be performed under the requirements
of §§ 50.46 and 50.46b of this chapter for facilities licensed after [INSERT DATE 60 DAYS
AFTER DATE OF PUBLICATION IN THE FR] and not demonstrated under § 50.46a(c)(2) of
this chapter to be similar to reactor designs licensed before [INSERT DATE 60 DAYS AFTER
DATE OF PUBLICATION IN THE FR].

*

*

*

*

*

13. In § 52.137, paragraph (a)(4) is revised to read as follows:
§ 52.137 Contents of applications; technical information.

(a)

*

*

*

(4) An analysis and evaluation of the design and performance of SSCs with the objective
of assessing the risk to public health and safety resulting from operation of the facility and
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including determination of the margins of safety during normal operations and transient
conditions anticipated during the life of the facility, and the adequacy of SSCs provided for the
prevention of accidents and the mitigation of the consequences of accidents.
(i) Analysis and evaluation of ECCS cooling performance and the need for high-point
vents following postulated loss-of-coolant accidents must be performed under the requirements
of either § 50.46 or § 50.46a and § 50.46b of this chapter for designs approved after [INSERT
DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR] and demonstrated under
§ 50.46a(c)(2) of this chapter to be similar to reactor designs licensed before [INSERT DATE 60
DAYS AFTER DATE OF PUBLICATION IN THE FR], or
(ii) Analysis and evaluation of ECCS cooling performance and the need for high-point
vents following postulated loss-of-coolant accidents must be performed under the requirements
of §§ 50.46 and 50.46b of this chapter for designs that are not demonstrated under
§ 50.46a(c)(2) of this chapter to be similar to reactor designs licensed before [INSERT DATE 60
DAYS AFTER DATE OF PUBLICATION IN THE FR].

*

*

*

*

*

14. In § 52.157, paragraph (f)(1) is revised to read as follows:
§ 52.157 Contents of applications; technical information in final safety analysis report.

(f)

*

*

*

(1) An analysis and evaluation of the design and performance of structures, systems,
and components with the objective of assessing the risk to public health and safety resulting
from operation of the facility and including determination of the margins of safety during normal
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operations and transient conditions anticipated during the life of the facility, and the adequacy of
structures, systems, and components provided for the prevention of accidents and the mitigation
of the consequences of accidents.
(i) Analysis and evaluation of ECCS cooling performance and the need for high-point
vents following postulated loss-of-coolant accidents must be performed under the requirements
of either § 50.46 or § 50.46a and § 50.46b of this chapter for facilities licensed after [INSERT
DATE 60 DAYS AFTER DATE OF PUBLICATION IN THE FR] and demonstrated under
§ 50.46a(c)(2) to be similar to reactor designs licensed before [INSERT DATE 60 DAYS AFTER
DATE OF PUBLICATION IN THE FR], or
(ii) Analysis and evaluation of ECCS cooling performance and the need for high-point
vents following postulated loss-of-coolant accidents must be performed under the requirements
of §§ 50.46 and 50.46b of this chapter for facilities licensed after [INSERT DATE 60 DAYS
AFTER DATE OF PUBLICATION IN THE FR] and not demonstrated under § 50.46a(c)(2) of
this chapter to be similar to reactor designs licensed before [INSERT DATE 60 DAYS AFTER
DATE OF PUBLICATION IN THE FR].

*

*

Dated at Rockville, Maryland, this

*

*

day of

*

, 2010.

For the Nuclear Regulatory Commission.

R. W. Borchardt,
Executive Director for Operations
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