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ArevaEPRDCPEm Resource

From: BRYAN Martin (EXTERNAL AREVA) [Martin.Bryan.ext@areva.com]
Sent: Tuesday, July 20, 2010 5:17 PM
To: Tesfaye, Getachew
Cc: DELANO Karen (AREVA); ROMINE Judy (AREVA); BENNETT Kathy (AREVA); CORNELL 

Veronica (EXTERNAL AREVA); VAN NOY Mark (EXTERNAL AREVA)
Subject: Response to U.S. EPR Design Certification Application RAI No. 335, FSAR Ch. 3, 

Supplement 4, Interim
Attachments: RAI 335 Supplement 4 Response US EPR DC - INTERIM.pdf

Getachew, 
 
AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI No. 
335 on January 18, 2010.  AREVA NP submitted Supplement 1 to the response on March 12, 2010, to address 
3 of the remaining 6 questions.  AREVA NP submitted Supplement 2 to the response on June 4, 2010, to 
provide a schedule for the remaining 3 questions that were affected by the work underway to address NRC 
comments from the April 26, 2010, audit. AREVA NP submitted Supplement 3 to the response on June 24, 
2010, to provide a revised schedule for responding to the remaining 3 questions based on the June 9, 2010, 
NRC public meeting with AREVA.   
 
The attached file, “RAI 335 Supplement 4 US EPR DC – INTERIM.pdf” provides technically correct and 
complete INTERIM response to Question 03.08.01-44 and Question 03.08.04-09, as committed.   
 
The following table indicates the respective pages in the response document, “RAI 335 Supplement 4 US EPR 
DC – INTERIM.pdf,” that contain AREVA NP’s INTERIM response to Question 03.08.01-44 and Question 
03.08.04-09. 
 
Question # Start Page End Page 
RAI 335 — 03.08.01-44 2 8 
RAI 335 — 03.08.04-09 9 11 

 
The schedule for technically correct and complete FINAL response to the remaining 3 questions is unchanged 
and provided below: 
 
Question # Interim Response Date Final Response Date 
RAI 335 — 03.08.01-44 July 21, 2010 (Actual) January 13, 2011 
RAI 335 — 03.08.04-09 July 21, 2010 (Actual) February 15, 2011 
RAI 335 — 03.08.04-10 August 23, 2010 January 21, 2011 

 
Sincerely, 
  
  
Martin (Marty) C. Bryan 
U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc. 
Tel: (434) 832-3016 
702 561-3528 cell 
Martin.Bryan.ext@areva.com 
  
 

From: BRYAN Martin (EXT)  
Sent: Thursday, June 24, 2010 12:27 PM 
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To: 'Tesfaye, Getachew' 
Cc: DELANO Karen V (AREVA NP INC); ROMINE Judy (AREVA NP INC); BENNETT Kathy A (OFR) (AREVA NP INC); 
CORNELL Veronica (EXT); VAN NOY Mark (EXT); RYAN Tom (AREVA NP INC); GARDNER George Darrell (AREVA NP INC)
Subject: Response to U.S. EPR Design Certification Application RAI No. 335, FSAR Ch. 3, Supplement 3 

Getachew, 
 
AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI No. 
335 on January 18, 2010. AREVA NP submitted Supplement 1 to the response on March 12, 2010, to address 
3 of the remaining 6 questions.  AREVA NP submitted Supplement 2 to the response on June 4, 2010, to 
provide a schedule for the remaining 3 questions that were affected by the work underway to address NRC 
comments from the April 26, 2010, audit. 
 
Based upon the civil/structural re-planning activities and revised RAI response schedule presented to 
the NRC during the June 9, 2010, Public Meeting, and to allow time to interact with the NRC on the 
responses, the schedule for the remaining three questions has been changed.  
 
Prior to submittal of the final RAI response, AREVA NP will provide an interim RAI response that 
includes: 

(1)   a description of the technical work (e.g., methodology)  
(2)   U.S. EPR FSAR revised pages, as applicable 

 
The revised schedule for an interim response and the technically correct and complete response to 
these questions is provided below. 
 
Question # Interim Response Date Final Response Date 
RAI 335 — 03.08.01-44 July 21, 2010 January 13, 2011 
RAI 335 — 03.08.04-09 July 21, 2010 February 15, 2011 
RAI 335 — 03.08.04-10 August 23, 2010 January 21, 2011 

 
 
 
Sincerely, 
 
  
Martin (Marty) C. Bryan 
U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc. 
Tel: (434) 832-3016 
702 561-3528 cell 
Martin.Bryan.ext@areva.com 
  
  
 

From: BRYAN Martin (EXT)  
Sent: Friday, June 04, 2010 3:45 PM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen V (AREVA NP INC); ROMINE Judy (AREVA NP INC); BENNETT Kathy A (OFR) (AREVA NP INC); VAN 
NOY Mark (EXT); CORNELL Veronica (EXT) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 335, FSAR Ch. 3, Supplement 2 

Getachew, 
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AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI No. 
335 on January 18, 2010. AREVA NP submitted Supplement 1 to the response on March 12, 2010, to address 
3 of the remaining 6 questions.   
 
The response to Question 03.08.04-09 is affected as a result of work currently underway to address NRC 
comments from the April 26, 2010, audit and a revised schedule is provided below.  However, the response 
date for all three questions will be revised based on information presented at the June 9, 2010 public meeting 
and subsequent NRC feedback.   
 
 
 
Question # Response Date 
RAI 335 — 03.08.01-44 August 13, 2010 
RAI 335 — 03.08.04-09 August 13, 2010 
RAI 335 — 03.08.04-10 August 13, 2010 

 
Sincerely, 
 
  
Martin (Marty) C. Bryan 
U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc. 
Tel: (434) 832-3016 
702 561-3528 cell 
Martin.Bryan.ext@areva.com 
  
 

From: BRYAN Martin (EXT)  
Sent: Friday, March 12, 2010 5:06 PM 
To: 'Tesfaye, Getachew' 
Cc: DELANO Karen V (AREVA NP INC); BENNETT Kathy A (OFR) (AREVA NP INC); ROMINE Judy (AREVA NP INC); VAN 
NOY Mark (EXT); GARDNER George Darrell (AREVA NP INC) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 335, FSAR Ch. 3, Supplement 1 

Getachew, 
 
AREVA NP Inc. provided a schedule for a technically correct and complete response to RAI No. 335 on 
January 18, 2010.  The attached file, “RAI 335 Supplement 1 Response US EPR DC.pdf” provides technically 
correct and complete responses to 3 of the remaining 6 questions, as committed.  The response to Question 
03.08.04-10 is deferred due to its dependency on results of work currently underway to support other 
responses on related topics. 
 
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 335 Questions 03.08.01-45, and 03.08.04-8. 
 
The following table indicates the respective pages in the response document, “RAI 335 Supplement 1 
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject questions. 
 
Question # Start Page End Page 
RAI 335 — 03.08.01-45 2 2 
RAI 335 — 03.08.01-46 3 3 
RAI 335 — 03.08.04-08 4 5 
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The schedule for technically correct and complete responses to the remaining 3 questions has been changed 
and is provided below: 
  
  
Question # Response Date 
RAI 335 — 03.08.01-44 August 13, 2010 
RAI 335 — 03.08.04-09 June 4, 2010 
RAI 335 — 08.08.04-10 August 13, 2010 
 
Sincerely, 
 
  
Martin (Marty) C. Bryan 
Licensing Advisory Engineer 
AREVA NP Inc. 
Tel: (434) 832-3016 
Martin.Bryan.ext@areva.com 
  
 

From: DUNCAN Leslie E (AREVA NP INC)  
Sent: Monday, January 18, 2010 3:24 PM 
To: 'Tesfaye, Getachew' 
Cc: BENNETT Kathy A (OFR) (AREVA NP INC); DELANO Karen V (AREVA NP INC) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 335, FSAR Ch. 3 

Getachew, 
 
Attached please find AREVA NP Inc.’s response to the subject request for additional information (RAI).  The 
attached file, “RAI 335 Response US EPR DC.pdf” provides a schedule since technically correct and complete 
responses to the 6 questions are not provided.  
 
The following table indicates the respective pages in the response document, “RAI 335 Response US EPR 
DC.pdf” that contain AREVA NP’s response to the subject questions. 
 
Question # Start Page End Page 
RAI 335 - 03.08.01-44 2 3 
RAI 335 - 03.08.01-45 4 4 
RAI 335 - 03.08.01-46 5 5 
RAI 335 - 03.08.04-08 6 6 
RAI 335 - 03.08.04-09 7 7 
RAI 335 - 03.08.04-10 8 9 
 
A complete answer is not provided for 6 of the 6 questions.  The schedule for a technically correct and 
complete response to these questions is provided below. 
 
Question # Response Date 
RAI 335 - 03.08.01-44 August 13, 2010 
RAI 335 - 03.08.01-45 March 12, 2010 
RAI 335 - 03.08.01-46 March 12, 2010 
RAI 335 - 03.08.04-08 March 12, 2010 
RAI 335 - 03.08.04-09 June 4, 2010 
RAI 335 - 03.08.04-10 March 12, 2010 
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Sincerely, 
 
Les Duncan 
Licensing Engineer 
AREVA NP Inc. 
An AREVA and Siemens Company 
Tel: (434) 832-2849 
Leslie.Duncan@areva.com 
  
 

From: Tesfaye, Getachew [mailto:Getachew.Tesfaye@nrc.gov]  
Sent: Saturday, December 05, 2009 6:52 AM 
To: ZZ-DL-A-USEPR-DL 
Cc: Xu, Jim; Hawkins, Kimberly; Patel, Jay; Miernicki, Michael; Colaccino, Joseph; ArevaEPRDCPEm Resource 
Subject: U.S. EPR Design Certification Application RAI No. 335 (4059, 4061),FSAR Ch. 3 

Attached please find the subject requests for additional information (RAI).  A draft of the RAI was provided to 
you on November 30, 2009, and on December 4, 2009, you informed us that the RAI is clear and no further 
clarification is needed.  As a result, no change is made to the draft RAI with the exception of typographical 
error correction in Draft RAI Question 03.08.04-8 identified by AREVA.   The schedule we have established for 
review of your application assumes technically correct and complete responses within 30 days of receipt of 
RAIs, excluding the time period of December 25, 2009 thru January 3, 2010, to account for the holiday 
season as discussed with AREVA NP.  For any RAIs that cannot be answered within 40 days, it is expected 
that a date for receipt of this information will be provided to the staff within the 40-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. 335, Supplement 4 

12/05/2009

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

Docket No. 52-020 
SRP Section: 03.08.01 - Concrete Containment 

SRP Section: 03.08.04 - Other Seismic Category I Structures 

Application Section: FSAR Section 3.8 

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



AREVA NP Inc. 

Response to Request for Additional Information No. 335, Supplement 4 
U.S. EPR Design Certification Application Page 2 of 11 

Question 03.08.01-44: 

Follow-up to RAI Question 03.08.01-9

The response to the RAI indicates that a nonlinear FE analysis was performed to show that 
design forces and moments are not significantly modified by considering cracked section 
properties for loads other than thermal loads. 

In order to resolve this RAI, provide the following information: 

A. Further explanation of the loading applied to the nonlinear FE model. The response 
states that: “First the models are subjected to a structural integrity test, then to an 
accidental temperature and pressure loading, and lastly to a pressure loading.” In the 
case of the linear model, the order in which the loads are applied should not change the 
analysis results. In the case of the nonlinear model, clarify: (a) whether the three series 
of loads are applied in an incremental manner; (b) whether the “structural integrity test” 
loads correspond to load cases identified as Pt and Tt in the FSAR; (c) whether the 
“accidental temperature and pressure loads” correspond to simultaneous application of 
load cases identified as Pa and Ta in the FSAR; (d) whether load cases Pa and Ta are 
jointly applied, incrementally, for the four critical time points identified from the 
temperature and pressure transient analysis; (e) what is the load case that corresponds 
to the final stage of “pressure loads.” 

B. A summary of representative results (including worst case(s)) that show the range of 
variation in forces and moments obtained from both linear and nonlinear analyses. 

C. The RAI response does not address the effects of concrete cracking on the analysis and 
design of the RCB for seismic loads. The staff notes that SRP Section 3.8.1 Item II.4.D 
indicates that “based on load combinations that include the design pressure load with 
earthquake loads, additional concrete cracking would be expected to occur. Concrete 
cracking can cause redistribution of member forces because of the various loadings 
applied to the structure. Concrete cracking can also affect the stiffness of the 
containment and cause shifting of the natural frequency, thereby affecting the 
response/loads used to design the containment. Accordingly, the analysis used to 
calculate the dynamic response of the containment resulting from dynamic loads such as 
earthquake and hydrodynamic loads (if applicable) needs to consider the potential 
effects of concrete cracking, if significant. The approach used should include the effect 
of redistribution of the various loads caused by concrete cracking.” Consequently, 
provide a discussion on how the effects of concrete cracking (if significant) affect the 
analysis and design of the RCB, for seismic and other loads not considered in the RAI 
response.

D. The FSAR does not discuss the effects of concrete cracking on the analysis and design 
of other (non-RCB) Seismic Category I concrete structures. Explain in greater detail how 
the effects of concrete cracking (if significant) are being considered in the analysis and 
design of other (non-RCB) Seismic Category I concrete structures, and include this 
information in FSAR Sections 3.8.3 through 3.8.5. 



AREVA NP Inc. 

Response to Request for Additional Information No. 335, Supplement 4 
U.S. EPR Design Certification Application Page 3 of 11 

Response to Question 03.08.01-44: 

a) In the Response to RAI 155, Question 03.08.01-9, AREVA NP performed a study to 
calculate the changes in design forces and moments due to concrete cracking.  Concrete 
cracking may occur in containment from test pressure loads during the structural integrity 
test (SIT) or during accidental temperature and pressure loads.  In accordance with the 
inservice inspection (ISI) schedule in U.S. EPR FSAR Tier 2, Table 3.8-7, the containment 
will be pressurized periodically during its service life for ISI.  Based on the ISI loading 
conditions, the linear and nonlinear models are subjected to the following: 

1. The models are subjected to dead loads and prestressing loads. 

2. The models are subjected to pressure loads due to an incremental SIT.  The pressure 
loads consider containment pressurization followed by depressurization in a quasi-static 
manner.  The peak pressure of the transient is described as Pt (=1.15 times the design 
pressure, Pd) in U.S. EPR FSAR Tier 2, Section 3.8.1.  The temperatures (Tt) are 
assumed to be unchanged during this loading. 

3. The models are subjected to temperature and pressure loads simultaneously and 
incrementally due to accidental temperature and pressure transients.  Instead of 
considering four critical time points, as stated in U.S. EPR FSAR Tier 2, Section 3.8.1, 
the loads consider the temperature and pressure transients for a one-year period in a 
quasi-static manner.  

4. For study purposes, the models are subjected to a transient pressure load due to 
another incremental SIT.  This loading is referred to as the last “pressure loading” in the 
Response to RAI 155, Question 03.08.01-9. 

A summary of the loading history is described in Table 03-08-01-44-1 

b) In the Response to RAI 155, Question 03.08.01-9, AREVA NP performed a study to 
calculate the changes in design forces and moments due to concrete cracking specific to the 
U.S. EPR design.  Design forces and moments between the cracked (nonlinear) and 
uncracked (linear) models are compared during the pressure loading described in load step 
4 in Table 03.08.01-44-1.  These forces and moments are calculated at the junction of the 
containment wall and gusset (elevation -2.30 meter), mid-height of the containment walls 
(elevation +20.08 meter), and near the apex region of the dome.  Maximum cracking is 
observed at the junction of containment wall and gusset.  The comparison of moments 
about tangential axis (Mlinear and Mnonlinear) and moments about the meridional axis (Mzlinear
and MzNonlinear) between the cracked (nonlinear) and uncracked (linear) models for elevation 
-2.30 meters is shown in Figure 03.08.01-44-1.  At -2.30 meter elevation, there is a change 
in thickness of the containment wall.  A representative variation of axial forces on horizontal 
(Flinear and Fnonlinear) and vertical sections (Fzlinear and Fznonlinear) at +20.08 meter elevation is 
shown in Figure 03.08.01-44-2.  The variation of Mlinear and Mnonlinear under accidental 
temperature and pressure loading (load steps 14 to 40 in Table 03.08.01-44-1) reflects the 
changes in internal moments due to concrete cracking.  In this analysis, cracked sections 
remain cracked for the rest of the analysis.  The moments for the cracked and uncracked 
sections under dead, prestressing and pressure loads (load steps 41 to 53 in Table 
03.08.01-44-1) are shown in Figure 03.08.01-44-1. 

c) The effects of concrete cracking on the Reactor Containment Building (RCB) will be 
addressed in the seismic soil-structure interaction (SSI) analysis of the finite element 



AREVA NP Inc. 

Response to Request for Additional Information No. 335, Supplement 4 
U.S. EPR Design Certification Application Page 4 of 11 

Nuclear Island (NI) model by considering analysis cases with cracked section properties.  
The out-of-plane bending stiffness for the RCB shell elements is reduced by 50 percent to 
simulate concrete cracking. 

SSI analysis maximum accelerations and in-structure response spectra (ISRS) for 
uncracked and cracked section cases will be enveloped.  The enveloped acceleration 
results will be used in the static analyses that produce the design loads.  The enveloped 
zero period acceleration (ZPAs) will be considered as seismic loads along with the design 
temperature and pressure loads.  A nonlinear analysis will be performed to identify the 
amount of cracking and redistribution of forces due to concrete cracking in the RCB.  The 
design of the RCB will account for this redistribution of forces in the RCB.  

Hydrodynamic loads are not applicable to U.S. EPR design.  Pipe reaction loads are not 
significant compared to other loads such as dead, prestressing, and seismic loads.  Tornado 
and wind loads are not applicable to the containment. 

d) The effects of concrete cracking on the non-RCB Seismic Category I concrete structures will 
be addressed in the seismic SSI analysis of the finite element NI model by considering 
analysis cases with cracked section properties.  The out-of-plane bending stiffness for the 
shell elements and the bending stiffness of beams is reduced by 50 percent to simulate 
concrete cracking. 

SSI analysis results (i.e., maximum accelerations and ISRS) for uncracked and cracked 
section cases will be enveloped.  The enveloped acceleration results will be used in the 
static analyses that produce the design loads. 

The effects of concrete cracking on the SSI analysis and static analysis will be addressed in 
U.S. EPR FSAR Tier 2, Sections 3.7.2.3; 3.7.2.4 and 3.7.2.9 in the final Response to RAI 
335, Question 03.08.01-44.  

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 
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Response to Request for Additional Information No. 335, Supplement 4 
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Table 03-08-01-44-1—Load Steps in Load Combination 

Load 
Steps 

Load Combination 
Status

Time  
(sec)

Time Points
(In Plots*)

Load  
Combination

1 Normal Operation 0 Steady State D+J00 
2 Test Start 0 Pt-0 D+J00+Pt 
3 Test Period 3600 Pt- 1 h D+J00+Pt 
4 Test Period 7200 Pt- 2 h D+J00+Pt 
5 Test Period 10800 Pt- 3 h D+J00+Pt 
6 Test Period 14400 Pt- 4 h D+J00+Pt 
7 Test Period 18000 Pt- 5 h D+J00+Pt 
8 Test Period 21600 Pt-6 h D+J00+Pt 
9 Test Period 25200 Pt-7 h D+J00+Pt 

10 Test Period 28800 Pt-8 h D+J00+Pt 
11 Test Period 32400 Pt-9 h D+J00+Pt 
12 Test Period 36000 Pt-10 h D+J00+Pt 
13 Test End 39600 Pt-11 h D+J00+Pt 
14 Accident Start 0 Acc-Start D+J00+Pa+Ta 
15 Accident Period 60 Acc-1 m D+J00+Pa+Ta 
16 Accident Period 120 Acc-2 m D+J00+Pa+Ta 
17 Accident Period 660 Acc-11m D+J00+Pa+Ta 
18 Accident Period 1200 Acc-20 m D+J00+Pa+Ta 
19 Accident Period 1950 Acc-33 m D+J00+Pa+Ta 
20 Accident Period 2700 Acc-45 m D+J00+Pa+Ta 
21 Accident Period 4950 Acc- 84 m D+J00+Pa+Ta 
22 Accident Period 7200 Acc- 2h D+J00+Pa+Ta 
23 Accident Period 10800 Acc- 3 h D+J00+Pa+Ta 
24 Accident Period 14400 Acc- 4 h D+J00+Pa+Ta 
25 Accident Period 19800 Acc- 5.5 h D+J00+Pa+Ta 
26 Accident Period 25200 Acc- 7.3 h D+J00+Pa+Ta 
27 Accident Period 30600 Acc- 8.5 h D+J00+Pa+Ta 
28 Accident Period 36000 Acc-10 h D+J00+Pa+Ta 
29 Accident Period 48600 Acc-13.5 h D+J00+Pa+Ta 
30 Accident Period 61200 Acc-17 h D+J00+Pa+Ta 
31 Accident Period 73800 Acc- 20.5 h D+J00+Pa+Ta 
32 Accident Period 86400 Acc- 24 h D+J00+Pa+Ta 
33 Accident Period 223200 Acc- 62 h D+J00+Pa+Ta 
34 Accident Period 360000 Acc- 100 h D+J00+Pa+Ta 
35 Accident Period 378000 Acc- 105 h D+J00+Pa+Ta 
36 Accident Period 396000 Acc-110 h D+J00+Pa+Ta 
37 Accident Period 8181000 Acc- 95 d D+J00+Pa+Ta 
38 Accident Period 15966000 Acc-110 d D+J00+Pa+Ta 
39 Accident Period 23751000 Acc-274 d D+J00+Pa+Ta 
40 Accident End 31536000 Acc- 365 d D+J00+Pa+Ta 

41
Temperature and 

pressure loads removed 
Normal operating 

condition 
Post

Steady State D+J00 
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Load 
Steps 

Load Combination 
Status

Time  
(sec)

Time Points
(In Plots*)

Load  
Combination

42 Test Re-Start 0 Post-Pt-0 D+J00+Pt 
43 Test Period 3600 Post-Pt- 1 h D+J00+Pt 
44 Test Period 7200 Post-Pt- 2 h D+J00+Pt 
45 Test Period 10800 Post-Pt- 3 h D+J00+Pt 
46 Test Period 14400 Post-Pt- 4 h D+J00+Pt 
47 Test Period 18000 Post-Pt- 5 h D+J00+Pt 
48 Test Period 21600 Post-Pt-6 h D+J00+Pt 
49 Test Period 25200 Post-Pt-7 h D+J00+Pt 
50 Test Period 28800 Post-Pt-8 h D+J00+Pt 
51 Test Period 32400 Post-Pt-9 h D+J00+Pt 
52 Test Period 36000 Post-Pt-10 h D+J00+Pt 
53 Test End 39600 Post-Pt-11 h D+J00+Pt 

“m”= minute, “h” = hour, “d”= day, “Acc” = Accident, “D”= dead load, “J00”= Prestressing due to 0 year,  
“Pt”= Test Pressure, “Pa”= Accidental pressure, “Ta”= Accidental Temperature 



AREVA NP Inc. 

Response to Request for Additional Information No. 335, Supplement 4 
U.S. EPR Design Certification Application Page 7 of 11 

Figure 03.08.01-44-1—Comparison of Tangential and Meridional Moments 
between Cracked and Uncracked Sections at -2.30 meter Elevation 
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Figure 03.08.01-44-2—Comparison of Axial Forces on Horizontal and 
Vertical Sections between Cracked and Uncracked Sections at +20.08 meter 
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Question 03.08.04-9: 

Follow-up to RAI Question 03.08.04-4 

The response to Item 1 of the RAI indicates that the separation gaps provided between Seismic 
Category (SC) I structures and adjacent structures range between 12 inches (gap between 
Access Bldg. and Safeguard Bldg. 3 shield structure) and 18 inches (gap between Nuclear 
Auxiliary Bldg. and Fuel Bldg. shield structure, and between Nuclear Auxiliary Bldg. and 
Safeguard Bldg. 4). It adds that the maximum predicted seismic “interaction distance” between 
SC I structures and adjacent structures is 11.2 inches, including maximum tilt due to differential 
settlement, and that displacements corresponding to all other load cases are enveloped by the 
seismic load case. Finally, it mentions that displacements corresponding to the special load 
case of commercial aircraft impact have not been estimated. 

Since the maximum interaction distance between SC I structures and adjacent structures is 
estimated as 11.2 inches, which is relatively close to the 12 inch gap between Access Bldg. and 
Safeguard Bldg. 3 shield structure, provide the additional information identified below to resolve 
Item 1 of the RAI. 

a. Provide a description of the seismic soil structure interaction analysis used to determine the 
maximum displacement results for the Access Bldg. and Safeguard Bldg. 3 shield structure 
used to determine the minimum required interaction distance. This should include a 
description of the soil representation and building model used in the seismic analysis. 

b. Clarify whether the FSAR includes sufficient information (e.g. ITAAC) to assure that the gap 
sizes assumed in the design are implemented by the COL applicant. These gap sizes 
should be clearly listed in the FSAR. 

c. It is not clear if the term “maximum interaction distance” is used in the sense of an upper 
bound on all possible interaction distances between all SC I structures and adjacent 
structures. Provide a more detailed explanation of what is meant by the term “interaction 
distance,” as well as corresponding results for the four interactions between SC I structures 
and adjacent structures listed in the RAI response. This information should also be included 
in the FSAR. 

d. The RAI response states that: “Time history analyses predict a maximum interaction 
distance of 11.2 inches between adjacent structures. This value takes into account 
maximum tilt due to differential settlement.” It is not clear from this statement if the 
calculated interaction distances include allowance for out-of-phase seismic-induced motion 
between adjacent structures. Clarify if out-of-phase motion between adjacent structures has 
been considered in the calculation of the interaction distances, and if so, indicate whether 
the absolute sum of the displacements of adjacent structures has been used. If the 
displacements of adjacent structures have been combined using some other methodology, 
provide the corresponding technical basis. 

e. Compare the gap between the Reactor Shield Building and the Vent Stack (SC II structure) 
with the corresponding calculated interaction distance (including out-of-phase motion) 
between these two structures. 
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Response to Question 03.08.04-9: 

a) The design of the Access Building is conceptual in the U.S. EPR FSAR.  As stated in the 
Response to RAI 370, Question 03.07.02-65, the COL applicant will perform the analysis to 
verify that the gap is adequate. 

The displacements of the Safeguard Buildings are not obtained directly from the seismic soil 
structure interaction model.  The displacements are obtained from the simultaneous 
application of seismic soil structure interaction results with the three earthquake directions 
as described U.S. EPR FSAR Tier 2, Section 3.7.2.1 and Section 3.8.5.4.  The dynamic 
model includes the structures on the Nuclear Island (NI) Common Basemat.  Multiple soil 
cases are considered as described in U.S. EPR FSAR Tier 2, Section 3.8.5.4.  The 
maximum calculated displacement at any location along the height of the wall in the 
direction of interest is used in establishing the gap size. 

The NI seismic evaluations, including the Safeguard Buildings, are being revised.  The gap 
will be reconciled with the revised seismic analysis results when completed. 

b) U.S. EPR FSAR Tier 2, Table 1.8-2, COL Item 3.7-7 requires the COL applicant to 
demonstrate that the response of the Access Building to a safe shutdown earthquake (SSE) 
will not impair the ability of Seismic Category I systems, structures, or components (SSC).  
See the response to item a) and refer to the Response to RAI 370, Question 03.07.02-65 for 
more information.  There is not an ITAAC item to verify the gap dimension.    

c) The maximum interaction distance referenced in the Response to RAI 155, Question 
03.08.04-04 refers to the calculated gap required for other load conditions (e.g., settlement 
and tilt.)  The statement indicates that seismic load combinations result in the largest 
displacement values calculated when determining the size of the gap between structures.   
The Nuclear Auxiliary Building (NAB) has been analyzed and is the only Seismic Category II 
structure within the scope of the U.S. EPR design.  The gaps between the NAB and the Fuel 
Building and between the NAB and the Safeguard Building 4 are 18 inches as specified in 
U.S. EPR FSAR Tier 2, Section 3.7.2.8.  

d) Gaps between structures are established, assuming buildings are moving into each other, 
i.e., out of phase.  As stated in the response to item c), analysis results are available for 
establishing the gap between the NAB and the Fuel Building and between the NAB and 
Safeguard Building 4.  As stated in the response to item a), the displacements calculated for 
the Fuel Building and Safeguard Building 4 are obtained from the simultaneous application 
of seismic soil structure interaction results.  The sliding and overturning analysis for the NAB 
is used as input to determine the required gap and will consider the three simultaneous 
earthquake directions.  The seismic displacement results in the direction of concern are 
used directly without any further processing to combine loads.  The seismic loads are 
summed with other loads (e.g., settlement and tilt) that are considered when verifying the 
required gap.  

The sliding and overturning evaluation is being revised.  The current gap of 18 inches will be 
verified for adequacy following this reanalysis. 
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e) The vent stack has been re-categorized as a Seismic Category I structure.  The vent stack 
will be an elastic design, and no interaction will occur when considering the Seismic 
Category I loads and load combinations.  The gap between the vent stack and the Reactor 
Building is 36 inches. The deflection of the vent stack, the more flexible of the two 
structures, is approximately 6 inches.  The final gap will be validated when the re-analysis is 
complete.

FSAR Impact: 

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