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ArevaEPRDCPEm Resource

From: BRYAN Martin (EXTERNAL AREVA) [Martin.Bryan.ext@areva.com]
Sent: Thursday, September 09, 2010 11:40 AM
To: Tesfaye, Getachew
Cc: DELANO Karen (AREVA); ROMINE Judy (AREVA); BENNETT Kathy (AREVA); CORNELL 

Veronica (EXTERNAL AREVA)
Subject: Response to U.S. EPR Design Certification Application RAI No. 422, FSARCh. 3, 

Supplement 1
Attachments: RAI 422 Supplement 1 Response US EPR DC.pdf

Getachew, 
 
AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI No. 
422 on September 2, 2010.   
 
The attached file, “RAI 422 Supplement 1 Response US EPR DC.pdf” provides technically correct and 
complete FINAL responses to 2 of the remaining 63 questions, as committed 
 
The following table indicates the respective pages in the response document, “RAI 422 Supplement 1 
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject questions. 
 
Question # Start Page End Page 
RAI 422 — 03.09.02-86 2 2 
RAI 422 — 03.09.02-143 3 5 

 
The schedule for the technically correct and complete responses to the remaining 61 questions is unchanged 
and is provided below. 
 
Question # Response Date 
RAI 422 — 03.09.02-82 October 4, 2010 
RAI 422 — 03.09.02-84 October 4, 2010 
RAI 422 — 03.09.02-85 October 4, 2010 
RAI 422 — 03.09.02-87 October 4, 2010 
RAI 422 — 03.09.02-88 October 4, 2010 
RAI 422 — 03.09.02-89 October 4, 2010 
RAI 422 — 03.09.02-90 October 4, 2010 
RAI 422 — 03.09.02-91 October 4, 2010 
RAI 422 — 03.09.02-92 October 4, 2010 
RAI 422 — 03.09.02-93 October 4, 2010 
RAI 422 — 03.09.02-94 October 4, 2010 
RAI 422 — 03.09.02-95 October 4, 2010 
RAI 422 — 03.09.02-96 October 4, 2010 
RAI 422 — 03.09.02-97 October 4, 2010 
RAI 422 — 03.09.02-98 October 4, 2010 
RAI 422 — 03.09.02-99 October 4, 2010 
RAI 422 — 03.09.02-100 October 4, 2010 
RAI 422 — 03.09.02-101 October 4, 2010 
RAI 422 — 03.09.02-102 October 4, 2010 
RAI 422 — 03.09.02-103 October 4, 2010 
RAI 422 — 03.09.02-104 October 4, 2010 
RAI 422 — 03.09.02-105 October 4, 2010 
RAI 422 — 03.09.02-106 October 4, 2010 
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Question # Response Date
RAI 422 — 03.09.02-107 October 4, 2010 
RAI 422 — 03.09.02-108 October 4, 2010 
RAI 422 — 03.09.02-109 October 4, 2010 
RAI 422 — 03.09.02-110 October 4, 2010 
RAI 422 — 03.09.02-111 October 4, 2010 
RAI 422 — 03.09.02-112 October 4, 2010 
RAI 422 — 03.09.02-113 October 4, 2010 
RAI 422 — 03.09.02-114 October 4, 2010 
RAI 422 — 03.09.02-115 October 4, 2010 
RAI 422 — 03.09.02-116 October 4, 2010 
RAI 422 — 03.09.02-117 October 4, 2010 
RAI 422 — 03.09.02-118 October 4, 2010 
RAI 422 — 03.09.02-119 October 4, 2010 
RAI 422 — 03.09.02-120 October 4, 2010 
RAI 422 — 03.09.02-121 October 4, 2010 
RAI 422 — 03.09.02-122 October 4, 2010 
RAI 422 — 03.09.02-123 October 4, 2010 
RAI 422 — 03.09.02-124 October 4, 2010 
RAI 422 — 03.09.02-125 October 4, 2010 
RAI 422 — 03.09.02-126 October 4, 2010 
RAI 422 — 03.09.02-127 October 4, 2010 
RAI 422 — 03.09.02-128 October 4, 2010 
RAI 422 — 03.09.02-129 October 4, 2010 
RAI 422 — 03.09.02-130 October 4, 2010 
RAI 422 — 03.09.02-131 October 4, 2010 
RAI 422 — 03.09.02-132 October 4, 2010 
RAI 422 — 03.09.02-133 October 4, 2010 
RAI 422 — 03.09.02-134 October 4, 2010 
RAI 422 — 03.09.02-135 October 4, 2010 
RAI 422 — 03.09.02-136 October 4, 2010 
RAI 422 — 03.09.02-137 October 4, 2010 
RAI 422 — 03.09.02-138 October 4, 2010 
RAI 422 — 03.09.02-139 October 4, 2010 
RAI 422 — 03.09.02-140 October 4, 2010 
RAI 422 — 03.09.02-141 October 4, 2010 
RAI 422 — 03.09.02-142 October 4, 2010 
RAI 422 — 03.09.02-144 October 4, 2010 
RAI 422 — 03.09.02-145 October 4, 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: Thursday, September 02, 2010 5:18 PM 
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To: 'Tesfaye, Getachew' 
Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); CORNELL Veronica (External RS/NB); 
Miernicki, Michael 
Subject: Response to U.S. EPR Design Certification Application RAI No. 422, FSARCh. 3 

Getachew, 
 
Attached please find AREVA NP Inc.’s response to the subject request for additional information (RAI).  The 
attached file, “RAI 422 Response US EPR DC.pdf,” provides a schedule since a technically correct and 
complete response to the RAI 422 questions is not provided.  The schedule for questions OTHER than 
03.09.02-86 and 03.09.02-143 is being further evaluated with additional information to be provided by the date 
listed below of October 4, 2010. 
 
The following table indicates the respective pages in the response document, “RAI 422 Response US EPR 
DC.pdf,” that contain AREVA NP’s response to the subject questions. 
 
Question # Start Page End Page 
RAI 422 — 03.09.02-82 2 3 
RAI 422 — 03.09.02-84 4 4 
RAI 422 — 03.09.02-85 5 5 
RAI 422 — 03.09.02-86 6 6 
RAI 422 — 03.09.02-87 7 7 
RAI 422 — 03.09.02-88 8 8 
RAI 422 — 03.09.02-89 9 9 
RAI 422 — 03.09.02-90 10 10 
RAI 422 — 03.09.02-91 11 11 
RAI 422 — 03.09.02-92 12 12 
RAI 422 — 03.09.02-93 13 13 
RAI 422 — 03.09.02-94 14 14 
RAI 422 — 03.09.02-95 15 15 
RAI 422 — 03.09.02-96 16 16 
RAI 422 — 03.09.02-97 17 17 
RAI 422 — 03.09.02-98 18 18 
RAI 422 — 03.09.02-99 19 19 
RAI 422 — 03.09.02-100 20 20 
RAI 422 — 03.09.02-101 21 21 
RAI 422 — 03.09.02-102 22 22 
RAI 422 — 03.09.02-103 23 23 
RAI 422 — 03.09.02-104 24 24 
RAI 422 — 03.09.02-105 25 25 
RAI 422 — 03.09.02-106 26 26 
RAI 422 — 03.09.02-107 27 27 
RAI 422 — 03.09.02-108 28 28 
RAI 422 — 03.09.02-109 29 29 
RAI 422 — 03.09.02-110 30 30 
RAI 422 — 03.09.02-111 31 31 
RAI 422 — 03.09.02-112 32 32 
RAI 422 — 03.09.02-113 33 33 
RAI 422 — 03.09.02-114 34 34 
RAI 422 — 03.09.02-115 35 35 
RAI 422 — 03.09.02-116 36 36 
RAI 422 — 03.09.02-117 37 37 
RAI 422 — 03.09.02-118 38 38 
RAI 422 — 03.09.02-119 39 39 
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Question # Start Page End Page 
RAI 422 — 03.09.02-120 40 40 
RAI 422 — 03.09.02-121 41 41 
RAI 422 — 03.09.02-122 42 42 
RAI 422 — 03.09.02-123 43 43 
RAI 422 — 03.09.02-124 44 44 
RAI 422 — 03.09.02-125 45 45 
RAI 422 — 03.09.02-126 46 46 
RAI 422 — 03.09.02-127 47 47 
RAI 422 — 03.09.02-128 48 48 
RAI 422 — 03.09.02-129 49 49 
RAI 422 — 03.09.02-130 50 50 
RAI 422 — 03.09.02-131 51 51 
RAI 422 — 03.09.02-132 52 52 
RAI 422 — 03.09.02-133 53 53 
RAI 422 — 03.09.02-134 54 54 
RAI 422 — 03.09.02-135 55 55 
RAI 422 — 03.09.02-136 56 56 
RAI 422 — 03.09.02-137 57 57 
RAI 422 — 03.09.02-138 58 58 
RAI 422 — 03.09.02-139 59 60 
RAI 422 — 03.09.02-140 61 61 
RAI 422 — 03.09.02-141 62 62 
RAI 422 — 03.09.02-142 63 63 
RAI 422 — 03.09.02-143 64 65 
RAI 422 — 03.09.02-144 66 66 
RAI 422 — 03.09.02-145 67 67 
 
A complete answer is not provided for 63 of the 63 questions.  The schedule for a technically correct and 
complete response to these questions is provided below. 
 
Question # Response Date 
RAI 422 — 03.09.02-82 October 4, 2010 
RAI 422 — 03.09.02-84 October 4, 2010 
RAI 422 — 03.09.02-85 October 4, 2010 
RAI 422 — 03.09.02-86 October 12, 2010 
RAI 422 — 03.09.02-87 October 4, 2010 
RAI 422 — 03.09.02-88 October 4, 2010 
RAI 422 — 03.09.02-89 October 4, 2010 
RAI 422 — 03.09.02-90 October 4, 2010 
RAI 422 — 03.09.02-91 October 4, 2010 
RAI 422 — 03.09.02-92 October 4, 2010 
RAI 422 — 03.09.02-93 October 4, 2010 
RAI 422 — 03.09.02-94 October 4, 2010 
RAI 422 — 03.09.02-95 October 4, 2010 
RAI 422 — 03.09.02-96 October 4, 2010 
RAI 422 — 03.09.02-97 October 4, 2010 
RAI 422 — 03.09.02-98 October 4, 2010 
RAI 422 — 03.09.02-99 October 4, 2010 
RAI 422 — 03.09.02-100 October 4, 2010 
RAI 422 — 03.09.02-101 October 4, 2010 
RAI 422 — 03.09.02-102 October 4, 2010 
RAI 422 — 03.09.02-103 October 4, 2010 
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Question # Response Date
RAI 422 — 03.09.02-104 October 4, 2010 
RAI 422 — 03.09.02-105 October 4, 2010 
RAI 422 — 03.09.02-106 October 4, 2010 
RAI 422 — 03.09.02-107 October 4, 2010 
RAI 422 — 03.09.02-108 October 4, 2010 
RAI 422 — 03.09.02-109 October 4, 2010 
RAI 422 — 03.09.02-110 October 4, 2010 
RAI 422 — 03.09.02-111 October 4, 2010 
RAI 422 — 03.09.02-112 October 4, 2010 
RAI 422 — 03.09.02-113 October 4, 2010 
RAI 422 — 03.09.02-114 October 4, 2010 
RAI 422 — 03.09.02-115 October 4, 2010 
RAI 422 — 03.09.02-116 October 4, 2010 
RAI 422 — 03.09.02-117 October 4, 2010 
RAI 422 — 03.09.02-118 October 4, 2010 
RAI 422 — 03.09.02-119 October 4, 2010 
RAI 422 — 03.09.02-120 October 4, 2010 
RAI 422 — 03.09.02-121 October 4, 2010 
RAI 422 — 03.09.02-122 October 4, 2010 
RAI 422 — 03.09.02-123 October 4, 2010 
RAI 422 — 03.09.02-124 October 4, 2010 
RAI 422 — 03.09.02-125 October 4, 2010 
RAI 422 — 03.09.02-126 October 4, 2010 
RAI 422 — 03.09.02-127 October 4, 2010 
RAI 422 — 03.09.02-128 October 4, 2010 
RAI 422 — 03.09.02-129 October 4, 2010 
RAI 422 — 03.09.02-130 October 4, 2010 
RAI 422 — 03.09.02-131 October 4, 2010 
RAI 422 — 03.09.02-132 October 4, 2010 
RAI 422 — 03.09.02-133 October 4, 2010 
RAI 422 — 03.09.02-134 October 4, 2010 
RAI 422 — 03.09.02-135 October 4, 2010 
RAI 422 — 03.09.02-136 October 4, 2010 
RAI 422 — 03.09.02-137 October 4, 2010 
RAI 422 — 03.09.02-138 October 4, 2010 
RAI 422 — 03.09.02-139 October 4, 2010 
RAI 422 — 03.09.02-140 October 4, 2010 
RAI 422 — 03.09.02-141 October 4, 2010 
RAI 422 — 03.09.02-142 October 4, 2010 
RAI 422 — 03.09.02-143 October 12, 2010 
RAI 422 — 03.09.02-144 October 4, 2010 
RAI 422 — 03.09.02-145 October 4, 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 
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From: Tesfaye, Getachew [mailto:Getachew.Tesfaye@nrc.gov]  
Sent: Tuesday, August 03, 2010 2:01 PM 
To: ZZ-DL-A-USEPR-DL 
Cc: Wong, Yuken; Dixon-Herrity, Jennifer; Patel, Jay; Miernicki, Michael; Colaccino, Joseph; ArevaEPRDCPEm Resource 
Subject: U.S. EPR Design Certification Application RAI No. 422 (4792), FSARCh. 3 

Attached please find the subject requests for additional information (RAI).  A draft of the RAI was provided to 
you on June 15, 2010, and discussed with your staff on July 29, 2010.   Drat RAI Question 03.09.02-83 was 
deleted 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. 422(4792), Revision 0, 
Supplement 1 

8/3/2010

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

Docket No. 52-020 
SRP Section: 03.09.02 - Dynamic Testing and Analysis of Systems Structures and 

Components
Application Section: 3.9.2 

QUESTIONS for Engineering Mechanics Branch 2 (ESBWR/ABWR Projects) 
(EMB2)



AREVA NP Inc. 

Response to Request for Additional Information No. 422, Supplement 1 
U.S. EPR Design Certification Application Page 2 of 5 

Question 03.09.02-86: 

Follow-up to RAI 160, Question 03.09.02-18 

The staff reviewed the assumptions used in the analysis of non-seismic piping systems. In RAI 
03.09.02-18, the applicant is requested to justify why the assumption that all flanges on bolted 
connections on the non-seismic piping system are assumed to fail, thus allowing each section of 
piping to fall independently is conservative with respect to the impact evaluation of target 
components.  The applicant responded to RAI 03.09.02-18 by stating that the information in 
ANP-10264(NP)-A, Section 4.4.2 was evaluated and approved by the NRC in Section 3.2.8 of 
the Final Safety Evaluation Report for ANP-10264NP-A, which states “All other non-
seismic/seismic interaction criteria discussed in TR Sections 4.4.1 and 4.4.2 are found 
reasonable and acceptable to the staff.”  

The staff reviewed the applicant’s response and noted that in the SER of ANP-10264(NP)-A, the 
staff had raised questions on non-seismic piping isolation criteria in RAI EPR-14 (dated 
November 2007).  The applicant agreed to remove (emphasis added to highlight the issue) 
some of the interaction criteria given in TR Section 4.4.2 and two other criteria on the failure of 
the non-seismic piping based on the pipe break analysis procedures.  The staff could not 
determine when the applicant added the assumption that all flanges on bolted connections on 
the non-seismic piping system are assumed to fail, thus allowing each section of piping to fall 
independently was added to TR Section 4.4.2, and if this assumption was reviewed and 
accepted by the staff.  Therefore, this issue remains open. 

Response to Question 03.09.02-86: 

Topical Report ANP-10264NP was submitted to the NRC on September 29, 2006 (AREVA NP 
Letter Number ML 062770021), which included the statement in Section 4.4.2 that “all flanges 
on bolted connections on the non-seismic piping system are assumed to fail, thus allowing each 
section of piping to fall independently.”  Topical Report ANP-10264NP was reviewed and 
accepted by the NRC staff in its Safety Evaluation Report (SER) dated August 11, 2008.  As 
instructed by the NRC in the August 11, 2008 letter, AREVA NP revised Topical Report ANP-
10264NP and designated it as Topical Report ANP-10264NP-A.  Topical Report ANP-10264NP-
A includes the NRC letter, the SER, the history of the RAI process, and a revised Topical Report 
that incorporates  RAI responses.  In addition, the items from Topical Report ANP-10264NP-A, 
Section 4.4.2 stated in the final Response to RAI 14 were removed. 

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. 422, Supplement 1 
U.S. EPR Design Certification Application Page 3 of 5 

Question 03.09.02-143: 

Follow-up to RAI 287, Question 03.09.02-61 

The applicant stated that as a result of the ASME response for ductwork stress allowables, U.S. 
EPR FSAR Tier 2, Section 3A.2.4.1 will be revised to show the combined membrane and 
bending stress allowable for Level C as 1.8 x 0.6Fy to be consistent with Table AA-4321 of 
ASME AG-1, 2003. The proposed markup to U.S. EPR FSAR Tier 2, Section 3A.2.4.1 is shown 
below.

The staff reviewed the proposed revision to U.S. EPR FSAR Tier 2, Section 3A.2.4.1 and 
identified the following issues: 

a. The applicant has identified various references for ductwork stresses.  For example, the 
applicant stated in U.S. EPR FSAR Tier 2, Section 3A.2 that safety related, seismic 
category I and II HVAC ductwork, supports and restraints meet the stress allowables 
provided in ASME AG-1-2003, Code on Nuclear Air and Gas Treatment, with 2004 
Addenda (reference 2). The applicant also stated in U.S. EPR FSAR Tier 2, Section 
3A.2.4.1 that ductwork stresses are based on Reference 4, (American Iron and Steel 
Institute (AISI), North American Specification for the Design of Cold-Formed Steel 
Structural Members, 2001 Edition with 2003 Errata), which is referenced in paragraph 
SA-4220 of ASME AG-1. However, the applicant stated in response to RAI 287 
03.09.02-61 that ductwork stresses are based on paragraph AA-4300 of ASME AG-1, 
which uses the allowable stress from Article AA-3000.  The applicant is requested to 
clarify the basis for ductwork stresses. 

b. The applicant stated the ductwork allowable stress is consistent with Table AA-4321 of 
ASME AG-1, 2003.  ASME AG-1 Table AA-4321 primary stress allowables are based on 
design stress (S).  Design stress (S) for ASME materials is tabulated in various tables, 
such as Tables 1A and 1B of ASME Section II, Part D.  The design stress (S) for the 
materials in each table is derived as described in mandatory appendices. For example, 



AREVA NP Inc. 

Response to Request for Additional Information No. 422, Supplement 1 
U.S. EPR Design Certification Application Page 4 of 5 

design stress (S) in Tables 1A and 1B is derived as described in Mandatory Appendix-1, 
“Basis for Establishing Stress values in Tables 1A and 1B” of ASME Section II, Part D. 
The design stress (S) includes affects of various factors such as factor of safety against 
yield, factor of safety against rupture, yield at at room temperature, yield at design 
temperature and others factors. The staff noted that allowable stress in American Iron 
and Steel Institute (AISI) is based on the term (Fy). The applicant is requested to 
reconcile the use of the term (0.6Fy) in place of the design stress (S) term in Table AA-
4321 to derive the stress allowables for service levels A through D.

Response to Question 03.09.02-143: 

a) Ductwork stress evaluations/qualifications are based on the following: 

 Applied loadings. 

 Load combinations to be checked utilizing the applied loadings. 

 Stress formulas and appropriate section properties. 

 Allowable stresses. 

The applied loadings for ductwork are given in U.S. EPR FSAR Tier 2, Section 3A.2.2.1.  
The applied loadings for ductwork in U.S. EPR FSAR Tier 2, Section 3A.2.2.1 are based on 
ASME AG-1-2003, Section AA-4300, with some clarification of the loadings (specifically for 
ductwork) derived from ASME AG-1-2003, Section SA-4200. 

The load combinations used for the four ASME Service Levels for ductwork are shown in 
U.S. EPR FSAR Tier 2, Table 3A-1 and referenced in U.S. EPR FSAR Tier 2, Section 
3A.2.2.2.  Using recent ASME guidance described in the Response to RAI 287, Attachment 
A, these combinations are based on the requirements of ASME AG-1-2003, Section AA-
4300.

ASME AG-1-2003, Section AA-4300 applies to the nuclear gas and air treatment distribution 
types described in the subsequent parts of AG-1, but does not provide specific guidance for 
calculating actual ductwork stresses.  ASME AG-1-2003, Part SA is specific to ductwork.  
ASME AG-1-2003, Section SA-4220 states that “The ductwork stress shall be based upon 
the AISI Specification for the Design of Cold-Formed Steel Structural Members.”  This AISI 
specification provides the appropriate stress equations and section properties of ductwork 
used in calculating ductwork stresses from the applied load combinations.  U.S. EPR FSAR 
Tier 2, Section 3A.2.4.1 states that “Ductwork stresses are based on Reference 4,” the AISI 
specification. 

The allowable stresses used for the four ASME Service Levels for ductwork are provided in 
U.S. EPR FSAR Tier 2, Section 3A.2.4.1.  Using recent ASME guidance described in the 
Response to RAI 287, Attachment A, these allowables are based on the requirements of 
ASME AG-1-2003, Section AA-4300.  U.S. EPR FSAR Tier 2, Section 3A.2 states that 
“Safety-related Seismic Category I HVAC ductwork, supports, and restraints meet the stress 
allowables provided in paragraph AA-4321 of ASME AG-1 (Reference 2).” 

b) ASME AG-1-2003, Section SA-4220 defines the allowable stresses for ductwork and was 
the basis for using the term Fy in the Response to RAI 287 and in revisions to U.S. EPR 
FSAR Tier 2, Appendix 3A.  Allowable stresses for ductwork are currently based on the 
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Response to Request for Additional Information No. 422, Supplement 1 
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requirements of ASME AG-1-2003, Section AA-4300.  U.S. EPR FSAR Tier 2, Section 
3A.2.4.1 provides the stress allowables in terms of design stress (S) and ultimate stress 
(Su).  U.S. EPR FSAR Tier 2, Appendix 3A does not use the term Fy for ductwork and its 
supports as shown in Attachment A. 

FSAR Impact: 

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



Attachment A



U.S. EPR FINAL SAFETY ANALYSIS REPORT

Tier 2  Revision  3—Interim  Page 3.A-4

For HVAC ductwork supports and restraints, Normal Loads (N) = NOPD + SOPT + 
DW + EL + FM, or if an enveloped pressure value for NOPD and SOPT is utilized in 
the design, N = Envelop of (NOPD, SOPT) + DW + EL + FML.

3A.2.3.2 HVAC Support and Restraint Load Combinations

Table 3A-2 lists the HVAC support and restraint loading combinations for the design 
of HVAC supports and restraints.

3A.2.4 Design and Analysis

3A.2.4.1 Allowable Stress Criteria

Ductwork stresses are based on Reference 4.  Ductwork support stresses are based on 
AISC “Specification for the Structural  Steel Buildings - Allowable Stress Design and 
Plastic Design,” contained in Reference 3.

The basic general membrane design stress for Service Level A condition does not 
exceed 0.6 S and is reduced as appropriate to account for lateral-torsional buckling of 
bending members and effective lengths of compression members.  The combined 
membrane and bending stress for Service Level A does not exceed 1.5 x 0.6 S.  The 
basic general membrane design stress allowable, and the combined membrane and 
bending stress allowable for Level B are the same as those for Level A. The basic 
general membrane stress for Service Level C condition does not exceed 1.2 x 0.6 S and 
is reduced as necessary to account for lateral-torsional buckling of bending members 
and effective lengths of compression members.  The combined membrane and bending 
stress for Service Level C does not exceed 1.8 x 0.6 S.  The basic general membrane 
design stress for Service Level D condition does not exceed the lesser of 1.5 x 0.6S or 
0.4Su, where Su is the ultimate stress.  The combined membrane and bending stress for 
Service Level D does not exceed the lesser of 2.25 x 0.6S or 0.6Su.

3A.2.4.2 Deflection Limits

The allowable deflections for the load combinations described above are provided in 
Table 3A-3.  Deflection criteria conform to Section SA-4230 of Reference 2.

3A.2.4.3 Damping

The damping values for the design of HVAC duct systems are discussed in 
Section 3.7.1.2 and are contained in Table 3.7.1-1.

3A.2.4.4 Seismic Analysis

This section describes the seismic analysis criteria for HVAC duct systems and their 
supports.



<<
  /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
  /CreateJDFFile false
  /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

  /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


