
Advanced Reactor Licensing: 
Navigating the Dual Statutory Mandates of Adequate Protection & Efficiency

O c t o b e r  2 0 ,  2 0 2 6

Zahra Mohaghegh
Professor, Department of Nuclear, Plasma, and Radiological Engineering (NPRE)

Director, Socio-Technical Risk Analysis (SoTeRiA) Research Laboratory 
Grainger College of Engineering

University of Illinois at Urbana-Champaign (UIUC)
zahra13@illinois.edu  

https://npre.illinois.edu/people/profile/zahra13

Research Laboratory

I E E E  N u c l e a r  E n e r g y  &  
A p p l i c a t i o n s  W o r k s h o p

https://npre.illinois.edu/people/profile/zahra13


G R A I N G E R  E N G I N E E R I N GN U C L E A R ,  P L A S M A  &  R A D I O L O G I C A L  E N G I N E E R I N G

Socio-Technical Risk Analysis (SoTeRiA)
Research Laboratory  

2



G R A I N G E R  E N G I N E E R I N GN U C L E A R ,  P L A S M A  &  R A D I O L O G I C A L  E N G I N E E R I N G

SoTeRiA’s Research in Advancing Risk Methodologies & Applications 

3

Supported or Acknowledged by: 
• U.S. Department of Energy 
• U.S. National Science Foundation 
• U.S. Nuclear Regulatory Commission 
• U.S. National Academies of Sciences, Engineering, and Medicine 

• South Texas Project Nuclear Operating Company
• Constellation Energy Corporation
• International Atomic Energy Agency (IAEA)
• Japan Atomic Energy Agency 
• Kajima Corporation (Japan)



 Participated as a member of OECD-NEA Nuclear 
Education, Skills, and Technology (NEST) SMR Project.

 Participated as a member of the Committee on “Transport 
Airplane Risk Assessment Methodology” of the U.S. 
National Academies of Sciences, Engineering, and 
Medicine.

 Participated as a member of the Committee on 
“Improving the Efficiency and Effectiveness of the Coast 
Guard Certificate of Compliance Examination Program for 
Gas Carriers” of the U.S. National Academies of 
Sciences, Engineering, and Medicine. 

SoTeRiA Cross-Industry National and International Activities 

National Academies of 
Sciences, 
Engineering, and 
Medicine. 2022. 
Evaluation of the 
Transport Airplane 
Risk Assessment 
Methodology. 
Washington, DC: The 
National Academies 
Press. 
https://doi.org/10.1722
6/26519.

Formerly proposed NuScale
Power SMR plant 
.https://www.cfppllc.com

https://safety4sea.com/uscg-
certificate-of-compliance-for-lng-
carriers/

G R A I N G E R  E N G I N E E R I N GN U C L E A R ,  P L A S M A  &  R A D I O L O G I C A L  E N G I N E E R I N G 4

https://www.nationalacademies.org/our-work/transport-airplane-risk-assessment-methodology
https://www.nationalacademies.org/our-work/transport-airplane-risk-assessment-methodology
https://www.nationalacademies.org/our-work/improving-the-efficiency-and-effectiveness-of-the-coast-guard-certificate-of-compliance-examination-program-for-gas-carriers
https://www.nationalacademies.org/our-work/improving-the-efficiency-and-effectiveness-of-the-coast-guard-certificate-of-compliance-examination-program-for-gas-carriers
https://www.nationalacademies.org/our-work/improving-the-efficiency-and-effectiveness-of-the-coast-guard-certificate-of-compliance-examination-program-for-gas-carriers
https://doi.org/10.17226/26519
https://doi.org/10.17226/26519
https://www.cfppllc.com/
https://www.cfppllc.com/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/
https://safety4sea.com/uscg-certificate-of-compliance-for-lng-carriers/


5G R A I N G E R  E N G I N E E R I N GN U C L E A R ,  P L A S M A  &  R A D I O L O G I C A L  E N G I N E E R I N G

Acknowledgment 

This presentation is based on several conference and journal manuscripts, 
op-eds, and public comments from a research project funded by the 

Nuclear Regulatory Commission  

5

Co-authors: George Joslin1, Arden Rowell1,2, Ha Bui1, Justin Valentino1, Seyed Reihani1, Zahra Mohaghegh1

• 1Socio-Technical Risk Analysis (SoTeRiA) Laboratory, Department of Nuclear, Plasma, and 
Radiological Engineering (NPRE), Grainger College of Engineering, University of Illinois at Urbana-
Champaign (UIUC), Urbana, IL, USA.

• 2College of Law, UIUC, Urbana, IL, USA.

• The views expressed here do not necessarily reflect the opinions of the funding agency. 
• The authors acknowledge and appreciate the contributions of other colleagues in the legal, PRA, and 

nuclear engineering communities, whose input added value to this research. 



6

Key Questions
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A. What does efficient regulation mean in the context of nuclear energy? 

B. What risk and safety assessment methods are technically and legally 
essential? 

C. How can the dual statutory mandates of regulatory efficiency and reasonable 
assurance of adequate protection be satisfied simultaneously?
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Key Question on Efficiency 
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A. What is meant by efficient regulation in the context of nuclear energy? 

 Fact (1): The ADVANCE Act (2024) requires that the NRC adopt an efficient approach to 
regulation that does not unnecessarily limit: 
 Civilian use and deployment, and
 Societal benefits from nuclear energy technologies.

 Fact (2): The Supreme Court case Loper Bright Enterprises v. Raimondo (2024) overturned the 
principle of Chevron deference.  
 Courts will now make their own independent judgment about the meaning of “efficient,” 

relying on judicial reasoning and precedent, instead of deferring to the NRC’s interpretation. 

 Fact (3): According to the constitutional framework established by Trump v. Slaughter (2026), the 
NRC no longer possesses the structural independence that Congress assumed when it created the 
agency in 1974.
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Interpretations of Efficiency

G R A I N G E R  E N G I N E E R I N GN U C L E A R ,  P L A S M A  &  R A D I O L O G I C A L  E N G I N E E R I N G

 Technological Efficiency: Performance of nuclear systems themselves.
 Organizational Efficiency: NRC internal processes, including timeliness and 

procedural smoothness. 
 Judicial/Regulatory Efficiency: Whether regulatory decisions are benefit-

justified, typically evaluated via a comprehensive cost-benefit analysis.  
 Past courts have read statutory mandates for efficiency as requiring cost-benefit analysis

(See, for example, Business Roundtable v. Securities and Exchange Commission [SEC]); 
 Presidential policy also reinforces this reading (See, for example, Executive Order 12866).
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Efficiency in Rule Making & Licensing  

 Efficiency in Rule Making: 
 The NRC has made progress in using cost-benefit analysis in rulemaking (e.g., Part 53, 

Part 57), but it should ensure that its analyses are supported by evidence and reflect a 
comprehensive assessment of both costs and benefits. 
 Otherwise, the agency’s reasoning may be overturned as arbitrary and capricious 

and/or as exceeding its statutory authority.
 Efficiency in Initial Licensing:

 A comprehensive framework for evaluating whether the initial licensing decision is benefit-
justified remains to be developed.
 Part 53 permits site-specific comparisons of societal risks and benefits, but its siting 

provisions do not themselves specify a comprehensive set of cost-benefit elements or 
a detailed evaluation method.
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Proposed Cost-Benefit Analysis to Address Efficiency in Licensing (1)
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Note: The list of costs and benefits shown in this figure includes some examples and is not meant to be comprehensive
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12

Efficiency in Rule Making & Licensing (cont.)  

 Efficiency in Rule Making
 The NRC has made progress in using cost-benefit analysis in rulemaking 

(e.g., Part 57), but it should ensure that its analyses are supported by 
evidence and reflect a comprehensive assessment of both costs and 
benefits. 

 Efficiency in Initial Licensing
 A comprehensive framework for evaluating whether the initial licensing 

decision is benefit-justified remains to be developed.
 Backfit Decisions (10 CFR 50.109)

 Incremental regulatory analysis is used to determine whether additional 
safety improvements justify their costs. 
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Backfit Decisions
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Key Questions
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A. What does efficient regulation mean in the context of nuclear energy? 

B. What risk and safety assessment methods are technically and legally 
essential? 

C. How can the dual statutory mandates of regulatory efficiency and reasonable 
assurance of adequate protection be satisfied simultaneously?
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Key Questions on Risk and Safety Methods
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B. What risk and safety assessment 
methods are essential? 
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B. What risk and safety assessment 
methods are essential? 
 Multi-dimensional risk assessment 

(e.g., security risk, safety risk, nuclear 
waste risk, generation risk)

Key Questions (cont.)
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B. What risk and safety assessment 
methods are essential? 
 Qualification of methods (e.g., safety 

assessment methods such as Maximum 
Hypothetical Accident [MHA], 
Probabilistic Risk Assessment [PRA])

Key Questions (cont.)
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Expected Radiological Exposure Cost in the Cost-Benefit Framework = P1 × C1 + P2 × C2 + Pworst × Cworst

Techno-Legal Limitations of the MHA Approach (1)
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Techno-Legal Limitations of the MHA Approach (2)

G R A I N G E R  E N G I N E E R I N GN U C L E A R ,  P L A S M A  &  R A D I O L O G I C A L  E N G I N E E R I N G

 If the assumed accident is not truly the maximum accident
 Leaves higher-consequence scenarios unaddressed, weakening the 

safety justification. (safety concern)
 Creates vulnerability to an arbitrary-and-capricious challenge under the 

Administrative Procedure Act (APA).

 If the assumed accident is truly the maximum accident
 Overestimates expected safety costs when its consequences substitute for 

probability-weighted estimates. 
 Biases the efficiency assessment against otherwise benefit-justified 

designs.
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B. What risk and safety assessment 
methods are essential? 
 Qualification of methods
 The PRA of advanced reactors faces 

challenges due to limited experiential 
data, highlighting the need to advance 
PRA methodologies through:
 Modeling and simulation of underlying 

phenomena, the use of AI techniques, 
and advanced uncertainty analysis. 

Key Questions (cont.)
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Coupling Physics of Failure and Maintenance Performance for Piping 
Reliability Analysis

• International Atomic Energy Agency (IAEA), Technical Insights from Benchmarking Different Methods for 
Predicting Pipe Failure Rates in Water Cooled Reactors, IAEA-TECDOC-1988, IAEA, Vienna, 2021. 

• K. Heckmann, D.-H. Ahn, J. Beal, W.-C. Cheng, X. Duan, T. Jevremovic, E. Kee, Z. Mohaghegh, B. Lydell, S.
Reihani, T. Sakurahara, M. Wang, “Estimation of Pipe Failure Frequencies in the Absence of Operational
Experience Data: A Pilot Study,” Nuclear Engineering and Design, Volume 398, 111990, 2022.

• W.-C. Cheng, J. Beal, T. Sakurahara, S. Reihani, E. Kee, and Z. Mohaghegh, Modeling interconnections of safety
and financial performance of nuclear power plants, part 3: spatiotemporal probabilistic physics-of-failure analysis
and its connection to safety and financial performance, Progress in Nuclear Energy, Vol. 153, 2022.

• Beal, T. Sakurahara, P. Farshadmanesh, S. Reihani, E. Kee, A. Rowell, F. Yilmaz, Z. Mohaghegh, “Modeling
Interconnections of Safety and Financial Performance of Nuclear Power Plants, Part 2: Methodological
Developments and Case Study,” Progress in Nuclear Energy, Volume 171, 110243, 2024.

• J. Beal, S. Reihani, T. Sakurahara, E. Kee, Z. Mohaghegh, “Modeling Nuclear Power Plant Piping Reliability by
Coupling Human Reliability Analysis-based Maintenance and Physical Degradation Models,” Reliability
Engineering & System Safety, Vol. 255, pp. 110655, 2025.

Sponsored by the DOE and IAEA
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Key Questions

G R A I N G E R  E N G I N E E R I N GN U C L E A R ,  P L A S M A  &  R A D I O L O G I C A L  E N G I N E E R I N G

A. What does efficient regulation mean in the context of nuclear energy? 

B. What risk and safety assessment methods are technically and legally 
essential? 

C. How can the dual statutory mandates of regulatory efficiency and 
reasonable assurance of adequate protection be satisfied 
simultaneously?
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Integration of Efficiency & Reasonable Assurance of Adequate Protection

G R A I N G E R  E N G I N E E R I N GN U C L E A R ,  P L A S M A  &  R A D I O L O G I C A L  E N G I N E E R I N G
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Proposed Integration of Efficiency & Reasonable Assurance of Adequate Protection: Step I
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Step-I Evaluate the technical basis for demonstrating 
safety
 Current NRC practice draws on: A combination of deterministic safety 

analyses, PRA insights, defense-in-depth, safety margins, and 
applicable safety criteria and risk acceptance guidelines, informed by 
engineering judgment and consideration of uncertainty.

 This assessment can be conducted under the existing licensing 
pathways (e.g., Part 53).

 Cautionary Notes: 
 Probabilistic risk characterization. Proposed Part 57 permits 

MHA/MCA demonstrations of its dose-based entry criterion without 
requiring PRA for that demonstration. 

 Cumulative risk: Address dependencies and shared hazards 
across units, modules, and regional facilities. Proposed Part 57’s 
screening approach is framed largely in single-reactor terms. 
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Proposed Integration of Efficiency and Reasonable Assurance of Adequate Protection (Step II)

G R A I N G E R  E N G I N E E R I N GN U C L E A R ,  P L A S M A  &  R A D I O L O G I C A L  E N G I N E E R I N G

Step-II Conduct cost-benefit analysis to 
evaluate regulatory efficiency (safety as 
an input)
 The NRC should allocate dedicated resources, 

leveraging existing regulatory analysis and best 
practices from other agencies, such as the EPA, to 
develop a robust cost-benefit analysis framework to 
support efficient licensing. 

 Cost-benefit analysis is performed only for the 
alternative(s) that satisfy safety evaluation in 
Step I. 

 PRA probabilities and consequences are used to 
estimate expected accident consequences, 
including expected safety costs expressed in 
monetary terms.
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Step-II Cost-benefit Analysis to Evaluate Efficiency (cont.)
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Proposed Integration of Efficiency and Reasonable Assurance of Adequate Protection (Step III)

G R A I N G E R  E N G I N E E R I N GN U C L E A R ,  P L A S M A  &  R A D I O L O G I C A L  E N G I N E E R I N G

Step-III Regulatory Licensing Decision
 The final licensing decision must lie within the 

intersection of reasonable assurance of adequate 
protection and regulatory efficiency mandates. 

 Open question:  What selection rule would courts 
accept?
 Any alternative within the intersection?
 The safest benefit-justified alternative (ALARA-

informed decision making)?
 The alternative with the greatest net societal 

benefit among those satisfying safety 
requirements?
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Recommendations
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Recommendation 1: Strengthen cost-benefit analysis for efficient licensing and regulation  

 The NRC should allocate dedicated resources to develop a robust cost-benefit analysis framework to 
support efficient licensing and regulation. 

Recommendation 2: Strengthen probabilistic risk assessment methods and cumulative risk 
assessment across units and facilities. 

 Given the challenges associated with worst-case-based methods and the fact that not all designs are 
benefit-justified under such an approach, there is a need to invest in advancing probabilistic risk 
assessment methods for new reactors.

Recommendation 3: Integrate reasonable assurance of adequate protection and efficiency 

 Develop a technically and legally justified decision framework that integrates reasonable assurance of 
adequate protection and regulatory efficiency.
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