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Quantify the maximum deformation of the end plugs, especially at the end plug welds, and indicate 
whether or not the deformation is an inelastic deformation. 

Page 34 of the calculation package FS1-0015328, Rev. 2, appears to show deformations of the 
end plugs. The maximum deformation of the end plugs is needed to perform the structural 
evaluation. 

This information is needed to determine compliance with 10 CFR 71.41, 71.51, and 71.73. 

AREVA Response: 

Through material specification and welding qualification, including testing, the weld is ensured to 
be structurally stronger than the fuel rod cladding.  For the purpose of analysis, the weld and the 
accompanying heat-affected zone are represented as unmodified annealed cladding.  The weld 
and the accompanying heat-affected zone in the finite element model are modeled as shell 
elements as well as the rest of the cladding.  The end plugs are modeled as solids.  The finite 
element model of the end plugs and the fuel cladding near the weld are shown in the figure below 
that is an expanded view of Figure 7.1-4 on page 12 of Reference 2-3-1 

 

The minimum ultimate strain of the material Zirconium used for the end plug and the cladding is 
14% as shown on page 23, Figure 16, “Review of Zircaloy-2 and Zircaloy-4 Properties Relevant to 
N.S. Savannah Reactor Design, Whitmarsh, C.L. July 9, 1962, ORNL-3281, UC-80-Reactor 
Technology, TID-4500, 17th Ed.”  The maximum inelastic deformation of the end plugs, as 
extracted from the binary files of the simulation, is 12% and occurs at the pointed tip of the end 
plug.   

The inelastic strain of 12% is less than the ultimate strain of 14% for the Zircaloy-2 material.  The 
inelastic strain at the tip of the end plugs results from the end drop impact and has no effect on the 
structural integrity of the fuel cladding. 

The strain at the weld corresponds to nodal strain at the top boundary of the end plug that is 
reported with the strain contour of the cladding of the heat-affected zone as shown in page B7, 
Figure B.5.1-1 of Reference 2-3-2.    
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The maximum inelastic deformation of the weld and the heat-affected zone in the cladding is 2.6% 
as shown in the figure above.  The inelastic strain of 2.6% is less than the minimum ultimate strain 
of 14% for the Zircaloy-2 material. 

Since the cladding structural analysis demonstrated large margin to failure (1.4x14/2.6=7.5).  
Normally the weld metal is stronger than the base metal, therefore the higher strength weld will 
also have the same margin to failure as that of the cladding.  The multiplication factor of 1.4 in the 
above margin is applied because the deceleration input has been amplified by a factor of 1.4.   
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