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Meeting Purpose

Follow-up discussion of issues 
and options regarding the 
implementation of risk metrics 
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for new light-water reactor risk-
informed applications. 



Agenda

• Risk-informed initiatives for new reactors
• High level goals and objectives for new 

reactors
• Current risk-informed framework
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• New reactor implementation issues 
• Revised options based on stakeholder 

feedback
• Preliminary evaluation of options



Risk-Informed Initiatives for 
New Reactors

• In the near term, risk-informed applications have 
been proposed: 

– Risk-Managed Technical Specifications

• Risk-informed completion times
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• Surveillance frequency control program

• Longer term initiatives (post-COL) may include:

– EPRI research program on risk-informed 
inservice inspection of piping

– Special treatment requirements (10CFR50.69)



New Reactor 
Implementation Issues

• Review of these applications has raised 
questions regarding the appropriate 
risk metric acceptance guidelines for 
implementation of risk informed
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implementation of risk-informed 
initiatives for new reactors.



Relevant Commission 
Policy Statements

• Severe Reactor Accidents Regarding 
Future Designs and Existing Plants 
(1985)
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• Regulation of Advanced Nuclear Power 
Plants (1986 & 2008)

• Commission Safety Goals (1986)



• Commission’s SAFETY GOALS specify 
how safe is safe enough

– Qualitative safety goals

Commission’s Safety 
Goals (1986)
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– Quantitative health objectives

– General performance guideline for staff 
examination



Commission’s Safety 
Goals (cont.)

Proposed a General Performance Guideline for 
further staff evaluation:

“Consistent with the traditional defense-in-depth 
approach and the accident mitigation
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approach and the accident mitigation 
philosophy requiring reliable performance of 
containment systems, the overall mean 
frequency of a large release of radioactive 
materials to the environment from a reactor 
accident should be less than 1 in 1,000,000 per 
year of reactor operation.”



Commission’s Expectations 
for New Reactors

Severe Reactor Accidents Regarding Future 
Designs and Existing Plants (1985)
The Commission “fully expects that vendors engaged in 
designing new standard (or custom) plants will achieve a 
higher standard of severe accident safety performance 
than their prior designs.”
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than their prior designs.

Regulation of Advanced Nuclear Power Plants 
(1986)
“Furthermore, the Commission expects that advanced 
reactors will provide enhanced margins of safety and/or 
utilize simplified, inherent, passive, or other innovative 
means to accomplish their safety functions.”



Risk Goals for New 
Reactors

• SECY-90-016 Staff Recommendations
– CDF < 1 x 10-5 /yr

– LRF < 1 x 10-6 /yr

– CCFP less than approximately 0.1
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• In the associated SRM, the Commission 
disapproved the use of CDF <1 x 10-5 /yr and 
approved:
– CDF < 1 x 10-4 /yr

– LRF < 1 x 10-6 /yr

– CCFP less than approximately 0.1



• In response to staff recommendation on 10-5 /yr CDF 
and 10-6 /yr LRF goals, the Commission stated:
– “Although the Commission strongly supports the use 

of the information and experience gained from the 
current generation of reactors as a basis for improving 
the safety performance of new designs, the NRC

Risk Goals per SRM on 
SECY-90-016 (cont.)
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the safety performance of new designs, the NRC 
should not adopt industry objectives as a basis for 
establishing new requirements.”

• At the time of SECY-90-016, staff was evaluating 
alternate definitions for a “large release,” but that 
effort was subsequently terminated.



Regulatory Guidance for 
New Reactors

• New reactor applicants’ PRAs are 
expected to demonstrate how the 
design compares against the 
Commission Goals for new reactors

RG 1 206 “Combined License
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– RG 1.206, Combined License 
Applications for Nuclear Power Plants 
(LWR Edition)”

– Standard Review Plan (SRP) Section 19.0, 
“Probabilistic Risk Assessment and 
Severe Accident Evaluation for New 
Reactors”



CDF and LRF by Plant Type

(internal events at-power for U.S. plants only)
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Current Regulatory 
Guidance for Risk-Informed 
Initiatives

• Regulatory guidance associated with risk-
informed initiatives for currently operating 
reactors are based on Commission’s Safety 
Goals (e.g., RG 1.174, 1.175, 1.177, 1.178, 
1 201)
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1.201)
• A key principle of RG 1.174 is that “when 

proposed changes result in an increase in 
core damage frequency or risk, the 
increases should be small and consistent 
with the intent of the Commission’s Safety 
Goal Policy Statement”



Current Regulatory 
Guidance for Risk-Informed 
Initiatives (cont.)

•• Regulatory Guide 1.174Regulatory Guide 1.174, “An Approach for Using Probabilistic 
Risk Assessment in Risk-Informed Decisions on Plant-Specific 
Changes to the Licensing Basis”

• Risk Acceptance Guidelines:
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• Risk-Acceptance Guidelines:
– Baseline risk metrics of CDF and LERF 

AND
ΔCDF and ΔLERF due to change

• Basis:
– Increases should be limited to small increments
– CDF threshold related to backfit regulatory analysis guidelines

ΔCDF limit based on absolute change and set close to limit of 
resolution of PRA models



Risk Metrics for 
Operating Reactors

– Core Damage Frequency (CDF) < 10-4 /yr

Surrogate for latent cancer fatalities in the 
Commission’s quantitative health objective (QHO)
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– Large Early Release Frequency (LERF) < 10-5 /yr

Surrogate for prompt fatalities in QHO



Some Commission Papers 
Related to Risk-Informed 
Regulation

• See SECY-97-077, SECY-97-221, SECY-97-287
• From SECY-97-287:

"As described in SECY-97-077, dated April 8, 1997, the LERF guideline is 
derived from the Commission's Safety Goal Quantitative Health 
Objectives (QHOs) and provides a measure of accident mitigation and 
assurance that the QHOs are not exceeded. In effect, the guideline value 
for LERF is a surrogate for the Commission's QHO on early fatality risk. 
The Commission had also proposed in the Safet Goal Polic Statement
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The Commission had also proposed in the Safety Goal Policy Statement 
a general performance guideline of 10-6 per reactor year for a large 
release of radioactive material to the environment. This guideline was 
proposed for staff evaluation and the results of the staff evaluation were 
reported in SECY-93-138, dated May 19, 1993. Although work on defining 
a large release to be used with a frequency of 10-6 per reactor year was 
stopped (as reported in SECY-93-138), increased NRC management 
attention will be given to proposed changes that cause LERF to increase 
by more than one percent of the guideline value of 10-5 per reactor year. 
This will help ensure that the intent of the Commission's general 
performance guideline is considered in the review of proposed risk-
informed changes requiring NRC approval."



From RG 1.174
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Figure 4.  Acceptance Guidelines for Large Early Release Frequency (LERF)
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From RG 1.174

• Five principles for making risk-informed 
decisions
– The proposed change:

• Meets current regulations (presumption 
of adequate protection)

• Is consistent with the defense-in-depth
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p
philosophy

• Maintains sufficient safety margins
• Results in an increase in CDF or risk that 

is small and consistent with the intent of 
the Commission’s Safety Goal Policy 
Statement

• Will be monitored using performance 
measurement strategies.



Regulatory Guidance (Cont.)

• Other programs, processes, and regulations:
– Regulatory Guide 1.163, “Performance-Based Containment 

Leak-Test Program” (specifically, ILRT test interval 
extension)

– Regulatory Guide 1.175, “An Approach for Plant-Specific, 
Risk-Informed Decisionmaking: Inservice Testing”

– Regulatory Guide 1.177, “An Approach for Plant-Specific, 
Risk-Informed Decisionmaking: Technical Specifications”
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g p
– Regulatory Guide 1.178, “An Approach for Plant-Specific 

Risk-Informed Decisionmaking for Inservice Inspection of 
Piping”

– Regulatory Guide 1.200, “An Approach for Determining the 
Technical Adequacy of Probabilistic Risk Assessment 
Results for Risk-Informed Activities”

– Regulatory Guide 1.201, “Guidelines for Categorizing 
Structures, Systems, and Components in Nuclear Power 
Plants According to Their Safety Significance,” 10CFR50.69

– 10CFR50.65, “Maintenance Rule”



Fundamental Issues 
before the Staff

• Use of current numerical risk metric goals 
(e.g., LERF) could result in risk-informed 
applications/amendments being evaluated 
against less restrictive criteria than those used 
for the licensing basis of new reactors
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for the licensing basis of new reactors.

• Current guidance could allow large relative 
changes to CDF and containment performance.



Issues (cont.)

• Licensing:  
– How should acceptance guidelines for new reactor license 

applications or amendments proposing to implement risk-
informed initiatives consider Commission’s expectations: 

• CDF?
• LRF?

• Operations:
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– Reactor Oversight Process thresholds rely on CDF, ΔCDF, 
conditional core damage probability (CCDP), incremental 
CCDP, LERF, ΔLERF, etc. 

– How should risk metrics for new reactor operations 
consider Commission’s expectations?

• Other programs & processes (e.g., accident sequence 
precursor, Generic Issues per MD 6.4, Regulatory Analysis per 
NUREG/BR-0058, non-risk-informed license amendment 
requests, etc.) 
Focus on needs for licensing first



Issues (cont.)

• For new reactors, should the 
principle of “small increase” be 
based on relative or absolute
ΔCDF and ΔLERF or ΔLRF?
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• Should RG 1.174 include an 
alternate or additional ΔLRF 
acceptance guideline for new 
reactors?



Issues (cont.)

If LRF is used as an acceptance 
guideline in risk-informed 
applications for new reactors the
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applications for new reactors, the 
issue of the lack of a uniform 
definition of LRF will likely need to 
be addressed.



LRF Definitions that Have Been 
Used in New Reactor PRAs

ABWR
No attempt was made to define the term “large release” but the following 
is considered to be “much less than large” and a surrogate for 
demonstrating that the large release goal is satisfied:

Whole-body dose greater than 0.25 Sv (25 rem) at 0.8 km (1/2 mile) from 
th t
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the reactor.

Source: ABWR SSAR, amendment 34, Section 19.6.7, p. 19.6-4

AP1000
All containment release/failure categories, except intact containment (IC) 
and controlled release via containment venting (CFV), constitute a large 
release.

Source: AP1000 PRA, rev. 8, Table 35-4, p. 35-24



LRF Definitions that Have Been 
Used in New Reactor PRAs 
(cont.)

ESBWR
The term “nTSL” is used to represent the sum of all release categories 
except for TSL, where TSL represents the condition in which the 
containment pressure boundary is intact and the only source term is that 
associated with the allowable leakage rate, as defined by the Technical 
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Specifications. For the ESBWR design certification PRA, nTSL is used 
as a bounding approximation for large release frequency (LRF). Since 
nTSL captures all releases except for TSL, its frequency is higher than 
LRF.

Source: ESBWR PRA, NEDO-33201 Rev. 3, Section 8.2, p. 8.2-2



LRF Definitions that Have Been 
Used in New Reactor PRAs 
(cont.)

US-APWR
The large release is defined as any containment failure occurrence after 
the accident. The containment failure modes include containment 
bypass, containment isolation failure, containment failure due to 
energetic phenomena, basemat melt through, and containment 

DRAFT
27

overpressure failure. The energetic phenomena mean hydrogen 
combustion, in- or ex-vessel steam explosion, direct containment 
heating, and rocket-mode RV failure. The large release is also defined 
independently of the elapsed time from the onset of core damage.

Source: US-APWR DCD, Tier 2, rev. 0, Section 19.1.4.2.1, p. 19.1-49



LRF Definitions that Have Been 
Used in New Reactor PRAs 
(cont.)

U.S. EPR
The following guidance, adapted from Appendix A of NUREG/CR-6595, 
is used to determine whether the release associated with a given release 
category is “large”:
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Any predicted I, Cs, or Te release above approximately 2.5 to 3 percent 
is classified as “large release”.  The releases associated with all release 
categories with containment bypass, containment isolation failure, or 
containment failure at or before vessel failure are classified as “Large”.

Source: U.S. EPR FSAR, rev. 0, p. 19.1-93



At the April 3, 2009 briefing, Industry 
provided its perspective
– Preference for status quo (same treatment 
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for operating and new reactors)

– Historical derivation of LRF and LERF

– Equivalence of 10-6 /yr LRF and 10-5 /yr 
LERF



Perspective on 
LRF vs. LERF

Logically intuitive definition
based on magnitude & timing

Based on evolution of
LERF & LRF definitions
and NUREG-1150 analysis

Freq. all releases Freq. all releases

DRAFT
30

LRF

LERF

LERF

Freq. 
≥1 EF

Table 3 of Industry’s 3/27/09 white paper
establishing ~ 10% conditional probability of
LRF given LERF is true if one defines LRF as 
all releases resulting in 1 or more early 
fatalities.



Evaluation Criteria 
for Modified Options

1. Will the option provide reasonable assurance 
that the Commission’s 1986 Safety Goals will be 
maintained throughout plant life?

2. Will the option ensure consistency with the 
Commission’s 1985 and 1986 Policy Statements 
on expectations of enhanced safety for future 
and advanced reactor designs?
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g
3. Will the option be consistent with the SRMs on 

SECY-89-102 and SECY-90-016 in that no 
additional requirements would be imposed on 
new reactors?

4. Will implementation of the option be consistent 
with Staff’s review against LRF Goal of 10-6 /yr 
for new reactors per the SRM on SECY-90-016?



Modified Options

• Option 1 Status Quo: Current acceptance guidelines in RG 1.174 (and 
associated regulatory guides) would also be applied to new reactors

• Option 1a: Status Quo: For first few risk-informed applications to 
derive lessons-learned

• Option 2 Convert to Relative Risk Changes: New and current 
reactors

• Option 3 Reduce Acceptance Guidelines for New Reactors: 
Acceptance guidelines in RG 1.174 would be lowered by one order of 
magnitude solely for new reactors
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• Option 4 Use a Combination of Existing and New Acceptance 
Guidelines

• Option 5 (Modified) Use Existing Acceptance Guidelines for 
Current and New Reactors (Status Quo), but Establish an LRF-
Based Acceptance Guideline for New Reactors using a Uniform 
Definition of Large Release

• Option 5a: Similar to Option 5 except LRF Impact would be 
Addressed without an Acceptance Guideline

• Option 6 Assess New Reactors on a Case-by-Case Basis



Options in Detail

Option 1 Status Quo: Current acceptance guidelines in RG 1.174 
(and associated regulatory guides) would also be applied to new 
reactors

Advantages
• Provides a consistent set of acceptance guidelines for both existing 

and new reactors.
• Consistent with the bases for RG 1.174 acceptance guidelines that 

are derived from Commission’s 1986 Safety Goals.
• Would not impose additional requirements on new reactors
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• Would not impose additional requirements on new reactors.
• Acknowledges and gives credit to new reactors for lower risk 

estimates.
Disadvantages
• May not  be consistent with Commission’s 1985 & 1986 Policy 

Statements on expectations that new reactor designs will achieve a 
higher standard of severe accident safety performance.

• Could result in less restrictive change process than the Commission 
established for the review of new reactors.

• Option could allow large relative increases in CDF and LRF 
compared to the baseline CDF and LRF estimates for new reactor 
designs.



Options (cont.)
Option 1a Status Quo: Same as Option 1 except that it would be 

applied only to the first few risk-informed applications
Advantages
• Provides a consistent set of acceptance guidelines for both existing 

and new reactors.
• Consistent with the bases for RG 1.174 acceptance guidelines that 

are derived from Commission’s 1986 Safety Goals.
• Would not impose additional requirements on new reactors.
• Acknowledges and gives credit to new reactors for lower risk 
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estimates.

• Allows for lessons learned to be factored into the process.
Disadvantages
• May not  be consistent with Commission’s 1985 & 1986 Policy 

Statements on expectations that new reactor designs will achieve a 
higher standard of severe accident safety performance.

• Could result in less restrictive change process than the Commission 
established for the review of new reactors.

• Option could allow large relative increases in CDF and LRF 
compared to the baseline CDF and LRF estimates for new reactor 
designs.



Options (cont.)

[Option 2 Convert to Relative Risk 
Changes: New and current reactors]

deleted

Option 2 is deleted as the logistics of revising the
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Option 2 is deleted as the logistics of revising the 
acceptance guidelines to relative changes, retrofitting the 
change process to currently operating reactors, the 
bookkeeping associated with agreeing to and maintaining 
the official baseline risk profile, and other disadvantages 
far outweigh the advantages.



Options (cont.)

Option 3 Reduce Acceptance Guidelines for New 
Reactors: Acceptance guidelines in RG 1.174 (and 
associated regulatory guides) would be lowered 
by one order of magnitude solely for new reactors

Advantages
• Acknowledges that new reactor CDF and LERF estimates are 

significantly lower than existing reactors and adjusts acceptance 
guidelines accordingly
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guidelines accordingly.
• Consistent with Commission’s 1985 & 1986 Policy Statements 

on expectations that new reactor designs will achieve a higher 
standard of severe accident safety performance.

Disadvantages
• May be inconsistent with the underlying technical basis for the 

current absolute thresholds in RG 1.174 in that more stringent 
requirements for changes are imposed.

• Penalizes new reactors for having lower risk estimates.
• Using different ROP thresholds for currently operating and new 

reactors could cause public perception problems.



Options (cont.)

[Option 4 Use a Combination of Existing and 
New Acceptance Guidelines]

deleted

For many of the reasons discussed under Option 2
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For many of the reasons discussed under Option 2, 
Option 4 is deleted.  The logistics of revising the 
acceptance guidelines to a combination of absolute and 
relative changes, retrofitting the change process to 
currently operating reactors, the bookkeeping associated 
with agreeing to and maintaining the official baseline risk 
profile, and other disadvantages far outweigh the 
advantages.



Options (cont.)
Option 5 Use Existing Acceptance Guidelines for Current and 

New Reactors (Status Quo), but Establish an LRF-Based 
Acceptance Guideline for New Reactors using Uniform 
Definition of LRF

Advantages
• Consistent with the goals that the Commission established for the 

review of new reactors.
• Provides a consistent set of acceptance guidelines for both existing 

and new reactors with regard to ΔCDF.
• Consistent with Commission’s 1985 & 1986 Policy Statements on 

t ti th t t d i ill hi hi h t d d
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expectations that new reactor designs will achieve a higher standard 
of severe accident safety performance.

Disadvantages
• Could allow large relative increases in CDF and LRF compared to 

baseline CDF and LRF estimates for new reactors.
• Definition of large release and possibly CCFP would need revision 

(previous effort to define large release was terminated as not 
practical or required, SECY-93-138).

• Depending on how LRF is defined, may be inconsistent with the 
Commission’s 1986 Safety Goal policy.

• Requires significant changes to regulatory guides.



Options (cont.)
Option 5a Same as Option 5 except that LRF Impact would be 

Addressed without an Acceptance Guideline
Advantages
• Consistent to a certain extent with the goals that the Commission 

established for the review of new reactors.
• Provides a consistent set of acceptance guidelines for both 

existing and new reactors with regard to ΔCDF and ΔLERF.
• Consistent to a certain extent with Commission’s 1985 & 1986 

Policy Statements on expectations that new reactor designs will
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Policy Statements on expectations that new reactor designs will 
achieve a higher standard of severe accident safety 
performance.

• It would not necessarily penalize safer plants in risk-informed 
applications.

Disadvantages
• Over time, could allow large relative increases in CDF and LRF 

compared to baseline CDF and LRF estimates for new reactors.
• Requires some minor changes to regulatory guides.



Options (cont.)

[Option 6 Assess New Reactors on a Case-
by-Case Basis]

deleted

In view of the pending proposals for risk-informed
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In view of the pending proposals for risk-informed 
applications at new reactors (e.g., RMTS, risk-informed 
ISI), Option 6 of deferring a decision regarding the 
implementation of risk metrics for licensing applications 
is deleted.   



Preliminary Evaluation of Options

Criterion

Options   
1 & 1a

Option 
3

Option    
5

Option 
5a

1. Maintain Commission’s 
Safety Goals? YES YES YES YES

2. Consistent with 
Commission’s Expectation

TO A LESSER 
EXTENT THAN YES YES

TO A 
CERTAIN
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Commission s Expectation 
of Enhanced Safety?

OPTIONS 3 & 
5

YES YES CERTAIN 
EXTENT

3. No Additional 
Requirements for New 
Reactors? YES NO

YES, IF 
LRF=10-6/YR 
EQUIVALENT 
TO LERF=10-5

/YR

TO A 
LESSER 
EXTENT 

THAN 
OPTIONS 1 

& 1a

4. Consistent with Staff’s 
Review of LRF < 10-6 /yr ? NO YES YES

TO A 
LESSER 
EXTENT 

THAN 
OPTION 5



Summary

• Discussed hierarchy of guidance from 
Policy Statements to Commission 
Papers and associated SRMs

• Developed evaluation criteria for 
options
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• Modified options based on stakeholder 
feedback

• Performed preliminary assessment of 
each option



Next Steps

• Continued engagement of stakeholders via 
public meetings (summer 2009)

• Staff to take a position and develop draft 
Commission Paper with recommended 
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option(s) (summer 2009)

• Additional discussions with ACRS (fall 2009)

• Commission Paper (late 2009 / early 2010)
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