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July 25, 2016
 
 
Mr. James G. Danna
Chief, Environmental Review and Guidance Update Branch
Division of License Renewal
Office of Nuclear Reactor Regulation
Mail Stop: OWFN 11 F1
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
 
Subject: Submittal of Draft “Model SLR New and Significant Assessment Approach for
SAMA” 
                                                                          
Project Number: 689
 
Dear Mr. Danna:
 
During a meeting on May 19, 2016 (NRC Meeting Identifier 20160698), industry members
of the Nuclear Energy Institute’s (NEI) License Renewal Environmental Task Force (NEI
Task Force) described NEI’s proposed approach for an applicant to evaluate new and
significant information regarding severe accident mitigation alternatives (SAMAs) as part of
the environmental review associated with an application for subsequent power reactor
license renewal (SLR).
 
The purposes of this letter are (1) to provide the U.S. Nuclear Regulatory Commission
(NRC) staff with the attached copy of the subject draft document, which explains the
proposed approach for evaluating new and significant information regarding SAMAs
discussed during the May 19 meeting, and (2) to request that the NRC staff review the draft
document and provide comments. This letter fulfills the first action item listed in the NRC’s
summary of the May 19 meeting (ADAMS Accession Number ML16154A011). The
attached document is not proprietary. 
 
The NEI Task Force looks forward to receiving the NRC’s comments on the proposed
approach. Such comments would be most helpful if NEI receives them within 30 days of the
date of this letter.
 
We appreciate the NRC staff’s willingness to review and comment on NEI’s proposed
approach for an applicant to evaluate new and significant information regarding SAMAs.
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Washington, DC 20004 
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July 25, 2016 
 
 
Mr. James G. Danna 
Chief, Environmental Review and Guidance Update Branch 
Division of License Renewal 
Office of Nuclear Reactor Regulation 
Mail Stop: OWFN 11 F1 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 
 
Subject: Submittal of Draft “Model SLR New and Significant Assessment Approach for SAMA”  
  
Project Number: 689 
 
Dear Mr. Danna:  
 
During a meeting on May 19, 2016 (NRC Meeting Identifier 20160698), industry members of the Nuclear 
Energy Institute’s (NEI)1 License Renewal Environmental Task Force (NEI Task Force) described NEI’s 
proposed approach for an applicant to evaluate new and significant information regarding severe accident 
mitigation alternatives (SAMAs) as part of the environmental review associated with an application for 
subsequent power reactor license renewal (SLR). 
 
The purposes of this letter are (1) to provide the U.S. Nuclear Regulatory Commission (NRC) staff with the 
attached copy of the subject draft document, which explains the proposed approach for evaluating new and 
significant information regarding SAMAs discussed during the May 19 meeting, and (2) to request that the 
NRC staff review the draft document and provide comments. This letter fulfills the first action item listed in 
the NRC’s summary of the May 19 meeting (ADAMS Accession Number ML16154A011). The attached 
document is not proprietary.   
 


                                            
1 The Nuclear Energy Institute (NEI) is the organization responsible for establishing unified industry policy on matters affecting 
the nuclear energy industry, including the regulatory aspects of generic operational and technical issues.  NEI's members 
include all entities licensed to operate commercial nuclear power plants in the United States, nuclear plant designers, major 
architect/engineering firms, fuel cycle facilities, nuclear materials licensees, and other organizations and entities involved in 
the nuclear energy industry. 
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The NEI Task Force looks forward to receiving the NRC’s comments on the proposed approach. Such 
comments would be most helpful if NEI receives them within 30 days of the date of this letter. 
 
We appreciate the NRC staff’s willingness to review and comment on NEI’s proposed approach for an 
applicant to evaluate new and significant information regarding SAMAs.  
 
If you have questions or require additional information, please contact me at 610-765-5369. 
 
Sincerely,  
 
 
 
Nancy L. Ranek 
 
Attachment 
 
c: Mr. Jerry Dozier, NRR/DRA/ARCB, NRC 
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1.0 OVERVIEW 
The purpose of the evaluation of severe accident mitigation alternatives (SAMAs) is to identify 
design alternatives, procedural modifications, or training activities that are cost-beneficial and 
further reduce the risks of severe accidents (Reference 1). The analysis of SAMAs includes the 
identification and evaluation of alternatives that reduce the risk from a severe accident by 
preventing substantial core damage (i.e., preventing a severe accident) or by limiting releases 
from containment in the event that substantial core damage occurs (i.e., mitigating the impacts 
of a severe accident) (Reference 2). In accordance with 10 CFR 51.53(c)(3)(ii)(L) and Table B-1 
of Appendix B to 10 CFR Part 51, Subpart A, license renewal Environmental Reports (ERs) 
must provide a consideration of alternatives to mitigate severe accidents if the staff has not 
previously considered such alternatives1 for the applicant’s plant in an environmental impact 
statement (EIS) or related supplement or in an environmental assessment (EA). 


A license renewal applicant for a plant that has already had a SAMA analysis considered by the 
NRC as part of an EIS, supplement to an EIS, or EA, does not need to provide another SAMA 
analysis in the license renewal ER. In forming its basis for determining which plants needed to 
submit SAMA analyses at license renewal, the Commission noted that all licensees had 
undergone, or were in the process of undergoing, more detailed site-specific severe accident 
mitigation analyses through processes separate from license renewal, specifically the 
Containment Performance Improvement, Individual Plant Examination (IPE), and Individual 
Plant Examination of External Events (IPEEE) programs (61 FR 28467, 28481; June 30, 1996). 
In light of these studies, the Commission stated that it did not expect future SAMA analyses to 
uncover “major plant design changes or modifications that will prove to be cost-beneficial” 
(61 FR 28467, 28481; June 30, 1996). The NRC’s experience in completed license renewal 
proceedings has confirmed this prediction.2 


Nevertheless, the applicant’s ER must contain any new and significant information of which the 
applicant is aware (10 CFR 51.53(c)(iv)) and the NRC Staff must consider whether such 
information affects prior generic environmental determinations, reflected in the Category 1 
issues in Table B-1. See 61 FR 28467 to 28468.  Also, because the exception in 10 CFR 
51.53(c)(3)(ii)(L) operates as the “functional equivalent” of a Category 1 designation for the 
issue of SAMAs  (Exelon Generation Company, LLC (Limerick Generating Station, Units 1 and 
2), CLI-12-19, 76 NRC 377, 386, October 23, 2012), the ER in a license renewal application for 
a nuclear plant that qualifies for the exception must identify new and significant information of 
which the applicant is aware that relates to the previous SAMA evaluation. 


To support the Second License Renewal (SLR) efforts for nuclear power plants, this document 
provides a model structure for defining, identifying, evaluating, and documenting whether “new” 
information is “significant” with respect to a SAMA analysis previously considered by the NRC. 


 


                                                
1 Some plants (e.g., Limerick Generating Station) performed analyses of severe accident mitigation 


design alternatives as components of initial plant licensing environmental reviews. Hence, the NRC 
considered such analyses in the EISs regarding initial plant licenses for those plants. 


2 As stated in Appendix E of NUREG-1437, Revision 1 at E-45 (Reference 13). 
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2.0 DEFINITION OF “NEW AND SIGNIFICANT” 
In order to provide an assessment of whether “new and significant” information exists with 
respect to a prior SAMA analysis, it is first necessary to define the term.  As discussed by the 
NRC in section 5.3.9 of NUREG-1437, Supplement 49 (Reference 8), “New information is 
significant if it provides a seriously different picture of the impacts of the Federal action under 
consideration. Thus, for mitigation alternatives such as SAMAs, new information is significant if 
it indicates that a mitigation alternative would substantially reduce an impact of the Federal 
action on the environment. Consequently, with respect to SAMAs, new information may be 
significant if it indicated a given cost-beneficial SAMA would substantially reduce the impacts of 
a severe accident or the probability or consequences (risk) of a severe accident occurring.”3  
The implication of this statement is that “significance” is not solely related to whether or not a 
SAMA is cost beneficial, but depends also on a SAMA’s potential to significantly reduce risk to 
the public. 


At the time of this writing, the NRC has not provided a quantitative methodology for interpreting 
the above definition of “new and significant information”.  Accordingly, for the purposes of this 
model approach, the term “new and significant” has been broken down into its constituent parts 
to aid in the development of a functional definition. 


There are various inputs to the SAMA analysis that could be affected by “new and significant” 
information (e.g., population changes, risk model updates, etc.), but in the context of a SAMA 
analysis, the determination of “new and significant” is ultimately made in relation to averted cost-
risk values, which is a primary output metric of a SAMA analysis.  The averted cost-risk of a 
SAMA candidate is a measure of the change in risk, expressed in dollars, associated with 
implementation of the SAMA, and it is considered to be an appropriate means of characterizing 
the potential impacts of plant operation on the public and environment.  The definition of “new 
and significant” that is developed below is designed to include inputs that can be reflected in 
terms of an averted cost-risk. 


2.1 Definition of “New” Information 
“New” information pertains to data used in a SAMA analysis that has changed or become 
available since the time the preceding SAMA analysis was performed.  


There are some inputs to the SAMA analysis that are expected to change, or to potentially 
change, for all plants.  These inputs include: 


 Updated Level 3 Model consequence results, which may be impacted by multiple inputs, 
including, but not limited to, the following: 


○ Population 
○ Value of farm and non-farm wealth 
○ Core inventory (e.g., due to power uprate) 
○ Evacuation timing and speed 
○ Level 3 methodology updates 


 NUREG/BR-0058 (Reference 10) cost benefit methodology updates 


                                                
3 Information is “new and significant” if it is sufficient to show that the federal action will affect the quality 


of the human environment either in a significant manner or to a significant extent not already 
considered in an EIS. See Marsh v. Oregon Natural Resources Council, 490 U.S. 360, 374 (1989).  To 
be significant, such information must “paint a dramatically different picture of impacts” compared to 
those previously evaluated.  Massachusetts v. NRC, 708 F.3d 63, 68-69 (1st Cir. 2013). 
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In addition other changes that could be considered to be “new information” are dependent on 
plant activities or site specific changes.  These types of changes include: 


 The identification of a new hazard (e.g., a fault that was not previously analyzed in the 
seismic analysis) 


 An updated plant risk model (e.g., a fire PRA that replaces the IPEEE analysis) 
○ The impacts of plant changes that are included in the plant risk models will be 


reflected in the model results and do not need to be assessed separately. 
 Non-modeled modifications/changes to the plant 


○ Modifications determined to have no risk impact need not be included (e.g., 
replacement of the condenser vacuum pumps)4 


For risk model updates performed to reflect the latest PRA model state of the practice, it is 
noted that the actual physical plant risk may not have changed, but because the best estimate 
assessment/understanding of the risk has changed, it is considered to be “new information”. 


At the direction of the Commission (Reference 12), the NRC Staff asked the applicant in a 
request for additional information (RAI) (Reference 7) why the set of potentially cost beneficial 
SAMAs that were identified for plants similar in design to Limerick after the performance of 
Limerick’s 1989 Severe Accident Mitigation Design Alternatives (SAMDA) analysis were not 
new and significant information.  This event was site-specific; however, because a similar 
request could be made of any SLR applicant, it may be advisable for applicants to consider 
whether potentially cost beneficial SAMAs identified in U.S. license renewal applications after 
submittal of the SAMA analysis for the analyzed plant could be new information. 


o BWRs should assess SAMAs from other BWRs and PWRs should assess 
SAMAs from other PWRs. 


If there is a basis for excluding this body of SAMAs from the pool of “new information” to be 
evaluated for significance, the rationale should be documented.  


2.2  “Significant” Information 
In Section 5.3.9 of the Generic Environmental Impact Statement for License Renewal of Nuclear 
Plants Regarding Limerick Generating Station, NUREG-1437, Supplement 49 (Reference 8), 
the NRC explained that “with respect to SAMAs, new information may be significant if it 
indicated that a given cost-beneficial SAMA would substantially reduce the impacts of a severe 
accident or the probability or consequences (risk) of severe accident occurring.”  Thus, to be 
significant, new information must result in identification of a SAMA that (1) is cost beneficial and 
(2) substantially reduces risk.   


To apply this framework, it is necessary to provide a quantitative threshold for substantial risk 
reduction from a SAMA.  Such a threshold was previously developed to support the Limerick 
Generating Station License Renewal Application, which has been reviewed and accepted by the 
NRC.  Based on the successful application of the threshold used in the Limerick License 
Renewal proceeding to determine whether potentially cost beneficial SAMAs are significant, the 
same definition is proposed herein.  The remainder of this section describes that threshold. 


2.2.1 Threshold for Potential Significance 
PRA standards and other relevant industry guidance documents can be reviewed to identify the 
thresholds for what may be considered “significant” in risk evaluations to help develop a basis 
                                                
4 Unless they impact a specific input to SAMA (e.g., a new low pressure turbine in the power conversion 


system that results in a greater net electrical output) 
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for the term’s definition. Results of such a review were reported to the NRC in Reference 7 and 
are reproduced below. 


There were a few notable documents that provide numerical criteria that may be applied to 
determine the threshold for potential significance. The first one is the American Society of 
Mechanical Engineers (“ASME”)/American Nuclear Society (“ANS”) PRA Standard (Reference 
4), which includes the following definition of a significant basic event: 


significant basic event: a basic event that contributes significantly to the computed risks for a 
specific hazard group. For internal events, this includes any basic event that has an FV 
[Fussell-Vesely] importance5 greater than 0.005 or a RAW [Risk Achievement Worth]6 
importance greater than 2. 


Similar numerical criteria also appear in NUMARC 93-01 (Reference 5), which includes the 
following guidance: 


An SSC would probably be considered risk significant if its Risk Reduction Worth exceeds 
0.5 percent of the overall Core Damage Frequency (Risk Reduction Worth >1.005). 


[…] 


An SSC [structure, system or component] would probably be considered risk significant if its 
Risk Achievement Worth shows at least a doubling of the overall Core Damage Frequency 
and should be provided to the expert panel as an input in risk determination. 


Finally, NEI 00-04 (Reference 6) provides detailed guidance on categorizing structures, systems 
and components for licensees that choose to adopt 10 CFR § 50.69, Risk-Informed 
Categorization and Treatment of Structures, Systems and Components for Nuclear Power 
Reactors. In the discussion of using risk analyses for SSC categorization, the following 
guidance is provided: 


The risk importance process uses two standard PRA importance measures, risk 
achievement worth (RAW) and Fussell-Vesely (FV), as screening tools to identify candidate 
safety-significant SSCs. The criteria chosen for safety significance using these importance 
measures are based on previously accepted values for similar applications. 


[…] 


The importance measure criteria used to identify candidate safety significance are: 


 Sum of FV for all basic events modeling the SSC of interest, including common cause 
events > 0.005 


 Maximum of component basic event RAW values > 2 
In summary, an FV value > 0.005 and a RAW value > 2 are well established indicators of PRA 
significance. This can be extended to apply to not just internal events core damage frequency 
(“CDF”) and large early release frequency (“LERF”), but to external events CDF and LERF, and 
other integrated key output figures of merit. In the context of license renewal, the accepted key 
output figure of merit for decision making is potential “averted cost risk.” 


                                                
5 For a specified basic event, Fussell-Vesely importance is the fractional contribution to the total of a 


selected figure of merit for all accident sequences containing that basic event.   
6 For a specified basic event, risk achievement worth importance reflects the increase in a selected figure 


of merit when an SSC is assumed to be unable to perform its function due to testing, maintenance, or 
failure. It is the ratio or interval of the figure of merit, evaluated with the SSC’s basic event probability 
set to one, to the base case figure of merit. 
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When averted cost risks are analyzed, the FV importance measure is found to be highly 
dependent on the assumed reliability of the system once it is installed. This is illustrated in 
Figure 1 which shows an example of how the FV value changes with assumed failure probability 
values given a case where a 50% reduction in the measured parameter is estimated assuming 
perfect reliability. In this example, a 0.005 FV value would be obtained when the failure 
probability is ~0.005. This failure probability represents a system or component that is 99.5% 
reliable, which is fairly representative of many components modeled in typical PRA analyses. 
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FIGURE 1 


FV AS A FUNCTION OF FAILURE PROBABILITY 


On the other hand, as the reliability of the system increases (i.e., as the likelihood of system 
failure decreases), the RAW importance measure would asymptotically approach a RAW of 2 if 
50% of the measured parameter can be averted. This is illustrated in Figure 2, which shows an 
example of how the RAW changes with assumed failure probability values when a 50% 
reduction in the measured parameter is estimated assuming perfect reliability. Therefore, a 
correlation to a RAW > 2 as the acceptance threshold for “significance” is established, and a 
50% reduction in a plant’s maximum averted cost risk (MACR) is chosen for the “significance” 
threshold (i.e., a 50% reduction in the MACR is a monetary measure of reducing the plant’s risk 
by 50%). 


In other words, the threshold that has been described here would be equivalent to a highly 
reliable system leading to doubling the cost risk when it is taken out of service for maintenance. 
This correlates to a well-established threshold for determining risk significance in the PRA 
applications discussed above.  Based on this characterization of “significance”, a change that 
would reduce a plant’s MACR by a factor of at least 2 would be considered potentially 
“significant” pending the determination of whether it is also potentially cost beneficial.  For this 
approach, therefore, plant changes that would reduce the MACR by a factor of 2 are 
characterized as “potentially significant” SAMAs with the final determination of significance 
dependent on the results of a cost benefit analysis. 
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FIGURE 2 


RAW AS A FUNCTION OF FAILURE PROBABILITY 


In order to apply this threshold in the context of determining whether new information might be 
significant, however, it is necessary to identify the model that will be used to measure the MACR 
reduction, which for this application is considered to be the model that reflects the most up to 
date understanding of plant risk (i.e., the current model of record).  The implication of using the 
current model of record with this definition of “significant” is that the cost benefit information from 
the original SAMA evaluation is superseded by that which would be derived by the current 
model.  Because the MACR and averted cost-risk calculations are directly correlated to plant 
risk, the assessment of significance can be performed using only the Level 1 and Level 2 PRA 
models (i.e., it may not be necessary to update the Level 3 model or other parts of the cost 
benefit analysis).  If it can be shown that a particular SAMA would not reduce the CDF or any of 
the important Level 2 release category frequencies in the model of record by more than a factor 
of two, then that particular SAMA could not reduce the MACR by a factor of more than two. 
Therefore, that SAMA would not be considered potentially significant and would not be 
evaluated further in assessing the significance of new information. 


This is consistent with the following statement from NUREG-1437, Supplement 49 (Reference 
8), which indicates the assessment of “new information” can be framed in terms of the impact of 
SAMA implementation: “new information may be significant if it indicated a given cost-
beneficial SAMA would substantially reduce the impacts of a severe accident or the 
probability or consequences (risk) of a severe accident occurring.”  If there are no 
potentially significant SAMAs, no new information would be deemed “significant.” 
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3.0 ASSESSMENT PROCESS 
This section describes a multi-stage assessment process to determine whether or not there is 
any “new and significant” information relevant to a previous SAMA analysis.  If “new” and 
“significant” information has been determined to exist, an updated SAMA assessment as 
described in NEI 05-01 would follow. 


The first stage of the process (see Section 3.1) uses PRA risk insights and/or risk model 
quantifications to estimate the percent MACR reduction associated with (1) all unimplemented 
Phase 2 SAMAs7 for the analyzed plant and (2) those SAMAs identified as potentially cost 
beneficial for other industry plants that have been determined to be applicable to the analyzed 
plant (see subsection 3.1.2).  If it can be demonstrated that none of the SAMAs being evaluated 
can reduce the MACR by 50 percent or more8, then the applicant may document the conclusion 
that there is no “new and significant” information relevant to the previous SAMA analysis. 


In the event that one or more unimplemented Phase 2 SAMAs or applicable industry SAMAs 
are shown to reduce the MACR by 50 percent or more, the applicant must develop an updated 
averted cost-risk estimate for implementing those SAMAs.  Such development is the Stage 2 
assessment (see Section 3.2).  Two options are provided for performing the Stage 2 
assessment: 


 Option 1: Perform a simplified (conservative) Level 3 model update to support the update of 
the averted cost-risk calculations. 


 Option 2: Perform a full Level 3 model update to support the update of the averted cost-risk 
calculations. 


The desirability of using Option 1 will vary by plant depending on the availability of information. 


In the event that refinements to the averted cost-risk calculations related to the Stage 2 
assessment demonstrate that the MACR reduction is less than 50% for all SAMAs, then the 
applicant may document the conclusion that there is no “new and significant” information 
relevant to the previous SAMA analysis. 


If the results of the Stage 2 assessment indicate that one or more SAMAs reduce the MACR by 
50% or more, then the impact of new information on those SAMAs must be further assessed to 
determine whether it is significant.  New information will be deemed “potentially significant” to 
the extent it results in the identification of an unimplemented SAMA that reduces the MACR by 
50% or more. 


The final determination of significance will be made in the Stage 3 assessment, which consists 
of performing a cost-benefit analysis for unimplemented SAMAs that reduce the MACR by 50% 
or more (i.e., “potentially significant” SAMAs).  If such SAMAs are found to be potentially cost-
beneficial, then they indicate the existence of “new and significant’ information relevant to the 
previous SAMA analysis.   


Figure 3 provides a flowchart of the 3-stage assessment process. 


 


                                                
7 NEI 05-01 (Reference 9) provides a description of the Phase 1 and Phase 2 analyses.  An 


unimplemented Phase 2 SAMA is a SAMA that was not screened in the Phase 1 process and has not 
been implemented at the analyzed plant/site.  


8 A SAMA that reduces the MACR by 50% or more is not considered to be “new and significant” if it was 
also determined in the previous SAMA analysis to reduce the MACR by 50 percent or more (i.e., in the 
40-60 year ER). 
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Figure 3
SLR Assessment Flowchart
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3.1  Stage 1 Assessment  
The Stage 1 Assessment includes subtasks for the collection of “new information”, for pre-
screening industry SAMA candidates, and for estimating the risk reduction of the unscreened 
SAMA candidates. 


The steps for the Stage 1 Assessment are provided below. 


3.1.1 Stage 1 Data Collection  
For the Stage 1 Assessment, collection of the following high level categories of information is 
advised: 


 PRA models (Level 1 and 2) 
○ Use the latest risk models that are available for Internal Events (including internal 


flooding) and for each of the external events contributors identified for evaluation in 
NEI 05-01 (Reference 9).   
- For those plants that have not maintained a full level 2 model, it will be necessary 


to either update the Level 2 model or develop a process by which the relevant 
release category frequencies can be estimated for each SAMA considered to 
ensure the full spectrum of plant risk can be accounted for in the Stage 1 
assessment.  


FIGURE 3 
SAMA “NEW & SIGNIFICANT” ASSESSMENT FLOWCHART 
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- Note that RAIs on 40-to-60-year SAMA analyses have often requested the 
assessment of new information not in the plant risk models; therefore, applicants 
should be prepared to extrapolate the impact of forthcoming model revisions 
and/or updated modeling techniques into the results of the evaluation. 
 These types of issues will vary by plant, and they may be influenced by 


current industry issues. 


 Plant changes not yet incorporated into plant risk models 
 Unimplemented Phase 2 SAMAs for the analyzed plant, as identified in: 


o The 40-to-60-year SAMA analysis, which is typically an appendix to the 
Environmental Report in the 40-to-60-year License Renewal Application (or its 
equivalent if severe accident mitigation alternatives were considered during initial 
plant licensing), and    


o Responses to RAIs issued on the 40-to-60-year SAMA analysis (or its equivalent if 
severe accident mitigation alternatives were considered during initial plant licensing). 


o The Generic Environmental Impact Statement (NUREG-1437) Supplement for the 
analyzed plant. 


 Potentially cost beneficial SAMAs identified in SAMA analyses for other similar plants 
submitted after that of the analyzed plant. 


o Include those SAMAs of the same general plant type (i.e., BWR or PWR)9, 
o The potentially cost beneficial SAMAs are identified in the plant specific Supplements 


of the Generic Environmental Impact Statement (NUREG-1437). 


3.1.2 Pre-screening Industry SAMAs   
While this model approach advises including the potentially cost beneficial SAMAs from industry 
plants of the same general type in the body of SAMAs to be considered, it is not expected that a 
risk reduction assessment would be necessary for each of those SAMAs.  Before the risk 
reduction estimates are developed, the SAMA candidates should be pre-screened to identify 1) 
those SAMAs that are not applicable to the design of the analyzed plant, 2) those SAMAs that 
have already been implemented at the analyzed plant, and 3) those SAMAs that are already 
addressed by a functionally equivalent SAMA or that may be combined with or subsumed by a 
more comprehensive SAMA.  This step is similar to the Phase 1 screening process in NEI 05-01 
with the exceptions that SAMAs are not eliminated due to excessive implementation cost 
(because an updated MACR is not developed for the Stage 1 analysis) and SAMAs with very 
low benefits are not exempted from an explicit risk reduction assessment. 
These pre-screening criteria, which have been adopted from NEI 05-01 and slightly modified, 
are provided below: 
 Not Applicable: If a SAMA candidate does not apply to the plant design, it may be excluded 


from further review.  For example, installation of accumulators for turbine-driven feedwater 
pump flow control valves would not be further analyzed for a plant with motor operated 
turbine-driven feedwater pump flow control valves. 


 Already Implemented:  If a SAMA candidate has already been implemented at the plant, or 
its benefit achieved by other means, it may be excluded from further review.  For example, 


                                                
9 Commission Order CLI-13-07 indicates that SAMAs identified for Mark II BWRs could be used for any 


BWR.  This assertion is used as the basis for not limiting the scope of potentially cost beneficial SAMAs 
to be considered to only those associated with a particular plant sub-type.  A coarse screening step is 
performed later to eliminate those SAMA candidates that are not applicable to the design of the 
analyzed plant.  
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installation of motor generator set trip breakers in the control room to reduce the frequency 
of core damage due to an ATWS would not be further analyzed for a plant with a control 
room actuated diverse scram system. 


 Combined:  If a SAMA candidate is similar in nature and can be combined with another 
SAMA candidate to develop a more comprehensive or plant-specific SAMA candidate, only 
the combined SAMA candidate is retained. For example, addition of an independent reactor 
coolant pump seal injection system and use of an existing hydro test pump for reactor 
coolant pump seal injection provide similar risk-reduction benefits. If the lower-cost 
alternative is not cost-beneficial, the higher-cost alternative also will not be cost-beneficial. 
Therefore, the higher-cost alternative would not be further analyzed. 


For each of the SAMAs that are pre-screened using the above criteria, document the criterion 
used to eliminate the SAMA from further consideration. 


3.1.3 Evaluation of Risk Reduction   
For the Unimplemented Phase 2 SAMAs and Unscreened Industry SAMAs, estimate the 
percent by which the MACR would be reduced if the SAMA were implemented. There are 
different methods that may be used to accomplish this goal, but whichever method is used, the 
risk insights must be correlated to the ultimate metric, which is the averted cost-risk.  For 
example, it is critical that an assessment of a SAMA impacting Steam Generator Tube Rupture 
accounts for the reduction in the Level 2 “bypass” release category frequency in addition to the 
CDF because a majority of the averted cost-risk may be associated with the “bypass” frequency. 


Without the insights of an updated Level 3 model and MACR calculation, it is difficult to correlate 
specific changes to the CDF and Level 2 release categories to an averted cost-risk; therefore, in 
this stage of the analysis, the approach is to bound the impact by demonstrating that SAMA 
implementation would not reduce the CDF or any of the Level 2 release category frequencies by 
50 percent or more.  If this can be demonstrated, it can be inferred that the SAMA’s averted 
cost-risk would not be more than 50 percent of the MACR.  This is because the averted cost-risk 
is directly tied to the changes in CDF and the Level 2 release category frequencies. 


The impact of SAMA implementation on the CDF and the Level 2 release category frequencies 
can be estimated using importance measures for events that capture the impact of the SAMA.  
For example, the impact of implementing a SAMA to install a bypass switch for the low level 
MSIV isolation logic in a BWR may be directly correlated to the operator action for performing 
the MSIV low level isolation logic bypass.  If this is true, the importance lists for the CDF and 
each of the release categories could be reviewed to identify the RRW values (or FV values) for 
that operator action, and the percent reduction in CDF and release category frequencies can 
then be estimated from this information. More specifically, if the operator action to bypass the 
MSIV low level isolation logic correlates to Risk Reduction Worth (RRW)10 values of 1.05 or less 
for CDF and each of the analyzed Level 2 release categories, the averted cost-risk would be 
limited to about 5 percent of the MACR and the SAMA could not be “potentially significant”. 


If correlating the impact of SAMA implementation to basic event importance measures is not 
straightforward, the SAMA can be modeled in the PRA to obtain estimates of CDF and release 
category frequency reductions (similar to the approach used in a typical Phase 2 SAMA 
analysis).  


                                                
10 For a specified basic event, risk reduction worth importance reflects the decrease in a selected figure of 


merit when an SSC is assumed to be perfectly reliable. It is the ratio or interval of the figure of merit, 
evaluated with the SSC’s basic event probability set to zero, to the base case figure of merit. 
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A potential difficulty is a scenario in which implementation of a SAMA reduces some frequencies 
by more than 50 percent while it does not impact others at all.  In these “borderline” cases, it 
may be possible to justify that the SAMA’s averted cost-risk would still be less than 50 percent 
of the MACR if the release category with the reduction that is greater than 50 percent is a low 
consequence release category.  For example, if a SAMA has a large impact on SGTR scenarios 
in which steam generator makeup is available (i.e., the releases are scrubbed), a discussion 
could be provided that includes both qualitative and quantitative insights about why the 
reduction in that release category frequency would not also reduce the MACR by more than 50 
percent.   


If one or more SAMAs are found to reduce the MACR by at least 50 percent, then the SAMAs 
are considered to be “potentially significant” and a Stage 2 assessment is required.   


Assessment Considerations: 


• As identified above, Risk Reduction Worth values for CDF and all release category 
groups can be used to approximate the percent reduction in the MACR for a SAMA.  If 
this process is used, however, care should be taken to ensure that all of the events 
impacted by the SAMA are considered in the assessment and that the combined 
impacts of multiple events are appropriately accounted for (e.g., do the events impact 
some of the same cutsets, or are the events always in separate cutsets). 


• Account for the impact of unimplemented plant changes on the SAMA averted cost-risk 
assessments.  In some cases, a general assessment may be appropriate (e.g., no 
impact on plant risk) while in others it may be necessary to consider such an impact 
explicitly for each SAMA. 


• If the PRA model has been updated since the performance of the 40-to-60-year SAMA, it 
is possible that the risk profile has changed substantially even if the overall CDF and 
release category frequencies have not.  For this reason, do not use risk reduction 
assessments from the 40-to-60-year SAMA analysis directly if the PRA model has 
changed. 


3.2 Stage 2 Assessment 
If the Stage 1 analysis cannot definitively determine that all of the Unimplemented Phase 2 and 
Unscreened Industry SAMAs have averted cost-risk values that are less than 50% of the 
MACR, it will be necessary to perform a more detailed averted cost-risk calculation for the 
“potentially significant” SAMAs.  This requires an update of the Level 3 consequence model and 
recalculation of the averted cost-risk for each “potentially significant” SAMA using the latest 
plant risk models.   


3.2.1 Stage 2 Data Collection 
Some of the data required for the Stage 2 assessment will have been collected as part of the 
Stage 1 assessment and will already be available to the analyst.  In addition to the Stage 1 data 
requirements, the following information will be required:  


 Site demographics and other inputs to update the Level 3 model 
 Latest cost benefit methodology 


○ NUREG/BR-0058 (Reference 10) is being updated and will include information 
previously contained in NUREG/BR-0184 (Reference 3) and NUREG-1409 
(Reference 11). 
- Notable changes include revised dollar per person-rem and replacement power 


costs. 
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 Any other inputs to the SAMA cost-benefit analysis that have changed since the 
40-to-60-year SAMA analysis was completed, as identified by the analyst.   


3.2.2 Stage 2 Averted Cost-Risk Assessment 
Once the “new” information has been identified, the following principal steps should be 
performed to assess the averted cost-risk for the “potentially significant” SAMAs: 


1. Update the Level 3 consequence analysis: 


 


a. Option 1 – Simplified Level 3 Update:  In general, the scope of new information that 
will potentially impact the Level 3 model is broad, which makes it difficult to estimate 
how the Level 3 results (Dose-Risk, Offsite Economic Cost-Risk) will be changed 
without directly integrating the new information into the Level 3 model.  For example, 
the forthcoming version of the MACCS code and associated guidance is anticipated 
to include changes to the internal economic cost models related to population 
relocation, which will have release category-specific impacts (i.e., the offsite 
economic results will scale differently for different plants).  If the applicant can 
develop a strategy to estimate the impact of the new information on the previous 
Level 3 results (e.g., using insights from previous Level 3 model sensitivity case 
results) and defend the quality of the strategy, it may be used to justify Option1; 
otherwise, Option 2 should be used.  Issues to consider include, but are not limited 
to, the following: 


i. Changes to “50-mile” population 


ii. Changes to agricultural and land-based economic data for the 50-mile radius 
area 


iii. Changes to core inventory (e.g., due to power uprate) 


iv. Changes to evacuation times 


v. Changes to MACCS2 code 


b. Option 2 – Full Level 3 Update:  Use the Level 1 and 2 Internal Events PRA output 
and site specific meteorology, demographic, land use, and emergency response data 
as inputs to update the Level 3 consequence analysis performed using the latest 
available MELCOR Accident Consequences Code System version (as was done for 
the 40-to-60-year SAMA analysis). 


2. Baseline Risk Monetization – Use NRC regulatory analysis techniques (Reference 3) to 
calculate the monetary value of the severe accident risk. That value represents the updated 
maximum averted cost-risk (MACR). 


3. Evaluate the “potentially significant” SAMAs in a manner consistent with the NEI 05-01 
(Reference 9) methodology. 


o Calculate the averted cost-risk. 


o In the event that this averted cost-risk calculation demonstrates that the 
SAMA does not reduce the updated MACR by 50 percent or more, the SAMA 
may be classified as “not significant.” 


 This reclassification could occur when the detailed averted cost-risk 
calculations remove the conservatisms of the Stage 1 assessments 
for “borderline” SAMAs. 
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o SAMAs with averted cost-risk values that are equal to or greater than 50 
percent of the MACR remain “potentially significant.” 


3.3 Stage 3 Cost Benefit Assessment 
For those SAMAs classified as “potentially significant” in the Stage 2 assessment, determine 
whether they are potentially cost beneficial in accordance with the process described in 
Sections 7 and 8 of NEI 05-01.  If the new information considered in this assessment does not 
result in identification of any “potentially significant” SAMAs that are also potentially cost 
beneficial, the new information is not significant.  The identification of a “potentially significant” 
SAMA that is also potentially cost beneficial is an indication that “new and significant” 
information exists relevant to the previous SAMA analysis.   


3.4 Documentation of the New and Significant Information Review 
If the assessments above indicate the existence of no “new and significant” information, the 
SLR ER should briefly describe the process that was used and the conclusions.  Further 
documentation of the review should be maintained for NRC audit and should include: 


 Description of data review 
 Description of current risk models (at a level of detail consistent with what was expected for 


the 40-to-60-year License Renewal Application) 
○ Level 1 
○ Level 2 
○ Level 3 (if applicable) 


o If only a Stage 1 analysis is required, no Level 3 model discussion is needed. 
o If a “borderline,” “potentially significant” SAMA is assessed using a Stage 2 


averted cost-risk calculation and determined not to be significant, indicate the 
SAMA was assessed according to the model approach and determined not to 
be “significant.”  Maintain the Level 3 model in a separate document to 
support any audit related activities.  


o If one or more SAMAs has been determined to be “potentially significant,” 
describe the updated Level 3 model. 


 Description of changes to the risk models since the 40-to-60-year License Renewal 
Application 


○ List of PRA revisions 
○ Qualitative descriptions of the most significant changes for each revision 
○ Include a discussion of the changes made at the plant that have reduced risk. 


 The pre-screening criterion used to exclude any of the Stage 1 SAMA candidates from 
further consideration, including if applicable, the rationale for excluding potentially cost 
beneficial SAMAs identified in U.S. license renewal applications after submittal of the SAMA 
analysis for the analyzed plant (i.e., industry SAMAs). 


 Percent risk reduction for the non-screened Stage 1 SAMAs 
 MACR calculation (if applicable) 
 Stage 2 averted cost-risk calculation and results for the “potentially significant” SAMAs (if 


applicable) 
o Modeling description (PRA model changes, assumptions, etc.) 
o CDF, release category frequencies, and averted cost-risk values for “potentially 


significant” SAMAs  
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 Implementation costs for the “potentially significant” SAMAs passed to the Stage 3 
assessment (if applicable) 


 Net values for the “potentially significant” SAMAs passed to the Stage 3 assessment (if 
applicable) 


 Conclusions 
○ Identify SAMAs, if any, determined in the Stage 1 assessment to be potentially 


“potentially significant” (i.e., the SAMAs determined to reduce the MACR by 50 
percent or more). 


○ Identify SAMAs, if any, that are considered to be “potentially significant” after the 
Stage 2 assessment 


o Also identify SAMAs that were determined to be “potentially significant” in 
Stage 1, but were demonstrated to be not “potentially significant” in Stage 2. 


○ Identify as “significant” any “potentially significant” SAMAs determined in Stage 3 to 
be also potentially cost beneficial. 


o Identify any SAMAs that are both “potentially significant” and potentially cost 
beneficial that were not potentially cost beneficial in the 40-to-60-year SAMA 
analysis. 


o Identify how any significant SAMAs that were not potentially cost beneficial in the 
40-to-60-year SAMA analysis will be further assessed.  The discussion should 
include: 


o An explanation of the process by which they will be further 
considered/ evaluated by the plant. 


o An assessment of whether they are ageing related. 
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4.0 CONCLUSIONS 
This document provides a model approach for assessing whether “new and significant” 
information exists with respect to a prior SAMA analysis and evaluating any such information, 
which is a topic that must be considered in a successful SLR application.  The intent is to 
describe the high level steps that are required to perform the analysis and to leave the details of 
how each of the steps should be performed to the individual analysts to ensure that any plant 
specific issues are properly addressed.  Identifying and prescribing a process to address these 
types of plant specific issues is beyond the scope of this document and it is incumbent on the 
analyst to identify and evaluate such issues as part of preparing the SLR application. 
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1.0 OVERVIEW 
The purpose of the evaluation of severe accident mitigation alternatives (SAMAs) is to identify 
design alternatives, procedural modifications, or training activities that are cost-beneficial and 
further reduce the risks of severe accidents (Reference 1). The analysis of SAMAs includes the 
identification and evaluation of alternatives that reduce the risk from a severe accident by 
preventing substantial core damage (i.e., preventing a severe accident) or by limiting releases 
from containment in the event that substantial core damage occurs (i.e., mitigating the impacts 
of a severe accident) (Reference 2). In accordance with 10 CFR 51.53(c)(3)(ii)(L) and Table B-1 
of Appendix B to 10 CFR Part 51, Subpart A, license renewal Environmental Reports (ERs) 
must provide a consideration of alternatives to mitigate severe accidents if the staff has not 
previously considered such alternatives1 for the applicant’s plant in an environmental impact 
statement (EIS) or related supplement or in an environmental assessment (EA). 


A license renewal applicant for a plant that has already had a SAMA analysis considered by the 
NRC as part of an EIS, supplement to an EIS, or EA, does not need to provide another SAMA 
analysis in the license renewal ER. In forming its basis for determining which plants needed to 
submit SAMA analyses at license renewal, the Commission noted that all licensees had 
undergone, or were in the process of undergoing, more detailed site-specific severe accident 
mitigation analyses through processes separate from license renewal, specifically the 
Containment Performance Improvement, Individual Plant Examination (IPE), and Individual 
Plant Examination of External Events (IPEEE) programs (61 FR 28467, 28481; June 30, 1996). 
In light of these studies, the Commission stated that it did not expect future SAMA analyses to 
uncover “major plant design changes or modifications that will prove to be cost-beneficial” 
(61 FR 28467, 28481; June 30, 1996). The NRC’s experience in completed license renewal 
proceedings has confirmed this prediction.2 


Nevertheless, the applicant’s ER must contain any new and significant information of which the 
applicant is aware (10 CFR 51.53(c)(iv)) and the NRC Staff must consider whether such 
information affects prior generic environmental determinations, reflected in the Category 1 
issues in Table B-1. See 61 FR 28467 to 28468.  Also, because the exception in 10 CFR 
51.53(c)(3)(ii)(L) operates as the “functional equivalent” of a Category 1 designation for the 
issue of SAMAs  (Exelon Generation Company, LLC (Limerick Generating Station, Units 1 and 
2), CLI-12-19, 76 NRC 377, 386, October 23, 2012), the ER in a license renewal application for 
a nuclear plant that qualifies for the exception must identify new and significant information of 
which the applicant is aware that relates to the previous SAMA evaluation. 


To support the Second License Renewal (SLR) efforts for nuclear power plants, this document 
provides a model structure for defining, identifying, evaluating, and documenting whether “new” 
information is “significant” with respect to a SAMA analysis previously considered by the NRC. 


 


                                                
1 Some plants (e.g., Limerick Generating Station) performed analyses of severe accident mitigation 


design alternatives as components of initial plant licensing environmental reviews. Hence, the NRC 
considered such analyses in the EISs regarding initial plant licenses for those plants. 


2 As stated in Appendix E of NUREG-1437, Revision 1 at E-45 (Reference 13). 
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2.0 DEFINITION OF “NEW AND SIGNIFICANT” 
In order to provide an assessment of whether “new and significant” information exists with 
respect to a prior SAMA analysis, it is first necessary to define the term.  As discussed by the 
NRC in section 5.3.9 of NUREG-1437, Supplement 49 (Reference 8), “New information is 
significant if it provides a seriously different picture of the impacts of the Federal action under 
consideration. Thus, for mitigation alternatives such as SAMAs, new information is significant if 
it indicates that a mitigation alternative would substantially reduce an impact of the Federal 
action on the environment. Consequently, with respect to SAMAs, new information may be 
significant if it indicated a given cost-beneficial SAMA would substantially reduce the impacts of 
a severe accident or the probability or consequences (risk) of a severe accident occurring.”3  
The implication of this statement is that “significance” is not solely related to whether or not a 
SAMA is cost beneficial, but depends also on a SAMA’s potential to significantly reduce risk to 
the public. 


At the time of this writing, the NRC has not provided a quantitative methodology for interpreting 
the above definition of “new and significant information”.  Accordingly, for the purposes of this 
model approach, the term “new and significant” has been broken down into its constituent parts 
to aid in the development of a functional definition. 


There are various inputs to the SAMA analysis that could be affected by “new and significant” 
information (e.g., population changes, risk model updates, etc.), but in the context of a SAMA 
analysis, the determination of “new and significant” is ultimately made in relation to averted cost-
risk values, which is a primary output metric of a SAMA analysis.  The averted cost-risk of a 
SAMA candidate is a measure of the change in risk, expressed in dollars, associated with 
implementation of the SAMA, and it is considered to be an appropriate means of characterizing 
the potential impacts of plant operation on the public and environment.  The definition of “new 
and significant” that is developed below is designed to include inputs that can be reflected in 
terms of an averted cost-risk. 


2.1 Definition of “New” Information 
“New” information pertains to data used in a SAMA analysis that has changed or become 
available since the time the preceding SAMA analysis was performed.  


There are some inputs to the SAMA analysis that are expected to change, or to potentially 
change, for all plants.  These inputs include: 


 Updated Level 3 Model consequence results, which may be impacted by multiple inputs, 
including, but not limited to, the following: 


○ Population 
○ Value of farm and non-farm wealth 
○ Core inventory (e.g., due to power uprate) 
○ Evacuation timing and speed 
○ Level 3 methodology updates 


 NUREG/BR-0058 (Reference 10) cost benefit methodology updates 


                                                
3 Information is “new and significant” if it is sufficient to show that the federal action will affect the quality 


of the human environment either in a significant manner or to a significant extent not already 
considered in an EIS. See Marsh v. Oregon Natural Resources Council, 490 U.S. 360, 374 (1989).  To 
be significant, such information must “paint a dramatically different picture of impacts” compared to 
those previously evaluated.  Massachusetts v. NRC, 708 F.3d 63, 68-69 (1st Cir. 2013). 
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In addition other changes that could be considered to be “new information” are dependent on 
plant activities or site specific changes.  These types of changes include: 


 The identification of a new hazard (e.g., a fault that was not previously analyzed in the 
seismic analysis) 


 An updated plant risk model (e.g., a fire PRA that replaces the IPEEE analysis) 
○ The impacts of plant changes that are included in the plant risk models will be 


reflected in the model results and do not need to be assessed separately. 
 Non-modeled modifications/changes to the plant 


○ Modifications determined to have no risk impact need not be included (e.g., 
replacement of the condenser vacuum pumps)4 


For risk model updates performed to reflect the latest PRA model state of the practice, it is 
noted that the actual physical plant risk may not have changed, but because the best estimate 
assessment/understanding of the risk has changed, it is considered to be “new information”. 


At the direction of the Commission (Reference 12), the NRC Staff asked the applicant in a 
request for additional information (RAI) (Reference 7) why the set of potentially cost beneficial 
SAMAs that were identified for plants similar in design to Limerick after the performance of 
Limerick’s 1989 Severe Accident Mitigation Design Alternatives (SAMDA) analysis were not 
new and significant information.  This event was site-specific; however, because a similar 
request could be made of any SLR applicant, it may be advisable for applicants to consider 
whether potentially cost beneficial SAMAs identified in U.S. license renewal applications after 
submittal of the SAMA analysis for the analyzed plant could be new information. 


o BWRs should assess SAMAs from other BWRs and PWRs should assess 
SAMAs from other PWRs. 


If there is a basis for excluding this body of SAMAs from the pool of “new information” to be 
evaluated for significance, the rationale should be documented.  


2.2  “Significant” Information 
In Section 5.3.9 of the Generic Environmental Impact Statement for License Renewal of Nuclear 
Plants Regarding Limerick Generating Station, NUREG-1437, Supplement 49 (Reference 8), 
the NRC explained that “with respect to SAMAs, new information may be significant if it 
indicated that a given cost-beneficial SAMA would substantially reduce the impacts of a severe 
accident or the probability or consequences (risk) of severe accident occurring.”  Thus, to be 
significant, new information must result in identification of a SAMA that (1) is cost beneficial and 
(2) substantially reduces risk.   


To apply this framework, it is necessary to provide a quantitative threshold for substantial risk 
reduction from a SAMA.  Such a threshold was previously developed to support the Limerick 
Generating Station License Renewal Application, which has been reviewed and accepted by the 
NRC.  Based on the successful application of the threshold used in the Limerick License 
Renewal proceeding to determine whether potentially cost beneficial SAMAs are significant, the 
same definition is proposed herein.  The remainder of this section describes that threshold. 


2.2.1 Threshold for Potential Significance 
PRA standards and other relevant industry guidance documents can be reviewed to identify the 
thresholds for what may be considered “significant” in risk evaluations to help develop a basis 
                                                
4 Unless they impact a specific input to SAMA (e.g., a new low pressure turbine in the power conversion 


system that results in a greater net electrical output) 
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for the term’s definition. Results of such a review were reported to the NRC in Reference 7 and 
are reproduced below. 


There were a few notable documents that provide numerical criteria that may be applied to 
determine the threshold for potential significance. The first one is the American Society of 
Mechanical Engineers (“ASME”)/American Nuclear Society (“ANS”) PRA Standard (Reference 
4), which includes the following definition of a significant basic event: 


significant basic event: a basic event that contributes significantly to the computed risks for a 
specific hazard group. For internal events, this includes any basic event that has an FV 
[Fussell-Vesely] importance5 greater than 0.005 or a RAW [Risk Achievement Worth]6 
importance greater than 2. 


Similar numerical criteria also appear in NUMARC 93-01 (Reference 5), which includes the 
following guidance: 


An SSC would probably be considered risk significant if its Risk Reduction Worth exceeds 
0.5 percent of the overall Core Damage Frequency (Risk Reduction Worth >1.005). 


[…] 


An SSC [structure, system or component] would probably be considered risk significant if its 
Risk Achievement Worth shows at least a doubling of the overall Core Damage Frequency 
and should be provided to the expert panel as an input in risk determination. 


Finally, NEI 00-04 (Reference 6) provides detailed guidance on categorizing structures, systems 
and components for licensees that choose to adopt 10 CFR § 50.69, Risk-Informed 
Categorization and Treatment of Structures, Systems and Components for Nuclear Power 
Reactors. In the discussion of using risk analyses for SSC categorization, the following 
guidance is provided: 


The risk importance process uses two standard PRA importance measures, risk 
achievement worth (RAW) and Fussell-Vesely (FV), as screening tools to identify candidate 
safety-significant SSCs. The criteria chosen for safety significance using these importance 
measures are based on previously accepted values for similar applications. 


[…] 


The importance measure criteria used to identify candidate safety significance are: 


 Sum of FV for all basic events modeling the SSC of interest, including common cause 
events > 0.005 


 Maximum of component basic event RAW values > 2 
In summary, an FV value > 0.005 and a RAW value > 2 are well established indicators of PRA 
significance. This can be extended to apply to not just internal events core damage frequency 
(“CDF”) and large early release frequency (“LERF”), but to external events CDF and LERF, and 
other integrated key output figures of merit. In the context of license renewal, the accepted key 
output figure of merit for decision making is potential “averted cost risk.” 


                                                
5 For a specified basic event, Fussell-Vesely importance is the fractional contribution to the total of a 


selected figure of merit for all accident sequences containing that basic event.   
6 For a specified basic event, risk achievement worth importance reflects the increase in a selected figure 


of merit when an SSC is assumed to be unable to perform its function due to testing, maintenance, or 
failure. It is the ratio or interval of the figure of merit, evaluated with the SSC’s basic event probability 
set to one, to the base case figure of merit. 
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When averted cost risks are analyzed, the FV importance measure is found to be highly 
dependent on the assumed reliability of the system once it is installed. This is illustrated in 
Figure 1 which shows an example of how the FV value changes with assumed failure probability 
values given a case where a 50% reduction in the measured parameter is estimated assuming 
perfect reliability. In this example, a 0.005 FV value would be obtained when the failure 
probability is ~0.005. This failure probability represents a system or component that is 99.5% 
reliable, which is fairly representative of many components modeled in typical PRA analyses. 
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FIGURE 1 


FV AS A FUNCTION OF FAILURE PROBABILITY 


On the other hand, as the reliability of the system increases (i.e., as the likelihood of system 
failure decreases), the RAW importance measure would asymptotically approach a RAW of 2 if 
50% of the measured parameter can be averted. This is illustrated in Figure 2, which shows an 
example of how the RAW changes with assumed failure probability values when a 50% 
reduction in the measured parameter is estimated assuming perfect reliability. Therefore, a 
correlation to a RAW > 2 as the acceptance threshold for “significance” is established, and a 
50% reduction in a plant’s maximum averted cost risk (MACR) is chosen for the “significance” 
threshold (i.e., a 50% reduction in the MACR is a monetary measure of reducing the plant’s risk 
by 50%). 


In other words, the threshold that has been described here would be equivalent to a highly 
reliable system leading to doubling the cost risk when it is taken out of service for maintenance. 
This correlates to a well-established threshold for determining risk significance in the PRA 
applications discussed above.  Based on this characterization of “significance”, a change that 
would reduce a plant’s MACR by a factor of at least 2 would be considered potentially 
“significant” pending the determination of whether it is also potentially cost beneficial.  For this 
approach, therefore, plant changes that would reduce the MACR by a factor of 2 are 
characterized as “potentially significant” SAMAs with the final determination of significance 
dependent on the results of a cost benefit analysis. 
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FIGURE 2 


RAW AS A FUNCTION OF FAILURE PROBABILITY 


In order to apply this threshold in the context of determining whether new information might be 
significant, however, it is necessary to identify the model that will be used to measure the MACR 
reduction, which for this application is considered to be the model that reflects the most up to 
date understanding of plant risk (i.e., the current model of record).  The implication of using the 
current model of record with this definition of “significant” is that the cost benefit information from 
the original SAMA evaluation is superseded by that which would be derived by the current 
model.  Because the MACR and averted cost-risk calculations are directly correlated to plant 
risk, the assessment of significance can be performed using only the Level 1 and Level 2 PRA 
models (i.e., it may not be necessary to update the Level 3 model or other parts of the cost 
benefit analysis).  If it can be shown that a particular SAMA would not reduce the CDF or any of 
the important Level 2 release category frequencies in the model of record by more than a factor 
of two, then that particular SAMA could not reduce the MACR by a factor of more than two. 
Therefore, that SAMA would not be considered potentially significant and would not be 
evaluated further in assessing the significance of new information. 


This is consistent with the following statement from NUREG-1437, Supplement 49 (Reference 
8), which indicates the assessment of “new information” can be framed in terms of the impact of 
SAMA implementation: “new information may be significant if it indicated a given cost-
beneficial SAMA would substantially reduce the impacts of a severe accident or the 
probability or consequences (risk) of a severe accident occurring.”  If there are no 
potentially significant SAMAs, no new information would be deemed “significant.” 
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3.0 ASSESSMENT PROCESS 
This section describes a multi-stage assessment process to determine whether or not there is 
any “new and significant” information relevant to a previous SAMA analysis.  If “new” and 
“significant” information has been determined to exist, an updated SAMA assessment as 
described in NEI 05-01 would follow. 


The first stage of the process (see Section 3.1) uses PRA risk insights and/or risk model 
quantifications to estimate the percent MACR reduction associated with (1) all unimplemented 
Phase 2 SAMAs7 for the analyzed plant and (2) those SAMAs identified as potentially cost 
beneficial for other industry plants that have been determined to be applicable to the analyzed 
plant (see subsection 3.1.2).  If it can be demonstrated that none of the SAMAs being evaluated 
can reduce the MACR by 50 percent or more8, then the applicant may document the conclusion 
that there is no “new and significant” information relevant to the previous SAMA analysis. 


In the event that one or more unimplemented Phase 2 SAMAs or applicable industry SAMAs 
are shown to reduce the MACR by 50 percent or more, the applicant must develop an updated 
averted cost-risk estimate for implementing those SAMAs.  Such development is the Stage 2 
assessment (see Section 3.2).  Two options are provided for performing the Stage 2 
assessment: 


 Option 1: Perform a simplified (conservative) Level 3 model update to support the update of 
the averted cost-risk calculations. 


 Option 2: Perform a full Level 3 model update to support the update of the averted cost-risk 
calculations. 


The desirability of using Option 1 will vary by plant depending on the availability of information. 


In the event that refinements to the averted cost-risk calculations related to the Stage 2 
assessment demonstrate that the MACR reduction is less than 50% for all SAMAs, then the 
applicant may document the conclusion that there is no “new and significant” information 
relevant to the previous SAMA analysis. 


If the results of the Stage 2 assessment indicate that one or more SAMAs reduce the MACR by 
50% or more, then the impact of new information on those SAMAs must be further assessed to 
determine whether it is significant.  New information will be deemed “potentially significant” to 
the extent it results in the identification of an unimplemented SAMA that reduces the MACR by 
50% or more. 


The final determination of significance will be made in the Stage 3 assessment, which consists 
of performing a cost-benefit analysis for unimplemented SAMAs that reduce the MACR by 50% 
or more (i.e., “potentially significant” SAMAs).  If such SAMAs are found to be potentially cost-
beneficial, then they indicate the existence of “new and significant’ information relevant to the 
previous SAMA analysis.   


Figure 3 provides a flowchart of the 3-stage assessment process. 


 


                                                
7 NEI 05-01 (Reference 9) provides a description of the Phase 1 and Phase 2 analyses.  An 


unimplemented Phase 2 SAMA is a SAMA that was not screened in the Phase 1 process and has not 
been implemented at the analyzed plant/site.  


8 A SAMA that reduces the MACR by 50% or more is not considered to be “new and significant” if it was 
also determined in the previous SAMA analysis to reduce the MACR by 50 percent or more (i.e., in the 
40-60 year ER). 
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Figure 3
SLR Assessment Flowchart
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3.1  Stage 1 Assessment  
The Stage 1 Assessment includes subtasks for the collection of “new information”, for pre-
screening industry SAMA candidates, and for estimating the risk reduction of the unscreened 
SAMA candidates. 


The steps for the Stage 1 Assessment are provided below. 


3.1.1 Stage 1 Data Collection  
For the Stage 1 Assessment, collection of the following high level categories of information is 
advised: 


 PRA models (Level 1 and 2) 
○ Use the latest risk models that are available for Internal Events (including internal 


flooding) and for each of the external events contributors identified for evaluation in 
NEI 05-01 (Reference 9).   
- For those plants that have not maintained a full level 2 model, it will be necessary 


to either update the Level 2 model or develop a process by which the relevant 
release category frequencies can be estimated for each SAMA considered to 
ensure the full spectrum of plant risk can be accounted for in the Stage 1 
assessment.  


FIGURE 3 
SAMA “NEW & SIGNIFICANT” ASSESSMENT FLOWCHART 
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- Note that RAIs on 40-to-60-year SAMA analyses have often requested the 
assessment of new information not in the plant risk models; therefore, applicants 
should be prepared to extrapolate the impact of forthcoming model revisions 
and/or updated modeling techniques into the results of the evaluation. 
 These types of issues will vary by plant, and they may be influenced by 


current industry issues. 


 Plant changes not yet incorporated into plant risk models 
 Unimplemented Phase 2 SAMAs for the analyzed plant, as identified in: 


o The 40-to-60-year SAMA analysis, which is typically an appendix to the 
Environmental Report in the 40-to-60-year License Renewal Application (or its 
equivalent if severe accident mitigation alternatives were considered during initial 
plant licensing), and    


o Responses to RAIs issued on the 40-to-60-year SAMA analysis (or its equivalent if 
severe accident mitigation alternatives were considered during initial plant licensing). 


o The Generic Environmental Impact Statement (NUREG-1437) Supplement for the 
analyzed plant. 


 Potentially cost beneficial SAMAs identified in SAMA analyses for other similar plants 
submitted after that of the analyzed plant. 


o Include those SAMAs of the same general plant type (i.e., BWR or PWR)9, 
o The potentially cost beneficial SAMAs are identified in the plant specific Supplements 


of the Generic Environmental Impact Statement (NUREG-1437). 


3.1.2 Pre-screening Industry SAMAs   
While this model approach advises including the potentially cost beneficial SAMAs from industry 
plants of the same general type in the body of SAMAs to be considered, it is not expected that a 
risk reduction assessment would be necessary for each of those SAMAs.  Before the risk 
reduction estimates are developed, the SAMA candidates should be pre-screened to identify 1) 
those SAMAs that are not applicable to the design of the analyzed plant, 2) those SAMAs that 
have already been implemented at the analyzed plant, and 3) those SAMAs that are already 
addressed by a functionally equivalent SAMA or that may be combined with or subsumed by a 
more comprehensive SAMA.  This step is similar to the Phase 1 screening process in NEI 05-01 
with the exceptions that SAMAs are not eliminated due to excessive implementation cost 
(because an updated MACR is not developed for the Stage 1 analysis) and SAMAs with very 
low benefits are not exempted from an explicit risk reduction assessment. 
These pre-screening criteria, which have been adopted from NEI 05-01 and slightly modified, 
are provided below: 
 Not Applicable: If a SAMA candidate does not apply to the plant design, it may be excluded 


from further review.  For example, installation of accumulators for turbine-driven feedwater 
pump flow control valves would not be further analyzed for a plant with motor operated 
turbine-driven feedwater pump flow control valves. 


 Already Implemented:  If a SAMA candidate has already been implemented at the plant, or 
its benefit achieved by other means, it may be excluded from further review.  For example, 


                                                
9 Commission Order CLI-13-07 indicates that SAMAs identified for Mark II BWRs could be used for any 


BWR.  This assertion is used as the basis for not limiting the scope of potentially cost beneficial SAMAs 
to be considered to only those associated with a particular plant sub-type.  A coarse screening step is 
performed later to eliminate those SAMA candidates that are not applicable to the design of the 
analyzed plant.  
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installation of motor generator set trip breakers in the control room to reduce the frequency 
of core damage due to an ATWS would not be further analyzed for a plant with a control 
room actuated diverse scram system. 


 Combined:  If a SAMA candidate is similar in nature and can be combined with another 
SAMA candidate to develop a more comprehensive or plant-specific SAMA candidate, only 
the combined SAMA candidate is retained. For example, addition of an independent reactor 
coolant pump seal injection system and use of an existing hydro test pump for reactor 
coolant pump seal injection provide similar risk-reduction benefits. If the lower-cost 
alternative is not cost-beneficial, the higher-cost alternative also will not be cost-beneficial. 
Therefore, the higher-cost alternative would not be further analyzed. 


For each of the SAMAs that are pre-screened using the above criteria, document the criterion 
used to eliminate the SAMA from further consideration. 


3.1.3 Evaluation of Risk Reduction   
For the Unimplemented Phase 2 SAMAs and Unscreened Industry SAMAs, estimate the 
percent by which the MACR would be reduced if the SAMA were implemented. There are 
different methods that may be used to accomplish this goal, but whichever method is used, the 
risk insights must be correlated to the ultimate metric, which is the averted cost-risk.  For 
example, it is critical that an assessment of a SAMA impacting Steam Generator Tube Rupture 
accounts for the reduction in the Level 2 “bypass” release category frequency in addition to the 
CDF because a majority of the averted cost-risk may be associated with the “bypass” frequency. 


Without the insights of an updated Level 3 model and MACR calculation, it is difficult to correlate 
specific changes to the CDF and Level 2 release categories to an averted cost-risk; therefore, in 
this stage of the analysis, the approach is to bound the impact by demonstrating that SAMA 
implementation would not reduce the CDF or any of the Level 2 release category frequencies by 
50 percent or more.  If this can be demonstrated, it can be inferred that the SAMA’s averted 
cost-risk would not be more than 50 percent of the MACR.  This is because the averted cost-risk 
is directly tied to the changes in CDF and the Level 2 release category frequencies. 


The impact of SAMA implementation on the CDF and the Level 2 release category frequencies 
can be estimated using importance measures for events that capture the impact of the SAMA.  
For example, the impact of implementing a SAMA to install a bypass switch for the low level 
MSIV isolation logic in a BWR may be directly correlated to the operator action for performing 
the MSIV low level isolation logic bypass.  If this is true, the importance lists for the CDF and 
each of the release categories could be reviewed to identify the RRW values (or FV values) for 
that operator action, and the percent reduction in CDF and release category frequencies can 
then be estimated from this information. More specifically, if the operator action to bypass the 
MSIV low level isolation logic correlates to Risk Reduction Worth (RRW)10 values of 1.05 or less 
for CDF and each of the analyzed Level 2 release categories, the averted cost-risk would be 
limited to about 5 percent of the MACR and the SAMA could not be “potentially significant”. 


If correlating the impact of SAMA implementation to basic event importance measures is not 
straightforward, the SAMA can be modeled in the PRA to obtain estimates of CDF and release 
category frequency reductions (similar to the approach used in a typical Phase 2 SAMA 
analysis).  


                                                
10 For a specified basic event, risk reduction worth importance reflects the decrease in a selected figure of 


merit when an SSC is assumed to be perfectly reliable. It is the ratio or interval of the figure of merit, 
evaluated with the SSC’s basic event probability set to zero, to the base case figure of merit. 
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A potential difficulty is a scenario in which implementation of a SAMA reduces some frequencies 
by more than 50 percent while it does not impact others at all.  In these “borderline” cases, it 
may be possible to justify that the SAMA’s averted cost-risk would still be less than 50 percent 
of the MACR if the release category with the reduction that is greater than 50 percent is a low 
consequence release category.  For example, if a SAMA has a large impact on SGTR scenarios 
in which steam generator makeup is available (i.e., the releases are scrubbed), a discussion 
could be provided that includes both qualitative and quantitative insights about why the 
reduction in that release category frequency would not also reduce the MACR by more than 50 
percent.   


If one or more SAMAs are found to reduce the MACR by at least 50 percent, then the SAMAs 
are considered to be “potentially significant” and a Stage 2 assessment is required.   


Assessment Considerations: 


• As identified above, Risk Reduction Worth values for CDF and all release category 
groups can be used to approximate the percent reduction in the MACR for a SAMA.  If 
this process is used, however, care should be taken to ensure that all of the events 
impacted by the SAMA are considered in the assessment and that the combined 
impacts of multiple events are appropriately accounted for (e.g., do the events impact 
some of the same cutsets, or are the events always in separate cutsets). 


• Account for the impact of unimplemented plant changes on the SAMA averted cost-risk 
assessments.  In some cases, a general assessment may be appropriate (e.g., no 
impact on plant risk) while in others it may be necessary to consider such an impact 
explicitly for each SAMA. 


• If the PRA model has been updated since the performance of the 40-to-60-year SAMA, it 
is possible that the risk profile has changed substantially even if the overall CDF and 
release category frequencies have not.  For this reason, do not use risk reduction 
assessments from the 40-to-60-year SAMA analysis directly if the PRA model has 
changed. 


3.2 Stage 2 Assessment 
If the Stage 1 analysis cannot definitively determine that all of the Unimplemented Phase 2 and 
Unscreened Industry SAMAs have averted cost-risk values that are less than 50% of the 
MACR, it will be necessary to perform a more detailed averted cost-risk calculation for the 
“potentially significant” SAMAs.  This requires an update of the Level 3 consequence model and 
recalculation of the averted cost-risk for each “potentially significant” SAMA using the latest 
plant risk models.   


3.2.1 Stage 2 Data Collection 
Some of the data required for the Stage 2 assessment will have been collected as part of the 
Stage 1 assessment and will already be available to the analyst.  In addition to the Stage 1 data 
requirements, the following information will be required:  


 Site demographics and other inputs to update the Level 3 model 
 Latest cost benefit methodology 


○ NUREG/BR-0058 (Reference 10) is being updated and will include information 
previously contained in NUREG/BR-0184 (Reference 3) and NUREG-1409 
(Reference 11). 
- Notable changes include revised dollar per person-rem and replacement power 


costs. 
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 Any other inputs to the SAMA cost-benefit analysis that have changed since the 
40-to-60-year SAMA analysis was completed, as identified by the analyst.   


3.2.2 Stage 2 Averted Cost-Risk Assessment 
Once the “new” information has been identified, the following principal steps should be 
performed to assess the averted cost-risk for the “potentially significant” SAMAs: 


1. Update the Level 3 consequence analysis: 


 


a. Option 1 – Simplified Level 3 Update:  In general, the scope of new information that 
will potentially impact the Level 3 model is broad, which makes it difficult to estimate 
how the Level 3 results (Dose-Risk, Offsite Economic Cost-Risk) will be changed 
without directly integrating the new information into the Level 3 model.  For example, 
the forthcoming version of the MACCS code and associated guidance is anticipated 
to include changes to the internal economic cost models related to population 
relocation, which will have release category-specific impacts (i.e., the offsite 
economic results will scale differently for different plants).  If the applicant can 
develop a strategy to estimate the impact of the new information on the previous 
Level 3 results (e.g., using insights from previous Level 3 model sensitivity case 
results) and defend the quality of the strategy, it may be used to justify Option1; 
otherwise, Option 2 should be used.  Issues to consider include, but are not limited 
to, the following: 


i. Changes to “50-mile” population 


ii. Changes to agricultural and land-based economic data for the 50-mile radius 
area 


iii. Changes to core inventory (e.g., due to power uprate) 


iv. Changes to evacuation times 


v. Changes to MACCS2 code 


b. Option 2 – Full Level 3 Update:  Use the Level 1 and 2 Internal Events PRA output 
and site specific meteorology, demographic, land use, and emergency response data 
as inputs to update the Level 3 consequence analysis performed using the latest 
available MELCOR Accident Consequences Code System version (as was done for 
the 40-to-60-year SAMA analysis). 


2. Baseline Risk Monetization – Use NRC regulatory analysis techniques (Reference 3) to 
calculate the monetary value of the severe accident risk. That value represents the updated 
maximum averted cost-risk (MACR). 


3. Evaluate the “potentially significant” SAMAs in a manner consistent with the NEI 05-01 
(Reference 9) methodology. 


o Calculate the averted cost-risk. 


o In the event that this averted cost-risk calculation demonstrates that the 
SAMA does not reduce the updated MACR by 50 percent or more, the SAMA 
may be classified as “not significant.” 


 This reclassification could occur when the detailed averted cost-risk 
calculations remove the conservatisms of the Stage 1 assessments 
for “borderline” SAMAs. 
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o SAMAs with averted cost-risk values that are equal to or greater than 50 
percent of the MACR remain “potentially significant.” 


3.3 Stage 3 Cost Benefit Assessment 
For those SAMAs classified as “potentially significant” in the Stage 2 assessment, determine 
whether they are potentially cost beneficial in accordance with the process described in 
Sections 7 and 8 of NEI 05-01.  If the new information considered in this assessment does not 
result in identification of any “potentially significant” SAMAs that are also potentially cost 
beneficial, the new information is not significant.  The identification of a “potentially significant” 
SAMA that is also potentially cost beneficial is an indication that “new and significant” 
information exists relevant to the previous SAMA analysis.   


3.4 Documentation of the New and Significant Information Review 
If the assessments above indicate the existence of no “new and significant” information, the 
SLR ER should briefly describe the process that was used and the conclusions.  Further 
documentation of the review should be maintained for NRC audit and should include: 


 Description of data review 
 Description of current risk models (at a level of detail consistent with what was expected for 


the 40-to-60-year License Renewal Application) 
○ Level 1 
○ Level 2 
○ Level 3 (if applicable) 


o If only a Stage 1 analysis is required, no Level 3 model discussion is needed. 
o If a “borderline,” “potentially significant” SAMA is assessed using a Stage 2 


averted cost-risk calculation and determined not to be significant, indicate the 
SAMA was assessed according to the model approach and determined not to 
be “significant.”  Maintain the Level 3 model in a separate document to 
support any audit related activities.  


o If one or more SAMAs has been determined to be “potentially significant,” 
describe the updated Level 3 model. 


 Description of changes to the risk models since the 40-to-60-year License Renewal 
Application 


○ List of PRA revisions 
○ Qualitative descriptions of the most significant changes for each revision 
○ Include a discussion of the changes made at the plant that have reduced risk. 


 The pre-screening criterion used to exclude any of the Stage 1 SAMA candidates from 
further consideration, including if applicable, the rationale for excluding potentially cost 
beneficial SAMAs identified in U.S. license renewal applications after submittal of the SAMA 
analysis for the analyzed plant (i.e., industry SAMAs). 


 Percent risk reduction for the non-screened Stage 1 SAMAs 
 MACR calculation (if applicable) 
 Stage 2 averted cost-risk calculation and results for the “potentially significant” SAMAs (if 


applicable) 
o Modeling description (PRA model changes, assumptions, etc.) 
o CDF, release category frequencies, and averted cost-risk values for “potentially 


significant” SAMAs  
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 Implementation costs for the “potentially significant” SAMAs passed to the Stage 3 
assessment (if applicable) 


 Net values for the “potentially significant” SAMAs passed to the Stage 3 assessment (if 
applicable) 


 Conclusions 
○ Identify SAMAs, if any, determined in the Stage 1 assessment to be potentially 


“potentially significant” (i.e., the SAMAs determined to reduce the MACR by 50 
percent or more). 


○ Identify SAMAs, if any, that are considered to be “potentially significant” after the 
Stage 2 assessment 


o Also identify SAMAs that were determined to be “potentially significant” in 
Stage 1, but were demonstrated to be not “potentially significant” in Stage 2. 


○ Identify as “significant” any “potentially significant” SAMAs determined in Stage 3 to 
be also potentially cost beneficial. 


o Identify any SAMAs that are both “potentially significant” and potentially cost 
beneficial that were not potentially cost beneficial in the 40-to-60-year SAMA 
analysis. 


o Identify how any significant SAMAs that were not potentially cost beneficial in the 
40-to-60-year SAMA analysis will be further assessed.  The discussion should 
include: 


o An explanation of the process by which they will be further 
considered/ evaluated by the plant. 


o An assessment of whether they are ageing related. 
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4.0 CONCLUSIONS 
This document provides a model approach for assessing whether “new and significant” 
information exists with respect to a prior SAMA analysis and evaluating any such information, 
which is a topic that must be considered in a successful SLR application.  The intent is to 
describe the high level steps that are required to perform the analysis and to leave the details of 
how each of the steps should be performed to the individual analysts to ensure that any plant 
specific issues are properly addressed.  Identifying and prescribing a process to address these 
types of plant specific issues is beyond the scope of this document and it is incumbent on the 
analyst to identify and evaluate such issues as part of preparing the SLR application. 
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If you have questions or require additional information, please contact me at 610-765-5369.
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Nancy L. Ranek
Senior Project Manager, Plant Life Extension
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