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On March 28, 2013, Westinghouse and the U.S. Nuclear Regulatory Commission (NRC) 
staff with its contractor Pacific Northwest National Laboratory (PNNL) held a telephone 
conference to discuss the response to the first RAI, dated August 29, 2012.  The NRC 
staff and PNNL conveyed the message that the response was insufficient to resolve 
issues and concerns.  In subsequent discussion, all parties agreed that these additional 
issues and concerns would thereby become a second RAI as provided in the following. 

In addition, the NRC staff discovered that Low Tin ZIRLOTM, which Westinghouse marks 
as proprietary in the submittal, was published in several publicly available sources 
including Federal Register and a paper “Westinghouse SVEA Fuel Evolution and 
Management” in Top Fuel Reactor Fuel Performance 2012 in Manchester, UK.  The 
NRC staff thus determines that the Westinghouse claim of the proprietary marking of 
Low Tin ZIRLOTM is invalid.    

1. RAI-3 Growth   

1) Comment - The response states that the growth between BWR Low Tin ZIRLOTM 
['''''''''''''''] channels will be similar to [                                   ] guide tubes.  No data are 
provided to substantiate this claim.  For example, the corrosion including shadow 
corrosion may be different for these two different reactor applications that would 
change the hydrogen pickup and subsequent growth due to hydrogen. 
a) Question 1 - Please provide the BWR and PWR [     ] growth data to 

substantiate the claim that irradiation growth [             ] between BWR Low Tin 
ZIRLOTM [          ] channels and [                                                        ]   

b) Question 2 – When will additional oxide and hydrogen data become available 
along with their projected burnup levels and how does this compare to the 
projected schedule for the first reload with Low Tin ZIRLOTM channels in a US 
plant? 
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2) Comment - Table 1 lists averaged measured hydrogen from one PIE examination of 

a fuel channel at [                      ] and then estimates the average hydrogen level for 
low tin ZIRLOTM channels at [                        ]  Discussions in the submittal 
(WCAP-15942, Supplement 1, Revision 1) suggest that there are very large 
variations in oxide thickness and hydrogen levels both axially and for different sides 
(control blade versus non-control blade side) of the channel.  

  
a) Question 3 - How is average hydrogen measured for channel growth with such a 

large variation in measured oxidation and hydrogen in channels and what are the 
uncertainties in the hydrogen value for Low Tin ZIRLOTM, for both the one PIE 
channel examined and the projected value at [                        ] 

b) Question 4 - How many samples were taken axially at which locations and how 
many per channel side at each axial location to determine the average 
hydrogen?   

c) Question 5 - What are the uncertainties in the [                                         ] 
hydrogen for a channel given the small amount of data? 

d) Question 6 - Are there any differences in the data provided in Figure 4.2-1 of 
original submittal dated September 2010 and Figure 1 in the revised responses 
(also Figure 4.2-1 of August 2012 revision of submittal)?  If so please describe 
the new data added including the material, equivalent burnup level, and growth of 
the new data such that this additional data can be considered to determine if 
additional data are necessary to confirm Low Tin ZIRLOTM performance at high 
burnup. 

2. RAI-3 and 6 Channel Bulge and Creep 

Comment – [ 

                                                                                                               ]  However, 
thermal creep does not always represent the characteristics of the irradiation induced 
creep because there are different mechanisms involved.  The response and submittal 
notes that niobium is known to decrease the creep rate, but it is also known that 
reducing the tin level in zirconium alloys will also increase the creep rate. The tin content 
in Low Tin ZIRLOTM is [                                                                      ]  Therefore, it 
cannot be automatically assumed that a creep model for [               ] can be applied to 
Low Tin ZIRLOTM because the effect of [                        ] may increase the creep rate 
more than the niobium reduces the creep rate.  Therefore, irradiation creep data are 
needed for Low Tin ZIRLOTM.  

a) Question 7 - How and when will irradiation data be available to confirm the 
assumption that the [                ] creep model is applicable to Low Tin 
ZIRLOTM and how does this compare to the schedule for the first reload with 
Low Tin ZIRLOTM channels in a US plant? 
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3. RAI-4 Data from Lead Test Assembly 

Question 1 - Are the [                ] data included in the latest revised submittal 
(August 2012) and responses?  If so, please identify these data in the figures 
provided.  If not, please explain. 

4. RAI-8 – Channel Bow 

Comment - There are several inconsistencies in the response, the submittal, and the 
original approval due to the concern of channel bow impeding control rod insertion: 

• First inconsistency:  The limit on channel bow is stated as [            ] standard 
deviation of [                              ] for a symmetric lattice (response to RAI-8b and 
Figure 6).  However, page 4-10 of the revised submittal (August 2012) states the 
standard deviation is [                                     ] for a symmetric lattice.  

• Second inconsistency:  In the approved methodology for evaluating clearance 
between the channel and blade to assure control rod insertion, the approved 
methodology is for [            ] the standard deviation.  However, the analysis 
provided in the submittal to demonstrate adequate clearance between channel 
and blade used only [     ] standard deviation of [          ]   

• Third inconsistency:  In the statistical level for calculating channel bow for 
determining control rod insertion, the approved methodology is intended to 
bound the data at a 95/95 level.  Examination of the data demonstrates that 
[                             ] (assuming standard deviation from page 4-10 of revised 
submittal) does not appear to bound the data in Figure 6 of revised responses at 
a 95/95 level for a symmetric lattice.  This may suggest the standard deviation is 
incorrect. 

• Furthermore, if a [            ] standard deviation value of [             ] is used, it 
appears to provide an interference fit that will restrict control rod movement given 
the minimum clearance of [             ] provided in the submittal that would impact 
control rod insertion. 

a) Question 1 - Given the two different values of standard deviation quoted for 
a symmetric lattice, which value of standard deviation is used to determine 
channel clearance with the control blade at EOL?   

b) Question 2 - Provide an example analysis using the value of standard 
deviation and the approved analysis methodology of [            ] standard 
deviation.  For this analysis, [                                                                  ] along 
with a discussion on why [                                                      ] will allow 
adequate control blade movement based on testing with various interference 
clearances. 

c) Question 3 - Will Low Tin ZIRLOTM channels also be applied to asymmetric 
lattice plants in the US?  If so, please provide an example analysis for an 
asymmetric lattice plant similar to item a. above.  Will Lead Test Assembly 
irradiations be performed in an asymmetric lattice prior to a reload because 
there is very little asymmetric data?  
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d) Question 4 - Also, when will additional channel bow data for asymmetric 
plants become available along with projected burnup levels and how does 
this compare to the schedule for a projected first reload for an asymmetric 
plant in the US? 

Comment - If the values of standard deviation provided in the submittal at [ 

                                           ] are plotted on Figures 6 (of response) and 4.2-6 (of 
submittal), respectively, these values [                                 ] do not appear to bound 
their respective data at a 95/95 level.  It is noted that there is very little channel bow data 
for asymmetric plants above an equivalent burnup of [                       ] 

a) Question 5 - If these values are used to determine the interference fit, please 
provide the number of data points at burnup intervals of [ 
                           ] along with how many data points are above the [         ] standard 
deviation value used (items a. and b. above) to demonstrate clearance for both 
symmetric and asymmetric plants in Figures 6 (revised responses August 2012) and 
4.2-6 (revised submittal August 2012), respectively. 

5. RAI-9  
a) Question 1 - Provide references that [                 ] do not dissolve in low tin ZIRLOTM 

(as stated in revised responses) up to the fluence/burnup levels requested for the 
channels.  Also, are there any other hydrogen pickup data at high burnup for low tin 
ZIRLOTM other than the one data point in Table 1 at [                      ] that 
demonstrates Low Tin ZIRLOTM will continue to have a much lower hydrogen pickup 
than Zr-2 or Zr-4? 

Comment - The irradiated mechanical property data provided are [                           ] 
hydrogen levels compared to the hydrogen limits requested.  In addition the NRC has 
irradiated data from [        ] cladding to suggest that its ductility is lower than for cold 
work stress relief annealed cladding at equivalent hydrogen levels. This could be due to 
the fact that the [       ] material has random orientation of hydrides such that some are 
orientated in the radial direction which could have a higher probability for crack initiation 
as the density of hydrides increases.  Therefore, [                    ] will need to be 
established for Low Tin ZIRLOTM [            ] until data can be provided to substantiate a 
[                                   ] 

b) Question 2 - Please provide a lower limit based on [''''''''''''] cladding with 
similar hydrogen orientation and distributions that exist in Low Tin ZIRLOTM  
[          ] channels along with justification based on data.  If additional, 
mechanical test data are to be provided for Low Tin ZIRLOTM ['''''''''''''] to 
demonstrate the higher hydrogen limit is valid, micrographs need to be 
provided that demonstrate the hydride distribution, orientation and length of 
the mechanical test data are prototypical of those found in Low Tin ZIRLOTM 
[          ] channels.  The mechanical response of Zirconium alloys has been  
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found to be strongly dependent on hydride distribution, orientation and length 
of the hydrides as well as the stress state.  In addition, provide on the 
geometry and the stress state of the mechanical test specimens and relate 
these to the limiting stress state in BWR channels. 


