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COMPREHENSIVE RISK METRICS AND ASSOCIATED RISK 
PERFORMANCE OBJECTIVES FOR COMMERCIAL NUCLEAR 

PLANTS 
A.  INTRODUCTION 

Purpose 

This regulatory guide (RG) describes approaches that are acceptable to the staff of the 
U.S. Nuclear Regulatory Commission (NRC) for developing comprehensive risk metrics (CRMs) and 
associated risk performance objectives (RPOs). 

Applicability 

This RG applies to (1) designers, (2) applicants for permits, licenses, certifications, and 
approvals, and (3) licensees of commercial nuclear plants under Title 10 of the Code of Federal 
Regulations (10 CFR) Part 53, “Risk-Informed, Technology-Inclusive Regulatory Framework for 
Commercial Nuclear Plants” (Ref. 1). 

Applicable Regulations 

• 10 CFR Part 53 applies to applicants for, and holders of, construction permits, operating licenses, 
early site permits, standard design certifications, combined licenses, standard design approvals 
(SDAs), and manufacturing licenses (MLs) for nuclear power facilities under Part 53. 

o 10 CFR 53.220(b) requires that the analysis of risks to public health and safety resulting from 
licensing-basis events (LBEs) other than design-basis accidents under 10 CFR 53.450(e) 
include CRMs that satisfy associated RPOs that are acceptable to the NRC and provide an 
appropriate level of safety. 

o 10 CFR 53.1124(c) states that an application for a SDA may, but need not, reference an 
operating license (OL) or custom combined license (COL) under 10 CFR Part 53 that is 
essentially the same as the information supporting the standard design for which approval is 
being requested. This provision offers flexibility for an applicant that may wish to license a 
first-of-a-kind (FOAK) reactor for operation before seeking generic approval of the standard 
design. 
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o 10 CFR 53.1124(d) states that an application for a standard design certification (DC) may, 
but need not, reference an OL or custom COL under 10 CFR Part 53 that is essentially the 
same as the standard design for which certification is being requested. This provision offers 
flexibility for an applicant that may wish to license a FOAK reactor for operation before 
seeking generic certification of the standard design. 

o 10 CFR 53.1124(e)(2) states that an application for a ML may reference a DC or SDA under 
10 CFR Part 53. 

o 10 CFR 53.1124(f) states that an application for a construction permit (CP) may, but need 
not, reference a DC, SDA, or ML issued under 10 CFR Part 53. 

o 10 CFR 53.1124(g)(1) states that an application for an OL may, but need not, reference a DC 
or SDA issued under 10 CFR Part 53. 

o 10 CFR 53.1124(h) states that an application for a COL may, but need not, reference a DC, 
SDA, or ML issued under 10 CFR Part 53. 

o 10 CFR 53.1288(b) states that an applicant that references or uses a manufactured reactor 
manufactured under an ML under 10 CFR Part 53 may include in the application a request for 
a departure from the design characteristics, site parameters, terms and conditions, or approved 
design of the manufactured reactor. The Commission may grant a request only if it 
determines that the departure will comply with the requirements of 10 CFR 53.080, “Specific 
exemptions,” and that the special circumstances outweigh any decrease in safety that may 
result from the reduction in standardization caused by the departure. The granting of a 
departure on request of an applicant is subject to litigation in the same manner as other issues 
in the COL hearing. 

o 10 CFR 53.1330(b) states that an applicant for a CP that has filed an application referencing 
an NRC approval, permit, or certification issued under 10 CFR Part 53 may include in the 
application a request for exemptions, departures, or variances related to the referenced NRC 
approval, permit, or certification. 

o 10 CFR 53.1384(b) states that an applicant for an OL that has filed an application referencing 
an NRC approval, permit, license, or certification issued under 10 CFR Part 53 may include 
in the application a request for departures, variances, or exemptions related to the referenced 
NRC approval, permit, license, or certification. 

o 10 CFR 53.1437(c) states that an applicant for a COL that has filed an application referencing 
the use of a manufactured reactor may include in the application a request for a departure 
from one or more design characteristics, site parameters, terms and conditions, or approved 
design of the manufactured reactor under the ML issued under 10 CFR 53.1287, “Issuance of 
manufacturing licenses.” The Commission may grant such a request only if it determines that 
the departure will comply with the requirements of 10 CFR 53.080, and that the special 
circumstances outweigh any decrease in safety that may result from the reduction in 
standardization caused by the departure. 

o 10 CFR 53.1530(b) states that the holder of a COL under 10 CFR Part 53 that references or 
uses a manufactured reactor under 10 CFR Part 53 must request approval for any proposed 
departure from the design characteristics, site parameters, terms and conditions, or approved 
design of the manufactured reactor. The application for such departures must be submitted 
and processed in accordance with 10 CFR 53.1510, “Application for amendment of license”; 
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10 CFR 53.1515, “Public notices; State consultation”; and 10 CFR 53.1520, “Issuance of 
amendment.” If an ML references a DC rule, the amendment application from the COL 
holder must also request an exemption from the DC rule under 10 CFR 53.1525, “Revising 
certification information within a design certification rule,” if one or more elements of the 
certification information are adversely affected by the proposed change. The COL holder 
must evaluate changes to the commercial nuclear plant as described in the final safety 
analysis report, but outside of the scope of the referenced ML, using the criteria in 
10 CFR 53.1550, “Evaluating changes to facility as described in Final Safety Analysis 
Reports.” 

o 10 CFR 53.1550(a)(2)(iii)(A) states that an OL or COL holder must obtain a license 
amendment to change the NRC-approved CRM(s) or associated RPO under 
10 CFR 53.220(b). 

Related Guidance 

• “Policy Statement on the Regulation of Advanced Reactors” (Ref. 2) establishes the Commission’s 
policy for advanced reactor designs to protect the environment and public health and safety and 
promote the common defense and security. 

• “Safety Goals for the Operation of Nuclear Power Plants” (Ref. 3) focuses on the risk to the public 
from nuclear power plant operation and establishes goals that broadly define an acceptable level of 
radiological risk. 

• “Severe Reactor Accidents Regarding Future Designs and Existing Plants” (Ref. 4) establishes the 
Commission’s policy for resolving safety issues related to reactor accidents more severe than 
design-basis accidents. 

Purpose of Regulatory Guides 

The NRC issues RGs to describe methods that are acceptable to the staff for implementing 
specific parts of the agency’s regulations, to explain techniques that the staff uses in evaluating specific 
issues or postulated events, and to describe information that the staff needs in its review of applications 
for permits and licenses. Regulatory guides are not NRC regulations and compliance with them is not 
required. Methods and solutions that differ from those set forth in RGs are acceptable if the applicant 
provides sufficient basis and information for the NRC staff to verify that the alternative methods comply 
with the applicable NRC regulations. 

Paperwork Reduction Act 

This RG provides voluntary guidance for implementing the mandatory information collections in 
10 CFR Parts 53 that are subject to the Paperwork Reduction Act of 1995 (44 U.S.C. 3501 et. seq.). These 
information collections were approved by the Office of Management and Budget (OMB), under control 
number 3150-0274.  

Send comments regarding this information collection to Infocollects.Resource@nrc.gov, and to 
the OMB reviewer at: OMB Office of Information and Regulatory Affairs (3150-0274), Attn: Desk 
Officer for the Nuclear Regulatory Commission, 725 17th Street, NW, Washington, DC 20503. 
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Public Protection Notification 

The NRC may not conduct or sponsor, and a person is not required to respond to a collection of 
information unless the document requesting or requiring the collection displays a currently valid OMB 
control number. 
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B.  DISCUSSION 

Reason for Issuance 

This RG provides the NRC staff’s guidance on developing CRMs and RPOs to support a 
technology-inclusive, risk-informed, and performance-based approach to the design and operation of 
commercial nuclear plants under 10 CFR Part 53. 

Background 

In general, a risk metric is a value that expresses the likelihood that a specified set of event 
sequences will occur and the type and magnitude of the consequence that results if an event sequence in 
the specified set occurs. A CRM, as used in 10 CFR Part 53, approximates the total overall risk of the 
commercial nuclear plant by including event sequences that may do the following: 

• affect any radiological source or combination of sources at the commercial nuclear plant 

• occur during any operating mode (e.g., at-power, low-power, shutdown) of the commercial 
nuclear plant 

• be initiated by any internal hazard (e.g., internal events, internal floods, internal fires) or 
external hazard (e.g., seismic events, external floods, high winds) 

It should be noted that the occurrence of an event sequence causes a variety of consequences. 
Accordingly, it may be necessary to define a set of CRMs to gain a full appreciation of the total overall 
commercial nuclear plant risk. For example, an applicant may propose the following: 

• CRMs that measure health effect risks (e.g., short-term and long-term mortality risks, 
morbidity risks, risks related to societal disruptions caused by the need to evacuate or relocate 
the population surrounding the commercial nuclear plant) 

• CRMs that are expressed in terms of the dose received at a fixed location over a stated 
duration or the cumulative dose received over a specified region surrounding the site over a 
stated duration 

• CRMs that are related to the type and quantity of radioactive materials released over a stated 
duration, including land contamination 

The CRM or set of CRMs and associated RPOs are used in several ways to support a risk-
informed and performance-based approach to the design and operation of commercial nuclear plants 
under 10 CFR Part 53: 

• The safety criterion in 10 CFR 53.220(b) includes a requirement to use a CRM or set of 
CRMs and associated RPOs against which calculated values of the CRMs are compared. The 
CRM or set of CRMs and associated RPOs support a performance-based approach to 
developing an appropriate combination of design features and programmatic controls to 
regulate both the frequency and the severity of LBEs other than design-basis accidents under 
10 CFR 53.450(e). 

o The applicant must propose the CRM or set of CRMs and associated RPOs, and the 
CRM or set of CRMs and associated RPOs must provide an appropriate level of 
safety. Accordingly, the CRM or set of CRMs and associated RPOs are part of the 
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commercial nuclear plant’s licensing-basis information as defined in 10 CFR 53.020, 
“Definitions.” 

o The RPOs should reflect time-averaged risks and do not constitute a real-time 
requirement that must be continuously demonstrated by the licensee. The use of a 
CRM or set of CRMs and associated RPOs that reflect time-averaged risks to 
establish performance goals for safety-related and non-safety-related but safety-
significant systems, structures, and components (SSCs) is consistent with current 
practices that use other risk assessment techniques to address short-term commercial 
nuclear plant configurations during maintenance activities. 

o The NRC’s approval of the use of a CRM or set of CRMs with associated RPOs is 
not, by itself, an indicator of adequate protection. Rather, the comparison of 
calculated CRMs to associated RPOs is part of a suite of regulatory requirements 
(including, but not limited to, deterministic criteria and defense-in-depth measures) 
that, when considered holistically, form the basis for the NRC’s decision-making. 

• The CRM or set of CRMs and associated RPOs may be used to help identify risk-significant 
functions, event sequences, SSCs, and human actions. 

Commission policy expectations may be used to inform the development of an acceptable CRM 
or set of CRMs and associated RPOs. As discussed in Administrative Conference Recommendation 
2017-5, “Agency Guidance Through Policy Statements,” (Ref. 5), general statements of policy under the 
Administrative Procedure Act (5 U.S.C.§ 551 et seq.) are agency statements of general applicability. 
Commission policy statements are not binding on members of the public, and a member of the public may 
take a lawful approach different from the one set forth in a policy statement or request that the NRC take 
such a lawful approach. 

The Policy Statement on the Regulation of Advanced Reactors establishes the NRC’s policy for 
advanced reactor designs to protect the environment and public health and safety and promote the 
common defense and security. With respect to developing a CRM or set of CRMs and associated RPOs, 
the policy statement indicates the following: 

• Regarding advanced reactors, the Commission expects, as a minimum, the same degree of 
protection of the environment and public health and safety and the common defense and 
security as that required for current generation light-water reactors (LWRs).1 

• The Commission also expects that advanced reactor designs will comply with its Safety 
Goals for the Operation of Nuclear Power Plants. 

In Staff Requirements Memorandum (SRM)-SECY-19-0117, “Staff Requirements—
SECY-19-0117—Technology-Inclusive, Risk-Informed, and Performance-Based Methodology to Inform 
the Licensing Basis and Content of Applications for Licenses, Certifications, and Approvals for 
Non-Light-Water Reactors,” (Ref. 6), the Commission reiterated this expectation when it approved the 
use of a technology-inclusive, risk-informed, and performance-based methodology as a reasonable 
approach for establishing key parts of the licensing basis and content of applications for licenses, 
certifications, and approvals for non-LWRs. This approval led to the issuance of RG 1.233, “Guidance for 
a Technology-Inclusive, Risk-Informed, and Performance-Based Methodology to Inform the Licensing 
Basis and Content of Applications for Licenses, Certifications, and Approvals for Non-Light-Water 
                                            
1  In the Policy Statement on the Regulation of Advanced Reactors, current generation LWRs are those nuclear power plants 

licensed before 1997. 
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Reactors,” (Ref. 7), which endorsed the industry’s Licensing Modernization Project (LMP) methodology 
described in the Nuclear Energy Institute (NEI) document NEI 18-04, Revision 1, “Risk-Informed 
Performance-Based Technology Inclusive Guidance for Non-Light Water Reactor Licensing Basis 
Development,” (Ref. 8). The Commission specifically directed the NRC staff as follows: 

In its work on the regulatory framework for advanced reactors, the staff should continue to 
recognize that the Commission’s established policy on the application of the safety goals and 
safety performance expectations provides an acceptable minimum safety standard for new 
reactors while taking into account the need to adapt the aspects of our current regulatory 
framework for reactors that provide operational flexibility based on risk assessment, such as the 
more than minimal increases in risk test in Section 50.59, the Maintenance Rule of Section 50.65, 
and the quality assurance criteria of Appendix B to reflect the significantly lower risks inherent in 
the design of advanced reactors. 

The Safety Goals for the Operation of Nuclear Power Plants established two qualitative safety 
goals that broadly define an acceptable level of radiological risk: 

1. Individual members of the public should be provided a level of protection from the 
consequences of nuclear power plant operation such that individuals bear no significant 
additional risk to life and health. 

2. Societal risks to life and health from nuclear power plant operation should be comparable to 
or less than the risks of generating electricity by viable competing technologies and should 
not be a significant addition to other societal risks. 

In SRM-SECY-89-102, “SECY-89-102—Implementation of the Safety Goals,” (Ref. 9), the 
Commission stated that the safety goals “provide a definition of ‘how safe is safe enough’ that should be 
seen as guidance on how far to go when proposing safety enhancements, including those to be considered 
under the Backfit Rule [10 CFR 50.109 (Ref. 10)].” This statement is reflected in NUREG/BR-0058, 
“Regulatory Analysis Guidelines of the U.S. Nuclear Regulatory Commission,” (Ref. 11), which provides 
guidance to the NRC staff for developing regulatory analyses that may include supporting safety goal 
evaluations. Specifically, section 2.2 states the following: 

The safety goal evaluation is intended to determine whether the residual risk is already acceptably 
low such that a regulatory requirement should not be imposed generically on nuclear power 
plants. The intent is to eliminate some proposed requirements from further consideration 
independently of whether they could be justified by a regulatory analysis on their net-value basis. 

Accordingly, an applicant’s proposed CRMs and associated RPOs are acceptable if they can be 
used to demonstrate that the underlying purposes of the Commission’s qualitative safety goals have been 
achieved. 

The Safety Goals for the Operation of Nuclear Power Plants established two quantitative health 
objectives (QHOs) concerning mortality risks to be used in determining achievement of the two 
qualitative safety goals: 

1. The risk to an average individual in the vicinity of a nuclear power plant of prompt fatalities 
that might result from reactor accidents should not exceed one-tenth of one percent 
(0.1 percent) of the sum of prompt fatality risks resulting from other accidents to which 
members of the U.S. population are generally exposed. 
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2. The risk to the population in the area near a nuclear power plant of cancer fatalities that might 
result from nuclear power plant operation should not exceed one-tenth of one percent 
(0.1 percent) of the sum of cancer fatality risks resulting from all other causes. 

In practice, computed values of individual early fatality risk (IEFR) and individual latent cancer 
fatality risk (ILCFR) are compared to absolute values for mortality risks that are derived from national 
health and accident statistics, as discussed in NUREG-0880, “Safety Goals for Nuclear Power Plant 
Operation” (Ref. 12). RG 1.247, “Acceptability of Probabilistic Risk Assessment Results for Non-Light-
Water Reactor Risk-Informed Activities,” (Ref. 13), contains detailed definitions of IEFR and ILCFR 
risk, which are reproduced below for convenience: 

• Individual early fatality risk (IEFR): The risk of an early fatality to a biologically average 
individual (in terms of age and other risk factors) who resides within 1 mile of the site 
exclusion area boundary. If no individuals reside within 1 mile of the plant boundary, for 
evaluation purposes, an individual should be assumed to reside 1 mile from the site boundary. 
An accident may result in the release of a large quantity of radionuclides to the environment 
that can result in high acute doses to specific organs (e.g., red blood marrow, lungs, lower 
large intestine) that, in turn, can result in prompt (or early) health effects, fatalities, and 
injuries. Doses that accumulate during the first week after the accidental release are usually 
considered when calculating these early health effects. Potential exposure pathways for fatal 
acute doses typically include inhalation, cloudshine, groundshine, and resuspension 
inhalation. An early fatality is defined as one that results in death within 1 year of exposure. 

• Individual latent cancer fatality risk (ILCFR): The risk of a latent cancer fatality to a 
biologically average individual who resides within 10 miles of the site. Doses from both acute 
and chronic exposures, including lifetime 50-year committed doses from early-phase 
exposure, can result in latent cancer fatalities. These doses arise from exposures that occur 
during both the early phase (within 1 week of the release) from early-phase exposure 
pathways, such as cloudshine, groundshine, inhalation, and resuspension inhalation, and 
during the long-term phase from long-term exposure pathways, such as groundshine and 
resuspension inhalation. 

These definitions are consistent with the current probabilistic risk assessment (PRA) state-of-
practice; however, an applicant may elect to revise these definitions with appropriate justification. 

When the Commission was developing its safety goal policy statement, the QHOs were defined 
on a per-reactor basis, as discussed in NUREG-0880: 

Some commenters objected to the originally proposed individual and societal numerical 
guidelines because they were to be applied on a per-site basis. This would have resulted in tighter 
requirements being imposed on plants at multi-unit sites than at single-unit sites. The 
Commission decided not to impose a regulatory bias against multi-unit sites. Therefore, the 
quantitative design objectives were changed from risks per site to risks per plant. 

However, the original per-reactor interpretation of the QHOs has evolved in recognition of the 
desire to use risk-informed and performance-based approaches to help assess the acceptability of all 
design features and programmatic controls, including those features and control related to non-core 
radiological sources. Specifically— 

• In 10 CFR 53.020, a commercial nuclear plant is defined as “a facility consisting of one or 
more commercial nuclear reactors and associated co-located support facilities, including the 
collection of buildings, radionuclide sources, and SSCs for which a license, certification, or 
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approval is being sought under this part, that is or will be used for producing power for 
commercial electric power or other commercial purposes.” 

• The industry’s LMP methodology states that the selection of PRA risk metrics should address 
event sequences that may involve one or more reactor modules or nonreactor radionuclide 
sources. This is addressed by considering the following approaches: 

o The Initiating Events and event sequences in the PRA delineate events involving 
each reactor module and radionuclide source separately as well as events involving 
two or more reactor modules or sources. 

o Dependencies associated with shared systems and structures are explicitly modeled in 
an integrated fashion to support an integrated risk assessment of the entire plant, 
where the plant may comprise two or more reactor modules and noncore radionuclide 
sources. 

o Treatment of human actions considers the unique performance-shaping factors 
associated with multireactor module and multisource event sequences. 

o Treatment of common-cause failures delineates those that may impact multireactor 
modules. 

o The frequency basis of the event sequence quantification is events per (multireactor 
module/multisource) plant-year. 

It should be noted that the LMP methodology conservatively retains the same numerical values 
for the QHOs developed in NUREG-0880 when applying them on a per-plant basis (i.e., IERF ≤ 5×10-7 
per plant-year and ILCFR ≤ 2×10-6 per plant-year). 

The staff recognizes that new commercial nuclear plants may be constructed on new or existing 
sites (i.e., sites that have one or more operating reactors). Historically, the NRC has not explicitly 
considered integrated site risk when reviewing applications for early site permits or COLs. Moreover, the 
focus of 10 CFR 53.220(b) is to help assess the acceptability of design features and programmatic 
controls of a proposed (new) commercial nuclear plant. Accordingly, it is acceptable to exclude the risk 
from any co-located operating plants when defining the CRMs and associated RPOs. 

Consideration of International Standards 

The International Atomic Energy Agency (IAEA) works with member states and other partners to 
promote the safe, secure, and peaceful use of nuclear technologies. The IAEA develops Safety 
Requirements and Safety Guides for protecting people and the environment from harmful effects of 
ionizing radiation. This system of safety fundamentals, safety requirements, safety guides, and other 
relevant reports, reflects an international perspective on what constitutes a high level of safety. To inform 
its development of this RG, the NRC considered IAEA Safety Requirements and Safety Guides pursuant 
to the Commission’s International Policy Statement (Ref. 14) and Management Directive and Handbook 
6.6, “Regulatory Guides” (Ref. 15). 
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The following IAEA Safety Requirements and Guides were considered in the 
development/update of the Regulatory Guide: 

• Safety Series No. 106, “The Role of Probabilistic Safety Assessment and Probabilistic Safety 
Criteria in Nuclear Power Plant Safety,” (Ref. 16), establishes guidelines on the role that 
probabilistic safety assessment (PSA) can play as part of an overall safety assurance program 
in nuclear power plants. It also describes a framework for probabilistic safety criteria and 
provides guidance for the establishment of those values. 

• IAEA-TECDOC-1874, “Hierarchical Structure of Safety Goals for Nuclear Installations,” 
(Ref. 17), discusses the development and application of a hierarchical structure of safety 
goals encompassing high-level goals and detailed technical requirements that may assist in 
forming a coherent and consistent approach to nuclear safety. 

• Specific Safety Guide SSG-3, Revision 1, “Development and Application of Level 1 
Probabilistic Safety Assessment for Nuclear Power Plants,” (Ref. 18), which provides 
recommendations for performing or managing a Level 1 PSA project for a nuclear power 
plant and using it to support the plant’s safe design and operation. Of relevance to this RG, 
section 2.10 states the following: 

When the aim of the PSA is to identify significant contributors to risk or to choose 
between various design options and plant configurations, a reference value may not be 
necessary. However, when the aim of the PSA is to assist in reaching a judgement on 
whether (i) a calculated risk is acceptable; (ii) a proposed change to the design or 
operation of the plant is acceptable; or (iii) a change is necessary to reduce the level of 
risk, then probabilistic reference values should be specified to provide guidance to 
designers, operating organizations, regulatory bodies and other interested parties in 
fulfilling their respective roles in the provision of safe nuclear power. 
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C.  STAFF REGULATORY GUIDANCE 
This section provides guidance to applicants and licensees on proposing a CRM or set of CRMs 

and associated RPOs that is based on the principle of demonstrating that the underlying purposes of the 
Commission’s qualitative safety goals have been achieved. Commission policies are not legally binding 
on applicants or licensees, who may elect to propose and justify a CRM or set of CRMs and associated 
RPOs using other principles. This guidance has been organized according to the various licensing 
pathways and associated change provisions available under 10 CFR Part 53, as follows: 

1. applications for SDAs, DCs, MLs, CPs, OLs, or COLs that do not reference another SDA, 
DC, ML, CP, OL, or COL (which this RG calls “original licensing applications”) 

2. applications for SDAs, DCs, MLs, CPs, OLs, or COLs that reference another SDA, DC, ML, 
CP, OL, or COL (which this RG calls “subsequent licensing applications”) 

3. license amendment requests from OL and COL holders to change a previously approved 
CRM or set of CRMs and/or associated RPOs 

Figure 1 illustrates these relationships, which provide considerable flexibility to enable the 
development and evolution of advanced reactors. 
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Figure 1. Relations Among SDAs, DCs, MLs, CPs, OLs, and COLs in 10 CFR Part 53 

C.1. Original Licensing Applications 

Original licensing applications (i.e., applications for SDAs, DCs, MLs, CPs, OLs, or COLs that 
do not reference another SDA, DC, ML, CP, OL, or COL) should justify the proposed CRM or set of 
CRMs and their associated RPOs. The following sections provide guidance on three acceptable 
approaches: 

1. Approach #1: Use IEFR and ILCFR for the CRMs and the QHOs for the RPOs. 

2. Approach #2: Derive a CRM or set of CRMs to serve as surrogates for IEFR and ILCFR and 
derive an associated RPO or set of RPOs to serve as surrogates for the QHOs. 
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3. Approach #3: Develop an alternative CRM or set of CRMs that are not directly derived from 
IEFR and ILCFR and develop associated RPOs that are not directly derived from the QHOs. 

The NRC encourages preapplication engagement by original licensing applicants to understand 
their planned approach for the proposed CRM or set of CRMs and associated RPOs. 

C.1.1. Approach #1: Use of the Quantitative Health Objectives 

An applicant may adopt IEFR and ILCFR as the set of CRMs and use the QHOs as the associated 
RPOs. Specifically, the underlying purposes of the Commission’s qualitative safety goals would be 
achieved when both of the following criteria are met: 

1. mean IEFR ≤ 5×10-7 per plant-year 

2. mean ILCFR ≤ 2×10-6 per plant-year 

Applicants may also adopt IEFR and ILCFR as the set of CRMs, but propose different associated 
RPOs with appropriate justification. 

The Safety Goals for the Operation of Nuclear Power Plants adopted the use of mean estimates 
for purposes of implementing the QHOs. In this context, the term “mean estimate” refers to the mean of 
the uncertainty distribution of the computed risk metrics (IEFR and ILCFR), which is usually obtained by 
propagating the uncertainties of the PRA inputs through the analysis using Monte Carlo or similar 
sampling methods. The Commission’s PRA policy statement, “Use of Probabilistic Risk Assessment 
Methods in Nuclear Regulatory Activities,” (Ref. 19), states that “The Commission’s safety goals for 
nuclear power plants and subsidiary numerical objectives are to be used with appropriate consideration in 
making regulatory judgements….” NUREG-1855, “Guidance on the Treatment of Uncertainties 
Associated with PRAs in Risk-Informed Decisionmaking,” (Ref. 20), provides guidance on how to treat 
uncertainties associated with PRA in risk-informed decision-making. 

C.1.2. Approach #2: Derivation from the Quantitative Health Objectives 

Rather than using the PRA to directly compute IEFR and ILCFR, an applicant may derive a CRM 
or set of CRMs to serve as surrogates for IEFR and ILCFR and derive an associated RPO or set of RPOs 
to serve as surrogates for the QHOs that, when met, ensure that the underlying purposes of the 
Commission’s qualitative safety goals are achieved. An example of this approach is the use of core 
damage frequency (CDF) and large early release frequency for currently operating large LWRs, as 
demonstrated in appendix D to NUREG-1860, “Feasibility Study for a Risk-Informed and Performance-
Based Regulatory Structure for Future Plant Licensing,” Volumes 1 and 2, (Ref. 21). Specifically, these 
criteria are as follows: 

1. mean CDF ≤ 10-4 per reactor-year implies that the mean ILCFR ≤ 2×10-6 per reactor-year 

2. mean LERF ≤ 10-5 per reactor-year implies that the mean IEFR ≤ 5×10-7 per reactor-year 

While the above example illustrates the general concept behind Approach #2, applicants should 
not infer that the use of CDF as a surrogate for ILCFR is acceptable for all reactor technologies licensed 
under 10 CFR Part 53 because (1) it may not be possible to meaningfully define “core damage” for 
certain reactor types (e.g., molten salt reactors), and (2) CDF does not include the risk contributions from 
noncore radiological sources (e.g., spent fuel). 
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The justification for the proposed CRM or set of CRMs and associated RPOs that are derived 
from the QHOs should include the following: 

1. Identify the applicability of the proposed CRM or set of CRMs and associated RPOs to 
various reactor technologies and sites. 

1.1. The proposed CRM or set of CRMs and associated RPOs may be technology 
inclusive (i.e., apply to all reactors), limited to a specific category of reactors 
(e.g., liquid-metal-cooled fast reactors), or limited to a specific reactor design. 

1.2. The proposed CRM or set of CRMs and associated RPOs may be applied to all 
sites or limited to a specific combination of sites in the coterminous United 
States, Hawai’i, Alaska, or U.S. territories. 

2. Clearly and unambiguously define each CRM by doing the following: 

2.1. specifying the types of event sequences to be included when calculating the 
CRM; 

2.2. identifying the type of consequence that results if an event sequence addressed by 
the CRM occurs, including, as appropriate, a quantitative measure that expresses 
the magnitude of the consequence; and 

2.3. explaining all qualitative descriptors, such as “large,” “early,” and “vicinity of 
the plant,” used to define the CRM. 

3. Describe how the proposed CRM or set of CRMs collectively approximates the total overall 
risk of the commercial nuclear plant. 

4. Describe how the uncertainty in each calculated CRM will be considered when comparing the 
CRM to its associated RPO. 

5. Summarize the method to be used to calculate each CRM, including initial conditions, 
boundary conditions, key assumptions, and references, such as, but not limited to, approved 
topical reports, endorsed industry guidance documents, endorsed industry consensus 
standards, or NRC reports (e.g., NUREGs, NUREG/CRs). 

6. Provide a qualitative and quantitative evaluation of the proposed CRM or set of CRMs and 
associated RPOs against the QHOs, including the following, as relevant: 

6.1. a description of the methods, assumptions, and associated codes used to 
determine accident source terms, and 

6.2. a description of the methods, assumptions, and associated codes used to 
determine offsite radiological consequences, including— 

6.2.1. a description of the reference site(s) used, and 

6.2.2. an explanation of how protective actions (e.g., evacuation) were 
considered. 

7. Explain why the proposed RPOs have acceptable margins to ensure that failure to meet one or 
more RPOs does not cause an immediate safety concern. 
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C.1.3. Approach #3: Use of an Alternative Basis 

An applicant may develop an alternative CRM or set of CRMs that are not directly derived from 
IEFR and ILCFR, develop associated RPOs that are not directly derived from the QHOs, and 
subsequently explain why they are acceptable for demonstrating that the underlying purposes of the 
Commission’s qualitative safety goals are achieved. The NRC staff recognizes that this process is 
inherently subjective. To inform the development of alternative CRMs and associated RPOs that, when 
met, demonstrate that the underlying purposes of the Commission’s qualitative safety goals are achieved, 
applicants may use methods from social science research (e.g., interviews, polls, surveys, focus groups, 
public meetings, literature reviews) to uncover key themes and concepts. Applicants may also refer to 
Commission policy statements and SRMs, and requirements and guidance established by other countries 
or international organizations. For example, an applicant may propose a CRM or set of CRMs and 
associated RPOs that are based on the principle of ensuring an equivalent level of safety to that of 
operating commercial nuclear plants. In this example, the applicant would need to explain and justify its 
definition of the phrase “equivalent level of safety.” 

The applicant should describe its interpretation of the Commission’s qualitative safety goals and 
provide a comprehensive and compelling rationale. The description of an approach using an alternative 
basis should address the relationships between the proposed CRM or set of CRMs and associated RPOs 
and other requirements in 10 CFR Part 53, including the evaluation criteria for LBEs under 
10 CFR 53.450, “Analysis requirements.” The guidance in section C.1.2 should be used to explain how 
the interpretation was subsequently translated into the proposed CRM or set of CRMs and associated 
RPOs. 

C.2. Subsequent Licensing Applications 

Applications for SDAs, DCs, MLs, CPs, OLs, or COLs that reference another SDA, DC, ML, CP, 
OL, or COL should do one of the following: 

1. Use the CRM or set of CRMs and associated RPOs in the referenced SDA, DC, ML, CP, OL, 
or COL without changes, additions, or deletions. 

2. Request a departure from the referenced SDA, DC, ML, CP, OL, or COL in accordance with 
the applicable provisions in Subpart H, “Licenses, Certifications, and Approvals,” of 
10 CFR Part 53. 

It should be noted that there are no specific provisions in 10 CFR Part 53 that address the 
following situations: 

1. SDA or DC applicants that reference a FOAK OL or custom COL that seek departures from 
the CRM or set of CRMs and/or RPOs provided in the referenced FOAK OL or custom COL, 
and 

2. ML or COL applicants that reference an SDA or DC that seek departures from the CRM or 
set of CRMs and/or RPOs provided in the referenced SDA or DC. 

Such departures would limit the usefulness of the referenced FOAK OL, FOAK COL, SDA, or 
DC, and the staff will review them as new information using the guidance in section C.1 for original 
licensing applications. 
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In general, subsequent licensing applications that seek departures from the CRM or set of CRMs 
and/or RPOs in referenced SDAs, DCs, MLs, CPs, OLs, or COLs should include the following: 

1. Describe and justify all changes, additions, and deletions to the CRM or set of CRMs and/or 
associated RPOs in the referenced SDA, DC, ML, CP, OL, or COL using the proposed draft 
guidance provided in section C.1. 

2. Describe how the proposed changes, additions, and deletions to the CRM or set of CRMs 
and/or associated RPOs in the referenced SDA, DC, ML, CP, OL, or COL impact 
commercial nuclear plant design features, programmatic controls, and defense in depth. 

The NRC encourages preapplication engagement by subsequent licensing applicants that plan to 
seek a departure from the CRM or set of CRMs or associated RPOs in the referenced SDA, DC, ML, CP, 
OL, or COL to understand their planned approach. 

C.3. Operating Commercial Nuclear Plants 

In accordance with 10 CFR 53.1550, OL and COL holders must request a license amendment 
under 10 CFR 53.1510 to change a previously approved CRM or set of CRMs and/or associated RPOs. 
The license amendment request should include the following: 

1. Describe and justify all changes, additions, and deletions to the previously approved CRM or 
set of CRMs and/or associated RPOs using the proposed draft guidance provided in 
section C.1. 

2. Describe how the proposed changes, additions, and deletions to the previously approved 
CRM or set of CRMs and/or associated RPOs affect commercial nuclear plant design 
features, programmatic controls, and defense in depth. 

The NRC encourages preapplication engagement from OL and COL holders that plan to seek a 
license amendment to change their approved CRM or set of CRMs or associated RPOs to understand their 
planned approach. 

C.4. Submittal Guidance 

All applications (original licensing applications, subsequent licensing applications, and OL or 
COL license amendment requests) should do the following: 

1. Clearly and unambiguously define each CRM. 

2. Describe how the proposed CRM or set of CRMs collectively approximates the total overall 
risk of the commercial nuclear plant. 

3. Describe how the uncertainty in each calculated CRM will be considered when comparing the 
CRM to its associated RPO. 

4. Summarize the method to be used to calculate each CRM, including initial conditions, 
boundary conditions, key assumptions, and references, such as, but not limited to, approved 
topical reports, endorsed industry guidance documents, endorsed industry consensus 
standards, or NRC reports (e.g., NUREGs, NUREG/CRs). 
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5. Identify uses of the CRM or set of CRMs and associated RPOs, including the following: 

5.1. demonstrating compliance with 10 CFR 53.220(b), and 

5.2. identifying risk-significant functions, event sequences, SSCs, and human actions 

6. List other risk metrics used to support the application, such as those used to support the 
analysis of severe accident mitigation design alternatives and voluntary risk-informed 
applications (e.g., risk-informed seismic design, risk-managed technical specifications and 
associated risk-informed completion times). This information helps to provide a general 
perspective on the scope and uses of the PRA, other SREs, or the combination thereof. 

7. Provide the numerical values for all RPOs. 

8. Provide the technical basis for each CRM and its associated RPO. 

8.1. For original licensing applications that use the QHOs without additions, deletion, 
or modifications, a simple statement to that effect is acceptable. 

8.2. For subsequent licensing applications that use the CRM or set of CRMs and 
associated RPOs in referenced SDAs, DCs, MLs, CPs, OLs, or COLs without 
additions, deletion, or modifications, a simple statement to that effect is 
acceptable. 

8.3. For all other types of applications, the technical basis may be provided in the 
safety analysis report or by reference to an approved topical report, endorsed 
industry guidance document, or endorsed industry consensus standard. 
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D.  IMPLEMENTATION 
Licensees generally are not required to comply with the guidance in this regulatory guide. If the 

NRC proposes to use this regulatory guide in an action that would constitute backfitting, as that term is 
defined in 10 CFR 53.1590, “Backfitting,” as applicable, and as described in NRC Management Directive 
8.4, “Management of Backfitting, Forward Fitting, Issue Finality, and Information Requests” (Ref. 22); 
affect the issue finality of an approval issued under 10 CFR Part 53, Subpart H, “Licenses, Certifications, 
and Approvals”; or constitute forward fitting, as that term is defined in Management Directive 8.4, then 
the NRC staff will apply the applicable policy in Management Directive 8.4 to justify the action. If a 
licensee believes that the NRC is using this regulatory guide in a manner inconsistent with the discussion 
in this Implementation section, then the licensee may inform the NRC staff in accordance with 
Management Directive 8.4. 
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ACRONYMS AND ABBREVIATIONS 

ADAMS Agencywide Documents Access and Management System 

CDF core-damage frequency 

CFR Code of Federal Regulations 

COL combined license 

CP construction permit 

CRM comprehensive risk metric 

DC design certification 

DG draft regulatory guide 

FOAK first-of-a-kind 

FOIA Freedom of Information Act 

FR Federal Register 

IAEA International Atomic Energy Agency 

IEFR individual early fatality risk 

ILCFR individual latent cancer fatality risk 

LBE licensing-basis event 

LMP Licensing Modernization Project 

LWR light-water reactor 

ML manufacturing license 

NEI Nuclear Energy Institute 

NRC U.S. Nuclear Regulatory Commission 

OL operating license 

OMB Office of Management and Budget 

PRA probabilistic risk assessment 

PSA probabilistic safety assessment 

QHO quantitative health objective 

RG regulatory guide 
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RPO risk performance objective 

SDA standard design approval 

SSC structure, system, and component 
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