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ArevaEPRDCPEm Resource

From: WELLS Russell D (AREVA NP INC) [Russell.Wells@areva.com]
Sent: Wednesday, November 18, 2009 7:25 PM
To: Tesfaye, Getachew
Cc: Pederson Ronda M (AREVA NP INC); BENNETT Kathy A (OFR) (AREVA NP INC); DELANO 

Karen V (AREVA NP INC)
Subject: Response to  U.S. EPR Design Certification Application RAI No. 248, FSAR Ch 3, 

Supplement 2
Attachments: RAI 248 Supplement 2 Response US EPR DC.pdf

Getachew, 
 
AREVA NP Inc. (AREVA NP) provided responses to 2 of the 25 questions of RAI No. 248 on August 14, 2009. 
AREVA NP submitted Supplement 1 to the response on September 29, 2009 to address 5 of the remaining 23 
questions.  The attached file, “RAI 248 Supplement 2 Response US EPR DC.pdf” provides technically correct 
and complete responses to 8 of the remaining 18 questions, as committed.  Two responses, RAI 248, 
Questions 03.07.02-44 and 03.08.01-36, have been deferred because supporting analysis work remains in 
progress. 
 
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 248 Questions 03.04.02-12, 03.07.02-53, 03.07.02-56, and 
03.07.02-57. 
 
The following table indicates the respective pages in the response document, “RAI 248 Supplement 2 
Response US EPR DC.pdf” that contain AREVA NP’s response to the subject questions. 
 
Question # Start Page End Page 
RAI 03.04.02-12 2 2 
RAI 03.07.02-45 3 3 
RAI 03.07.02-49 4 4 
RAI 03.07.02-52 5 5 
RAI 03.07.02-53 6 8 
RAI 03.07.02-56 9 12 
RAI 03.07.02-57 13 14 
RAI 03.08.04-7 15 15 
 
The schedule for technically correct and complete responses to the remaining 10 questions has been changed 
and provided below: 
 

Question # Response Date 
RAI 03.07.01-25 December 18, 2009 
RAI 03.07.02-43 December 18, 2009 
RAI 03.07.02-44 January 28, 2010 
RAI 03.07.02-46 December 18, 2009 
RAI 03.07.02-47 December 18, 2009 
RAI 03.07.02-48 December 18, 2009 
RAI 03.07.02-50 December 18, 2009 
RAI 03.07.02-51 December 18, 2009 
RAI 03.07.02-54 December 18, 2009 
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RAI 03.08.01-36 January 28, 2010 
 
Sincerely, 
 
 
(Russ Wells on behalf of)  
Ronda Pederson 
ronda.pederson@areva.com 
Licensing Manager, U.S. EPR Design Certification 
New Plants Deployment 
AREVA NP, Inc.  
An AREVA and Siemens company  
3315 Old Forest Road 
Lynchburg, VA  24506-0935   
Phone: 434-832-3694 
Cell: 434-841-8788 

From: Pederson Ronda M (AREVA NP INC)  
Sent: Tuesday, September 29, 2009 7:16 PM 
To: 'Tesfaye, Getachew' 
Cc: BENNETT Kathy A (OFR) (AREVA NP INC); DELANO Karen V (AREVA NP INC); VAN NOY Mark (EXT) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 248, Ch. 3, Supplement 1 
 
Getachew, 
 
AREVA NP Inc. (AREVA NP) provided responses to 2 of the 25 questions of RAI No. 248 on August 14, 
2009.  The attached file, “RAI 248 Supplement 1 Response US EPR DC.pdf” provides technically correct and 
complete responses to 5 of the remaining 23 questions.  One response, RAI 248, Question 03.08.04-7, has been 
deferred  because a supporting FSAR change remains in progress. 
 
The following table indicates the respective pages in the response document, "RAI 248 Supplement 1 Response 
US EPR DC.pdf,” that contain AREVA NP’s response to the subject questions. 
 
Question # Start Page End Page 
RAI 03.07.02-58 2 7 
RAI 03.08.01-33 8 9 
RAI 03.08.01-34 10 15 
RAI 03.08.01-35 16 16 
RAI 03.08.03-19 17 18 
 
The schedule for technically correct and complete responses to the remaining 18 questions has been changed 
and is provided below: 
  
 

Question # Response Date 
RAI 03.04.02-12 November 18, 2009 
RAI 03.07.01-25 December 18, 2009 
RAI 03.07.02-43 December 18, 2009 
RAI 03.07.02-44 November 18, 2009 
RAI 03.07.02-45 November 18, 2009 
RAI 03.07.02-46 December 18, 2009 
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RAI 03.07.02-47 December 18, 2009 
RAI 03.07.02-48 December 18, 2009 
RAI 03.07.02-49 November 18, 2009 
RAI 03.07.02-50 December 18, 2009 
RAI 03.07.02-51 December 18, 2009 
RAI 03.07.02-52 November 18, 2009 
RAI 03.07.02-53 November 18, 2009 
RAI 03.07.02-54 December 18, 2009 
RAI 03.07.02-56 November 18, 2009 
RAI 03.07.02-57 November 18, 2009 
RAI 03.08.01-36 November 18, 2009 
RAI 03.08.04-7 November 18, 2009 

 
Sincerely, 
 

Ronda Pederson  
ronda.pederson@areva.com  
Licensing Manager, U.S. EPR Design Certification  
AREVA NP Inc. 
An AREVA and Siemens company  
3315 Old Forest Road  
Lynchburg, VA  24506-0935    
Phone: 434-832-3694  
Cell: 434-841-8788  

From: Pederson Ronda M (AREVA NP INC)  
Sent: Friday, August 14, 2009 5:05 PM 
To: 'Tesfaye, Getachew' 
Cc: BENNETT Kathy A (OFR) (AREVA NP INC); DELANO Karen V (AREVA NP INC); VAN NOY Mark (EXT) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 248, Ch. 3 

Getachew, 
 
Attached please find AREVA NP Inc.’s response to the subject request for additional information (RAI).  The 
attached file, “RAI 248 Response US EPR DC.pdf” provides technically correct and complete responses to 2 of 
the 25 questions.  
 
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 248 Question 03.07.02-55. 
 
The following table indicates the respective pages in the response document, “RAI 248 Response US EPR 
DC.pdf,” that contain AREVA NP’s response to the subject questions. 
 
Question # Start Page End Page 
RAI 03.04.02-12 2 2 
RAI 03.07.01-25 3 3 
RAI 03.07.02-43 4 4 
RAI 03.07.02-44 5 5 
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RAI 03.07.02-45 6 6 
RAI 03.07.02-46 7 7 
RAI 03.07.02-47 8 9 
RAI 03.07.02-48 10 10 
RAI 03.07.02-49 11 11 
RAI 03.07.02-50 12 12 
RAI 03.07.02-51 13 13 
RAI 03.07.02-52 14 14 
RAI 03.07.02-53 15 16 
RAI 03.07.02-54 17 17 
RAI 03.07.02-55 18 20 
RAI 03.07.02-56 21 22 
RAI 03.07.02-57 23 23 
RAI 03.07.02-58 24 24 
RAI 03.08.01-32 25 25 
RAI 03.08.01-33 26 26 
RAI 03.08.01-34 27 27 
RAI 03.08.01-35 28 28 
RAI 03.08.01-36 29 29 
RAI 03.08.03-19 30 30 
RAI 03.08.04-7 31 31 
 
A complete answer is not provided for 23 of the 25 questions.  The schedule for a technically correct and 
complete response to these questions is provided below. 
 

Question # Response Date 
RAI 03.04.02-12 November 18, 2009 
RAI 03.07.01-25 December 18, 2009 
RAI 03.07.02-43 December 18, 2009 
RAI 03.07.02-44 November 18, 2009 
RAI 03.07.02-45 November 18, 2009 
RAI 03.07.02-46 December 18, 2009 
RAI 03.07.02-47 December 18, 2009 
RAI 03.07.02-48 December 18, 2009 
RAI 03.07.02-49 November 18, 2009 
RAI 03.07.02-50 December 18, 2009 
RAI 03.07.02-51 December 18, 2009 
RAI 03.07.02-52 November 18, 2009 
RAI 03.07.02-53 November 18, 2009 
RAI 03.07.02-54 December 18, 2009 
RAI 03.07.02-56 November 18, 2009 
RAI 03.07.02-57 November 18, 2009 
RAI 03.07.02-58 September 29, 2009 
RAI 03.08.01-33 September 29, 2009 
RAI 03.08.01-34 September 29, 2009 
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RAI 03.08.01-35 September 29, 2009 
RAI 03.08.01-36 November 18, 2009 
RAI 03.08.03-19 September 29, 2009 
RAI 03.08.04-7 September 29, 2009 

 
 
Sincerely, 
 
  

Ronda Pederson  
ronda.pederson@areva.com  
Licensing Manager, U.S. EPR Design Certification  
AREVA NP Inc. 
An AREVA and Siemens company  
3315 Old Forest Road  
Lynchburg, VA  24506-0935    
Phone: 434-832-3694  
Cell: 434-841-8788  

From: Tesfaye, Getachew [mailto:Getachew.Tesfaye@nrc.gov]  
Sent: Tuesday, July 14, 2009 7:50 PM 
To: ZZ-DL-A-USEPR-DL 
Cc: Candra, Hernando; Chakravorty, Manas; Xu, Jim; Patel, Jay; Miernicki, Michael; Colaccino, Joseph; ArevaEPRDCPEm 
Resource 
Subject: U.S. EPR Design Certification Application RAI No. 248(2934,3030,3034,3098,3099,3100), Ch. 3 

Attached please find the subject requests for additional information (RAI).  A draft of the RAI was provided to 
you on June 18, 2009, and discussed with your staff on July 14, 2009.  No changes were made to the draft RAI 
questions 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. 248, Supplement 2 

7/14/2009

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

Docket No. 52-020 
SRP Section: 03.04.02 - Analysis Procedures 

SRP Section: 03.07.01 - Seismic Design Parameters 
SRP Section: 03.07.02 - Seismic System Analysis 

SRP Section: 03.08.01 - Concrete Containment 
SRP Section: 03.08.03 - Concrete and Steel Internal Structures of Steel or 

Concrete Containments 
SRP Section: 03.08.04 - Other Seismic Category I Structures 

Application Section: FSAR Ch 3 

QUESTIONS for Structural Engineering Branch 2 (ESBWR/ABWR Projects) (SEB2) 



AREVA NP Inc. 

Response to Request for Additional Information No. 248, Supplement 2 
U.S. EPR Design Certification Application Page 2 of 15 

Question 03.04.02-12: 

Follow-up to RAI Question 03.04.02-4 

The applicant has modified the FSAR to state that there are no access openings or tunnels 
which penetrate the exterior walls of the Nuclear Island or any other Seismic Category 1 
Structure below grade elevation.  This eliminates a potential path for water ingress and the staff 
finds this part of the response to be acceptable.  However, Tier 2, Figure 1.2-50 shows a below 
grade access into the Tendon Gallery from the Access Building.  As this interface can create a 
potential path for water ingress, the applicant is requested to address how water is prevented 
from entering into the Tendon Gallery at this location.  In its description the applicant is 
requested to include how differential settlement between the Tendon Gallery and the Access 
Building has been accounted for in the design. 

Response to Question 03.04.02-12: 

The Response to RAI 155, Supplement 3, Question 03.08.05-2 states that an expansion joint 
exists between the tendon gallery walls and the bottom of the foundation basemat.  However, 
this design has been changed so that tendon gallery walls are now rigidly connected to the 
basemat and transfer lateral stress to the underlying soil. This connection reduces potential 
paths for groundwater ingress to the tendon gallery.   A new dynamic FEM-SSI analysis of the 
U.S. EPR has been performed assuming tendon gallery walls are integral with the Nuclear 
Island (NI) basemat.  U.S. EPR FSAR Tier 2, Section 3.8.5.1.1 will be revised to reflect 
integration of tendon gallery walls with the NI common basemat. 

The tendon gallery is protected against flooding by water stops and watertight seals as 
described in U.S. EPR FSAR Tier 2, Section 3.4.2.  Seismic Category I structures below grade 
are protected from the effects of groundwater and the probable maximum flood (PMF) as 
addressed in the Response to RAI 239, Question 03.04.02-10.

Access to the tendon gallery is provided as part of the design of the site-specific Access 
Building, and a separation gap is provided between the structures to prevent interaction.  A 
flexible elastomer watertight seal bridges the separation gap to allow differential movement 
between the structures while protecting against water ingress.  Additional information regarding 
this watertight seal is provided in the Response to Question 03.07.02-56(h).   

FSAR Impact: 

U.S. EPR FSAR Tier 2, Section 3.8.5.1.1 will be revised as described in the response and 
indicated on the enclosed markup. 



AREVA NP Inc. 

Response to Request for Additional Information No. 248, Supplement 2 
U.S. EPR Design Certification Application Page 3 of 15 

Question 03.07.02-45: 

Follow-up to RAI Question 03.07.02-4

Given the thickness of the mat and stiffening effect of the attached superstructure the 
assumption of a rigid basemat is acceptable for determining the seismic response of the 
structure.  As discussed in its response, the applicant is requested to provide in the FSAR a 
description of the methods used to evaluate the flexibility of the mat in the out-of-plane direction 
and how the results of this evaluation are used to determine the forces and moments that apply 
to the design of the mat. 

Response to Question 03.07.02-45: 

U.S. EPR FSAR Tier 2, Section 3.7.2.3.1 and Section 3.7.2.4.7 describe the method used to 
evaluate out-of-plane flexibility and amplified seismic response of slabs and walls.  U.S. EPR 
FSAR Tier 2, Section 3.7.2.1.4 describes the method used to determine element forces and 
moments.  The basemat design implements these methods as follows: 

• The primary response is vibration in the out-of-plane direction of basemat spans located 
between the stiffening elements.  Basemat slab out-of-plane vibration frequency is first 
investigated by hand calculation and then confirmed by modal analysis of a basemat local 
FEM.  In both the hand calculation and the finite element model (FEM), basemat slab 
natural frequency is investigated assuming various conditions (e.g., with and without water, 
cracked and uncracked). 

• Subsequent time history analyses input motions are applicable to acceleration time history 
output from the soil structure interaction (SSI) analysis. 

• Actual material properties of concrete are assumed in the basemat 3D FEM.  Basemat 
element forces and moments are determined using the equivalent static load method of 
analysis where equivalent static loads corresponding to the ZPAs are obtained from the time 
history analyses and applied to the 3D FEM. 

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. 248, Supplement 2 
U.S. EPR Design Certification Application Page 4 of 15 

Question 03.07.02-49: 

Follow-up to RAI Question 03.07.02-11

The staff is unable to determine from the applicant’s response the basis for identifying locations 
where ISRS are generated.  FSAR Section 3.7.2.3.1 does not provide this information.  The 
applicant is again requested to provide the basis for the selection of locations for which ISRS 
are generated. 

Response to Question 03.07.02-49: 

Basis for the selection is determined by location of large mass or acceleration sensitive 
equipment and components in the buildings. Representative examples are provided in the U.S. 
EPR FSAR.  Other locations will be selected as the need arises during the design process.  

Key locations, such as those associated with the reactor building internal structures (RBIS) and 
Reactor Containment Building (RCB), represent locations of major components within those 
structures.  For example, U.S. EPR FSAR Tier 2, Section 3.7.2.5 and Section 2.5.2.6 describe 
the reactor vessel support, steam generator support, and polar crane support elevations.  
Similar criteria were used for selecting key locations in other Nuclear Island buildings. 

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. 248, Supplement 2 
U.S. EPR Design Certification Application Page 5 of 15 

Question 03.07.02-52: 

Follow-up to RAI Question 03.07.02-18

The response to RAI Question 03.07.02-6 does not describe the process used to develop ISRS 
for flexible walls and floors.  Provide the information that was originally requested and include 
this response in the response to the Supplemental RAI for Question 03.07.02-5. 

Response to Question 03.07.02-52: 

The Response to RAI 248, Question 03.07.02-18 should have referenced the Response to 
Question 03.07.02-9.

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. 248, Supplement 2 
U.S. EPR Design Certification Application Page 6 of 15 

Question 03.07.02-53: 

Follow-up to RAI Question 03.07.02-20

The response indicated that the Nuclear Auxiliary Building (NAB), which is a non-Seismic 
Category I structure, was designed using ASCE 43-05 for response level corresponding to Limit 
State (LS) “A” and design ground motion corresponding to the certified seismic design response 
spectrum.  The NRC has not endorsed the provisions of ASCE 43-05 for seismic design.
Furthermore, Limit State A (LS-A) corresponds to a structure near collapse under seismic loads 
where significant damage is expected.  According to ANSI/ANS 2.26, the primary requirement 
for a structure designed to Limit State A is that some margin is retained such that egress is not 
impaired, i.e. the occupants can get out safely.  Variances in input, the possible effect of 
aftershocks following an SSE and potential inaccuracies in accounting for non-linear structural 
behavior could remove remaining margin and potentially cause collapse of the structure. The 
NAB due to its location adjacent to Seismic Category I structures and the fact that it can 
potentially interfere with the safety function of a Seismic Category I structure must have a higher 
design margin than one that puts the structure in a condition under a seismic load that is just 
short of collapse.  In RG 1.206, Section C.I 3.7.2.8 it states that “The applicant should describe 
the seismic design of non-seismic Category I structures whose continued function is not 
required, but whose failure could adversely affect the safety function of SSC’s or result in 
incapacitating injury to control room occupants.  The description should include the design 
criteria that will be applied to ensure protection of seismic Category I structures from structural 
failure of non Category I structures as a result of seismic effects.”  The word “ensure” means to 
make sure or certain, guarantee, etc. This  philosophy is the basis for the acceptance criteria of 
SRP 3.7.2, SAC-8C in which the non-Category I structure is to be analyzed and designed to 
prevent its failure under SSE conditions such that the margin of safety is equivalent to that of 
the Category I structures.  In addition, 10CFR52.47(a)(9) requires that the applicant  identify and 
describe all differences in design feature, analysis technique, etc from the corresponding SRP 
acceptance criteria.  Where a difference exists, the evaluation shall discuss how the proposed 
alternative provides an acceptable method of complying with the commission's regulations, or 
portions thereof, that underlie the corresponding SRP acceptance criteria.  In technical report 
ANP-10292, AREVA has not identified any differences with SRP acceptance criteria; however, 
the response provided by the applicant does not demonstrate how the NAB meets acceptance 
criteria 8.C of SRP 3.7.2. 

Regarding the RWPB, the concern for this structure is its effect on the NAB.  While it is true the 
NAB is situated between the NI common basemat structures and the RWPB, the NAB design 
basis, as currently stated, is that it will be near collapse under an SSE event.  It has not been 
designed for the additional failure of the RWPB under a seismic event.  To state that because 
the NAB is located between the RWPB and the NI Common Basemat Structures it shields the 
NI Common Basemat Structures from any adverse effect of collapse of the RWPB cannot be 
justified by the design basis for the NAB.  The applicant is requested to provide the results of an 
analysis which demonstrates that under an SSE load, the structure will not collapse on, or 
interact with, the NAB.   

Part (c) of Question 03.07.02-20 requested the basis for the nonlinear models and to provide 
the results of the analysis using these models.  That was not provided.    As it appears the 
models are used for stability analysis, the applicant is requested to provide the results of the 
stability analysis for the NAB and its factor of safety against sliding and overturning (Question 
03.07.02-22 already addresses the stability analysis of the Common Basemat Structures).  As 
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Response to Request for Additional Information No. 248, Supplement 2 
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part of its response the applicant should provide the assumptions used in the analysis including 
the coefficient of friction against sliding and the basis for the properties used for the soil springs 
and dampers.  In addition, the applicant should provide the computer codes and a description of 
the analysis process.  

In summary, the staff is requesting that the applicant provide the following additional 
information:

a. As the applicant in Technical Report ANP-1092 did not identify any differences with SRP 
3.7.2, the applicant is requested to demonstrate that the approach proposed in the 
FSAR meets the acceptance criteria of SRP 3.7.2, SAC-8C and that the NAB will have a 
factor of safety that is equivalent to seismic Category I structure.  In its response the 
applicant should provide:    

i. The ratio of the elastic displacement of the structure to its inelastic displacement 
under the SSE load. 

ii. The ratio of the inelastic displacement to its ultimate displacement capacity. 

iii. The state of stress and strain in critical load bearing elements with a comparison 
against their ultimate capacity. 

b. ·   For the RWPB, the applicant is requested to demonstrate that under an SSE event 
this structure will not collapse and impact the NAB.  The response should include the 
structures displacement during a seismic event and the level of concrete strain for critical 
sections and its factor of safety against sliding and overturning due to an SSE. 

Regarding the stability analysis of the NAB, the applicant should provide the methods 
of analysis, modeling assumptions, material properties and their bases (including coefficients of 
friction against sliding), computer codes, output results, and the calculated factors of safety 
against sliding and overturning for the structure. 

Response to Question 03.07.02-53: 

The Nuclear Auxiliary Building (NAB) is an RW-IIa structure classified as Seismic Category II 
because of its proximity to Category I structures, systems, or components (SSC).  U.S. EPR 
FSAR Tier 2, Section 3.7.2.8 and Table 3.7.2-29 will be revised to remove the use of ASCE 43-
05 for designing features intended to prevent NAB collapse.  The NAB is designed so that its 
collapse occurs away from the adjacent Category I structure to prevent it from striking the 
Seismic Category I structure in accordance with SRP 3.7.2, acceptance criteria SAC-8A. 

a. To prevent interaction with Category I structures, NAB design incorporates a lateral 
force-resisting system (LFRS) with controlled collapse zone.  This controlled collapse of 
the LFRS in sides adjacent to Category I Structures will remain elastic under SSE loads 
so that NAB collapse occurs in a favorable direction, away from Seismic Category I 
structures.  The ratios requested are not provided because the structure design prevents 
its collapse from causing it to strike the adjacent Category I structure, thereby 
conforming to the guidance of SRP 3.7.2, acceptance criteria SAC-8A.       

b. The Radioactive Waste (Processing) Building RWB is classified as a Radwaste Seismic 
(RS) structure and is designed for 1/2 SSE in accordance with RG 1.143 criteria.  It is 
not evaluated to the full SSE because it does not have the potential to directly interact 
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with Category I structures, and indirect transfer of loads through the NAB is prevented by 
its LFRS, which incorporates a controlled collapse zone that prevents the NAB from 
striking adjacent Category I structures.  The U.S. EPR FSAR does not provide RWB 
structural displacement during a seismic event, concrete strain levels, and factors of 
safety against sliding and overturning because the RWB is not a Seismic Category I 
structure and will not be evaluated for SSE. 

Because it is a Category II structure, the NAB is designed in a manner that prevents it from 
impairing the design basis safety function of adjacent SSC.  The NAB is designed for controlled 
collapse away from adjacent Category I structures.  The NAB stability analysis conforms to SRP 
3.7.2, acceptance criteria SAC-8A.  Taking NAB design features into consideration, gap 
distances between the NAB and Fuel Building (FB) and the NAB and Safeguard Building 4 (SB 
4) sufficiently prevent interaction with adjacent Category I structures.   

Considering U.S. EPR certified seismic design response spectra (CSDRS) input ground motion, 
if two buildings slide out-of-phase using two times the square root of the sum of squares of 1.5 
times the U.S. EPR peak ground displacement (which calculation is acknowledged to be 
conservative and acceptable by NUREG/CR-6926, Section 4.5) the required distance for no-
interaction is less than the 18-inch separation gap between the NAB and adjacent Category I 
structures.

FSAR Impact: 

U.S. EPR FSAR Tier 2, Section 3.7.2.8 and Table 3.7.2-29 will be revised as described in the 
response and indicated on the enclosed markup. 
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Question 03.07.02-56: 

Follow-up to RAI Question 03.07.02-28

In its response to Question 03.07.02-28, the applicant states that non-Category I structures are 
evaluated for potential interaction with Category I structures using the guidelines listed in 
response to Question 03.07.02-20.  The response to Question 03.07.02-20 states that 
Appropriate Energy Absorption Factors (F  values) are selected from Table 5-1 of ASCE 43-05. 
The response reduction factors are applied to the seismically induced in-plane forces (shear 
and tension) and in-plane moments. According to the FSAR on page 3.7-95 the energy 
absorption factor selected corresponds to Limit State A (LS-A) in which the structure is designed 
to be near collapse under seismic loads and is expected to have significant damage.  As stated 
in its assessment of the applicant’s response to Question 03.07.02-20, variances in input could 
remove remaining margin and potentially cause collapse of a structure. This does not appear to 
meet the acceptance criteria of SRP 3.7.2, SAC-8C in which the non-Category I structure is to 
be analyzed and designed to prevent its failure under SSE conditions such that the margin of 
safety is equivalent to that of the Category I structure nor does it meet the guidelines of RG 
1.206 which states in Section C.I.3.7.2.8 “The applicant should describe the seismic design of 
non-seismic Category I structures whose continued function is not required, but whose failure 
could adversely affect the safety function of SSC’s or result in incapacitating injury to control 
room occupants.  The description should include the design criteria that will be applied to 
ensure protection of seismic Category I structures from structural failure of non Category I 
structures as a result of seismic effects.”   For the Fire Protection Storage Tanks and Buildings 
the applicant states in FSAR Section 3.7.2.8 on page 3.7-98 that they will be designed for 
elastic behavior with no damage.  The staff finds this to be acceptable for these structures.  For 
the design of the Access Building and Turbine Building, the applicant is requested to 
demonstrate how the applicant’s proposed approach meets the acceptance criteria of SRP 
3.7.2, SAC-08.C. In its response the applicant should provide the following information:  

a. Provide the specific steps that were used to determine the seismic response of both the 
Turbine Building and Access Building including a description of the seismic model, 
method of analysis, seismic input, and how the seismic loads were determined. 

b. Describe how the analysis accounted for the various soil conditions considered in the 
U.S. EPR design and how the CSDRS were used in the analysis. 

c. Provide for each structure the ratio of its elastic displacement to its inelastic 
displacement. 

d. Provide for each structure the ratio of its inelastic displacement to its ultimate 
displacement capacity. 

e. Provide for each structure the margins for critical load bearing elements against their 
ultimate capacity. 

f. The main steam and feed water lines have anchor points at the Turbine Building and at 
the main steam valve (MSV) and main feed valve (MFV) stations.  Describe how the 
seismic response of the main steam and feed water lines between the TB and valve 
stations was calculated and discuss the impact of both the inertial loads and anchor 
displacements on the isolation valves and the ability of these valves to operate during an 
SSE event.  Provide a comparison of the allowable loads on these valves with the loads 
from the SSE. 
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g. For the Access Building describe how the seismic interaction assessment of the Access 
Building with the Safeguards Buildings 3 and 4 was conducted and provide the 
displacements of this structure under seismic load.  Compare the total displacement 
between the Access Building and Safeguards Buildings 3 and 4 with the available 
seismic gap.   

h. There appears to be an opening in the foundation of the Access Building by which 
personnel can enter the Tendon Gallery (see Tier 2 FSAR Figure 1.2-50).  During a 
seismic event, these two structures will each have a different response, with the 
possibility that there could be a direct impact of one structure by the other at the 
interface.  Discuss the consequences of an impact between these two structures during 
a seismic event. Include in the response the calculated seismic displacements in three 
orthogonal directions for each structure at the Tendon Gallery/Access Building interface.   

i. Provide the results of the stability analysis of the Access Building and Turbine Building 
for both sliding and overturning.  

The response also states that FSAR Table 3.7.2-29 provides parameters that establish 
adequacy of structural separations using safe shutdown earthquake (SSE) excitations which 
conforms to SRP guidance.  The applicant is asked to identify which SRP guidance the 
response is referring to, how the parameters outlined in FSAR Table 3.7.2-29 meet the intent of 
the SRP guidance, and how the FSAR table provides parameters that establish the adequacy of 
structural separations. 

Response to Question 03.07.02-56: 

U.S. EPR FSAR Tier 1, Section 4.4 and Section 4.12 indicate that designs and related seismic 
analyses of the Turbine Building (TB) and the Access Building (AB), respectively, are not part of 
U.S. EPR design certification scope and are the responsibility of each COL applicant. A COL 
applicant that references the U.S. EPR design certification will be responsible for satisfying the 
interface requirements in the COL FSAR to demonstrate compatibility with the U.S. EPR design. 

For completeness, the additional conceptual design information described below is to be 
provided for the AB and TB in U.S. EPR FSAR Tier 2, Section 3.7.2.8 and satisfied by COL 
applicants. A new COL item for this purpose is added to U.S. EPR FSAR Tier 2, Table 1.8-2 
and Section 3.7.2.8. 

TB and AB seismic classifications are changed to Seismic Category II. These structures are to 
be designed using conventional seismic codes and standards (IBC, ACI 318, AISC 341), but 
also analyzed for full SSE loads. These buildings are to be designed in such a way that the 
deformation, collapse, or partial collapse due to SSE loads is controlled by introducing an 
eccentrically braced frame in steel structures and “crumple zone” in concrete structures. The 
seismic interaction evaluation with full SSE loads is to verify gap distance adequacy and to 
confirm that collapse of the TB and AB will not cause them to strike Seismic Category I 
structures in accordance with SRP 3.7.2, acceptance criteria SAC-8A criteria.  U.S. EPR FSAR 
Tier 2, Section 3.7.2.8 and Table 3.2.2-1 will be revised to indicate the changed TB and AB 
seismic classification.  

a. As indicated above, the AB and the TB are site-specific structures.  Generation of 
seismic models, determination of seismic loads, and seismic analyses are to be 
addressed by the COL applicant.  
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b. AB and TB are site-specific structures and are not a part of the U.S. design certification 
scope.  Their designs and analyses will be performed by the COL applicant.  

c. No elastic or inelastic displacements are calculated or described in the U.S. EPR FSAR 
for the AB and TB because these structures are not part of the U.S. EPR design 
certification scope.  

d. No inelastic or ultimate displacements are calculated or described in the U.S. EPR 
FSAR for the AB and TB because these structures are not part of the U.S. EPR design 
certification scope.  

e. Critical elements are not designed or described in the U.S. EPR FSAR for the AB and 
TB because these structures are not part of the U.S. EPR design certification scope.  

f. As required by ANP-10264NP-A “U.S. EPR Piping Analysis and Pipe Support Design 
Topical Report,” Seismic Category I Feedwater and Main Steam Supply piping is 
appropriately terminated with anchors at the TB and at the MSV and MFV stations.  
These anchors are designed to isolate Seismic Category I piping from loads that may be 
induced by connected non-Seismic Category I piping.  Portions of feedwater and main 
steam supply pipelines beyond these anchor points are classified as non-seismic and 
quality group E (U.S. EPR FSAR Tier 2, Table 3.2.2-1 provides seismic classification 
and applicable codes) as described in U.S. EPR FSAR Tier 2, Section 3.2.2.5.  Quality 
group E components and their supports may be designed to meet the requirements of 
relevant commercial or industrial standards and generally accepted engineering practice.  
Additionally, U.S. EPR FSAR Tier 2, Appendix 3A provides criteria for distribution 
systems analysis and supports and references ANP-10264NP-A “U.S. EPR Piping 
Analysis and Pipe Support Design Topical Report.”  Section 6.0 of ANP-10264NP-A 
provides pipe support design criteria including SSE loads.  Specific values for inertial 
loads and anchor displacements will be calculated during detailed piping design and will 
be available for NRC inspection. 

g. The AB is a site-specific structure and is not a part of the U.S. EPR design certification 
scope.  Each COL applicant must demonstrate that the AB will not interact with the 
adjacent Safeguard Building (SB) 3 and SB 4. Separation gap adequacy will be verified 
as required by U.S. EPR FSAR Tier 2, Table 1.8-2 COL item 3.7-7. 

h. Underground portions of the AB and tendon gallery are structurally separated by an 
underground gap.  The underground gap between these structures is bridged by a 
flexible watertight seal that is designed to allow three orthogonal directions of relative 
movement between structures due to differential settlement or seismic events.  

i. As indicated above, the AB and the TB are site-specific structures and analysis is to be 
provided by the COL applicant.  

U.S. EPR FSAR Tier 2, Table 3.7.2-29 identifies seismic interaction evaluation criteria 
and design codes rather than providing specific parameters. This table will be revised 
based on the AB and TB evaluation approach explained as part of this question. The AB 
and TB seismic classification will be changed from Conventional Seismic to Seismic 
Category II because of their potential seismic interaction with Seismic Category I SSC. 
The entry for “Seismic Interaction Evaluation” will be changed to “No interaction”. These 
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structures are to be analyzed by the COL applicant using full SSE load, as indicated in 
the fourth column of the table, and designed to collapse in a controlled manner so that 
their collapse does not cause them to strike adjacent Seismic Category I structures.  
This design satisfies SRP 3.7.2, acceptance criterion SAC-8A.  

FSAR Impact: 

U.S. EPR FSAR Tier 2, Sections 3.7.2.8, Table 1.8-2, Table 3.2.2-1 and Table 3.7.2-29 will be 
revised as described in the response and indicated on the enclosed markups. 
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Question 03.07.02-57: 

Follow-up to RAI Question 03.07.02-29

The response does not address the question asked regarding the method of seismic analysis 
and the calculation of seismic displacements for conventional seismic structures.  The applicant 
is requested to provide the method of analysis that is used for each conventional structure that 
has the potential to interact with a seismic Category I structure, identify its seismic input, and 
provide a comparison between the design seismic gap and the total calculated displacement for 
each seismic Category I structure and conventional seismic structure for which a potential 
interaction has been identified.   

Response to Question 03.07.02-57: 

As stated in U.S. EPR FSAR Tier 2, Section 3.7.2.3.3, “Non Seismic Category I structures with 
potential to impair the design basis safety function of a Seismic Category I SSC will be classified 
as Seismic Category II in accordance with the criteria identified in Section 3.2.1.2. Seismic 
Category II structures will be designed and analyzed to the codes and standards associated 
with conventional seismic structures but their analyses will also consider the SSE event. 
Category II structures are to be seismically analyzed and supported to prevent transfer of 
unanalyzed loads to a Category I structure.  Procurement, quality control, and QA requirements 
for Category II structures will conform to conventional seismic codes and standards and the 
directions provided in Section 3.2.1.2.”  Conventional seismic structures with the potential to 
interact with Seismic Category I SSC are analyzed for a full SSE and supported to prevent 
unanalyzed loads from being transferred to a protected Category I SSC.  U.S. EPR FSAR Tier 
2, Section 3.7.2.8 will be revised to be consistent with the design requirements for Seismic 
Category II structures as stated in U.S. EPR Tier 2, Section 3.7.2.3.3, which will be revised for 
clarification. 

U.S. EPR FSAR Tier 2, Section 3.7 and Section3.7.2.3.4 will be revised to correct references to 
Section 3.7.2.8. 

Vent Stack 

U.S. EPR FSAR Tier 2, Section 3.7.2.8, describes the vent stack as Seismic Category II and 
states that it is designed to Seismic Category I requirements.  Therefore, the vent stack has no 
potential for adverse interaction with Seismic Category I structures.   

Nuclear Auxiliary Building (NAB)  

The response to RAI 248, Question 03.07.02-53 addresses the seismic interaction between the 
NAB and other Seismic Category I structures. 

Access Building (AB) and Turbine Building (TB) 

The response to RAI 248, Question 03.07.02-56 addresses the seismic interaction between the 
AB and TB with other Seismic Category I structures.
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FSAR Impact: 

The U.S. EPR FSAR Tier 2, Section 3.7, Section 3.7.2.3.3, Section 3.7.2.3.4, and Section 
3.7.2.8 will be revised as described in the response and indicated on the enclosed markup. 
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Question 03.08.04-7: 

Follow-up to RAI Question 3.8.4-1

The applicant’s response states that the Radioactive Waste (Processing) Building (RWB) and 
Nuclear Auxiliary Building (NAB) are RW IIa structures designated as NS-AQ (non-safety 
related, augmented quality). The response further states that the RWB and the NAB are 
classified as neither “Seismic Category I” nor “safety related;” therefore, they (and reference to 
RG 1.143) are not included in U.S. EPR FSAR Tier 2, Section 3.8.4. 

If the RWB and NAB structures are intended to be within the Design Certification, then the staff 
requires design information to perform its review.  The staff notes that RG 1.143 indicates that 
Radwaste Structures, although not referred to as “safety related,” do have some safety 
functions.  Furthermore, SRP 3.8.4 does reference RG 1.143 as one of the regulatory guidance 
documents that is appropriate for such structures.  Therefore, the staff requests again that the 
design information for these structures be provided in the FSAR. 

Response to Question 03.08.04-7: 

10 CFR 50.2 says that the term “safety-related” applies to “structures, systems and components 
that are relied upon to remain functional during and following design basis events to assure:  (1) 
The integrity of the reactor coolant pressure boundary, (2) The capability to shut down the 
reactor and maintain it in a safe shutdown condition; or (3) The capability to prevent or mitigate 
the consequences of accidents which could result in potential offsite exposures comparable to 
the applicable guideline exposures set forth in § 50.34(a)(1) or § 100.11 of this chapter, as 
applicable.”   

Neither the NAB nor the RWPB, nor the systems or components contained within these 
structures, nor the functions they perform, fall within this definition.  Thus, NAB and RWPB are 
not safety-related structures and are consequently not included in U.S. EPR FSAR Tier 2, 
Section 3.8.4.  Nonetheless, they are radioactive waste management structures and are subject 
to RG 1.143 guidance for classification, design, and construction.  They are classified according 
to RG 1.143 guidance and will be designed and constructed in accordance with RG 1.143.  

U.S. EPR FSAR Tier 2, Section 3.7.2 describes codes and standards to be used in seismic 
design and construction of the RWPB and NAB structures and those design criteria that prevent 
seismic structural interaction of these structures with nearby Seismic Category I SSC, in 
conformance with regulatory guidance.  Design details for these non-safety-related structures 
will be developed later in the design process. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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3.7-6 A COL applicant that references the US EPR 
design certification will provide the seismic 
design basis for the sources of fire protection 
water supply for safe plant shutdown in the 
event of a SSE.

3.7.2.8 Y

3.7-7 A COL applicant that references the U.S. EPR 
design certification will demonstrate that failure 
of site-specific structures that are not included in 
the U.S. EPR standard plant design will not 
impair the ability of Seismic Category I systems, 
structures, or components to perform their 
design basis safety functions.

3.7.2.8 Y

3.8-1 A COL applicant that references the U.S. EPR 
design certification will confirm that site-
specific loads lie within the standard plant 
design envelope for the Reactor Containment 
Building, or perform additional analyses to 
verify structural adequacy.

3.8.1.3 Y

3.8-2 A COL applicant that references the U.S. EPR 
design certification will describe any differences 
between the standard plant layout and design of 
Seismic Category I structures required for site-
specific conditions.

3.8.4.1 Y

3.8-3 A COL applicant that references the U.S. EPR 
design certification will confirm that site-
specific loads lie within the standard design 
envelope for other Seismic Category I structures, 
or perform additional analyses to verify 
structural adequacy.

3.8.4.3 Y

3.8-4 A COL applicant that references the U.S. EPR 
design certification will provide a description of 
Seismic Category I buried conduit and duct 
banks.

3.8.4.1.8 Y

3.8-5 A COL applicant that references the U.S. EPR 
design certification will provide a description of 
Seismic Category I buried pipe and pipe ducts.

3.8.4.1.9 Y

 Table 1.8-2—U.S. EPR Combined License Information Items
 Sheet 15 of 47

Item No. Description Section

Action 
Required
by COL 

Applicant

Action 
Required
by COL 
Holder
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 STRUCTURES
UFA, UJA, UJB, 
UJH, UJK, UJE, 
JM

Nuclear Island 
Structural System
(Fuel, Reactor, 
Safeguard 
Buildings)

S N/A I Yes UFA, UJ
UJB, UJH
UJK, UJ

JM

JMK Piping Containment 
Penetrations

S B I Yes UJA, UJ

JML Cable Containment 
Penetrations

S B I Yes UJA, UJ

UBP Emergency Power 
Generating 
Buildings

S N/A I Yes UBP

URB Essential Service 
Water Cooling 
Tower Structures

S N/A I Yes URB

UQB Essential Service 
Water Pump 
Buildings

S N/A I Yes UQB

UKA Nuclear Auxiliary 
Building

NS-AQ N/A RS, CSII No UKA

UKS Radioactive Waste 
Processing 
Building

NS-AQ N/A RS, CS No UKS

UKH Vent Stack NS-AQ N/A II Yes UKH

 Table 3.2.2-1—Classification Summary
 Sheet 151 of 182

KKS System or
Component Code SSC Description

Safety 
Classification

(Note 15)
Quality Group 
Classification

Seismic 
Category
(Note 16)

10 CFR 50 
Appendix 

B Program
(Note 5)

Locatio
(Note 1
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SMA01 Manual Hoists NS N/A NSC No All

SMZ01 Outdoor Crane NS-AQ N/A II Yes UZT

SMJ01 Polar Crane NS-AQ N/A II Yes UJA

SMJ07/08/09/10 Steam Generator 
Cubicle Cranes

NS-AQ N/A II Yes UJA

((UKE Access Building NS-AQ N/A CSII No UKE

UBZ Buried Conduit 
Duct Bank

S N/A I Yes UBZ))

HVAC SYSTEMS
SAB Main Control Room Air Conditioning System
30SAB11/14 AT003 Carbon Adsorbers S C I Yes UJK

30SAB01/02/03/04 
AT004

Demisters S C I Yes UJK

30SAB45 AA004 Downstream Exhaust 
Air Isolation Damper

S C I Yes UJK

30SAB32 AH001-
007

Electric Air Heaters NS-AQ D II No UJK

SAB Safety-Related Fire 
Dampers

S C I Yes UJK

30SAB11/14 AH001 Electric Heater for 
Carbon Filter

S C I Yes UJK

 Table 3.2.2-1—Classification Summary
 Sheet 153 of 182

KKS System or
Component Code SSC Description

Safety 
Classification

(Note 15)
Quality Group 
Classification

Seismic 
Category
(Note 16)

10 CFR 50 
Appendix 

B Program
(Note 5)

Locatio
(Note 1
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The seismic analysis and design of the reactor coolant system (RCS) is presented in 
Appendix 3C.  The seismic margin of the U.S. EPR SSC, assessed on a plant basis, is 
discussed in Section 19.1. 

Seismic protection for SSC for the U.S. EPR is based on a deterministic design 
approach that verifies the capability of the SSC to perform their safety functions in 
case of an SSE.  In this approach each SSC is assigned to one of the following seismic 
categories based on its function:

� Seismic Category I.

� Seismic Category II.

� Conventional Seismic.

� Radwaste Seismic.

� Non-Seismic.

The definition of these seismic categories and a list of those SSC included in each 
category are provided in Section 3.2.1.

The potential for structure-to-structure interaction between the Nuclear Island (NI) 
Common Basemat Structures and adjacent Conventional Seismic structures under SSE 
loading is evaluated using the structural interaction criteria described in 
Section 3.7.2.8.  In addition, an explicit seismic analysis and design case for a ½ SSE 
level seismic event is performed for structures that are classified as Radwaste Seismic 
in accordance with RG 1.143, Rev. 2.  For radwaste structures, the term ½ SSE used 
throughout this document corresponds to the standard plant design SSE.  Design 
measures provide reasonable assurance that unacceptable radiological releases from 
these buildings are avoided, and that the consequences of potential failures of 
components in the Radwaste Seismic structures during seismic events greater than ½ 
SSE have no adverse effects on safety-related SSC.

Appendix S of 10 CFR 50 further requires that suitable instrumentation be provided so 
that the seismic response of nuclear power plant features important to safety can be 
evaluated promptly after an earthquake, and that the plant be shutdown if vibratory 
ground motion exceeding that of the OBE occurs or if significant plant damage occurs.  
RG 1.12, Rev. 2 describes acceptable seismic monitoring instrumentation.  Criteria for 
evaluating the need to shut down the plant following an earthquake are established 
using the cumulative absolute velocity approach and OBE exceedance criteria 
developed by EPRI and incorporated into RG 1.166 and RG 1.167.  The installation of 
instruments for the seismic monitoring system and the controlled shutdown logic to 
be followed are described in Section 3.7.4.

03.07.02-57
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the EPGB, modifications are made to the slab stiffness at elevation +51 ft, 6 inches to 
accurately represent the stiffness of composite beams.  For the ESWB, two additional 
modeling features are used:

� Space frame elements are used to simulate the fill support beams and the 
distribution header supports.

� Rigid water mass, calculated in accordance with the procedure in ASCE 4-98, 
Reference 1 and ACI 350.3 (Reference 3), is lumped on the appropriate basin walls.  
Both low water and high water level are separately considered.

Figure 3.7.2-57—Isometric View of GTSTRUDL FEM for Emergency Power 
Generating Building and Figure 3.7.2-58—Section View of GTSTRUDL FEM for 
Emergency Power Generating Building illustrate an isometric view and a section view 
of the 3D FEM of the EPGB.  Figure 3.7.2-59—Isometric View of GTSTRUDL FEM for 
Essential Service Water Building and Figure 3.7.2-60—Section View of GTSTRUDL 
FEM for Essential Service Water Building, depict the 3D FEM of the ESWB. 

For walls and slabs, adjustment is made to account for cracked section properties. 
Specifically, a value of 0.5Ec is typically used to determine out-of-plane stiffness of 
these concrete walls and floors.  There remains the possibility that the wall stiffness 
may be between the fully cracked and uncracked conditions.  To bound the dynamic 
response in the SSI analysis, SDOF out-of-plane oscillators based on uncracked section 
properties are included in the SASSI model at the center of selected slabs and walls.

3.7.2.3.3 Seismic Category II Structures

The seismic analysis and design of Seismic Category II structures and members meets 
the requirements for Seismic Category I structures and membersNon-Seismic Category 
I structures with  potential to impair the design basis safety function of a Seismic 
Category I SSC will be classified as Seismic Category II in accordance with the criteria 
identified in Section 3.2.1.2.  Seismic Category II structures will be designed and 
analyzed to the codes and standards associated with Conventional Seismic structures 
but their analyses will also consider the SSE event.  Category II structures are to be 
seismically analyzed and supported to prevent transfer of unanalyzed loads to a  
Category I structure.  Procurement, quality control, and QA requirements for 
Category II structures will be performed to conventional seismic codes and standards 
and the guidance provided in Section 3.2.1.2.

3.7.2.3.4 Conventional Seismic (CS) Structures

The analysis and design of Conventional Seismic building structures shall will be in 
accordance with the applicable requirements of the International Building Code (IBC) 
(Reference 4) and other codes, as appropriate (see Section 3.2.1.4 for description of CS 
structures).  Structural interaction between Conventional Seismic building structures 

03.07.02-57
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that have the potential to interact with Seismic Category I structures is evaluated to 
provide reasonable assurance they do not impact or affect the functioning of Seismic 
Category I SSC under SSE and tornado load conditions using the criteria presented in 
Section .

3.7.2.4 Soil-Structure Interaction 

The SSI analysis of the NI Common Basemat Structures and NAB are performed using 
the AREVA computer code SASSI, Version 4.1B, for the generic soil cases specified in 
Table 3.7.1-6.  The free-field input motion to the SSI analysis is the certified seismic 
design response spectra (CSDRS) previously described in Section 3.7.1.1.1 for the 
seismic design of NI Common Basemat Structures.

For EPGB and ESWB, Bechtel computer code SASSI 2000, Version 3.1, is used in the 
seismic SSI analysis.  The free-field input motion to the SSI analysis is the modified 
CSDRS described in Section 3.7.1.1.1 and illustrated in Figure 3.7.1-30.  The modified 
CSDRS accounts for the approximate structure-soil-structure interaction (SSSI) effect 
of the NI Common Basemat Structures on the free-field motions at the locations of 
these structures, and is developed based on the results of the SSI analysis of the NI 
Common Basemat Structures and NAB.

Methodology for the SSI analysis of the NI Common Basemat Structures and NAB, 
EPGB and ESWB is discussed in the following.

3.7.2.4.1 Step 1 - Selection of Generic Soil Profiles

The ten generic soil profiles previously specified in Table 3.7.1-6 are considered 
representative of potential sites in the central and eastern United States (CEUS).  They 
are Soil Cases 1u to 5u, 5a, 1n2u, 2sn4u, 2n3u, and 3r3u ranging from soft soil to 
medium soil to hard rock conditions.  Case 5a is intended to simulate the hypothetical 
condition of a hard rock approaching a rigid foundation medium.  Table 3.7.2-9—Soil 
Properties Associated With Different Generic Shear Wave Velocities, lists the soil 
properties associated with the various shear wave velocities considered in the generic 
soil profiles.  For US EPR design certification, the generic soil properties are taken to 
be strain-compatible values during seismic events.  Column 2 of Table 3.7.1-6 shows 
the free-field input motion associated with each of the ten generic soil cases 
considered in the SSI analysis of the NI Common Basemat Structures and NAB.  Each 
generic soil case is associated with one of the three free-field input motions except that 
Soil Cases 2u and 4u are associated with two different input motions, giving rise to a 
total of twelve SSI analysis cases for the NI Common Basemat Structures and NAB.  
Figure 3.7.1-31 and Figure 3.7.1-32 illustrate the shear wave velocity profiles of the 
ten generic soil cases.

03.07.02-57
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3.7.2.6 Three Components of Earthquake Motion 

(1)  NI Common Basemat Structures and NAB

As previously stated in Section 3.7.2.4.6, the floor acceleration time history in a 
given direction is obtained by algebraically combining the three corresponding 
time histories due to the three earthquake components.  Therefore, both the floor 
ZPA and the ISRS for the floor acceleration time history properly account for the 
contributions from the three components of earthquake motion.  For member 
forces and moments in the stick models, the STRESS module of SASSI code outputs 
the maximum member force/moment in the stick model due to each earthquake 
motion component.  The maximum member forces/moments due to the three 
earthquake motion components are then combined by the SRSS rule to obtain the 
maximum total member force/moment.  The use of the SRSS rule is consistent 
with the guidelines specified in RG 1.92, Revision 2.

(2)  EPGB and ESWB

As previously stated in Section 3.7.2.4.6, the ZPA of the floor acceleration time 
histories in a given direction due to the three earthquake motion components are 
combined using the (1.0, 0.4, 0.4) rule.  The response spectra for the floor 
acceleration time histories in a given direction due to the three earthquake motion 
components are combined using the SRSS rule to determine the combined ISRS.  
The (1.0, 0.4, 0.4) rule is also consistent with the guidelines specified in RG 1.92, 
Revision 2.

3.7.2.7 Combination of Modal Responses

When the response spectrum method of analysis is used, the maximum modal 
responses are combined using one of the methods specified in RG 1.92, Section C, 
Revision 2.  Such combination methods include the grouping method, ten percent 
method and double sum methods, and they consider the effects of closely spaced 
modes having frequencies differing from each other by 10 percent or less of the lower 
frequency.

The effect of missing mass for modes not included in the analysis is accounted for by 
calculating the residual seismic load in  accordance with AREVA NP Topical Report 
ANP-10264NP-A (Reference 11) and RG 1.92, Appendix A, Revision 2.

3.7.2.8 Interaction of Non-Seismic Category I Structures with Seismic Category I 
Structures

Figure 1.2-1 and Figure 3B-1 show the layout of structures for a typical U.S. EPR 
standard plant.  The Access Building and Turbine Building are site-specific structures.  
A COL applicant that references the U.S. EPR design certification will provide the 
site-specific separation distances for the Access Building and Turbine Building.  The 
potential for seismic-induced interaction between Seismic Category I structures and 
non-seismic Category I structures is assessed to verify the ability of Seismic Category I 
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SSC to perform their safety functions.  The basis for the seismic interaction assessment 
guidelines given below is the prevention of structure-to-structure impactto prevent 
impairment of Category I structure design basis safety functions.

� The collapse of the non-Category I structure does not cause the non-Category I 
structure to strike a Category I SSC.

� The collapse of the non-Category I structure does not impair the integrity of 
seismic Category I SSC, nor result in incapacitating injury to control room 
occupants.

� Conventional Seismic structures that have the potential to interact with Seismic 
Category I structures are assessed for collapse potential under SSE and tornado 
loading (acting independently).  Seismic demand for the SSE is computed in 
accordance with ASCE 4-98, Reference 1 and the methodologies in Section 3.7.2  
Seismic load combinations are developed in accordance with ASCE 43-05 
(Reference 5), using a limiting acceptable condition for the structure characterized 
as short of collapse, but structurally stable (i.e., Seismic Design Category 5 - Limit 
State A) as specified in the Standard.The non-Category I structure will be analyzed 
and designed to prevent its failure under SSE conditions such that the margin of 
safety is equivalent to that of a Category I structure.

� For Conventional Seismic structures that have the potential to interact with 
Seismic Category I structures, the combined seismic deflection is less than the 
separation distance (i.e., gap) between the structures.

� In the case where damage to Category I SSC cannot be precluded by the criteria 
above, the structure is classified as Seismic Category II and designed to the same 
criteria as Seismic Category I structures.

The seismic interaction criteria and assessment guidelines are summarized in 
Table 3.7.2-29—Seismic Structural Interaction Criteria for Building Structures.  The 
Vent Stack, NAB, Access Building (AB), and the Turbine Building (TB) are 
Conventional Seismic structures that have the potential to interact with the NI 
Common Basemat Structures and are categorized as Seismic Category II.  Results of the 
seismic interaction assessment for those structures are presented below, with 
associated discussions of the Radioactive Waste Processing Building (RWPB) and Fire 
Protection Storage Tanks and Building. 

The TB and AB are conceptual design structures, as stated in Section 1.8,  and a seismic 
interaction analysis has not been performed.

A COL applicant that references the U.S. EPR design certification will demonstrate 
that failure of site-specific structures that are not included in the U.S. EPR standard 
plant design will not impair the ability of Seismic Category I systems, structures, or 
components to perform their design basis safety functions.
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Vent Stack

The vent stack is described in Section 3.7.2.4.2 as a steel structure approximately 100 ft 
high located on top of the stair towercase structure between the FB and SB 4 (see 
Figure 3B-1).  The vent stack is classified as Seismic Category II and designed to the 
same requirements as Seismic Category I structures.  The stack is also designed for 
design basis tornado loading.  Therefore, the vent stack has no potential for adverse 
interaction with the NI Common Basemat Structures.

Nuclear Auxiliary Building 

Figure 3B-1 shows that the separation gap between the Nuclear Auxiliary Building and 
the NI Common Basemat Structures is 18 in.  An evaluation of the potential for seismic 
interaction between the NAB and the NI Common Basemat Structures indicates that 
the maximum relative seismic displacement between the two structures is less than the 
gap dimension.  The evaluation is performed using results from a series of nonlinear 
analyses using dynamic finite element models of each structure.  The model used for 
the NI Common Basemat Structures is the nonlinear lumped parameter model 
described in the second of half of Section 3.8.5.4.2.  A similar nonlinear model was 
created for the NAB building based upon the linear lumped parameter stick model 
described in Section 3.7.2.3.1.2.  Analyses were conducted for a coefficient of friction 
at the soil-structure interface of 0.5 and 0.7.

To provide sufficient design margin to prevent collapse or unacceptable performance 
under SSE loading, the design forces and moments for critical structural elements of 
the NAB are modified in accordance with the guidance of Reference 5.  A reduction in 
the forces and moments due to seismic effects is taken using an inelastic energy 
absorption factor (Fμ) from Table 5-1 of ASCE 43-05 (Section 5.) for reinforced 
concrete shear walls.  The inelastic energy absorption factor is based on the Limit State 
A criterion of ASCE 43-05 where permanent distortion, short of collapse, is permitted.  
The factor is for seismic design criteria and, hence, no reduction in force and moments 
is taken for other load cases including tornado effects.  The Fμ factor is applied to 
tension, in-plane shear, and out-of-plane bending moment.  A value of Fμ = 2 is 
adopted for in-plane bending moments and shear in conjunction with axial tension.  
Per Section C5.1.2.3 of ASCE 43-05, a value of Fμ = 1 is used for out-of-plane shear in 
conjunction with axial tension.  For elements subjected to combined axial force and 
bending, a value of Fμ = 2 is only applied to moment.  Applicable provisions and design 
criteria for RS structures are also applied in finalizing the design.The NAB is classified 
as an RS structure designed and analyzed to meet the commitments defined for RW-
IIa structures in RG 1.143. The NAB is also classified as Seismic Category II due to its 
potential to interact with a Seismic Category I structure during an SSE. The NAB is 
designed and analyzed in accordance with RG 1.143 guidance, but also analyzed to SSE 
loads for evaluating potential interaction with Category I structures. To prevent 
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interaction with Category I structures, a lateral force-resisting system with controlled 
collapse zone are incorporated into NAB design.

Evaluation to SSE loads confirms that the NAB to NI common basemat structure 
separation gap is sufficient to preclude interaction.  Thus, NAB design meets SRP 3.7.2 
acceptance criterion SAC-8A. Table 3.2.7-29 provides seismic structural interaction 
criteria.

Access Building

[[ The AB is a non-Seismic Category I structure for which continued operation during 
an SSE event is not required.  The AB is classified as Seismic Category II due to its 
proximity to the NI, a Seismic Category I structure.  The AB is designed to 
conventional seismic codes and standards (IBC, ACI 318-05 and ANSI/AISC 341) and 
analyzed to SSE load conditions.  [[ Seismic interaction between the AB and SB is 
prevented by incorporation in AB design of a controlled collapse zone (“crumple 
zone”). The separation gaps between the AB and SBs 3 and 4 is 0.98 ft and 1.31 ft, 
respectively (see Figure 3B-1). Evaluation for the SSE load confirms that separation 
gaps between the AB and SB 3 or SB 4 are sufficient to preclude interaction in 
accordance with SRP 3.7.2, criteria SAC-8A.  Table 3.2.7-29 provides seismic 
structural interaction criteria for the buildings.]]  The walls of the AB are not 
physically connected to the SBs except through crossovers (passageways) providing 
access to the SBs.  SB 3 is protected by the aircraft hazard (ACH) shield wall which not 
only protects the structure but also isolates control room personnel from adverse 
impact effects.  SB 4 is not protected by the ACH shield wall.  The seismic interaction 
assessment of the AB confirms that the separation gaps between SBs 3 and 4 are 
sufficient to preclude interaction.  The crossover passageways are designed to 
accommodate the differential displacements without imparting unacceptable loads to 
the supporting structures.

Turbine Building

[[ The TB is a non-Seismic Category I structure for which continued operation during 
an SSE event is not required.  Due to TB proximity to the NI, a Seismic Category I 
structure, it is classified as Seismic Category II.  The TB is designed to conventional 
seismic codes and standards (IBC, ACI 318-05, ANSI/AISC 341, and ANSI/AISC 360) 
and analyzed to SSE load conditions.  The TB lateral bracing system is designed and 
constructed in accordance with Appendix 11A, “Quality Assurance Provisions,” of 
ASCE Standard 7-05 (Reference 9).  [[ Seismic interaction between the TB and SB 2 
and SB 3 is prevented by incorporation in the TB design of an eccentrically braced 
frame to control collapse in a favorable direction.  The separation between the TB and 
NI Common Basemat Structures is approximately 30 ft (see Figure 3B-1). Evaluation to 
SSE loads confirms that the separation gap between TB and SB 2 and SB 3 is sufficient 
to preclude interaction and is, thus, in accordance with SRP 3.7.2, acceptance criterion 
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SAC-8A.  Table 3.7.2-29 provides seismic structural interaction criteria.]]  Seismic 
interaction between the TB and NI Common Basemat Structures is prevented through 
application of the following design approach, which is also summarized in 
Table 3.7.2-29.

� Design of the TB to the requirements of the International Building code, which 
invokes ACI 318 (Reference 6) for concrete structures. 

� Use of AISC specification, “Seismic Provisions for Structural Steel Buildings (ANSI/
AISC 341),” (Reference 7) for lateral load-carrying steel bracing.  (This follows the 
guidance in ANSI/AISC 360, “Specifications for Structural Steel Buildings,” 
(Reference 7) for use of AISC 341 in a ‘High Seismic Application’ (Reference 9).

� Use of Appendix 11A, “Quality Assurance Provisions,” of ASCE Standard 7-05 for 
QA requirements for the lateral bracing system (Reference 9).

Structural collapse under SSE loading is prevented by using the limiting acceptance 
criteria of ASCE 43-05, Seismic Design Category 5 - Limit State A.

In addition, crossovers from the TB to the NI Common Basemat Structures are 
supported primarily by the walls or roof of the ACH shield structure.  Seismic 
interaction through the crossover is between the TB and the ACH shield structure 
rather than with SBs 2 and 3.  Design measures limit the interaction forces between 
the NI Common Basemat Structures and TB transmitted through the crossover 
structures.  The ACH shield structure and design measures isolate control room 
personnel from adverse effects of the interaction forces generated through the 
crossover structures.

Radioactive Waste Processing Building

The RWPB has no significant potential to seismically interact with either the NI 
Common Basemat Structures or with the nearest Seismic Category I structure not on 
the common basemat (i.e., the EPGB) therefore, the RWPB is not evaluated for SSE.  
The NAB is located between the RWPB and the NI Common Basemat Structures and 
shields the NI Common Basemat Structures from potential interaction.  Both the NAB 
and RWPB are classified as RS structures and are designed for the standard plant 1/2 
SSE using criteria in RG 1.143 for RW-IIa structures.  The resulting designs are ductile 
designs with inherent margin against catastrophic collapse under SSE.  In addition, this 
same robust design provides inherent margin against progressive collapse of the NAB 
caused by seismic interaction with the RWPB.  In addition, the evaluation of the NAB 
itself for seismic interaction with the NI Common Basemat Structures under SSE 
loading is described above.  Therefore, the NAB shields the NI Common Basemat 
Structures from any adverse effect of collapse of the RWPB.

Potential interaction between the RWPB and EPGB is precluded by separation and by 
design and site selection and foundation design criteria for the RWPB.  The RWPB is 
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 Table 3.7.2-29—Seismic Structural Interaction Criteria for Building Structures

Notes:

1. The NAB and RWPB, as Radwaste Structures, are also designed for the ½ SSE in accordance with th
structures in RG 1.143. 

2. Seismic design criteria for IBC-based design to be based on SSE with design forces and moments mo
for design to SDC 5, Limit State ADeleted.

3. ACI 349 required due to Radwaste Seismic classification.

4. This table is not applicable to equipment and subsystems qualification criteria.

Basis:  Control Interaction through Prevention of Structure-to-Structure Impact4

Structure Seismic Category Design Code
Seismic Interaction1 

Criteria
S

Turbine / SBO CSII IBC2

Steel – AISC 341
Concrete – ACI 318

SSE Col
or
St

Access CSII IBC2

ACI 318, AISC 341
SSE ASC

ANo
NAB CSII

RS
IBC2

ACI 318AISC N690
ACI 3493

SSE1 AS
ANo

RWPB CS
RS

IBC2

ACI 318AISC N690
ACI 3493

None1 No
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3.8.5 Foundations

3.8.5.1 Description of the Foundations

Foundations for Seismic Category I structures are provided for the following buildings 
and structures:

� NI Common Basemat Structure foundation basemat.

� EPGB foundation basemats.

� ESWB foundation basemats.  The ESWBs house the ESWCTs and the ESWPBs. 

Foundations for buried items are included in Section 3.8.4.  Section 3.7.2 addresses 
design requirements for Non-Seismic Category I structures to preclude adverse 
interaction effects on Seismic Category I structures. 

Figure 3B-1 provides a site plan of the U.S. EPR standard plant showing the outline of 
the foundation basemats for the NI Common Basemat Structure, EPGBs, and ESWBs, 
along with the location of each foundation basemat.

Structures described within this section are not shared with any other power plant 
units (GDC 5).

A COL applicant that references the U.S. EPR design certification will describe site-
specific foundations for Seismic Category I structures that are not described in this 
section. 

3.8.5.1.1 Nuclear Island Common Basemat Structure Foundation Basemat

The NI Common Basemat Structure foundation basemat is a heavily reinforced 
concrete slab that supports the NI Common Basemat Structure Seismic Category I 
structures.  The RCB and the RSB are located near the center of the NI Common 
Basemat Structure foundation basemat, and they are surrounded by the FB and the 
four SBs.  The NI Common Basemat Structure foundation basemat is a cruciform shape 
that has outline dimensions of approximately 360 feet by 360 feet by 10 feet thick, a 
foundation basemat of lesser thickness will be considered for rock sites.  The bottom of 
the NI Common Basemat Structure foundation basemat is founded approximately at 
elevation -41 feet and is embedded into the supporting soil approximately 40 
feetbelow plant grade.  The NI Common Basemat Structure foundation basemat 
outline and section views are presented in Figures 3B-1, 3.8-11, 3.8-12, 3.8-13, 3.8-50, 
3.8-51, 3.8-52, 3.8-63, 3.8-74, and 3.8-85. 

The NI Common Basemat Structure foundation basemat provides anchorage of the 
vertical post-tensioning tendons in the RCB, which is described in Section 3.8.1.  The 
portion of the NI Common Basemat Structure foundation basemat that is considered to 
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provide support and anchorage for the RCB is the area under the circumference of the 
outer face of the RSB wall, as shown on Figure 3.8-11, Figure 3.8-12, and 
Figure 3.8-13, and Figure 3.8-118.  This portion of the NI Common Basemat Structure 
foundation basemat is designed in accordance with the ASME BPV Code 2004 Edition, 
Section III, Division 2.  A circular gallery is provided beneath the NI Common 
Basemat Structure foundation basemat for maintenance access to the bottom of the 
vertical post-tensioning tendons provided in the RCB shell wall.  The tendon access 
gallery is approximately 11 feet wide by 14 feet high, including an approximately 36 
inch thick foundation slab under the gallery structure.  No credit is taken in the design 
for the tendon gallery transmitting vertical loads into the soil in vertical or horizontal 
bearing.  Connection of the tendon gallery to the NI Common Basemat Structure 
foundation basement allows for differential movement between the concrete 
structures. However, the tendon gallery acts as a shear key and transfers lateral loads 
into the basemat.

Sections 3.8.1 and 3.8.3 describe the interface of the RCB containment liner plate and 
upper internal basemat above the liner for supporting the RB internal structures.  
Sections 3.8.4 describes the interface of the RSB, FB, and SBs with the NI Common 
Basemat Structure foundation basemat.  Concrete walls and columns of these NI 
Common Basemat Structure Seismic Category I structures are anchored into the NI 
Common Basemat Structure foundation basemat with reinforcing bars to transmit 
vertical, horizontal, and bending moment loads into the basemat and to enhance the 
rigidity of the basemat.

Horizontal shear loads are transferred from the NI Common Basemat Structure 
foundation basemat to the underlying soil by friction between the bottom of the 
basemat, mud mat (or both), and the soil, and by passive earth pressure on the below-
grade walls of the NI Common Basemat Structure Seismic Category I structures and 
tendon gallery are analyzed to act as shear keys; shear keys are not used.  
Section 2.5.4.2 describes the friction coefficient properties of soil addressed for the U.S. 
EPR. 

Buildings adjacent to the NI Common Basemat Structure are separated from the NI 
Common Basemat Structure foundation basemat to allow for differential seismic 
movements between buildings.  Refer to Figure 3B-1, which illustrates the gaps 
between buildings.

Waterproofing membranes used under or within the NI Common Basemat Structure 
foundation basemat will be evaluated on a site-specific basis, as described in 
Section 3.8.5.6.
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