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STRUCTURAL 

RSI 1 structural (NON-PROPRIETARY) 

1. Section 3.9.5, NUHOMS® EOS-TC BODY STRUCTURAL ANALYSIS.  Provide a lead slump 
analysis to demonstrate that shielding capability of the TC is not compromised due to the 
drop accident induced lead slump of the TC enclosure wall.  

The December 19, 2014 AREVA transmittal letter, E-40553, notes that, “The NUHOMS® 
EOS System is an improved version of the NUHOMS® HD System described in CoC No. 
1030. The EOS-TCs are similar to the previously licensed TCs.”  Therefore, the staff 
expects, similar to those presented in the final safety analysis report (FSAR) for the 
NUHOMS® HD System, a lead slump analysis be included in the current submittal, as an 
analyzed configuration, to demonstrate the shielding performance of the loaded TC after the 
postulated DSC drop accident. 
 
This information is needed to meet the requirements of 72.236(d). 

TN Response to RSI 1 structural (NON-PROPRIETARY) 

Section 3.9.5 of the NUHOMS® EOS Safety Analysis Report (SAR) has been revised to add the 
lead slump analysis.  The shielding analysis, summarized in NUHOMS® EOS SAR Chapter 12, 
Section 12.3.1, demonstrates that the shielding capability of the TC is not compromised due to 
the accident drop-induced lead slump.  Additional clarification has been added to Section 12.3.1 
of the SAR. 

Using a multilinear kinematic hardening model for ASTM B29 specification commercial lead 
subjected to a load conservatively increased to 65 g, with the density conservatively increased 
to 0.615 lb/in3, the maximum lead slump is approximately 2.2 in.  See Chapter 3, Appendix 3.9.5 
of the NUHOMS® SAR for further structural details.  Table 8-20 of the SAR has been revised to 
add the dynamic mechanical properties of ASTM B29 lead. 

Conservatively disregarding the effects of impact densification of the lead and leaving the 
density unchanged at 11.18g/cm3 (0.404 lb/in3), the dose rate at 100 m in an end drop scenario 
increases from 1.93 mrem/hr to 2.09 mrem/hr for the EOS-89BTH in a TC108 transfer cask 
(TC).  For the EOS-89BTH in a TC125, the dose rate at 100 m increases from 0.902 mrem/hr to 
1.09 mrem/hr.  For the EOS-37PTH in a TC108, the dose rate at 100 m increases from 2.02 
mrem/hr to 2.15 mrem/hr.  For the EOS-37PTH in a TC125/135, the dose rate at 100 m 
increases from 1.52 mrem/hr to 1.66 mrem/hr.  For an 8-hour accident recovery time, the 
maximum total dose is 17 mrem, which is much lower than the accident dose limit of 5 rem at 
100 m specified in 10 CFR 72.106(b).  NUHOMS® EOS SAR Sections 6.1, 6.4.3, 11.3.2, 12.3.1 
and Table 6-54 have been revised to reflect the slight increases in dose rate and maximum total 
dose considering lead slump. 
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EOS SAR, EOS Proposed CoC, EOS Proposed Technical Specifications (TS) Impact: 

EOS SAR Sections 3.9.5, 6.1, 6.4.3, 11.3.2, and 12.3.1, and Tables 6-54 and 8-20 have been 
revised, and Figures 3.9.5-1 through 3.9.5-7 and 3.9.5-21 have been added. 

The EOS proposed CoC has not been changed. 

EOS proposed TS have not been changed. 

RSI 2 structural (NON-PROPRIETARY) 

2. Section 3.7.1.1.1, Stress Analysis. Provide a SAR synopsis in sufficient detail to clarify the 
SAR statement, “[A]n enveloping technique of combining various individual loads in a single 
analysis is used in this evaluation for several load combinations.”  It is unclear what the 
enveloping technique entails and how it is implemented for structural components with 
multiple critical sections of interest for reporting stress ratios. It appears that calculated 
maximum stresses of individual loading cases are simply added together for stress ratios 
determination even if maximum stresses associated with individual loading cases may have 
resulted at different locations of interest for the structural component involved. 

Therefore to address this, the SAR synopsis should use DSC stress analysis as an example 
by properly annotating the finite element analysis (FEA) model depicted in Figure 3.9.1-1 
with sufficient detail to illustrate: (1) the element discretization for the closure-lid-to shell 
weld and (2) locations for all critical stress evaluation paths in both the closure lids and the 
DSC shell to facilitate safety review of the structural analysis model assumptions and stress 
results. To facilitate staff assessment of the applicability of approach, apply explicitly the 
technique with hand calculation to arrive at the maximum stresses, including locating the 
critically stressed DSC sections, for the two cases with large stress ratios: (1) Load 
Combination 7A for the DSC shell stress in Table 3.9.1-7 and (2) Load Combination 1 for 
the DSC ITCP in Table 3.9.1-9. 
 
This information is needed to meet the requirements of 72.236. 

TN Response to RSI 2 structural (NON-PROPRIETARY) 

(1) Element discretization for the closure-lid-to-shell weld 

The three-dimensional (3D), half-symmetric 180° finite element model (FEM) is shown in RSI 2 
Structural – Figure 1 below.  All of the welds are modeled as line welds using ANSYS nodal 
couples, as shown in RSI 2 Structural – Figure 1. 
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RSI 2 structural – Figure 1  
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(2) It is unclear what the enveloping technique entails and how it is implemented for 
structural components with multiple critical sections of interest for reporting stress 
ratios. … apply explicitly the technique with hand calculation to arrive at the maximum 
stresses, including locating the critically stressed DSC sections, for the two cases with 
large stress ratios: (1) Load Combination 7A for the DSC shell stress … and (2) Load 
Combination 1 for the DSC ITCP… 

The inference in the RSI was correct.  The maximum stresses for load cases are conservatively 
recorded irrespective of their individual locations and combined to represent the required load 
combinations.  

Load combinations 1 and 7A (referred to as LC1 and LC7A) follow the same methodology, 
changing only the load cases involved, and for this purpose LC7A is chosen as an example of 
the enveloping methodology as it has the higher stress ratio.  

LC7A is the combination of two individual load cases: dead weight and side drop.  The stress 
intensity reported for the load combination is represented by the following equation: 

 

Four side drop scenarios are considered:  

• With the off-normal internal pressure and the drop centered on a transfer cask (TC) rail 

• Without the off-normal internal pressure and the drop centered on a TC rail 

• With the off-normal internal pressure and the drop centered on the TC inner diameter 

• Without the off-normal internal pressure and the drop centered on the TC inner diameter 

The cases that include the internal pressure bound the cases without, so only the cases with 
internal pressure are considered in any proceeding analysis. 

The explicit values of the maximum stresses in each of the load cases that comprise LC7A are 
equal to:   

 

 
(away from TC rails) 

 
(on TC rails) 

This value of 38.80 ksi is shown in the plot of the linearized stress included in this response.  
LC7A for the dry shielded canister (DSC) shell therefore produces a maximum stress intensity 
calculated as: 

 

LC1 for the inner top cover plate follows the same methodology. 
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RSI 2 Structural – Figure 2 below shows the DSC shell stress, highlighting the peak bearing 
stress at the TC rail location: 

 

 
 

RSI 2 Structural – Figure 2 
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RSI 2 Structural – Figure 3 below shows the DSC shell stress disregarding the localized peak 
stresses. 

 

 
 

RSI 2 Structural – Figure 3 
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RSI 2 Structural – Figure 4 below shows the linearized stresses across the DSC shell.  The 
distance on the horizontal axis is measured from the inner surface of the DSC cavity, with 0.5 in. 
as shell thickness.  The maximum stress occurs on the outer surface. 

 

 
 

RSI 2 Structural – Figure 4 

 

EOS SAR, EOS Proposed CoC, EOS Proposed Technical Specifications (TS) Impact: 

The EOS SAR has not been changed. 

The EOS proposed CoC has not been changed. 

EOS proposed TS have not been changed. 
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RSI 3 structural (NON-PROPRIETARY) 

3. Appendices 3.9.5 and 3.9.7  Submit, for staff review, the applicable computer analysis files 
for Appendix 3.9.5, “NUHOMS® EOS-TC BODY STRUCTURAL ANALYSIS,” and Appendix 
3.9.7, “NUHOMS® EOS SYSTEM STABILITY ANALYSIS-,” which, as opposed to the 
computer files made available for other Appendices, are not included in the present SAR 
submittal." 

This information is needed for reviewing the application to meet the requirements of 72.236. 

TN Response to RSI 3 structural (NON-PROPRIETARY) 

The input and output files for the analyses are provided as part of this submittal in the Enclosure 
11 hard drive and listed in the Enclosure 10 tables.  The NUHOMS® EOS transfer cask (TC) 
missile stability and stress evaluations were performed manually by hand; there are no 
associated computer analysis files. 

Note that, though the additional files related to the TC side and end drop structural analyses are 
beyond the scope of this RSI response, they could be useful to the staff during the review 
process. 

EOS SAR, EOS Proposed CoC, EOS Proposed Technical Specifications (TS) Impact: 

The EOS SAR has not been changed. 

The EOS proposed CoC has not been changed. 

EOS proposed TS have not been changed. 
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THERMAL 

RSI 1 thermal (NON-PROPRIETARY) 

1. Provide bounding effective specific heats of EOS-37PTH DSC basket assembly composite 
plates, bottom cover plates and top cover plates for thermal evaluation. 
 
The effective specific heat values of EOS-37PTH DSC basket assembly composite plates 
and bottom cover plates and top cover plates are missing from pages 4-10 and 4-12, 
respectively, of SAR Section 4.2.1.  The applicant should provide the specific heat values of 
these DSC plate, as functions of temperatures for thermal evaluation. 
 
This information is needed to determine compliance with 10 CFR 72.236(f). 

TN Response to RSI 1 thermal (NON-PROPRIETARY) 

The effective specific heats as a function of temperature have been added to Section 4.2.1 of 
the NUHOMS® EOS Safety Analysis Report for both of the EOS-37PTH DSC basket assembly 
composite plates, and the bottom and top cover plates, respectively.   

EOS SAR, EOS Proposed CoC, EOS Proposed Technical Specifications (TS) Impact: 

EOS SAR Section 4.2.1 has been revised. 

The EOS proposed CoC has not been changed. 

EOS proposed TS has not been changed. 

RSI 2 thermal (NON-PROPRIETARY) 

2. Provide the complete thermal calculation packages to evaluate thermal analysis and verify 
thermal model. 
 
The staff checked the SAR thermal evaluation of HSM-with-EOS-37PTH, TC108-with-EOS-
37PTH, and TC125-with-EOS-37PTH, provided by the applicant; and is unable to locate the 
thermal calculation package and input files for evaluation of thermal analysis.  The applicant 
should provide the complete calculation packages and associated analysis files for thermal 
model verification. 
 
This information is needed to determine compliance with 10 CFR 72.236(f).



 
 

Enclosure 3 to TN E-41033 
 
RSI and Observations Items and Responses (Public Version) 
 

Page 10 of 27 
 

TN Response to RSI 2 thermal (NON-PROPRIETARY) 

The computer files for the thermal evaluation listed in Enclosure 8 and contained in Enclosure 9 
of the initial application [1] include the ANSYS ICEM computational fluid dynamics (CFD) files 
that contain the geometry and mesh, as well as the ANSYS FLUENT files that contain the 
model setup and results.  Due to the nature of the CFD software used for CFD modeling, there 
are no input files generated for the thermal evaluation of NUHOMS® EOS System components.  
The following tables provide a brief explanation of the various types of files listed in Enclosure 8 
and contained in Enclosure 9 of the initial application [1]. 

 

Extension of Geometric  
and Mesh File Types used 
in ANSYS ICEM CFD 

Description of Files 

.prj 
The ANSYS ICEM CFD project file.  Opening this file will automatically 
load all other files (geometry files, mesh blocking files and any attribute 
files) included in the folder. 

.tin ANSYS ICEM CFD file with the geometry. 

.blk 
ANSYS ICEM CFD file with blocking topology.  The blocking topology 
includes all the necessary settings specified for the mesh and can be 
used to regenerate the mesh, if necessary. 

.fbc 

ANSYS ICEM CFD file that includes a brief description of the boundary 
conditions for certain solvers.  In the NUHOMS® EOS System, the 
boundary conditions are directly defined in ANSYS FLUENT and not in 
ANSYS ICEM CFD. 

.atr 
ANSYS ICEM CFD attribute file that includes the settings to be used to 
export the mesh to ANSYS FLUENT. 

 
 

Extension of File Types 
used in ANSYS FLUENT 

Description of Files 

.cas.gz(1) or  

.cas 
ANSYS FLUENT case file that includes all the material properties, 
boundary conditions, solver settings. 

.dat.gz(1) or 

.dat 
ANSYS FLUENT data file that includes the results of the thermal 
evaluation. 

Notes:  

(1)  The use of “.gz” at the end indicates that the files have been automatically compressed by ANSYS FLUENT.  
These files will be automatically handled by ANSYS FLUENT software without any input from the user.
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To provide further clarity, the following tables list the thermal files included in each directory in 
Enclosure 9 of the initial application [1] and provide a brief description based on the above 
information. 

1. Thermal Evaluation for EOS-HSM with EOS-37PTH DSC 

Notes: 

(1)  The ANSYS ICEM CFD boundary condition files are not used in the evaluation of the NUHOMS® EOS System.  
In the NUHOMS® EOS System, the boundary conditions are directly defined in ANSYS FLUENT and not in 
ANSYS ICEM CFD.
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2. Thermal evaluation for EOS-TC108 loaded with EOS-37PTH DSC 
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3. Thermal evaluation for EOS-TC125 loaded with EOS-37PTH DSC 
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3. Thermal evaluation for EOS-TC125 loaded with EOS-37PTH DSC 

 (concluded) 

4. Thermal evaluation for CFD benchmarking 

 

References 

1. AREVA TN, “Application for Approval of the Spent Fuel Cask Design for the NUHOMS® 
EOS System,” Docket 72-1042, Document No. E-40553, dated December 19, 2014.  

EOS SAR, EOS Proposed CoC, EOS Proposed Technical Specifications (TS) Impact: 

The EOS SAR has not been changed. 

The EOS proposed CoC has not been changed. 

EOS proposed TS have not been changed. 
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STRUCTURAL 

OBS 1 structural (NON-PROPRIETARY) 

1. Section 2.3.4, Seismic Design, and Technical Specification, Section 4.5.3, Site Specific 
Parameters and Analyses  Revise, as appropriate, the Section 2.3.4 and Technical 
Specification (TS), Section 4.5.3, descriptions of seismic input to the HSM to recognize that 
the seismic structural performance of the NUHOMS-EOS system, including HSM stability 
against sliding and overturning, may need to be reevaluated with the earthquake motion 
acceleration levels defined at the base of the HSM, which could markedly be different from 
the free-field or control motion for a power reactor site where cask systems are to be 
deployed. 
 
The Section 2.3.4 language appears to suggest that the 0.5 g and 0.33 g zero period 
accelerations (ZPAs), per RG 1.60, are associated with the free-field horizontal and vertical 
component motions, respectively.  As such, it's unclear how the free-field spectral 
accelerations corresponding to the predominant resonance frequencies of the HSM are 
used for evaluating the seismic response of a free-standing HSM, which, by itself, is to react 
together with the basemat in a soil-structure interaction process.  As one of the analyzed 
site parameters for configuration control for the cask deployment, the applicable seismic 
input parameters must also be defined in the TS to facilitate the 72.212 (b)(5)(ii) site 
evaluations by the cask users.   
 
This information is needed to meeet the requirements of 10 CFR 72.212(b)(5)(ii). 

TN Response to OBS 1 structural (NON-PROPRIETARY) 

The response to this observation will require additional time.  In order to not delay submittal of 
the rest of the RSI responses, this response is not provided at this time.  

EOS SAR, EOS Proposed CoC, EOS Proposed Technical Specifications (TS) Impact: 

The EOS SAR has not been changed. 

The EOS proposed CoC has not been changed. 

EOS proposed TS have not been changed. 

OBS 2 structural (NON-PROPRIETARY) 

2. Technical Specification, Section 4.5.2, Concrete Storage Pad Properties to Limit DSC 
Gravitational Loadings Due to Postulated Drops. Revise, as appropriate, the TS language 
referencing the EPRI NP-7551 methodology for determining the concrete pad design 
parameters. 
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It is unclear whether the target hardness approach described in the EPRI report is indeed being 
used by the applicant for determining the TC decelerations subject to the drop accidents.  
Appendix 3.9.3 indicates that the TC decelerations were calculated with a LS-DYNA finite 
element analysis approach instead. 
 
This information is needed for reviewing the application to meet the requirements of 72.236. 

TN Response to OBS 2 structural (NON-PROPRIETARY) 

The gravitational loadings due to postulated drops are calculated using the LS-DYNA finite 
element analysis.  Therefore, the reference to the Electric Power Research Institute (EPRI) 
Report NP-7551 has been removed from Technical Specification, Section 4.5.2. 

EOS SAR, EOS Proposed CoC, EOS Proposed Technical Specifications (TS) Impact: 

The EOS SAR has not been changed. 

The EOS proposed CoC has not been changed. 

EOS proposed TS Section 4.5.2 has been revised. 
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THERMAL 

OBS 1 thermal (NON-PROPRIETARY) 

1. Systematically describe differences in heat removal design and air flow pattern between 
HSM system and HSM-EOS system. 
 
The applicant stated in SAR Section 1.1 that EOS-HSM or EOS-HSMS, is equipped with 
special design features for enhanced heat rejection capabilities.  Given that the staff may 
need to reference to the HSM system for comparison and better insight, it’s suggested that 
the applicant provides the following information to support thermal review: 
 

 (a) A table to list the differences in heat removal design and the resulting impacts to heat 
rejection between HSM system and HSM-EOS system, and 
 

 (b) the schematic figures to show the cooling airflow pattern/path within both HSM system and 
HSM-EOS systems. 
 

 This information is needed to determine compliance with 10 CFR 72.236(f). 

TN Response to OBS 1 thermal (NON-PROPRIETARY) 

A detailed comparison between the NUHOMS® EOS horizontal storage module (EOS-HSM) and 
HSM-H was provided in the Enclosure 7 of the initial application [1].  A revised version of this 
HSM comparison is included with this submittal as Enclosure 9.  

A new Table (Table 1) has been added in Enclosure 9, which summarizes the differences in 
heat removal design and the resulting impacts to heat rejection between the EOS-HSM and 
HSM-H systems. 

Two new figures (Figures 6 and 7) have been added in Enclosure 9, which show the schematic 
flow paths through the HSM-H and EOS-HSM cavities, respectively.  Discussion has also been 
added in Enclosure 9 related to these new figures and original Figures 2 and 3. 

Clarifying notes have been added to original Figures 2 and 3 in Enclosure 9 and a dimensional 
change for the inlet opening to the HSM-H cavity from 144 in. to 148 in. has been included.  All 
changes made in the enclosure are shown with italics for newly inserted text and revision bars 
in the right margin.   

Reference: 

1. AREVA TN, “Application for Approval of the Spent Fuel Cask Design for the NUHOMS® 
EOS System,” Docket 72-1042, Document, E-40553, dated December 19, 2014. 



 
 

Enclosure 3 to TN E-41033 
 
RSI and Observations Items and Responses (Public Version) 
 

Page 18 of 27 
 

EOS SAR, EOS Proposed CoC, EOS Proposed Technical Specifications (TS) Impact: 

The EOS SAR has not been changed. 

The EOS proposed CoC has not been not changed. 

EOS proposed TS have not been changed. 
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OBS 2 thermal (NON-PROPRIETARY)  

2. Systematically describe differences in heat removal design between EOS-type transfer cask 
and OS-type transfer cask. 
 
The applicant proposed to use EOS transfer casks (TC108, TC125 and TC135) with the 
EOS-37PTH DSC or the EOS-89BTH DSC.  Given that the 37PTH DSC can be shipped by 
OS200 and OS200FC, it’s suggested that the applicant provide a table to systematically 
describe/compare differences in the heat removal design among transfer casks EOS-
TC108, EOS-TC125, EOS-TC135, OS200, and OS200FC.  The requested information will 
help support the thermal review on the heat rejection performance with DSC in EOS-TC108, 
TC125 and TC135. 
 
This information is needed to determine compliance with 10 CFR 72.236(f). 

TN Response to OBS 2 thermal (NON-PROPRIETARY) 

The new EOS transfer cask (EOS-TC) designs are based on modifications to the existing 
OS200FC design licensed in Certificate of Compliance (CoC)1004.  As shown in the cross-
sectional views provided in OBS 2 Thermal Figure 1, OBS 2 Thermal Figure 2, and OBS 2 
Thermal Figure 3, below, the EOS-TCs and OS200FC share most similarities.  The OS200FC 
design is identical to the OS200, with the exception of an external blower that is mounted to the 
bottom of the TC to increase heat removal between the dry shielded canister (DSC) and TC.  It 
is important to note that the EOS-37PTH is a different DSC than the NUHOMS® 37PTH licensed 
in CoC 1004.  The NUHOMS® 37PTH has a 69.75-inch outer diameter (OD) and a maximum 
length of 189.25 in.  As such, the OS200FC has a 70.50-inch inner diameter (ID) x 199.25-inch 
length cavity.  The EOS-37PTH, on the other hand, has a larger outer diameter of 75.5 in., and 
has a variable overall length customized for the fuel being stored.  As such, the EOS-TCs have 
a 76.25-inch ID and a 199.17-inch/ 199.25-inch/ 219.75-inch long cavity for the 
EOS-108/125/135, respectively.  The EOS-TC125 and EOS-TC135 are geometrically identical, 
except that the EOS-TC135 has a longer cavity and overall length to accommodate a DSC up to 
219 inches in length.   

The EOS-TC125/135 with the EOS 37PTH DSC can accommodate a heat load up to 36.35 kW 
without any time limits for transfer operations, and up to 50 kW with time limits for transfer 
operations.  For heat loads greater than 36.35 kW, if the transfer operations cannot be 
completed within the time limits identified in Chapter 4 of the NUHOMS® EOS Safety Analysis 
Report, one of the recovery actions is to initiate air circulation.  The air circulation system 
utilized for the EOS-TCs is identical to the system used in the OS200FC.  OBS 2 Thermal Table 
1 below details the various heat load capacities of the EOS-TCs, and OBS 2 Thermal Table 2 
below highlights the differences between the OS200 FC and the various EOS-TCs to allow for 
this increased heat capacity. 
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OBS 2 Thermal Table 1:  Maximum Heat Loads [kW] 

 EOS-TCs 
OS-200FC  EOS-TC108 EOS-TC125/135 

Forced Cooling 41.8 50 40.8 
Without Forced Cooling 36.35 36.35 31.2 
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EOS SAR, EOS Proposed CoC, EOS Proposed Technical Specifications (TS) Impact: 

The EOS SAR has not been changed. 

The EOS proposed CoC has not been changed. 

EOS proposed TS have not been changed. 
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OBS 3 thermal (NON-PROPRIETARY) 

3. Provide more information in Grid Convergence Index (GCI) calculations to assure that the 
thermal analyses for normal storage and onsite transfer are reliable and acceptable. 
GCI method can be used to assess the sensitivity of the solution to the grid density, by 
following the procedure described in American Society of Mechanical Engineers Verification 
and Validation 20-2009 (ASME V&V 20-2009), “Standard for Verification and Validation in 
Computational Fluid Dynamics and Heat Transfer”.  The applicant is suggested to perform 
the GCI calculations to assure the thermal analyses for normal storage and onsite transfer 
are reliable and acceptable. 
 
The applicant provided the GCI calculations in SAR Appendix 4.9.3 Mesh Sensitivity, with 
equations, methodology and calculated results.  The applicant is suggested to (1) list the 
values of the variables (in each equation) next to the equation, and (2) provide GCI in 
percentage (%).  The information is needed to verify the data listed in Table 4.9.3. 
 
This information is needed to determine compliance with 10 CFR 72.236(f). 

TN Response to OBS 3 thermal (NON-PROPRIETARY) 

1) In NUHOMS® EOS Safety Analysis Report (SAR) Appendix 4.9.3, the values of the 
variables are listed next to the equations.  The GCI and discretization error are calculated 
for Set # 2 using Grids #2, 3, and 4. 

2) The relative error and GCI are calculated as percentages in Step 5 of NUHOMS® EOS SAR, 
Appendix 4.9.3, Section 4.9.3.1.1, and also listed in Table 4.9.3-1 in NUHOMS® EOS SAR, 
Appendix 4.9.3. 
 
Clarification has been added to Appendix 4.9.3 of the NUHOMS® EOS SAR. 

EOS SAR, EOS Proposed CoC, EOS Proposed Technical Specifications (TS) Impact: 

EOS SAR Section 4.9.3.1.1, 4.9.3.1.3, and Table 4.9.3-1 have been revised. 

The EOS proposed CoC has not been changed. 

EOS proposed TS have not been changed. 
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