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Abstract 
 
In its Staff Requirements Memorandum (SRM) on COMGBJ-10-0004/COMGEA-10-0001, “Use of Risk Insights 
to Enhance Safety Focus of Small Modular Reactor Reviews,” dated August 31, 2010 (ML102510405), the U.S. 
Nuclear Regulatory Commission (NRC) directed the NRC staff to more fully integrate the use of risk insights 
into pre-application activities and the review of small modular reactor (SMR) applications with near-term focus 
on integral pressurized water reactor (iPWR) designs. The Commission’s objective is to align the review focus 
and resources with the risk-significant systems, structures, and components (SSCs) and other aspects of the 
design, that contribute most to safety in order to enhance the efficiency of the review process while still enabling 
a decision of reasonable assurance of the design’s safety.  The staff was directed to develop a design-specific, 
risk-informed review plan for each SMR to address pre-application and application review activities.  The NRC 
staff submitted  a response to the Commission which describes its approach for (1) using risk insights, consistent 
with current regulatory requirements, to assign SSCs to one of a limited set of graded categories, and (2) 
adjusting the scope and depth of current review plans--where possible--consistent with regulatory requirements 
and consistent with the applicable graded category.  Because the staff’s review constitutes an independent audit 
of the application, the staff may emphasize or de-emphasize particular aspects of its review guidance (i.e., 
Standard Review Plan), as appropriate and consistent with regulatory requirements, for the application being 
reviewed. The staff may propose justifications for not performing certain sections of the reviews called for by the 
applicable review plan. Examples of acceptable variations in the scope of a review can include reduced 
emphasis on SSC attributes such as reliability, availability, or functional performance when the SSC will be in 
the scope of a program that specifically address the attribute (e.g., reliability assurance program, start-up 
testing program), or revision or elimination of acceptance criteria or review procedures that are not applicable 
to iPWRs due to design features that are fundamentally different from large light water reactor designs in 
operation or being licensed.  The primary focus of this paper will be the process to determine which risk insights 
will be defined and applied in the grading process as well as the progress to date in applying the process to pre-
application activities for iPWR designs. 
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1.  Introduction 

 
In its Staff Requirements Memorandum (SRM) on COMGBJ-10-0004/COMGEA-10-0001 (USNRC 
2010), the U.S. Nuclear Regulatory Commission (NRC) directed the NRC staff to more fully integrate 
the use of risk insights into pre-application activities and the review of small modular reactor (SMR) 
applications with near-term focus on integral pressurized water reactor (iPWR) designs. The 
Commission’s objective is to align the review focus and resources with the risk-significant systems, 
structures, and components (SSCs) and other aspects of the design, that contribute most to safety in 
order to enhance the efficiency of the review process while still enabling a decision of reasonable 
assurance of the design’s safety.  The staff was directed to develop a design-specific, risk-informed 
review plan for each SMR to address pre-application and application review activities.  In response,   
the staff proposed a framework for review of iPWR designs (USNRC 2011) that addresses the 
objectives put forth in the SRM.  
 
The proposed iPWR review framework is consistent with current regulatory requirements and 
Commission policy statements and builds on the staff’s current application review process.    The 
framework is more risk-informed in that it provides a graded approach for the review of SSCs with the 
most detailed, in-depth review (analogous to the current review process) conducted for SSCs 
determined to be both safety-related and risk-significant, and progressively less detailed reviews 
applied through those SSCs determined to be nonsafety-related or not risk-significant.  
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This paper briefly discusses the categorization process and discusses in detail how applicable risk 
information is developed and used to inform the categorization of review activities for iPWRs.  
However, this paper does not discuss how review plans for the various categories will be structured.  
This is a complex topic in its own right and is discussed in the NRC staff’s response to the SRM on 
COMGBJ-10-0004/COMGEA-10-0001 documented in SECY-11-0024.  The reader should consult 
that reference for more information. 
 
 
2.  Discussion 

 
2.1  Categorization of Review Activities 
 
Before discussing how appropriate risk information is developed and used to inform the categorization 
of review activities, it is important to understand the categorization process.  Figure 1 shows the 
process of categorizing iPWR review activities.  Four specific categories are shown.  This set of 
categories is similar to other sets of categories that have been used for risk categorization applications 
in the U.S., most notably, the categories defined in Title 10, Code of Federal Regulations, § 50.69, 
“Risk Categorization and Treatment of Structures, Systems and Components for Nuclear Power 
Reactors.”  The categories identified for the staff’s iPWR review framework distinguish between 
whether or not the NRC criteria for categorizing SSCs or related activities as safety-related have been 
satisfied and whether or not a threshold for risk significance has been exceeded.   
 
The process begins by selecting a review activity and its associated acceptance criterion from the 
Standard Review Plan (SRP) and considering whether or not it applies to a non-SSC topic, e.g., 
programmatic, procedural or organizational.  If so, it is removed from the categorization process 
because the framework does not include grading the review of these activities.  The next consideration 
is whether or not the subject of the review activity is safety-related1 or not.  Following this, the staff 
considers whether the subject of the review activity is risk-significant or not.  Reviews of issues 
considered both safety-related and risk-significant (category A1 in Figure 1) are performed using 
existing practice and are not modified in any way.    
 

                                                      
1 Safety-related structures, systems, and components mean those structures, systems, and components 
that are relied on to remain functional during and following design basis events to ensure the integrity 
of the reactor coolant pressure boundary, the capability to shut down the reactor and maintain it in a 
safe shutdown condition, or the capability to prevent or mitigate the consequences of accidents that 
could result in potential offsite exposure comparable to the guidelines in Title 10, CFR, § 52.47(a)(2) 
or § 52.79(a)(1), as applicable. 
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Review items in category A2 will receive a review adequate to provide reasonable assurance that 
whatever role they play in ensuring (1) the integrity of the reactor coolant pressure boundary, (2) the 
capability to shut down the reactor and maintain it in a safe shutdown condition, or (3) the capability 
to prevent or mitigate the consequences of accidents that could result in potential offsite exposure 
comparable to the guidelines in Title 10, CFR, § 52.47(a)(2) or § 52.79(a)(1), as applicable, will be 
performed successfully.  Review items in category B1will be further classified as either highly risk-
significant or risk-significant.  Those that are highly risk-significant will receive a detailed review 
comparable with the reviews given to items in the A1 category.  The remaining items in category 
B1will be processed in accordance with the criteria in the framework for choosing to do a less detailed 
review.  In most cases no review will be necessary for items in category B2.  However, in some cases 
some review may be necessary if there is a potential for impacting the health or safety of the public 
(e.g., potable water systems). 
 
2.2  Determining Risk-Significance of Systems, Structures and Components  
 
This process of determining risk-significance of SSCs consists of the following four basic steps which 
are discussed below. 
 
(1) Assembly of Design/Plant-Specific Information  
(2) Identification of Plant Systems and System Functions  
(3) Risk Significance Determinations for Systems Functions  
(4) Update Risk Significance Determinations 
 
Like all risk-informed processes, determining the risk significance of SSCs to facilitate the risk-
informed review of iPWR applications relies on an integration of information from both risk analyses 
and deterministic sources, such as design and licensing information.  The first step in the process is to 
collect and examine this information.  The key sources of information include: 

 
• Information from design/plant-specific risk assessments and severe accident evaluations that 

cover the full spectrum of potential events and the range of plant operating modes, such as:  

Safety-related 
? 

SRP Section/SRP Sub-section 
Programmatic, 
Procedural, 
Organizational, etc 

A1.  Apply current 
review process  

A2.  Apply current 
review process.  Use 
graded approach where 
justified 

 
Risk-
Significant

 
Risk-significant 

? 

B1.  Apply graded 
approach.  Level of 
review for highly risk 
significant issues will be 
near that of A1. 

B2.  Apply graded 
approach 

Not Applicable 

Yes No 

Yes No Yes No 

Figure 1.  Process for Categorizing Review Activities 
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 Importance measures; 
 Risk insights and key assumptions from full power and low-power/shutdown risk 

assessments; 
 SSCs associated with important operator actions or initiating events that are significant 

contributors to risk. 
• The list of SSCs included in the reliability assurance program (RAP) and bases for inclusion. 
• The list of nonsafety SSCs that meet criteria for regulatory treatment of nonsafety systems 

(RTNSS) and the bases for inclusion. 
• Technical Specifications  

 
The challenge for the NRC staff in this step is that in order to prepare review guidance that will be 
available when an iPWR application is submitted, the determination of risk-significance and 
categorization processes must be carried out before the information described above has been formally 
submitted to the NRC by the applicant.  Indeed, the facility design is evolving and the design PRA is a 
work in progress during this pre-application period.  To address this challenge, the NRC staff is 
performing pre-application audits of the design PRAs under development by likely applicants for 
design certification that have issued letters of intent and engaged the NRC in pre-application activities.  
The fundamental purpose of these audits is to gather pre-application information from the pre-
applicant’s probabilistic risk assessment (PRA) of their iPWR design for purposes of: 
 
1. Assessing the extent to which the PRA is aligned with the NRC  guidance and expectations for a 

PRA suitable for supporting design certification, and; 
 

2.  Identifying risk-insights regarding the iPWR design that the NRC staff may use to allocate its 
review effort for a future application for design certification in a manner consistent with the safety 
significance of the various design features. 

 
The NRC has completed one such audit. During this audit the NRC gathered a significant amount of 
design information and risk insights useful for making some coarse preliminary qualitative 
assessments of risk-significance.   

  
In the second step of the process, plant systems and associated functions addressed in SRP acceptance 
criteria are identified.  The risk-significance and safety significance (safety-related or not) of these 
systems or system functions will be used to categorize the SRP acceptance criteria.  From the 
perspective of efficient reviews of iPWR applications, it is preferable to prioritize the reviews 
commensurate with the risk significance of system functions rather than the risk significance of the 
systems themselves.  This is because different SRP acceptance criteria and review activities may 
address different functions performed by the same system and the risk significance of different 
functions of the same system can be very different.  For example, the ability of the condenser vacuum 
system to pull a vacuum in the condenser is a design function that is important to power production 
but not especially important to safety.  However, a complete failure of the condenser vacuum system 
can cause a plant scram and transient and the potential for this type of event should be 
minimized from a risk perspective. Another example is the blowdown valves on steam 
generators.  The safety function is to close on a containment isolation signal. The valves are 
placed in the open position to maintain water chemistry which is a nonsafety function. If the 
available information does not support risk significance determinations for system functions, 
then the reviews will be prioritized commensurate with the risk significance of the systems 
themselves. 
The plant systems and system functions are identified from the following sources: 
 
(a) design/plant-specific risk assessments and severe accident evaluations; 
(b) the list of risk-significant SSCs included in the RAP, which may contain SSCs that are outside the 

scope of the risk assessments and severe accident evaluations and were determined to be risk-
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significant by other methods (e.g., defense-in-depth, deterministic, and expert panel);  
(c)  nonsafety systems that meet the criteria for RTNSS. 

 
In step three, the risk significance is determined for each identified system function or system, if 
available risk information does not support risk significance determinations for system functions.  The 
NRC will use the following approach to determine risk significance: 
 
(1) System functions that are included in RAP or RTNSS are considered risk-significant.  System 

functions that are not included in RAP and are not included in RTNSS are low risk-significant 
candidates.  Nonsafety system functions whose unavailability leads to focused PRA results that 
reach or exceed NRC safety goals are considered highly risk-significant.   

 
(2) The risk significance of low risk-significant candidates will be confirmed during the NRC’s 

review of the RAP and RTNSS.  
  

The NRC will rely heavily on information from the RAP and RTNSS assessments performed by the 
applicant because, as discussed in Item E of the Commission policy contained in the SRM for SECY-
95-132 (USNRC 1995) and SRP Section 17.4 (USNRC 2007), the application should describe an 
acceptable methodology for evaluating, identifying, and prioritizing SSCs according to their degree of 
risk significance, using a combination of probabilistic, deterministic, or other methods of analysis.  
The staff expects the methodology to include the use of information obtained from the following 
sources: 

Risk evaluations that cover the full spectrum of potential events and the range of plant operating 
modes considered in DCD Tier 2, Chapter 19.0, which includes the use of non-PRA evaluations 
(e.g., Seismic Margins Analysis) when PRAs have not been performed; 

Industry operating experience and relevant component failure databases; 

Expert panels.  

The roles and responsibilities of expert panels are also described in the application, since they play an 
important part in reviewing the information associated with risk-significance determinations and could 
compensate for the limitations of the PRA.   

The RTNSS assessment uses sensitivity studies performed with the PRA to assess the importance of 
nonsafety systems with respect to core damage frequency (CDF) and larger release frequency (LRF).  
These studies are often referred to at focused PRA studies. In addition, the RTNSS assessment 
includes qualitative screening criteria for identifying nonsafety SSCs that contribute to causing risk-
significant initiating events.  The focused PRA studies can be used to identify those SSCs considered 
to be highly risk-significant.  

The NRC reviews the methods used for RAP and RTNSS assessments and the results of those 
assessments as part of its review of the application for Design Certification or a Combined License.  
The information collected as part of the first step in determining risk significance is used to inform the 
staff’s review.   

 
Due to its reliance on the RAP and RTNSS assessments performed by the applicant, the NRC has 
communicated its desire to examine early results from these assessments in pre-application audits. The 
NRC has also acknowledged that the categorization process may need to be repeated as these 
assessments mature over the course of the design certification review, and that additional NRC 
technical review may be necessary for systems or system functions whose risk-significance 
determination has changed.  Indeed, the design and plant-specific information used to identify the 
systems or system functions and associated risk significance may change during the NRC review of a 
new iPWR application.  For example:  Risk models may change as a result of findings from NRC 
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safety evaluations under SRP Sections 17.4, 19.0, and 19.1; or, the facility design may change as a 
result of resolving issues raised during the review.   Any updating of the risk-significance for an SSC 
and associated re-categorization is considered step 4 in process we have been describing 
 
The NRC staff is considering ways to minimize the impact of multiple review cycles on the overall 
schedule for an iPWR review.   One such idea is to establish review schedules such that issues for 
which the determination of risk-significance is quite certain are reviewed early and those with a 
significant amount of uncertainty--because of RAP and RTNSS methods and results that are changing-
-are put farther back in the schedule.  Another potential technique is to build time into the overall 
iPWR review schedule near the end to allow for updating previous reviews.  

 
3.  Summary 

 
The NRC intends to perform a risk-informed technical review of iPWR designs.  A framework for 
doing this has been developed that provides a graded approach for the review of SSCs with the most 
detailed, in-depth review (analogous to the current review process) conducted for SSCs determined to 
be both safety-related and risk-significant, and a progressively less detailed review applied to SSCs 
determined to be nonsafety-related or not risk-significant.  The NRC will rely on assessments of risk-
significance performed by the applicant, and its review of those assessments, for categorization of 
SSCs.  The NRC staff has initiated a series of pre-application audits of the design PRAs under 
development by likely applicants for design certification to gather preliminary risk information to 
support early implementation of the framework prior to receipt of an application. 
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