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Abstract — The U.S. Nuclear Regulatory Commission staff is considering a more integrated,
graded approach to the review of small modular reactor (SMR) pre-application activities and
design applications. The concept is to improve the efficiency and effectiveness of the reviews by
focusing on safety significant structures, systems, and components (SSCs). The unique design
features associated with SMRs and knowledge gained reviewing other passive reactor designs
present opportunities to risk-inform the SMR design certification process to a greater extent than
previously employed. The review process can be modified for SMR applications by considering
the aggregate of regulatory controls pertaining to SSCs as part of the review and determining
those regulatory controls which may supplement or replace, as appropriate, part of the technical
or engineering analysis and evaluation. Risk insights acquired from staff reviews of passive LWR
designs (i.e. AP1000, ESBWR) can also be incorporated into the review process. Further, risk
insights associated with integral pressurized water reactor (iPWR) design features (i.e.
underground facilities impact on turbine missiles review) can be incorporated into the review
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process. Thus, the staff can use a graded approach to the SMR design certification process.

I. INTRODUCTION

The U.S NRC staff has developed a more risk-
informed and more integrated review framework for pre-
application and application review activities pertaining to
iPWR designs in response to guidance from the
Commission.! 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. In addition, the
framework retains the current processes the staff uses to
determine both safety class (i.e., safety-related or non-
safety-related) and risk-significance. The framework is
more risk-informed in that it provides a graded approach
for the review of structures, systems, and components
(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 non-safety-related or not risk-significant.
The framework enhances the efficiency of the SSC review
process by improving the integration of performance-based
program requirements into the SSC review process. This
integration is possible for most SSCs because of the

correlation between certain review acceptance criteria (i.c.,
those criteria which are performance-oriented) and certain
program requirements (i.e., those which are performance-
based). The staff anticipates that implementation of the
proposed iPWR review framework could result in
efficiencies that would be incorporated into future budgets
and application schedules. The framework is discussed in
more detail in a paper the staff sent to the Commission.’

II. Background

As discussed by the staff in a paper describing key
policy and technical issues’, and in other communications
with the Commission, nuclear reactor vendors are
developing SMR designs using several technologies.
Potential applicants have notified the NRC that they may
submit applications as early as fiscal year (FY) 2012

The Commission directed the staff to more fully
integrate the use of risk insights into pre-application
activities and the review of applications and, consistent
with regulatory requirements and Commission policy
statements, to align the review focus and resources to risk-
significant SSCs and other aspects of the design that



contribute most to safety in order to enhance the efficiency
of the review process. The Commission directed the staff
to develop a design-specific, risk-informed review plan for
each iPWR to address pre-application and application
review activities. Over the longer term, the Commission
directed the staff to develop a new risk-informed
regulatory structure, building on insights from iPWR
reviews, next generation nuclear plant (NGNP) review
activities, and a feasibility study conducted by the staff
several years ago”.

II1. Risk-Informed Framework for the Licensing
Review of iPWRs

1II. A. Overview

The staff intends this review framework to be
consistent with current regulatory requirements and
Commission policy statements. It will provide guidance to
the staff on the review of risk-significant SSCs and other
aspects of the design that contribute most to safety in order
to enhance the efficiency of the review process. This
review framework builds on the current review process to
result in a more risk-informed and integrated process for
the review of iPWR designs. The processes described in
the framework could result in more efficient reviews.

The review framework addresses the level of detail in
the staff’s review of selected acceptance criteria, as defined
in the staff’s review guidance. It should be noted that this
initiative does not change any regulatory requirements or
Commission policy and makes no change to the current
processes the staff uses to determine both safety class (i.e.,
safety-related or non-safety-related) and risk-significance
of SSCs. The framework incorporates a more risk-
informed approach to the staff’s review by considering
both the safety-importance and risk-significance of each
SSC to help determine the appropriate level of review for
each SSC. In this regard, the framework is similar to the
requirements of a recent regulation on the risk-informed
categorization and treatment of SSCs.” The determination
of risk-significance is discussed in the next section of this

paper.

It should be noted the risk-significance determinations
use not only risk insights from probabilistic risk
assessments but also rely on deterministic approaches and
defense-in-depth concepts. The framework provides a
graded approach in which the staff would conduct the most
detailed, in-depth review (analogous to the current review
process) for SSCs determined to be both safety-related and
risk-significant, and a progressively less detailed review
would be applied to SSCs determined to be non-safety-
related or not risk-significant. SSCs determined to be
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neither safety-related nor risk-significant would receive the
least detailed review under this framework.

The review framework derives from the current review
process, to include current reviewer guidance and SSC-
specific acceptance criteria contained in the standard
review plan (SRP) for light water reactor safety reviews’,
but it enhances the efficiency of the SSC review process by
improving the integration of performance-based program
requirements into the SSC review process. This integration
is possible because of the correlation between certain
acceptance criteria (i.e., those criteria which are
performance-oriented) and certain program requirements
(i.e., those which are performance-based). For most SSCs,
specific acceptance criteria contained in the SRP may be
characterized as either design-related criteria or
performance-oriented criteria. The design-related criteria
address SSC functions and adequacy of the design. The
performance-oriented  criteria  address  aspects  of
performance (e.g., the capability, availability, reliability, or
maintainability) of the SSC. In addition to the SRP
specific acceptance criteria, most SSCs are subject to
programmatic requirements (e.g., technical specifications,
availability controls for SSCs subject to the regulatory
treatment of non-safety systems, the maintenance rule,
reliability assurance program, initial test program) which
also address aspects of performance. It is observed that,
for most SSCs, a number of the performance-based
measures identified in the programmatic requirements
correlate with the performance-oriented acceptance criteria
identified in the respective SRP sections. The staff’s
review of SSCs, under both the current review process and
the proposed review framework, involves review against
all of the SSC-specific acceptance criteria (i.e., both
design-related and performance-oriented acceptance
criteria), and, additionally, the applicable programmatic
requirements. It should be noted that the proposed review
framework makes no change to the current review process
regarding review against the SSC-specific design-related
acceptance criteria.  However, the proposed review
framework revises the current review process by providing
for integration of the review of the performance-oriented
acceptance criteria and the programmatic requirements.

The review framework, for review areas in which a
correlation exists between specific performance-oriented
acceptance criteria and performance-based program
requirements, provides for identifying those program
requirements as part of the SSC review. The framework
would use tests or inspections to either augment or replace,
as appropriate, technical analysis and evaluation
techniques that the staff currently applies. For SSCs
determined to be both safety-related and risk-significant,
the review would be detailed and in-depth (analogous to
current review process), including independent technical
analysis and evaluation, and the identification of correlated



program requirements would augment the review. For
SSCs determined to be non-safety-related and/or not risk-
significant, the framework relies increasingly on specific
elements (e.g., tests or inspections) of programmatic
requirements to satisfy performance-oriented acceptance
criteria for such SSCs. For example, the requisite
monitoring and analyses of an SSC’s performance that are
associated with its inclusion within an applicant’s
reliability assurance program (RAP)’ and maintenance rule
program may be sufficient to satisfy performance-oriented
acceptance criteria pertaining to the reliability, availability,
and maintainability of the SSC.

III. B. Risk-Informed Review Approach

The review framework incorporates a more risk-
informed approach by considering both the safety
importance and risk significance of SSCs to determine the
appropriate level of review (i.e., the framework uses a
graded review approach). The staff determines whether an
SSC is safety related, risk significant, or both as a
prerequisite to implementing the review framework
through current evaluation and decision processes.

The process for determining risk-significance of SSCs
consists of four steps. The first step is to collect and
examine design/plant-specific information that can
facilitate risk-significant determinations. The second step
is to identify plant systems and associated functions that
are modeled (explicitly or implicitly) or included in the
following analyses and programs:

o the design/plant-specific risk assessments and
severe accident evaluations that cover the full
spectrum of potential events and the range of
plant operating modes considered in SRP
Section 19.0;

o the list of risk-significant SSCs included in the
RAP.

The third step is to categorize each of the system
functions identified in step two as risk-significant if it has
been included in the RAP. System functions that are not
included in RAP onsidered low risk-significant candidates.
The fourth, and final, step is to ensure that the identified
systems/system functions and associated risk-significance
are reasonably reflective of the current design/plant-
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specific information (e.g., plant design, risk models) and
that the information is updated, as needed, throughout the
review process. The staff anticipates that during the review
of a new design the design/plant-specific information used
to identify the systems/system functions and associated
risk significance may change as review of the PRA and
RAP evolve.

Figure 1 illustrates the framework for this review
process. For a particular SSC, the level of review is
derived from both the SSC’s safety importance (i.e., safety
related or nonsafety related) and risk significance (i.e., risk
significant or not risk significant). Four review levels
(labeled as A1, A2, B1, and B2 in Figure 1) correlate to the
safety importance and risk significance of the SSC under
review.

1II. C. Implementation Example

Provided here is an example of how the framework
would be implemented for an iPWR design review and
how the review would differ from what is currently done.
The system chosen, station service water, is assumed to be
a nonsafety related system that is risk significant. As such,
it would receive a B1 level review in accordance with the
framework flowchart. For this system, SRP section 9.2.1
identifies several acceptance criteria that are design-related
and several that are performance oriented. One of the
design-related acceptance criteria refers to the
requirements in General Design Criteria® (GDC) 2 for
protection against natural phenomena. This acceptance
criterion would require technical analysis and evaluation to
verify that, for example, the system adequately addresses
seismic design standards. This review is the same as
would be done under the current process. Another example
of a design-related acceptance criterion is GDC 4 for
environmental and dynamic effects. In contrast, the
acceptance criteria related to GDC 45 (inspection) and
GDC 46 (testing) may be satisfied by specific
performance-based activities (e.g., testing or monitoring)
within programmatic requirements (e.g., combination of,
initial plant testing and RAP. No credit for these activities
is given in the current process, however, in the new
framework, the reviewer may be able to gain efficiency by
relying on these performance-based activities as an
alternative to detailed technical analysis and evaluation.
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SRP

Section/Subsection

Y S$SC P Programmatic,
es o icable
Safety Related? i Procedural,
Organization, or Other
No

Risk
Significant?
(e.g., RAP)

Yes/Unknown No

A1. Apply current review A2. Commence graded approach.
process (i.e., analysis/ Apply A1 review process put
evaluation techniques) consider use of program

plus identify program requirements to satisfy selected
requirements. acceptance criteria

Risk
Significant?
(e.g., RAP)

Yes

B1. Extend graded approach from A2.

Apply program requirements to satisfy B2. Further extend graded
acceptance criteria; apply analysis/ approach from B1. Focus
evaluation techniques as alternative review on identifying program
review method. (Consider A1 or A2 requirements to satisfy
review for highly risk significant SSCs.) acceptance criteria.

* For programmatic, procedural, organization, or other non-SSC topics (e.g., quality assurance, training, human factors engineering, health
physics programs, operating procedures), the current review process is applied as provided in the SRP.

Fig. 1. Risk-informed integrated review framework (iPWRs)

IV. CONCLUSIONS

This review framework builds on the current review
process at the U.S. NRC to result in a more risk-informed
and integrated process for the review of iPWR designs.
The processes described in the framework could result in
more efficient reviews.
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