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General Comment

The attached provides my comments on the NRC's proposed Part 53 language. The key points addressed
regarding the prescription of PRA into the design process are:

 1) Analysis is not a science. Precedence in design must be in the order of 1) physical testing, 2)
deterministic analysis, and 3) risk assessments.

 2) The endorsement of a particular analysis method prioritizes the method (PRA) over the design, rather
than design over analytical methods.

 3) The traditional role of PRA under Part 52 is to verify risk-informed characteristics of a design’s safety
case that contribute to the safety of onsite staff and the public. It’s application during the design process
must remain as a method of independent design verification, preserving its role in the closure of the
design process.

 4) Estimates of frequencies and failure probabilities are often without a tractable technical basis,
particularly for new designs, and thus have large uncertainties.

 5) Quality assurance requires tractable design inputs. A large fraction of PRA design inputs is not
expected to be available in the early design phase of an advanced reactor.

  
Robert P. Martin is solely responsible for the comments provided. As such, they are not to be interpreted
as the official policy or position of his employer, BWX Technologies, Inc.
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Response to NRC’s Request of Public Comment on proposed Part 53 language/ 
A Practitioner’s Perspective on Probabilistic Risk Analysis methods in  

the Nuclear Plant Design Process 
 

Robert P. Martin 
Lead, Nuclear Systems Safety Analysis Methods 

BWX Technologies, Inc. 
Lynchburg, VA 24501 

 
Preface 

Under the Nuclear Energy Innovation and Modernization Act (NEIMA), which became law in the 
U.S. in January 2019, the U.S. Nuclear Regulatory Commission (NRC) is required to revise its 
licensing framework for advanced nuclear reactors [1]. The NRC proposes to add a Part 53 to 
its regulations appearing in Title 10 of the Code of Federal Regulations related to the 
commercial licensing process and design certification of advanced reactors. The framework 
would use “methods of evaluation, including risk-informed and performance-based methods, 
that are flexible and practicable for application to a variety of advanced reactor technologies” [2]. 
In November 2020, the NRC issued a request of comment on preliminary proposed rule 
language, expiring in November 2021 [3]. 

For over three decades, I have been involved in the design and safety analysis and related 
licensing activities of installed-base, evolutionary and advanced nuclear power plants through 
employment at Idaho National Laboratory, Framatome and, currently, BWX Technologies, Inc. 
In 2019, I, along with my co-editor Cesare Frepoli and 20 distinguished nuclear safety analysis 
subject matter experts, published a comprehensive treatise on this subject entitled, “Design-
Basis Accident Analysis Methods for Light-Water Nuclear Power Plants” [4]. My professional 
contributions include the design and development of analysis methods for both design-basis 
events (DBE) and severe accidents/beyond-design-basis events (BDBE). In particular, I 
authored the first NRC-approved application of best-estimate plus uncertainty evaluation model 
for the large-break loss-of-coolant accident (LOCA), along with similar first-of-a-kind evaluation 
models for DBE and BDBE containment analysis. It is with this background that I provide my 
perspective on the proposed rule language, particularly that appearing in Subpart C, Design and 
Analysis Requirements, which prescribes the full integration of Probabilistic Risk Assessment 
(PRA) methods in the design process. 

The key points addressed herein regarding the prescription of PRA into the design process are: 

1) Analysis is not a science. Precedence in design must be in the order of 1) physical 
testing, 2) deterministic analysis, and 3) risk assessments. 

2) The endorsement of a particular analysis method prioritizes the method (PRA) over 
the design, rather than design over analytical methods. 

3) The traditional role of PRA under Part 52 is to verify risk-informed characteristics of a 
design’s safety case that contribute to the safety of onsite staff and the public. It’s 
application during the design process must remain as a method of independent 
design verification, preserving its role in the closure of the design process. 

4) Estimates of frequencies and failure probabilities are often without a tractable 
technical basis, particularly for new designs, and thus have large uncertainties. 

5) Quality assurance requires tractable design inputs. A large fraction of PRA design 
inputs is not expected to be available in the early design phase of an advanced reactor. 
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Introduction: Analysis is not a Science 

The power of the computer has afforded nuclear engineering many benefits. It is notable that as 
investments in new build declined following the TMI-2 and Chernobyl accidents, investment in 
modeling and simulation increased to provide a surrogate of both operating and advanced 
reactors. My mentors taught that analyses are always incomplete, they neglect that which is 
unknown, they retain bias influenced by the state-of-knowledge, and apply uneven 
consideration of uncertainties. Given the emphasis in analysis over physical testing during the 
last 30 years, I am concern that a false sense of trust is being given to analysis regardless of 
whether it is considered deterministic or probabilistic. Precedence in informing decision-making 
must continue to be in order of 1) physical testing, 2) deterministic analysis, and 3) risk 
assessment. It benefits the NRC, the industry and a skeptical public when priorities such as 
these are articulated in regulations. 

Progress in Methods of Risk Assessment: Method over Design? 

During my career, I’ve followed the developments of PRA. With the issuance of the Part 52 
regulatory framework for plant design certifications [5], PRA became a required component in a 
regulatory design application. After the publication of Part 52, the NRC envisioned broader use 
of PRA as stated in the NRC’s PRA Policy in 1995 [6], a “White Paper on Risk-Informed and 
Performance Based Regulation” (1999) [7], and the presentation of a candidate risk-informed 
regulatory framework in 2012 [8]. With the viability of advanced reactors increasing, the 
Licensing Modernization Project (LMP) emerged in 2017. Both LMP and the Nuclear Energy 
Institute released reports on the subject in 2019 [9, 10]. The latter two references include an 
extensive bibliography of other stakeholder positions on the subject and, of course, expressions 
of stakeholder position continue to be presented and published in various forums. Most recently, 
the NRC released a regulatory guide on this subject [11]. 

As a practitioner of analysis for nuclear safety, I prioritize lessons-learned from historical and 
logistical factors in expressing my critique of the proposed rule language. While the original 
approval of Part 52 occurred in 1989, clarification of related design application expectations 
didn’t appear until 1998 [12, 13]. Given the 9 years between publications, it might seem 
appropriate that the specificity of the Part 52 requirement extends only to the statement that “[a] 
description of the design specific probabilistic risk assessment (PRA) and its results” is to be 
included in the application. It is noteworthy that this statement is similar in rule detail as 
statements regarding deterministic analyses then and today. 

In the proposed Part 53 language, the level of specificity regarding the application of PRA has 
markedly increased. For example, § 53.450 (b) details the full integration of PRA into the design 
process. Outside of Appendix K in Part 50, I’m not familiar with another example in Part 50 or 52 
where such prescriptive language is used with respect to design and safety analysis methods. 
Of course, Appendix K was established in reaction to a crisis in credibility arising from the large 
uncertainties associated with emergency core cooling systems, a relatively new engineered 
safety feature at the time that the original concerns were raised.  

Because of the decisions made in the 1970s and incrementally updated since, such a crisis of 
credibility does not now exist that warrants a full integration of PRA into the design process. 
Analysis methods for design and safety have evolved significantly in the last 50 years. Today, 
there is broad agreement in the international community of the value of a diversity of analysis 
capability for nuclear plant applications. This diversity is represented by complementary and 
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independent methods of expert elicitation, complexity, and uncertainty analysis prepared to 
serve the design process. In contrast, it would seem by the proposed Part 53 language that the 
design process is to serve the analysis methods. It is my concern that by mandating PRA, the 
NRC will unintentionally undo the progress made to date in the practice of design and safety. 
Further, because of past criticisms of PRA and existing regulations, there is the potential for a 
new crisis of credibility to arise should the NRC publish the proposed language. If there is any 
doubt whether this issue is on the radar of policy watchdogs, note the recently published report 
from the Union of Concerned Scientists, entitled “’Advanced’ Isn’t Always Better” [14]. On Page 
31 of that report, it states,  

“While probabilistic risk assessments for LWRs1 have operating experience to draw upon for 
validation, achieving the same level of validation remains far in the future for any NonLWR 
design. And even the best risk assessments have large uncertainties associated with unknowns 
such as the risks of catastrophic external events, human errors, and sabotage. Thus, qualitative 
safety measures such as defense-in-depth, which are needed to compensate for such 
uncertainties, need to be given great weight in comparative assessments.” 

Analysis for the Safety Case: PRA as independent design verification 

A credible safety case relies on objectivity, yet design is subjective by nature. Engineering is the 
process that moves the subjective design to a functional, and objectively safe, machine. 
Success through the stages of development comes from the derivation of design specifications 
(e.g., physical geometry, materials, mechanical characteristics, performance characteristics, 
limits and setpoints, etc.) that optimally accommodate requirements and acceptance criteria. 
Learning in design involves synthesis and feedback activities where outcomes from the design, 
analysis, build, and test activities are assessed and, where possible, improved upon. The 
design-analysis-build-test-learn sequence is then repeated until the design is considered 
acceptable. 

The engineering team synthesizes the outcomes from the various development activities 
against requirements and uncertainties. In addition to those explicitly related to geometry and 
physical loading, these may be impacted by the applicable regulatory framework, presence or 
absence of particular phenomena and/or processes, quality of data from test programs, 
completeness and applicability of computer software models and correlations, completeness 
and applicability of computer software verification and validation, understanding of application-
specific uncertainties, and human reliability throughout the design process. Any and all 
inconsistencies require resolution through iteration. 

The collection of analyses prepared to support the nuclear plant safety case are many under the 
domains of deterministic and risk assessments. The approach to analysis in the engineering of 
a design is limited by its degree of maturation. At each evolution in the design, analyses and 
tests are applied to resolve some uncertainties while others remain for the next iteration until the 
design is complete. Subsequent to a mature design, analyses are performed to verify and 
validate both separate and integral performance through independent methods.  

Risk analysis methods like failure modes and effects analysis (FMEA) and hazard and 
operability assessment (HAZOPS) have been successfully used during this early stage. In 
particular, the U.S. Department of Energy (DOE) in their “Hazard and Accident Analysis 
Handbook” [15] explicitly endorses these methods. They are also recognized in the ASME/ANS 
advanced non-LWR PRA standard [16] as systematic and reproducible methods for use in the 
                                                 
1 Light Water Reactors (LWR) 
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hazard assessments, an early design phase activity. Application of these methods characterize 
qualitative and quantitative risk insights useful in the design engineering process. Given the 
ambiguity that often exists early in design, the outcomes of risk assessments establish 
qualitative and quantitative requirements that are tracked through the design maturation 
process. 

In the tradition of Part 52, an independently-developed PRA, like the deterministic analysis of 
DBEs, is used to verify the mature design. Deterministic analysis on the mature design answers 
questions related to the resiliency of its safety functions, confirming that the resultant estimates 
of peak physical loads satisfy deterministic design requirements and acceptance criteria. In 
contrast, PRA answers questions related to residual risk, such as “What can go wrong?”, “How 
likely is it?”; and “What are the consequences?”, satisfying risk-informed design requirements 
and acceptance criteria. Both DBE analysis and PRAs are then maintained over a plant’s 
lifetime as a tool for verifying the plant design under the small conditions of change anticipated 
from operation and maintenance. Should PRA be elevated for application in the early design, 
designers may find that they have lost its utility as a tool for independent design verification 
that’s necessary for closure of the design process. 

Uncertainty Management: Frequency and Failure Probabilities have Large Uncertainties 

While PRAs are often highly informative, they are seldom determinative because of the many 
sources of uncertainty inherent in risk assessments. To draw credible conclusions from any 
analysis relies on a strict adherence to a verifiable process for which legitimate design inputs 
and assumptions are adopted. Such legitimacy is derived by addressing the uncertainties 
related to knowledge and expertise, data applicability, code and model development, code 
theory, quality assurance, process and phenomena, human reliability, and the consequence of 
failure.  

Managing these many forms of uncertainty is the major part of the expense of analysis. A well-
designed deterministic analysis explicitly considers uncertainty. The consideration of 
deterministic and risk-informed evaluations in the nuclear safety case has a long historical 
record for LWRs, beginning with WASH-740 (1957, [17]) and WASH-1400 (1975, [18]), 
respectively. Had WASH-740, with its broad use of conservative assumptions, been applied as 
the rule of law, there would likely not be a commercial nuclear industry today. Through Atomic 
Energy Commission investments and the budding industry’s commitment to safe nuclear power, 
a practical regulatory framework reliant on testing and deterministic application of analysis 
emerged. That said, this accomplishment was made possible through the incorporation of risk 
insights revealed from this work. By the time WASH-1400 introduced the PRA model, risk 
concepts are evident in regulation through, for example, 1) the categorization of DBE and 
BDBEs as Conditions I – V events [19], 2) defense-in-depth [20], 3) single-failure analysis [21] 
and 4) as-low-as-reasonably-achievable (ALARA) radiation protection standards [22]. 

There is no doubt that WASH-1400 greatly advanced the science of risk analysis; however, I 
believe that some of the early criticism, such as those provided by the American Physical 
Society in their famous review [23] remain relevant to the unique role proposed for PRA 
appearing in the Part 53 Subpart C proposed language.  Among their conclusions is, 

“It is difficult to quantify accurately the probability that any accident-initiating 
event might occur. Many aspects need to be better understood through 
experience and research before such calculations are tractable. … [We] 
recognize that the event-tree and fault-tree approach can have merit in 
highlighting relative strengths and weaknesses of reactor systems, particularly 
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through comparison of different sequences of reactor behavior. However, based 
on our experience with problems of this nature involving very low probabilities, 
we do not now have confidence in the presently calculated absolute values of the 
probabilities of the various branches.” 

In my own experience with Framatome’s EPR design, three world class PRA teams based in 
the U.S., France and Germany independently developed a full PRA for that design. Each team 
derived different results. Over time, and through regular collaboration, the agreement among the 
analyses improved, but never fully converged. In the context presented, i.e., as design 
verification, these PRAs served their purpose in the decision-making process for design 
certification. As evidence by that experience, uncertainties in PRA models continues to be a 
concern for me. However, as a design verification tool for characterizing residual risk, PRA 
maximizes it utility through incorporation of a large, yet still incomplete, set of confirmed design 
inputs. 

Deterministic analysis methods remain the preferred option for design when the state-of-
knowledge is low or uncertainties are otherwise large. In contrast to LWRs that benefit from 60+ 
years of commercial operation, operating experience for NonLWRs is still limited to a small 
number of prototypes, most of which have been decommissioned. Lacking a key source of data 
supporting the population of PRA models, an expanded role for PRA in the design process is 
not realistic. 

Design Control: Quality assurance requires tractable design inputs 

For obvious reasons, regulations emphasize those related to safety. NRC Quality Assurance 
regulations require that these analyses are controlled and meet strict requirements (via 10 CFR 
50 Appendix B) for tractability, verification and validation. Designs apply methods of realistic 
conservatism in their analyses to expedite engineering activities. It is only through deterministic 
analyses accounting for known uncertainties can the design progress with some measure of 
confidence. Invariably situations arise where determinism over constrains the engineering 
process and a more refined, but no less certain, solution is pursued.  

The American Society of Mechanical Engineers’ Nuclear Quality Assurance (ASME-NQA-1) 
standard [24] is endorsed by both the NRC and DOE. Procedural implementation of ASME-
NQA-1 requires tractability of the purpose, methods, assumptions, design inputs, references, 
and units used in an analysis. When design inputs appear as specifications, performance 
requirements, regulatory requirements, codes and standards, as they do with a complete 
design, this is feasible. When both the design and technology are immature, there is 
considerable more ambiguity. If design inputs cannot be documented in sufficient detail to 
permit the design process to be carried out in a correct and consistent manner, confidence in 
design verification and decision-making is lost.  

Deterministic treatments have been shown useful for managing uncertainties in the design 
process. The NRC acknowledged this challenge for PRA in Reference [12]. In the assessment 
of low probability BDBEs, a graded approach to quality assurance is permissible, such as 
expanded acceptance of engineering judgment. For PRA’s role in the new Part 53 (as 
proposed), the same relaxation would be inconsistent with the way deterministic analyses are 
controlled. As such, PRA quality assurance for the assessment of higher frequency events 
might be viewed as untenable. 
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Conclusions and Recommendations 

In the preceding, I’ve identified my professional opinion on the potential challenges and burdens 
created by the proposed Part 53 Subpart C rule language. To clarify, I support the practice of 
PRA as demonstrated in applications of Part 52 presented to the NRC over the past two 
decades, such as advanced LWR design certifications and the resolution of Generic Safety 
Issues. Specifically, these applications of PRA provide evidence that they promote realistic 
assumptions, best-estimate methods, quantification of the event frequency, and proper 
prioritization of the safety cases based on risk significance, operating experience, and 
engineering judgment. Nonetheless, the utility of these methods have their limits. 

Regarding the proposed Part 53 language, my concerns relate to the specific applications of 
PRA cited in § 53.450: 1) determining licensing basis events, 2) classifying SSCs and human 
actions, 3) demonstrating defense-in-depth, 4) assessing all plant states, and 5) considering 
events that challenge plant control and safety systems. These activities are all essential to good 
and complete design, but are more efficiently and effectively performed using Process Hazard 
Analysis (PHA) methods like FMEA and HAZOPS, along with deterministic safety analysis.  

Contemporary safety analysis has evolved towards a practice involving the deliberately 
designed methods appropriate for the particular technical issues requiring resolution. As noted 
above both deterministic and risk-informed solutions are necessary. However, the mechanics of 
these analyses will vary in degree by expert elicitation, complexity, and uncertainty depending 
on the degree of design maturation. As such, explicit regulations requiring a particular method 
will at best be an additional cost burden with little to no measurable improvement in safety. At 
worse, it could trigger a crisis of credibility should the nuances of method become the focus of 
public debate. 

Recommendation #1: The NRC should avoid specificity with respect to analysis methods 
beyond saying that technical safety issues are to be resolved from a combination of 
deterministic analyses and risk assessments. In particular, by emphasizing “risk” over 
“probabilistic”, the NRC would be acknowledging that qualitative methods are as valuable as the 
quantitative methods implied by the use of the word “probabilistic”.  

Recommendation #2: The NRC should elevate the role of PHA methods like FMEA and 
HAZOPS for design in regulatory guidance, as done by the DOE in Reference [15]. As noted in 
both reference [9] and [10], PHA methods are a precursor to the development of a PRA. For 
some, PRA may be inclusive of such methods; however, there is not consensus on that 
conjecture. The NRC could take a leadership position and clarify the scope of risk assessment 
methods. One option might be to define a PRA Level 0 where PHA methods are applied. Leave 
PRA Level 1, 2 and 3, like the deterministic analysis of DBEs, in their current role as 
independent design verification. 

Recommendation #3: The NRC should commission a Technical Program Group comprised of a 
diverse group of stakeholder participants. The function of such of TPG should be in the tradition 
of previous successful Code Scaling, Applicability, and Uncertainty and Severe Accident Scaling 
Methodology TPGs of the late 1980s and early 1990s [25, 26]. Their charter would be vet the 
design process and the role of deterministic analysis and risk assessment methods. Included in 
this exercise should be analyses demonstrating acceptable practice. This would be 
complementary to efforts by the DOE to risk methods like Dynamic PRA. 
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Disclaimer 

Robert P. Martin is solely responsible for the comments provided. As such, they are not to be 
interpreted as the official policy or position of his employer, BWX Technologies, Inc. 

References 

1. S. 512 / Public Law 115-439, Nuclear Energy Innovation and Modernization Act, 132 Stat. 
5565; 15 pages, Jan. 14, 2019. 

2. U.S. Nuclear Regulatory Commission, “Rulemaking Plan on “Risk-Informed, Technology-
Inclusive Regulatory Framework for Advanced Reactors,” SECY-20-0032, April 13, 2020. 

3. U.S. Nuclear Regulatory Commission, “Proposed Rules: Risk-Informed, Technology-
Inclusive Regulatory Framework for Advanced Reactors,” 85 FR 71002, November 2020. See 
Docket ID NRC-2019-0062 at www.regulations.gov. 

4. Design-Basis Accident Analysis Methods for Light-Water Nuclear Power Plants, R. P. Martin 
and C. Frepoli, Editors, World Scientific Publishing Company, Singapore (2019). 

5. Final Rule, "Early Site Permits; Standard Design Certifications; and Combined Licenses for 
Nuclear Power Reactors" (54 FR 15372), April 18, 1989. 

6. U.S. Nuclear Regulatory Commission, “Use of Probabilistic Risk Assessment Methods in 
Nuclear Regulatory Activities; Final Policy Statement,” 60 FR 42622, August 16, 1995. 

7. U.S. Nuclear Regulatory Commission, “White Paper on Risk-Informed and Performance 
Based Regulation,” SECY-98-144, 1999. 

8. U.S. Nuclear Regulatory Commission, “A Proposed Risk Management Regulatory 
Framework,” NUREG-2150, April 2012. 

9. Southern Company, “Modernization of Technical Requirements for Licensing of Advanced 
Non-Light Water Reactors Probabilistic Risk Assessment Approach,” SC-29980-101 Rev 0, 
August 2019. 

10. Nuclear Energy Institute Technical Report, “Risk-Informed Performance-Based Technology 
Inclusive Guidance for Non-Light Water Reactor Licensing Basis Development”, NEI 18-04, 
Rev. 1, August 2019. 

11. U.S. Nuclear Regulatory Commission, "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 Reactors," Regulatory Guide 
1.233, June 9, 2020. 

12. U.S. Nuclear Regulatory Commission, An Approach for using Probabilistic Risk Assessment 
in Risk-Informed Decisions on Plant-Specific Changes to the Licensing Basis, Regulatory Guide 
1.174, August 1998. 

13. U.S. Nuclear Regulatory Commission, “Standard Review Plan – Transient and Accident 
Analysis,” NUREG-0800, 1998. 



 
 

 

Page 8 of 8 

14. E. Lyman, ’Advanced’ Isn’t Always Better, Assessing the Safety, Security, and 
Environmental Impacts of Non-Light-Water Nuclear Reactors, Union of Concerned Scientists, 
2021. 

15. US Department of Energy, DOE-STD-1027-92, “Hazard Categorization and Accident 
Analysis Techniques for compliance with DOE Order 5480.23, Nuclear Safety Analysis 
Reports”, December 1992 with Change Notice No. 1, September 1997. 

16. American Society of Mechanical Engineers and American Nuclear Society, “Probabilistic 
Risk Assessment Standard for Advanced non-LWR Nuclear Power Plants,” RA-S-1.4-2013. 

17. U.S. Atomic Energy Commission, “Theoretical Possibilities and Consequences of Major 
Accidents in Large Nuclear Power Plants,” WASH-740, 1957. 

18. U.S. Nuclear Regulatory Commission, Reactor Safety Study, WASH-1400, Washington, DC, 
1975. 

19. American Nuclear Society, Nuclear Safety Criteria for the Design of Stationary Pressurized 
Water Reactor Plants, ANS-18.2-1973, 1973. 

20. M. Drouin, et al., Historical Review and Observations of Defense-in-Depth, NUREG/KM-
0009, U.S. Nuclear Regulatory Commission, 2016. 

21. U.S. Atomic Energy Commission, “Application of the Single-Failure Criterion to Nuclear 
Power Plant Protection Systems”, Regulatory Guide 1.53, June 1973. 

22. U.S. Nuclear Regulatory Commission, "Standards for Protection against Radiation," 10 CFR 
20, § 20.1(c), 1975. 

23. H. W. Lewis, et al., “Report to the American Physical Society by the Study Group on Light 
Water Reactor Safety,” Reviews of Modern Physics, Vol. 47, No. 1, Summer 1975. 

24.  U.S. Nuclear Regulatory Commission, "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 Reactors," 
Regulatory Guide 1.233, June 9, 2020. 

25. Technical Program Group, Quantifying Reactor Safety Margins, NUREG/CR-5249, EGG-
2552, Idaho National Engineering Laboratory, U.S. Nuclear Regulatory Commission, 1989. 

26. Technical Program Group, An Integrated Structure and Scaling Methodology for Severe 
Accident Technical Issue Resolution, NUREG/CR-5809, U.S. Nuclear Regulatory Commission, 
1991. 


	NRC-2019-0062-DRAFT-0069
	NRC-2019-0062-DRAFT-0069.1

