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Audit Scope 
 
The overall scope of the audit was to review analyses in support of the development of the 
accident sequences in AREVA’s PRA-based seismic margin assessment and to discuss with 
AREVA the status of related unresolved Requests for Additional Information (RAIs) on parts of 
the U.S. EPR Final Safety Analysis Report (FSAR), and to determine the paths for resolution of 
these RAIs.  
 
Audit Summary 
 
The agenda for the audit was prepared in advance by NRC staff and agreed upon with AREVA.  
The agenda is given in Attachment 1.  Representatives from NRC, Lawrence Berkeley National 
Laboratory (LBNL), and AREVA, including all key technical personnel, were present during the 
audit.  A list of attendees is provided in Attachment 2. 
 
After introductions and a review of the agenda, NRC staff made some introductory remarks 
regarding the audit background and objectives.  Following these remarks, AREVA presented a 
brief overview of the calculations prepared in support of the RAI responses discussed during the 
audit. 
 
Following AREVA's presentation and during the subsequent two days, NRC staff and LBNL 
representatives conducted a detailed review of the unresolved RAIs listed in the audit agenda, 
as well as selected portions of the calculations made available by AREVA.  In all instances, a 
path forward for the resolution of these RAIs was identified and agreed upon with AREVA.  
Details of the discussions are given in the following section. 
 
The audit concluded with an exit meeting that summarized the discussions and the disposition 
of the issues raised during the audit.  It was emphasized that, as a result of the audit, essentially 
all of the previously unresolved RAIs were changed to “verification” status.  An NRC SMA audit 
summary is provided in Attachment 3. 
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Discussions: 
 
1)  LOCAs of various sizes  
 
(AREVA response to Question 19-341(partial)):  “LOCA of various sizes are considered in the 
U.S. EPR PRA-based SMA.  This includes small LOCA (SLOCA), medium LOCA (MLOCA) and 
large LOCA (LLOCA) initiating events.  MLOCA and LLOCA seismic cutsets identify no 
additional seismic equipment list (SEL) equipment or operator actions.  The SEL already 
includes equipment that could rupture causing an MLOCA or LLOCA.  This includes reactor 
vessel supports, reactor coolant pump supports, steam generator supports, pressurizer, and 
reactor coolant system piping as shown in U.S. EPR FSAR Tier 2, Table 19.1-106.” 
 
1a)  AREVA was asked to provide support for the statement that, “MLOCA and LLOCA seismic 
cutsets identify no additional seismic equipment list (SEL) equipment or operator actions.”   
 
The AREVA team stated that the SSCs identified in their MLOCA and LLOCA event trees, and 
the fault trees that support them, contain no SSCs in addition to those already contained in 
other event trees included in the SMA analysis.  This response is fully satisfactory.   
 
1b)  AREVA was asked to provide support for the statement that, “The SEL already includes 
equipment that could rupture causing an MLOCA or LLOCA.  This includes reactor vessel 
supports, reactor coolant pump supports, steam generator supports, pressurizer, and reactor 
coolant system piping as shown in U.S. EPR FSAR Tier 2, Table 19.1-106.”  AREVA was also 
asked to describe why AREVA believes that all the relevant equipment that could rupture 
causing MLOCA or LLOCA is included, and to discuss whether there are other causes that 
could lead to MLOCA or LLOCA besides “equipment that could rupture”.   
 
The AREVA team stated that their process of examining the event-trees has assured that all 
relevant SSCs “that could rupture” are included on the SEL.  The team clarified that the phrase 
”that could rupture” really means “that could compromise the primary pressure boundary’s 
integrity”, and they agreed to change the AREVA response to the RAI along those lines.  This 
response is fully satisfactory.   
 
2)  Compiling the SEL (Seismic Equipment List) for the SMA analysis: 
 
AREVA response to Question 19-341(partial):  “U.S. EPR FSAR Tier 2, Table 19.1-106 contains 
the SEL developed from the PRA event tree.  Therefore, it is the list of equipment for which 
HCLPF values are needed.  For structures on the SEL, HCLPF values will be calculated to 
support the design certification application.” 
 
2a)  AREVA was asked how the list of structures on the SEL had been compiled.   
 
The AREVA team stated that they had included on the SEL all of the structures inside of which 
safety equipment is located, along with all structures involved in the “containment” safety 
function.  This response is fully satisfactory.   
 
2b)  AREVA was asked to describe the analysis to determine whether any “two-over-one” issues 
are important, in which case the SEL would need to include whatever equipment or structures 
are involved.   
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The AREVA team stated that they had included all of the structures inside of which safety 
equipment is located on the SEL, since the failure of such a structure would be a two-over-one 
type of event.  Concerning equipment, they had done a “paper walkdown” to examine the 
configuration and layout.  This is an appropriate approach, and the AREVA team’s responses 
are fully satisfactory. 
 
3)  The PRA-type systems-analysis methodology used in the SMA: 
 
[NOTE:  Throughout this section, reference to “the ASME-ANS PRA Standard” means Standard 
ASME-ANS RA-Sa-2009, “Addendum a to ASME-ANS Standard RA-S-2008, Standard for Level 
1/Large Early Release Frequency Probabilistic Risk Assessment for Nuclear Power Plant 
Applications.”] 
 
3a)  In the ASME-ANS PRA Standard, requirement SPR-A2 reads:  “In the initiating-event 
selection process, DEVELOP a hierarchy to ensure that every earthquake greater than a certain 
defined size produces a plant shutdown within the systems mode.” 
 
AREVA was asked to describe the method used to meet this requirement, or at least to meet the 
intent of this requirement.  (The NOTE to this requirement in the Standard contains additional 
guidance.)  
 
The AREVA team stated that they began with seismic-caused loss of offsite power (LOOP), as 
required by the SMA methodology.  They then examined each of the internal-events-PRA event 
trees, selected the most important ones (starting with the LOOP tree) in order or rough 
importance, and added SSCs to the SEL as they went.  This approach appropriately accounts 
for the “hierarchy” concept that is the thrust of the question.  Their response is fully satisfactory. 
 
3b)  In the ASME-ANS PRA Standard, requirement SPR-A3 reads:  “ENSURE that the PRA 
systems models reflect earthquake-caused failures and nonseismically induced unavailabilities 
and human errors that give rise to significant accident sequences or significant accident 
progression sequences.” 
 
AREVA was asked to describe the method used to meet this requirement, or at least to meet the 
intent of this requirement.  (The NOTE to this requirement contains additional guidance.)  In 
particular, AREVA was asked to describe how the differentiation between “significant” and 
sequences and the others is done.   
 
The AREVA team stated that there is no reliance whatsoever in the SMA systems analysis on 
any human actions after the postulated earthquake.  All such human errors in the systems 
analysis are set to “true” meaning that the error is assumed always to occur.  Also, all 
non-seismic failures are eliminated from their systems model.  The team also noted that they did 
not do any screening to sort between “significant” and other sequences.  This set of pessimistic 
assumptions completely eliminates the concerns that led to the question, and therefore this 
response is fully satisfactory. 
 
3c)  In the ASME-ANS PRA Standard, requirement SPR-B2 reads:  “In the human reliability 
analysis (HRA) aspect, EXAMINE additional post-earthquake stresses that can increase the 
likelihood of human errors or inattention, compared to the likelihood assigned in the 
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internal-events HRA when the same activities are undertaken in non-earthquake accident 
sequences.  Whether or not increases in error probabilities are used, JUSTIFY the basis for this 
decision about what error rates to use.” 
 
AREVA was asked to describe the method used to meet this requirement, or at least to meet the 
intent of this requirement.  (The NOTE to this requirement contains additional guidance.)   
 
The AREVA team stated that there is no reliance whatsoever in the SMA systems analysis on 
any human actions after the postulated earthquake.  All such human errors in the systems 
analysis are set to “true” meaning that the error is assumed always to occur.  This pessimistic 
assumption completely eliminates the concern that underlies the question, and therefore this 
response is fully satisfactory. 
 
3d)  In the ASME-ANS PRA Standard, requirement SPR-B4, capability category I-II reads:  
“PERFORM an analysis of seismic-caused dependencies and correlations in a way so that any 
screening of SSCs appropriately accounts for those dependencies and correlations.  USE 
bounding or generic correlation values and PROVIDE the basis for such use.” 
 
AREVA was asked to describe the method used to meet this requirement, or at least to meet the 
intent of this requirement.  (The NOTE to this requirement contains additional guidance.)    In 
particular, describe the basis for any founding or generic correlation values used.   
 
The AREVA team stated that they made the assumption that whenever there are two identical 
SSCs in the system model for the SMA, the failures are completely correlated, so that the failure 
of one such SSC is always associated in the model with the failure of the other(s).  This 
pessimistic assumption eliminates the concern that underlies the question, and therefore this 
response is fully satisfactory. 
 
3e)  In the ASME-ANS PRA Standard, requirement SPR-B5 reads:  “ENSURE that any 
screening of human-error basic events and non-seismic-failure basic events does not 
significantly affect the PRA's results.” 
 
AREVA was asked to describe the method used to meet this requirement, or at least to meet the 
intent of this requirement.  (The NOTE to this requirement contains additional guidance.)    In 
particular, AREVA was asked to describe the threshold for such screening.   
 
The AREVA team stated that there is no reliance whatsoever in the SMA systems analysis on 
any human actions after the postulated earthquake.  All such human errors in the systems 
analysis are set to “true” meaning that the error is assumed always to occur.  Also, all non-
seismic failures are eliminated from their systems model.  This pessimistic assumption 
completely eliminates the concern that underlies the question, and therefore this response is 
fully satisfactory. 
 
3f)  In the ASME-ANS PRA Standard, requirement SPR-B9, capability category II-III, reads:  
“EXAMINE the likelihood that system recoveries modeled in the internal-events PRA may be 
more complex or even not possible after a large earthquake, and ADJUST the recovery 
models accordingly.” 
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AREVA was asked to describe the method used to meet this requirement, or at least to meet the 
intent of this requirement.  (The NOTE to this requirement contains additional guidance.)  In 
particular, describe how any adjustments have been made.   
 
The AREVA team stated that they have taken no credit anywhere in the SMA systems model for 
any recoveries from seismic-caused failures.  This response addresses the concern and is fully 
satisfactory.  
 
3g)  In the ASME-ANS PRA Standard, requirement SPR-B10 reads:  “EXAMINE the effect of 
including an earthquake-caused “small-small loss-of-coolant accident” as an additional fault 
within each sequence in the seismic-PRA model.” 
 
AREVA was asked to describe how the analysis meets this requirement, or at least meets the 
intent of this requirement.  (The NOTE to this requirement contains additional guidance.)   
 
The AREVA team stated that they had assured that each event tree in the SMA analysis 
contains an “event” covering the need for injection of water in the event of a possible very small 
LOCA that is the focus of this question.  They further stated that their analysis relies on Safety 
Injection throughout, rather than on the lesser volume of injection possibly available from the 
“make-up” capability that is also available.  This response is fully satisfactory.   
 
4)  Containment analysis: 
 
The NRC staff’s Interim Staff Guidance DC/COL-ISG-020 reads, in part:  “It is important that the 
plant systems analysis focus on those sequences leading to core damage or containment 
failures, including applicable sequences leading to the following containment failures: (1) loss of 
containment integrity, (2) loss of containment isolation, and (3) loss of functions for prevention of 
containment bypass.  The operating modes to be considered include at power (full power), low 
power, and shutdown.” 
 
AREVA was asked to describe how the analysis has implemented this.  Specifically, describe 
how the analysis has brought the ”focus” that this sentence seeks.   
 
The AREVA team stated that they had done a careful differentiation of the sequences that could 
lead to the three different types of containment failure modes and containment-integrity 
compromises in the question.  They descried how this work was done and what types of issues 
they ran into during this work.  Their response is fully satisfactory.   
 
5)  Low-power and shutdown analysis: 
 
AREVA was asked to describe how the analysis has incorporated the various plants modes 
other than full power operation, in particular low-power modes and modes when the reactor’s 
chain reaction is shut down.   
 
The AREVA team stated that they started with the low power and shutdown PRA model for 
“internal initiating event”, and adapted it for the SMA, in much the same way that they had done 
for the at-power PRA model.  This is an acceptable approach, and this response is fully 
satisfactory. 
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AUDIT PLAN TO REVIEW  

PRA-Based Seismic Margin Assessment  
U.S. EPR FSAR Chapter 19 

 
 
APPLICANT: AREVA NP, Inc. 
 
APPLICANT CONTACT: Dennis Williford 
 David Noxon 
 
TIME:  September 26-27, 2011 
 
LOCATION: AREVA NP Inc. 
 Solomon Pond Park 
 400 Donald Lynch Boulevard 
 Marlborough, MA 01752 
 
REVIEWERS: Jim Xu (audit lead) 
 Hahn Phan 

 Dave Jaffe 
 Robert Budnitz (Lawrence Berkeley National 

Laboratory) 
 
BACKGROUND 
 
AREVA NP, Inc. (AREVA) has submitted by a letter dated December 11, 2007 to the U.S. 
Nuclear Regulatory Commission (NRC) a Final Safety Analysis Report (FSAR) for its 
application of the U.S. EPR design, accessible by Agencywide Documents Access and 
Management System (ADAMS) Accession No. ML073520305.  NRC initiated the design 
certification review on March 19, 2008.  During the review of the U.S. EPR design certification 
application, NRC staff identified the need for additional information concerning PRA-Based 
Seismic Margin Assessment.  To facilitate a discussion of the important outstanding technical 
issues, the staff plans an on-site audit.  This audit will include access to AREVA technical 
experts and existing technical documentation.  This audit is needed to support the resolution 
of issues and accomplishing the U.S. EPR review schedule, particularly in reference to 
Standard Review Plan (SRP) Section 19. 
 
PURPOSE AND APPROACH 

The purpose of this audit is to review documentation related to Seismic Margin Assessment for the 
U.S. EPR design.  The proposed agenda is provided in Attachment A.  The staff will document the 
audit findings in an audit report.  Any document reviews supporting this audit will be documented in 
the audit report. 
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AUDIT ACTIVITIES AND SCHEDULE  

The NRC staff will conduct the review over a period of two business days. 

A proposed agenda and potential discussion topics are included in Attachment A.  If necessary, any 
circumstances related to the conductance of the audit will be communicated to Dave Jaffe (NRC) at 
301-415-1439 or at David.Jaffe@nrc.gov.



ATTACHEMENT A 
 

PRA-Based Seismic Margin Assessment 
U.S.EPR Audit Plan 

September 26-27, 2011 
 

September 26th 
Entrance Meeting (8:30-9:00) 
• Introductions 

• Purpose and Objectives of Audit 

• Review of Audit Plan and Schedule  

Overview of the PRA-based SMA (AREVA)  (9:30-10:00) 
Review of methodology for SEL development and initiating event hierarchy (10:00-12:00) 
• SEL development – MLOCA and LLOCA seismic cutsets, contribution to SEL 

• SEL development – treatment of equipment that could contribute to two-over-one  

• Systems analysis – hierarchy process in selecting initiating events… 

Lunch (12:00-1:00) 
Systems analysis topics:  Review of consideration of non-seismic failures and human errors in 
SMA systems analysis  (1:00-4:00) 
• Process for ensuring that the systems model appropriately reflects non-seismic failures  

• Process for ensuring that systems model appropriately reflects human errors 

• Process for assigning human error rates after an earthquake 

Staff Caucus (4:00-4:30) 
Summary of the day and action items (4:30-5:00) 
 
September 26th 
Follow up on previous day’s action items/Plan of the day (8:00-8:30) 
SMA systems analysis topics (8:30-12:00) 
• Process for analyzing correlations and dependencies . 

• Process for assuring that screening is not affected by the methodology for analyzing 
dependency and correlation 

• Screening: process for assuring that human-error and non-seismic-failure numerical 
assignments do not affect results 

Lunch (12:00-1:00) 

SMA systems analysis topics (continued) (1:00-4:00) 
• Methodology for including “small-small LOCA” in systems analysis… 

• Containment failure analysis 

• Methodology for incorporating low power and shutdown modes 
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Staff Caucus (4:00-4:30) 
Exit Meeting (4:30-5:00) 
 
 

Potential Discussion Topics 
 

 
1)  AREVA response to Question 19-341(partial): 
 
“LOCA of various sizes are considered in the U.S. EPR PRA-based SMA.  This includes small 
LOCA (SLOCA), medium LOCA (MLOCA) and large LOCA (LLOCA) initiating events.  
MLOCA and LLOCA seismic cutsets identify no additional seismic equipment list (SEL) 
equipment or operator actions.  The SEL already includes equipment that could rupture 
causing an MLOCA or LLOCA.  This includes reactor vessel supports, reactor coolant pump 
supports, steam generator supports, pressurizer, and reactor coolant system piping as shown 
in U.S. EPR FSAR Tier 2, Table 19.1-106.” 
 
1a)  Provide support for the statement that, “MLOCA and LLOCA seismic cutsets identify no 
additional seismic equipment list (SEL) equipment or operator actions.” 
 
1b)  Provide support for the statement that, “The SEL already includes equipment that could 
rupture causing an MLOCA or LLOCA.  This includes reactor vessel supports, reactor coolant 
pump supports, steam generator supports, pressurizer, and reactor coolant system piping as 
shown in U.S. EPR FSAR Tier 2, Table 19.1-106.”  Describe why AREVA believes that all the 
relevant equipment that could rupture causing MLOCA or LLOCA is included.  Are there other 
causes that could lead to MLOCA or LLOCA besides “equipment that could rupture”? 
 
2)  AREVA response to Question 19-341(partial): 
 
“U.S. EPR FSAR Tier 2, Table 19.1-106 contains the SEL developed from the PRA event tree.  
Therefore, it is the list of equipment for which HCLPF values are needed.  For structures on 
the SEL, HCLPF values will be calculated to support the design certification application.” 
 
2a)  How has the list of structures on the SEL been compiled?   
 
2b)  Describe the analysis to determine whether any “two-over-one” issues are important, in 
which case the SEL would need to include whatever equipment or structures are involved. 
 
3)  Questions on the PRA-type systems-analysis methodology used in the SMA: 
 
[NOTE:  Throughout this section, reference to “the ASME-ANS PRA Standard” means 
Standard ASME-ANS RA-Sa-2009, “Addendum a to ASME-ANS Standard RA-S-2008, 
Standard for Level 1/Large Early Release Frequency Probabilistic Risk Assessment for 
Nuclear Power Plant Applications.”] 
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3a)  In the ASME-ANS PRA Standard, requirement SPR-A2 reads: 
 
“In the initiating-event selection process, DEVELOP a hierarchy to ensure that every 
earthquake greater than a certain defined size produces a plant shutdown within the systems 
mode.” 
 
Describe the method used to meet this requirement, or at least to meet the intent of this 
requirement.  (The NOTE to this requirement contains additional guidance.) 
 
3b)  In the ASME-ANS PRA Standard, requirement SPR-A3 reads: 
 
“ENSURE that the PRA systems models reflect earthquake-caused failures and nonseismically 
induced unavailabilities and human errors that give rise to significant accident sequences or 
significant accident progression sequences.” 
 
Describe the method used to meet this requirement, or at least to meet the intent of this 
requirement.  (The NOTE to this requirement contains additional guidance.)  In particular, 
describe how the differentiation between “significant” and sequences and the others is done. 
 
3c)  In the ASME-ANS PRA Standard, requirement SPR-B2 reads: 
 
“In the human reliability analysis (HRA) aspect, EXAMINE additional postearthquake stresses 
that can increase the likelihood of human errors or inattention, compared to the likelihood 
assigned in the internal-events HRA when the same activities are undertaken in 
nonearthquake accident sequences.  Whether or not increases in error probabilities are used, 
JUSTIFY the basis for this decision about what error rates to use.” 
 
Describe the method used to meet this requirement, or at least to meet the intent of this 
requirement.  (The NOTE to this requirement contains additional guidance.) 
 
3d)  In the ASME-ANS PRA Standard, requirement SPR-B4, capability category I-II reads: 
 
“PERFORM an analysis of seismic-caused dependencies and correlations in a way so that 
any screening of SSCs appropriately accounts for those dependencies and correlations.  USE 
bounding or generic correlation values and PROVIDE the basis for such use.” 
 
Describe the method used to meet this requirement, or at least to meet the intent of this 
requirement.  (The NOTE to this requirement contains additional guidance.)    In particular, 
describe the basis for any founding or generic correlation values used. 
 
3e)  In the ASME-ANS PRA Standard, requirement SPR-B5 reads: 
 
“ENSURE that any screening of human-error basic events and non-seismic-failure basic 
events does not significantly affect the PRA's results.” 
 
Describe the method used to meet this requirement, or at least to meet the intent of this 
requirement.  (The NOTE to this requirement contains additional guidance.)    In particular, 
describe the threshold for such screening. 
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3f)  In the ASME-ANS PRA Standard, requirement SPR-B9, capability category II-III, reads: 
 
“EXAMINE the likelihood that system recoveries modeled in the internal-events PRA may 
be more complex or even not possible after a large earthquake, and ADJUST the recovery 
models accordingly.” 
 
Describe the method used to meet this requirement, or at least to meet the intent of this 
requirement.  (The NOTE to this requirement contains additional guidance.)  In particular, 
describe how any adjustments have been made. 
 
3g)  In the ASME-ANS PRA Standard, requirement SPR-B10 reads: 
 
“EXAMINE the effect of including an earthquake-caused “small-small loss-of-coolant accident” 
as an additional fault within each sequence in the seismic-PRA model.” 
 
Describe how the analysis meets this requirement, or at least meets the intent of this 
requirement.  (The NOTE to this requirement contains additional guidance.)   
 
4)  Question about containment analysis: 
 
The NRC staff’s Interim Staff Guidance DC/COL-ISF-020 reads, in part: 
 
“It is important that the plant systems analysis focus on those sequences leading to core 
damage or containment failures, including applicable sequences leading to the following 
containment failures: (1) loss of containment integrity, (2) loss of containment isolation, and 
(3) loss of functions for prevention of containment bypass.  The operating modes to be 
considered include at power (full power), low power, and shutdown.” 
 
Describe how the analysis has implemented this.  Specifically, describe how the analysis has 
brought the ”focus” that this sentence seeks. 
 
5)  Question about low-power and shutdown analysis: 
 
Describe how the analysis has incorporated the various plants modes other than full power 
operation, in particular low-power modes and modes when the reactor’s chain reaction is shut 
down.
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SMA Audit List of Attendees 

 
 
Name      Organization 
 
David Gerlits     AREVA 
David Noxon     AREVA 
Darrell Gardner    AREVA 
Bill Szymczak    AREVA 
Joshua Reinert    AREVA 
Jim Moody     AREVA (Consultant) 
Leo Lessard     AREVA 
David Jaffe     NRC 
Jim Xu     NRC 
Robert Buonitz    NRC (Consultant) 
Hanh Phan     NRC     
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SMA Audit Summary 
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