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Disclaimer

This presentation presents the personal opinions and viewpoints
of the authors. Although the authors are employees of the NRC,
the NRC expresses no opinion whatsoever either in support of,
or in opposition to, the contents of this presentation. Reference
to this presentation is not a sufficient basis for establishing the
acceptability of any proposed system, and will not be accepted
as an adequate justification or technical explanation in any
licensing application.
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Presenter
Presentation Notes
But first a quick disclaimer about this presentation. It basically states that the viewpoints expressed here are those of the authors of the paper and not of the NRC.



Overview

• Introduction and Background

• Safety Focused Review of Small Modular Reactors (SMR) 

• Draft Design Review Guidance (DRG) for Advanced Non-Light 
Water Reactors

• Conclusion

3



Introduction and Background

Modernize the NRC’s I&C regulatory infrastructure that is:
• In accordance with the NRC’s Principles of Good Regulations
• Makes findings based upon the principle of “Reasonable Assurance of 

Adequate Protection”
• Enhanced safety-focused
• Performance based/risk-informed
• Technology-neutral  and accounts for ever changing I&C technologies 
• Efficient and effective in licensing of future I&C designs and account for 

lessons learned
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Presentation Notes
The NRC staff has been strategically modernizing the I&C review guidance ever since 2008 when we embarked on the DSRS project for SMR I&C design reviews.  
And thereafter continues to address lessons learned in enhancing the I&C design review  guidance for the advanced non-light water reactors that is (point slide bullets)  
NRC’s principles of Good Regulations are: Independence, Openness, Efficiency, Clarity, and Reliability. 




Safety Focused Review of 
Small Modular Reactors (1/2)
• Design Specific Review Standard (DSRS) for SMR

- Directed by SRM-SECY-11-0024, “Use of Risk Insights to Enhance the 
Safety Focus of SMR Reviews” 

- Emphasizes the review focus on the fundamental I&C design principles:
 Independence
 Redundancy
 Predictability and repeatability
 Diversity and defense-in-depth

- Looks for a simplistic I&C design architecture that demonstrates 
fundamental I&C design principles

- Incorporates lessons learned from reviews of large LWR designs
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Presentation Notes
Essentially a paradigm shift from the SRP ways - where reviews are performed to make a finding of regulatory compliance, which implies that the design is safe.  The DSRS ways – to 1st evaluate if the design is reasonably safe that address all postulated hazards, and thereafter review for regulatory compliance



Safety Focused Review of 
Small Modular Reactors (2/2)
• DSRS for SMR

- Describes early engagement with applicants
- Use of risk information to help determine 

review scope and depth
- Applies graded approach for appropriate level 

of review for a Structure, System, and 
Component (SSC) by considering both the 
safety classification and the risk significance

• DSRS resulted in completion of NuScale 
Chapter 7 Safety Evaluation (SE) in an 
efficient and effective safety-focused 
manner
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Draft Design Review Guidance for 
Advanced Non-Light Water Reactors (1/2)
• Draft DRG Chapter 7 provides guidance to the NRC staff for reviewing advanced 

non-LWR I&C designs within the bounds of existing regulations

• Draft DRG Chapter 7 supports the NRC’s 
- Vision and Strategy document “Safely Achieving Effective and Efficient Non-Light Water 

Reactor Mission Readiness (ADAMS Accession No. ML16356A670) 
- Non-LWR Vision and Strategy Near-Term Implementation Action Plans (ADAMS Accession 

No. ML17165A069) Strategy 3, which involves developing: 
 Guidance for flexible regulatory review processes for non-LWRs within the bounds of existing 

regulations
 A new non-LWR regulatory framework that is risk-informed and performance-based, and features staffs 

review efforts commensurate with the demonstrated safety performance of the non-LWR design

• Factors in the Licensing Modernization Project (ADAMS Accession No. 
ML18271A172), which establishes licensing technical requirements to facilitate risk-
informed and performance-based design and licensing of advanced non-LWRs
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Draft Design Review Guidance for 
Advanced Non-Light Water Reactors (2/2)
• Leverages DSRS Chapter 7 framework
• Factors in lessons learned and success from the NuScale I&C design 

reviews
• Provides guidance for systematic assessment of the I&C design to 

validate its robustness and reliability by ensuring that all credible hazards 
and failure modes of the design are identified and understood

• The event sequences considered in such systematic assessment would 
help determine the required level of reliability and robustness in support 
of the overall plant level safety goals

• The overall evaluation is complemented with risk insights using PRA or 
other risk models

8



Proposed DRG Chapter 7 Framework
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• I&C design should be reliable and robust commensurate with its safety and/or 
risk significance

• The I&C design should demonstrate how the specified I&C safety goal 
supports the overall plant safety goals

• Reliability of the I&C design is the probability that a system or component will 
meet its minimum performance requirements when called upon to do so

• Reliability is achieved using quantifiable and qualifiable performance 
measures/criteria, such as:

- Surveillance tests, verification and validation, mean time between failures, self-
diagnostic features, fail-safe design etc.  

• I&C quantitative reliability claims should be aligned with the plant’s PRA 
results

• Robustness of the I&C design is the degree to which a system or component 
can function correctly in the presence of invalid inputs or stressful 
environmental conditions

• Robustness is achieved by having various measures of qualification and 
defense-in-depth, which are implemented using fundamental design 
principles and simplicity



Conclusion
• The NRC staff has been strategically modernizing the I&C review 

guidance since we embarked on the DSRS project  

• DSRS resulted in completion of NuScale Chapter 7 Safety 
Evaluation in an efficient and effective safety-focused manner

• The staff continues to perform self assessments, and address 
lessons learned

• Proposed Draft DRG is a proactive way to modernize the I&C review 
guidance in support of advanced non-LWR applications
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Acronyms
• DRG: Design Review Guide
• DSRS: Design Specific Review Standard
• I&C: instrumentation and controls 
• LWR: Light Water Reactor
• NRC: United States Nuclear Regulatory Commission
• PRA: Probabilistic Risk Assessment
• SE: Safety Evaluation
• SECY: NRC commission paper
• SMR: Small Modular Reactor
• SRM: Staff Requirement Memorandum 
• SSC: Structure, Systems, and Components
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Any Questions ? 
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