
U7-C-STP-NRC-1 00230

Aftachment

Westinghouse Non-Proprietary Class 3

WCAP-1 7311
Revision 0

September 2010

Stress Report for STP Units 3 &
4 New Fuel Storage Rack
Baseline Design

)Westinghouse



U7-C-STP-NRC-100230
Attachment

WESTINGHOUSE NON-PROPRIETARY CLASS 3

WCAP-17311
Revision 0

Stress Report for STP Units 3 & 4 New Fuel Storage Rack
Baseline Design

Authors:

Brian Albert (Sections 1-4, 6, 7)*
Mechanical/Civil Design & Analysis I

David Strutt (Section 5)*
Mechanical/Civil Design & Analysis I

September 2010

Reviewer: David Strutt (Sections 1-4, 6, 7)*

Mechanical/Civil Design & Analysis I

Brian Albert (Section 5)*

Mechanical/Civil Design & Analysis I

Approved: Jeff Joyce*, Manager
Mechanical/Civil Design & Analysis I

*Electronically approved records are authenticated in the electronic document management system.

Westinghouse Electric Company LLC
1000 Westinghouse Drive

Cranberry Township, PA 16066

© 2010 Westinghouse Electric Company LLC
All Rights Reserved

WCAP-1731 1.doc-092810



U7-C-STP-NRC-1 00230
Attachment

WESTINGHOUSE NON-PROPRIETARY CLASS 3

1
2
3
4
5

TABLE OF CONTENTS

IN T R O D U C T IO N ...................................................................................................................... I
DESCRIPTION OF NEW FUEL STORAGE RACKS ................................................................. I
LOADING CONDITIONS AND STRESS CRITERIA ............................................................... 4
SEISMIC ANALYSIS OF THE NEW FUEL STORAGE RACKS .............................................. 5
INTEGRITY OF NEW FUEL STORAGE RACKS UNDER FUEL HANDLING ACCIDENT
C O N D IT IO N S ............................................................................................................................ 6
5.1 FUEL ASSEMBLY DROP SCENARIOS ....................................................................... 6

5.1.1 D rop O rientations ............. w ............................................................................. 6
5.1.2 D rop Locations ............................................................................................. 10

5.2 FUNCTIONAL CAPABILITY OF THE NEW FUEL STORAGE RACKS ................... 10
RESULTS AND CONCLUSIONS ............................................................................................. I I
R EFE R EN C E S ......................................................................................................................... 12

6
7

WCAP-17311 September 2010
Revision 0



U7-C-STP-NRC-100230
Attachment

1WESTINGHOUSE NON-PROPRIETARY CLASS 3

1 INTRODUCTION

This report contains stress results from the seismic and structural analyses of the baseline new fuel storage
rack design for the South Texas Project Units 3 & 4. The racks are designed to store new fuel assemblies
in the new fuel vault located near the refueling floor elevation of the plant. The bases for the analyses are
the design requirements specified by the following documents:

1. DCD Part 2, Tier 2, Section 9.1 "Fuel Storage and Handling," U.S. ABWR Design Control
Document, GE Nuclear Energy, Revision 4, March 1997 [1].

2. DCD Tier 2, Appendix 3A, "Seismic Soil Structure Interaction Analysis," U.S. ABWR Design
Control Document, GE Nuclear Energy, Revision 4, March 1997 [2].

2 DESCRIPTION OF NEW FUEL STORAGE RACKS

The storage racks are composed of individual storage cells made of austenitic stainless steel. The cells are
welded to a base support assembly and to one another to form an integral structure. The racks also utilize
a neutron absorbing material which is attached to each cell. The new fuel racks are anchored to the floor
of the new fuel vault and incorporate support bands at three elevations of the rack to transmit loads from
the racks to the new fuel vault walls.

The baseline new fuel storage rack layout in the new fuel vault is shown in Figure 2-1. The capacity of
the vault is four lOxlO racks with a total capacity of 400 new fuel assemblies. The lOxlO new fuel
storage racks are very similar to the 11 x 11 spent fuel storage rack detailed in Figure 2-2.
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Figure 2-1
New Fuel Storage Rack Layout

WCAP-17311 September 2010
Revision 0



U7-C-STP-NRC-100230
Attachment

3WESTINGHOUSE NON-PROPRIETARY CLASS 3

Cell Assembly

Neutron Absorber
& Wrapper Plate

00 
Leveling 

Pad

3aseplate

Figure 2-2

STP Fuel Storage Rack Arrangement, 11 x 11 Fuel Storage Rack Isometric
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3 LOADING CONDITIONS AND STRESS CRITERIA

The Fuel Storage Racks were evaluated for the load conditions specified in Table 3-1 below.

Table 3-1

Fuel Storage Rack Load Combinations & Applicable Codes

Load Case Load Combination(l) Applicable Code ASME Service
LoadCase LoadLevel

Normal D + To ASME NF A

Normal (Stuck
Fuel Assembly)(2) D + To + PF ASME NF A

Faulted D + Ta + SSE ASME NF D

Faulted (Dropped
Fuel Assembly) (3) D + To + FD ASME NF (3) D

(1) Load Abbreviations:
D Deadweight
To Operating Thermal Load
Ta Highest Abnormal Temperature Thermal Load
PF Stuck Fuel Assembly
FDDropped Fuel Assembly
SSE Safe Shutdown Earthquake

(2) According to [1], the stuck fuel assembly load case is bounded by the seismic load
case and a separate evaluation is not required.

(3) For the dropped fuel. assembly load case, it is only required that the functional
capability of the fuel racks are maintained and the Keff of the fuel assemblies
remains below 0.95. The ASME NF code may be used as a guide to help
demonstrate the acceptability of the Fuel Storage Racks.
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4 SEISMIC ANALYSIS OF THE NEW FUEL STORAGE RACKS

The purpose of this subsection is to demonstrate the adequacy of the new fuel storage racks to store fuel
under seismic loading conditions. A finite element model of a new fuel rack was created in ANSYS®, as
shown in Figure 4-1 below. The fuel rack was loaded by static accelerations using the equivalent static
analysis method to account for the seismic forces acting on the structure. The magnitudes of the
accelerations were taken from the spectra provided in [2]. The equivalent static analysis method provides
conservative results compared to other dynamic analysis methods. Therefore, it is an acceptable
analytical approach to evaluate the new fuel storage racks. The fuel rack was also loaded by static fuel
impact loads that were calculated in accordance with Appendix D of Standard Review Plan Section 3.8.4.
Stresses in the racks were checked against ASME design limits to ensure structural adequacy of the
design. Details of the seismic analysis and stress qualifications are provided in Reference [3].
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Figure 4-1

ANSYS® Fuel Rack Model Isometric View
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5 INTEGRITY OF NEW FUEL STORAGE RACKS UNDER FUEL
HANDLING ACCIDENT CONDITIONS

5.1 FUEL ASSEMBLY DROP SCENARIOS

The assumed fuel assembly was a representative fuel assembly plus the handling tool, having a total
maximum dry weight of 572Kg (12631bs). It was postulated to be dropped from a height of 1.8m (5.9ft)
above the top of the rack as described in [1]. Details of the analysis are provided in [4]

5.1.1 Drop Orientations

Three drop orientations were considered. These were:

* The drop of a fuel assembly onto the top of a rack with the assembly in a vertical position

* The drop of a fuel assembly onto the top of a rack with the assembly in an inclined position.

* The drop of a fuel assembly through an empty rack cell to the bottom of the rack

These orientations are shown in Figures 5-1, 5-2 and 5-3, respectively.
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Figure 5-1 Fuel Assembly Drop on Top of Rack
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Figure 5-2 Fuel Assembly Drop on Top of Rack, Inclined Orientation
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Figure 5-3 Fuel Assembly Drop Through to Bottom of Rack
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5.1.2 Drop Locations

The fuel assembly was dropped at seven different locations to find the location with maximum effect. The
locations are depicted below in Figure 5-4
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Figure 5-4 Support Pad and Fuel Assembly Drop Locations

5.2 FUNCTIONAL CAPABILITY OF THE NEW FUEL STORAGE RACKS

It must be shown that the fuel racks will retain functional capability. An explicit dynamic drop analysis of
a fuel assembly impacting the fuel rack was performed in [4] to ensure that the integrity of the rack is
maintained and to determine the forces transferred to the vault floor. A fuel assembly dropped in the
vertical position was judged to be the most limiting condition.

The plastic deformation ranges between 3.76 and 6.05 inches for the cases evaluated in [4]. The
magnitude of the deformation depends on where the fuel assembly impacts the top of the fuel rack. In
addition, the crushing does not impair the ability of the rack to maintain the fuel in a non-critical state.
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6 RESULTS AND CONCLUSIONS

The new fuel racks were evaluated to the criteria described in Section 3.0 and the results demonstrate the
structural adequacy of the new fuel racks for the Normal and Faulted load cases. The stresses in the new
fuel rack meet ASME NF stress requirements for both the Normal and Faulted (seismic) loads conditions.
Table 6-1 below summarizes the maximum stress ratios calculated in [3]. For the Faulted (Dropped Fuel
Assembly) load condition the racks are able to withstand the dropped fuel assembly impact without
loosing functional capability or damaging the neutron absorbing material. The rack's cell walls will
deform a maximum of 6.05 inches, which is significantly less than the acceptable amount of 10 inches as
shown in [4]. Therefore, it is concluded that the functional capability of the fuel racks is maintained
during the Faulted dropped fuel assembly load condition.

Table 6-1

Summary of New Fuel Rack Stresses

Component Load Case Stress Type Interaction Ratio

Membrane 0.003
Normal

Membrane + Bending 0.002
Cell Wall

Membrane 0.753
Faulted

Membrane + Bending 0.996

Combined Axial & 0.014

Normal Bending

Shear 0
Leveling Screw Combined Axial & 0.250

Faulted Bending
Shear 0.067

Normal Shear 0
Cell-to-Cell Weld Stress

Faulted Shear 0.736

Cell-to-Baseplate Weld Normal Shear 0
Stress Faulted Shear 0.707

Cell-to-Coverplate Weld Normal Shear 0

Stress Faulted Shear 0.538
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