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APP-1200-S3R-003 - AP1000

1 INTRODUCTION
11  BACKGROUND

The original certified AP1000™ Shield Building was a reinforced concrete design. In response to the
new regulatory enhanced aircraft impact design requirements (see 74 FR 28112), it was necessary to
modify the AP1000 Shield Building design for the portion of the Shield Building that is not protected
from external hazards by the Auxiliary Building. Therefore, the unprotected Shield Building structure
was changed from a reinforced concrete (RC) structure to an enhanced (strengthened) steel concrete
composite (SC) structure.

As a result of this change, Westinghouse submitted its report titled, “Design for the Enhanced Shield
Building” (APP-1200-S3R-003), to the NRC staff for review on August 31, 2009. This report provided
an integrated presentation of the enhanced Shield Building design methodology, analysis, AP1000 testing,
constructability, and inspection. In addition, this report described the loading due to seismic, thermal,
dead, live, and weather-related loads, including tornado and tornado missiles.

In response to the report, the NRC provided the following notes on October 15, 2009, to Westinghouse:
“The U.S. Nuclear Regulatory Commission (NRC) has completed its review of that report. Based on that
report and the body of technical information reviewed to date, the NRC has determined that the proposed
design of the shield building will require modifications in some specific areas to ensure its ability to
perform its safety function under design basis loading conditions and to support a finding that it will meet
applicable regulations (i.e., 10 CFR 50.55a and 10 CFR Part 50, Appendix A [GDC 1 and 2]).”

Specifically, the NRC also indicated that the design of the SC structural module must demonstrate the
ability to function as a unit during design basis events; the design of the connection of the SC module to
the RC wall sections of the Shield Building must demonstrate the ability to function during design basis
events; and the design of the Shield Building tension ring girder, which anchors the Shield Building roof
to the wall, must be supported by either a AP1000 test or a validated (or benchmarked) analysis. The
NRC staff concluded that the design report (APP-1200-S3R-003) did not provide sufficient information
on the Shield Building design with respect to detailing, design, analysis, testing, and construction and
inspection to demonstrate that it will perform its intended safety function under design loads.

As a result of the NRC review and findings of the enhanced Shield Building outlined in the

October 15, 2009, letter, Westinghouse reassessed the design and its design approach and has developed
an integrated design approach to the AP1000 enhanced Shield Building that addresses NRC concerns.
This integrated design approach has resulted in revisions to the design, analysis, and testing that
Westinghouse will use to demonstrate that the Shield Building structural components are integrated as a
complete structure and act as a single unit to perform the intended safety function under design basis
loads.

Following the NRC letter, there was a series of meetings with Westinghouse and the NRC. These
meetings were held on November 18, 2009, December 21-22, 2009, January 28-29, 2010, and

February 23, 2010. The purpose of the meetings was for Westinghouse to describe the integrated design
process being implemented to demonstrate that the AP1000 Shield Building enhanced design meets the
challenges of safety and durability throughout its design life. In these meetings Westinghouse described
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the design modifications incorporated into the Shield Building to address the NRC concerns, including
those changes that provide for the building to act as a single unit during a design basis event. The design
details of the RC/SC connections also were discussed as to their ductility and strength following design
basis and beyond design basis events. The integrated Shield Building structure with the key areas of
interest are shown in Figure 1.1-1.

Additionally, a test program was described that would be developed and completed to confirm the
behavior of the SC design. A series of nonlinear benchmark analyses were discussed that would be
performed to demonstrate the conservatism inherent in the enhanced Shield Building design. Finally,
Westinghouse described the construction mockup program for the RC/SC connections and the air intakes
to verify the placement procedures and the inspection techniques to confirm proper construction and the
long-term safety for the design life of the Shield Building.

In order to implement the revised design effort described to the NRC in the meetings, Westinghouse
implemented an integrated design process and supplemented its design team with a peer review team
consisting of additional outside industry experts that included members from The Shaw Group, Inc.,
Purdue University, URS Corporation, Obayashi Corporation, Ansaldo STS, NuStart and their consultant,
Twining Laboratories, and Rutgers University Research.

The overall integrated design process (Figure 1.1-2) depicts each of the elements considered and
evaluated to establish the confidence that the design modifications made to the enhanced Shield Building
meet the regulatory requirements and the structure functions as a complete unit throughout a design basis
event.

This submittal of this Revision 1 to the Design Report for the AP1000 Enhanced Shield Building conveys
the completed details of the design modifications, the results of the AP1000 testing completed to date, and
a description of the construction methods and inspection techniques for the AP1000 Shield Building. In
the near term, Westinghouse will provide the analysis approach and completed analysis results in
accordance with the commitments made in the Westinghouse/NRC meetings. Upon submittal of

Revision 2 of the Design Report, Westinghouse will have completely addressed and conformed to all of
the issues identified in the NRC letter of October 15, 2009.
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7. PCS Tank

6. Compression Ring

<+— | 5. Knuckle Region

4. SB Roof

3. Air Inlets and
Tension Ring

2. SC Cylindrical Wall

1. RC/SC
Connections

Figure 1.1-1 Shield Building Structure Key Areas
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Figure 1.1-2 Shield Building Design Process
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1.2 GENERAL DESCRIPTION OF SHIELD BUILDING
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2 SHIELD BUILDING DESIGN ANALYSES

a,c

Revision 1

2-1



a.c

AP1000
2-2

APP-1200-S3R-003

Revision 1




a.C

AP1000
2-3

APP-1200-S3R-003

Revision 1




a.c

AP1000
24

APP-1200-S3R-003

Revision 1




a.c

AP1000
2-5

APP-1200-S3R-003

Revision 1




a.c

AP1000
2-6

APP-1200-S3R-003

Revision 1




APP-1200-S3R-003

AP1000

3 SHIELD BUILDING CYLINDRICAL WALL DESIGN
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4 SHIELD BUILDING STEEL COMPOSITE TO REINFORCED
CONCRETE CONNECTIONS

Revision 1

a,c




a.c

AP1000

APP-1200-S3R-003

Revision 1




a.C

AP1000
4

APP-1200-S3R-003

Revision 1




a.C

44

AP1000

APP-1200-S3R-003

Revision 1




a.c

AP1000
4-5

APP-1200-S3R-003

Revision 1




a.c

AP1000
4-6

APP-1200-S3R-003

Revision 1




APP-1200-S3R-003 AP1000
a,c

Revision 1 4-7



a.c

AP1000
4-8

APP-1200-S3R-003

Revision 1




a.c

AP1000
4

APP-1200-S3R-003

Revision 1




a.c

AP1000
4-10

APP-1200-S3R-003

Revision 1




a.c

4-11

AP1000

APP-1200-S3R-003

Revision 1




a.c

AP1000
4-12

APP-1200-S3R-003

Revision 1




a.c

AP1000
4-13

APP-1200-S3R-003

Revision 1




a.c

AP1000
4-14

APP-1200-S3R-003

Revision 1




APP-1200-S3R-003

AP1000

5 DESIGN OF THE AIR INLETS AND THE TENSION RING
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6 REINFORCED CONCRETE REGIONS OF THE SHIELD BUILDING
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7 SHIELD BUILDING TEST PROGRAM
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