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Attached please find NRC staff’s request for additional information concerning review of the NuScale Design 
Certification Application.  
 
Please submit your technically correct and complete response within 60 days of the date of this RAI to the 
NRC Document Control Desk. The NRC Staff recognizes that NuScale has preliminarily identified that the 
response to one or more questions in this RAI is likely to require greater than 60 days. NuScale is expected to 
provide a schedule for the RAI response by email within 14 days. 
 
If you have any questions, please contact me. 
 
Thank you. 
 
Gregory Cranston, Senior Project Manager 
Licensing Branch 1 (NuScale) 
Division of New Reactor Licensing 
Office of New Reactors 
U.S. Nuclear Regulatory Commission 
301-415-0546 
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Request for Additional Information No. 244 (eRAI No. 9013) 
Issue Date: 09/29/2017 

Application Title: NuScale Standard Design Certification - 52-048 
Operating Company: NuScale Power, LLC 

Docket No. 52-048 
Review Section: 09.01.02 - New and Spent Fuel Storage 

Application Section: 9.1.2 
  
 

QUESTIONS 
 
 
09.01.02-29 

10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR 52.80(a) provide 
the regulatory requirements for the design of the new and spent fuel storage facilities. SRP Sections 9.1.2 
and DSRS Sections 3.8.4 Appendix D describe the specific SRP acceptance criteria for the review of the 
fuel racks to meet the requirements of the Commission’s regulations identified above.  

On page 156 of TR-0816-49833-P, in Section 3.1.4.10.1, the applicant discusses the peak accelerations 
in the X, Y, and Z directions of the rack response for the seven time history analyses. The applicant 
should explain how the “average acceleration” is determined and justify why this approach results in the 
maximum stresses in all parts of the rack.  

This section of the report also states, “Scrutiny of the acceleration data for TH1 found that fuel storage 
Rack #14 (for μ=0.20) undergoes the peak acceleration in the Y and Z direction with less than peak 
acceleration in the X direction. For μ=0.80, fuel storage Rack #13 observes the peak acceleration in the 
X, Y, and Z directions. Therefore, Racks #14 and #13 are considered to be crucial for design for μ=0.20 
and 0.80 respectively using TH1 results.”  

As indicated above, for the case of μ=0.20, the selected Rack #14 does not experience the maximum 
acceleration of the racks in the X direction for TH1. In addition, the peak accelerations in the X, Y, and Z 
directions most probably do not occur at the same time. Therefore, the applicant should explain why only 
selecting Rack #14 bounds all other racks in TH1 and the racks in the other time history evaluations.  

Similarly, for the case of μ=0.80, Rack #13 was selected for TH1; however, the peak accelerations in the 
X, Y, and Z directions most probably do not occur at the same time. The applicant should explain why 
only selecting Rack #13 bounds all other racks in TH1 and the racks in the other time history 
evaluations.   
 
 
 
09.01.02-30 

10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR 52.80(a) provide 
the regulatory requirements for the design of the new and spent fuel storage facilities. SRP Sections 9.1.2 
and DSRS Sections 3.8.4 Appendix D describe the specific SRP acceptance criteria for the review of the 
fuel racks to meet the requirements of the Commission’s regulations identified above.  

On Page 161 of TR-0816-49833-P, in Section 3.1.4.10.5, the applicant describes the selection of a 
reduced set of racks and time histories for the detailed design of the racks based on rack contact forces. 
These selected racks are in addition to the racks selected based on the maximum average accelerations 
and the maximum sliding and uplift, which are described in Sections 3.1.4.10 and 3.1.4.10.2 of the 
technical report, respectively. The selection of the specific racks based on contact forces only includes 



rack baseplate to rack baseplate contact forces and baseplate to rack exterior surface contact forces. 
Therefore, explain why the selection of racks for detailed design did not also include contact forces 
between adjacent rack exterior faces (Table 3-19) and the peak FA impact forces (Table 3-21).  

In several of the tables, such as Table 3-18 for storage rack baseplate forces and Table 3-21 for peak FA 
impact forces, the term “Peak Lateral Force” or “Force-Lateral” is used in addition to providing the Peak 
Horizontal X and Y forces. Explain what these two terms mean and how the peak values are determined.  
 
 
 
09.01.02-31 

10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR 52.80(a) provide 
the regulatory requirements for the design of the new and spent fuel storage facilities. SRP Sections 9.1.2 
and DSRS Sections 3.8.4 Appendix D describe the specific SRP acceptance criteria for the review of the 
fuel racks to meet the requirements of the Commission’s regulations identified above.  

The applicant provided the following statements in the Technical Report.  

Section 3.1.5.1 “Methodology” (p. 165) states, “Displacement time histories from the LS-DYNA analysis 
described in Section 3.1.4 are mapped from the simplified model of the worst-loaded racks to the detailed 
model in ANSYS V15.0.7. The displacement time history is used to develop the stresses seen in the fuel 
storage rack components during a seismic event for Level D type design.”  

Section 3.1.5.5.3 “Service Level D” (p. 177) states, “A displacement time history is extracted from this 
whole pool for the racks with worst-case loading (as documented in Section 3.1.4.11) and then applied to 
either the simplified or detailed stress model for use in this stress evaluation.  

Because the simplified rack model used in the whole pool analysis uses a combination of shell-and-beam 
elements, displacements at all nodes cannot be accurately mapped to the detailed model and solved 
simultaneously. To simplify the analysis, stresses in the shell-and-beam elements are analyzed 
separately.” 

Section 3.1.5.5.3 “Service Level D,” under the heading “Plate-and-Shell Type” (p.177), states, “Once the 
mapping process is completed, the post-processing file “sfs_post_s.inp” is used to extract the maximum 
stress intensity for each component and compare it to the allowable stress for plastic analysis. Nodal 
results are taken for the external surface of the shells, providing membrane plus bending stresses…  

Because accelerations are not being directly applied to this model, the fuel-tube density does not need to 
be modified to account for the mass of the FAs.” 

To fully understand the approach being used, the applicant is requested to: 

(1) describe in greater detail how the mapping process is implemented, including the situation when there 
is no one-to-one correspondence in nodes, 

(2) explain whether the displacement time histories are being mapped to the simplified or detailed model 
results in a series of static analyses with the mapped displacements, performed one step at a time, or are 
the results from a  dynamic time history analysis, using the whole pool displacement time history as input. 

(3) clearly explain why the stress analysis is performed, in some cases, on the simplified rack model 
rather than the detailed rack model, as stated on page 177. 
 
 
 
09.01.02-32 



10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR 52.80(a) provide 
the regulatory requirements for the design of the new and spent fuel storage facilities. SRP Sections 9.1.2 
and DSRS Sections 3.8.4 Appendix D describe the specific SRP acceptance criteria for the review of the 
fuel racks to meet the requirements of the Commission’s regulations identified above.  

The applicant should explain the design evaluations for the loads imparted on the pool liner and concrete 
floor immediately below the rack legs. The applicant should address if the rack leg bearing plates were 
properly sized to avoid crushing the concrete in the localized region. The applicant should also explain 
whether the rack legs, including the bearing plates, are designed to avoid damaging the leak chase 
channels, and describe whether the rack legs and leak chase channels are located in positions to avoid 
the rack leg impact forces on the leak chase channels. The applicant should describe whether rack 
movement due to seismic displacement of the racks is also considered in this evaluation. 
 
 
 
09.01.02-33 

10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR 52.80(a) provide 
the regulatory requirements for the design of the new and spent fuel storage facilities. SRP Sections 9.1.2 
and DSRS Sections 3.8.4 Appendix D describe the specific SRP acceptance criteria for the review of the 
fuel racks to meet the requirements of the Commission’s regulations identified above.  

The staff reviewed the results of the sensitivity analysis from the partially loaded fuel racks. The staff 
noted that starting in section 3.1.6.6.5, it appears that in a number of cases significantly higher forces 
result from the partially loaded rack analysis. Several of these specific cases are referenced below. The 
staff requests the applicant provide additional information to justify these increased forces.  

a. On Page 225 of the TR, the applicant states that the baseplate force is higher for the partially loaded 
rack analysis than the fully loaded rack results. The applicant further states, “The increase forces are due 
to rack-to-rack impact and that the increased force does not affect the qualification of the baseplate 
because it is in the strong direction of the plate.” The applicant should provide justification for why the 
qualification of the baseplate is acceptable.  

b. On page 226 of the TR, the applicant states that the highest contact force between rack baseplates 
and adjacent exterior faces for the partially loaded rack is higher than fully loaded rack results (X-
direction, baseplate of Rack#13 to exterior wall of Rack #14). The applicant further states, “The increased 
forces are due to increased rack-to-rack impact; however, the fully loaded analyses have demonstrated 
that impact loadings are negligible compared to the effect of water pressure on the outside of the bottom 
grid, bottom band, and fuel tubes.” The applicant should quantify the contact force in relation to the effect 
of water pressure to demonstrate the negligible effect of impact loadings.  

c. On page 228 of the TR, the applicant states, “The highest lateral baseplate forces are 91 percent 
higher than the fully loaded analysis results.” The applicant should provide additional information to 
demonstrate that although lateral baseplate forces are 91% higher, the IR is only 3% higher than the fully 
loaded results (based on the IR presented in Table 3-62 versus Table 3-33).  

d. On page 225, of the TR, the applicant stated that the peak vertical force for the fuel storage rack legs is 
higher than fully loaded rack results (Rack #15); however, this value is enveloped by the maximum leg 
force as determined in Section 3.1.3.” Section 3.1.3 of the report addresses the FA drop impact load 
which does have a higher impact force; however, it also has a higher allowable stress for the rack leg 
because this is an accidental drop load case. The applicant should explain why the comparison is not 
made to the Level D stress allowable, as described on page 190 of the report. 



e. In addition, for any additional results where the forces are found to be higher for the partially loaded 
rack analysis, the applicant should provide additional justification to demonstrate that the fuel storage 
racks are designed with sufficient margin to withstand these increased forces.  
 
 
 
09.01.02-34 

10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR 52.80(a) provide 
the regulatory requirements for the design of the new and spent fuel storage facilities. SRP Sections 9.1.2 
and DSRS Sections 3.8.4 Appendix D describe the specific SRP acceptance criteria for the review of the 
fuel racks to meet the requirements of the Commission’s regulations identified above.  

In Section 3.1.5.5.3 (pages 187-188), “Compression/Buckling” is addressed. The fuel tube and corner 
angle, treated as columns, are evaluated. Calculated compressive forces from the seismic + deadweight 
analysis are significantly less than conservative estimates of the elastic buckling capacity. However, the 
evaluation does not address local plate buckling of the fuel tube wall having thickness t, width d, and 
height l) at the bottom of the fuel tube, below the sheath for the moderator material. Because this has 
proven to be a critical location in other spent fuel rack designs, the staff requests that the applicant 
provide a quantitative evaluation for local plate buckling of the fuel tube wall.   
 
 
 
09.01.02-35 

10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR 52.80(a) provide 
the regulatory requirements for the design of the new and spent fuel storage facilities. SRP Sections 9.1.2 
and DSRS Sections 3.8.4 Appendix D describe the specific SRP acceptance criteria for the review of the 
fuel racks to meet the requirements of the Commission’s regulations identified above.  

On page 193 of the report (as well as several other locations), the applicant provides the design of the 
welds. It appears that the weld stresses are checked separately for fv and fh against the code allowable 
stresses. The applicant should explain why the resultant weld stress due to the two perpendicular 
directions is not checked against code allowable values. 
 


