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ArevaEPRDCPEm Resource

From: WELLS Russell (AREVA) [Russell.Wells@areva.com]
Sent: Thursday, March 31, 2011 7:06 PM
To: Tesfaye, Getachew
Cc: DELANO Karen (AREVA); ROMINE Judy (AREVA); BENNETT Kathy (AREVA); GUCWA Len 

(EXTERNAL AREVA); RYAN Tom (AREVA)
Subject: Response to U.S. EPR Design Certification Application RAI No. 389, FSAR Ch. 6, 

Supplement 8
Attachments: RAI 389 Supplement 8 Response US EPR DC.pdf

Getachew, 
 
AREVA NP Inc. (AREVA NP) provided a schedule for technically correct and complete responses to the 5 
questions in RAI 389 on June 30, 2010.   On August 4, 2010 and September 1, 2010, AREVA NP provided 
revised response schedules in RAI 389 Supplement 1 and Supplement 2, respectively.  On October 6, 2010, 
AREVA NP submitted Supplement 3 response to RAI 389, which provided a technically correct and complete 
response to 1 of the remaining 5 questions.  On October 13, 2010, November 17, 2010, February 9, 2011, and 
March 8, 2011, AREVA NP submitted Supplement 4, Supplement 5, Supplement 6, and Supplement 7 
responses to RAI 389, respectively, which provided revised response schedules.    
 
The attached file, "RAI 389 Supplement 8 Response US EPR DC.pdf" provides technically correct and 
complete responses to 1 of the remaining 4 questions, as committed.   
 
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 389 Question 06.02.02-49. 
 
The following table indicates the respective pages in the response document, "RAI 389 Supplement 8 
Response US EPR DC.pdf" that contain AREVA NP’s response to the subject questions. 
 
Question # Start Page End Page 
RAI 389 — 06.02.02-49 2 5 
 
The schedule for technically correct and complete responses to the remaining 3 questions is unchanged and 
provided below: 
 
Question # Response Date
RAI 389 — 06.02.02-47 April 20, 2011 
RAI 389 — 06.02.02-50 April 20, 2011 
RAI 389 — 06.02.02-51 April 20, 2011 
 
 
Sincerely, 
  
Russ Wells 
U.S. EPR Design Certification Licensing Manager 
AREVA NP, Inc.  
3315 Old Forest Road, P.O. Box 10935   
Mail Stop OF‐57 
Lynchburg, VA 24506‐0935  
Phone: 434‐832‐3884 (work) 
             434‐942‐6375 (cell)   
Fax: 434‐382‐3884 
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Russell.Wells@Areva.com 
 

From: WELLS Russell (RS/NB)  
Sent: Tuesday, March 08, 2011 11:41 AM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); GUCWA Len (External RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 389, FSAR Ch. 6, Supplement 7 
 
Getachew,  
 
AREVA NP Inc. (AREVA NP) provided a schedule for technically correct and complete responses to the 5 
questions in RAI 389 on June 30, 2010.   On August 4, 2010 and September 1, 2010, AREVA NP provided 
revised response schedules in RAI 389 Supplement 1 and Supplement 2, respectively.  On October 6, 2010, 
AREVA NP submitted Supplement 3 response to RAI 389, which provided a technically correct and complete 
response to 1 of the remaining 5 questions.  On October 13, 2010, November 17, 2010, and February 9, 2011, 
AREVA NP submitted Supplement 4, Supplement 5, and Supplement 6 responses to RAI 389, respectively, 
which provided revised response schedules.  To provide an opportunity for additional interaction with the NRC 
staff, AREVA NP is providing a revised schedule for responding to the remaining questions as provided below:
 
Question # Response Date
RAI 389 — 06.02.02-47 April 20, 2011 
RAI 389 — 06.02.02-49 April 20, 2011 
RAI 389 — 06.02.02-50 April 20, 2011 
RAI 389 — 06.02.02-51 April 20, 2011 
 
 
Sincerely, 
  
Russ Wells 
U.S. EPR Design Certification Licensing Manager 
AREVA NP, Inc.  
3315 Old Forest Road, P.O. Box 10935   
Mail Stop OF‐57 
Lynchburg, VA 24506‐0935  
Phone: 434‐832‐3884 (work) 
             434‐942‐6375 (cell)   
Fax: 434‐382‐3884 
Russell.Wells@Areva.com 
 

From: BRYAN Martin (External RS/NB)  
Sent: Wednesday, February 09, 2011 4:57 PM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); GUCWA Len (External RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 389, FSAR Ch. 6, Supplement 6 
 
 
Getachew,  
 
AREVA NP Inc. (AREVA NP) provided a schedule for technically correct and complete responses to the 5 
questions in RAI 389 on June 30, 2010.   On August 4, 2010 and September 1, 2010, AREVA NP provided 
revised response schedules in RAI 389 Supplement 1 and Supplement 2, respectively.  On October 6, 2010, 
AREVA NP submitted Supplement 3 response to RAI 389, which provided a technically correct and complete 
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response to 1 of the remaining 5 questions.  On October 13, 2010 and November 17, 2010, AREVA NP 
submitted Supplement 4 and Supplement 5 responses to RAI 389, respectively, which provided revised 
response schedules.  To provide an opportunity for additional interaction with the NRC staff, AREVA NP is 
providing a revised schedule for responding to Question 06.02.02-47.  The schedule for the remaining 
questions is unchanged. 
 
Question # Response Date 
RAI 389 — 06.02.02-47 March 28, 2011 
RAI 389 — 06.02.02-49 March 10, 2011 
RAI 389 — 06.02.02-50 March 10, 2011 
RAI 389 — 06.02.02-51 March 10, 2011 
 
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: Wednesday, November 17, 2010 9:28 AM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); GUCWA Len (External RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 389, FSAR Ch. 6, Supplement 5 

Getachew,  
 
AREVA NP Inc. (AREVA NP) provided a schedule for technically correct and complete responses to the 5 
questions in RAI 389 on June 30, 2010.   On August 4, 2010 and September 1, 2010, AREVA NP provided 
revised response schedules in RAI 389 Supplement 1 and Supplement 2, respectively.  On October 6, 2010, 
AREVA NP submitted Supplement 3 response to RAI 389, which provided a technically correct and complete 
response to 1 of the remaining 5 questions.  On October 13, 2010, AREVA NP submitted Supplement 4 
response to RAI 389, which provided a revised response schedule.  To provide an opportunity for additional 
interaction with the NRC staff, AREVA NP is providing a revised schedule below for responding to the 
remaining questions. 
 
Question # Response Date 
RAI 389 — 06.02.02-47 February 9, 2011 
RAI 389 — 06.02.02-49 March 10, 2011 
RAI 389 — 06.02.02-50 March 10, 2011 
RAI 389 — 06.02.02-51 March 10, 2011 
 
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 
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From: BRYAN Martin (External RS/NB)  
Sent: Wednesday, October 13, 2010 12:07 PM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); GUCWA Len (External RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 389, FSAR Ch. 6, Supplement 4 

 Getachew,  
 
AREVA NP Inc. (AREVA NP) provided a schedule for technically correct and complete responses to the 5 
questions in RAI 389 on June 30, 2010.   On August 4, 2010 and September 1, 2010, AREVA NP provided 
revised response schedules in RAI 389 Supplement 1 and Supplement 2, respectively.  On October 6, 2010, 
AREVA NP submitted Supplement 3 response to RAI 389, which provided a technically correct and complete 
response to 1 of the remaining 5 questions. 
 
Proposed responses to the remaining RAI 389 questions were discussed with the NRC staff during an NRC 
containment functional design audit held on September 29-30, 2010.  As a result of those discussions and to 
provide additional time for NRC interface, the schedule for responding to the remaining questions is revised 
and provided below. 
 
Question # Response Date 
RAI 389 — 06.02.02-47 December 22, 2010 
RAI 389 — 06.02.02-49 December 8, 2010 
RAI 389 — 06.02.02-50 November 17, 2010 
RAI 389 — 06.02.02-51 November 17, 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: BRYAN Martin (External RS/NB)  
Sent: Wednesday, October 06, 2010 4:14 PM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); GUCWA Len (External RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 389, FSAR Ch. 6, Supplement 3 

Getachew, 
 
AREVA NP Inc. (AREVA NP) provided a schedule for technically correct and complete responses to the 5 
questions in RAI 389 on June 30, 2010.   On August 4, 2010 and September 1, 2010, AREVA NP provided 
revised response schedules in RAI 389 Supplement 1 and Supplement 2, respectively.  The attached file “RAI 
389 Supplement 3 Response US EPR DC.pdf,” provides a technically correct and complete response to 1 of 
the remaining 5 questions. 
 
The following table indicates the respective pages in the response document, “RAI 389 Supplement 3 
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject question.   Appended to this file 
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are affected pages of the U.S. EPR Final Safety Analysis Report in redline-strikeout format which support the 
response to RAI 389 Question 06.02.02-48. 
 
Question # Start Page End Page 
RAI 389 — 06.02.02-48 2 4 
 
The schedule for technically correct and complete responses to the remaining 4 questions is unchanged and is 
provided below. 
 
Question # Response Date
RAI 389 — 06.02.02-47 October 13, 2010 
RAI 389 — 06.02.02-49 October 13, 2010 
RAI 389 — 06.02.02-50 October 13, 2010 
RAI 389 — 06.02.02-51 October 13, 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: BRYAN Martin (External RS/NB)  
Sent: Wednesday, September 01, 2010 6:42 PM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); GUCWA Len (External RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 389, FSAR Ch. 6, Supplement 2 

Getachew, 
 
On June 30, 2010, AREVA NP Inc. provided a schedule for technically correct and complete responses to the 
5 questions.   On August 4, 2010, AREVA NP provided a revised schedule in Supplement 1.  To provide 
additional time to interact with the staff on question 06.02.02-48, a revised schedule is provided below.   
 
 
 The schedule for technically correct and complete responses is changed and is provided below. 
 
Question # Response Date 
RAI 389 — 06.02.02-47 October 13, 2010 
RAI 389 — 06.02.02-48 October 7, 2010 
RAI 389 — 06.02.02-49 October 13, 2010 
RAI 389 — 06.02.02-50 October 13, 2010 
RAI 389 — 06.02.02-51 October 13, 2010 
 
Sincerely, 
  
  
Martin (Marty) C. Bryan 
U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc. 
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Tel: (434) 832-3016 
702 561-3528 cell 
Martin.Bryan.ext@areva.com 
  
 

From: BRYAN Martin (EXT)  
Sent: Wednesday, August 04, 2010 4:53 PM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); GUCWA Len T (EXT) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 389, FSAR Ch. 6, Supplement 1 

   
Getachew, 
 
On June 30, 2010, AREVA NP Inc. provided a schedule for technically correct and complete responses to the 
5 questions.  To provide additional time to interact with the staff on question 06.02.02-48, a revised schedule is 
provided below.   
 
 
 The schedule for technically correct and complete responses is changed and is provided below. 
 
Question # Response Date 
RAI 389 — 06.02.02-47 October 13, 2010 
RAI 389 — 06.02.02-48 September 1, 2010 
RAI 389 — 06.02.02-49 October 13, 2010 
RAI 389 — 06.02.02-50 October 13, 2010 
RAI 389 — 06.02.02-51 October 13, 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: BRYAN Martin (EXT)  
Sent: Wednesday, June 30, 2010 7:34 PM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen V (AREVA NP INC); ROMINE Judy (AREVA NP INC); BENNETT Kathy A (OFR) (AREVA NP INC); 
GUCWA Len T (EXT) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 389, FSAR Ch. 6 

Getachew, 
 
Attached please find AREVA NP Inc.’s response to the subject request for additional information (RAI).  The 
attached file, “RAI 389 Response US EPR DC.pdf” provides a schedule since technically correct and complete 
responses to the 5 questions are not provided. 
 
The following table indicates the respective pages in the response document, “RAI 389 Response US EPR 
DC.pdf” that contain AREVA NP’s responses to the subject questions. 
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Question # Start Page End Page 
RAI 389 — 06.02.02-47 2 2 
RAI 389 — 06.02.02-48 3 3 
RAI 389 — 06.02.02-49 4 5 
RAI 389 — 06.02.02-50 6 6 
RAI 389 — 06.02.02-51 7 7 
 
A complete answer is not provided for the 5 questions.  The schedule for technically correct and complete 
responses to these questions is provided below. 
 
Question # Response Date 
RAI 389 — 06.02.02-47 October 13, 2010 
RAI 389 — 06.02.02-48 August 4, 2010 
RAI 389 — 06.02.02-49 October 13, 2010 
RAI 389 — 06.02.02-50 October 13, 2010 
RAI 389 — 06.02.02-51 October 13, 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: Wednesday, June 02, 2010 7:12 AM 
To: ZZ-DL-A-USEPR-DL 
Cc: Jensen, Walton; Peng, Shie-Jeng; Hayes(NRO), Michelle; Jackson, Christopher; McKirgan, John; Carneal, Jason; 
Colaccino, Joseph; ArevaEPRDCPEm Resource 
Subject: U.S. EPR Design Certification Application RAI No. 389 (4615), FSAR Ch. 6 

Attached please find the subject requests for additional information (RAI).  A draft of the RAI was provided to 
you on April 12, 2010, and discussed with your staff on April 22, 2010 and May 6, 2010.   Drat RAI Question 
06.02.02-49 was modified as a result of those discussions.  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. 389(4615), Revision 1, Supplement 8 

6/2/2010

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

Docket No. 52-020 
SRP Section: 06.02.02 - Containment Heat Removal Systems 

Application Section: FSAR Chapter 6 

QUESTIONS for Containment and Ventilation Branch 1 (AP1000/EPR Projects) (SPCV) 



AREVA NP Inc.  

Response to Request for Additional Information No. 389, Supplement 8 
U.S. EPR Design Certification Application Page 2 of 5 

Question 06.02.02-49: 

In case of a postulated DBA, containment heat removal is a major safety function.  Appropriate 
systems must be provided, and the capacity of the systems must be evaluated.  Section 6.2.2 of 
the FSAR is the appropriate place for description of the containment heat removal systems, the 
performance evaluation of the systems and the demonstration of compliance with GDC 38. 

U.S. EPR, Tier 2, Section 6.2.2 provides only a general description of containment heat removal 
following DBAs.  It references Section 6.2.1 for containment pressure and temperature 
response calculations, and Section 6.3 for the design, inspection and testing of the SIS, and for 
sump screen blockage.  This is important information, but not sufficient for an independent 
evaluation of the containment heat removal systems.  More detail is needed 

The FSAR should have, preferably in Section 6.2.2, the following information.  If some of the 
information is provided in another section of the FSAR, this section should be referenced.  
Conclusions reached on containment heat removal systems should be summarized in Section 
6.2.2.  Safety systems frequently perform more than one function, in Section 6.2.2 the emphasis 
should be on short and long term containment cooling. 

Provide the following information in the FSAR in accordance with RG 1.206: 

a) General description of containment heat removal, identification of safety systems performing 
this function. 

b) Detailed description of each system, safety classification of components of the system. 

c) Identification of potential single active and single passive failures of the system, including 
common mode failures.  Evaluation of the effects of these failures on containment heat 
removal.

d) Specification of design features of the heat removal systems that permit periodic inspection 
of components and periodic testing of the systems. 

e) Analysis of the heat removal capacity of each system. 

f) Evaluation of potential surface fouling of the LHSI heat exchangers in the recirculation 
system. 

Among other information, Section 6.2.2 should address or reference the following items: 

1. Design and operation of the ECCS including the IRWST as they function as containment 
heat removal system including the deliverance of cooled ECCS in a manner that will 
condense significant amounts of steam. 

2. Long term water source for the ECCS.  Design principle used to prevent water 
accumulation in the containment.  Flow path for gravity flow, draining of rooms with 
solid floors.  Prevention of flow blockage in restricted places. 

3. Design features to retain debris: weirs, trash racks, retaining baskets, sump 
strainers.

4. Quantitative evaluation of containment related input to the NPSH calculations: water 
holdup in the containment, head loss caused by debris blocking sump strainers, air 
ingestion based on sump hydraulic characteristics, downstream effects of debris 



AREVA NP Inc.  

Response to Request for Additional Information No. 389, Supplement 8 
U.S. EPR Design Certification Application Page 3 of 5 

passing the sump strainers.  Availability of sufficient NPSH for short and long term 
cooling of the containment. 

5. Potential for surface fouling of heat exchangers.  The effect of fouling on heat 
removal.  Justification of fouling factors used.  Verification of GOTHIC heat 
exchanger model. 

6. Description and operation of the CONVECT system.  Safety classification of the 
system, corresponding ITAAC and Tech. Spec., initial testing of the system. 

7. Testing of components of the CONVECT system. 

8. Redundancy and diversity in the control of the mixing dampers.  Single failure and 
common mode failure analysis. 

9. Performance of the CONVECT system in case of large and small LOCAs and large 
and small MSLBs, breaks located in equipment space, breaks located in annular 
space.

Response to Question 06.02.02-49: 

a) U.S. EPR FSAR Tier 2, Section 6.2.2 will be revised to include a general description of the 
containment heat removal, as well as identification of safety-related systems performing this 
function.

b) U.S. EPR FSAR Tier 2, Section 6.2.2 and Section 6.2.5 will be revised to include a 
description of each system, as well as safety classification of the system components. 

c) U.S. EPR FSAR Tier 2, Section 6.2.2 will be revised to identify potential single active and 
single passive failure of the system, including common mode failures, as well as an 
evaluation of these failures on containment heat removal. 

d) U.S. EPR FSAR Tier 2, Section 6.2.2 will be revised to specify design features of the heat 
removal systems that allow periodic inspection of components and periodic system testing. 

e) U.S. EPR FSAR Tier 2, Section 6.2.2 will be revised to include an analysis of the heat 
removal capacity of the safety injection system (SIS). 

f) Part 5 of this subsection describes AREVA NP’s position on the evaluation of potential 
surface fouling of the low head safety injection (LHSI) heat exchangers in the recirculation 
system. 

1. U.S. EPR FSAR Tier 2, Section 6.2.2.2 will be revised to describe the design and 
operation of the emergency core cooling system (ECCS), including the in-containment 
refueling water storage tank (IRWST) as they function for containment heat removal 
system. 

2. The long-term water source for the ECCS is the IRWST water volume. 

To prevent water accumulation in the containment, the U.S. EPR design principle and 
containment design provides a direct return flow path from the loss of coolant accident 
(LOCA) break to the IRWST.  The reactor coolant system (RCS) loops are located 
directly above the containment heavy floor.  An RCS loop break results in LOCA water 



AREVA NP Inc.  

Response to Request for Additional Information No. 389, Supplement 8 
U.S. EPR Design Certification Application Page 4 of 5 

draining directly to the heavy floor.  The heavy floor contains four weir/trash rack heavy 
floor openings that allow the return water to drain directly to the IRWST.  For a 
pressurizer line break, the LOCA return water is routed to the heavy floor, where it drains 
through the heavy floor openings to the IRWST. 

LOCA water resulting from RCS line breaks and pressurizer line breaks gravity drains to 
the containment heavy floor.  The containment heavy floor has four heavy floor 
openings, which allow the LOCA water to gravity drain into the heavy floor openings to 
the IRWST. 

The containment design verifies that there is a direct gravity flow path from the LOCA 
breaks to the IRWST. 

3. U.S. EPR FSAR Tier 2, Section 6.2.2.2 describes by reference the design features of the 
IRWST to retain debris. 

4. The following information provides containment-related input to the U.S EPR net positive 
suction head (NPSH) calculations: 

� The Response to RAI 340, Question 06.02.01-57 discusses the water holdup in 
containment.

� Technical Report ANP-10293, Revision 1, Appendix E, discusses head loss caused 
by debris blocking sump strainers. 

� Technical Report ANP-10293, Revision 1, Section 3.2.2 discusses air injection based 
on sump hydraulic characteristics.  

� “U.S. EPR Safety Injection Systems Analysis for Design Certification” (32-9017755-
007) discusses the availability of sufficient NPSH.  This document has been 
reviewed by the NRC staff.  U.S. EPR FSAR Tier 2, Section 6.2.2.3 will be revised to 
describe the evaluation of NPSH availability of the SIS pumps. 

5. AREVA NP agrees on the potential for surface fouling of heat exchangers resulting from 
normally occurring decay heat removal fluid conditions.  The Response to RAI 297, 
Question 06.02.02-42 describes AREVA NP’s position on the effects of debris laden 
post-LOCA recirculation fluid conditions on the heat exchanger fouling factors. 

As listed in the Response to RAI 82, Question 06.02.02-1, the fouling factors applied to 
the GOTHIC LHSI heat exchanger model used in the containment heat removal analysis 
are:

� Tube Side Fouling Factor = 0.000170 (ft2.hr.°F)/BTU.

� Shell Side Fouling Factor = 0.000284 (ft2.hr.°F)/BTU.

These fouling factors are based on the reference plant design.  An additional GOTHIC 
analysis was performed to demonstrate the effect of fouling on the containment pressure 
response.  The following fouling factors were applied to the GOTHIC model: 

� Tube Side Fouling Factor = 0.0005 (ft2.hr.°F)/BTU. 

� Shell Side Fouling Factor = 0.0005 (ft2.hr.°F)/BTU. 



AREVA NP Inc.  

Response to Request for Additional Information No. 389, Supplement 8 
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The more conservative fouling factors modeled reflect values recommended in 
Reference 1 for demineralized water.  The Response to RAI 266, Question 06.02.02-33 
provides results from the sensitivity case performed on the GOTHIC model, which has 
an insignificant impact on the U.S. EPR FSAR containment analysis. 

6. U.S. EPR FSAR Tier 2, Section 6.2.2.2 and Section 6.2.5 will be revised to describe the 
description and operation of the CONVECT system and the corresponding safety 
classification, ITAAC, and Technical Specification. 

7. U.S. EPR FSAR Tier 2, Section 6.2.2.4 and Section 6.2.5 will be revised to describe the 
testing of CONVECT components. 

8. U.S. EPR FSAR Tier 2, Section 6.2.2.5 and Section 6.2.5 will be revised to describe 
redundancy and diversity in the control of the hydrogen mixing dampers and single and 
common mode failure analysis. 

9. The CONVECT system includes a combination of rupture and convection foils located in 
a steel frame above the steam generators (SGs).  These foils open instantaneously on 
bi-directional pressure if the pressure exceeds 0.943 psi (0.725 psi + 30 percent).  The 
convection foils also open when the temperature below the frame exceeds 185.9°F 
(180.5°F with a 3 percent tolerance). 

For the LOCA and main steam line breaks (MSLBs) in the equipment space, the lower 
convection foil frame is modeled to separate from the pressure equalization ceiling at a 
temperature of 185.9°F (180.5°F with a 3 percent tolerance) and a conservative 30 
second delay.  For MSLB accidents in the annular space, a longer delay of 300 seconds 
is assumed and is conservative as described in the Response to RAI 378, Question 
06.02.01-84.

For the large break cases, the rupture and convection foils open quickly, regardless of 
temperature or pressure.  For the small break cases with a smaller pressure differential, 
it is uncertain that all of the foils above the intact tower will open as expected in the large 
break cases.  The foils above the intact tower are only allowed to open on temperature 
for conservatism in small split break cases.  The criterion for defining small break was 
selected to be 10 percent or less of the area of the cold leg.  Break sizes of 0.52 ft2 or 
less are small split breaks. 

The design of the foil frame recently changed, which increased the total vent area of the 
rupture foils.  However, the change reduced the area of the convection foils by less than 
8 ft2 per loop.  This change was not implemented in the GOTHIC model because the 
limiting breaks are large enough to rupture the foils and do not only rely on the 
convection foils. 

References for Question 06.02.02-49: 

1. Heat Exchanger Institute, Inc., “Standards for Power Plant Heat Exchangers,” Third Edition, 
March 1998, page 3. 

FSAR Impact: 

U.S. EPR FSAR Tier 2, Section 6.2.2 and Section 6.2.5 will be revised as described in the 
response and indicated on the enclosed markup. 
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6.2.2 Containment Heat Removal Systems

The containment design includes integrated systems to limit the containment pressure 
and temperature increase and maintain them at acceptably low levels following the 
accident.  These systems include the CONVECT system, recirculation and heat 
removal features built into the in-containment refueling water storage tank (IRWST), 
and re-alignment of the safety injection system (SIS) emergency core cooling system 
(ECCS) system to the hot legs.

The CONVECT system is further described in Section 6.2.5, while the IRWST and the 
SIS are further described in Section 6.3.

6.2.2.1 Design Bases

The containment heat removal systems include the CONVECT system, the IRWST, 
and the SIS.  The design bases of the CONVECT system is described in Section 6.2.5.1, 
while the design bases of the IRWST and the SIS are described in Section 6.3.1.

6.2.2.2 System Design

In the event of an accident, communication is established between the accessible space 
and the equipment area by opening mixing dampers and a combination of rupture and 
convection foils, thereby transforming the divided containment volume into a single 
convective volume.  This transformation to a single convective volume is performed 
by the CONVECT system. This enables equalization of pressure between the 
containment compartments and promotes efficient mixing of the atmosphere by 
establishing a global convective loop within the containment.  The resulting 
atmospheric mixing  increases convective cooling to walls and structures. 

The CONVECT system of convection foils, rupture foils, and mixing dampers is part of 
the combustible gas control system (CGCS).   The CONVECT system is designed to 
provide adequate mixing for both large and small breaks inside and outside of 
equipment rooms.   Following a large-break LOCA, the pressure differential between 
rooms increases rapidly and the rupture foils open in either direction.  For a small 
break, the pressure differential might not be sufficient at all locations, so only the 
rupture foils near the break open.   However, as the equipment area temperature rises, 
the convection foils open to provide adequate vent area between the accessible space 
and the equipment rooms.  Section 3.2 identifies and provides the safety and quality 
group classification for the CONVECT system components.

Following blowdown, the vapor in the atmosphere condenses on the passive 
containment heat sinks located throughout the containment.  The saturated water 
drains along the intermediate floors, grates, stairwells, and walls to the IRWST.  
Condensation-induced circulation zones provide additional mixing of the containment 
atmosphere during and after blowdown.  Saturated water drains from the heat sinks in 
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the equipment area, pools on the heavy floor, and mixes with the liquid break effluent.  
Curbed grates in the heavy floor direct the condensate and spilled reactor coolant back 
to the IRWST.

For the U.S. EPR design, a manual realignment of at least 75 percent of the low head 
safety injection (LHSI) system from the cold leg to the hot leg injection location takes 
place during the final LBLOCA phase (about 60 minutes after the initiating event). Hot 
leg injection serves both as a mechanism for removing core decay heat, leading to the 
complete cessation of steaming, and for maintaining core boron concentrations below 
the threshold concentration for precipitation.

Water from the IRWST water, which serves as the long term water source for the SIS, 
is recirculated by the LHSI pumps through the SISLHSI heat exchangers, where it is 
cooled by the component cooling water system (CCWS). Then it is pumped into the 
RCS to cool the core before it returns to the IRWST through the break.

The design basis containment analysis for loss of coolant accidents and main steam line 
breaks, and the containment pressure and temperature responses for these events, is 
discussed in Section 6.2.1.  As shown in Figure 6.2.1-12, Figure 6.2.1-16, and 
Figure 6.2.1-20, containment pressure decreases to half its peak in less than twenty-
four hours after a LOCA.

The SIS provides cooling of the IRWST in the event of a LOCA and provides long-term 
core cooling.  The SIS consists of four independent trains, providing sufficient 
capacity, diversity, and independence to perform its required safety functions 
following design basis transients or accidents assuming a single failure in one train 
while a second train is out-of-service for preventive maintenance.  Section 6.3 
discusses the SIS, including design bases, instrumentation, and inspection and testing 
requirements.  Section 3.2 identifies component classifications for the IRWST and SIS.  
Section 6.3.2.2.2 includes a discussion of the design features for avoidance of the 
potential loss of long-term cooling capability due to sump screen blockage in the 
IRWST and presents the performance evaluation of the design, a summary of 
component testing, and a comparison to the regulatory positions of RG 1.82.

The debris interceptor structures, including trash racks, retention baskets and ECCS 
strainers, are designed and analyzed per the provisions of ANSI/AISC N690-1994, 
“Specification for the Design, Fabrication and Erection of Steel Safety-Related 
Structures for Nuclear Facilities,” including Supplement 2 (S2).  The structural 
qualification of the debris interceptors includes an evaluation of the structural 
integrity of the supports and anchorages as it relates to the abilities of the trash rack, 
retention baskets, and ECCS strainers to perform their intended function.

The following industry codes and standards are used for the structural qualification of 
the debris interceptors.:
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1. Design Properties of Materials: ASME Boiler & Pressure Vessel Code, Section II, 
Part D, 2004 edition.

2. Steel Analysis: ANSI/AISC N690-1994,"Specification for the Design, Fabrication, 
and Erection of Steel Safety-Related Structures for Nuclear Facilities," including 
Supplement No. 2.

3. Concrete Anchorages: ACI 349-01/349R-01, "Code Requirements for Nuclear 
Safety Related Concrete Structures and Commentary."

4. Damping Values: NRC Regulatory Guide 1.61, "Damping Values for Seismic 
Design of Nuclear Power Plants," Revision 1, March 2007.

A COL applicant that references the U.S. EPR design certification will prepare a 
structural evaluation and stress margin report for the debris interceptor structures that 
confirms their design to comply with the requirements of ANSI/AISC N690-1994, 
including Supplement 2.

The debris interceptor components such as IRWST retaining baskets, trash racks, TSP 
baskets and sump strainers are categorized as Seismic Category I mechanical 
equipment in U.S. EPR FSAR, Tier 1, Table 2.2.2-1.  The seismic qualification of this 
equipment is covered by ITAAC Item 3.3 in U.S. EPR FSAR, Tier 1, Table 2.2.2-3.

6.2.2.3 Design Evaluation

The design basis containment analysis for loss of coolant accidents and main steam line 
breaks, and the containment pressure and temperature responses for these events, is 
discussed in Section 6.2.1.  As shown in Figure 6.2.1-12, Figure 6.2.1-16, and 
Figure 6.2.1-20, containment pressure decreases to half its peak in less than twenty-
four hours after a LOCA.  Analysis of heat removal capacity of the LHSI heat 
exchanger in support of containment heat removal is discussed in Section 6.2.1.1.3.

The evaluation of NPSH availability of the SIS pumps is discussed in Section 6.3.3.3.

The failure modes and effects analyses of the CONVECT System are described in 
Section 6.2.5.  The failure modes and effects analyses of the SIS are listed in Table 6.3-
7 of Section 6.3.  The common mode failure is addressed by the qualification program 
and periodic testing.

6.2.2.4 Tests and Inspections

Tests and inspections of the CONVECT system are described in Section 6.2.5.4, while 
the tests and inspections of the IRWST and the SIS are described in Section 6.3.4.
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6.2.2.5 Instrumentation Requirements

Instrumentation requirements of the CONVECT system are described in Section 
6.2.5.5, while the instrumentation requirements of the IRWST and the SIS are 
described in Section 6.3.5.

Next File
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� The CGCS maintains containment structural integrity following an accident that 
releases hydrogen generated from 100 percent fuel clad-coolant reaction 
accompanied by hydrogen burning (10 CFR 50.44(c)(5), GDC 41).

� The CGCS and HMS are not shared among multiple units (GDC 5).

� The CGCS is designed to permit periodic inspection and testing to confirm the 
integrity and operability of the systems (GDC 42, GDC 43).

� The CGCS and HMS conform to RG 1.7 to meet the requirements of 10 CFR 50.44.

Refer to Section 3.2 for the seismic and system quality group classifications of the 
CGCS and HMS.

6.2.5.2 System Description

Global convection reduces the likelihood of combustible gas buildup under accident 
conditions.  This is aided by the containment geometry, which provides open-ended 
compartments and a large total volume (as shown in Figures 3.8-2 through 3.8-13).  
The CGCS enables the convection of gas mixtures from the lower elevations of the 
IRWST to the containment dome.  This space includes the entire containment volume.

Additionally, the rupture disks of the pressurizer relief tank discharge to the 
equipment compartments in the lower containment (Section 5.4.11).  The release of 
hydrogen and steam into the lower compartments of the containment drives an 
upward convection current that promotes mixing of combustible gases.

6.2.5.2.1 Combustible Gas Control System

The CGCS provides for a mixed and homogeneous gas atmosphere in the containment 
and controls the concentration of combustible gases following an accident that results 
in a release of hydrogen to the containment atmosphere. The design and performance 
parameters are listed in Table 6.2.5-1—CGCS Design and Performance Parameters.  
The CGCS consists of the following components:

� Rupture foils installed in the steel framework above the steam generators open 
passively on pressure differential to promote global convection and containment 
atmosphere mixing.

� Convection foils installed with the rupture foils open passively on pressure 
differential or temperature differential to promote global convection and 
containment atmosphere mixing.

� Hydrogen mixing dampers installed between the in-containment refueling water 
storage tank (IRWST) and the annular compartments within containment open 
passively on receiving a differential or absolute pressure signalpressure differential 
or loss of power to promote global convection and mixing.  In addition, the mixing 
dampers can be opened by manual operator action.
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concentration is reduced to levels below 4 percent by volume before the activation 
of the severe accident heat removal system as displayed in Figure 19.2-9.

� The containment can withstand a global deflagration without loss of integrity as 
discussed in Section 19.2.4.4.1.4.  Figure 19.2-7 shows the adiabatic isochoric 
complete combustion (AICC) pressure vs. time, which remains below the ultimate 
capacity pressure for the U.S. EPR containment.

The containment analysis considers hydrogen generated from fuel cladding oxidation 
and molten core-concrete interaction (MCCI).  The analysis assumes that the 
hydrogen produced during MCCI is released to the containment and not consumed by 
auto-ignition.  This conservative assumption compensates for unaccounted hydrogen, 
such as hydrogen generated from cladding oxidation outside the active fuel region, or 
from the oxidation of zinc-based material coatings and aluminum.

6.2.5.3.3 Design Evaluation

The PARs, rupture and convection foils, and hydrogen mixing dampers of the CGCS 
are passive devices that do not rely on electrical power to perform their primary 
functions and are not susceptible to single active failure.  Loss of onsite or offsite power 
has no effect on the PARs and rupture and convection foils, and will cause the fail-safe 
mixing dampers to fail-safe open to the safe position.

The CGCS is designed to operate in DBAs with elevated temperature, pressure and 
radiation. The mixing dampers, rupture and convection foils open early in the accident 
progression on pressure differential or temperature differential. If the DBA transitions 
into a Severe Accident, these components  have to maintain integrity only. Their 
operation is not affected by localized pressure and temperature increase due to 
hydrogen combustion.

The PARs are designed for DBA, as well as SA conditions.

The PARs are not pressure retaining components and are open at the bottom and the 
top, therefore, are unaffected by localized pressure increase. The design covers 
hydrogen combustion temperature peaks and SA radiation. 

The CGCS is capable of operating under the conditions expected during design basis 
accidents and severe accidents.  The PARs are not pressure retaining components and 
are open at the bottom and the top, therefore, are unaffected by localized pressure 
increase.  The mixing dampers, rupture and convection foils open on pressure 
differential or temperature differential, therefore, their operation is also not affected 
by localized pressure and temperature increase due to hydrogen combustion.

The CGCS operates effectively in a steam-saturated atmosphere (steam concentration 
greater than 55 percent by volume), and will function during and after exposure to the 
environmental conditions created by the burning of hydrogen, including local 
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detonations.  Equipment survivability analyses, described in Section 19.2.4.4.5, 
consider hydrogen concentrations equivalent to that generated from a fuel clad-
coolant reaction involving 100 percent of the fuel cladding surrounding the active fuel 
region.  The low range and high range HMS systems are capable of operating during 
design basis accidents and severe accidents, respectively.

The low range hydrogen sensors are located inside the containment and meet the 
single failure criterion.  These sensors are located in seven physically separated areas of 
the containment.  Additionally, the signal processing is carried out by separate channel 
cards installed within the signal processing unit that is located outside containment.  
The sensors and cables located inside containment are designed to remain operable 
during DBAs.  The failure of one sensor or cable does not influence the reliability or 
accuracy of the other sensors.

The high range monitor for the HMS utilizes measuring modules and associated 
equipment of each independent train.  The trains meet the single failure criterion by 
being physically separated and located in Safeguard Building 1 for train 1 and 
Safeguard Building 4 for train 2.  The gas samplers of each train are installed in 
different areas of the containment.  Each train is equipped with measuring points 
inside and outside the equipment rooms so that in case a measuring unit is lost, the 
measuring information can be substituted by the redundant train.

6.2.5.4 Inspection and Testing Requirements

Preoperational testing is performed to verify the design adequacy and performance of 
the CGCS and HMS system components.  Preoperational tests are addressed in 
Section 14.2 (Test Abstract #013 and #145), .while Inspections, Tests, Analyses, and 
Acceptance Criteria of the CGCS are listed in Section 14.3.

For operational testing, the PARs have a removable inspection drawer for ease of 
maintenance and in-service inspection.  The catalytic plates are visually examined for 
scratches, damage, or foreign objects that could limit the surface area for catalysis.  The 
catalytic ability of the plates is tested with special equipment that subjects the plates to 
a premixed test gas.

Operability of the hydrogen mixing dampers is periodically verified and visual 
inspections of the dampers are performed to check for obstructions or loose or broken 
parts that could interfere with their proper operation.  The rupture and convection 
foils are visually inspected for cracks or damage.  Significant leakage through the foils 
is detectable during operation by monitoring of the ventilation system.

The HMS system components are tested periodically during normal plant operating 
conditions to confirm proper operation.
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The low range hydrogen sensors are located inside the containment and meet the 
single failure criterion.  These sensors are located in seven physically separated areas of 
the containment.  Additionally, the signal processing is carried out by separate channel 
cards installed within the signal processing unit that is located outside containment.  
The sensors and cables located inside containment are designed to remain operable 
during DBAs.  The failure of one sensor or cable does not influence the reliability or 
accuracy of the other sensors.

The high range monitor for the HMS utilizes measuring modules and associated 
equipment of each independent train.  The trains meet the single failure criterion by 
being physically separated and located in Safeguard Building 1 for train 1 and 
Safeguard Building 4 for train 2.  The gas samplers of each train are installed in 
different areas of the containment.  Each train is equipped with measuring points 
inside and outside the equipment rooms so that in case a measuring unit is lost, the 
measuring information can be substituted by the redundant train.

6.2.5.4 Inspection and Testing Requirements

Preoperational testing is performed to verify the design adequacy and performance of 
the CGCS and HMS system components.  Preoperational tests are addressed in 
Section 14.2 (Test Abstract #013 and #145), .while Inspections, Tests, Analyses, and 
Acceptance Criteria of the CGCS are listed in Section 14.3.

For operationalperiodic testing, the PARs have a removable inspection drawer for ease 
of maintenance and in-service inspection.  The catalytic plates are visually examined 
for scratches, damage, or foreign objects that could limit the surface area for catalysis.  
The catalytic ability of the plates is tested with special equipment that subjects the 
plates to a premixed test gas.  During outages, the PARs are covered by blankets to 
avoid direct exposure to dust and fumes generated by local work operations.

Operability of the hydrogen mixing dampers is periodically verified and visual 
inspections of the dampers are performed to check for obstructions or loose or broken 
parts that could interfere with their proper operation.  The rupture and convection 
foils are visually inspected for cracks or damage.  Significant leakage through the foils 
is detectable during operation by monitoring of the ventilation system.

The HMS system components are tested periodically during normal plant operating 
conditions to confirm proper operation.

6.2.5.5 Instrumentation Requirements

The PARs, rupture foils, and convection foils of the CGCS are passive components that 
do not require instrumentation or controls.  The hydrogen mixing dampers (HMD) are 
safety-related and their operation and actuation logic is controlled by the protection 
system, safety automation system, and diverse actuation system.  There are two sensors 
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per steam generator loop for a total of eight, safety-related delta pressure sensors 
powered from their respective electrical divisions.  This arrangement meets the single 
failure requirements such that a sensor can be out for maintenance and a single-failure 
can occur without affecting the HMD control.  If two out of eight sensor signals exceed 
the delta pressure setpoint all eight HMDs receive a signal to open.  The delta pressure 
setpoint is 0.5 psid. The delta pressure is measured across the steam generator pressure 
equalization ceiling and measures the difference in pressure between the accessible 
and equipment area.  The delta pressure signal accounts for a pressure increase in 
either of the regions to provide an actuation signal for the HMDs.

In addition, there are a total of four safety-related absolute containment service 
compartment pressure sensors. Their operation and actuation logic is also controlled 
by the protection system and the diverse actuation system.  For each steam generator 
loop an associated absolute pressure sensor is located in the accessible area of the 
containment.  If two out of four  of the absolute pressure sensors exceed the absolute 
pressure setpoint of 17.4 psia, the HMDs receive a signal to open.  This arrangement 
and logic also meets the single failure requirements in that a sensor can be out for 
maintenance and a single-failure can occur without affecting the HMD control.  There 
are no restrictions placed on plant operation if one of the absolute pressure sensors is 
out of service.

The combination of delta and absolute pressure sensors fulfills redundancy and 
diversity requirements.  Position sensors indicate the HMD position in the main 
control room.  If an HMD opens unintentionally, it can be closed by either the 
actuator or the mechanical backup closing mechanism.  In the unlikely case that a 
mixing damper remains open, the resulting leakage (cross-sectional area approximately 
8 ft²), compared to the total leakage of penetrations and doors across the in-accessible 
and accessible rooms, is negligible.  HMDs are installed in the accessible area which 
provides for maintenance access to the component during normal operation.  Section 
7.3 provides further detail about the I&C logic and logic diagrams of the HMDs.

The redundancy of the eight  hydrogen mixing dampers meets FMEA requirements so 
that one HMD can be out for maintenance and a single failure can occur at a second 
HMD without affecting the global convection between the equipment and operational 
rooms (see Table 6.2.5-3, which lists the CGCS Failure Modes and Effects Analysis).

On-site periodic testing verifies the proper functioning of each installed HMD (see 
Section 6.2.5.4).  The common mode failure is addressed by the qualification program 
and  periodic testing.The hydrogen mixing dampers receive a signal to open 
automatically on high differential pressure between compartments or on high 
containment pressure.  The mixing dampers can also be opened or closed by manual 
operator action.  Position sensors in the main control room indicate the damper 
position.  The mixing dampers fail open on loss of power.
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 Table 6.2.5-1—CGCS Design and Performance Parameters

Parameter Value
Large PARs
� Number of units 41
� Nominal hydrogen reduction rate (per PAR) 11.8 lbm/hr
� Catalyst Pt / Pd coating
Small PARs
� Number of units 6
� Nominal hydrogen reduction rate (per PAR) 2.6 lbmlbm/hr
� Catalyst Pt / Pd coating
Hydrogen mixing dampers
� Number of units 8
� Approximate opening cross section (total) 64 ft2

� Nominal actuation pressure 0.5 psid or 17.4 psia
Rupture foils
� Approximate opening cross section (total) 375420 ft2

� Nominal actuation pressure 0.7 psid
Convection foils
� Approximate opening cross section (total) 480450 ft2

� Nominal actuation pressure 0.7 psid
� Nominal actuation temperature 180.5°F

06.02.02-49



U
.S

. E
PR

 F
IN

A
L 

SA
FE

TY
 A

N
A

LY
SI

S 
R

EP
O

R
T

Ti
er

 2
  R

ev
is

io
n 

 3
—

In
te

rim
  

P
ag

e 
 6

.2
-2

61

 T
ab

le
6.

2.
5-

3—
C

om
bu

st
ib

le
 G

as
 C

on
tr

ol
 S

ys
te

m
 F

ai
lu

re
 M

od
es

 a
nd

 E
ffe

ct
s 

A
na

ly
si

s
 S

he
et

 1
 o

f 2

C
om

po
ne

nt
C

om
po

ne
nt

Fu
nc

tio
n

Fa
ilu

re
 M

od
e

Fa
ilu

re
 M

ec
ha

ni
sm

Fa
ilu

re
 S

ym
pt

om
s 

/ 
Ef

fe
ct

s

C
an

 C
G

C
S 

Sa
tis

fy
 

Su
cc

es
s 

M
is

si
on

 
C

rit
er

ia
Pa

ss
iv

e 
A

ut
oc

at
al

yt
ic

 
R

ec
om

bi
ne

rs
 

(P
A

R
s)

:

30
JM

T1
0 

A
T0

01
 

th
ro

ug
h 

30
JM

T1
0 

A
T0

47
 

R
ed

uc
e 

hy
dr

og
en

 
co

nc
en

tr
at

io
n 

in
 th

e 
co

nt
ai

nm
en

t t
o 

m
ai

nt
ai

n 
co

nt
ai

nm
en

t 
in

te
gr

ity
 a

nd
 p

ro
m

ot
e 

gl
ob

al
 c

on
ve

ct
io

n

Fa
ilu

re
 to

 re
co

m
bi

ne
 

hy
dr

og
en

Ca
ta

ly
tic

N
o 

re
du

ct
io

n 
of

 
hy

dr
og

en
 a

t P
A

R
 

lo
ca

tio
n

Y
es

, t
he

 fa
ilu

re
 o

nl
y 

af
fe

ct
s t

he
 P

A
R

 
lo

ca
tio

n.
 G

lo
ba

l 
co

nv
ec

tio
n 

as
su

re
s a

 
m

ix
ed

 a
tm

os
ph

er
e 

an
d 

ho
m

og
en

eo
us

 
di

st
ri

bu
tio

n 
of

 
hy

dr
og

en
 in

 th
e 

co
nt

ai
nm

en
t.

Co
nv

ec
tio

n 
Fo

ils
:

30
JM

T2
0 

A
B1

01
 

th
ro

ug
h 

30
JM

T2
0 

A
B1

30
 

30
JM

T2
0 

A
B2

01
 

th
ro

ug
h 

30
JM

T2
0 

A
B2

30
 

30
JM

T2
0 

A
B3

01
 

th
ro

ug
h 

30
JM

T2
0 

A
B3

30
 

30
JM

T2
0 

A
B4

01
 

th
ro

ug
h 

30
JM

T2
0 

A
B4

30

Se
pa

ra
te

 th
e 

eq
ui

pm
en

t a
nd

 se
rv

ic
e 

co
m

pa
rt

m
en

ts
 d

ur
in

g 
no

rm
al

 p
la

nt
 o

pe
ra

tio
n

O
pe

ns
 o

n 
ex

ce
ed

in
g 

th
e 

pr
es

su
re

 o
r 

te
m

pe
ra

tu
re

 th
re

sh
ol

d 
an

d 
tr

an
sf

er
s t

he
 tw

o-
ro

om
 co

nt
ai

nm
en

t i
nt

o 
a 

sin
gl

e 
vo

lu
m

e 
to

 
pr

om
ot

e 
gl

ob
al

 
co

nv
ec

tio
n 

an
d 

at
m

os
ph

er
ic

 m
ix

in
g

a)
 O

pe
n 

du
ri

ng
 n

or
m

al
 

op
er

at
io

n
M

ec
ha

ni
ca

l
M

in
or

 le
ak

ag
e b

et
w

ee
n 

th
e 

eq
ui

pm
en

t a
nd

 
se

rv
ic

e 
co

m
pa

rt
m

en
ts

Y
es

, t
he

 o
cc

ur
ri

ng
 

le
ak

ag
e 

is 
ne

gl
ig

ib
le

 
co

m
pa

re
d 

to
 th

e 
al

lo
w

ed
 to

ta
l l

ea
ka

ge
 

be
tw

ee
n 

th
e 

eq
ui

pm
en

t a
nd

 se
rv

ic
e 

co
m

pa
rt

m
en

ts
.

b)
 F

ai
lu

re
 to

 o
pe

n 
du

ri
ng

 a
n 

ac
ci

de
nt

M
ec

ha
ni

ca
l

N
o 

co
nv

ec
tio

n 
at

 th
e 

Co
nv

ec
tio

n 
Fo

il 
lo

ca
tio

n

Y
es

, t
he

 b
lo

ck
ed

 fr
ee

 
flo

w
 a

re
a 

is 
ne

gl
ig

ib
le

 
co

m
pa

re
d 

to
 th

e 
to

ta
l 

co
m

bi
ne

d 
op

en
in

g a
re

a 
of

 th
e 

co
nv

ec
tio

n 
fo

ils
.

06
.0

2.
02

-4
9



U
.S

. E
PR

 F
IN

A
L 

SA
FE

TY
 A

N
A

LY
SI

S 
R

EP
O

R
T

Ti
er

 2
  R

ev
is

io
n 

 3
—

In
te

rim
  

P
ag

e 
 6

.2
-2

62

H
yd

ro
ge

n 
M

ix
in

g 
D

am
pe

rs
:

30
JM

T2
0 

A
A

00
1 

30
JM

T2
0 

A
A

00
2 

30
JM

T2
0 

A
A

00
3 

30
JM

T2
0 

A
A

00
4 

30
JM

T2
0 

A
A

00
5 

30
JM

T2
0 

A
A

00
6 

30
JM

T2
0 

A
A

00
7 

30
JM

T2
0 

A
A

00
8 

Se
pa

ra
te

 th
e 

eq
ui

pm
en

t a
nd

 se
rv

ic
e 

co
m

pa
rt

m
en

ts
 d

ur
in

g 
no

rm
al

 p
la

nt
 o

pe
ra

tio
n 

by
 h

ol
di

ng
 th

e 
H

yd
ro

ge
n 

M
ix

in
g 

D
am

pe
rs

 c
lo

se
d

O
pe

ns
 o

n 
ex

ce
ed

in
g 

a 
de

lta
 o

r a
bs

ol
ut

e 
pr

es
su

re
 th

re
sh

ol
d 

or
 

lo
ss

 o
f p

ow
er

. 
Tr

an
sf

er
s t

he
 tw

o-
ro

om
 co

nt
ai

nm
en

t i
nt

o 
a 

sin
gl

e 
vo

lu
m

e 
to

 
pr

om
ot

e 
gl

ob
al

 
co

nv
ec

tio
n 

an
d 

at
m

os
ph

er
ic

 m
ix

in
g

a)
 O

pe
n 

du
ri

ng
 n

or
m

al
 

op
er

at
io

n
M

ec
ha

ni
ca

l /
 E

le
ct

ri
ca

l 
/ I

&
C

M
in

or
 le

ak
ag

e b
et

w
ee

n 
th

e 
eq

ui
pm

en
t a

nd
 

se
rv

ic
e 

co
m

pa
rt

m
en

ts

Y
es

, t
he

 o
cc

ur
ri

ng
 

le
ak

ag
e 

is 
ne

gl
ig

ib
le

 
co

m
pa

re
d 

to
 th

e 
al

lo
w

ed
 to

ta
l l

ea
ka

ge
 

be
tw

ee
n 

th
e 

eq
ui

pm
en

t a
nd

 se
rv

ic
e 

co
m

pa
rt

m
en

ts
.

b)
 F

ai
lu

re
 to

 o
pe

n 
du

ri
ng

 a
n 

ac
ci

de
nt

M
ec

ha
ni

ca
l /

 E
le

ct
ri

ca
l 

/ I
&

C
N

o 
co

nv
ec

tio
n 

at
 th

e 
H

yd
ro

ge
n 

M
ix

in
g 

D
am

pe
r l

oc
at

io
n

Y
es

, t
he

 b
lo

ck
ed

 fr
ee

 
flo

w
 a

re
a 

is 
ne

gl
ig

ib
le

 
co

m
pa

re
d 

to
 th

e 
to

ta
l 

co
m

bi
ne

d 
op

en
in

g a
re

a 
of

 th
e 

H
yd

ro
ge

n 
M

ix
in

g 
D

am
pe

r.

 T
ab

le
6.

2.
5-

3—
C

om
bu

st
ib

le
 G

as
 C

on
tr

ol
 S

ys
te

m
 F

ai
lu

re
 M

od
es

 a
nd

 E
ffe

ct
s 

A
na

ly
si

s
 S

he
et

 2
 o

f 2

C
om

po
ne

nt
C

om
po

ne
nt

Fu
nc

tio
n

Fa
ilu

re
 M

od
e

Fa
ilu

re
 M

ec
ha

ni
sm

Fa
ilu

re
 S

ym
pt

om
s 

/ 
Ef

fe
ct

s

C
an

 C
G

C
S 

Sa
tis

fy
 

Su
cc

es
s 

M
is

si
on

 
C

rit
er

ia

06
.0

2.
02

-4
9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


