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Preliminary Questions for Audit 
ANP-10337, Revision 0, Supplement 1P, Revision 0 
Audit dates:  March 26-28, 2019 
Audit Location:  Framatome Lynchburg VA Offices 
 
 
These audit questions are intended to provide clarification and assist in the reviewers’ 
understanding of Supplement 1.   
 
Note:  “Explain (a section) in detail” is a request for a detailed explanation of the contents of the 
section and an opportunity for questions and answers. 
 

1. (Section 1.0) Confirm the Nuclear Regulatory Commission’s (NRC’s) understanding of 
the intent of Supplement 1: 
 

a. Supplement 1 is a distinct, alternate analytical path from the standard 
ANP-10337 analysis.   
 

b. An analysis that includes a Deformable Grid Element (DGE) follows the rules of 
Supplement 1. 
 

c. Supplement 1 is intended to fit within the limitations and conditions (L&Cs) the 
NRC placed on ANP-10337.  There is no need to revise the existing L&Cs. 

 
2. (Section 2.0) Supplement 1 makes an applicability statement in Section 2.0 and defines 

grid behavior that must be satisfied in Section 2.1.  Was this worded to allow the use of 
the DGE when a linear visco-elastic spring element (LVES) would also work?  Or is the 
intent to state that the DGE is only applicable when the grid behavior does not meet the 
definition of LVES?  
 

3. (Section 2.1) How is Framatome proposing to demonstrate that candidate grids meet the 
applicability requirements of Section 2.1?  Consider revising Section 2.1 to define what 
will be done to demonstrate the applicability of Supplement 1. 

 
a. Will all Supplement 1 grid test series be conducted to at least [''' '''''''''''''''''''''''''' 

''''''''''''' ''''' ''''''''''''''''' '''''''''''''''''''''''''''''] to bound the range of applicability? 
 

b. Will ['''''''''''''''''' '''''''''' ''''''''''''''' '''''''''' ''''''' '''''''''''''''''''''' '''' ''''''' '''''''''''' ''''''''''''''''''''''''' '''''''''] to 
demonstrate grid behavior variability at the limits of model application? 

 
4. Supplement 1 appears to be intended as a generic testing/analysis approach for 

deformable spacer grids, with the near-term intent of capturing the behavior of the GAIA 
spacer grid design.  How will the DGE model be validated for different deformable 
spacer grid designs, including verification that the numbers and characteristics of the 
load/deflection regions are sufficiently to accurately capture the grid behavior? 
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5. (Section 3.2) Supplement 1 replaces the impact force acceptance criteria of ANP-10337 
with some new deformation limit acceptance criteria.  It is not clear what deformation 
limits this supplement is proposing.  Consider clarifying Section 3.2 to address the 
following: 
 

a. What specific grid acceptance criteria are proposed for a Supplement 1 analysis? 
 

b. The DGE model requires a relationship between ['''''''''''''''''' ''''''''''''''''''''''''''''' ''''''''' 
'''''''''''''' ''''''''''''], so why not keep impact force as the acceptance criteria to maintain 
consistency with other Framatome grids and across the industry?  (It might be 
easier to approve Supplement 1 if it uses impact force as the acceptance 
criteria.) 
 

c. Are different acceptance limits being proposed for peripheral grids and internal 
grids? 
 

d. What is the intent of the last 3 sentences of Section 3.2?  Does this describe 
alternate acceptance criteria?  Or acceptance criteria that must be met in all 
cases? 
 

e. What are the operating basis earthquake (OBE) acceptance criteria?  Is 
Supplement 1 proposing to allow grids to ['''''''''''''''''' ''''''''''''''''''' '''''''''''''''''''''''' ''''''''''''''''''''''' 
''''''''''''' ''''''''''' '''''''''''']? 

 
6. (Section 4.0, General) Provide an overview of Section 4.0 (page 4-1 through page 4-19).  

Relate the features and behavior of the DGE to observed grid impact behavior. 
 

7. (Section 4.1) The DGE is a user defined force element.  Provide a sample of the seismic 
analysis code (CASAC) input file that shows how the DGE is implemented.  Discuss 
quality assurance procedures pertaining to user defined elements. 
 

8. (Section 4.1) Table 4-1 defines [''''''] input parameters for the DGE.  Provide a graphic 
that illustrates all ['''''''] input parameters. 
 

9. (Section 4.1) Clarify what is going on in Figure 4-1.  [''''' '''''''' '''''''''' '''''''''''''''''''' '''''''''''''''''''''''' 
'''''''''''' '''''''''''''''''''''' ''' ''''''''''''''''''' '''''''''''''''' ''''''''''''' ''''' '''''' ''''''''''''''''''  '''''''''' ''''''''''''''''''''''' '''''''' ''''''''' ''''''''''''''''' 
'''''''''''''''''' ''' ''''''''''''''''''' '''''''''''' '''''''''''' ''''''' ''''''''' '''' '''''''''''''''''''' '''''''''' '''''''' ''''''''''''''''''' ''''' ''''''''''''''''''''''''''''''' 
'''''''''''' '''''''' ''''''''''''''''''''' '''' '''' ''''''' ''''''''''''''''' ''''''''''''''''']? 
 

10. (Section 4.2) Clarify what is meant in the third bullet from the beginning of the section. 
 

11. (Section 4.2) Why are there [''''''''' ''''''''''''''''''''''''] in the large deformation state?  Do the 
number of ['''''''''''''''''''''''' ''''''''''''''''' ''''''' ''''''''' ''''''''''''' ''''' '''' ''' '''''''''''' ''''' '''']? 

 
a. Why are ['''''''''] regimes necessary, or conversely, sufficient, to model the large 

deformation response of the grid spacers? 
 

12. (Section 4.3) Explain the role of elastic energy in the DGE. 
 

13. (Section 4.4) Explain how damping options are chosen.   
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14. (Section 4.4.1) Is A% part of the DGE, or it used in Supplement 1 as an illustration tool? 
 

15. (Section 4.4.1) Define C and Kel in the first equation of Section 4.4.1. 
 

16. (Section 4.4.2) Explain Figure 4-6.  What are the axes?  Define C0, CE, CP, C1, C2.  
Table 4-1 lists these parameters as DGE model inputs – but what are they and where do 
they come from? 
 

17. (Section 4.5, first paragraph & Figure 4-7) Clarify the discussion about the [''''''''''''''''''''''''' 
'''''''''''''''''' '''''''''''''''''''''''''''''] and explain Figure 4-7.  Tests for describing impact behavior are 
usually dynamic.  Does Figure 4-7 represent [''' ''''''''''''''''''''''''' ''''''''' '''''''''''''''''' '''''''''''''''''''''' 
'''''''''''''''' ''''''''' '''''''''''''''' ''''' ''''''''''''''''''''' ''''''''''''''''''' '''' '''''''''''''''''''''' '''''''''''''''''''''']?  It is not clear what the 
different graphs in Figure 4-7 are trying to show. 
 

18. (Section 4.5, equation) Define Beta, Beta prime, and Beta gap.  What are their units? 
 

19. (Section 4.5) Explain the ['''''''''''''' ''''''''''''''''] options of the DGE.  
 

20. (Section 4.6.1) Is the progressive dynamic impact test discussed here the same test 
specified in ANP-10337 or are there changes to accommodate the DGE? 
 

21. (Section 4.6.1) Explain why ['''''''''''''''''' '''''''''''' ''''''''''''''''''''''''''''' '''''''' ''''''''''''' ''''''''''''''''''' ''''' 
''''''''''''''''''''''''''' '''''''''''''''''''''''''']. 
 

22. (Section 4.6.2) Explain Section 4.6.2 in detail.  It is not clear from these 4 paragraphs 
what Supplement 1 is proposing to do to benchmark the DGE against test data. 

 
a. Will the range of grid residual deformation in the grid tests exceed the grid 

residual deformation limit proposed in Supplement 1? 
 

23. (Section 4.6.2, page 4-10) The discussion in the last paragraph on page 4-10 alludes to 
some parameters being determined from first principles or experimental data, while other 
parameters are tuned iteratively based on engineering judgement.  Identify which 
parameters are estimated from first principles or experimental data, and which were 
subject to such manual tuning, or if the methodology is flexible in this regard. 
 

24. (Section 4.6.3) Explain Section 4.6.3 in detail.  Explain how the statistical methods 
proposed in Section 4.6.3 provide appropriate model validation.  Consider changing 
['''''''''''''''''''''' ''''''''''''''''' ''''' '''''''''''''' ''''''' ''''''''''''''' '''''''''''''''''''''''' ''''''''' '''''''' ''''''''''''''''''''''''''''''' '''' ''''''''' 
'''''''''''''''''''''''''' ''''' ''''''''''''''''''''''''''' '''''''''''''''''''''''''''' '''''''''''''''''].    

 
a. It isn’t clear how statistical methods can address model uncertainty in the 

deterministic, nonlinear fuel assembly row model. 
 

25. (Section 4.6.4) Explain Section 4.6.4 in detail.  Justify the conversion to operating 
conditions for end of life.  Provide impact test data on irradiated grids with similar 
deformation behavior for review if available. 
 

26. Discuss the expected behavior of deformable spacer grids when the full set of end-of-life 
(EOL) conditions are considered, not just ['''''''''''''' '''''''''''''''' '''''''''''''''''''''''''].  Would the 
['''''''''''''''''' '''''''''''''''''''''''''] as a result of irradiation lead to changes in the grid behavior during 
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seismic/loss of coolant accident (LOCA) events?  [''''''''' ''''''''''''''''''''' ''''' '''''''''''''''''''' ''''''''''''''''''' ''''' 
''' ''''''''''''' ''''' '''''''''''''''''''''' '''''''''' '''''' '''''''''''''''''''' ''''' '''''''' ''''''''''''''''''''''' ''''''''''' '''''''''''''' '''''''' '''''''' ''''''''''''''''''' ''''' 
''''''''''''''' ''''''''''''''''''''' '''''' ''''''' ''''''''' ''''' '''''''''''''''''''' '''''''''''''''''''''''''' ''''''''''' ''''''' '''''''] 
 

27. (Section 5.1.2) Explain Section 5.1.2 in detail. 
 

28. (Section 5.1.2) Considering mixed core configurations where fuel assemblies with 
deformable grids are adjacent to linear spacer grids, what requirements (if any) need to 
be met by the linear grids for the equivalent parameters presented in Section 5.1.2 to be 
valid? 
 

29. (Section 5.2) The proposed acceptance criteria is grid deformation, but the model 
architecture does not model [''''''''''''''''''''' '''''''''''].  Justify this apparent inconsistency.  Why 
not change the model architecture so the acceptance criteria are directly available as 
model results?  Why not define acceptance criteria as grid impact force so it is directly 
calculated in the model? 
 

30. (Section 5.2) Editorial note, the first sentence in the last paragraph on page 5-4 should 
read “For the ith fuel assembly…”, not “fuel assemblies”. 
 

31. (Section 5.3) Explain Section 5.3 in detail.  Justify the use of [''''''''''''''''''''''' ''''''''''''''''''''''' ''''' 
''''''''''''''''].  In this nonlinear impact scenario that involves grid deformation, why not run a 
combined safe shutdown earthquake plus LOCA (SSE+LOCA) load case?  What does 
the last sentence of Section 5.3 mean? 
 

32. (Section 5.3) Further discussion is warranted explaining the details of ['''''''''''''''''''''''''' '''' ''''' 
'''''''''''''''''''''] “f” and “g” to benchmarked DGE.  How is the “goodness of fit” of the 
[''''''''''''''''''''''''' ''''''''''''''''''''''] evaluated?  Is it by an R2 value, or is the uncertainty bounded 
using the approach in Section 5.4? 
 

33. (Section 5.4) The discussion in Section 5.4 is not correct in regard to complying with 
Standard Review Plan (SRP) Section 4.2 requirements.  A rewrite of Section 5.4 is 
recommended.  The Supplement 1 DGE is outside the bounds of SRP 4.2 because it is 
describing novel grid behavior that deviates from classic grid buckling behavior 
characterized by the grid crush strength (Pcrit).  It is a good idea for Framatome to 
propose something similar to the 95/95 confidence level on grid strength, but this section 
seems to be trying to demonstrate compliance with an NRC requirement that does not 
exist. 
 

34. (Section 5.4) Explain Section 5.4 in detail.  What is the intent?  What is being proposed?   
 

35. (Section 5.5) Provide examples of the sensitivity study on a Supplement 1 analysis for 
review.  One that passes (does not require scaling) and one that requires a scaling 
factor adjustment. 
 

36. (Section 6.0) Clarify what is meant by secondary stresses.  Permanent deformation in 
grids widens gaps between assemblies and allows more room for fuel bundle deflection.  
It isn’t clear what effect this situation can have on deflection shapes.  One concern is 
whether or not the Service Level C control rod insertion database is still adequate for 
Supplement 1 analyses.  Another concern is whether or not the screening procedure for 
finding limiting deflection shapes is still adequate for Supplement 1 analyses.  These 
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concerns are related to L&C #4 on ANP-10337.  Consider addressing these concerns in 
Section 6.0. 

 
a. It is stated that secondary stress induced by grid deformation is negligible with 

respect to GT or FR buckling – is there evidence of this or is it engineering 
judgement based on previous experience? 

 
37.  (Section A.1, third paragraph) Explain why directional dependence is treated this way.  

Why aren’t you fully characterizing [''''''''''' ''''''''''''''' '''''''''''''''''''''''' ''''' '''''''' '''''''''], and using the 
full set of data in the model benchmarking and statistical model validation described in 
Sections 4.6.2 and 4.6.3? 
 

38. (Section A.1) In Section A.1 it is stated that [''''''''''''' '''' '''''' ''''''''''' ''''' '''''''''''' '''''''''''''''''' '''''''''''''''''''' 
''''''''''' ''''''''' '''''''''''''' '''' ''''''''''''''''''''''''''''']  Does the range of impact energies tested in Figures A-
4 through A-4 bound the impact kinetic energy expected during DBA? 
 

39. (Section A.2) Define the test and criteria that demonstrates ['''''''''''''''' '''''''''''''''''''''''''''''] for the 
applicability of Supplement 1 to a particular grid design.  Show an example of a grid that 
passes the [''''''''''''''' '''''''''''''''''''''''''''' ''''''''] and an example of one that doesn’t. 

 
a. The purple curve (V10 Dir. 2 103676) shown in Figure A-5 seems to indicate that 

[''''''' ''''''''''''''''''' ''''''''''''''''''''''''''''' '''''''''''''''''''''' '''''''''''''''' ''''''''''''' '''''''' ''''''''''''''''''' ''''''''''''''''''''' '''''''''''' 
'''''''''''''''' ''''''''''''''''' ''''''''''' ''''' ''''''''''''''''''''''''' ''' '''''''''''''''''''''''''' ''''''''''''''' '''' '''''''''''''''''' ''''''''' '''''''''''''''  
''''''''''' '''''''''''''''' ''''' ''''''''''''''''''' ''''''' '''''''''''''''''''''' '''''' ''''''''''''' '''''''''' ''''''''''''' '''''''' '''''''''''''''' '''''''''''''''''' 
''''''''''''' '''' ''''''''''''''''''''''''''''''' '''''' '''''''''''''''''''' ''''''''''''''''''' ''''''''''''''''''''''''' '''' ''''''''''''''''''''''''''''''' '''''' ''''''' 
'''''''''''''''''' '''''''''''''' '''''''''''''''''' '''''''''''''''''''''''''''  ''''''' '''''''''''''''''''''' ''''' '''''''' '''''''''''''''' '''''''''''''''''''''''''''' 
''''''''''''''''''''' '''''''''''''''''' ''''''' ''''''''' ''''' ''''''''''''' '''''''''''''''''''' ''''''''''''''  '''''''''' '''''''''' ''''''' '''''''' '''''''''''''' ''''''''''' 
''''''''' ''' ''''''''''''''''''''' '''' ''''''''''''''' '''''''''']  

 
40. (Section A.3) Define the test and criteria that demonstrates ['''''''''''''''''''' ''''''''''''''''''''''''''] for the 

applicability of Supplement 1 to a particular grid design.  Show an example of a grid that 
passes the [''''''''''''''''''' '''''''''''''''''''''''''' '''''''''] and an example of one that doesn’t. 

 
a. The confirmation of ['''''''''''''''''' ''''''''''''''''''''''''''''] in Section A.3 warrants further 

discussion. What limits were used to determine that the grid was in fact, 
['''''''''''''''''''' ''''''''''''''''''''] (besides qualitative discussion of Figures A-7 and A-8)?  
['''''''''''''''' '''''''' '''''''''''''''' ''''' '''''''''''''' ''''''''' '''''''' '''''''''''''' '''' ''''''' '''''''''' '''' '''''''''''''''''''''' ''''''''''''''''''' ''''''' 
''''''''''''''''''''''''' '''''''''''' '''''''''' ''''''''''''''''' '''''''' '''''''''''' ''''' '''''''' ''''''''' '''''''''''' ''''''''''' '''''''''''''' ''''''''''''' ''' ''' 
'''''' ''''''''''''].  How much of this behavior is acceptable with respect to applicability 
of the DGE? 

 
41. (Figures A-5 and A-6) Provide information showing how the DGE model compares to the 

test data presented in Figures A-5 and A-6.  In particular, provide data showing what the 
DGE model would predict for the data points associated with the ['''' '''''''''''''''' '''''''''''''''''''''''''']. 
 

42. (Figures A-5 and A-6) Similar to the previous question, if the data is available, show how 
the DGE model compares to ['''''''''''''''''' '''''''''''''''''''  ''''''''' ''''''''''''''''''''''''''''' ''''''''''''''''''''''' ''''''' ''''''''' 
'''''''''''''''' ''''''''''''''''''''' '''''''' '''' '''''''''''''''''' ''''''''''''''''''''' ''''' '''''''''''''''''''' '''''''''''''''''''' '''''''''''''''''''''''''''' ''''''' ''''' ''' 
'''''''''''']  It isn’t clear how well the DGE proposed in Supplement 1 will agree with [''''''''''''''''' 
'''''''''''''''''''] similar to the ones witnessed in Seismic/LOCA models. 
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43. (Appendix B, General) Provide engineering drawings of the example grid that have 
sufficient detail for Pacific Northwest National Laboratory staff to perform structural finite 
element analysis.  The goal is to support the review by modeling the grid deformation 
under impact loads to help understand the deformation behavior that is being proposed 
in Supplement 1. 
 

44. (Appendix B, Section 4.6.1) On page 4-9 it is stated that the [''''''''''''''''''' '''' ''''''''''''''' ''''''''' 
''''''''''''''' '''' '''''' ''''''''''' '''''' '''''''''''''''''''' '''''' '''''''''''' ''''''''''''''''''''''''' ''''' '''''''''''''' ''''''''''''''''''''  '''''''''' '''''''''''''''''' '''' 
''''''''''''''''''''''' '''' ''''''''''' ''''''' '''''''''''''' '''''''''''''''''' ''''' '''''''''''''''' '''''''''' '''''''''''' ''''''''''''''''' ''''' '''''' '''''' '''''' '''''''''''' 
'''''''''''''''''''''''''''''  ''''''''''''''' ''''''' '''''''''''''''''''''''''''''' ''''' '''''''' ''''''''''''''''''' ''''''''''''''' ''''''''''''''''''''''''' ''' '''''''' 
''''''''''''''''''''''''''' '''''''''''' ''''''''''''' ''''''''''''''''''''  '''''''''''''''''''''''''' ''''' ''''''' ''''''''''''''''' '''''''''''''''''''''''''''''''''' ''''' ''''''''''''' 
''''''''''''''''''''''' ''''' ''''''''' ''''''''''' ''''''''''''''''''''''' ''''' '''''''''' ''''''''''''''''' ''''''''''''' '''''''''''''' ''''''''''''' '''''''''' '''''''' '''''''''''''''' 
'''''''''''' ''''''''''''''''''''''''''''' '''''''''''''''''''''''] 
 

45. (Section B.3) Explain Section B.3 in detail.  What does “Append the acceleration tape” 
mean? 
 

46. (Section B.3) Editorial note, it appears that the point on page B-5 about ['''''''' ''''''''''''''''''''' '''' 
''''''' '''''''''''''''' '''''''''''''''' ''''''''''''''''' ''''''' '''''''''''''''''''' ''''' '''''''''''''''' '''''''' '''''''''''' '''''''' ''''''''''''' '''''''''''''' '''''''''''''''' 
''''''''''''''' '''''''''' '''''''''''''''''''' ''''''''''''''''''']. 
 

47. (Section B.4) Explain Section B.4 in detail. 
 

48. (Section C.1) The sample problem considers row lengths up to 15.  What is the 
maximum row length that Supplement 1 is applicable to?  What is the current maximum 
row length for reactors in the operating fleet of US Pressurized Water Reactors? 
 

49. (Section C.2.1.1) Explain the choice of initial deflection ranges.  Are they consistent with 
ANP-10337? 
 

50. (Section C.2.2.1) A certain number of grids were tested.  Were additional grids tested to 
confirm ['''''''''''''''''''''''''''' '''''''''' ''''''''''''''''''''''''''''']? 
 

51. (Section C.5) How does the spacer grid margins calculated in the example problem in 
Appendix C using DGE’s compare against an identical model using the linear 
viscoelastic grid elements of Reference 1?  If erroneously applied to deformable grid 
spacers, would the methodology of Reference 1 tend to over- or under-predict grid and 
non-grid component margins? 

 


