
 

October 14, 2010 
 

APPLICANT: GE-Hitachi Nuclear Energy 
 
PROJECT: Economic Simplified Boiling Water Reactor Design Certification 
 
SUBJECT: SUMMARY OF THE MAY 16 AND 17, 2007, REGULATORY AUDITS OF THE 

ECONOMIC SIMPLIFIED BOILING WATER REACTOR DESIGN 
CERTIFICATION DOCUMENT SECTION 3.8 AT GEH OFFICES IN 
WILMINGTON, NORTH CAROLINA 

 
On May 16 and 17, 2007, the U.S. Nuclear Regulatory Commission (NRC) staff conducted a 
regulatory audit to review selected GEH calculations and reports related to the ESBWR DCD 
submittal that covers the structural design of the plant.  These calculations and reports relate to 
DCD Section 3.8 - Seismic Category I Structures, Appendix 3B - Containment Hydrodynamic 
Load Definitions, Appendix 3F - Response of Structures to Containment Loads, and 
Appendix 3G - Design Details and Evaluation Results of Seismic Category I Structures.   
 
The staff review of a number of GEH responses to the staff’s Requests for Additional 
Information (RAIs) determined that applicable GEH calculations and reports were needed to 
resolve the RAIs.  GEH subsequently provided supplemental RAI responses to resolve these 
issues.  In addition, these audits were needed to ensure that the applicant implemented the 
analysis and design approach that is described in the applicant’s DCD submittal.  The need to 
perform structural audits is also described in the NRC Standard Review Plan Section 3.8.4, 
Appendix B – Structural Design Audits.  The audits were conducted at the GEH offices in 
Wilmington, North Carolina.  A summary of the audit, including participants and audit activities, 
is provided in Enclosure 1.   
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David Misenhimer, Project Manager 
      BWR Projects Branch 
      Division of New Reactor Licensing 
      Office of New Reactors 
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TRIP REPORT 
GE ESBWR SECTION 3.8 AUDIT 

 
 
Date:  May 16 and 17, 2007 
 
Place:  GE Offices, Wilmington, NC 
 
Subject: Audit of GEH Calculations and Reports 
 
 
Purpose: 
 
The purpose of this audit was to enable the NRC staff to review selected GEH calculations and 
reports related to the ESBWR DCD submittal that covers the structural design of the plant.  
These calculations and reports relate to DCD Section 3.8 - Seismic Category I Structures, 
Appendix 3B - Containment Hydrodynamic Load Definitions, Appendix 3F - Response of 
Structures to Containment Loads, and Appendix 3G - Design Details and Evaluation Results of 
Seismic Category I Structures. 
 
Background: 
 
The staff review of a number of GEH responses to the staff’s Requests for Additional 
Information (RAIs) determined that applicable GEH calculations and reports were needed to 
resolve the RAIs.  In addition, these audits were needed to ensure that the applicant 
implemented the analysis and design approach that is described in the applicant’s DCD 
submittal.  The need to perform structural audits is also described in the NRC Standard Review 
Plan Section 3.8.4, Appendix B – Structural Design Audits. 
 
Representatives from NRC, BNL, and GEH were present during the audit.  These included key 
technical personnel and analysts who participated in performing the calculations and designs.  
The list of attendees who participated in the audit is provided in Enclosure 1. 
 
Audit Process & Results 
 
The description presented below first identifies the questions raised by the RAIs.  Each of these 
is then followed by a description of the associated GEH calculations and/or reports that were 
reviewed and the staff’s evaluation of the review. 
 
RAI 3.8-16 
 
In this RAI, the staff requested the applicant to provide a description of how the dynamic fluid 
effects (water mass, fluid-structure interaction, sloshing) associated with the suppression pool, 
other pools, and water above the drywell head are considered in the model development, 
analysis, and design of the containment and RB.  This RAI originated from the information 
provided in DCD Subsections 3.8.1.4.1 and 3.7.3.15, and Appendix 3G. 
 
 
The staff reviewed GEH Report No. DC-OG-0053, Rev. 3, dated March 30, 2007, Structural 
Design Report for Containment Internal Structures, and Report No. 26A6651, Rev. 2, dated 
March 27, 2007, Reactor Building Structural Design Report.  These reports describe how the 
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water fluid effects were included in the analytical models.  The description included how the 
water mass and fluid sloshing pressure loads were considered for the various pools.  The staff 
confirmed that the approach was consistent with the criteria presented in DCD Rev. 3, 
Subsections 3.7.3.15 and 3.8.1.4.1, and Appendix 3G.  The approach utilized was determined 
to be technically acceptable following industry methods and the Standard Review Plan Section 
3.7 guidance. 
 
RAI 3.8-19 
 
DCD Section 3.8.1.4.1.3 describes how the applicant considered concrete cracking in 
developing the internal forces and moments in sections for LOCA thermal loads.  In RAI 3.8-19, 
the staff requested that the applicant explain how the approach described in this section of the 
DCD, which calculates scale factors of the individual member forces at each critical design-
basis section, correctly considers the effect of redistributing the loads caused by concrete 
cracking in the overall containment and building model. 
 
In the response to this RAI the applicant referred to GEH Report No. 26A6625, Revision 1, 
issued October 2005, which documents the nonlinear analyses for the thermal loads, taking into 
account concrete cracking and the redistribution of section forces resulting from concrete 
cracking.  Therefore, during the audit the staff reviewed GEH Report 26A6625, Revision 1.  As a 
result of this review the staff noted that the extent of concrete cracking and thermal load 
redistribution is very significant.  Hence, the staff questioned the technical basis for combining 
mechanical load responses obtained for an uncracked condition with a thermal response scaled 
to reflect a very significant cracked condition.  To address this concern the staff decided to 
prepare a follow-up RAI request after this audit.  
 
RAI 3.8-23 
 
In RAI 3.8-23, the staff requested that the applicant to describe in greater detail the hydrostatic 
loading on the pools above the containment slab and the drywell head, including the height of 
the pool and the pressure gradient.  Also, describe how this loading is included in the load 
combinations defined in DCD Sections 3.8.1 and 3.8.2 and describe the external pressure 
loading analysis of the drywell head and the results of the analysis. 
 
To address the question related to the loading on the drywell head, the staff reviewed GEH 
Design Report DE ES 0003, Revision 0, “Buckling Evaluation for Drywell Head,” issued October 
2006.  The staff found that the applicant adequately considered external pressure loading on the 
drywell head.  Therefore, the results of this review in combination with the applicant’s previous 
RAI response for the other pools above the containment slab address the questions raised by 
this RAI. 
 
RAI 3.8-24 
 
In this RAI, the staff requested the applicant to address two items related to DCD Section 
3.8.1.4.1.2: 
 
(a)  DCD Section 3.8.1.4.1.2 states that the liner plate analysis considers deviations in geometry 

due to fabrication and erection tolerances.  Describe the treatment of fabrication/erection 
tolerances in the evaluation of the liner plate.  Was the potential for buckling of the liner 
plate considered? 
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(b)  DCD Section 3.8.1.4.1.2 also states that liner strains are within allowable limits defined by 
ASME Code Subarticle CC-3720.  Describe the analysis that verified this, and discuss how 
fabrication/erection tolerances are considered in this analysis. 

 
The staff reviewed GEH Report No. DE-ES-0017, Rev. 1, dated March 30, 2007, Liner 
Anchorage Evaluation.  This report provides the evaluation for the liner plate anchorage which is 
based on Bechtel Topical Report BC-TOP-1 and ACI 349-01.  The liner strains used in the 
evaluation of anchor displacements are the strains of liner elements calculated directly from the 
NASTRAN analysis.  The report also evaluates the effect of the fabrication/erection tolerances 
on the liner anchor displacements in Appendix-1 to the report.  For most liner anchorage 
regions, a liner anchor displacement evaluation is performed to calculate the liner anchor 
displacement for the highest liner plate force calculated from the liner strains corresponding to 
each load combination.  The calculation model used in the anchor displacement evaluation 
utilizes a spring representation for the anchors and a different spring to represent the liner 
regions between the anchors.  One liner plate section between adjacent liner anchors is 
assumed to buckle, and no reaction force occurs from this buckled liner plate onto the adjacent 
liner region.  This is considered by GEH to be conservative to evaluate the liner anchor 
displacement, because there normally would be some reaction force in the buckled region which 
would act to reduce the displacement to some extent.  Due to time constraint the review of this 
calculation could not be finished, and so, the completion of the review for this RAI was deferred 
to a future date. 
 
RAI 3.9-47 
 
DCD Section 3.8.3.3.1 singles out the reactor shield wall for consideration of the Annulus 
Pressurization (AP) loads, which the DCD states is loads and pressures directly on the reactor 
shield wall caused by a rupture of a pipe within the reactor vessel shield wall annulus region.  In 
this RAI, the staff requested the applicant to confirm that the loads and effects of the annulus 
pressurization (AP) are considered not only for the reactor vessel shield wall, but for all 
applicable containment internal structures such as the RPV support bracket, RPV stabilizer, and 
RPV insulation.  Also explain whether the AP loads generate building dynamic spectral loads 
and displacements (similar to the other hydrodynamic loads) which need to be considered in the 
analysis and design of other SSCs. 
 
The staff reviewed GEH Report No. DC-OG-0053 Rev. 3, March 30, 2007, Structural Design 
Report for Containment Internal Structures.  This report demonstrates that the effects of AP 
loads as well as the other hydrodynamic loads (e.g. CO, CH, PS, and SRV) were applied to the 
various containment internal structures such as the diaphragm floor, vent wall, reactor shield 
wall, and RPV support bracket.  To address the question on generation of displacements and 
floor response spectra, the staff reviewed two reports: GEH Report No. 092-134-F-C-00009, 
Issue 2, dated January 29, 2007, SRVD, LOCA Hydrodynamic & AP Dynamic Responses in 
RBFB and RCCV, and GEH Report No. 092-134-F-C-00008, Issue 1, dated June 20, 2007, 
SRVD, LOCA & AP Dynamic Responses in RPV and RSW. Report No. 092-134-F-C-00009 
documents the analysis and results for the response of the reactor building, fuel building, the 
RCCV, and the containment internal structures (except the reactor shield wall (RSW)) subjected 
to LOCA loads, SRV loads, and pipe break loads.  Report No. 092-134-F-C-00008, documents 
the analysis and results for the response of the reactor pressure vessel and the shield wall, 
subjected to the various LOCA loads, SRV loads, and pipe break loads.  Both reports describe 
the models used and present the response of the structures in terms of displacements, 
accelerations, member forces, and floor response spectra generated at various locations.  
Based on the information presented in these reports, the methods described are considered to 
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be acceptable based on industry practice and because they were consistent with the guidance 
in the NRC Standard Review Plan Section 3.8.1. 
 
RAI 3.8-49 
 
From the finite element NASTRAN model shown in various figures in Appendix 3G of the DCD, 
it is not clear how the RPV has been represented in the model.  Therefore, in this RAI, the staff 
requested the applicant to provide a description how the RPV is included in the model.  If it is 
not modeled discretely as a separate structure/component, then discuss how its mass and 
stiffness have been represented in the overall NASTRAN model. 
 
The staff first reviewed GEH Report No. 26A6558, General Civil Design Criteria, Revision 2, 
Nov. 27, 2006, which contains the design criteria for ESBWR structures However, the staff 
reviewed several other reports which were more suited to answer the questions raised by this 
RAI: GEH Report No. 092-134-F-C-00009, Issue 2, dated January 29, 2007, SRVD, LOCA 
Hydrodynamic & AP Dynamic Responses in RBFB and RCCV, and GEH Report No. 092-134-F-
C-00008, Issue 1, dated June 20, 2007, SRVD, LOCA & AP Dynamic Responses in RPV and 
RSW. GEH Report No. 092-134-F-C-00009 documents the analysis and results for the 
response of the reactor and fuel building, the RCCV, and the containment internal structures 
(except the reactor shield wall (RSW) subjected to LOCA loads, SRV loads, and pipe break 
loads.  This reported presented the finite element model of the RB/FB including the RPV 
detailed model. GEH Report No. 092-134-F-C-00008, documents the analysis and results for 
the response of the reactor pressure vessel and the shield wall, subjected to the various LOCA 
loads, SRV loads, and pipe break loads.  This report presented the stick model representation 
of the RB/FB including the RPV detailed model.  For seismic loading, DCD Rev. 3 and GEH 
Report No. 26A6647, Rev. 2, dated March 27, 2007, Seismic Analysis of Reactor/Fuel Building 
Complex present the seismic stick model which also includes the detailed RPV model.  All of 
these reports demonstrate that the detailed RPV model is included, which is acceptable.  Then, 
both reports describe the models used and present the response of the structures in terms of 
displacements, accelerations, member forces, and floor response spectra generated at various 
locations.  The approach described in these reports is considered to be acceptable based on 
industry practice and the guidance presented in NRC Standard Review Plan Section 3.8.1. 
 
RAI 3.8-82 
 
In this RAI, the staff requested the applicant to explain why certain load combinations were not 
selected for use in the DCD Section 3G design summary.  Also the applicant was requested to 
confirm that all load combinations were checked in the final design. 
 
During the review of GEH calculation/Report no. 26A6651, Rev. 2, dated March 27, 2007, 
Reactor Building Structural Design Report, a question was identified related to the analytical 
model of the reactor building/fuel building.  Section 6.2.2.1 of the document states that 
“Structures of the FB located above EL 22,500 are not included in the model, because they are 
Seismic Category II structures.” The staff asked GEH to clarify this statement.  If the FB 
structure (identified as the penthouse by GEH) above this elevation are not included in the 
model, then: 
 

1)  How is this penthouse structure represented in the seismic stick model?  GEH 
provided information during the audit that indicates both mass and stiffness properties 
of the penthouse have been included in the seismic stick model. 
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2)  How are the structural effects of the penthouse structure accounted for in the 
NASTRAN model?  GEH provided information which explains that forces from the 
penthouse seismic analysis are imposed on the RB/FB NASTRAN model. 

 
3)  Since the penthouse is a Seismic Category II structure, how is it analyzed for seismic 

loads?  GEH indicated that since the penthouse is a Seismic Category II structure, it 
is analyzed and designed as a Seismic Category I structure.  The seismic 
accelerations and deformations from the RB/FB analysis are applied to a separate 
finite element analysis of the penthouse structure. 

 
4)  Based on item 3) above, GEH was asked to explain how the design of the penthouse 

considers the additional effects of localized modes such as individual wall and floor 
vibration, which would not be captured by the method described in item 3) above.  
GEH explained that a separate analysis is performed to determine the potential 
effects of such localized modes. 

 
5)  Is the penthouse structure also designed for all applicable loads including wind and 

tornado loads; and if not, why not?  GEH indicated that, as stated in DCD Section 3.3, 
Seismic Category II structures are designed for tornado wind but not tornado missile.  
The reason is that tornado missile would only be an issue for local penetration effects 
and not collapse of the entire structure. Evaluation for tornado wind ensures that the 
structure can withstand tornado loads. In addition, tornado missiles need not be 
postulated to occur at the high elevation of the penthouse.  GEH also noted that the 
fuel building walls up to EL 22,500 and the slab at this elevation are designed to 
withstand tornado winds and tornado missile loads. 

 
Based on the explanations provided by GEH during the audit, the staff found the responses 
acceptable on the basis that the approaches used were consistent with the guidance provided in 
NRC Standard Review Plan Sections 3.7 and 3.8.  GEH indicated that they will submit a 
supplemental response to this RAI with the information provided during the discussion in the 
audit. 
 



 

Exit Meeting 
 
On May 17, 2007, an exit meeting was held with NRC, BNL, and GEH staff.  During the 
exit meeting, the staff summarized the work performed during the audit and the 
highlights of the results as discussed above. 
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