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Review of Draft EPRI Paper

• April 2018: Formed an inter-office panel of experts (expert 
panel) to review pending industry documents relating to QHO 
margins. 

• May 7th: EPRI requested an expeditious high-level technical 
review of the draft EPRI report under the RES-EPRI technical 
exchange MOU.

• May 14th: RES transmitted NRC’s high-level comments to EPRI.

• Final EPRI Report EPRI 3002022967 is publicly available. 
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• Cautioned about extrapolating results from 
studies such as SOARCA, which were intended for 
other purposes, to draw conclusions on QHO 
Margins.

• Noted the need to consider other NRC policies 
(e.g. PRA Policy, 1995: “….for the purpose of 
implementation of the safety goals, subsidiary 
numerical values on core damage frequency and 
containment performance have been 
established…..”)
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• October 2018: Shared expert panel’s initial observations 
with NRR senior management and the NRC RISC.

• Most significant observations of the expert panel: 
– Agrees with industry that QHO margins are greater  

than previously assumed. 
– When the entirety of Safety Goal Policy is considered, 

including its treatment of “enterprise risk*,” the 
“numerical QHO margins*” do not translate to 
“regulatory margins*.”

Definition of terms “enterprise risk,” “numerical margins,” and “regulatory margins,” for the purpose 
of this presentation are provided in Slide#16.
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• October 18: Received NEI’s letter to the EDO (ADAMS Accession 
Nos. ML18303A098 & ML18303A106).

• Letter posited that improved understanding of margins to safety 
goals can serve as a foundation for regulatory changes in licensing 
and oversight of operating reactors, advanced reactors, and to 
application of PRA insights and metrics.

• NEI proposals complement NRC’s initiatives relating to RIDM 
(Commission Meeting SRM M170511), ROP transformation & 
transformation initiatives discussed in (SECY-18-0060). 

• NRC plans to incorporate insights from QHO Margins to the above 
initiatives and explore other areas which could benefit from QHO 
Margins. 
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Numerical vs. Regulatory Margins Between 
Quantitative Health Objectives (QHOs) 

and 
Subsidiary Safety Goals (CDF, LERF)

Sunil Weerakkody, Senior Level Advisor in PRA, NRR
Contributors

Martin Stutzke, Senior Level Advisor in PRA, NRO
Nathan Siu, Senior Level Advisor in PRA, RES

Tina Ghosh, Senior Reactor Systems Engineer (SOARCA Expert), RES
Mehdi Reisi Fard, Team Leader (Acting), Risk Informed Initiatives, NRR
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Quantitative Health Objectives (QHOs) of NRC’s 
Safety Goal Policy and Subsidiary Goals

• The QHO for Early Fatalities is ~ 5x10-7/year.
• NRC’s subsidiary goal for the QHO for early fatalities, LERF is 

1x10-5/year**. 

• The QHO for Latent Fatalities is ~ 2x10-6/year. 
• NRC’s subsidiary goal for the QHO for latent fatalities, CDF, 

for operating and new reactors, is 1x10-4/year.

** For new reactors designs, 1x10-6/year LRF and a 0.1 CCFP as a design goal.
Appendix D of NUREG 1860 (December 2007) provided the basis for subsidiary 
goals.
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QHO Margin Early Fatalities  =   5 x 10-7/(LERFplant-specific x consequential early fatalities 
due to a large early release)

• Industry estimate of  the above ratio is of the order of 
10,000.

• NRC staff agrees that expected risk of early fatalities due to 
potential releases are less than previously estimated.

• The margins, however, are highly plant-specific and site-
specific, and highly dependent on effectiveness of 
evacuation.
• Some proposed changes may need to consider plant-specific 

information.
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QHO Margin Latent Fatalities = 2 x 10-6/(CDFplant specific x consequential latent fatalities due to 
a core damage)

• Industry estimate of  the above ratio is of the order of 100.

• NRC staff agrees that expected risk of latent fatalities due to core damage 
events are likely to be less than previously estimated (albeit highly plant-
specific & site-specific) and highly dependent on effectiveness of 
evacuation.
– Some proposed changes may need to  consider plant-specific information.

• NRC staff also notes that due to “enterprise risk” included  in the Safety 
Goal Policy (next page), these margins do not directly translate into 
“regulatory margins”.
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Commission Intent to avoid Core Damage Events in US
EXCERPT from 1986 Safety Goal Policy:  “…Severe core damage accidents can 
lead to more serious accidents with the potential for life-threatening offsite 
release of radiation, for evacuation of members of public, and for 
contamination of public property. Apart from their health and safety 
consequence, severe core damage accidents can erode the public confidence 
in the safety of nuclear power and can lead to further instability for the 
industry.  In order to avoid these adverse consequences, the Commission 
intends to continue to pursue a regulatory program that has as its objective 
providing reasonable assurance, while giving appropriate consideration to the 
uncertainties involved, that a severe core damage accident will not occur.

- A reactor which operates at a CDF much greater than the safety goal 
(minimum QHO margin for latent fatalities per EPRI) could pose a significant 
threat to enterprise risk.  
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Impact of Average CDF on Likelihood of a Core Damage Event in USA 
Average CDF  (1) Likelihood (2) of a core 

damage event in US within 
20 years assuming 100 
operating units

Remarks

1x10-5 /year ~ 2% Number of countries are using 1x10-5 /year as 
their CDF goal.

5x10-5 /year ~ 10% Assumed average CDF in NUREG-2201.

1x10-4 /year ~ 18% Staff uses guidance in Reg. Guide 1.174 to 
minimize the likelihood of plants operating 
beyond this threshold when licensees request 
risk-informed amendments to their licenses.

(1) Based on best available information of quantified components of CDF, staff believes that most plants’ CDF vary 
between mid 10-5 /year to very low 10-4 /year.  Industry and NRC initiatives to enhance safety (e.g., initiatives 
to enhance FLEX strategies to mitigate internal as well as external events could reduce this likelihood further).

(2) Statements based on PRA results should not be interpreted as predictions. Rather they are statement that   
present the state-of-knowledge that recognizes the random nature of events and conditions that influence 
outcomes.
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• NRC staff believes that most NEI proposals are “reasonable,” in that 
they can be pursued, with appropriate checks and balances, 
without impacting enterprise risk (i.e., actual increases to CDF). 

• PRA Policy 1995: Section III (A) contains the following: “…For the 
purpose of implementation of the safety goals, subsidiary 
numerical values on core damage frequency and containment 
performance have been established…..”

• Industry estimates of QHO margins are highly plant-specific and 
site-specific.  Therefore, licensees who possess, plant-specific Level 
3 PRAs, even if they are simplified, will provide greater insights on 
how QHO Margins can be translated to plant-specific Regulatory 
Margins. 
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• AEA provides the NRC with authority to regulate its licensees or 
applicant for the purpose of avoiding or mitigating damages to 
offsite property resulting from a release of radionuclides from an 
NRC-licensed facility during or following a severe accident or other 
event at a facility.

• Therefore, in executing NEI proposals, staff should consider the 
entirety of NRC responsibilities, rules, and policies (e.g. potential 
implications on 10 CFR 51 “Environmental Protection Regulations 
for Domestic Licensing and Related Regulatory Functions”). 

• NRC’s responsibilities to consider environmental impacts appear in 
regulatory framework related Early Site Permits, License Renewal 
(e.g., GEIS, SAMA), and Regulatory Analysis (NUREG\BR-0058).
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• Expert panel will explore areas that are not already 
identified by the NEI letter where QHO Margins may be 
used to reduce undue burdens, without adversely 
affecting safety. 

• Process\Program owners will hold follow-up public 
meetings on specific NEI proposals on an as-needed 
basis.

• Expert panel will advise Process\Program Owners on 
how to appropriately incorporate insights from QHO 
Margins to various processes and programs.

14



• How can NRC incorporate insights from QHO Margins to NRR & Regional 
RIDM activities?

• How\who should communicate insights from QHO margins with members 
of the general public?

• Why did we use 1x10-7/year as the threshold for NFPA 805 (self-approved 
changes on cumulative risk)? Are there other measures in place, and 
considerations on QHO margin that should prompt NRC to re-consider this 
threshold?

• With respect to GREEN\WHITE thresholds, what are the implications on 
Enterprise Risk in light of the fact that SDPs are have a focus on risk 
already incurred?

• In LIC-504, do we need the LERF threshold of 1x10-4/year in addition to 
Defense-in-Depth & Safety Margins?
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Acronyms & Definitions of Terms for the 
Purpose of this Presentation Only

• AEA: Atomic Energy Authority Act (1954) as 
amended

• CCFP: Conditional Containment Failure 
Probability.

• CDF: Core Damage frequency
• EDO: Executive Director of Operations
• EPRI: Electric Power Research Institute
• GEIS: Generic Environmental Impact 

Assessment Statement
• LERF: Large Early Release Frequency
• LRF: Large Release Frequency
• MOU: Memorandum of Understanding
• NEI: Nuclear Energy Institute
• NEPA: National Environmental Policy Act of 

1969 as amended
• NRO: Office of New Reactors
• NRR: Office of Nuclear Reactor Regulations
• NSIR: Office of Nuclear Security and 

Incidence Response
• QHO:  Quantitative Health Objectives

• SOARCA: State-of-the-Art Reactor 
Consequences Analysis Study 

DEFINITIONS
• Enterprise Risk: Quantifiable and non-

quantifiable risk to the members of the 
public (including public’s risk tolerance to 
nuclear related events), nuclear power 
enterprise, and the regulator due to a 
potential core-damage event.

• Numerical Margin: The ratio between the 
subsidiary safety goal and the numerical 
value of risk (plant-specific LERF\CDF 
frequency x conditional probability of 
early\latent fatality)

• Regulatory Margin: Magnitude to margins 
between QHOs and the subsidiary goals that 
can be used to provided regulatory relief.
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