
 

UNITED STATES - ADVANCED PRESSURIZED WATER REACTOR STEEL-CONCRETE 
MODULE CONFIRMATORY TEST PROGRAM AUDIT REPORT 

 
NRC Audit Team: 
 

• Pravin Patel, NRC, Structural Engineer, Audit Lead 
• Vaughn Thomas, NRC, Structural Engineer 
• Joseph Braverman, Brookhaven National Laboratory, NRC Consultant (Seismic) 
• Dennis Galvin, NRC, Project Manager 
 

1.0 SUMMARY 
 
An audit was conducted by the U.S. Nuclear Regulatory Commission (NRC) staff at Bowen 
Laboratory at Purdue University in West Lafayette, Indiana between November 7-9, 2012, in 
accordance with the NRC Office of New Reactors (NRO) Office Instruction NRO-REG-108, 
“Regulatory Audits.”  The plan for this audit was documented and can be found in the 
Agencywide Document Access and Management System (ADAMS) under accession number 
ML12289A854, dated October 31, 2012.  A list of attendees is provided as Enclosure 2.  A list of 
documents made available to the NRC staff is provided as Enclosure 3. 
 
2.0 PURPOSE 
 
The purpose of the audit was to review the confirmatory test plan, related documentation, and 
witness one of the tests for the steel-concrete (SC) module used in the United States - 
Advanced Pressurized Water Reactor (US-APWR) design.  The audit reviewed and evaluated a 
selected confirmatory test, the test method and its implementation, and the test results 
confirmation of the SC modules performance consistent with the assumptions in the US-APWR 
Design Certification Documents (DCD) Section 3.8.3, “Concrete and Steel Internal Structures of 
Steel or Concrete Containments,” as well as related technical reports:  MUAP-11013-P, 
Revision 1, “Containment Internal Structure Design and Validation Methodology,” dated August 
2011; MUAP-11018-P, Revision 0, “Containment Internal Structure:  Stiffness and Damping for 
Analysis,” dated August 2011; MUAP-11019-P, Revision 0, “Containment Internal Structure:  
Design Criteria for SC Walls,” dated September 2011; and MUAP-11020-P, Revision 0, 
“Containment Internal Structure:  Anchorage and Connection Design and Detailing,” dated 
September 2011. 
 
3.0 BACKGROUND 
 
In 2007, Mitsubishi Heavy Industries, Ltd. (MHI) submitted an application for a Standard Design 
Certification for the US-APWR.  The US-APWR containment internal structures design includes 
SC module walls.  The applicant has developed a design methodology and design criteria for SC 
walls and their associated connections, and these have been presented in detail in the DCD and 
related technical reports.  The design methodology and design criteria were developed based on 
the ACI 349-06 design code for reinforced concrete (RC) structures and the results of 
experimental and analytical research conducted on SC walls and connections.  The applicant has 
determined that there is a need to conduct additional tests to confirm the conservatism of the 
established design criteria.  In its white paper, “SC Wall Confirmatory Testing Summary,” dated 
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January, 2012, MHI provided an overview of the confirmatory testing, including test objectives, 
test approach, test setup, specimen details, instrumentation, expected results, requirements, and 
quality assurance plan and procedures to be used for confirmatory testing of the US-APWR SC 
module wall design and its anchorage connection.  To gain a better understanding of the SC wall 
performance and to confirm the design approach used by MHI, the staff audited the testing of an 
SC wall module.  This audit also supports the staff’s technical review of the SC wall design. 
 
4.0 OBSERVATIONS AND RESULTS 
 
The test that the staff audited, designated Test Series 3.1, was conducted to confirm the 
adequacy of the out-of-plane shear strength of typical SC walls in the presence of elevated 
temperatures due to accident thermal loading.  At the beginning of the audit, the applicant 
presented a summary of the test plan and associated documents.  This included the purpose of 
the test, test specimen design configuration and materials, planned test setup including loading 
and monitoring instruments, test procedure, recording of results, and expected results.  During 
the audit, the NRC staff reviewed the confirmatory test plan for Test Series 3.1.  The NRC staff 
also witnessed the test for Test Series 3.1.  The NRC staff confirmed that the confirmatory test, 
Test Series 3.1, was conducted according to the test plan.  The NRC staff considered the draft 
results of the confirmatory test to be reasonable.  The out-of-plane flexural strength of the 
specimen US-APWR SC wall, subjected to concrete cracking due to accident thermal loading, 
was consistent with the expected test results.  The design methodology and design criteria for 
the SC wall were based on the ACI 349-06 design code RC structures.  The results of the test 
provide reasonable assurance that ACI 349-06 based equations can be used to estimate the 
results of the confirmatory test.   
 
The NRC staff and the applicant also discussed test information and results that should be 
included in the technical reports submitted to the NRC.  Subsequently, the applicant submitted 
relevant confirmatory test information, including test details results for Test Series 3.1 and for all 
the confirmatory tests, in Appendix B of MUAP-10013-P, “Containment Internal Structure 
Design and Validation Methodology,” Revision 2, dated February 2013.  MUAP-10013-P, 
Revision 2, is under review by the staff. 
 
5.0 CONCLUSION 
 
The audit objectives identified in the audit plan were accomplished.  In particular, the NRC staff 
reviewed the test plan and related documentation, verified that the test was conducted according 
to the test plan, and verified that the draft test results were consistent with the expected results.  
The review of the final test results is being conducted as part of the NRC staff’s overall review of 
containment internal structures and is outside the scope of this report.    
 
 


