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Abstract

The Nuclear Regulatory Commission (NRC) Standardized Plant Analysis Risk (SPAR) Models underwent 
a Peer Review using ASME PRA standard (Addendum C) as endorsed by NRC in Regulatory Guide (RG) 1.200.  
The review was performed by a mix of industry probabilistic risk analysis (PRA) experts and NRC PRA experts.  
Representative SPAR models, one PWR and one BWR, were reviewed against Capability Category I of the ASME 
PRA standard. Capability Category I was selected as the basis for review due to the specific uses/applications of the 
SPAR models.  The BWR SPAR model was reviewed against 331 ASME PRA Standard Supporting Requirements; 
however, based on the Capability Category I level of review and the absence of internal flooding and containment 
performance (LERF) logic only 216 requirements were determined to be applicable. Based on the review, the BWR 
SPAR model met 139 of the 216 supporting requirements.  The review also generated 200 findings or suggestions.
Of these 200 findings and suggestions 142 were findings and 58 were suggestions.  The PWR SPAR model was also 
evaluated against the same 331 ASME PRA Standard Supporting Requirements.  Of these requirements only 215 
were deemed appropriate for the review (for the same reason as noted for the BWR).  The PWR review determined 
that 125 of the 215 supporting requirements met Capability Category I or greater.  The review identified 101
findings or suggestions (76 findings and 25 suggestions).  These findings or suggestions were developed to identify
areas where SPAR models could be enhanced. A process to prioritize and incorporate the findings/suggestions 
supporting requirements into the SPAR models is being developed.  The prioritization process focuses on those 
findings that will enhance the accuracy, completeness and usability of the SPAR models.  
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1. Introduction

The Nuclear Regulatory Commission (NRC) set up a task to perform an ASME Standard Peer 
Review of the Standard Plant Analysis Risk (SPAR) models. With the support of the nuclear power 
industry (i.e., the PWR Owners Group and the BWR Owners Group), peer reviews of a typical boiling 
water reactor (BWR) model and a typical pressurized water reactor (PWR) SPAR model were performed. 
The peer reviews were performed in accordance with the ASME Standard for Probabilistic Risk 
Assessment for Nuclear Power Plant Applications (ref. 1) and applicable addendums. The purpose of the 
reviews was to ensure the SPAR models are of sufficient quality for performing Phase 3 of the 
Significance Determination process, Accident Sequence Precursor and Management Directive 8.3 event 
assessments of operational events (among other uses).

Based on the review process, a separate task was identified to resolve comments and implement 
suggestions identified during the SPAR model Peer Reviews across all BWR and PWR SPAR models.  
This effort will address and/or resolve a limited number of high priority comments, both findings and 
suggestions, identified by the Peer Review team in their final report.  Initial review of the Peer Review 
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Report indicated that many of these comments can be addressed and/or corrected with currently planned 
updates and minimal need for additional resources, if any. However, at this time, a lack of plant specific 
documentation and data precludes addressing all the comments. The effort discussed below concentrates
on identifying the proper response to all the findings and suggestions from the peer review report.  
Priority will be given to addressing findings and suggestions that: 1) are beneficial to the users; 2) can be 
addressed without additional plant information; and 3) do not require new technology development. The 
peer review of the PWR and BWR SPAR models will lay the ground work that will be applied to improve 
all 77 SPAR models since the SPAR models are fairly standardized.

2. Background

A Peer Review was performed on a BWR SPAR model PRA during the week of August 17th -
20th 2009 (ref. 2) and a PWR SPAR model Probabilistic Risk Analysis (PRA) (ref. 3) during the week of
October 5th - 8th 2009 and at the Idaho National Laboratory (INL). The peer review was performed using 
the NEI 05-04 (ref. 4) process and the American Society of Mechanical Engineers (ASME) Standard for 
Probabilistic Risk Assessment for Nuclear Power Plant Applications and applicable addendums, ASME 
RA-S-2002, ASME RA-Sa-2003, ASME RA-Sb-2005; in accordance with Regulatory Guide 1.200, Rev. 
1 (ref. 1 and 5).

The peer review process is designed to assess the technical quality and adequacy of the SPAR 
model.  The review of the technical quality and adequacy of the SPAR model is important because of the 
spectrum of potential risk-informed applications they are designed to perform.  The SPAR model peer 
review was a full-scope review of all technical elements for internal events of the PWR and BWR SPAR 
model. The technical elements for at-power PRA for internal events are documented in ASME RA-Sb-
2005.  These technical elements are:  

� Initiating Events Analysis (IE); 
� Accident Sequence Analysis (AS); 
� Success Criteria (SC); 
� Systems Analysis (SY); 
� Human Reliability Analysis (HR); 
� Data Analysis (DA); and
� Quantification (QU)

Internal flooding and large early release factors (LERF) are not developed in the PWR and BWR
SPAR models; therefore, these technical elements were deemed not applicable and not evaluated in the 
review.

PRA configuration control requirement was also evaluated in the peer review process.  The 
ASME Standard does not have a specific technical element for this review; therefore, this element is 
based on PRA maintenance and update identified in NEI 05-04.  To facilitate review comments for this 
technical element, it was given the designator of MU for PRA maintenance and update.  This technical 
element is identified and discussed in NEI 05-04.

For each of the technical elements, a set of high level requirements (HLRs) are developed.  These 
HLRs set minimum requirements for a PRA to be defined as technically acceptable.  The HLRs are the 
top level of information that defines in general terms the requirements needed to meet the technical 
element.  However, the actual evaluation or review of a PRA is against more detailed supporting 
requirements.  Supporting requirements are developed for each of the defined HLR and they contain the 
details to assess the wide applications of PRA models.   In other words, the PRA is evaluated for technical 
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adequacy by evaluating the PRA against each supporting requirement.  The result of this comparison then 
determines if the PRA meets the intent of the HLR and ultimately the technical element.  The breakdown 
of the technical elements into HLRs and then into supporting requirements allows for a more rigorous 
evaluation of the PRA’s technical adequacy.

The HLRs along with their corresponding supporting requirements can be found in Sections 1 and 
3 of the PWR and BWR Peer Review Final Report (refs. 6 & 7). The supporting requirements are what 
the SPAR model is compared against to evaluate technical adequacy.  The results of the evaluation 
against the supporting requirements are then translated into meeting or not meeting the high level 
requirement established by the ASME Standard.  

The review of the supporting requirements for each of the technical elements is used to assess the 
ASME Standard Capability Category.  These Capability Categories are used to define the technical 
adequacy and capability of the PRA when compared to the supporting requirements in support of specific 
types of applications.  There are three levels of Capability Categories, as developed and defined by the 
ASME standard, which are based on a model’s attributes necessary to ensure quality, elements that are 
critical to technical adequacy, and elements required to support different applications.  The ASME 
Capability Categories (I, II, or III, or failure to meet any) are defined in ASME RA-Sb-2005. The overall 
review process is not designed to give a single Capability Category to the PRA as a whole or each HLR, 
but rather assign a Capability Category to each evaluated supporting requirement.  This process then 
identifies the technical adequacy and quality for each supporting requirement.

The supporting requirements for each of the technical elements were reviewed against the PWR 
and BWR SPAR models with the objective of meeting at least ASME Capability Category level I.  In 
comparison, the utility PRA peer reviews use ASME Capability Category level II as their objective.  
ASME capability category I was selected as an appropriate comparison metric because, the SPAR models 
are tools that generate “risk informed” insights independent of licensee PRA models.  The application of 
these insights is confirmatory in nature.  From the review of supporting requirement, some of these did 
not meet the minimal requirement of ASME Capability Category level I.  For those supporting 
requirements that did not meet the Capability Category level I, a description of why it failed is 
documented.  The avenue used to document why the PRA failed to meet the supporting requirement is 
through Fact & Observations (F&O) (e.g., Findings and Suggestions stated in ASME Standard).  F&Os 
provide the details about the review of each supporting requirement.  F&Os provide not only information 
on why the PRA failed to meet the requirement but also observations (suggestions) on how to strengthen 
the PRA based on the supporting requirement.  Table 1 lists importance levels for the F&Os as defined in 
NEI 05-04.

Table 1. Facts and Observations Importance Levels.

Importance Level Definition

Finding An observation (an issue or discrepancy) that is necessary to address to ensure:

� the technical adequacy of the PRA (relative to a Capability Category),
� the capability/robustness of the PRA update process, or
� the process for evaluating the necessary capability of the PRA technical elements (to 

support applications)

Suggestion An observation considered desirable to maintain maximum flexibility for PRA 
applications and consistency with industry practices.  Failing to resolve a suggestion 
should have no significant impact on the PRA results or the integrity of the PRA.  Some 
examples of a suggestion include:
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Table 1. Facts and Observations Importance Levels.

Importance Level Definition
� editorial and minor technical items
� recommendations for consistency with industry practices (e.g., replacing a given 

consensus model with a more widely used model)
� recommendations to enhance PRA technical capability as time and resources permit

Best Practice Used to indicate a PRA strength.  Applies to items that would represent “best industry 
practice”.

The peer review of the PWR and BWR SPAR model documented F&Os (findings and 
suggestions) based on reviewing the supporting requirements.  These F&Os provide information about 
the strengths of the SPAR model and weaknesses that could adversely impact the use of the SPAR model 
for risk informed applications.  These F&Os will be discussed in the later sections.

The peer review is based on the knowledge of the team.  The peer review team requires members 
to be knowledgeable in PRA and nuclear plant operations.  This is a must in order for the peer review to 
be successful.  The peer review team for the SPAR model reviews were made up of both industry and US 
NRC representatives that are experienced in PRA related issues and applications of PRA for risk insights.  

3. Peer Review Summary Results

The peer review identified strengths and weaknesses of the SPAR models.  The strengths and 
weaknesses identified during the peer review will be discussed below.  The weaknesses will be discussed 
in two different parts.  The first part will discuss some of the limitations of the SPAR models and the 
second part will identify weaknesses as candidates for potential enhancements.  The potential 
enhancements of the PWR and BWR SPAR models are the focus of this report, since addressing these 
potential enhancements will allow the SPAR model to meet ASME Capability Category level I for all of 
the supporting requirements.

3.1 Strengths of SPAR Model

After the peer review of the PWR and BWR SPAR models, numerous strengths were identified.  
The overall identified strengths were the SPAR models themselves, their documentation, and their
support structure (i.e., INL staff).  The following bullets provide the identified specific strengths 
documented from the peer review: 

� Knowledgeable INL SPAR model staff.
� Significant “corporate” knowledge and expertise in order to maintain, develop, and use the 

SPAR models.  This knowledge allows for model updates to be done in short time. 
� The generic SPAR model structure and use of generic data are robust and well developed for 

the intended use.
� The SPAR model level of detail is appropriate for their intended use (i.e., qualitative and 

quantitative insights for applications, SDP evaluations, event assessments, and model 
evaluations).

� The SPAR model and SAPHIRE software are state of the technology.
� The SPAR model contains a large number of generic initiating events.
� INL has begun implementing the convolution method for AC power recovery into LOOP 

assessment and developing support system initiating event fault trees.
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3.2 Weaknesses of SPAR model

The weaknesses identified for the SPAR models are broken into two different categories.  The 
first category identifies SPAR models limitations when compared to the ASME Standard.  The second 
category is classified as potential enhancements.

3.2.1 SPAR Model Limitations

The SPAR model limitations are inherent to historical NRC requirements and applications.  
Therefore, the state of technology of the SPAR models is directly tied to user needs and applications.  The 
following bullets were identified as limitations of the SPAR model from meeting the Capability Category 
I for the ASME Standard supporting requirements:

� Plant specific initiating event frequencies and data are not readily available for use in the 
SPAR model.

� Plant specific notebooks are not developed nor does the SPAR model contain plant 
specific calculations to determine system success criteria.

� SPAR model human reliability assessment (HRA) calculations are limited due to the lack 
of plant specific resources.

� The ability of the SPAR models to maintain the as-built, as-operated condition of the 
plant is very difficult. 

3.2.2 Potential Enhancements

The potential enhancements are grouped based on areas that directly affected the ability of the 
PWR and BWR SPAR models to meet the supporting requirements of ASME Capability Category level I.  
An overview of each of these different areas is provided below, along with the overview of potential 
applications to the SPAR model.  The individual findings and suggestions (F&Os) that fed into these 
areas are discussed and separated into different priority levels.  The assigned priority levels determine the 
order in which findings and suggestions should be incorporated into the SPAR models.  The discussion of 
the findings and suggestions, and their priority level, is in Section 4 of this report.  

Information Gathering

The transfer of information from the utilities to INL is not required and therefore, the SPAR 
model may not be developed and quantified with the most current as-operated information.  
Improvements in the dissemination of information would help enhance the level of detail that can be built 
into SPAR model.  This information would greatly ensure the SPAR model is as current as possible and 
all utility PRA modifications or changes are reflected into the SPAR model.  

Modeling Differences

Based on the peer review, potential modeling differences between the SPAR model and utility 
PRA were identified.  These modeling differences can vary from minor to significant.  Some of these 
potential differences were identified for inclusion into the SPAR model as potential improvements.  
However, the complete list cannot be added to the SPAR model based on limitations in obtaining various 
data and documents.  Some of the identified modeling differences are provided in the following bullets:

� No plant specific data
� Different CCF groups (e.g., inter system)
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� AC power recovery after battery depletion
� Use of convolution from LOOP/EDG assessment
� Dependent HEP treatment
� Pre-initiator HFE identification and treatment, and 
� Quantification of HRA

- Numerical values
- Limited use of diagnostic related HEPs

Human Reliability Analysis (HRA)

The SPAR-H methodology developed in NUREG/CR-6883 is used in the SPAR models for 
human reliability analysis.  This methodology has some positive features as well as some areas that need 
to be enhanced to optimize its use in SPAR models.  The SPAR models do not fully implement the 
SPAR-H methodology; instead, a streamline approach is used to evaluate the HRA due to a lack of plant 
specific operating procedures.  The HRA modeling within the SPAR models needs to be enhanced to 
fully utilize the guidance documented in the SPAR-H methodology.  This would also provide traceability 
of the HEP modeling. However, this would require additional information from the plants on operating 
procedures and timing for implementation of the action.

Additionally, dependent HEP assessments need to be more thoroughly evaluated in the SPAR 
models and appropriately documented.  In general, SPAR models need to improved documentation on 
both the selection of operator actions along with rationale of the performance shaping factors to improve 
the risk and uncertainty analyses.

Documentation

The largest difference between the ASME PRA Standard and the SPAR model is the level of 
documentation.  The SPAR model has no procedure or requirement on the level of detail and scope the 
document must meet.  The SPAR model document relies heavily on expertise and corporate group 
knowledge at the INL.  Because of this reliance on corporate knowledge, the SPAR model documentation 
needs to be updated to more closely reflect the ASME PRA Standard.  As part of the enhancements to the 
SPAR documents, additional information regarding inputs, results, system boundaries, critical 
assumptions, and success criteria descriptions should be included.  The level of detail added to the SPAR 
model documentation needs to be balanced with the ability to make sure the documentation stays in step 
with model updates.

Level of Detail

The level of detail in the SPAR model is not the same as a plant specific PRA; however, this level 
of detail is acceptable to ASME Capability Category level I.  This level of detail is sufficient for the 
intended uses of the SPAR model, i.e., for application checking and confirmatory results.  Consistency on 
the level of detail needs to be verified between the actual model and that documented in the SPAR model 
assumptions.

SPAR Model Cost Effective Enhancements

The following provides an overview of enhancements to the SPAR model in order to meet the 
supporting requirements.  However, meeting these supporting requirements must be weighed against the 
potential benefits to the SPAR model and their end users.  One enhancement would be SPAR model 
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documentation since it is not equivalent to that of a utility PRA.  The documentation should be updated so 
that it is sufficient to provide the end user the ability to understand:

� Missing Initiating Events
� Success Criteria bases
� Accident Sequence treatment including transfers and end states
� System models, assumptions, and success criteria
� Data derivation
� Limitations in operator action modeling
� Quantification process

Other enhancements that were identified that could improve the SPAR models are improved 
checking of the results versus the utility PRA to ensure dominant sequences and improved HRA modeling 
to be more consistent with SPAR-H methodology.

3.3 Supporting Requirements Assessment - Results

There are 331 ASME PRA Standard Supporting Requirements (SRs) (in the version of the 
Standard used for this review). Of these, 116 SRs were determined to be not applicable for review of the 
PWR SPAR model.  This left a total of 215 Supporting Requirements that were applicable and within the 
scope of the peer review.  For the BWR SPAR model review, of the 331 Supporting Requirements, 115 
were determined to be not applicable.  This left a total of 216 Supporting Requirements that were 
applicable and within the scope of review.

For those 215 Supporting Requirements that are applicable for review against the PWR SPAR 
model, approximately 58% were assessed as supportive of Capability Category I or greater according to 
the criteria in the ASME PRA Standard. For those 216 SRs that are applicable for review against the 
BWR SPAR model, approximately 65% were assessed as supportive of Capability Category I or greater 
according to the criteria in the ASME PRA Standard. Table 2 summarizes the results of the peer review
for the PWR SPAR model and Table 3 summarizes the results for the BWR SPAR model.  This table lists 
the number of Supporting Requirements that did not meet at least Capability Category I and those that 
met or exceeded it for both the PWR SPAR model and the BWR SPAR model.

Table 2.  Supporting Requirement Assessment as a Function of Capability Category by PRA Element
for PWR SPAR model

Capability
Element Met (All) I II III I/II II/III Not Met

# % # % # % # % # % # % # %
IE (30) 13 43 3 10 0 0 0 0 1 3 0 0 13 43
AS (20) 13 65 1 5 0 0 0 0 1 5 0 0 5 25
SC (15) 7 47 3 20 0 0 0 0 0 0 0 0 5 33
SY (42) 15 36 1 2 0 0 0 0 3 7 1 2 22 52
DA (30) 13 43 5 17 1 3 1 3 0 0 1 3 9 30
HR (35) 10 29 5 14 1 3 0 0 2 6 0 0 17 49
QU (34) 15 44 2 6 1 3 0 0 0 0 1 3 15 44
MU (9) 5 56 0 0 0 0 0 0 0 0 0 0 4 44
Total (215) 91 42 20 9 3 1 1 0 7 3 3 1 90 42
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Table 2.  Supporting Requirement Assessment as a Function of Capability Category by PRA Element
for BWR SPAR model

Capability
Element Met (All) I II III I/II II/III Not Met

# % # % # % # % # % # % # %
IE (31) 11 35 3 10 0 0 1 3 2 6 0 0 14 45
AS (20) 14 70 1 5 0 0 0 0 1 5 0 0 4 20
SC (14) 5 36 3 21 0 0 0 0 0 0 0 0 6 43
SY (41) 25 61 1 2 0 0 0 0 2 5 1 2 12 29
DA (33) 16 48 4 12 3 9 0 0 2 6 2 6 6 18
HR (32) 6 19 5 16 1 3 0 0 2 6 0 0 18 56
QU (35) 19 54 2 6 1 3 1 3 0 0 0 0 12 34
MU (10) 5 50 0 0 0 0 0 0 0 0 0 0 5 50
Total (216) 101 47 19 9 5 2 2 1 9 4 3 1 77 36

After reviewing all 200 plus Supporting Requirements, the peer review team of the PWR SPAR 
model identified and documented 101 observations.  The breakdown of these 101 observations resulted in
76 findings and 25 suggestions. The next section outlines how these 101 findings and suggestions have 
been separated by priority level, based on level of potential impact on the SPAR model and whether they 
would provide benefit to the end user if incorporated. The BWR SPAR model review team identified and 
documented 200 observations.  The breakdown of these 200 observations resulted in 142 findings and 58
suggestions. The next section also outlines how these 200 findings and suggestions have been separated 
by priority level, based on potential impact on the SPAR model and whether it would provide benefit to 
the end user if incorporated.

3.4 Findings and Suggestions

Each of the 101 findings and suggestions from the peer review was given a priority level of 1, 2, 
or 3.  Those identified as being significantly beneficial to the end user were given priority level 1 and are 
recommended for immediate incorporation into the SPAR models.  The remaining findings and 
suggestions, with priority levels of 2 or 3, will provide less benefit to the end user or would have a high 
cost/benefit ratio.  Priority level 2 could be beneficial to the end user, but would require significant extra 
resources to incorporate the change into the SPAR models.  Priority level 3 findings and suggestions may 
also provide some limited benefit; however, the cost/benefit ratio and ability to obtain the needed
information make these changes the least desirable for incorporation into the SPAR models.

For the PWR SPAR model, 41 of the 101 findings and suggestions were given a priority level 1, 
31 items were ranked as priority level 2, and the remaining observations were set as priority level 3. For 
the BWR SPAR model, 49 of the 200 findings and suggestions were given a priority level 1, 55 items 
were ranked as priority level 2, and the remaining observations were set as priority level 3.

4. Conclusion

The peer review identified areas of the SPAR model that if improvements were made they would
meet the ASME Standard Capability Category level I.  Some of these improvements are SPAR model 
documentation, human reliability assessment (HRA), and plant specific information.  The SPAR model 
documentation is being re-structured and enhanced in order to provide traceability and usability for the 
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end users of the SPAR model.  Plant-specific information and modeling as-built, as-operated of the PRA 
is an area that the SPAR models will always lag due to the dissemination of information from the plant 
utility to SPAR model developers.  This transfer of information will always keep the SPAR models one 
step behind the utility PRA.

However, based on the results of the peer review, the SPAR models have been found to be an 
appropriate tool to provide a check on the utility PRA and provide confirmatory results for the various 
risk insights.  
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