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ArevaEPRDCPEm Resource

From: BRYAN Martin (EXTERNAL AREVA) [Martin.Bryan.ext@areva.com]
Sent: Thursday, December 16, 2010 2:30 PM
To: Tesfaye, Getachew
Cc: DELANO Karen (AREVA); ROMINE Judy (AREVA); BENNETT Kathy (AREVA); NOXON 

David (AREVA); PANNELL George (AREVA); Miernicki, Michael; Ford, Tanya
Subject: Response to U.S. EPR Design Certification Application RAI No. 427, FSAR Ch. 18, 

Supplement 4
Attachments: RAI 427 Supplement 4 Response US EPR DC.pdf

Getachew, 
 
AREVA NP Inc. provided a schedule for a technically correct and complete response to RAI 427 on September 
2, 2010.  On October 7, 2010, October 28, 2010, and November 29, 2010 a revised schedule was provided.  
The attached file, “RAI 427 Supplement 4 Response US EPR DC.pdf” provides technically correct and 
complete responses to the 23 questions, as committed.   
 
The AREVA NP U.S. EPR Human Performance Monitoring Implementation Plan and the AREVA NP U.S. EPR Human 
Factors Engineering (HFE) Design Implementation Plan supporting RAI 427, have been revised, and the plans are 
submitted under a separate cover letter. 
 
The response to RAI 421 will revise the U.S. EPR Human Factors Verification and Validation (V&V) Implementation 
Plan to address RAI 427 Questions 18-196 thru 18-214. 
 
Appended to this file are affected pages of the U.S. EPR Final Safety Analysis Report in redline-strikeout 
format which support the response to RAI 427 Questions 18-192, and 18-195. 
 
The following table indicates the respective pages in the response document, “RAI 427 Supplement 4 
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject questions. 
 
Question # Start Page End Page 
RAI 427 — 18-192  2 2
RAI 427 — 18-193  3 3
RAI 427 — 18-194  4 4
RAI 427 — 18-195  5 5
RAI 427 — 18-196  6 6
RAI 427 — 18-197  7 7
RAI 427 — 18-198  8 8
RAI 427 — 18-199  9 9
RAI 427 — 18-200  10 10
RAI 427 — 18-201  11 11
RAI 427 — 18-202  12 12
RAI 427 — 18-203  13 13
RAI 427 — 18-204  14 14
RAI 427 — 18-205  15 16
RAI 427 — 18-206  17 17
RAI 427 — 18-207  18 18
RAI 427 — 18-208  19 19
RAI 427 — 18-209  20 20
RAI 427 — 18-210  21 21
RAI 427 — 18-211  22 23
RAI 427 — 18-212  24 25
RAI 427 — 18-213  26 26
RAI 427 — 18-214  27 27
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This concludes the formal AREVA NP response to RAI 427, and there are no questions from this RAI 
for which AREVA NP has not provided responses. 
 
Sincerely, 
  
Martin (Marty) C. Bryan 
U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc. 
Tel: (434) 832-3016 
702 561-3528 cell 
Martin.Bryan.ext@areva.com 
  
 

From: BRYAN Martin (External RS/NB)  
Sent: Monday, November 29, 2010 12:39 PM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); PANNELL George (CORP/QP) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 427, FSAR Ch. 18, Supplement 3 

Getachew, 
 
 
AREVA NP Inc. provided a schedule for a technically correct and complete response to RAI 427 on September 
2, 2010.  On October 7, 2010 and October 28, 2010, a revised schedule was provided.  To allow additional 
time to interact with the staff, a revised schedule is provided. 
 
The schedule for a technically correct and complete final response to these questions is changed 
and is provided below. 
  
 
Question # Response Date 
RAI 427  18 - 192 December 16, 2010 
RAI 427  18 - 193 December 16, 2010 
RAI 427  18 - 194 December 16, 2010 
RAI 427  18 - 195 December 16, 2010 
RAI 427  18 - 196 December 16, 2010 
RAI 427  18 - 197 December 16, 2010 
RAI 427  18 - 198 December 16, 2010 
RAI 427  18 - 199 December 16, 2010 
RAI 427  18 - 200 December 16, 2010 
RAI 427  18 - 201 December 16, 2010 
RAI 427  18 - 202 December 16, 2010 
RAI 427  18 - 203 December 16, 2010 
RAI 427  18 - 204 December 16, 2010 
RAI 427  18 - 205 December 16, 2010 
RAI 427  18 - 206 December 16, 2010 
RAI 427  18 - 207 December 16, 2010 
RAI 427  18 - 208 December 16, 2010 
RAI 427  18 - 209 December 16, 2010 
RAI 427  18 - 210 December 16, 2010 
RAI 427  18 - 211 December 16, 2010 
RAI 427  18 - 212 December 16, 2010 
RAI 427  18 - 213 December 16, 2010 
RAI 427  18 - 214 December 16, 2010 
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Sincerely, 
 
  
Martin (Marty) C. Bryan 
U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc. 
Tel: (434) 832-3016 
702 561-3528 cell 
Martin.Bryan.ext@areva.com 
  
 

From: BRYAN Martin (External RS/NB)  
Sent: Thursday, October 28, 2010 6:25 PM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); PANNELL George (CORP/QP) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 427, FSAR Ch. 18, Supplement 2 

Getachew, 
 
 
AREVA NP Inc. provided a schedule for a technically correct and complete response to RAI 426 on September 
2, 2010.  On October 7, 2010, a revised schedule was provided.  To allow additional time to interact with the 
staff, a revised schedule is provided. 
 
The schedule for a technically correct and complete final response to these questions is changed 
and is provided below. 
  
 
Question # Response Date
RAI 427  18 - 192 November 30, 2010 
RAI 427  18 - 193 November 30, 2010 
RAI 427  18 - 194 November 30, 2010 
RAI 427  18 - 195 November 30, 2010 
RAI 427  18 - 196 November 30, 2010 
RAI 427  18 - 197 November 30, 2010 
RAI 427  18 - 198 November 30, 2010 
RAI 427  18 - 199 November 30, 2010 
RAI 427  18 - 200 November 30, 2010 
RAI 427  18 - 201 November 30, 2010 
RAI 427  18 - 202 November 30, 2010 
RAI 427  18 - 203 November 30, 2010 
RAI 427  18 - 204 November 30, 2010 
RAI 427  18 - 205 November 30, 2010 
RAI 427  18 - 206 November 30, 2010 
RAI 427  18 - 207 November 30, 2010 
RAI 427  18 - 208 November 30, 2010 
RAI 427  18 - 209 November 30, 2010 
RAI 427  18 - 210 November 30, 2010 
RAI 427  18 - 211 November 30, 2010 
RAI 427  18 - 212 November 30, 2010 
RAI 427  18 - 213 November 30, 2010 
RAI 427  18 - 214 November 30, 2010 
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Sincerely, 
 
  
Martin (Marty) C. Bryan 
U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc. 
Tel: (434) 832-3016 
702 561-3528 cell 
Martin.Bryan.ext@areva.com 
  
 

From: BRYAN Martin (External RS/NB)  
Sent: Thursday, October 07, 2010 12:26 PM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); PANNELL George (CORP/QP) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 427, FSAR Ch. 18, Supplement 1 

 Getachew, 
 
AREVA NP Inc. provided a schedule for a technically correct and complete response to RAI 427 on September 
2, 2010.  To allow additional time to interact with the staff, a revised schedule is provided. 
 
The schedule for a technically correct and complete final response to these questions is revised and provided 
below. 
  
 
Question # Response Date 
RAI 427  18 —192 October 29, 2010 
RAI 427  18— 193 October 29, 2010 
RAI 427  18 —194 October 29, 2010 
RAI 427  18 —195 October 29, 2010 
RAI 427  18 —196 October 29, 2010 
RAI 427  18 —197 October 29, 2010 
RAI 427  18 —198 October 29, 2010 
RAI 427  18 —199 October 29, 2010 
RAI 427  18 —200 October 29, 2010 
RAI 427  18 —201 October 29, 2010 
RAI 427  18 —202 October 29, 2010 
RAI 427  18 —203 October 29, 2010 
RAI 427  18 —204 October 29, 2010 
RAI 427  18 —205 October 29, 2010 
RAI 427  18 —206 October 29, 2010 
RAI 427  18 —207 October 29, 2010 
RAI 427  18 —208 October 29, 2010 
RAI 427  18 —209 October 29, 2010 
RAI 427  18 —210 October 29, 2010 
RAI 427  18 —211 October 29, 2010 
RAI 427  18 —212 October 29, 2010 
RAI 427  18 —213 October 29, 2010 
RAI 427  18 —214 October 29, 2010 
 
Sincerely, 
  
Martin (Marty) C. Bryan 
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U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc. 
Tel: (434) 832-3016 
702 561-3528 cell 
Martin.Bryan.ext@areva.com 
  
 

From: BRYAN Martin (External RS/NB)  
Sent: Thursday, September 02, 2010 5:01 PM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); PANNELL George (CORP/QP); Miernicki, 
Michael 
Subject: Response to U.S. EPR Design Certification Application RAI No. 427, FSAR Ch. 18 

Getachew, 
 
Attached please find AREVA NP Inc.’s response to the subject request for additional information RAI 427.   A 
complete answer is not provided for 23 of the 23 questions.   
 
The following table indicates the respective pages in the response document, "RAI 427 Response U.S. EPR 
DC.pdf,” that contain AREVA NP’s response to the subject questions. 
 
Question # Start Page End Page 
RAI 427  18 —192 2 2 
RAI 427  18— 193 3 3 
RAI 427  18 —194 4 4 
RAI 427  18 —195 5 5 
RAI 427  18 —196 6 6 
RAI 427  18 —197 7 7 
RAI 427  18 —198 8 8 
RAI 427  18 —199 9 9 
RAI 427  18 —200 10 10 
RAI 427  18 —201 11 11 
RAI 427  18 —202 12 12 
RAI 427  18 —203 13 13 
RAI 427  18 —204 14 14 
RAI 427  18 —205 15 16 
RAI 427  18 —206 17 17 
RAI 427  18 —207 18 18 
RAI 427  18 —208 19 19 
RAI 427  18 —209 20 20 
RAI 427  18 —210 21 21 
RAI 427  18 —211 22 23 
RAI 427  18 —212 24 24 
RAI 427  18 —213 25 25 
RAI 427  18 —214 26 26 
 
The schedule for a technically correct and complete response to these questions is provided below. 
 
Question # Response Date 
RAI 427  18 —192 October 7,2010 
RAI 427  18— 193 October 7, 2010 
RAI 427  18 —194 October 7, 2010 
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RAI 427  18 —195 October 7, 2010 
RAI 427  18 —196 October 7, 2010 
RAI 427  18 —197 October 7, 2010 
RAI 427  18 —198 October 7, 2010 
RAI 427  18 —199 October 7, 2010 
RAI 427  18 —200 October 7, 2010 
RAI 427  18 —201 October 7, 2010 
RAI 427  18 —202 October 7, 2010 
RAI 427  18 —203 October 7, 2010 
RAI 427  18 —204 October 7, 2010 
RAI 427  18 —205 October 7, 2010 
RAI 427  18 —206 October 7, 2010 
RAI 427  18 —207 October 7, 2010 
RAI 427  18 —208 October 7, 2010 
RAI 427  18 —209 October 7, 2010 
RAI 427  18 —210 October 7, 2010 
RAI 427  18 —211 October 7, 2010 
RAI 427  18 —212 October 7, 2010 
RAI 427  18 —213 October 7, 2010 
RAI 427  18 —214 October 7, 2010 
 
Sincerely, 
 
  
Martin (Marty) C. Bryan 
U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc. 
Tel: (434) 832-3016 
702 561-3528 cell 
Martin.Bryan.ext@areva.com 
  
 

From: Tesfaye, Getachew [mailto:Getachew.Tesfaye@nrc.gov]  
Sent: Tuesday, August 03, 2010 2:30 PM 
To: ZZ-DL-A-USEPR-DL 
Cc: Marble, Julie; Walker, Jacqwan; Junge, Michael; Eudy, Michael; Steckel, James; Colaccino, Joseph; ArevaEPRDCPEm 
Resource 
Subject: U.S. EPR Design Certification Application RAI No. 427 (4729, 4800), FSAR Ch. 18 

Attached please find the subject requests for additional information (RAI).  A draft of the RAI was provided to 
you on July 16, 2010, and discussed with your staff on July 29, 2010.   No change is made to the draft RAI as 
a result of that discussion.  The schedule we have established for review of your application assumes 
technically correct and complete responses within 30 days of receipt of RAIs.  For any RAIs that cannot be 
answered within 30 days, it is expected that a date for receipt of this information will be provided to the staff 
within the 30 day period so that the staff can assess how this information will impact the published schedule. 

Thanks, 
Getachew Tesfaye 
Sr. Project Manager 
NRO/DNRL/NARP 
(301) 415-3361 
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Response to  
 

Request for Additional Information No. 427(4729, 4800), Revision 1, Supplement 4 
 

8/3/2010 
 

U. S. EPR Standard Design Certification 
AREVA NP Inc. 

Docket No. 52-020 
SRP Section: 18 - Human Factors Engineering 

Application Section: FSAR Chapter 18 
 

QUESTIONS for Operating Licensing and Human Performance Branch 
(AP1000/EPR Projects) (COLP) 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 427, Supplement 4 
U.S. EPR Design Certification Application Page 2 of 27 
 
Question 18-192: 

Follow-up to RAI 328, Question 18-57 

This is a follow-up RAI to the applicant's response to question 18-57in RAI Letter 328. After 
review of the RAI response and the current revision of the HPM Implementation Plan, the staff 
requests for the applicant to clarify the following: 

�  The scope of the HPM Implementation Plan (IP) should include the control room, local 
control stations, and the support centers, according to the first bullet in Section 13.4, 
Criterion 1 of NUREG-0711. In Section 1.4 of the HPM IP, and in Section 18.12 of the US 
EPR FSAR, the scope areas mentioned do not include the emergency operations facility 
(EOF). Please provide clarification for why this was not included within the scope. 

Response to Question 18-192: 

The AREVA NP U.S. EPR Human Performance Monitoring Implementation Plan has been 
revised, and the plan is submitted under a separate cover letter.  Additional detail has been 
added to Sections 1.4 and 1.7 of the plan to address this question.  Clarifying changes were 
made in U.S. EPR FSAR Tier 2, Section 18.12 for consistency with the revised plan. 

AREVA NP will include the Emergency Operations Facility (EOF) and Operational Support 
Center (OSC) in the scope of U.S. EPR FSAR Tier 2, Section 18.12. 

FSAR Impact:  

U.S. EPR FSAR Tier 2, Section 18.12 will be revised as described in the response and 
indicated on the enclosed markup. 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 427, Supplement 4 
U.S. EPR Design Certification Application Page 3 of 27 
 
Question 18-193: 

After review of the revised HPM IP, the staff noticed an incorrect reference to 10 CFR 50.64 in 
HPM IP Section 1.5.2 “U.S. EPR Licensee.” The staff requests for the applicant to please 
update the implementation plan to cite the correct regulation. 

Response to Question 18-193: 

The AREVA NP U.S. EPR Human Performance Monitoring Implementation Plan has been 
revised and the plan is submitted under a separate cover letter.  Additional detail has been 
added to Section 1.5 of the plan to address this question.   

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 427, Supplement 4 
U.S. EPR Design Certification Application Page 4 of 27 
 
Question 18-194: 

Follow-up to RAI 328, Question 18-60 

The staff had the following subsequent RAIs related to the applicant's response to question 18-
60 from RAI letter 328: 

a. Section 3.2.1 in the HPM IP states that “If an adverse trend is detected, a root cause 
analysis is performed.” The staff requests for the applicant to please clarify the term 
adverse in this statement.  

b. It states in the response to the original staff request for clarification that the HRA 
personnel are responsible for performing the analyses associated with HPM. It further 
states that the plan will be revised to clarify this fact. In section 3.2.1, the same wording 
is found that was in Rev. 2 of the HPM IP stating that “a root cause analysis is performed 
by a cognizant HFE engineer.” The staff requests for the applicant to clarify whether the 
stated revision was meant to revise the statement above, or revise another section in the 
IP to clarify that the HRA personnel will be responsible for performing the analysis. 

Response to Question 18-194: 

The AREVA NP U.S. EPR Human Performance Monitoring Implementation Plan has been 
revised and the plan is submitted under a separate cover letter.  Additional detail has been 
added to Section 3.2 of the plan to address this question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 

 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 427, Supplement 4 
U.S. EPR Design Certification Application Page 5 of 27 
 
Question 18-195: 

Follow-up to RAI 328, Question 18-54 

In RAI letter 328, the response to RAI 18-54 stated that the operational conditions sampling 
method will be used as a process for sampling the elements to be verified in the design 
implementation phase. The staff requests for the applicant to provide further clarification on 
whether the OCS process will be used for the elements that cannot be verified during the V&V 
phase. If OCS is used, then please describe how it is used to verify the elements that could not 
be V&V’d. If the OCS process is not used, then please provide detail describing the sampling 
methods used for the elements that will not be verified in V&V. 

Response to Question 18-195: 

The AREVA NP U.S. EPR Human Factors Engineering (HFE) Design Implementation Plan has 
been revised and the proprietary plan is submitted under a separate cover letter.  Additional 
detail has been added to Section 3 of the plan to address this question.  Additional clarifying 
changes were made in U.S. EPR FSAR Tier 2, Section 18.11 for consistency with the revised 
plan. 

FSAR Impact:   

U.S. EPR FSAR, Tier 2, Section 18.11 will be revised as described in the response and 
indicated on the enclosed markup. 

 
 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 427, Supplement 4 
U.S. EPR Design Certification Application Page 6 of 27 
 
Question 18-196: 

NUREG-0711 section 11.4.1.2.1 states: 

(3) ...  Environmental factors - The sample should include situations where human 
performance variation due to environmental conditions such as poor lighting, extreme 
temperatures, high noise, and simulated radiological contamination can be assessed. 

With respect to your V&V plan, Section 3.6.2.2 provides a commitment to meet this criterion as 
stated in NUREG-0711.  Section 3.2.9 states that beyond simulating loss of AC power in the 
simulator, all external environmental V&V variables are assessed in the operating plant 
environment, to be accounted for by the licensee.  Section 3.2.10 number 1 states that 
scenarios that include environmental conditions such as noise and distractions that may affect 
human performance in an actual NPP will not be performed. 

The staff requests for the applicant to verify that noise and distractions typical of human 
performance in an NPP will be included in the scenarios to the degree possible with the 
simulator to ensure environmental fidelity, and clarify how they will be included in the scenarios. 
If environmental factors are to be accounted for by the licensee, then please indicate where the 
COL information item for this is found.   

Response to Question 18-196: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 

 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 427, Supplement 4 
U.S. EPR Design Certification Application Page 7 of 27 
 
Question 18-197: 

NUREG-0711 section 11.4.3.2.4 states:   

(3)    When evaluating performance associated with operations remote from the main 
control room, the effects on crew performance due to potentially harsh environments 
(i.e., high radiation) should be realistically simulated (i.e., additional time to don 
protective clothing and access radiologically controlled areas). 

The staff requests for the applicant to specify where this information is found.  If it is not 
specified, then please describe how it will be included in the simulation.  

Response to Question 18-197: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 

 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 427, Supplement 4 
U.S. EPR Design Certification Application Page 8 of 27 
 
Question 18-198: 

NUREG-0711 section 11.4.3.2.5.2 states: 

(1) A hierarchal set of performance measures should be used which includes measures of 
the performance of the plant and personnel (i.e., personnel tasks, situation awareness, 
cognitive workload, and anthropometric/physiological factors).  Some of these measures 
could be used as "pass/fail" criteria for validation and the others to better understand 
personnel performance and to facilitate the analysis of performance errors.  The 
applicant should identify which are in each category. 

The staff requests for the applicant to provide the following clarifications: 

a. Specify from what will the pre-determined acceptance criteria for Plant level 1 (thermal 
hydraulic) be derived.   

b. Specify what calculated characteristics from the PRA/HRA will be compared to actual 
performance in the Plant level PRA tier of performance metrics. 

c. Specify what does the statement that the 'Task level analysis is largely supplemental in 
nature' mean?  (second set of bullets, 3rd bullet point, page  140 of the V&V plan). 

d. In the Task level tier, specify what performance metric will be compared to what aspect 
of Task Analysis.  

e. Specify, what criteria, if any, are pass/fail and which are used to better understand 
performance at the each level. 

Response to Question 18-198: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 

 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 427, Supplement 4 
U.S. EPR Design Certification Application Page 9 of 27 
 
Question 18-199: 

NUREG-0711 section 11.4.3.2.5.2(2) states:  Plant Performance Measurement—Plant 
performance measures representing functions, systems, components, and HSI use should be 
obtained. 

a. The staff requests for the applicant to specify from where will the criteria used to assess 
plant performance be derived (e.g., technical specification and safety limit violations). In 
addition, please specify what types of measures will be used to assess function 
performance, system performance, component performance and HSI performance.  
(Note:  This was discussed during a teleconference on June 17, 2010.)  Please provide 
detailed, specific examples of these metrics to assess the integrated system for a 
number of scenarios (such as the scenarios requested in RAI letter 421). 

b. Section 3.6.4.7 of the V&V plan indicates that simulator logs and a chronometer will be 
used to collect system performance measures, and compared to recommendations from 
guidelines, which is deferred until the simulator is installed at the plant site.   The staff 
requests for the applicant to specify to which guidelines comparisons for system 
performance will be made.  Deferral of determination of error rates and identification of 
error types to the licensee should be a COL information item.  Please specify where is 
this COL information item can be found. 

Response to Question 18-199: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 

 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 427, Supplement 4 
U.S. EPR Design Certification Application Page 10 of 27 
 
Question 18-200: 

NUREG-0711 section 11.4.3.2.5.2 states: 

(4) Cognitive Workload—Personnel workload should be assessed.  The approach to 
workload measurement should reflect the current state-of-the-art. 

GOMS (V&V Section 3.6.4.5) is discussed as a direct measure of cognitive workload.  GOMS is 
not a direct measure of workload but a rough estimate of response times.  The staff requests for 
the applicant to specify how GOMS will be used in the measurement of cognitive workload.  

Response to Question 18-200: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 

 
 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 427, Supplement 4 
U.S. EPR Design Certification Application Page 11 of 27 
 
Question 18-201: 

NUREG-0711 section 11.4.3.2.5.2 states: 

(5) Anthropometric and Physiological Factors—Anthropometric and physiological factors 
include such concerns as visibility of indications, accessibility of control devices, and 
ease of control device manipulation that should be measured where appropriate.  Atten-
tion should be focused on those aspects of the design that can only be addressed during 
testing of the integrated system, e.g., the ability of personnel to effectively use the 
various controls, displays, workstations, or consoles in an integrated manner. 

a. Section 3.6.4.6 of the V&V plan states that an anthropometrics checklist and a 
questionnaire will be used.  The staff requests for the applicant to specify if the 
anthropometrics questionnaire will be given to all participants.  If not, then please 
specify when it will be administered. 

b. In the example questions (section 3.6.4.6), the last question (bullet 5: “Are there any 
additional plant or system functions/controls /displays that are on the MCC or group 
view panels?”) does not appear to be correct as there are certainly any number of 
controls on the MCC or group view panels.  The staff requests for the applicant to 
clarify this issue.  

Response to Question 18-201: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-202: 

NUREG-0711 11.4.3.2.5.3 states: 

(1) Criteria should be established for the performance measures used in the evaluations.  
The specific criteria that are used for decisions as to whether the design is validated or 
not should be specified and distinguished from those being used to better understand 
the results.  

a. The staff requests for the applicant to Define the specific criteria that will be used for 
decisions with respect to the performance measures.  In addition, please specify 
which measures are used to validate design and which are used to better understand 
the results. 

b. The example questions presented in V&V section 4.3.4.2, use ambiguous terms 
such as 'adequately', 'timely', 'quickly', 'accurate diagnosis', etc.  The staff requests 
for the applicant to clarify how these terms are operationalized. 

Response to Question 18-202: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-203: 

NUREG-0711 11.4.3.2.5.3 states: 

(2) The basis for criteria should be defined, e.g., requirement-referenced, benchmark 
referenced, normative referenced, and expert-judgment referenced. 

Section 4.3.3.1 of the V&V states that acceptable plant performance is determined through an 
evaluation of the times and values calculated from the HRA/PRA.  Average operator 
actions/system performance must fall within an acceptable range of time and parameter values.  
Performance is acceptable if ‘all assumptions for plant and operator response, including time 
required for completion of the action are within the values allowed by the PRA/HRA 
calculations.’  Comparison of assumptions to allowed values is unclear.  The staff requests for 
the applicant to specify if observed responses will be compared and to what will the observed 
responses be compared. 

Response to Question 18-203: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-204: 

NUREG-0711 11.4.3.2.5.3 states: 

(2) The basis for criteria should be defined, e.g., requirement-referenced, benchmark 
referenced, normative referenced, and expert-judgment referenced. 

a. Section 4.3.4.4 of the V&V states that the HSI design is validated when operators 
successfully monitor and control the system to achieve the desired status.  These criteria 
are ‘normative referenced’.  The staff requests for the applicant to explain how 
successful monitoring is operationalized.  In addition, please clarify what is meant by the 
term 'normative referenced'. 

b. Section 4.3.5.12 of the V&V states that acceptable cognitive workload has a zone of 
acceptability in the center, and unacceptable levels at each end of the spectrum.  The 
staff requests for the applicant to specify how this relates to the measure of cognitive 
workload (NASA-TLX) to be used. 

Response to Question 18-204: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-205: 

NUREG-0711 section 11.4.3.2.6.2 states: 

(1) Detailed, clear, and objective procedures should be available to govern the conduct of 
the tests.  These procedures should include: 

� The identification of which crews receive which scenarios and the order that the scenarios 
should be presented. 

� Detailed and standardized instructions for briefing the participants.  The type of instructions 
given to participants can affect their performance on a task.  This source of bias can be 
minimized by developing standard instructions. 

� Specific criteria for the conduct of specific scenarios, such as when to start and stop 
scenarios, when events such as faults are introduced, and other information discussed in 
Section 11.4.3.2.4, Scenario Definition. 

� Scripted responses for test personnel who will be acting as plant personnel during test 
scenarios.  To the greatest extent possible, responses to communications from operator 
participants to test personnel (serving as surrogate for personnel outside the control room 
personnel) should be prepared.  There are limits to the ability to preplan communications 
since personnel may ask questions or make requests that were not anticipated.  However, 
efforts should be made to detail what information personnel outside the control room can 
provide, and script the responses to likely questions. 

� Guidance on when and how to interact with participants when simulator or testing difficulties 
occur.  Even when a high-fidelity simulator is used, the participants may encounter artifacts 
of the test environment that detract from the performance for tasks that are the focus of the 
evaluation.  Guidance should be available to the test conductors to help resolve such 
conditions. 

� Instructions regarding when and how to collect and store data.  These instructions should 
identify which data are to be recorded by: 

� simulation computers 

� special purpose data collection devices (such as situation awareness data collection, 
workload measurement, or physiological measures) 

� video recorders (locations and views) 

� test personnel (such as observation checklists) 

� subjective rating scales and questionnaires. 

� Procedures for documentation, i.e., identifying and maintaining test record files including 
crew and scenario details, data collected, and test conductor logs.  These instructions 
should detail the types of information that should be logged (e.g., when tests were 
performed, deviations from test procedures, and any unusual events that may be of 
importance to understanding how a test was run or interpreting test results) and when it 
should be recorded. 

With respect to the pending submission of the applicant's validation scenarios, the staff requests 
for the applicant to ensure that the above material is included in their scenario descriptions. 
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Response to Question 18-205: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-206: 

NUREG-0711 section 11.4.3.2.6 states: 

(2) Where possible, test procedures should minimize the opportunity of tester expectancy bias 
or participant response bias. 

With respect to the pending submission of the applicant's validation scenarios, the staff requests 
for the applicant to ensure that the example scenarios include test procedures that demonstrate 
how bias will be minimized. 

Response to Question 18-206: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-207: 

NUREG-0711 11.4.3.2.6.3 states: 

(1) Participant training should be of high fidelity; i.e., highly similar to that which plant 
personnel will receive in an actual plant.  The participants should be trained to provide 
reasonable assurance that their knowledge of plant design, plant operations, and use of 
the HSIs and procedures is representative of experienced plant personnel.  Participants 
should not be trained specifically to perform the validation scenarios. 

(2) Participants should be trained to near asymptotic performance (i.e., stable, not 
significantly changing from trial to trial) and tested prior to conducting actual validation 
trials.  Performance criteria should be similar to that which will be applied to actual plant 
personnel. 

Section 4.5.1.2 of the V&V implementation plan discusses identification, training and use of test 
participants. The staff requests for the applicant to address following questions related to 
information provided in this section.    

a. Specify wow acceptable stability of performance is determined. 

b. Define how training will deviate from ‘PWR INITIAL LICENSE TRAINING’ if at all. 

c. Define how the content of the comprehensive exam will differ from the existing PWR 
licensing if at all. 

Response to Question 18-207: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-208: 

NUREG-0711 section 11.4.3.2.7 states 

(1) Validation test data should be analyzed through a combination of quantitative and 
qualitative methods.  The relationship between observed performance data and the 
established performance criteria should be clearly established and justified based upon 
the analyses performed. 

With respect to the identified sections of the V&V IP, the staff requests for the applicant to 
address the following issues:  

a. Section 4.3.2.2 states that if core thermal hydraulic limits are exceeded, the scenario will 
be failed.  Please specify from where these core thermal hydraulic limits will be obtained. 

b. Section 4.3.3.1 states that for scenario acceptability all assumptions for plant and 
operator response, including time for completion of the action(s) must be within the 
values allowed by the PRA/HRA calculation.  Please verify that the observed responses 
-- not the assumed responses -- will be compared to the response parameters assumed 
in the PRA/HRA.  Please clarify which parameters besides time to respond will be 
compared to the assumptions of the PRA/HRA. In addition, please specify what 
analyses will be performed. 

c. Section 4.3.4.4 states that the HSI design is validated when operators sucessfully 
monitor and control the system to achieve desired status.  Please specify how will this 
be analyzed. 

d. Section 4.3.4.6 states that unclear communication or interference is an acceptance 
criterion and will result in an HED.  Please specify how the bullets in section 4.3.4.5 will 
be assessed.  In addition, please clarify how the observations obtained on the 
questionnaire in section 4.3.4.5 will be analyzed with respect to the acceptance criteria. 

e. Section 4.3.5.10 discusses how pair-wise comparisons will be generated for the 6 
dimensions of mental workload assessed by the NASA-TLX.  Please specify how the 
results of the NASA-TLX will be analyzed to yield acceptance or failure.  Please also 
specify what the acceptance criteria is for the NASA-TLX?. 

f. Section 4.3.5.10 states that optimal mental workload exists in a zone.  Please specify 
from what will this zone be calculated. 

g. Section 4.3.5.11 states that the resolution of mental workload, as assessed with the 
NASA-TLX has 6 dimensions.  The version of the NASA-TLX available from NASA has 7 
dimensions.  Please list the dimensions to be assessed. 

Response to Question 18-208: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-209: 

NUREG-0711 11.4.3.2.8 states: 

(1) The statistical and logical bases for determining that performance of the integrated 
system is and will be acceptable should be clearly documented. 

Section 4.5.1.7 of the V&V IP states that the statistical and logical bases for determining 
performance are acceptable will be documented.  The staff requests for the applicant to state 
where this information will be documented. 

Response to Question 18-209: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-210: 

NUREG-0711 11.4.4.2 states 

(1) HED Justification—Discrepancies could be acceptable within the context of the fully 
integrated design.  If sufficient justification exists, a deviation from the guidelines may 
not constitute an HED.  The technical basis for such a determination could include an 
analysis of recent literature or current practices, tradeoff studies, or design engineering 
evaluations and data.  Unjustified discrepancies should be identified as HEDs to be 
addressed by the HED resolution. 

The staff has been unable to verify if the above NUREG-0711 criteria have been met in the 
current V&V IP.  The staff requests for the applicant to clarify what techniques (e.g., recent 
literature, current practices, tradeoff studies, etc.) will be used to for HED justification and where 
this information can be found.  In addition, please provide a revised V&V plan accordingly.  

Response to Question 18-210: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-211: 

NUREG-0711 11.4.4.2 states: 

(2) HED Analysis—The following should be included in the HED evaluations: 

� Plant system—the potential effects of all HEDs relevant to a single plant system 
should be evaluated.  The potential effects of these HEDs on plant safety and 
personnel performance should be determined, in part, by the safety significance of 
the plant system(s), their effect on SAR accident analyses, and their relationship to 
risk significant sequences in the plant PRA. 

� HED scope 

� Global features HEDs—these are HEDs that relate to configurational and 
environmental aspects of the design such as lighting, ventilation, and traffic flow.  
They relate to general human performance issues. 

� Standardized features HEDs—these are HEDs that relate to design features that 
are governed by the applicant’s design guidelines used across various controls 
and displays of the HSI (e.g., display screen organization and conventions for 
format, coding, and labeling).  Because a single guideline may be used across 
many aspects of the design, a single HED could be applicable to many personnel 
tasks and plant systems.  

� Detailed features HEDs—these are HEDs that relate to design features that are 
not standardized, thus [their] generality has to be assessed. 

� Other—this subcategory specifically pertains to HEDs identified from integrated 
system validation that cannot be easily assigned to any of the three preceding 
categories. 

� Individual HSI or procedure—HEDs should be analyzed with respect to individual 
HSIs and procedures.  The potential effects of these HEDs on plant safety and 
personnel performance are determined, in part, by the safety significance of the plant 
system(s) that are related to the particular component. 

� Personnel function—HEDs should be analyzed with respect to individual personnel 
functions.  The potential effects of these HEDs is determined, in part, by the 
importance of the personnel function to plant safety (e.g., consequences of failure) 
and their cumulative effect on personnel performance (e.g., degree of impairment 
and types of potential errors). 

� HEDs should also be analyzed with respect to the cumulative effects of multiple 
HEDs on plant safety and personnel performance.  While an individual HED might 
not be considered sufficiently severe to require correction, the combined effect of 
several HEDs upon the single aspect of the design could have significant 
consequences to plant safety and, therefore, necessitate corrective action.  Likewise, 
when a single plant system is associated with multiple HEDs that affect a number of 
HSI components, then their possible combined effect on the operation of that plant 
system should be considered. 

� In addition to addressing the specific HEDs, the analysis should treat the HEDs as 
indications of potentially broader problems.  For example, identifying multiple HEDs 
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associated with one particular aspect of the HSI design, such as the remote 
shutdown panel, could also indicate that there are other problems with that aspect of 
the design, such as inconsistent use of procedures and standards.  In some cases, 
the evaluation of HEDs could warrant further review in the identified areas of 
concern. 

The staff has found that the presentation of the analysis methods presented in Section 3.7 of 
the V&V IP is insufficient to determine whether the above considerations are included (with the 
exception of bullet 2).  The staff requests for the applicant to provide details regarding inputs 
and considerations of the HED process with respect to the above criterion. 

Response to Question 18-211: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-212: 

NUREG-0711 11.4.4.2 states: 

(3) HED Prioritization—Identification of HEDs for correction should be based upon a 
systematic evaluation, such as that illustrated in Figure 11.2.  Priority 1 HEDs should be 
those with direct safety consequences and those with indirect or potential safety 
consequences.  HEDs with significant safety consequences are those that affect 
personnel performance where the consequences of error could reduce the margin of 
plant safety below an acceptable level, as indicated by such conditions as violations of 
operating limits, or Technical Specification safety limits or limiting conditions for 
operations.  They include deviations from personnel information requirements or HFE 
guidelines for personnel tasks that are related to plant safety.  These could include the 
following: 

• are required by personnel tasks but are not provided by the HSI 

• do not satisfy all personnel information needs (e.g., information not presented 
with the proper range or precision) 

• contain deviations from HFE guidelines that are likely to lead to errors that would 
prevent personnel from performing the task. 

HEDs with indirect safety consequences include deviations from HFE guidelines that would 
seriously affect the ability of personnel to perform the task.  The severity of an HFE guideline 
deviation should be assessed in terms of the degree to which it contributes to human 
performance problems, such as workload and information overload. 

Priority 2 HEDs should be those that do not have significant safety consequences, but do have 
potential consequences to plant performance/operability, non-safety-related personnel 
performance/efficiency, or other factors affecting overall plant operability.  These include 
deviations from personnel information requirements and HFE guidelines for tasks associated 
with plant productivity, availability, and protection of investment.  These HEDs should be 
considered for correction. 

The remaining HEDs are those that do not satisfy the criteria associated with the first and 
second priorities.  Resolution of these HEDs is not an NRC safety concern but may be resolved 
at the discretion of the applicant. 

 The staff has found that the information provided in the V&V IP is not sufficient to understand 
how HEDs are prioritized.  The information presented is a subset of the information provided in 
the criterion.  The staff requests for the applicant to provide an explanation of how HEDs are 
prioritized, and on what criteria they are categorized. 

Response to Question 18-212: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 
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FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-213: 

NUREG-0711 11.4.4.2 states: 

(5) Development of Design Solutions—Design solutions to correct HEDs should be 
identified.  The design solutions should be consistent with system and personnel 
requirements identified in the Preparatory Analysis (i.e., Operating Experience Review, 
Function and Task Analysis, and HSI Characterization). 

Inter-relationships of individual HEDs should be evaluated.  For example, if a single HSI 
component is associated with multiple HEDs, then design solutions should be 
considered to address these HEDs together.  If a single plant system is associated with 
multiple HSI components that are associated with HEDs, then the design of the 
individual solutions should be coordinated so that their combined effect enhances rather 
than detracts from that system’s operation. 

The staff has found that the information provided in the V&V IP is a condensation and 
restatement of the guidance provided by NUREG-0711.  The staff requests for the applicant to 
specify where the discussion is regarding how Design Solutions will be identified.  In addition, 
please specify where is the discussion is regarding how interrelationships between HED will be 
evaluated. 

Response to Question 18-213: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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Question 18-214: 

NUREG-0711 11.4.4.2 states: 

(6) Design Solution Evaluation—Designs should be evaluated by repeating the appropriate 
analyses of the V&V.  For example, the HSI Task Support Verification should be 
conducted to provide reasonable assurance that the design satisfies personnel task 
requirements.  Portions of the HFE design verification analysis should be conducted to 
provide reasonable assurance that the design is consistent with HFE guidelines, and 
integrated system validation could be conducted to evaluate its usability.  When the 
problems identified by an HED cannot be fully corrected, justification should be given. 

Section 3.8.7.4 of the V&V IP states that solutions are evaluated to determine if the solution 
adequately corrects the HED, does not adversely impact other areas of design, is consistent 
with the HFE guidelines, and ISV can be conducted to evaluate its usability.  The V&V process 
is then reapplied to the new design.   

The staff requests for the applicant to specify the following issues: 

a. If the entire V&V process is reapplied. 

b. How the impact of the new design solution on other areas of the design is evaluated. 

c. If the HED remain open until a design solution that is implemented. 

d. What occurs if the HED cannot be fully corrected? 

e. How 'adequate correction' is determined and defined. 

Response to Question 18-214: 

A revision to the AREVA NP U.S. EPR Human Factors Verification and Validation (V&V) 
Implementation Plan will be included in the response to RAI Batch 421 and will address this 
question. 

FSAR Impact:  

The U.S. EPR FSAR will not be changed as a result of this question. 
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18.11 Design Implementation

Design implementation of the human factors engineering (HFE) aspects of the plant 
verifies that the as-built design conforms to the standard U.S. EPR design resulting 
from the HFE verification and validation (V&V) process.  Design implementation also 
verifies that issues and discrepancies defined as human engineering discrepancies 
(HED) identified in the HFE Issues Tracking Database are addressed.  V&V of the HFE 
program is addressed in Section 18.10.

18.11.1 Objectives and Scope

The verification associated with the design implementation process includes design of 
the main control room (MCR), remote shutdown station (RSS), Technical Support 
Center (TSC), local control stations (LCS), the human system interfaces (HSI) 
important to plant safety which are located within these facilities, and plant-specific 
procedures and training.  The U.S. EPR design implementation is completed after 
construction is complete, but before plant startup.  The implementation phase is 
defined by a structured plan as noted in the Quality Assurance Plan (QAP) for Design 
Certification of the AREVA QAP Topical Report (Reference 3) and monitored using 
the HFE Issues Tracking Database.

Design implementation verifies the following:

� Aspects of the design that were not verified during the V&V process.

� Modifications to the standard U.S. EPR design conform to the HFE principles and 
design guidance expressed in the HFE style guide and meets the HFE review 
criteria in NUREG-0711 (Reference 1) and NUREG-0700 (Reference 4).

� The “as-built” design implemented conforms to the standard U.S. EPR design that 
resulted from the HFE design and V&V processesAs-built HSIs, plant-specific 
procedures, and training conform to the design that resulted from the V&V 
process.

� Items in the HFE Issues Tracking Database have been adequately addressed.

Design implementation involves comparing engineering design data with 
documentation of the as-built design (owned by the U.S. EPR operator).

18.11.2 Methodology

Each area of design implementation is verified using a structured process.  This process 
uses guidance from the V&V (see Section 18.10) to develop methods and verification 
criteria.  The methods for HFE design implementation are described further in the 
HFE design implementation plan (Reference 5).
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Design implementation relies on the accuracy of the detailed design documents 
resulting from the standard U.S. EPR design as well as the as-built and plant-specific 
documents.  These documents are produced using the generic design control process as 
described in Section 4.4 of the U.S. EPR HFE program management plan (Reference 2).  
Modifications made after the design has been verified must follow a design control 
process similar to that described in Reference 2 to maintain design documentation 
accuracy.

The HFE Issues Tracking Database is used throughout the process to capture, track, 
and address HEDs found during design implementation.  Each HED follows the same 
resolution process as outlined for V&V (see Section 18.10).  If an HED requires a 
design change, the AREVA NP design control process is used.  When the design 
change has been implemented, verified, validated, and documented, the HED is closed.  
If an HED does not require a design change, the HED may be closed with sufficient 
documented evidence for that decision.  HFE-related modifications by U.S. EPR 
owners after the design is complete are governed by a human performance monitoring 
(HPM) program similar to that described in Section 18.12.

18.11.2.1 Aspects of the Design Not Verified During the V&V Process

Design implementation addresses features of the design that are not verifiable using a 
full-scope simulator (e.g., control room lighting, communication systems, background 
noise levels, ventilation and climate control).  Verification that these features conform 
to the design that resulted from the V&V process is confirmed by matching the design 
requirements to the actual as-built design documentation.

Other aspects that are not verified during V&V include customer-specific 
modifications made to the standard U.S. EPR design.  These modifications are verified 
for conformance to the design that resulted from the V&V process.  This is 
accomplished by comparing the HFE aspects of the modification documentation to the 
standard HFE design documentation.

18.11.2.2 Verification of the As-Built HSIs 

A review and audit of the as-built documentation and a physical verification is 
performed to verify conformance of the as-built design to the standard design resulting 
from the V&V process.  This verification confirms that the as-built documentation is 
current for the plant, that it conforms to the design requirements, and that it matches 
the design documentation.

18.11.3 Verification of the Plant-Specific Procedures and Training

AREVA NP supplies guidance for developing procedures and training.  Verification 
that the plant-specific procedures and training are developed using that guidance and 
that they conform to the design resulting from the V&V effort (as described in 
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Section 18.10) is conducted using the process described in the U.S. EPR Human 
Factors Engineering Design Implementation Plan (Reference 5).

18.11.3 Verification that HFE Issues Tracking Database Items Have Been Addressed

This verification process confirms that HEDs being tracked are adequately addressed. 
This is accomplished by reviewing the database, verifying that HEDs have been 
addressed, and addressing any remaining HEDs as necessary.  In some cases, there are 
HEDs that require a design change, but are not implemented by the time design 
implementation is finished and closed.  Those HEDs are turned over to the U.S. EPR 
operator for implementation or closure at a later date.

18.11.4 Results Summary

Throughout the design implementation, the HFE Issues Tracking Database is updated 
as new HEDs are discovered during the process.  Resolution for these HEDs is also 
updated in the HFE Issues Tracking Database.  A results summary report is generated 
detailing the status of HEDs tracked including any that remain unresolved and 
concludes HFE issues have been adequately addressed.  The results summary report 
concludes the design implementation was performed in accordance with the 
prescribed process for validating that the as built design conforms to the standard 
design resulting from the HFE V&V process.  Also included are the methods and 
criteria used during the design implementation process and the results of the 
verification.  This report becomes part of the final design documentation owned by the 
U.S. EPR operator.

18.11.5 References

1. NUREG-0711, “Human Factors Engineering Program Review Model,” U.S. 
Nuclear Regulatory Commission, 1994.

2. U.S. EPR HFE Program Management Plan, AREVA NP Inc., 20092010.

3. ANP-10266A, Revision 1, “AREVA NP Inc. Quality Assurance Plan (QAP) for 
Design Certification of the U.S. EPR,” AREVA NP Inc., April 2007.

4. NUREG-0700, “Human-System Interface Design Review Guidelines,” Revision 2, 
U.S. Nuclear Regulatory Commission, May 2002.

5. U.S. EPR Human Factors Engineering (HFE) Design Implementation Plan, 
AREVA NP Inc., 20092010.
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18.12 Human Performance Monitoring

Monitoring human performance is performed throughout the life of the plant so that:

� The results of the integrated system validation are maintained.

� Operator performance does not degrade over time.

� Issues discovered by operating and maintenance personnel are noted, tracked, and 
corrected before plant safety is compromised.

� Changes made to the design do not result in a degradation of human performance.

The U.S. EPR human performance monitoring (HPM) strategy, as described in the 
HPM Implementation Plan (Reference 3), provides a method to accomplish this goal.  
A COL applicant that references the U.S. EPR design certification will implement an 
HPM program similar to that which is described in this section.

18.12.1 Objectives and Scope

The objectives for HPM are to provide a framework of programs, which when 
implemented, perform the following:

� To confirm that the design can be effectively used by personnel.

� To confirm that human actions (HA) are accomplished within an acceptable time 
and meet performance criteria.

� To confirm that design changes do not adversely affect personnel performance.

� To confirm that the acceptable level of performance established during the 
integrated system validation remains valid.

� To confirm that the acceptable level of performance established during the 
integrated system verification is maintained.

� To detect degrading human performance before plant safety is compromised.

� To confirm identified errors in the design are resolved in a timely manner.

� Monitoring is done for HAs commensurate with their safety significance.

To verify that the objectives are met, HPM is conducted in areas of the plant requiring 
HAs, including:

� Main control room (MCR).

� Remote shutdown station (RSS).

� Technical support center (TSC).
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� Local control stations (LCS) important to plant safety.

� Emergency Operations Facility (EOF).

� Operational Support Center (OSC).

Operation, testing, and maintenance actions during each plant mode are also 
monitored for human performance.

18.12.2 Methodology

HPM is performed by observing personnel activities (i.e., during training and 
operation), interviews, self-initiated feedback, and walkthroughs.  The use of a 
corrective action program combined with some means of tracking issues allows design 
errors, design issues, operator workarounds, operator burdens, or inefficiencies 
identified to be captured and addressed.  Programs such as the design change control 
process, performance indicators, corrective action program, and maintenance, and 
HFE issue tracking system (HITS) rule are in place to prevent degradation of human 
performance.  The combination of these tools creates a strategy that meets the intent 
of HPM as described in NUREG-0711 (Reference 1).

HAs and the level of performance are monitored during simulator-training and during 
actual plant conditions, when feasible.  The data from monitoring is evaluated and the 
results are entered into the corrective action program for analysis and trending.  The 
results of the trends are used to monitor for any change, positive and negative, in 
human performance.  If the trend shows that performance has degraded, corrective 
actions are performed.

Risk-significant HAs are monitored more frequently so that degradation of safety-
related performance is corrected before the safety of the plant is compromised.

18.12.2.1 Corrective Action Program and Issue Tracking

A U.S. EPR operator corrective action program is used so that self-identified and 
industry performance related issues are documented, reviewed, addressed, and 
tracked.  Addressing these issues prevents the recurrence of degraded performance or 
failures.  Specific issues that should be tracked include:

� HSI design errors.

� HSI design inefficiencies.

� User workarounds.

� Discrepancies between the full-scope simulator and the actual control room.
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� Changes to the HSI design that create an adverse affect on other aspects of the 
design.

� Operating experience reports.

18.12.2.2 Design Change Process

Before a design change that has a significant impact on FRA, FA, TA, HSIs, procedures, 
or training is implemented in the plant, the change is typically modeled on the 
engineering simulator.  Human performance is monitored using applicable scenarios 
developed during the integrated system validation (see Section 18.10).  These scenarios 
are limited to only those that use tasks affected by the design change to allow analysis 
of performance efficiency, degradation, or improvement.  During simulation, user 
actions are observed for their efficiency and ability to perform tasks with the new 
design.  The results are verified against the existing trend of human performance to 
determine if the performance was degraded by the design change.

The significance of the design change impact determines the amount of monitoring 
effort required.  A design control process described in Section 4.5.1 of the U.S. EPR 
HFE Program Management Plan (Reference 2) controls the design, design changes, 
design verification, and analysis activities.  A similar process is used by the U.S. EPR 
operator to control design changes.  The process confirms that changes made to the 
design are adequate and accomplish the goal of the design change.  The process also 
confirms that the design change does not result in adverse effects on personnel 
performance.

A substantial HSI design change is simulated on the simulator.  Evaluation of human 
performance determines the anticipated impact of the design change, verifies that the 
performance level has been maintained, and verifies that the design change can be 
effectively used by personnel.  If the design change demonstrates performance 
enhancements and does not show an adverse impact, it may be implemented into the 
plant.

18.12.2.3 Performance Indicators

Performance indicators are used to trend performance of operator's day to day 
activities.  Indicators are used to exhibit the level of performance and risk associated 
with different operational activities.  The level of the indicator is based on operator 
performance for that activity (e.g., Red = Bad, Yellow = Caution, Normal = White, and 
Green = Good).

Operational activities include:

� Operator workarounds.

� Operator burdens.
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18.12.3 Results Summary

HPM is continued throughout the life of the plant.  It is expected that monitoring 
programs remain in place for the life of the plant.  Reports summarizing human 
performance-related issues, resolution of those issues, implementation status, and 
operating experience results are maintained for trending purposes.  Operating 
conditions determine the necessary frequency of these summary reports.

A U.S. EPR operator maintains an HPM program which meets the intent given in this 
section.  Documentation of HPM summarizes the following:

� Baseline human performance criteria established during V&V.

� HPM implementation strategy.

� Any trends in human performance.

� Performance indicatorsOperator focus index.

� Human performance-related issues, resolution, implementation status, and 
operating results.

� Specific human performance issues that can be applied to the standard U.S. EPR 
plant.

18.12.4 References

1. NUREG-0711, “Human Factors Engineering Program Review Model,” U.S. 
Nuclear Regulatory Commission, 2004.

2. U.S. EPR HFE Program Management Plan, AREVA NP Inc., 20092010.

3. U.S. EPR Human Performance Monitoring Implementation Plan, AREVA NP Inc., 
20092010.
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