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Technology-Inclusive, Risk-Informed, Performance-Based Methodology 

 
Nuclear Energy Institute (NEI) 18-04, Revision 1, “Risk-Informed, Performance-Based Guidance 
for Non-Light Water Reactor Licensing Basis Development,”1 describes a technology-inclusive, 
risk-informed, and performance based approach to selection of licensing-basis events (LBEs); 
classification and special treatments of structures, systems, and components (SSCs); and 
assessment of defense in depth (DID) for non-light water reactors (non-LWRs).  The U.S. 
Nuclear Regulatory Commission (NRC) staff is planning to endorse NEI 18-04 through finalizing 
the regulatory guidance in Draft Regulatory Guide (DG)-1353, “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.”2  This document summarizes the technical considerations underlying the NEI 
document and the staff’s planned endorsement.  
 
Background 
 
The NRC has extensive regulatory experience with light water reactors (LWRs), including with 
selection of LBEs, classification and special treatments of SSCs, and assessment of DID for 
such reactors.  Non-LWRs and LWRs present the same basic hazard—the generation of 
radioactive material—and both share the related fundamental safety functions of retaining 
radionuclides and controlling heat generation and removal.  An important part of preparing an 
application for a non-LWR design, and for the related NRC staff review, is the identification and 
analysis of events associated with the fundamental safety functions.3  This paper summarizes 
the methodology described in NEI 18-04 for identifying such events and evaluating the design 
features, programmatic controls, and licensing decisions related to limiting the unplanned 
release of radioactive material resulting from plant transients and postulated accidents in 
non-LWRs.   
 
The potential radiological risk to public health and safety from events at nuclear power plants 
can be represented in terms of the inventory of radioactive materials and the fraction of that 
inventory that might be released as a result of an event.  The approach for LWRs has 
traditionally been to select several stylized events to define requirements for SSCs serving as 
barriers to the release of radioactive materials and to protect such barriers by controlling reactor 
heat generation and providing cooling.  Additional requirements for LWRs have been identified 
as a result of operating experience and insights from probabilistic risk assessments (PRAs).  
Most of the NRC’s requirements, studies, and other activities have focused on LWR 
technologies and specific design attributes and behaviors related to water coolant, zirconium 
alloy fuel cladding, and other characteristics of LWRs.  The LWR-centric requirements and 
approaches do not easily translate to a licensing framework for non-LWR technologies, which 
use different coolants, fuel forms, and safety system designs.  One key distinction between NEI 
18-04 and current NRC guidance and regulations is that NEI’s definition of “safety related,” as it 
applies to non-LWR structures, systems, and components, is different from the NRC’s definition 
of “safety-related” SSCs in 10 CFR 50.2.4 
                                                 
1 Agencywide Documents Access and Management System (ADAMS) Accession No. ML19241A472 
2 ADAMS Accession No. ML18312A242 
3  Radiological effluents from normal operation, while important to plant design and licensing decisions, are outside 

the scope of this paper.   
4 NEI defines “safety related” SSCs for non-LWRs as those “SSCs that are credited in the fulfillment of [required 

safety functions] RSFs and are capable to perform their RSFs in response to any Design Basis External Hazard 
Level.”  NEI 18-04, Glossary of Terms, at p. 84. 
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Processes related to the design and licensing of a different reactor technology begin with a 
conceptual design of a reactor, a primary coolant, and a preliminary assessment of how to 
accomplish the fundamental safety functions of retaining radioactive materials and controlling 
the generation and removal of heat.  Key to the design and licensing of a nuclear power reactor 
is the identification of potential ways radioactive materials could be released from a facility as a 
result of unplanned events.  Figure 1 is a simplified representation of the barriers to the release 
of radionuclides and the supporting safety functions of controlling the generation and removal of 
heat.5 
 

 
Figure 1  Fundamental safety functions and mechanistic source term 

 
The design process for a nuclear power reactor includes developing approaches to fulfilling the 
fundamental safety functions within an overall design that can also meet objectives for power 
production and costs.  Reactor designers develop and refine the nuclear power plants from the 
conceptual design phase to actual construction and operation.  They develop increasing detail 
through the phases of the design to address the appropriate safety functions, system and 
subsystem requirements, and, ultimately, component-level specifications.  As discussed in 
NEI 18-04, the design process is iterative in nature and includes a variety of assessments that 
identify and address potential events and ensure reasonable DID within a design to provide 
confidence in the retention of radionuclides.   

                                                 
5 The relationship between the retention of radionuclides within the fuel or fuel matrix and the related supporting 

safety functions of controlling the generation and removal of heat is expected to remain a major factor in managing 
the risks of non-LWR designs.  This will, in turn, make the relationship between the fundamental safety functions 
key to the design and licensing of non-LWRs.  Although this paper provides simplified representations of the 
movement of radionuclides and heat across the various barriers, the phenomena and models for these behaviors 
can be complex.  Figure 1 reflects a general model for barriers and passive heat removal systems expected to be 
used for most advanced reactor designs.  Radiological source terms associated with spent fuel storage and other 
plant systems will also need to be evaluated.  In addition, other potential mechanisms for degrading barriers 
(e.g., irradiation, chemical interactions) will need to be addressed for normal operation as well as for potential plant 
transients and postulated accidents. 
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Although the processes described in NEI 18-04 and DG-1353 have some elements in common 
with the traditional construct of licensing-basis information for LWRs, they differ in key ways.  
The biggest differences between the methodologies used for LWRs and those described in this 
paper arise from the fact that the approaches used for LWRs reflect their development in a 
different era of design and analysis capabilities, their evolution over decades to address lessons 
learned from operating experience, and their having been LWR-centric in addressing technical 
concerns.  A significant challenge to preparing guidance for non-LWRs is that the technologies 
differ not only from LWRs but among themselves in terms of fuel forms, coolants, and other key 
features, which presents an obstacle to the development of prescriptive approaches for 
non-LWRs.  However, this challenge also presents an opportunity to develop a risk-informed, 
performance-based methodology linked to the fundamental safety functions, which is based on 
modern design and analysis capabilities and applicable to a variety of non-LWR designs.  The 
methodology described in NEI 18-04 and DG-1353 provides a logical and structured approach 
to identifying the safety or risk significance of SSCs and associated programmatic controls.  The 
methodology’s focus on those measures needed to address risks posed by non-LWR 
technologies will help an applicant provide sufficient information on the design and 
programmatic controls, while avoiding an excessive level of detail on less important parts of a 
plant.  This approach is expected to lead to more effective and efficient NRC reviews. 

 
The methodology described in NEI 18-04 and DG-1353 contemplates an increased role for 
probabilistic approaches in developing the licensing basis for non-LWRs.  The Commission has 
previously approved this general approach in the Staff Requirements Memorandum (SRM) for 
SECY-03-0047, “Policy Issues Related to Licensing Non-Light Water Reactor Designs,” dated 
March 28, 2003.6  The staff made the following recommendations in SECY-03-0047, and the 
Commission approved them in its SRM dated June 26, 20037:  
 
(1) Greater emphasis can be placed on the use of risk information by allowing a probabilistic 

approach to identifying events to be considered in the design, provided that there is 
sufficient understanding of plant and fuel performance and that deterministic engineering 
judgment is used to bound uncertainties. 

 
(2) A probabilistic approach for the safety classification of structures, systems, and 

components is allowed.  
 
(3) A probabilistic (reliability) criterion can replace the single-failure criterion.   
 
The above three elements of an acceptable approach to establishing the licensing basis for 
non-LWRs are important to the methodology described in NEI 18-04 and DG-1353.  Another 
element of the methodology is the estimation of possible radiological consequences using the 
mechanistic source term described in SECY-03-0047 and approved in the related SRM.   
 
As described in the Commission’s Policy Statement on the Regulation of Advanced Reactors, 
published in the Federal Register (73 FR 60612) on October 14, 2008, the NRC expects 
non-LWRs to have enhanced margins of safety, use simplified safety systems, provide 
increased thermal margins, and demonstrate other attributes associated with advanced reactor 
technologies.  Incorporating these attributes into a non-LWR design may promote more efficient 
and effective design reviews and define a level of detail for applications commensurate with the 

                                                 
6 ADAMS Accession No. ML030160002 
7 ADAMS Accession No. ML031770124 
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risks posed by the non-LWR design.  Applications and staff reviews will continue to address 
those features and programmatic controls needed to retain radionuclides and to protect barriers 
from events and related plant conditions (e.g., events that might increase temperatures by 
causing an imbalance between heat generation and heat removal, as shown in Figure 1).  
Applications and NRC staff reviews will continue to need information describing the fuel or fuel 
system boundary, primary system, and other barriers in terms of the limits on operation 
(e.g., values or ranges of values for key parameters) to prevent failures or degradation, or to 
remain within the bounds of testing or qualification of related SSCs.  These limits on operation 
will, in turn, establish the needed safety functions to prevent damage to barriers to the release 
of radionuclides (e.g., functions to maintain the integrity of fuel cladding, coatings, or other fuel 
system boundaries).  This information is required for the methodologies outlined in NEI 18-04 
and for the development of a mechanistic source term for the specific non-LWR design.8   
 
Identification and Analyses of Licensing-Basis Events9 
 
Identifying events that could challenge key safety functions and layers of defense against the 
release of radioactive materials is an important part of the reactor design process.  NEI 18-04 
describes a systematic process for identifying and categorizing event sequences as AOOs, 
DBEs, or beyond-design-basis events (BDBEs) for non-LWRs.  An initial list of licensing-basis 
events (LBEs) to be used in the design process is likely to be based on engineering judgment 
and techniques, such as failure modes and effects analyses.  Designers will revise the list of 
LBEs as the design process progresses, the licensing-basis documents are developed, and 
PRA models are refined.   
 
The primary determinate for categorizing events is the estimated frequency of the event 
sequence.  Design-basis accidents (DBAs) are derived from DBEs by assuming that only 
safety-related SSCs are available to mitigate the events.  DG-1353 accepts the definitions of the 
event categories in NEI 18-04, as well as the demarcations shown in Figure 2, 
“Frequency-consequence [F-C] target.”  The methodology includes plotting event sequence 
families on the F-C target and assessing margins based on event frequency and estimated 
hypothetical 30-day individual dose at the exclusion area boundary.  The event sequences and 
related estimations of frequencies and consequences include equipment malfunctions caused 

                                                 
8 DG-1353 includes the following observation: “The design process and related development of licensing-basis 
information is iterative, involving assessments and decisions on key SSCs, operating parameters, and programmatic 
controls to ensure that a reactor can be deployed without posing undue risk to public health and safety.  To begin 
the process of translating design information into a licensing application, a developer needs, at a minimum, a 
conceptual design that includes a reactor; a primary coolant; and a preliminary assessment of how the design will 
accomplish fundamental safety functions, such as reactivity and power control, heat removal, and radioactive 
material retention.  When preparing licensing documentation, the applicant typically provides this information in 
Chapter 4, “Reactor,” Chapter 5, “Reactor Coolant and Connecting Systems,” and Chapter 6, “Engineered Safety 
Features” of its safety analysis report.  Information within these chapters includes the parameters and values to 
define when important layers of defense (including physical barriers) to the release of radioactive material would 
degrade or fail. This type of information is important because it often serves as acceptance criteria for the analyses 
of LBEs and as an input into the analysis of releases via a mechanistic source-term approach to estimating 
radiological consequences from potential transients and postulated accidents.” 

 
9 The definitions of some phrases used in NEI 18-04 are different from the same phrases used in NRC regulations  
and guidance developed for LWRs.  The terms anticipated operational occurrence (AOO) and design-basis 
event (DBE) are examples of similar terms having different definitions.  The methodology in NEI 18-04 also includes 
a different definition and means to identify safety-related SSCs from those used in the deterministic approaches to 
LWRs.  NEI 18-04 includes a glossary to help alleviate some of the issues that will arise because of differences in 
terminology.  
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by internal and external hazards.  NEI 18-04 acknowledges that the F-C target does not 
correspond to actual regulatory acceptance criteria but is instead a vehicle to assess a range of 
events to determine risk significance, support SSC classification, define special treatment 
requirements, identify appropriate programmatic controls, and confirm the adequacy of DID. 
 

 
Figure 2  Frequency-consequence target (from NEI 18-04) 

 
The approach described in NEI 18-04 and endorsed in DG-1353 is consistent with the 
Commission’s SRM approving the recommendation in SECY-03-0047 to allow the use of a 
probabilistic approach to identifying events, provided that there is sufficient understanding of 
plant and fuel performance and that engineering judgment is used to address uncertainties.  

The staff emphasizes in DG-1353 that the F-C target figure does not depict acceptance criteria 
or actual regulatory limits.  The anchor points used for the F-C target figure are expressed in 
different units, timescales, and distances than those used in NRC regulations to provide 
common measures for the evaluations included in the methodology.  An example is the anchor 
point at an event sequence frequency of 5x10-7 per plant year and the hypothetical total effective 
dose equivalent at the exclusion area boundary of 750 rem for the 30-day period following the 
onset of a potential release.  This anchor point is used to define a sliding F-C target in the 
region of potential low frequency, high consequence scenarios for use in assessing the 
importance of SSCs and other measures to provide DID.  A traditional measure used to assess 
risk in the low frequency, high consequence domain is the NRC’s safety goals.  However, the 
anchor point is not intended to directly represent the quantitative health objectives (QHOs) for 
either early or latent health effects.  The methodology described in NEI 18-04 includes a 
separate assessment to ensure the integrated risks over all the LBEs satisfy the NRC’s safety 
goals.  The F-C target provides a reasonable approach for use within a broader, integrated 
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approach to determine risk significance, support SSC classification, and confirm the adequacy 
of DID. 

The F-C target in Figure 2 includes a frequency of 5x10-7 per plant-year to define the lower 
range of BDBEs.  This demarcation of lowest event frequencies on the F-C target and category 
definitions is not a hard-and-fast cutoff but instead is to be considered in the context of other 
parts of the methodology.  These other considerations include the role of the integrated 
decisionmaking process, aggregate risk measures, DID assessments, accounting for 
uncertainties, and assessing potential “cliff-edge effects.”  Uncertainties are addressed, in part, 
by assessing event sequences on the F-C target based on the uncertainty bands for the event 
in addition to the mean values of estimated frequencies and consequences.  The staff considers 
including a lower frequency range for LBEs, when combined with other considerations and 
engineering judgment, to be an inherent part of a risk-informed approach and is consistent with 
the Commission’s SRM approving the recommendation in SECY-03-0047 to allow the use of a 
probabilistic approach to identifying events.   

NEI 18-04 addresses multi-module issues by including guidance that there should be no 
risk-significant DBEs involving a release from two or more modules, and any BDBEs that 
involve releases from multiple reactor modules or sources would not be high consequence 
BDBEs.  When this objective is achieved, there should be no DBAs with significant releases 
from two or more modules or radionuclide sources.  The guidance also includes assessing 
several cumulative risk measures, including the NRC’s safety goals related to preventing early 
fatalities and latent cancer fatalities, to ensure the overall risk from the operation of multi-module 
plants is below established thresholds.  The inclusion of multi-module event sequences within 
the methodology is similar to previous proposals (e.g., SECY-03-0047 and NGNP), which 
support reactor designers’ efforts to identify and address insights related to multi-module design 
and operation.   

NEI 18-04 describes assessments of event sequences in addition to the consideration of AOOs, 
DBEs, and BDBEs.  A deterministic DBA is associated with each DBE that includes the required 
safety function challenges but assumes that safety-related SSCs perform the required safety 
functions.  These DBAs are described in the portion of the license application typically provided 
by Chapter 15 of safety analysis reports to support the deterministic safety analysis and show 
that the offsite consequences are below the reference values included in NRC regulations 
(e.g., Title 10 of the Code of Federal Regulations (10 CFR) 50.34, “Contents of Applications; 
Technical Information”).  Although developed for LWRs, NRC regulatory guide (RG) 1.203, 
“Transient and Accident Analysis Methods,” provides additional guidance that would be 
generally applicable for analyzing DBAs for non-LWRs.  DG-1353 documents the staff’s finding 
that assessing event sequences (including unavailability or failure of SSCs and combinations of 
SSCs) over a wide range of frequencies, including BDBEs, and establishing risk and safety 
function reliability measures for both safety-related and selected nonsafety-related SSCs10, 
obviates the need to use the single-failure criterion applied to the deterministic evaluations for 
LWRs.  The approach described in NEI 18-04 and endorsed in DG-1353 is consistent with the 
Commission’s SRM approving the recommendation in SECY-03-0047 to replace the 
single-failure criterion with a probabilistic (reliability) criterion.  The analyses of event sequences 
are an input into the subsequent processes described in NEI 18-04 for the safety classification 
of SSCs and the assessment of DID.   
                                                 
10 “Nonsafety-related” is used in NEI 18-04 but is not defined in NRC regulations and has different meaning 

depending on the context in which it has been used in guidance documents and specific applications for LWRs.  
See the description of the safety classifications used in NEI 18-04 in the discussion that follows on the next page 
for further details. 
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Safety Classification and Performance Criteria for Structures, Systems, and Components 
 
The second major component of the methodology described in NEI 18-04 involves assessing 
the risk significance of SSCs and determining if special treatments beyond normal industrial 
practices are needed to ensure SSC performance of safety functions in the prevention and 
mitigation of LBEs.  This requires that applicants provide the necessary capabilities to perform 
mitigation functions and ensure the reliability of SSCs to prevent LBEs with more severe 
consequences.  The safety classification of SSCs and determination of performance criteria are 
directly related to and performed in an iterative process, along with the identification and 
assessment of LBEs and DID. 

 
Consistent with the Commission’s SRM approving the recommendation in SECY-03-0047 to 
allow a probabilistic approach for the safety classification of SSCs, NEI 18-04 describes the 
evaluations of LBEs and DID and the classification of safety functions to be used in designing 
and categorizing specific SSCs for non-LWRs.  The safety classification categories used in 
NEI 18-04 for non-LWRs, and accepted in DG-1353, are defined as follows11:  

 
• Safety related: 

 
– SSCs selected by the designer from the SSCs that are available to perform the 

required safety functions to mitigate the consequences of DBEs to within the LBE 
F-C target, and to mitigate DBAs that only rely on the safety related SSCs to 
meet the dose limits of 10 CFR 50.34 using conservative assumptions. 

 
– SSCs selected by the designer and relied on to perform required safety functions 

to prevent the frequency of BDBE with consequences greater than the 
10 CFR 50.34 dose limits from increasing into the DBE region and beyond the 
F-C target. 

• Nonsafety related with special treatment: 
 
– Nonsafety-related SSCs relied on to perform risk-significant functions, noting that 

risk-significant SSCs are those that perform functions that prevent or mitigate any 
LBE from exceeding the F-C target, or make significant contributions to the 
cumulative risk metrics selected for evaluating the total risk from all analyzed 
LBEs. 

 
– Nonsafety-related SSCs relied on to perform functions requiring special 

treatment for DID adequacy. 
 

                                                 
11 The methodology in NEI 18-04 includes a different definition for safety related and a different means to identify 

safety-related SSCs for non-LWRs than those used in the deterministic approaches for LWRs in 10 CFR Parts 50 
and 52.  Additionally, “nonsafety-related” is used in NEI 18-04 but is not a defined term in NRC regulations and has 
different meaning depending on the context in which it has been used in guidance documents and specific 
applications for LWRs.  NEI 18-04 includes a glossary to help alleviate some of the issues that will arise because of 
differences in terminology.  Non-LWR applicants referencing the regulatory guide are expected to use the 
terminology in NEI 18-04 and, as needed, identify exceptions to and exemptions needed from NRC regulations. 
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• Nonsafety-related with no special treatment: 
 

– All other SSCs (with no special treatments beyond normal industrial practices). 

A major objective of the process described in NEI 18-04 is to establish a systematic approach to 
assessing and determining appropriate relationships between the needed capabilities and 
reliabilities for SSCs and the role of those SSCs in mitigating and preventing LBEs.  Within the 
methodology used in NEI 18-04, the safety classification of SSCs is made in the context of how 
the SSC’s perform specific safety functions for each LBE in which they play a role in preventing 
or mitigating the event.  If the SSC function is successfully completed within an event sequence, 
the SSC and its associated capabilities have helped to mitigate the consequences of the LBE.  
The safety classification process and the corresponding special treatments serve to control the 
frequencies and consequences of the LBEs in relation to the F-C target and ensure that the 
cumulative risk metrics are not exceeded.   
 
The SSC classifications and logic outlined in NEI 18-04 are part of an integrated methodology 
that includes a defined relationship between LBEs, equipment classification, and assessments 
of DID for non-LWRs.  The classifications and related outcomes may not be applicable to 
alternative approaches that do not follow the other parts of the methodology described in 
NEI 18-04. 

Evaluation of Defense-in-Depth Adequacy 
 
NEI 18-04 describes a framework that includes probabilistic and deterministic assessment 
techniques to establish DID using a combination of plant capabilities and programmatic controls.  
Evaluations are based on several established approaches to DID to assess a reactor design 
and determine whether additional measures are appropriate to address an overreliance on 
specific SSCs or to address uncertainties.  One element of NEI 18-04 related to assessing DID 
is adapted from a process defined in International Atomic Energy Agency (IAEA) standards and 
guidance, such as IAEA Specific Safety Requirement No. SSR-2/1, “Safety of Nuclear Power 
Plants: Design.”  Similar to the IAEA standards and guidance, NEI 18-04 lists the success 
criteria for successive layers of DID as being (1) prevention of abnormal operations, initiating 
events and AOOs; (2) return to normal [following a possible AOO] and prevention of DBEs; 
(3) perform required safety functions [in response to possible DBE] and prevent BDBEs; 
(4) maintain required safety functions for retention of radioactive material; and (5) prevent 
adverse public health and safety impacts.  This approach includes evaluating each LBE to 
identify the DID attributes that have been incorporated into the design to prevent and mitigate 
accident sequences and to ensure that they reflect adequate SSC reliability and capability.   
 
The process in NEI 18-04 calls for the reactor designer to use an integrated decisionmaking 
process, which supports the overall design effort (including the development of plant capability 
and programmatic DID features), assesses DID adequacy for the design, and documents the 
DID baseline.  An application for a license, certification, or approval will describe the process 
and outcome in terms of assessments and demonstrate that a reasonable level of DID has been 
incorporated into the design.  A structure for an integrated decisionmaking process is provided 
in RG 1.201, “Guidelines for Categorizing Structures, Systems, and Components in Nuclear 
Power Plants According to Their Safety Significance,” Revision 1, issued May 2006,12 and the 
related industry guidance in NEI 00-04, “10 CFR 50.69 Categorization Guideline,” issued 

                                                 
12 ADAMS Accession No. ML061090627 
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July 2005.13  As part of the DID adequacy assessment, each LBE is evaluated to confirm that 
risk targets are met without exclusive reliance on a single element of design, a single program, 
or a single DID attribute.  

Figure 3 represents the relationships among the various parts of the methodology described in 
NEI 18-04 (LBEs, SSC safety classification, and DID) and shows how the plant capabilities and 
programmatic controls are assessed, using both deterministic and risk-informed techniques to 
ensure DID adequacy for a specific design. 

 

 

  Figure 3  Framework for establishing DID adequacy (from NEI 18-04) 

NEI 18-04 explains that for non-LWRs, one of the primary motivations for employing DID 
attributes is to address uncertainties, including those reflected in the PRA estimates of 
frequency and consequence, as well as other uncertainties that are neither sufficiently 
characterized for uncertainty quantification nor amenable to sensitivity analyses.  The plant 
capability DID includes design margins that protect against certain uncertainties.  Also, both 
plant capability and programmatic elements of DID incorporate measures to compensate for 
residual unknowns.  The plant capability DID adequacy assessment examines whether any 
single feature is excessively relied on to achieve public safety objectives, and, if so, identifies 
options to reduce or eliminate such dependency.  A key element of the evaluation of DID 
described in NEI 18-04 is a systematic review of the LBEs against the layers of defense.  This 
review within the integrated decisionmaking process is necessary to evaluate the plant 
capabilities for DID and to identify any programmatic DID measures that may be necessary for 
ensuring DID adequacy.  This review assesses important DID properties, such as an 
appropriate balance between the prevention and mitigation of LBEs, identified reliability and 
                                                 
13 ADAMS Accession No. ML052910035 
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availability missions for SSCs serving to prevent or mitigate LBEs, and effective physical and 
functional barriers to retain radionuclides.  This review also ensures that measures exist to 
address risk-significant sources of uncertainty.  In addition to examining the specific design 
features and SSCs used in a design, NEI 18-04 provides examples of programmatic controls 
associated with licensing-basis documents, such as technical specifications, quality assurance 
programs, plant procedures and guidelines, training, maintenance programs, and testing and 
surveillance programs. 

As described above, the approaches to assessing DID outlined in NEI 18-04 and accepted in 
DG-1353 are part of an integrated methodology used to identify and analyze LBEs, classify and 
establish performance criteria for SSCs, and identify appropriate programmatic controls for non-
LWRs.  The methodology considers various layers of defense, seeks to avoid excessive 
reliance on single defenses, and includes measures to address uncertainties.  The integrated 
decisionmaking process is instrumental in considering DID during the design process and 
during the development of the related licensing application.  The NRC has long recognized the 
importance of DID and considers its implementation in guidance such as RG 1.174, “An 
Approach for Using Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific 
Changes to the Licensing Basis.”  However, the Commission stated in its SRM dated 
March 9, 2016,14 for SECY-15-0168, “Recommendations on Issues Related to Implementation 
of a Risk Management Regulatory Framework,” dated December 18, 2015, that “a formal 
agencywide definition and criteria for determining the adequacy of DID should not be 
developed.”  The staff is not proposing to define DID or impose the approach described in 
NEI 18-04 onto any applicant not choosing to use the methodology as part of the design and 
licensing for a non-LWR.  This approach is consistent with the Commission’s SRM for 
SECY-15-0168 while also improving the consideration of DID within the design and licensing of 
future non-LWR technologies.   
 
Informing the Content of Applications 

NEI 18-04 provides useful guidance for non-LWR reactor designers and the NRC staff in the 
key areas of selecting and evaluating LBEs, identifying safety functions and classifying SSCs, 
determining special treatment requirements, defining appropriate programmatic controls, and 
assessing DID.  Taken together, these activities provide essential insights for the reactor design 
process, define needed SSC capabilities and programmatic controls, and support documenting 
the safety arguments supporting applications for licenses, certifications, or approvals.  The use 
of the methodology in NEI 18-04 in this way also assists designers in determining the 
appropriate level of information needed for different plant systems to satisfy parts of the 
regulatory requirements in 10 CFR 50.34, 10 CFR 52.47, 10 CFR 52.79, 10 CFR 52.137, and 
10 CFR 52.157.   
 
The staff finds it appropriate to define a technology-inclusive, risk-informed, performance-based 
methodology to help non-LWR applicants prepare applications rather than to develop 
prescriptive, technology-specific application content guidance as was developed for LWRs.  The 
approach for LWRs is documented in RG 1.70, “Standard Format and Content of Safety 
Analysis Reports for Nuclear Power Plants (LWR Edition),” Revision 3, dated November 1978,15 
RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” 
Revision 1, issued October 2018,16 and NUREG-0800, “Standard Review Plan for the Review of 
                                                 
14 ADAMS Accession No. ML16069A370 
15 ADAMS Accession No. ML011340072 
16 ADAMS Accession No. ML18131A181 
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Safety Analysis Reports for Nuclear Power Plants: LWR Edition,” which provide information 
regarding the scope and level of detail of technical information to be provided in final safety 
analysis reports.17  The system designs, and safety evaluations, may demonstrate compliance 
with or justify exemptions from specific NRC regulations and identify where design-specific 
regulatory controls are warranted.   

NEI 18-04 and DG-1353 describe how deterministic evaluations and PRAs inform design 
decisions and ultimately support the safety arguments presented in applications for permits, 
licenses, certifications, and approvals for non-LWRs.  NEI 18-04 defines the interrelationship 
between the LBEs and the derivation of both plant capabilities and programmatic controls, 
which need to be reflected in a safety analysis report supporting an application.  The approach 
described in NEI 18-04 and DG-1353 involves the assessment of event categories that extend 
from benign to severe.  The analysis of AOOs, DBEs, and BDBEs plays an important role in 
defining safety functions, classifying SSCs, and assessing DID.  The safety analysis report will 
describe the analysis results for event sequences and the related organization into event-
sequence families.  In addition to plant response information on SSC capabilities typically 
provided in deterministic evaluations, the description of AOOs, DBEs, and BDBEs will need to 
include or point to key information such as uncertainties and measures to ensure assumed SSC 
availabilities.  Current guidance for the safety analysis report format and content for LWRs 
(e.g., RG 1.206) does not include a specific section for DID assessments.  The importance of 
the DID assessments in the NEI 18-04 methodology and the more systematic approach to 
performing the assessments lends itself to specific discussions in safety analysis reports.   
 
Safety analysis reports for operating LWRs contain detailed descriptions of SSCs supporting 
safety functions.  Examples include chapters on instrumentation and control systems, electrical 
power systems, and cooling water systems.  Additional chapters in LWR safety analysis reports 
are dedicated to power conversion systems and systems needed to handle various forms of 
radioactive wastes.  The various system descriptions for LWRs may have been appropriate 
given the importance of support systems for active safety systems and the potential for support 
or secondary plant systems to cause a plant transient challenging the fuel cladding or other 
barriers to the release of radionuclides.  In contrast, NEI 18-04 describes a process to evaluate 
the risk significance of SSCs in terms of contributing to initiating events or in the mitigation of 
event sequences for non-LWRs.  The analyses and assessments in NEI 18-04 can provide 
insights into the appropriate level of detail needed to describe parts of non-LWR plants outside 
the primary systems.  In many instances, the level of detail for the information about ancillary 
plant systems in advanced reactor designs can be significantly less than that provided for LWRs 
because of the expected use of passive safety systems and the increased thermal capacities of 
reactor systems, which reduce sensitivities to plant upsets.  A description of ancillary plant 
systems or the interface between the ancillary and primary plant systems should focus on any 
safety functions being supported and on possible contributions to initiating events.  Other 
appropriate information includes the safety classification of SSCs and any special treatments 
identified to address the safety or risk significance of the ancillary SSCs identified through 
insights from the PRA or DID assessments.     
 
Performance-based approaches can also inform the level of detail needed for some SSCs 
within applications for licenses, certifications, or approvals.  Prior to the development of 
                                                 
17 RG 1.206 describes various licensing basis documents (e.g., final safety analysis reports, security plans, technical 

specifications, and environmental reports) and a typical organization of those documents within applications for a 
combined license, early site permit, or design certification.  The overall organization of applications described in 
RG 1.206, including chapter-level organization of a final safety analysis report, can be used for non-LWR 
applications. 
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NEI 18-04 and DG-1353 for non-LWRs, the NRC staff addressed this issue in guidance for 
light-water small modular reactors.  The introduction, Part 2, to NUREG-0800, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants:  Light-Water 
Small Modular Reactor Edition,” includes the following guidance on the use of performance-
based approaches as part of an integrated review for small modular reactors: 
 

Second, the framework incorporates an integrated review approach by using the 
satisfaction of selected requirements to provide reasonable assurance of some 
aspects of SSC performance (for example, performance-based acceptance 
criteria related to SSC capability, reliability, and availability).  Examples of 
requirements that could be applied for this purpose include 10 CFR Part 50, 
Appendix A (general design criteria, overall requirements, criteria 1 through 5), 
10 CFR Part 50, Appendix B (quality assurance program), 10 CFR 50.49 (electric 
equipment environmental qualification program), 10 CFR 50.55a (code design, 
inservice testing and inservice inspection programs), 10 CFR 50.65 
(maintenance rule), Technical Specifications (TSs), Availability Controls for SSCs 
subject to Regulatory Treatment of Non-Safety Systems (RTNSS), the Initial Test 
Program (ITP), and ITAAC [inspections, tests, analyses and acceptance criteria].  
In preparing the safety evaluation for the application, the staff may use the 
satisfaction of these selected requirements to augment or replace, as 
appropriate, technical analysis and other evaluation techniques to obtain 
reasonable assurance that the performance-based acceptance criteria are 
satisfied.  Under the framework, the staff also has the flexibility to use these 
selected requirements to demonstrate satisfaction of design-based acceptance 
criteria for the SSCs with low risk significance.  The staff will verify the 
demonstration of the design-basis capabilities of SSCs that are important to 
safety as part of the ITAAC completion review prior to plant operation. 

 
The integrated process described in NEI 18-04 and its consideration of plant capabilities and 
programmatic controls are well suited to inform the content of applications, including 
discussions of appropriate performance-based controls of ancillary SSCs.  The process is 
expected to better align the level of detail describing plant systems in applications with the 
safety functions and risk significance of those systems.  The process will help determine the 
level of information sufficient to support NRC’s conclusion on safety matters and help establish 
an appropriate scope for an essentially complete design as required by 10 CFR 52.47(c) for 
reactors that are either an evolutionary change from or significantly different from reactors 
licensed before April 1989. 
 


