
  ENCLOSURE 

 
NRC Response to NEI Comments on the 

RASP Handbook, Volume 1, “Internal Events” 
 
Nuclear Regulatory Commission (NRC) responses to Nuclear Energy Institute (NEI) comments 
on the Risk Assessment Standardization Project (RASP) Handbook, Volume 1, “Internal 
Events,” are provided below.  We have grouped the thirteen NEI comments into common topical 
areas, and as such, have ordered the comments.  In this reordering, each NEI comment has 
been quoted here as stated in the NEI letter to NRC dated November 4, 2008.  
 
GENERAL COMMENT 
 
1. General Comment 
 

NEI Comment:  The RASP Handbook is intended to cover analysis methods for 
Significance Determination Process (SDP) Phase 3, Accident Sequence Precursor (ASP), 
MD 8.3 determinations.  However, the methods included often seem to be more applicable 
to ASP and MD 8.3 where conservative judgments are appropriate rather than the Phase 3 
SDP process which should be more realistic. 
 
NEI Suggested Resolution:  Provide clarifying notes for sections describing conservative 
methodologies.  For example, the discussion of “Modeling component failures from unknown 
or ‘random’ cause in SAPHIRE/GEM” should note, that this conservative treatment of 
component failures is appropriate for ASP and MD 8.3 determinations, but more detailed 
analysis to differentiate between common-cause and independent failures should be 
performed for Phase 3 SDP. 

 
NRC Response to NEI Comment:  We partially agree with the general comment.  The 
RASP Handbook (Reference 1) documents methods for risk assessments under the Phase 
3 SDP, ASP Program and Incident Investigation Program (NRC Management Directive 8.3).  
These regulatory applications require that conservatisms be reduced to the extent possible 
given the best available information at the time of a given analysis.  Guidance in the RASP 
Handbook is built on existing NRC accepted methods for risk analysis of operational events 
and licensee performance deficiencies.  The guidance represents methodologies that were 
deemed appropriate by NRC to meet the regulatory objectives for each of the three NRC 
Reactor Oversight Process (ROP) activities.  Best available information provided by the 
licensee and NRC are used to support the bases of realistic assumptions used in the afore-
mentioned risk assessments.   
 
NRC Response to NEI Suggested Resolution:  We partially agree with the suggested 
resolution.  We recognize that the risk assessment methods, SPAR models, and event-
specific information used in an analysis have uncertainties and limitations.  We will continue 
to expand the guidance in the RASP Handbook to document known uncertainties and 
limitations of accepted methods and SPAR models in future revisions.  Specifically, the 
development of guidance in the use of the common-cause failure (CCF) analysis and HRA 
in event assessments will include a discussion of uncertainties and limitations in the use of 
these methods. 
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COMMON-CAUSE FAILURE ANALYSIS IN EVENT ASSESSMENT 
 
2. Section 3, “Failure Determination and Modeling,” Subsection:  3.4, “Modeling Failures 

and Degradation in SAPHIRE/GEM,” Second Bullet “Potential for Common Cause” 
 

NEI Comment:  The background on CCF is insufficient to guide the reader to ensure that 
events are properly categorized.  Adding a discussion listing the types of failures 
(independent, random or common cause) to emphasize the role of root cause analysis 
would help make categorization more consistent. 
 
NEI Suggested Resolution:  Revise the relationship formula as follows: 

 
P(CCF | actual common-cause failure) > P(CCF | unknown failure) > P(CCF | Independent) 
 
However, it should also be remembered that: 
 
P(Independent | unknown failure) > P(CCF | unknown failure) 
 
This is based on historical data which shows that the occurrence of common-cause failures 
is much less frequent than the occurrence of independent failures.  Therefore, care should 
be taken in applying CCF adjustments to observed events in the SDP process. 
 
It should also be remembered that CCF involves not only the mechanism leading to the 
failure, but also the timing of the failures.  Therefore, the potential for near-term failure of the 
redundant component due to the same cause as the observed failure must be considered in 
assessment of the potential for CCF. 
 
Add the following paragraph after the equation at the bottom of Page 3-6:   
 
“The determination for CCF potential can be performed in two phases.  The first phase 
involves the identification of the root cause or symptoms that lead to component failure or 
degradation.  The root cause or symptoms can be identified through a formal process by a 
team that is cognizant of the component design, function, operating environment, 
operational and maintenance practices, and human interactions.  This will allow the team to 
identify the root cause or symptoms as one of the following categories and eliminate others 
that do not apply, based on the evaluation of related information leading to the component 
failure or degradation.  For a well-understood cause with no potential for CCF, the event 
should be classified as an independent failure.  For causes that are not well-understood, 
there is always a potential for CCF and such events should be classified as random 
failures.”   
 
NRC Response to NEI Comment:  We agree with the general comments that the RASP 
Handbook would benefit by including expanded background information on CCF analysis 
and the importance of root cause analysis in CCF analysis in event assessment.  As stated 
in Section 1, “Introduction,” a future update to the Handbook will provide more explicit 
guidance on CCF analysis in event assessment.  The documentation of CCF analysis 
guidance is ongoing and will be based in part on the methodology and guidance provided in
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NUREG/CR-6268, “Common-Cause Failure Database and Analysis System:  Event Data 
Collection, Classification, and Coding,” (Reference 2) and NUREG/CR-5460,  
“A Cause-Defense Approach to the Understanding and Analysis of Common Cause 
Failures,” (Reference 3).  The guidance will emphasize the role of root cause analysis in 
CCF analysis in event assessment. 
 
NRC Response to NEI Suggested Resolution:  We concur with the general concept of 
CCF analysis process as stated in the above-suggested resolution.  However, as stated in 
NUREG/CR-6268 and NUREG/CR-5460, we do not believe that the identification of the 
symptom can provide a complete understanding of what led to that failure.  As such, the 
symptom may not be the most useful characterization of failure events for the purposes of 
CCF analysis in an event assessment as well as identifying appropriate corrective actions.  
The future section in Revision 2 of the Handbook will not only focus on the analytical 
process, but also will strive to provide explicit guidance for rigorous CCF analysis.  The 
guidance will attempt to clarify terminology used in CCF data analysis and CCF analysis in 
event assessment (e.g., ‘independent’ failure, ‘random’ failure, ‘potential’ CCF, ‘single’ 
failure), which has sometimes been a point of confusion by analysts.   
 
Currently, analysts follow basic principles of CCF analysis in an event assessment that have 
been introduced in the ASP Program during the precursor analyses of operational events 
since 1994.  These principles are summarized in Appendix 1 of this NRC Response 
document.  These principles will be clarified and incorporated into the future section in 
Revision 2 of the RASP Handbook on CCF analysis and supporting documents.   
 

3. Section 3, “Failure Determination and Modeling,” Subsection:  3.4, “Modeling Failures 
and Degradation in SAPHIRE/GEM,” Fourth Bullet, “Identifying an Independent 
Failure vs. Random Failure in Event Analysis, ” Page 3-7, Second to last paragraph 

 
NEI Comment:  The guidance in this section steers the reader towards considering a failure 
to be considered common cause instead of independent by requiring the analyst to find 
proof that no CCF mechanisms are involved to classify a failure as independent.  This is 
likely to result in events inappropriately being classified as CCF. 
 
NEI Suggested Resolution:  In the first sentence, remove capitalization from "only" and 
change "there is no likelihood" to "it is unlikely."  Testing and inspection of the redundant 
components in the common cause group should be acknowledged as valid means of 
establishing that a common cause failure due to the same causes present in the observed 
failure are unlikely. 
 
NRC Response to NEI Comment:  The NRC believes that the analyst should assume that 
the failed component is properly modeled in the Common Cause Component Group (CCCG) 
unless strong evidence, based in part on a thorough root cause analysis of the observed 
failure, suggests otherwise.  The goal of the future CCF analysis section in Revision 2 of the 
RASP Handbook is to provide explicit guidance to ensure that a single failure is 
appropriately modeled inside or outside the CCCG.
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NRC Response to NEI Suggested Resolution:  The suggested resolution discusses two 
separate thoughts.  In response to the first sentence, we recognize that the statement in the 
fourth bullet of Section 3.4, “Identifying an independent failure vs. random failure (or  
‘potential’ CCF) in event analysis,”1 is an overly simplistic generalization of the task.  This 
discussion will be replaced with explicit guidance in Revision 2 of the Handbook.  We 
acknowledge that the statement “there is no likelihood that the same circumstances could 
exist in other components in the CCCG” may be too absolute and overly conservative for 
certain circumstances; however, the proposed replacement “it is unlikely . . . “may be too 
relative and difficult to apply in a consistent manner. 
 
In the second sentence in the suggested resolution, we agree that testing and inspection of 
redundant components in the CCCG are sound engineering practices to show that multiple 
trains are not indeed failed.  However, these activities do not identify or eliminate the 
potential for CCF.  In other words, an operable and clean (without any degradation) 
component does not eliminate the potential for CCF.  Testing and inspection activities 
simply prove that the component was not in a failed state.  Since calculated conditional 
probabilities of CCF are generally much less than 0.01 (Reference 4), it is expected that the 
inspected components will usually be found not to be failed.  Sometimes, testing and 
inspection of redundant components may show greater likelihood of CCF due to observed 
degradation from the same root cause.  However, a reasonable estimate of the increased 
likelihood of common cause failure may be difficult to be quantified.  The future section on 
CCF analysis in Revision 2 of the Handbook will provide guidance on the considerations of 
testing and inspection in CCF analysis assumptions based on the above-stated insights.    
 

4. Section 3, “Failure Determination and Modeling,” Subsection:  3.4, “Modeling Failures 
and Degradation in SAPHIRE/GEM,” Fourth Bullet, “Identifying an Independent 
Failure vs. Random Failure in Event Analysis, ” Page 3-7, Second to last paragraph 

 
NEI Comment:  This section asserts that "root cause analyses may be in error," and should 
be revised to avoid indicating to the reader that the conclusions for all root cause analyses 
are to be suspected as inaccurate. 
 
NEI Suggested Resolution:  Revise the second sentence of the paragraph to read "Note 
that root cause analyses, while an important step in distinguishing between events which 
are independent (cause well-understood) and which are random (cause not  
well-understood) are often completed under time pressure and should be reviewed 
accordingly.”  
 
NRC Response to NEI Comment:  The NRC should question the accuracy and 
completeness of root cause analysis because operating experience shows that the same 
failure does infrequently reoccur.  Nevertheless, the referenced sentence will be replaced in 
Revision 2 of the RASP Handbook with guidance for incorporating root cause analysis in 
CCF analysis in event assessments.

                                                
1 Section 3.4, fourth bullet, “Identifying an independent failure vs. random failure (or ‘potential’ CCF) in 
event analysis” states in part:  “A component failure should be considered independent ONLY when the cause is 
well understood and there is no likelihood that the same circumstances could exist in other components in the 
common cause component group.” 
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NRC Response to NEI Suggested Resolution:  See NRC Response to NEI Comment 
above. 
 

5. Section 3, “Failure Determination and Modeling,” Subsection 3.4, “Modeling Failures 
and Degradation in SAPHIRE/GEM,” Fourth Bullet, “Modeling an Independent Failure 
in SAPHIRE/GEM,” page 3-8 

 
NEI Comment:  The analyst is directed to use the nominal CCF probability for the remaining 
components in the CCF groups for independent failures, which is illogical given the criteria 
for classifying an event as independent. 
 
NEI Suggested Resolution:  Revise the criteria for independence as suggested above. 
 
NRC Response to NEI Comment:  We agree that the guidance in Section 3.4 of the RASP 
Handbook for modeling an ‘independent’ failure in SAPHIRE/GEM Version 7 may be 
confusing.  SAPHIRE/GEM Version 7 does not automatically adjust the CCF compound 
basic event in the SPAR model to reflect the ‘independent’ failure.  The guidance in the 
Handbook provides work-around instructions for making a manual adjustment to the CCF 
basic event given the observed ‘independent’ failure.  This manual action approximates the 
adjustment to the ‘nominal’ CCF probability by using the original baseline CCF probability 
(without the reduction in the CCCG size).  This simplified approach assumes that the CCCG 
size and basic event probabilities remain the same.  We are reviewing this shortcut 
approach for non-conservatisms as well as conservatisms. 
 
The complete and more accurate approach for modeling an ‘independent’ component failure 
is to model the unique component, subcomponent, or failure mechanism outside the original 
(baseline) component or CCCG boundary.  This method would require modification of the 
applicable failure trees to include a new basic event that represents the failure event outside 
the original CCCG, estimation of the new basic event probability, and re-estimation of 
original independent failure probabilities and CCF parameters (alpha or beta factors) that 
excludes data associated with the failure event.  This approach is time consuming and 
difficult to perform given that the NRC CCF database does not provide event descriptions of 
single failures used in the denominator of alpha factor calculations. 
 
Guidance on proper approach for modeling ‘independent’ failures will be included in 
Revision 2 of the Handbook. 
 
NRC Response to NEI Suggested Resolution:  See NRC Response to NEI Comment 
above.



 - 6 - 

   

 
6. Appendix A, “Roadmap: Risk Analysis of Operational Events,” Step 3, “Model 

Elaboration to Reflect Additional Event-Related Detail,” Sixth Bullet, “Basic Event 
Parameter Update – Common-Cause Failure Probability,” Pages A1-14 to A1-15 

 
NEI Comment:  This section discusses considerations for updating CCF parameters from 
the base case SPAR model, but does not include a process for estimating CCF parameters. 
Guidance on reviewing CCF data sets and use of the data pertinent to the event should be 
added.  
 
NEI Suggested Resolution:  After the first paragraph under “Basic event parameter  
update – common-cause failure probability,” add the following text: 
 
Four major tasks can be performed to develop CCF parameter estimates applicable to the 
operational event being analyzed.  These tasks include: 
 
Review CCF data sets – The purpose of this task is to review available data on CCF events.  
The data set should only included events that are potentially applicable and are the same 
cause of failure as the operational event being analyzed.   
 
Perform qualitative adjustment – The purpose of this task is to adjust the data set to account 
for qualitative differences between the original and target systems by applying an 
applicability factor.  The overall applicability factor can be determined by assessing the type 
of defenses are in place for the operational event for those potential CCF events that have 
occurred at other plants.   
 
Perform quantitative adjustment – The purpose of this task is to adjust the data set to 
account for differences in CCCG sizes between the original and target systems.  
Independent failures associated with the data set should also be adjusted, as appropriate, to 
account for potential CCF events that were removed by the qualitative adjustment task.   
 
Estimate plant-specific CCF parameter – The purpose of this task is to estimate the CCF 
parameters that are unique to the operational event being analyzed. 
 
NRC Response to NEI Comment:  The NRC agrees that the RASP Handbook does not 
provide specific guidance for updating CCF parameters.  Due to the complexities in CCF 
parameter estimation, we determined that creating, modifying, or updating Alpha Factor 
Model parameters should be performed by analysts and statisticians specializing in CCF 
data collection, classification, coding, and analysis.  Therefore, updating CCF parameters is 
outside the scope of the Handbook.  Guidance for collecting, classifying, coding, and 
analysis of CCF events are provided in NUREG/CR-6268 (Reference 2).   Revision 2 of the 
Handbook will emphasize this recommendation. 
 
NRC Response to NEI Suggested Resolution:  We disagree with the proposed method 
for screening and evaluating generic CCF parameter data (i.e., common-cause failures and 
single failures) for event-specific characteristics for two reasons.  First, CCF analysis 
methodology documented in NUREG/CR-6268 and applied to SPAR models apportions 
CCF to the component boundary.  The proposed method seems to desire apportioning CCF 
to proximate causes.  The NRC has explored this idea in the past, and the CCF parameter
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estimations would potentially suffer from sparse data.  The proposed new approach has not 
been developed, tested, documented, nor peer reviewed for implementation.  Although we 
have no plans to further explore such methodology in the foreseeable future, if industry  
wishes to explore this alternate method, we would be interested in learning the results of 
your research. 
 
Second, screening out data that was found not to be factors in the observed failure does not 
follow the failure memory approach principle for the CCF analysis in event assessment (see 
Appendix 1 to this NRC Response document).  In the failure memory approach, basic event 
parameters associated with all observed failures are set to TRUE and all other PRA 
parameters remain at their nominal unavailability.  Eliminating CCF parameter data of 
potential CCF mechanisms that were observed not to exist in the remaining components 
would essentially be assigning a zero probability of the failure mechanism to occur. 
 

7. Appendix A, “Roadmap: Risk Analysis of Operational Events,” Step 3, “Model 
Elaboration to Reflect Additional Event-Related Detail,” Sixth Bullet, “Basic Event 
Parameter Update – Common-Cause Failure Probability,” Pages A1-16 

 
NEI Comment:  The CCF parameters should be based only on applicable events that cause 
the failure (that exists with the same coupling mechanisms).  This is of primary importance 
for operational events classified as random failures; however, the section of Appendix A that 
discusses common cause modeling only references a short checklist to aid the reviewer in 
the analysis.  While the operational event evaluation may not clearly and distinctly identify 
the cause of component failure or degradation, it should be able to identify one or more 
circumstances that did not cause the component failure or degradation.  CCF events 
involving circumstances that did not cause the failure or degradation should be excluded 
from the data set used in the CCF parameter estimates.   
 
NEI Suggested Resolution:  Incorporate Table 1:  Suggested Checklist for Identifying 
Components susceptible to CCF by adding the checklist after the second bullet on  
Page A1-16, or by adding its content to the checklist from Volume 3 of the RASP Handbook 
referenced in the second bullet on Page A1-16. 
 
NRC Response to NEI Comment:  As stated in the response to the previous comment, we 
do not believe that screening out CCF events from the alpha factor parameter estimates is 
appropriate for CCF analysis in event assessment. 
 
NRC Response to NEI Suggested Resolution:  The NRC agrees that a more explicit 
guidance on identifying components susceptible to CCF along with a companion checklist of 
susceptibility considerations should be included in the RASP Handbook.  The procedures 
developed in NUREG/CR-5460, “A Cause-Defense Approach to the Understanding and 
Analysis of Common Cause Failures,” (Reference 3) will be considered in the development 
of more comprehensive guidance and an associated checklist for identifying the potential for 
CCF events.  Revision 2 of the Handbook will include this guidance.  
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EXPOSURE TIME  
 

8. Section 2, “Exposure Time Determination and Modeling,” Subsection 2.1, 
“Definitions,” Second Bullet, “Repair Time (Definition),” page 2-1 

 
NEI Comment:  The definition includes the phrase “when the component was placed back 
into service.”  This time can be interpreted several ways.  Some might consider the 
component “placed back into service” when it is made functional following maintenance.  
Others would consider it “placed back into service” only after completion of any surveillance 
testing required to clear an associated LCO.  These times can be quite different. 
 
NEI Suggested Resolution:  Provide a definition of “placed back into service” to ensure 
consistent interpretation.  A suggested definition would be “the time at which a component is 
first made functionally available following repair (i.e., the time at which any clearance  
tagging associated with the repair is removed and the component is considered capable of 
performing its intended function pending successful surveillance testing).” 
 
NRC Response to NEI Comment:  The NRC agrees that the current definition in the RASP 
Handbook could be interpreted in several ways.  A clearer definition of “component placed 
back into service” will be provided in Revision 1.02 of the Handbook.  The added definition 
will specify the capability of the component to perform its intended function prior to a 
successful surveillance test.   
 
NRC Response to NEI Suggested Resolution:  See NRC Response to NEI Comment 
above. 

 
RECOVERY MODELING 
 
9. Section 6, “Recovery Modeling of Failed Equipment,” Subsection 6.1, “Introduction,” 

First Sentence 
 

NEI Comment:  As used in Chapter 6 of the RASP Handbook, "recovery" is an ambiguous 
term that is not clearly defined.  The definition offered in the first sentence of Section 6.1 is 
unclear and uses the term "recovery" in the definition. 
 
NEI Suggested Resolution:  Replace the first sentence of Section 6.1 with a list of means 
by which recovery can be achieved, such as an emergency operating procedure step 
directing an action in response to an initiating event. 
 
NRC Response to NEI Comment:  The NRC agrees that the current definition of “recovery” 
in Section 6 of the RASP Handbook appears to be ambiguous.  This section will undergo a 
thorough review and revision.  The guidance for modeling recovery actions in event 
assessment should mean repair, manual operation (in the case of failed initiation of a valve 
to open for example), or a workaround.  Workarounds could be procedure driven or skill of 
the craft, and involve using other systems, for example.  The SPAR and PRA models should 
already include the emergency operating procedure (EOP)-directed actions in response to 
failures, so these recovery-related actions would not be included under repair.  A revised 
Section 6 will be provided in Revision 1.02 of the Handbook.
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NRC Response to NEI Suggested Resolution:  We will include a list of means of 
achieving recovery in Revision 1.02 of the Handbook. 
 

10. Section 6, “Recovery Modeling of Failed Equipment,” Subsection 6.2, “Crediting 
Recovery in Event Analysis,” General Comment 

 
NEI Comment:  Although the amount of recovery credit given for a potential recovery action 
typically depends on the type of initial failure, the RASP Handbook does not explicitly 
discuss such considerations. 
 
NEI Suggested Resolution:  Add a summary of initial failure events and associated 
potential recovery at the end of Section 6.2.  The table below gives examples of such events 
and associated actions. 
 

Examples of Initial Failure Event(s) Potential Recovery Action 

Automatic actuation fails Manual actuation 

Operator fails to recognize the need to take action 
(diagnosis failure) 

Additional cues or re-visitation 

Test and maintenance unavailability Restore to service (if Tech Spec inoperable for the 
test/maintenance but can be returned to service quickly) 

Failure on demand (electrical, e.g. fuse or other 
electrical fault which can be recover)  

Replace fuse or if a control power problem, locally 
manually shut the breaker 

Failure on demand (mechanical) Use redundant SSC or a functionally similar 
component; or repair 

Failure to run Similar electrical / mechanical considerations as in 
failure on demand 

System level failure (e.g. loss of CCW system or 
loss of offsite power as an initiating event) 

Empirical system recovery data 

 
NRC Response to NEI Comment:  The NRC agrees with the NEI comment. 
 
NRC Response to NEI Suggested Resolution:  Revision 1.02 of the Handbook will include 
examples of initial failure events with associated potential recovery actions, which may 
include some of the examples proposed in the above table. 
 

HUMAN RELIABILITY ANALYSIS 
 

11. Section 6, “Recovery Modeling of Failed Equipment,” General Comment   
 

NEI Comment:  SPAR-H human reliability analysis method has many known limitations that 
are not referenced in the RASP Handbook.
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NEI Suggested Resolution:  Add a footnote to the first paragraph under “Use of HRA vs. 
operating experience data” on Page 6-6 cautioning the reader on the known limitations of 
SPAR-H by referencing NUREG-1842 in the discussion on that method. 
 
NRC Response to NEI Comment:  The NRC agrees with the comment.  As stated in 
Section 1, “Introduction,” a future update to the RASP Handbook will provide more explicit 
guidance on the application of SPAR-H or other human reliability analysis (HRA) methods in 
event assessment.  Clarifying notes with reference to NUREG-1842, “Evaluation of Human 
Reliability Analysis Methods Against Good Practices,” (Reference 5) on known limitations of 
SPAR-H will be provided in appropriate sections in Revision 1.02 of the Handbook.  In 
addition, NUREG-1842 will be referenced in Section 1.5, “Companion References to the 
Handbook,” of the Handbook.  Further, Revision 3 of the Handbook will provide more explicit 
guidance for HRA in event assessment, which will include or reference good practices from 
NUREG-1792, “Good Practices for Implementing Human Reliability Analysis,” (Reference 6) 
and known limitation of HRA methods, including SPAR-H HRA method, from NUREG-1842. 
 
NRC Response to NEI Suggested Resolution:  See NRC Response to NEI Comment 
above. 
 

12. Section 6, “Recovery Modeling of Failed Equipment,” General Comment   
 

NEI Comment:  Throughout Chapter 6, the reader is directed to use SPAR-H for modeling, 
as opposed to widely-used EPRI methods or other NRC methods such as THERP 
(Technique for Human Error Rate Prediction) and ATHEANA (A Technique for Human Event 
Analysis).  SPAR-H is a simplistic model that provides a first-order approximation of the HEP 
by scaling performance shaping factors.  This may be sufficient for Phase-2 SDP, but for 
Phase-3, a more detailed approach is typically needed for a best estimate HEP. 
 
NEI Suggested Resolution:  Revise the second sub-bullet under “Use of HRA vs. 
operating experience data” on Page 6-6 to read: 
 
“Human reliability analysis (HRA) is best used to model recovery of an actual failure, where 
the failure mechanism is known and recovery is feasible.  SPAR-H can provide a first-order 
approximation of the HEP by scaling performance shaping factors.  For Phase-3 SDP, a 
more detailed HRA method such as THERP or ATHEANA should be used to estimate the 
HEP.” 
 
NRC Response to NEI Comment:  The NRC recognizes that SPAR-H, and indeed other 
HRA methods, have limitations for applications in PRAs (as summarized in NUREG-1842), 
and in particular for modeling recovery actions in event assessments.  We acknowledge that 
current HRA methods have not been validated for modeling recovery actions either inside or 
outside the control room under postulated accident conditions.  As an example, the 
diagnostics involved in determining why the component or function has failed and 
determining an appropriate response strategy would not be addressed by most of the HRA 
methods, since they are predicated on responses to procedures.  Furthermore, use of 
SPAR-H or any other HRA method should be excluded when repair is involved.  
Nevertheless, despite observed limitations, SPAR-H and other HRA methods are sufficient 
for many purposes and provide results that are reproducible.  Given the differences in the
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scope of the various methods and their underlying models, the NRC and industry have 
identified a need to assess and ultimately validate the methods. 
 
Because of the above, it is not clear that other HRA methods would necessarily provide a 
better approximation of a best estimate HEP for recovery actions.  Experience from SDP  
analyses show that significant disagreements between staff and licensee results are 
typically due to HEP assumptions rather than the HRA method used.  These disagreements 
typically involve whether to assign a performance shaping factor level higher than its 
nominal value. 

 
NRC Response to NEI Suggested Resolution:  We disagree with the suggested 
resolution.  See NRC Response to NEI Comment above. 
 
As described in the NRC Risk-Informed and Performance-Based Plan (Reference 7), there 
is an ongoing NRC-EPRI initiative to address differences in HRA models.  This initiative will 
identify the regulatory applications that are sensitive to HRA results and the HRA methods 
used in these applications, and identify and develop either one HRA model for use by the 
Agency or a set of models with a well defined realm of applicability.  Revision 3 of RASP 
Handbook will incorporate the results of the collaborative NRC and industry initiatives on 
HRA methods.  
 

13. Appendix A, “Roadmap: Risk Analysis of Operational Events,” Step 3, “Model 
Elaboration to Reflect Additional Event-Related Detail,” Seventh Bullet, “Basic Event 
Parameter Update – Human Error Probability,” page A1-16 

 
NEI Comment:  The RASP Handbook does not discuss quality requirements, such as 
independent review, for HRA methods. 
 
NEI Suggested Resolution:  Add a bullet under “Basic event parameter update – human 
error probability,” on Page A1-16 stating the following: 
 
“In applications where an HEP is driving the results, the HRA portion should undergo a 
Regulatory Guide 1.200 review.” 
 
NRC Response to NEI Comment:  The NRC agrees that the RASP Handbook does not 
provide a specific discussion on quality requirements in HRA of operational events.  
However, guidance to ensure the overall quality of risk analysis of operational events with 
the extent of review commensurate with the intended use is provided throughout the 
Handbook.  Independent reviews are part of the SDP and ASP processes and add 
assurance that the risk assessment represents the best estimate of the event and reflects 
the as-built, as-operated plant.  The iterative review process by the analyst is emphasized in 
Appendix A, “Roadmap:  Risk Analysis of Operational Events,” of the Handbook.  
Independent reviews of preliminary SDP results by other risk analysts and NRC technical 
staff and by the licensee are described in Inspection Management Chapter 0609, 
“Significance Determination Process,” (Reference 8) for preliminary SDP results and in 
Regulatory Issue Summary 2006-024, “Revised Review and Transmittal Process for 
Accident Sequence Precursor Analyses,” (Reference 9) for preliminary ASP results.  An  
 



 - 12 - 

 

 
overview of quality requirements for the risk analysis of operational events will be added to 
Revision 1.02 of the Handbook. 
 
NRC Response to NEI Suggested Resolution:  As stated in the above response to 
comment, we agree that all SPAR model parameters and analysis assumptions, including 
those associated with important human error probabilities, should undergo a critical review 
to determine if they are appropriate and to assess their impact on the analysis results.  This 
review will also be used to identify sensitivity studies as input to the decision-making 
process.  However, we disagree with the suggestion of a formal Regulatory Guide  
(RG) 1.200 peer review of the SPAR model.  The SPAR models are intended to support  
plant-specific risk-informed activities and thus, it would not be appropriate to establish  
RG 1.200 requirements for the HRA portion of the SPAR models.  Nevertheless, a checklist 
for aiding in the review of human error probability parameter modifications will be provided in 
Revision 2 of the Handbook, Volume 3,“SPAR Model Reviews.” 
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  Appendix 

 
Appendix 1.  Basic principles currently in use for the CCF analysis in event assessments  
 
The basic principles currently in use by NRC for the CCF analysis in event assessments were 
first introduced in the ASP program for the precursor analyses of operational events since 1994.  
These principles are summarized below. 
 
Failure memory approach:  The failure memory approach (Reference 10) is used in the risk 
analysis of operational events.  In the failure memory approach, basic event parameters 
associated with all observed failures are set to TRUE and all other PRA parameters, including 
those associated with equipment that operated successfully, equipment that was not demanded 
and operator actions, remain at their nominal unavailability. 
 
Basic premise of the CCF models:  The CCF models being used in PRA are based on a 
simple premise that a fraction of failures of similar components (the common cause component 
group) that are not otherwise explained by functional dependencies, could fail multiple 
components in the same component group.  This fraction (or set of fractions) are defined in 
terms of averages of all potential multiple failures and distributes all potential CCF modes 
across the board to any failure that occurs.  For example, for a two-component common cause 
group, the probability of both components failing due to common cause is β*Qt, where  β is the 
common cause fraction and Qt  is the (total) failure probability of a component.  The same 
probability is given as α2*Qt in the alpha model mainly used by the NRC.  The simple CCF 
models used in PRA state that if a component fails, in a fraction of these failures, the second 
component will also fail due to the common cause, without stating the precise source of this 
failure.  
 
CCF basic event model in SPAR models:  CCF basic events used in SPAR models are 
compound events based on Alpha Factor Model equations based on the methodology 
documented in NUREG/CR-6268 (Reference 2) for various common cause component groups 
(CCCG) sizes.  The failure probability of a CCF compound basic event is calculated in the CCF 
module in the SAPHIRE code which uses the component failure probability and CCF Alpha 
Factor Model parameters as inputs.  The probability of a CCF basic event is defined by the 
conditional failure probability term of the Alpha Factor Model equations and varies with the 
number of failed components in the CCCG.   
 
Conditional component failure probability given failure of a component:  In an event 
assessment of a failed component in a CCCG, the failure probabilities of the remaining 
components are assigned the conditional probabilities of failure as defined by the common 
cause model.  This is consistent with the failure memory approach for the treatment of 
successes (i.e., no observed failure or degradation) of the remaining component in the CCCG.  
No credit is given for successful operation or post-event testing of redundant equipment, and 
the unavailability of remaining components in the CCCG is heavily influenced by conditional 
probabilities (i.e., alpha or beta factors) of CCF.  This methodology has been in use in precursor 
analyses in ASP Program since 1994 and documented in References 11 and 12. 
 
For example, in CCCG size of two, the total system failure probability (Qs) is given as  
[(1- β)2*Qt

2 + βQt].  When one component fails, the conditional probability of the second 
component in the same common cause group becomes ((1-β)*Qt + β).    
 



 - 2 - 

 

 
Numerical examples for common cases:  The following table summarizes the values of Qs for 
four common cases for a two-component system with Qt = 0.01 and β =0.05. 
 

 Case 1 Case 2 Case 3 Case 4 
 with no 

component 
failures 

after one 
component 
failure 

when one 
component 
unavailable due to in 
T&M 

when one component 
fails due to fire in a well 
isolated compartment, 
not containing the 
second redundant 
component  

 
Qs 

 

 
5.90E-04 

 
5.95E-02 

 
1.00E-02 

 
1.00E-02 

 
 
Equations used to calculate Qs for the four cases are as follows: 
 
1. Qs = [(1- β)2*Qt

2 + βQt] 
 
2 Qs = [(1- β)*Qt + β] 
 
3. Qs = Qt  
 
4. Qs = Qt  
 
The next table illustrates the effect of the value of Qt on Qs for various cases: 
 

 Qt β Case 1
no failure 

Case 2
1 failure 

Case 3 
T&M 

Case 4
fire 

       
 
Qs 

 
0.01 0.05 5.90E-04 5.95E-02 1.00E-02 1.00E-02 

 
Qs 

 
0.001 0.05 5.09E-05 5.10E-02 1.00E-03 1.00E-03 

 
 
Guidelines for analysts:  To provide consistency and clarity for the various risk analysts who 
may perform quantitative event or plant condition importance analyses (in SDP, ASP, and 
similar analyses), the following simple guidance is provided, with simple illustrations: 
 
1.  Analyst need to establish only if a component has failed; he does not need to determine 
 the CCF potential of the failure.  If the failure has occurred, then Case 2 above must be 
 used for calculations.  This is based on the CCF model assigning an average fraction of 
 CCF to every failure counted for Qt. 
 
2. If a component was unavailable for test or scheduled maintenance, then Case 3 applies.  
 No CCF is modeled (exists) between the two components for this “failure” mode.   
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 If forced maintenance due to a component failure is in effect, then Case 2 applies if a 
 plant condition importance due to this component is to be calculated. 
  
3. If a component fails due to a fire confined to a compartment, and the redundant train is 
 not in the compartment, Case 4 applies.  Note that Case 3 and Case 4 results are the 
 same. 
 
Exceptions and variations to the above may exist and should be treated on their own merit, on a 
case-by-case basis. 
 
Potential exception:  When a component fails, the potential for CCF is assumed in the 
remaining components in the CCCG.  If a rigorous analysis shows that the root cause of the 
observed failed component could not possibly affect the remaining components, which implies 
that the original definition of CCCG is too broad (thus conservative), then the CCCG may be 
redefined.  This redefinition may break up the component failure into two different failure modes 
by redefining the component boundary.  However, such a redefinition must be done by going 
back to the original data and parameter estimations and reconstructing the new CCF 
parameters for the two sets of failure modes.  A quick estimate of the new CCF parameters 
could result in non-conservative results and should be avoided at all times, since it is not readily 
determinable if the non-conservatism occurs or not.  For example, one can not just subtract the 
potential CCF events associated with the failure model in question from the total number of 
potential CCF events counted for the original parameter estimations, since the denominators 
used in CCF parameter estimations must be also altered and new failure mode failure 
probabilities and CCF parameters must be calculated.  The time and resource cost of such a 
PRA model revision may be prohibitive and may even give higher probabilities of failure if the 
second failure mode introduced also has a CCCG. 
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