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Chapter 3 – Structural Evaluation 

1. Revise the Section 2.3.4 of the SAR and Technical Specification (TS) descriptions of
seismic input to the HSM to recognize that the earthquake motions considered at the
base of the Horizontal Storage Module (HSM) for structural valuation may be different
from those associated with the Regulatory Guide (RG) 1.60 free-field motions.

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, for a power reactor site. The staff notes that 
the earthquake motion acceleration level and frequency content defined at the base of 
the HSM could be markedly different from those of the free-field or control motion for a 
power reactor site.  As such, it’s unclear how the modal properties of the HSM are used 
for determining the in-structure response spectra for a free-standing HSM.  Furthermore, 
the staff notes that, as one of the analyzed site parameters for configuration control for 
the cask deployment, the earthquake acceleration levels 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 determine compliance with10 CFR 72.236(b). 

RESPONSE TO RAI 3-1 

Sections 2.3.4 and 3.9.4.9.2 of the SAR and TS Section 4.5.3 have been revised to 
identify that the seismic input to the horizontal storage modules (HSMs), as represented 
by the response spectra at the base of the HSMs, may be different than the seismic 
input used in the SAR for qualification of the HSM, as represented by the “enhanced” 
Regulatory Guide 1.60 response spectra anchored to 0.5g horizontal and 0.33g vertical 
zero period accelerations.  The independent spent fuel storage installation (ISFSI) 
concrete pad response spectra may include consideration of ISFSI site-specific 
conditions, such as potential site amplification due to soil-structure interaction (SSI) 
effects, while the enhanced Regulatory Guide 1.60 response spectra represents the 
seismic design basis used for qualification of the EOS-HSM.  These response spectra 
are reconciled by the user as part of the 72.212 evaluations.  As part of the 72.212 
evaluation and depending the foundation characteristics of a site, the user is to 
determine if SSI evaluations are warranted.  If required, an SSI evaluation will be 
performed following the guidance in the Standard Review Plan NUREG-0800 
considering the site-specific parameters (e.g., free-field response spectra, 
strain-dependent soil properties, HSM array configuration(s), etc.).  

As part of the 72.212 evaluation, the user is to reconcile the two sets of response 
spectra by verifying that the SSI response spectra obtained at the base of the HSM is 
enveloped by the “enhanced” Regulatory Guide 1.60 response spectra used for 
qualification of the HSM, as documented in the SAR.  Exceedances are acceptable as 
long as they are evaluated to demonstrate that the HSM acceptance criteria in SAR 
Section 3.9.4.3 are met.  
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If the spectra are exceeded, the user can demonstrate stability by either static or 
dynamic analysis.  The HSMs may need to be tied together to eliminate significant 
rocking or tip-over motions, and the extent of sliding is to be determined.  The AHSM-HS 
design approved in Certificate of Compliance (CoC) No. 1029, Amendment 3, which is 
similar to the EOS-HSM design, setup in the tied-together configuration has been 
demonstrated to have significantly enhanced seismic capacity of up to the 1.5g 
horizontal and 1.0g vertical Regulatory Guide 1.60 response spectra, while meeting the 
same structural acceptance criteria as that of the EOS-HSMs.  Therefore, for those sites 
where the spectra are exceeded, the stability evaluation for the EOS-HSMs shall be 
performed in accordance with the methodology in CoC 1029 and the structural 
evaluation shall meet the acceptance criteria as described in SAR Section 3.9.4.3.  The 
user shall reference these evaluations in the 72.212 report. 

Sections 2.3.4 and 3.9.4.9.2 of the SAR have been revised to indicate that, for dynamic 
analysis, the stability evaluation shall be performed using the methodology described in 
CoC 1029.  In addition, Section 3.9.4.12 has been revised to add a reference to the 
latest Updated Final Safety Analysis Report for CoC 1029 (SAR Reference 3.9.4-21). 

Application Impact: 

SAR Sections 2.3.4, 3.9.4.9.2, and 3.9.4.12 have been revised as described in the 
response. 

Technical Specifications Section 4.5.3 has been revised as described in the response. 
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2. Provide the results of the seismic stability of the EOS-HSM (sliding, overturning and Dry
Shielded Canister (DSC) stability on the support structure).

In Section 3.9.7.1.3 of the SAR, the EOS is evaluated for seismic stability against sliding
and overturning as well as the stability of the DSC on the support rails. The evaluation
includes the equations for determining the overturning moment, the stabilizing moment,
sliding force, etc. The statement is then made that “From the evaluation performed, it is
concluded that the EOS-HSM is stable for seismic loads up to 0.5g horizontal and 0.33g
vertical.” The SAR contains no qualification for this statement in the form of the actual
moments and forces along with the factors of safety.

This information is needed to determine compliance with10 CFR 72.236(l).

RESPONSE TO RAI 3-2

A representative stability evaluation with respect to seismic loads, including moments,
forces and factors of safety has been added to Section 3.9.7.1.8.3 of the SAR.  As a
result of the extensive changes to SAR Sections 3.9.7.1.8.3.1 and 3.9.7.1.8.3.2, these
sections have been replaced in their entirety.  The supporting calculation to obtain the
maximum acceleration to preclude sliding and overturning of the DSC has been added
to SAR Section 3.9.7.1.8.3.3.  The minimum factor of safety against overturning is 1.7
with respect to 0.2g vertical and 0.3g horizontal seismic loads.  The minimum factor of
safety against sliding is 1.8 with respect to 0.2g vertical and 0.3g horizontal seismic
loads.  The minimum factor of safety against DSC liftoff and sliding along the DSC
support rail is 1.77 with respect to 0.2g vertical and 0.3g seismic loads.

Application Impact:

SAR Sections 3.9.7.1.8.3.1, 3.9.7.1.8.3.2, and 3.9.7.1.8.3.3 been revised as described in
the response.
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3  Verify the reference in Table 3-1, “Summary of Stress Criteria for Subsection NB 
Pressure Boundary Components Shells and Cover Plates,” of the SAR to the ASME 
B&PV Code stress acceptance criteria, “Fp < 1.0Sy or 1.5 Sy,” for the DSC stress 
evaluation. 

Fp is not an ASME B&PV Code recognizable stress category and the staff is unclear how 
it is to be considered in the DSC stress evaluation. 

This information is needed to determine compliance with10 CFR 72.236(b). 

RESPONSE TO RAI 3-3 

Table 3-1 of the SAR refers to the bearing stress category as Fp.  Note 8 has been 
added to Table 3-1 to provide clarification.  The evaluation for the bearing stress is 
provided below and not in the SAR because the bearing stresses are very low for normal 
and off-normal loads. The evaluation of bearing loads are only applicable to normal and 
off-normal loads.  However, conservatively, the bearing stress is evaluated for seismic 
accident condition loads.   

Bearing Load Evaluation: 

In the vertical orientation the DSC entire bottom surface is supported against the TC 
bottom end wedge plates.  In the horizontal orientation, the DSC rests on two HSM rails 
or four TC rails.  During seismic loading in the HSM, the DSC is axially constrained by 
the axial retainer in the front and the canister stop plate at the rear.  For bearing loads, 
the seismic loading condition that has the least amount of bearing surface area is 
considered the most bounding loading condition. 

The axial retainer provides axial support to the DSC when seismically loaded toward the 
door of the EOS-HSM.  The maximum axial load is conservatively computed as 
P = 140.5 kips (from Section 3.9.4.10.5 of the SAR).  The bearing area is calculated for 
contact with the flat portion of a side of the 4 in. x 2 in. solid bar.  The height of the bar is 
4.75 in. above the embedment assembly. 

Bearing area, A = 4.75 (2) = 9.5 in2 

Fp, bearing stress = 140.5 kip / 9.5 in2 

= 14.79 ksi < 19.4 ksi (Level A, 500 °F) 

Application Impact: 

SAR Table 3-1 has been revised as described in the response. 
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4  Identify the structural entities and corresponding basis for which the stress criterion, “ 1 + 
2 + 3  4Sm,” as cited in Table 3-1, “Summary of Stress Criteria for Subsection NB 

Pressure Boundary Components Shells and Cover Plates,” is used for the DSC stress 
evaluation. 

Section 3.9.1.1.1 of the SAR, which cites the subject table does not appear to have 
identified a technical basis for which the subject criterion can be considered for stress 
evaluation. 

This information is needed to determine compliance with10 CFR 72.236(b). 

RESPONSE TO RAI 3-4 

The stress criterion, “ 1 + 2 + 3  4Sm,” is referred to as triaxial stress, as described 
below. 

Triaxial Stress 

Triaxial stresses are calculated as the algebraic sum of the three principle stresses, 
S1 + S2 + S3, for Service Level A, B and C primary loads.  These stresses are required to 
be less than 4Sm.  This evaluation is required to address the special case where all three 
values of principle stress have relatively large tension values (positively signed), 
conservatively neglecting the negative values.  Stresses in the grapple ring and grapple 
ring support due to internal pressure loads are secondary and are not evaluated for 
triaxial stresses.  Bounding normal conditions of transfer (NCT) load combinations for 
each component have been evaluated for triaxial stress.  The maximum triaxial stresses 
are near the top and bottom end assemblies of the DSC.  They are therefore evaluated 
at a bounding temperature of 350 °F.  The triaxial stresses for DSC components are 
summarized in Table RAI 3-4-1 below. 

Table RAI 3-4-1 
Triaxial Stress Summary for DSC Components 

Load 
Comb 

No. 
Service 
Level 

DSC 
Component Loads 

Maximum 
Triaxial 
Stress 
(ksi) 

Allowable 
Stress 
(ksi) 

Stress 
Ratio 

9 A 
Shell 

Containment DWh+ PI(20) 33 77.2 0.43

5 A/B 
Shell Non-

Containment DWh+ 80 kips + PI(20) 52 77.2 0.67 

9 A
Outer Top Cover 

Plate DWh+ PI(20) 2 77.2 0.03

1 A
Inner Top Cover 

Plate DWv+ max(PI(20),BD,VD) 1 77.2 0.01

5 A/B 
Outer Bottom 
Cover Plate DWh+ 80 kips + PI(20) 38 77.2 0.49 

4 A/B 
Inner Bottom 
Cover Plate DWh+ 135 kips + PI(20) 9 77.2 0.12 



RAIs and Responses  to E-43624 

Page 6 of 136 

Application Impact: 

No changes as a result of this question. 
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5  Clarify the SAR basis of considering the “last converged solution” for the Inner Top 
Cover Plate (ITCP)-to-shell partial penetration weld by the Limit Load Analysis of Section 
3.9.1.2.6, “Stress Categorization Sensitivity Studies.” With modified collapse loads, 
revise the Section 3.9.1.6 discussion on “Limit Load Criteria” by recognizing that 
collapse loads much lower than the cited 282 psig and 217 g could result. 

ASME B&PV Code Division III, Section 1, Paragraph NB-3228-1 provides, “[W]hen two- 
thirds of the lower bound collapse load is used the effects of plastic strain 
concentrations…must be considered.” With respect to the load-displacement curves of 
Figures 3.9.1-24 and -25, the staff notes that, when subjected to a 20 psig internal 
pressure, the 3/16-inch ITCP-to-shell partial penetration weld would be seen to have 
undergone no more than a deformation of ¼ inch for an average tensile strain of, say, 
100% (3/16 x 100%  ¼). This suggests that a major weld fracture could have occurred. 
As such, it’s unclear how a finite element analysis can allow more than one order of 
magnitude higher than the 100% strain to develop in the weld to result in a plate 
displacement of 16 inches shown in Figure 3.9.1-24 of the SAR. 

This information is needed to determine compliance with10 CFR 72.236(b),(l) 

RESPONSE TO RAI 3-5 

Per ASME Section VIII, Division 2, Subsection 5.2.3.1, the limit load analysis addresses 
the failure modes of ductile rupture and the onset of gross plastic deformation (plastic 
collapse) of a structure.  It provides an alternative to elastic analysis and stress 
linearization performed per ASME Code Section III, Division 1, NB-3200.  The limit load 
analysis method uses an artificial material model, which is elastic-perfectly plastic with 
specified yield strength. Guidance is also provided that the displacements and strains 
indicated by a limit analysis solution have no physical meaning.  The elastic-plastic 
analyses with a representative material model will result in realistic displacements and 
strains.  These analyses are already presented in the SAR, and show that, during a side 
drop, the maximum equivalent plastic strain is well below the material ductility limit. 

To avoid possible confusion, SAR Figures 3.9.1-24 and 3.9.1-25 have been deleted, as 
well as the related discussion in SAR Section 3.9.1.2.6.  A conforming change has been 
made to delete reference to these deleted figures in Section 3.9.1.6.  In addition, the 
existing text for the limit load criteria in SAR Section 3.9.1.6 has been replaced with a 
statement that the results of the limit load analysis show sufficient margin as compared 
to the design loads. 

Application Impact: 

SAR Sections 3.9.1.2.6 and 3.9.1.6 have been revised as described in the response. 

SAR Figures 3.9.1-24 and 3.9.1-25 have been deleted as described in the response. 
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6  Revise the strain based criteria description in Section 3.9.1.2.6 of the SAR to recognize 
that both the average and maximum equivalent plastic strain criteria shall be satisfied for 
the top cover plate lid-to-shell partial penetration welds. 

The last sentence of the first paragraph under “Strain Criteria Analysis” suggests that 
Section FF-1142 of Appendix FF is used for the subject weld evaluation.  As such, the 
second paragraph of the SAR description of considering only the “maximum” equivalent 
plastic strain for evaluation is incomplete for proper application of the subject strain 
based acceptance criteria. 

This information is needed to determine compliance with10 CFR 72.236(b). 

RESPONSE TO RAI 3-6 

The strain-based criteria description in Appendix 3.9.1, Section 3.9.1.2.6 has been 
revised to address both average and maximum equivalent plastic strain criteria limits per 
ASME Appendix FF, Section FF-1142. 

Application Impact: 

SAR Section 3.9.1.2.6 has been revised as described in the response. 
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7  Clarify whether the applicable strain based acceptance criteria, per ASME B&PV Code 
Section III, Appendix FF, Paragraph FF-1142, are considered for evaluating and 
reporting factors of safety of the top cover plate lid-to-shell partial penetration welds. 
Revise, as appropriate, the SAR description on page 3.9.1-11, which states, “The 
maximum factor of safety is 2.6. The results are shown in Table 3.9.1-15.” 

Contrary to what is suggested by the caption of Table 3.9.1-15, “Summary of Maximum 
Strain for Side Drop (Strain Criteria),” for the “maximum” equivalent plastic strain 
evaluation, the listed factors of safety indicate that only “average” equivalent plastic 
strains are evaluated for the welds.  The staff notes that, for the baseline 75-g load case, 
the average equivalent plastic strain criterion, per FF-1144(a), in lieu of the FF-1144(b) 
maximum equivalent plastic strain criterion, is used in calculating the factor of safety of 
2.6 (0.17/ 0.065 = 2.6). The applicant should include both the maximum and average 
equivalent plastic strains in the evaluation. 

This information is needed to determine compliance with10 CFR 72.236(b),(l). 

RESPONSE TO RAI 3-7 

Conservatively, the maximum equivalent strains are compared against the average 
equivalent strain limits.  Clarification has been added to SAR Section 3.9.1.2.6.  
Additional clarification has also been added to Section 3.9.1.6 that the results of the 
strain criteria analyses show that there is sufficient margin compared to the strain criteria 
limits.  Table 3.9.1-15 has been revised to delete the column labeled “Factor of Safety,” 
and a footnote has been added.  A new figure, Figure 3.9.1-27, has also been added to 
the SAR to show the confinement weld strain distribution along the entire circumference 
of the DSC. 

Application Impact: 

SAR Sections 3.9.1.2.6, 3.9.1.6 and Table 3.9.1-15 have been revised as described in 
the response. 

SAR Figure 3.9.1-27 has been added as described in the response. 
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8  Provide necessary sketches or computer plots in the SAR page 3.9.2-1, Section 3.9.2.3, 
“EOS-37PTH Basket Structural Evaluation for On-Site Accident Drop Loads,” to 
delineate sufficiently the finite element model attributes for calculating the DSC shell 
side-drop deformations. 

The SAR states that “a simplified, half-length model of the DSC shell was used to get 
more realistic cylindrical shell side drop deformation for gap calculations.” However, it’s 
unclear how the “simplified” model is configured.  A sufficiently detailed SAR sketch of 
model attributes will aid in evaluating the adequacy of the half-length model of the DSC 
for providing an estimate of the fuel basket boundary conditions, which could have 
significant effects on the analyzed fuel basket structural performance. 

This information is needed to determine compliance with10 CFR 72.236(l). 

RESPONSE TO RAI 3-8 

Text has been added to SAR Section 3.9.2.3.6.1.1 to reference two new figures, Figure 
3.9.2-26 and Figure 3.9.2-27, which show the requested computer plots of the simplified 
DSC shell model.  These two new figures show the attributes of the simplified DSC finite 
element model used for calculating the DSC shell side-drop deformations. 

Application Impact: 

SAR Section 3.9.2.3.6.1.1 has been revised as described in the response.  

SAR Figures 3.9.2-26 and 3.9.2-27 have been added as described in the response. 
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9  Clarify the use of nomenclature “Von Mises Plastic Strain” in Tables 3.9.2-6, -7, -10, and 
-11, “Basket Grid Plate Strain Summary,” of the SAR by identifying the relevant material 
failure theory associated with the calculated strains for the basket grid plates undergoing 
the DSC side drop accident. 

Although the Von Mises stress is commonly calculated in the finite element analysis, it is 
unclear how the Von Mises strain is defined in open literature and implemented in a finite 
element analysis to calculate strains for evaluation against appropriate materials failure 
theories. 

This information is needed to determine compliance with10 CFR 72.236(b),(l). 

RESPONSE TO RAI 3-9 

For the subject ANSYS analyses, the use of von Mises plastic strain nomenclature is the 
same as equivalent plastic strain. 

For clarity, the text in SAR Tables 3.9.2-6, -7, -10, and -11 and the title of SAR Figures 
3.9.2-23 through 3.9.2-25 have been revised to change “Von Mises Plastic Strain” to 
“Equivalent Plastic Strain” and for minor editorial corrections/clarifications.  The text in 
SAR Section 3.1.1.1.1, Note 8 of Table 3-2, SAR Sections 3.9.2.3.7.1, 3.9.2.3.7.4, 
3.9.2.4.7.1 and 3.9.2.4.7.4, and Notes 2 and 3 of Table 3.9.2-5 have also been modified 
for consistency with the nomenclature and editorial corrections/clarifications. 

Application Impact: 

SAR Sections 3.1.1.1.1, 3.9.2.3.7.1, 3.9.2.3.7.4, 3.9.2.4.7.1 and 3.9.2.4.7.4 have been 
revised as described in the response.  

SAR Tables 3-2, 3.9.2-5, 3.9.2-6, 3.9.2-7, 3.9.2-10, and 3.9.2-11 have been revised as 
described in the response.  

SAR Figures 3.9.2-23 through 3.9.2-25 have been revised as described in the response. 
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10  Revise the bulletized list of conservatisms and assumptions in Section 3.9.3.3.1, 
“Conservatism and Assumptions,” of the SAR by removing those not applicable to the 
drop analysis of the loaded transfer cask.  Revise the table on materials property data 
located on page 3.9.3-3 of the SAR by removing the entries, including temperatures and 
material yield/ultimate strengths, which might not have been used for constructing the 
transfer cask drop analysis finite element model. 

The staff notes that extraneous description of the finite element modeling attributes 
could result in misrepresentation of an otherwise properly configured and sufficiently 
delineated finite element analysis model.  Examples on the seemly extraneous 
information include fuel assemblies (FAs) stiffness, weld categorization, and materials 
yield/ultimate strengths. 

This information is needed to determine compliance with10 CFR 72.236(b),(l). 

RESPONSE TO RAI 3-10 

The list of conservatisms and assumptions in SAR Section 3.9.3.3.1 has been revised to 
remove the items that are not needed for the drop analysis of the loaded transfer cask.  
This involves items relating to bounding temperatures, fuel assembly stiffness, and weld 
categorization.  In addition, the ultimate stress values provided in the material properties 
table in Section 3.9.3.3.1 have been deleted.  The remainder of the data in the table has 
been retained.  The temperature data are needed since the Young’s modulus depends 
on these temperature values, which vary for different components.  The yield value is 
needed since elastic-plastic material properties were used in the finite element model. 

Application Impact: 

SAR Section 3.9.3.3.1 has been revised as described in the response. 
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11  Revise the design criteria presented in Section 3.9.3.3.2, “Design Criteria,” of the SAR 
by removing and relocating those not associated with the transfer cask drop analysis. 

The staff notes that the section includes the fuel basket crack propagation and growth 
evaluation criteria, which should have be presented in other SAR section(s). 

This information is needed to determine compliance with10 CFR 72.236(b). 

RESPONSE TO RAI 3-11 

The discussions on fuel basket crack propagation and growth evaluation criteria have 
been deleted from SAR Section 3.9.3.3.2, and included in new Section 3.9.2.4.6.3.  In 
addition, applicable cross-references to this discussion have been updated in Sections 
3.9.2.3.6.2, 3.9.2.3.7.1, 3.9.2.3.7.4, 3.9.2.4.7.1, 3.9.2.4.7.4, 3.9.2.5 and 3.9.3.5. 

Also, the discussion of the applicable design criteria for the DSC, basket, and the TC in 
Section 3.9.3.3.2 has been simplified by providing a reference to the design criteria 
provided in Chapter 3 (Tables 3-1 through 3-5). 

Application Impact: 

SAR Sections 3.9.2.3.6.2, 3.9.2.3.7.1, 3.9.2.3.7.4, 3.9.2.4.7.1, 3.9.2.4.7.4, 3.9.2.5, 
3.9.3.3.2 and 3.9.3.5 have been revised as described in the response.   

SAR Section 3.9.2.4.6.3 has been added as described in the response. 
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12  Clarify the second paragraph description of Section 3.9.4.6.4, “Finite Element Model for 
Structural Analysis of Heat Shield Panels and Connection Studs,” of the SAR which 
states, “[M]odal time-history analysis of the EOS-HSM is performed…to determine the 
ISRS at the nodes at which the studies are supported,” by providing the applicable time- 
histories and modal properties such as modal participation factors required of a “modal 
time-history analysis, for the staff to perform a safety review. 

A review of the SAR statement and the related description in Section 3.9.4.9.2, 
“Earthquake (Seismic) Load (E) Analysis,” of the SAR does not appear to suggest that 
any spectrum-compatible time-histories have been used for calculating the time-history 
response of either the single- or multiple-segment of the EOS-HSM.  As such, it’s  
unclear how a modal “time-history” analysis is implemented for evaluating the heat   
shield panel assembly seismic capabilities.  Also, the staff notes that the modal 
properties of the panel-stud assemblies need to be generated and presented in the SAR, 
for the subject seismic response analysis by mode superposition of the assemblies. 

This information is needed to determine compliance with10 CFR 72.236(e). 

RESPONSE TO RAI 3-12 

Seismic analysis of the EOS-HSM heat shields consists of a modal time-history analysis 
of the EOS-HSM for obtaining the in-structure response spectra (ISRS) at heat shields 
support locations and an equivalent static analysis of the EOS-HSM heat shields using 
the seismic acceleration load corresponding to the ISRS obtained in the first step. 

For the modal time-history analysis of the EOS-HSM, the earthquake time histories 
compatible with the RG 1.60 spectra (with enhancement in frequency above 9 Hz) are 
used as the seismic input motion.  The acceleration, velocity, and displacement time 
histories and the corresponding spectra of the motion in the two horizontal and vertical 
directions, all with 1.0g ZPA, are shown in new SAR Figures 3.9.4-10 through 3.9.4-15.  
These input motion histories are scaled down to the ones with the ZPA of 0.5g and 
0.333g in the horizontal and vertical direction, respectively.  The finite element model of 
the EOS-HSMS Long is used as it governs the seismic load.  Modal frequencies and 
participating masses of the first 10 modes of the EOS-HSMS Long are shown in new 
SAR Table 3.9.4-23.  All of the modes below 100 Hz are used with a damping value of 
seven percent for concrete.  From the modal time-history analysis, the ISRS with a 
damping value of four percent are obtained at the support locations of the heat shields 
as shown in new SAR Figures 3.9.4-16 through 3.9.4-21. 

The results of the frequency analysis of the EOS-HSM heat shields (modal frequencies 
and participating mass ratios) are provided in new SAR Tables 3.9.4-24 and 3.9.4-25.  
The lowest dominant frequencies for the roof heat shield are 25.01 Hz in the longitudinal 
direction, 24.51 Hz in the lateral direction, and 7.40 and 15.53 Hz in the out-of-plane 
direction.  The corresponding seismic accelerations based on the peak-broadened ISRS 
are 3.91 g and 2.24 g in the longitudinal and lateral directions, respectively, and 1.25 g in 
the out-of-plane direction.  The lowest dominant frequencies for the side heat shield are 
3.97 and 4.51 Hz in the out-of-plane direction, 61.20, 67.23, and 70.35 Hz in the 
longitudinal direction, and 64.18, 66.19, and 68.47 Hz in the vertical direction.  The 
corresponding seismic accelerations based on the peak-broadened ISRS are 1.81 g and 
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0.843g in the out-of-plane and longitudinal directions, respectively, and 0.441g in the 
vertical direction. 

Equivalent static analyses of the EOS-HSM heat shields are performed by applying the 
seismic acceleration load corresponding to the ISRS.  The responses for each 
orthogonal direction are combined using the 100-40-40 rule to obtain moments and 
forces. 

A clarification has been added to the second paragraph of SAR Section 3.9.4.6.4 to 
indicate that the applicable time- histories and modal properties are provided in SAR 
Section 3.9.4.9.2. 

SAR Section 3.9.4.9.2 has been modified to reference the tables and figures of the 
response spectra, time histories, modal participation factors and the ISRS.  The ISRS of 
the side heat shield support nodes are shown in new SAR Figures 3.9.4-16, 3.9.4-17 
and 3.9.4-18.  The ISRS of the roof heat shield support nodes are shown in new SAR 
Figures 3.9.4-19, 3.9.4-20, and 3.9.4-21.  The baseline corrected acceleration, velocity 
and displacement time histories of the seismic input in the horizontal and vertical 
directions can be found in new SAR Figures 3.9.4-11, 3.9.4-13 and 3.9.4-15, and the 
corresponding response spectra are shown in new SAR Figures 3.9.4-10, 3.9.4-12, and 
Figure 3.9.4-14.  Modal frequencies and mass participation factors of the EOS-HSMS3 
are shown in new SAR Table 3.9.4-23.  Modal participating mass ratios for the roof heat 
shield and side heat shield are shown in new SAR Tables 3.9.4-24 and 3.9.4-25, 
respectively.  

Application Impact: 

SAR Sections 3.9.4.6.4 and 3.9.4.9.2 have been revised as described in the response.  

SAR Table 3.9.4-23 through Table 3.9.4-25 and Figures 3.9.4-10 through 3.9.4-21 have 
been added as described in the response.  
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13  Justify the absence of a fatigue evaluation on the Transfer Cask (TC) and the TC 
trunnions. 

The SAR includes an analysis on the DSC in accordance with ASME B&PV, Division III 
Subsection NB-3222.4 that determines that fatigue effects need not be met for the DSC; 
however, the applicant does not perform the same analysis in accordance with the 
criteria of ASME B&PV Code Section III Div. 1 NC–3219.2 for the TC which is subject to 
cyclic thermal loading.  Additionally, fatigue is not considered for the trunnions which are 
subject to several force reversals during the loading and transfer process. 

This information is needed to determine compliance with10 CFR 72.236(b). 

RESPONSE TO RAI 3-13 

Section 3.9.5.6 of the SAR has been added to clarify that the TC and trunnions are 
designed in accordance with the applicable guidelines of the ASME Code, Section III, 
Division 1, and Subsection NF for Class 1 vessels, except for the neutron shield tank, 
which is designed to ASME Code, Section III, Division 1, and Subsection ND.  Neither of 
these subsections requires a fatigue evaluation for low cycle loads.  Therefore, the 
fatigue evaluation is not required for the EOS-TC per ASME code criteria.  However, a 
fatigue evaluation has been performed per ASME Subsection NC criteria for the TC, 
neutron shield shell, and the trunnions for information purposes only to support this RAI 
response.  The Reference section of the SAR has been subsequently numbered as 
Section 3.9.5.7. 

It is assumed that the TC will be subjected to 24 uses per year, resulting in 1,440 cycles 
to transfer DSCs to the HSM for a service life of 60 years.  Conservatively, the material 
properties are taken at 400 °F and provided in the table below for the EOS TC 
components: 

Table RAI 3-13-1  
Material Properties for the EOS-TC taken at 400 °F 

Material Specification 
and components 

Sm or S 
(ksi) 

Su 
(ksi) 

E x 103 

(ksi) 
 

(instantaneous) 
(°F-1) 

ASME SA-516 Grade 
70 (inner and outer 
shell, top and bottom 
cover plate) 

21.6 70 27.9 7.7 

SA-350 LF3 (top and 
bottom ring) 21.4 70 26.2 7.7 

SA-182 Type F6NM 
(upper trunnions) 37.9 113.7 27.5 6.7 

6061-T6 (neutron shield 
shell) 4.5 15 8.7 14.7 
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The EOS-TC108 is designed with a removable neutron shield shell made of 6061-T6 
aluminum alloy.  The neutron shield shell retains pressure and is designed to ASME III 
Subsection ND criteria.  Subsection ND does not provide explicit rules regarding fatigue 
evaluation.  However, the fatigue evaluation per ASME code Subsection NC-3219.2 is 
presented in this response for NRC information only. 

The ASME code does not explicitly provide the fatigue curves for the aluminum.  Code 
Case N-519, “Use of 6061-T6 and 6061-T651 Aluminum for Class 1 Nuclear 
Components” (Reference [1]) was approved by the ASME Board on Nuclear Codes and 
Standards on April 7, 1994.  Nuclear Code Case N-519 allowed the use of 6061-T6 
aluminum in the construction of low temperature research reactors.  However, this code 
case was annulled by ASME in 2002.  Regulatory Guide 1.84, Revision 36 allows Code 
Case N-519 as annulled and unconditionally approved under Section III.  Therefore, the 
aluminum 6061-T6 fatigue curve from ASME Code Case N-519 is considered for the 
analysis. 

Fatigue Evaluation: 

ASME Code, Subsection NC, is used to determine the need for fatigue evaluation based 
on six conditions.  The evaluation below addresses the six criteria, (a) through (f), 
contained in Subsection NC-3219.2. 

a. The first criterion states that the TC, trunnions, and neutron shield shell are adequate
for fatigue effects provided that the expected design number of full range pressure
cycles including startup and shutdown does not exceed the number of cycles on the
applicable fatigue curve corresponding to an Sa value of three times the Sm value of
the material at the service temperature.

Transfer Cask:  The TC does not form a pressure-retaining boundary.  Therefore,
the first criterion is not applicable.

Trunnions:  The trunnion does not form a pressure-retaining boundary.  Therefore,
the first criterion is not applicable.

Neutron Shield Shell:  The pressure in the neutron shield shell changes from
atmospheric pressure to design pressure of 40 psig and then back to atmospheric
pressure when the neutron shield shell is removed during pool operations.  Thus, the
pressure is cycled twice during each TC use.  For 60 years use, the number of
pressure cycles would be 2*1,440 = 2,880.  The number of cycles on the fatigue
curve Figure-1 [1] for Sa value of 3*S=13.5 ksi, is greater than 5,000 cycles.  This is
significantly more than the number of pressure cycles of 2,880.  Therefore, this first
criterion is satisfied for the EOS neutron shield shell.
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b. The second criterion states that the TC, trunnions, and neutron shield shell are
adequate for fatigue effects, provided that the specified full range of pressure
fluctuations during normal operation does not exceed the quantity (1/3) x design
pressure x (Sa/Sm), where Sa is the value obtained from the applicable fatigue curve
for the total specified number of significant pressure fluctuations, and Sm is the
allowable stress intensity for the material at service temperatures.  Significant
pressure fluctuations are those for which the total excursion exceeds (1/3) x design
pressure x (S/Sm), where S equals the value of Sa for 106 cycles.

If the specified number of significant pressure fluctuations exceeds the maximum
number of cycles defined on the applicable design fatigue curve, the Sa value
corresponding to the maximum number of cycles defined on the curve may be used.

Transfer Cask:  Since the TC is not a pressure retaining boundary, the second
criterion is not applicable.

Trunnions:  Since the trunnion is not a pressure retaining boundary, the second
criterion is not applicable.

Neutron Shield Shell: The pressure in the neutron shield shell is cycled twice during
the transfer of the EOS-DSC to and from the EOS-HSM.  The range of pressure
cycles for 60 years of service life is 2*1,440 = 2,880 cycles.  Since the number of
cycles is less than 106, the value of Sa corresponding to 106 cycles is 3.9 ksi taken
from Table 6 of [1].  The pressure fluctuation of 40 psig is greater than the criterion of
1/3 x 40 x (3.87/4.5) = 11.5 psig.  Therefore, pressure fluctuation is significant.

The S value corresponding to design range of pressure cycles (2,880 cycles) is
17.2 ksi using log-log interpolation from Table 6 of [1] as shown below.

Where,

N is the number of cycles (= 2880) and S is the corresponding mean stress 

Ni is the number of cycles below the desired value in the table (= 2000) and Si is the 
corresponding mean stress 

Nj is the number of cycles above the desired value in the table (= 5000) and Sj is the 
corresponding mean stress 

 

Hence, S = 17.2 ksi 
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The pressure fluctuation P= 40 psig is less than the quantity 1/3 x 40 x (17.2/4.5) = 
51 psig.  This second criterion, therefore, is satisfied for the EOS neutron shield 
shell. 

c. The third criterion states that the TC, trunnions, and neutron shield shell are
adequate for fatigue effects provided that the temperature difference between any
two adjacent points during normal operation does not exceed the magnitude:

Sa / (2 x E x ), where,  

Sa is the value obtained from the applicable fatigue curve for the specified number of 
start-up and shutdown cycles,  

 is the instantaneous coefficient of thermal expansion at the mean value of the 
temperatures at the two points and, 

E is the modulus of elasticity.  

Transfer Cask:  It is postulated that the TC will be used approximately 1,440 times 
to transfer DSCs to and from the HSM.  The value of Sa associated with this number 
of cycles is 72.4 ksi, taken from Figure I-9.1 for Su < 80.0 ksi [2]. 

Therefore, Sa/2E  = 72,400 / (2x27.9x106x7.7x10-6) = 169 °F.  The maximum 
temperature difference between any two adjacent contours on the TC is estimated to 
be 30 °F from Figure RAI 3-13-2 (TH2 load case).  Therefore, this third criterion is 
satisfied for the TC. 

Trunnions:  It is postulated that the trunnion will be used approximately 1,440 times 
during its designed life to transfer DSCs to and from the HSM.  The conservative 
value of Sa associated with this number of cycles is 72.3 ksi, taken from Figures I-9.1 
[2]. 

Therefore, Sa/2E  is 72,270 / (2x27.5x106x6.7x10-6) = 196 °F.  The maximum 
temperature difference between any two adjacent points on the trunnion is estimated 
to be 30 °F for load case #8S and #10S, as shown in Figure RAI 3-13-4 and Figure 
RAI 3-13-5, respectively, in this document.  Therefore, this third criterion is satisfied 
for the trunnions. 

Neutron Shield Shell:  It is postulated that the TC with the neutron shield attached 
will be used approximately 2*1,440 times to transfer DSCs to and from the HSM.  
The value of Sa associated with 2,800 number of cycles is 17.2 ksi, and is taken from 
Table 6 of [1] by log-log interpolation method as shown in (b). 

Therefore, Sa/2E  = 17,240 / (2x8.7x106x14.7x10-6) = 67 °F.  The maximum 
temperature difference between any two adjacent points on the TC, for neutron 
shield is estimated to be 16 °F as shown in SAR Figure 3.9.5-20. Therefore, this third 
criterion is satisfied for the EOS neutron shield shell. 
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d. The fourth criterion states that the TC, trunnions, and neutron shield shell are
adequate for fatigue effects provided that the range of temperature difference
between any two adjacent points does not change during normal operation by more
than the quantity Sa / (2 x E x ), where

Sa is the value obtained from the applicable fatigue curve for the total specified
number of significant temperature-difference fluctuations.

A temperature-difference fluctuation is considered to be significant if its total
algebraic range exceeds the quantity;

S / (2 x E x ), where 

S equals the value of Sa for 106 cycles in case of total number of service cycles is 106 
or less. 

During a normal use cycle, the TC is subjected to temperature fluctuations relative to 
the prevailing ambient temperature at the start of a use cycle.  A normal TC thermal 
use cycle for DSC loading and transfer to the HSM would results in a temperature 
fluctuation from the following operational conditions: 
− At the start of the use cycle, the cask will have a temperature equal to the 

prevailing normal ambient temperature. 
− A temperature fluctuation due to placement of the cask in the plant’s fuel pool at 

the prevailing plant fuel pool temperature would occur. 
− A temperature fluctuation due to removal of the cask from the plant’s fuel pool 

with the decay heat power of the spent fuel assemblies (SFAs) in water 
transferred to the cask would occur. 

− A temperature fluctuation due to draining of the DSC/cask with the decay heat 
power of the SFAs in air transferred to the cask would occur. 

− A temperature fluctuation due to drying of the DSC with the decay heat power of 
the SFAs in a vacuum transferred to the cask would occur. 

− A temperature fluctuation due to backfilling of the DSC with the decay heat power 
of the SFAs in helium transferred to the cask would occur. 

− Temperature fluctuations may result from transport of the TC and DSC to the 
HSM with a solar heat flux and the decay heat power of the SFAs in helium 
transferred to the cask. 

− At the end of the cycle the cask is returned to a temperature equal to the 
prevailing ambient temperature. 

The temperature fluctuations for a DSC unloading use cycle would be similar.  

Transfer Cask: For 106 loading cycles the value of S = 12,500 psi taken from Figure 
I-9.1 for Su < 80.0 ksi [2].  The bounding value of S/2E  is 12,500 / 
(2x27.9x106x7.7x10-6) = 29 °F. 
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The most significant expected fluctuation in temperature gradient occurs during a 
change in ambient temperature from 0 °F to 120 °F.  The assessment of temperature 
distribution results reveals that the local change of temperature due to change in 
ambient temperature from 0 °F to 120 °F for the TC component is less than 13 °F.  
The temperature difference in the adjacent contours plots for the TC is estimated to 
be 30 °F as shown in Figure RAI 3-13-2 (TH2 load case) and 17 °F, as shown in 
Figure RAI 3-13-3 (TH8 load case).  Therefore, this fourth criterion is satisfied for the 
TC. 

Trunnions:  For 106 loading cycles the value of S = 19,721 psi is taken by 
interpolating the graph of Su value greater than 80 ksi and less than 115 ksi from 
Figure I-9.1 [2].  The bounding value of S/2E  is 19,721 / (2x27.5x106x6.7x10-6) = 
54 °F. 

The most significant expected fluctuation in temperature gradient occurs during a 
change in ambient temperature from 0 °F to 120 °F.  The assessment of temperature 
distribution results reveals that the local change of temperature due to change in 
ambient temperature is below 1 °F.  The temperature difference between adjacent 
contours plots for Load Case # 8S is 30.3 °F and for Load Case #10S is 30.5 °F, as 
shown in Figure RAI 3-13-4 and Figure RAI 3-13-5, respectively. Therefore, this 
fourth criterion is satisfied for the trunnions. 

Neutron Shield Shell:  Taking the value of S = 3,870 psi from Table 6 [1] for 106 
cycles, the bounding value of S/2E  = 3870 / (2 x 8.7x106x 14.7x10-6) = 15 °F.  

The most significant expected fluctuation in temperature gradient occurs during a 
change in ambient temperature from 0 °F to 120 °F.  The assessment of temperature 
distribution results reveals that the local change of temperature due to change in 
ambient temperature from 0 °F to 120 °F for the neutron shield is below 10 °F.  The 
temperature difference between adjacent contours plots for the neutron shield shell 
is 16 °F and 6 °F, as shown in SAR Figure 3.9.5-20.  Therefore, this fourth criterion 
is satisfied for the EOS neutron shield shell. 

e. The fifth criterion states that for components fabricated from materials of differing
moduli of elasticity or coefficients of thermal expansion, the total algebraic range of
temperature fluctuation experienced by the component during normal operation must
not exceed the magnitude

Sa / (2 x (E1x 1 – E2 x 2)), where,  

Sa is the value obtained from the applicable fatigue curve for the total specified 
number of significant temperature fluctuations,  

E1 and E2 are the moduli of elasticity, and  

1 and 2 are the values of the instantaneous coefficients of thermal expansion at 
the mean temperature value involved for the two materials of construction.  
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A temperature fluctuation is considered to be significant if its total excursion exceeds 
the quantity S/(2(E1 1 – E2 2)), where S is the value of Sa obtained from the 
applicable fatigue curve for 106 cycles.  If the two materials used have different 
applicable design fatigue curves, the lower value of Sa shall be used.  

Transfer Cask:  The major components of the transfer cask are inner shell, outer 
shell, top and bottom rings, top cover plate, bottom neutron shield panel, and ram 
access penetration ring.  The top and bottom rings are made of SA-350 LF3 whereas 
all other aforementioned components of the transfer cask are made of SA-516, Gr. 
70. Assuming 106 use cycles, the value of Sa = 12.5 ksi.  The maximum value of
Sa/2(E1 1 – E2 2) = 477 °F.  The maximum temperature range experienced by the 
transfer cask during normal operation is below 272 °F [(375-103); see Figure RAI 3-
13-2].  This fifth criterion, therefore, is satisfied for the TC. 

Trunnions:  The critical area for the trunnion is the interface between the trunnion 
made from SA-182 Type F6NM and the TC top ring which is made from SA-350 LF3. 
Assuming 106 use cycles, the value of Sa = 19.3 ksi.  The maximum value of 
Sa/2(E1 1 – E2 2) = 315 °F. The maximum temperature range experienced by the 
TC during normal operation is below 275 °F [(235 - (-40)) see Figure 3-13-5].  
Therefore, this fifth criterion is satisfied for the trunnions. 

Neutron Shield Shell:  Since the neutron shield components (i.e., neutron shield 
panel and I-beam) are all made of aluminum (i.e., only one material is used in the 
construction of neutron shield) the fifth criterion is not applicable for the neutron 
shield. 

f. The sixth criterion states that TC, trunnions, and neutron shield shell are adequate
for fatigue effects provided that the specified full range of mechanical loads do not
result in stress ranges which exceed the Sa value obtained from the applicable
fatigue curve for the total specified number of significant load fluctuations.

Transfer Cask:  The maximum stress range for normal and off-normal load case is 
63.3 ksi.  The significant contribution to maximum stress is from thermal stress 
(approximately 42.9 ksi).  It is assumed that this load will occur once in every cycle.  
From the applicable fatigue curve, the Sa value corresponding to the 1,440 cycles 
taken from Figure I-9.1[2] =72.4 ksi.  The allowable stress for the TC is 3×Sm for 
Service Levels A and B.  The corresponding allowable stresses is 3x21.6 = 64.8 ksi.  
These values are lower than the allowed 72.4 ksi limit for 1,440 cycles. Therefore, 
this sixth criterion is satisfied for the TC. 

Trunnions:  For the trunnions, stress values are much lower than those in the TC 
structural shell near the trunnions and are not controlling.  This is due to the fact that 
the trunnions are much more robust than the cask shell because they are subjected 
to very conservative lift stress criteria associated with heavy load requirements and 
very large safety factors, such as 6 on yield strength and 10 on ultimate strength per 
ANSI N14.6 requirements.  Therefore, this sixth criterion is satisfied for the trunnions. 
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Neutron Shield Shell:  From the applicable fatigue curve the Sa value 
corresponding to the 2*1,440 cycles =17.2 ksi which is taken from Table 6 [1] by log-
log interpolation method as shown in (b).  The allowable stress for the neutron shield 
shell is 3×S for Service Levels A and B.  The corresponding allowable stresses is 
3x4.5 = 13.5 ksi.  This value is lower than the allowed 17.2 ksi limit.  Therefore, this 
sixth criterion is satisfied for the EOS neutron shield shell. 

ASME code criteria listed in Section NC-3219.2 were used to determine whether the TC, 
trunnions, and neutron shield shell subjected to service loads of EOS systems create 
potential risk of fatigue failure.  The evaluation documented here shows that TC service 
loads of EOS systems do not create a potential risk of TC fatigue failure for 1,440 cycles 
over a 60-year life and the detailed fatigue evaluation is not necessary. 

New SAR Section 3.9.5.6 has been added to provide justification as to why a detailed 
fatigue evaluation is not required for the EOS-TC design.  Conforming changes have 
been made to renumber the related SAR Reference section number to 3.9.5.7. 

References: 

1. 1994 ASME Boiler and Pressure Vessel Code Case N-519 “Use of 6061-T6 and
6061-T651 Aluminum for Class 1 Nuclear Components.”

2. ASME Boiler and Pressure Vessel Code, Section III, Division 1, Appendix I, 2010
Edition through 2011 Addenda.

Figure RAI 3-13-1 
Temperature plot for Load case TH6 
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Figure RAI 3-13-2 
Temperature plot for Load case TH2 
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Figure RAI 3-13-3 
Temperature plot for Load case TH8 
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Figure RAI 3-13-4 
Temperature plot for Upper Trunnions for Load case #8S 
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Figure RAI 3-13-5 
Temperature plot for Upper Trunnions for Load case #10S 

Application Impact: 

SAR Section 3.9.5.6 has been added as described in the response. 

SAR Section 3.9.5.7 has been revised as described in the response. 
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14  Clarify the tornado wind design requirements and the tornado missile design 
requirements. 

Two different tornado wind design requirements for the HSM and the TC are used in the 
SAR.  For the HSM, the region I intensities from RG 1.76 revision 0 are used which 
specifies a maximum wind speed of 360 mph.  For the TC, the Region I intensities from 
Regulatory Guide ( RG) 1.76, Revision 1, “Design-Basis Tornado and Tornado Missiles 
for Nuclear Power Plants,” are used, which specifies a maximum wind speed of 230 
mph. The staff notes that both RG revisions are valid references, and that the older 
reference is conservative, but believes that consistent environmental design 
requirements should be specified for the same storage system to avoid confusion on the 
part of the potential user.  Additionally, the tornado maximum wind speed listed in 
Section 4.5.3 of the TS is 290 mph which is less than the design criteria for the transfer 
cask. 

In the same respect, inconsistent tornado missile requirements are used for the HSM 
and the TC.  For the HSM, the tornado missiles of NUREG 0800, Revision 2, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants,” 
Section 3.5.1.4 are used which include a 35’ utility pole, an armor piercing artillery shell, 
a 15’ schedule 40 steel pipe, a 4000 lb. automobile and a small diameter solid sphere. 
For the TC, the tornado missiles of NUREG 0800, Revision 3, Section 3.5.1.4 are used 
which only require the 15’ utility pole, the 15’ schedule 40 pipe and the 4,000 lb. 
automobile.  Again, the staff notes that both NUREG revisions are valid references, and 
that the older reference is conservative, but believes that consistent environmental 
design requirements should be specified for the same storage system to avoid confusion 
on the part of the potential user. 

This information is needed to determine compliance with10 CFR 72.236(b). 

RESPONSE TO RAI 3-14 

Section 2.3.1 of the SAR has been updated to state that, although the bounding analysis 
presented in Section 3.9.4.9.4 is actually for RG 1.76 Revision 0/NUREG 0800 Revision 
2, the design basis tornado wind characteristics and tornado missiles for the HSM are 
based on RG 1.76 Revision 1/NUREG 0800 Revision 3.  Section 3.9.4.9.4 has also been 
updated to demonstrate that the tornado wind characteristics and tornado missiles from 
RG 1.76 Revision 0/NUREG 0800 Revision 2 are bounding for the RG 1.76 Revision 
1/NUREG 0800 Revision 3 design criteria. 

The tornado missiles specified in RG 1.76 Revision 0/NUREG 0800 Revision 2 are more 
stringent than those specified in RG 1.76 Revision 1/NUREG 0800 Revision 3.  
Therefore, the EOS-HSM is evaluated for criteria from RG 1.76 Revision 0 since they 
bound the design criteria of RG 1.76 Revision 1. 

Additionally, Section 4.5.3 (Item 1) of the TS has been removed consistent with the TSs 
for most other storage systems. 
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Application Impact: 

Technical Specifications Section 4.5.3 and SAR Sections 2.3.1 and 3.9.4.9.1 have been 
revised as described in the response. 
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15  Justify the absence of a seismic stability analysis for the EOS transfer casks. 

Section 12.3.2 of the SAR indicates that a seismic accident analysis was conducted and 
is located in Appendices 3.9.4 and 3.9.7 of the SAR.  The staff notes that the seismic 
loads are bounded by the drop loads for the transfer EOS-TC components with respect 
to a stress analysis; however, Appendix 3.9.7 involves stability.  Appendix 3.9.7 includes 
a tornado wind and tornado missile stability analysis for the transfer casks, but does not 
include a seismic stability analysis. 

This information is needed to determine compliance with10 CFR 72.236(b),(l). 

RESPONSE TO RAI 3-15 

The SAR has been updated to include the seismic stability analysis for the EOS transfer 
cask by adding new Section 3.9.7.2.6.4.  

Subheading titles, under SAR Section 3.9.7.2.6 for stability, cask stress, top cover plate 
and localized penetration, have been editorially revised for clarity.  In addition, the 
subheading title for SAR Section 3.9.7.2.4.2 has also been revised for clarity. 

The formula used to determine the wind loads from Roark’s Stress and Strain handbook 
(Case 8c) was dimensionally incorrect in the seventh edition and has been corrected in 
the eighth edition.  Therefore, Reference [3.9.7-7] has been modified in SAR Section 
3.9.7.3 to the eighth edition and the formula has been corrected in SAR Section 
3.9.7.2.6.1.2.  Associated affected contents in Section 3.9.7.2.6 used for calculating the 
stresses in the cask shell have been revised according to the corrected formula.  The 
stresses in the outer top cover plates have been recalculated in this section by including 
the primary membrane stresses.  

The critical tipping angle has been modified to (1/3x  tip).  Section 3.9.7.2.7 of the SAR 
has been revised to indicate that the angle of rotation due to massive missile impact load 
and concurrent tornado loads is less than the critical tipping angle.  The factor of safety 
against tip overturn has been revised in Section 3.9.7.2.7 to summarize the results of the 
cask tipping analysis during transfer operations.  Tables 3.9.7-7 and 3.9.7-8 have been 
updated to include the new stability load case and to revise the resultant stresses for the 
bounding individual design basis tornado, missiles impact, and combined tornado load 
as a result of the change in formula.  Figure 3.9.7-9 has been revised to correct the 
dimension shown for the height of the cask (cask height + mid of skid height) to 87 
inches. 

Application Impact: 

SAR Sections 3.9.7.2.4.2, 3.9.7.2.6, 3.9.7.2.7, and 3.9.7.3, Tables 3.9.7-7 and 3.9.7-8, 
and Figure 3.9.7-9 have been revised as described in the response.  
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16  Clarify the loading combination for the tornado stability analysis on the EOS transfer 
casks. 

In Appendix 3.9.7, a stability analysis is conducted on the transfer casks for tornado 
winds and tornado missile accidents, but the two loads are not combined in accordance 
with NUREG-0800 Section 3.9.7.1.6 which states Wt = Ww + 0.5Wp = Wm, where Wt is the 
total tornado load, Ww is the tornado wind load, Wp is the tornado pressure load and Wm 
is the tornado missile load. This load combination is used to analyze the EOS-HSM for 
stability against tornado loads in Appendix 3.9.7, but not the transfer cask. 

This information is needed to determine compliance with10 CFR 72.236(b). 

RESPONSE TO RAI 3-16 

Section 3.9.7.2.6 of the SAR has been revised to include new Section 3.9.7.2.6.5 on the 
loading combination for the tornado stability analysis of the EOS-TCs.  Figure 3.9.7-11 
has also been added in this new section to illustrate the time-dependent angle of rotation 
for concurrent wind and missile loading.  SAR Section 3.9.7.2.7 has been revised to 
provide a summary of the results of the combined loading combination, including the 
angle of rotation, for the tornado stability analysis. 

Application Impact: 

SAR Sections 3.9.7.2.6 and 3.9.7.2.7 have been revised as discussed in the response.  

SAR Figure 3.9.7-11 has been added as described in the response. 
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17  Provide the results of the stability analysis for the EOS TC in Appendix 3.9.7 against 
tornado loads in Appendix 3.9.7 of the SAR. 

Appendix 3.9.7 of the SAR walks through the conservation of momentum and 
conservation of energy equations that are used to determine the maximum angle 
achieved by the transfer cask as a result of a massive missile impact (see RAI regarding 
tornado load combination), but does not indicate the results of the analysis.  All that is 
stated is that tip = 27.42° and that tip >> , but  is never determined. 

This information is needed to determine compliance with10 CFR 72.236(b),(l). 

RESPONSE TO RAI 3-17 

The stability analysis for the EOS-TC against tornado loads in Section 3.9.7.2.6.2.1 has 
been modified to include bounding (minimum) loaded cask weight from Case B (EOS TC 
108 with EOS-89BTH DSC) of Table 3.9.7-6 so that it is more conservative for the 
stability evaluation.  Thus, the total weight of the TC - Wc (EOS-TC, skid and the trailer), 
and the total mass of the TC assembly - Mc (EOS-TC, skid and the trailer), have been 
modified accordingly.  The numerical values used for the purpose of evaluation have 
been added in this section.  The angle due to missile impact ( ) has been reevaluated 
and the value based on the changes described is reported conservatively for the 
reduced weight in the SAR.  

Application Impact: 

SAR Section 3.9.7.2.6.2.1 has been revised as described in the response. 
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18  Clarify the design pressure for the EOS DSCs. 

The table in Section 10.1.1.1 of the SAR lists the design pressures for the EOS37PTH 
DSC and the EOS89BTH DSC to be 15 psig.  Section 4.2 of the SAR states, “The 
maximum DSC internal pressure during normal and off-normal conditions must be below 
the design pressures of 15 psig and 20 psig, respectively.”  Table 2-5 uses 20 psig for 
normal and off-normal load combinations. There appears to be some contradictions as 
to what the actual design pressure is.  Additionally, Section 9.1.3 Step 19 of the SAR 
states, “Pressurize the DSC with helium to more than 34 psig, but do not exceed 37 psig 
and hold for 10 minutes.” This step represents the pneumatic test procedure described 
by ASME B&PV Code, Section III, Division 1, NB-6321 and NB-6323, which indicates a 
design pressure of 30 psig. 

This information is needed to determine compliance with10 CFR 72.236(b),(l). 

RESPONSE TO RAI 3-18 

The design pressure of the EOS DSC is 15 psig.  Only the normal pressure of 15 psig 
represents the design pressure, which can be used for testing per ASME Code Section 
NB-6000.  SAR Section 3.9.1.2.7.3 has been revised to clearly identify the design 
pressure.  For structural evaluations, a DSC internal pressure of 20 psig is used for 
normal and off-normal conditions for conservatism.  According to ASME Code Section 
NB-6000, the testing pressure shall be 1.1 times the design pressure, which results in a 
test pressure of 16.5 psig for EOS NUHOMS® DSCs.  For conservatism, a pressure of 
18 psig is selected for testing of the DSC confinement boundary (as noted in the Table 
2-5) to bound potential conditions for transportation under 10 CFR Part 71.  The table 
and the text in Section 10.1.1.1 have been revised to clarify the DSC design pressure 
and test pressure and to maintain consistency within the SAR. 

Section 9.1.3 Step 19 notes the test pressures in absolute pressure (psia).  The 
evaluated maximum permissible test pressure for the EOS DSC per ASME Code 
Section NB-6222 is 23 psig, as noted in the Section 3.9.1.2.7.2.  The noted pressures of 
34 psia and 37 psia in Section 9.1.3 (Step 19) have been revised to 18 psig and 23 psig, 
respectively, to ensure consistency with the test pressures recommended in Table 2-5 
and Section 3.9.1.2.7.2.  

Sections 4.2, 4.5.11, 4.7.1.7, and 4.7.2, and Tables 4-45 and 4-46 have been revised to 
clarify the design pressure and the values used for structural evaluations.  The title of the 
last column in Tables 4-45 and 4-46 has been corrected to indicate that the presented 
values are the DSC internal pressures used for structural analyses of the DSC.  

Application Impact: 

SAR Sections 3.9.1.2.7.3, 4.2, 4.5.11, 4.7.1.7, 4.7.2, 9.1.3, and 10.1.1.1, and 
Tables 4-45 and 4-46 have been revised as described in the response. 
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19  Explain how the structural properties of the DSC support rail were determined. 

In the finite element model description of the EOS-HSM, Section 3.9.6.1 of the SAR 
states that the DSC main support beam (W12x136) and the brace (C3x5) are modeled 
using BEAM4 ANSYS beam elements with the appropriate section properties.  Section 

3.9.4.6.3 of the SAR then states that the web of the DSC main support beam has 
triangular opening resulting in vertical and diagonal web elements.  Because of the 
openings in the web, the standard structural properties (cross sectional area, moment of 
inertia, section modulus, etc.) of the W12x136 are no longer valid. 

This information is needed to determine compliance with10 CFR 72.236(b),(l). 

RESPONSE TO RAI 3-19 

The DSC main support beam (W12x136) is modeled using BEAM189 ANSYS beam 
elements with appropriate section properties.  However, the section properties modeled 
in the ANSYS finite element model (FEM) are not the standard section properties of a W 
section.  In the FEM, the W section is broken down into flanges, web and stiffener 
components.  The cross sections of each component are calculated and used to define 
the beam elements as prisms that make up each component. An FEM is provided in 
Figure RAI 3-19-1 to show how the beam elements are used to build the main support 
beam section (W12x136).  The beam elements that make up the web of the section are 
oriented to create the triangular openings, shown in Figure RAI 3-19-1 below.  The beam 
elements are arranged in a two-dimensional plane aligned with the centerline of the 
beam, inclined approximately 30 degrees from vertical along the length of the beam. 
Each element is a length of approximately 2.5 in. along the axis of the rail.  

The structural properties of the W12x136 are captured due to the geometry orientation of 
the beam elements rather than through a generalized W12x136 cross section definition 
in ANSYS. 

Additional details describing how the structural properties of the DSC support structure 
were modeled in the three-dimensional FEM are provided in SAR Section 3.9.4.6.3. 
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Figure RAI 3-19-1 
Element Geometry and Cross Section 

Application Impact: 

SAR Section 3.9.4.6.3 has been revised as described in the response. 
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20  Clarify the use of the wind load in Load Case C2 for the EOS-HSM. 

The wind load is discussed in Section 3.9.4.7.5 of the SAR under the main heading of 
Normal Operational Structural Analysis; however, the load case that includes wind (C2) 
is an off-normal event.  Furthermore, Section 3.9.4.7.5 states that the concrete structure 
forces and moments due to the design basis wind load are bounded by the results of the 
tornado generated wind load and that no separate analysis is performed for this case. 
The staff is unsure if load case C2 is even considered. 

This information is needed to determine compliance with10 CFR 72.236(b),(l). 

RESPONSE TO RAI 3-20 

Section 3.9.4.7.5 of the SAR has been revised to indicate that the DSC support structure 
and DSC inside the EOS-HSM are not affected by wind load.  The concrete structure 
forces and moments due to design basis wind load (W) are bounded by the result of the 
tornado-generated wind load discussed in Section 3.9.4.9.1.  Therefore, the tornado-
generated wind load is conservatively used in place of the lower off-normal wind load 
combination C2, as seen in Table 3.9.4-5.  The off-normal wind load combination C2 
conservatively considers a tornado-generated wind load of 360 mph instead of the 
design basis wind load of 150 mph.  Therefore, the results from C2 are conservative and 
are used when enveloping the moments and forces from load combinations C1 to C6, as 
shown in SAR Tables 3.9.4-7 to 3.9.4-10.  Therefore, no separate analysis is needed to 
consider the design basis wind load case.  

Application Impact: 

SAR Section 3.9.4.7.5 has been revised as described in the response. 
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Chapter 4 – Thermal Evaluation 

1  Explain the inconsistency between the air inlet temperature and the ambient temperature 
for load cases #1a and #3 with the EOS-37PTH DSC in EOS-HSM. 

The applicant described Table 4-5 of the SAR that load case #1a and load case #3 have 
the ambient temperatures of 100°F and 117°F, respectively, for the thermal analyses for 
normal storage and off-normal storage of EOS-37PTH DSC in EOS-HSM.  However, 
Table 4-9 of the SAR shows that the inlet temperatures of load case #1a and load case 
#3 are 90°F and 103°F were used in the thermal model to predict the air temperature 
rise between inlet and outlet for EOS-37PTH DSC in EOS-HSM. 

The staff questioned that using an inlet temperature different from the ambient 
temperature may affect the thermal parameters (e.g., heat transfer coefficient) and the 
shell temperature, and therefore under-predict the air temperature rise through EOS- 
HSM.  Hence, the applicant needs to explain why the inlet temperature is different from 
the ambient temperature used in the thermal analysis for each of the load cases #1a and 
#3. 

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

RESPONSE TO RAI 4-1 

SAR Table 4-5 presents daily maximum temperatures and Table 4-9 presents daily 
average temperatures.  As described in Section 4.3, daily average temperatures of 90 °F 
and 103 °F are used in the analyses, which correspond to daily maximum temperatures 
of 100 °F and 117 °F for normal and off-normal conditions, respectively.  In addition, 
footnote (1) of Table 4-1 indicates that daily average temperatures are used.  Calculation 
of the daily average temperatures was performed using the methodology described in 
the UFSAR for the Standardized NUHOMS® System, Section M.4.5 [1].  

For clarification and for consistency with TS 4.3.3 [2] of the Standardized NUHOMS® 
System, definitions of daily average temperatures have been included in Technical 
Specification 4.5.3 of the EOS NUHOMS® System.  

References: 

1. AREVA, Inc., Updated Final Safety Analysis Report for the Standardized NUHOMS®

Horizontal Modular Storage System for Irradiated Nuclear Fuel, Revision 14,
September 2014, U.S. Nuclear Regulatory Commission Docket No. 72-1004.

2. Technical Specifications for the Standardized NUHOMS® Horizontal Modular
Storage System, Amendment Number 13 to CoC 1004, Docket 72-1004.

Application Impact: 

Technical Specification 4.5.3 has been revised as described in the response. 
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2  Provide an explanation of how the porosity values used for security bar and support 
beam in the CFD model were generated. 

The applicant stated in Section 4.4.2.3.5 of the SAR that a porosity of 86.7% is used for 
security bar and also showed in Figure 4-8 (page 4-49) of the SAR that the porosities of 
44.0%, 52.7%, and 44.0% are used for porous-1, porous-2 and porous-3 regions, 
respectively, of the EOS-HSM support beam (page 4-158) in the CFD model.  Because 
the porosity value is related to the calculations of pressure drop and flow pattern of the 
cooling air entering into the EOS-HSM.  The applicant needs to explain how these 
porosities were generated. 

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

RESPONSE TO RAI 4-2 

The computations for the porosity of the security bar are explained in Item 3.a of the 
response to RAI 4-17. 

The computations of the porosities of the DSC support structure (porous-1, porous-2, 
and porous-3 regions) are explained in Item 4.a of the response to RAI 4-17. 

Application Impact: 

No changes as a result of this question. 
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3  Characterize the flow regime for the air circulation within the TC/DSC annulus. 

The applicant stated in Section 4.5.2.2.1 of the SAR that ANSYS FLUENT uses the 
Reliable k-ε model to simulate the air flow through the TC/DSC annulus. The applicant 
needs to characterize the flow regime by calculating the Reynolds number (Re) and 
Raleigh number (Ra). The staff needs this information to assure that the Reliable k-ε 
model is adequate for simulating the air circulation within TC/DSC annulus. 

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

RESPONSE TO RAI 4-3 

A discussion on the flow regime within the TC/DSC annulus while the blower is in 
operation has been added to SAR Section 4.5.3.3.1.  Based on the discussion in new 
SAR Section 4.5.3.3.1, the flow in the TC/DSC annulus can be characterized as 
turbulent in which forced convection dominates the heat transfer within the TC/DSC 
annulus while the blower is in operation.  Therefore, the use of the Realizable  model 
is acceptable for simulating the air circulation within the TC/DSC annulus.  

Section 4.8 of the SAR has also been revised to add new references cited in new 
Section 4.5.3.3.1 and to make an editorial correction to the title of another existing 
reference. 

Application Impact: 

SAR Sections 4.5.3.3 and 4.8 have been revised as described in the response. 
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4  Evaluate the impact of low-speed wind (from three different directions) on the cask heat 
removal capability of NUHOMS EOS-HSM system. 

The applicant stated in SAR 4.3 that EOS-HSM has the inlet and outlet vents separated 
by about 16 ft. (192 inches) and the larger separation between inlet vent and outlet vent 
causes no impact of the wind on the mixing of the airflows of the inlet and the outlet of 
the EOS-HSM. 

However, the staff notes that the wind speed may have a negative effect on the cask 
performance, as compared to quiescent conditions.  For the EOS-HSM with the inlet 
vent on the front and the outlet vent at the top of the cask, the applicant needs to 
perform a wind effect analysis with wind directions: frontal, backward and side, and with 
wind speed in a range of 0 to 15 mph.  Sustained wind speeds as high as 8 mph have 
been reported (NOAA) to prevail for enough duration for the decay heat removal system 
to reach a new steady state. This may affect the predicted peak cladding temperatures. 

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

RESPONSE TO RAI 4-4 

The impact of a low-speed sustained wind on the thermal performance of the EOS-HSM 
has been evaluated.  For this evaluation, wind speeds of 5, 8, and 15 miles per hour for 
three different directions (frontal, backward, and side) have been simulated in ANSYS 
FLUENT CFD models of the EOS-HSM loaded with an EOS-37PTH DSC.  The 
maximum fuel cladding temperature was used as the criterion to assess the impact of 
the wind on the thermal performance. 

The evaluation of the wind effect, including a description of the thermal model for each of 
the chosen scenarios and the results, are presented in a new SAR Appendix 4.9.4.  A 
cross-reference to new Appendix 4.9.4 has been added to SAR Section 4.3.  New 
drawing EOS01-3016-SAR, which shows the design of a wind deflector and its 
installation configuration, has been added to SAR Section 1.3.3.  A cross reference to 
the new drawing is added to drawing EOS01-3000-SAR.   

A description of the installation and function of the wind deflectors has been added to 
SAR Section 1.2.1.3 and Section 2.4.3.  The fabrication material (aluminum) of the wind 
deflectors has been added to Table 8-2 of SAR Chapter 8.  Verification of wind deflector 
installation has also been added to a procedural step in SAR Section 9.1.6.  
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The wind deflectors are not attributed with any shielding function in the SAR evaluation 
presented in Chapter 6.  Therefore, the loss of wind deflectors caused by an accident 
such as tornado has no impact on the off-site dose rate.  Sections 11.3.2 and 12.3.3 of 
the SAR have been revised to bundle the loss of wind deflector with the loss of the outlet 
vent covers as one accident that may be caused by a tornado. 

As indicated in the thermal evaluations presented in SAR Appendix 4.9.4, the wind 
deflectors are only needed for the normal condition to maintain the fuel cladding 
temperature below the allowable, normal operational limit of 752 °F (400 °C).  The 
thermal impact of damage or loss of the wind deflectors due to an accident event is 
bounded by the evaluation of the blocked vent accident condition.  Section 12.3.6 of the 
SAR has been revised to include the impact of the loss/damage of wind deflectors to the 
blockage of air ventilation.   

A new Administrative Control 5.5 has been added to the proposed Technical 
Specifications (TS) to specify the requirements for use of wind deflectors.  SAR Tables 
13-1 and 13-2 have been revised accordingly to indicate the addition of the new TS 
administrative control.   

Technical Specification Administrative Control 5.1.3(a) has been expanded to include 
the visual inspection of the wind deflectors, if the user chooses this option to perform 
visual inspection for monitoring of the EOS-HSM thermal performance.  Inspection of the 
wind deflector has also been added to Technical Specification 5.1.3(b)(iii). 

To ensure that the general licensee applies the correct equipment, which may include 
wind deflectors, and correct configuration of heat loads in the EOS-HSM, the basket 
types have been redefined in Chapter 1 and will be stamped on the DSC.  The new 
definition of the basket types consists of a letter (A, B or C) to identify the neutron poison 
loading option and a digit (1, 2 or 3) to identify the HLZC.  The redefined basket types 
are used to tie the HLZC, installation of wind deflectors on the EOS-HSM, and the 
transfer operations time limits together in the TS.   

Additionally, to simplify the basket type definitions for EOS-89BTH baskets, the neutron 
poison loading options have been revised and redefined as A, B, or C, instead of M1-A, 
M1-B and M2-A.  This change makes the basket types schemes for EOS-37PTH and 
EOS-89BTH baskets similar and consistent. 

Sections 1.1, 1.2, 1.2.1.1 and 1.2.1.2 of the SAR have been revised to specify the new 
scheme for basket types and to correct the number of available basket types for each of 
the DSCs.  The same definitions have also been provided in SAR Drawings 
EOS01-1010-SAR and EOS01-1020-SAR in Sections 1.3.1 and 1.3.2, respectively. 

The definitions of the basket types in SAR Section 2.4.5 have also been revised to align 
them with the definitions in Chapter 1.  

The thermal evaluation in SAR Chapter 4 refers to HLZCs # 1, 2 or 3 to identify the 
basket types and to present the results.  To maintain consistency and to provide 
clarification, a note has been added at the beginning of Chapter 4 to indicate that 
throughout this chapter, the HLZC is used instead of referring to the basket types.  
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The references to the basket types in SAR Section 6.3.2 are revised to make them 
consistent with the new definitions of the basket types. 

The existing criticality evaluation in SAR Chapter 7 refers to neutron poison loading 
options, (A or B for EOS-37PTH baskets and M1-A, M1-B and M2-A for EOS-89BTH 
baskets) to identify the basket types and to present the results.  To maintain consistency 
and to provide clarification, a note has been added at the beginning of Chapter 7 to 
identify that the basket types in Chapter 7 are based on the boron content in the poison 
plates, which are different from the definition of the basket types in Chapter 1.  A 
correlation between the basket type definitions in Chapter 1 and their reference points in 
Chapter 7 are clarified in this note.  

Section 8.2.10 and Tables 8-32 and 8-34 of the SAR have been revised to make the 
definition of basket types consistent with the revised definitions provided in Chapter 1.  

Section 4.3 and Tables 4, 5, and 8 of the Technical Specifications have also been 
revised to identify the basket types consistent with the basket type definitions provided in 
Chapter 1.   

Application Impact: 

SAR: 

Tables 8-2, 8-32, 8-34, 13-1, and 13-2 have been revised as described in the response. 

Drawings EOS01-1010-SAR, EOS01-1020-SAR and EOS01-3000-SAR have been 
revised as described in the response.  Drawing EOS01-3016-SAR has been added as 
described in the response. 

Appendix 4.9.4 has been added as described in the response. 

Sections 1.1, 1.2, 1.2.1.1, 1.2.1.2, 1.2.1.3, 2.4.3, 2.4.5, 4, 4.3, 6.3.2, 7, 8.2.10, 9.1.6, 
11.3.2, 12.3.3 and 12.3.6 have been revised as described in the response. 

Technical Specifications: 

Section 5.5 has been added as described in the response. 

Sections 4.3 and 5.1.3 have been revised as described in the response. 

Tables 4, 5, and 8 have been revised as described in the response. 
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5  Provide an explanation of how the flow loss coefficient of the screens and the porosities 
of dose reduction hardware were generated at EOS-HSM inlet and outlet. 

The applicant stated in Section 4.4.2.3.4 (page 4-46) of the SAR that a flow loss 
coefficient of 0.58 is specified to the screens located at EOS-HSM inlet and outlet, per 
Table CR6-1 in Reference 4-13 ASHARE Handbook. The value of 0.58 is based on 
cross-sectional area ratio of screen to duct A1/A0 = 1 and free area ratio of screen n = 
0.7. The Handbook is listed in Reference, but not provided in the application.  The 
applicant also needs to explain why the free ratio of screen is determined as 0.7 when 
the cross-sectional area ratio of screen to duct is 1.0. 

In addition, as described in Section 4.4.2.3.3 (page 4-45) of the SAR, the dose reduction 
hardware, also located at EOS-HSM inlet and outlet, has porosities of 93.4% at inlet and 
87.1% at outlet. 

The applicant needs to provide an explanation of both how the flow loss coefficient of the 
screens (0.58) and the porosities of the dose reduction hardware (93.4% and 87.1%) in 
the SAR were generated. The information helps the staff understand the flow resistance 
at the EOS-HSM inlet and outlet. 

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

RESPONSE TO RAI 4-5 

Item 1 of the response to RAI 4-17 describes the methodology used to determine the 
loss coefficient for the bird screens at the inlet and outlet of the EOS-HSM.  A copy of 
Table CR6-1 from the ASHRAE Handbook is included as Attachment-1 of the response 
to RAI 4-17. 

Item 2.a of the response to RAI 4-17 describes the computations to determine the 
porosities of the inlet and outlet dose reduction hardware.  

Application Impact: 

No changes as a result of this question. 
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6  Explain why the porous media parameters (as described in items (a) and (b) below) for 
nitronic rail are conservative for the thermal analysis and provide an explanation of how 
the inertial resistance factor was calculated for the pressure drop across the holes within 
the nitronic rail. 

The applicant displayed the equation of the pressure drop across the holes within the 
nitronic rail in Section 4.9.2.3.4.1 of the SAR Porous Media Parameters for Nitronic Rail 
and referenced to a loss coefficient of 18.19 in Table 4-21 of the NUHOMS HD FSAR. 
The applicant stated in Section 4.9.2.3.4.1 that (a) the viscous resistance for the flow 
through the slotted bar is zero, and (b) the inertial resistance factor is modified to 
account for 100% open cells of the porous medium and the length of the porous medium 
in the direction of the flow, and (c) the inertial resistance factor accounting for 100% 
opening is 3176.314 1/m. 

The applicant needs to explain why the items (a) and (b) above, used in calculating the 
pressure drop for the flow through the slotted bar, will be conservative in the thermal 
analysis.  The applicant needs to verify that the loss coefficient of 18.19 cited from the 
NUHOMS HD FSAR is adequate for the NUHOMS-EOS system and show how the 
inertial resistance factor of 3176.314 1/m is calculated in the SAR of the NUHOMS-EOS 
system. 

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

RESPONSE TO RAI 4-6 

The determination of the porous media properties in Section 4.9.2.3.4.1 of the SAR for 
the nitronic rail only applies to the benchmarking evaluation presented for the HSM-H 
storage module in Section 4.9.2.  

As shown on Drawing EOS01-3000-SAR in Section 1.3.3 of the SAR, there are no holes 
in the extension plate (called nitronic rail/bar/plate in the HSM-H) of the DSC Support 
Structure for the EOS-HSM (Item 41 of Drawing EOS01-3000-SAR).  The extension 
plate in the EOS-HSM is not modeled using porous media.  Therefore, the porous media 
properties in Section 4.9.2.3.4.1 do not impact the thermal evaluation of the EOS-HSM. 
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Proprietary Information on this page 
Withheld Pursuant to 10 CFR 2.390
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References: 

1. Transnuclear, Inc., Calculation, “NUHOMS® - 24PTH Air Flow Calculation of the
HSM-H,” NUH24PTH.0420, Revision 1, Submitted to NRC per Letter # NUH03-04-
02, January 22, 2004 (See Adams Accession # ML040510370).

2. Transnuclear, Inc., Updated Final Safety Analysis Report for NUHOMS® HD
Horizontal Modular Storage System for Irradiated Nuclear Fuel, Revision 3, U.S.
NRC Docket No. 72-1030.

3. ANSYS FLUENT User’s Guide, Version 14.0, ANSYS, Inc.

Application Impact: 

No changes as a result of this question. 
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7  Identify the maximum temperature of the neutron shield in the design load case #5 with 
the EOS-37PTH DSC inside the EOS-TC125. 

The applicant listed the maximum temperatures of the EOS-TC125 loaded with the 
EOS-37PTH DSC at 50 kW, accident conditions with loss of the neutron shield and loss 
of the air circulation (the design load case #5 for the EOS-TC125) in Tables 4-28 and 4- 
29 of the SAR. The applicant provided a temperature of 296°F for the neutron shield 
outer skin in Table 4-28 and a temperature of 327°F of the neutron shield in Table 4-29. 

The applicant needs to explain the inconsistency in the temperatures of the neutron 
shield for the design load case #5 subject to loss of the neutron shield and loss of the air 
circulation. 

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

RESPONSE TO RAI 4-7 

In Table 4-28, the component name "Neutron Shield Outer Skin" refers to the outer shell 
of the transfer cask, whereas the component name "Neutron Shield" in Table 4-29 refers 
to the average temperature of the water which is the neutron shield material. 

As noted in SAR Section 4.5.1, Load Case #5 assumes the loss of water from the 
neutron shield, in which the water is replaced with air for the analysis.  The temperature 
of 327 °F, reported for the neutron shield in Table 4-29, is the temperature of air in the 
neutron shield for Load Case # 5.  For clarity, Table 4-29 has been revised to delete the 
temperature of the neutron shield for Load Case #5 and replace it with “N/A” and a note 
to indicate that there is no water is in the neutron shield for the accident condition.  
Tables 4-34, 4-40, and 4-43 have been revised similarly for consistency. 

Application Impact: 

SAR Tables 4-29, 4-34, 4-40, and 4-43 have been revised as described in the response. 
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8  Compare the maximum fuel cladding temperatures between the load case #1 and the 
load case #3, as well as between the load case #8 and the load case #10 at steady 
conditions for EOS-TC125 loaded with EOS-37PTH DSC.  Explain the inconsistency of 
the maximum fuel cladding temperatures in the load cases #1, #3, #8 and #10. 

Table 4-24 of the SAR shows that the load case #1 (ambient 120°F and no solar heat) 
has the maximum cladding temperature of 648°F. This is 4°F below the maximum 
cladding temperature of 652°F for the load case #3 (ambient 117°F and solar heat) at 
steady-state initial for EOS-TC125 loaded with EOS-37PTH DSC at 50 kW and no air 
circulation. 

However, Table 4-25 of the SAR shows that the load case #8 (as the load case #1) has 
a maximum cladding temperature of 732°F. This is 18°F above the maximum cladding 
temperature of 714°F for the load case #10 (as the load case #3) at steady-state 
condition for EOS-TC125 loaded with EOS-37PTH DSC at 36.35 kW and no air 
circulation. 

The applicant needs to explain why the load case #1 has a peak cladding temperature 
(PCT) lower than that of the load case #3, while the load case #8 has a PCT greater 
than that of the load case #10. The applicant should explain inconsistency in the PCTs 
of the load cases #1, #3, #8 and #10. 

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

RESPONSE TO RAI 4-8 

The thermal performance of the TC loaded with a DSC depends on the ambient 
temperature, insolation and cask transfer orientation.  The cask orientation, i.e., vertical 
or horizontal, impacts both the free convection coefficients to ambient and the contact 
between the DSC shell and the TC slide rails.  As described in SAR Section 4.5.2.1 for 
the vertical orientation, it is assumed that the DSC is centered in the TC cavity with a 
uniform gap between the DSC shell and TC inner shell.  For the horizontal orientation, it 
is assumed that the DSC is resting on two TC slide rails.  

The PCT differences observed between Load Case # 1 and # 3 compared to Load 
Cases # 8 and # 10 are clarified below. 

Steady-State Initial PCTs for Load Cases # 1 and # 3a.

As described in note (2) to Table 4-23, both Load Cases # 1 and # 3 start from
the same initial steady-state conditions, in which water temperature in the
TC/DSC annulus is assumed to be 223 °F.  In both load cases, the water
temperature in the TC/DSC annulus is fixed in such a way that the heat transfer
through the sub-models of EOS-TC125 and 37PTH DSC are nearly decoupled
for the initial steady-state thermal analysis.  The small difference of 4 °F between
PCTs for Load Cases # 1 and # 3 as listed in Table 4-24 is primarily due to
differences of the local meshes in the TC/DSC annulus for the vertical and
horizontal models caused by the shift of DSC location in the TC cavity.
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Steady-State PCTs for Load Cases # 8 and # 10b.

As described in Section 4.5.1, it is assumed that the water is completely drained
from the TC/DSC annulus for Load Cases # 8 and # 10.  It is also assumed that
air has replaced water in the TC/DSC annulus.  Only air conduction and radiation
heat transfer are modeled in the TC/DSC annulus for Load Cases # 8 and # 10.
The temperature of the air in the TC/DSC annulus is not fixed for these load
cases, which is different from the thermal analyses for Load Cases # 1 and # 3
discussed above.

As described in Section 4.5.2.1, a uniform gap is considered between the DSC
shell and TC inner shell for the vertical orientation while two contact areas (only
one contact area is modeled in the half-symmetry model) were considered
between the DSC shell and the TC slide rails for the horizontal orientation as
shown in Figure 4-30.  The uniform air gap surrounding the DSC shell in the
vertical orientation (Load Case # 8) presents a significant thermal resistance to
the heat transfer from the DSC shell toward the TC inner shell.  The contact
areas between the DSC shell and the TC slide rails in the horizontal orientation
(Load Case # 10) provide a low resistance, conduction path for the heat transfer
from the DSC shell to the TC and ultimately to ambient.  The smaller air gap at
the lower half of the TC/DSC annulus in the horizontal orientation also helps to
reduce overall thermal resistance from the DSC toward the ambient.

The impact of the contact areas between the DSC shell and TC inner shell
enhances the heat transfer such that the PCT decreases by 18 °F for horizontal
orientation (Load Case # 10) versus vertical orientation (Load Case # 8).

A similar conclusion can be expected for Load Cases # 1 and # 3 from the
transient results of PCTs listed in Table 4-24 and Figure 4-38.  During the
transient run (after water from the TC/DSC annulus is drained), the maximum
PCT for Load Case # 1 (vertical orientation) rises faster than Load Case # 3
(horizontal orientation) and exceeds Load Case # 3 after 12 hours and will have
a steady-state PCT greater than that of Load Case # 3 once a steady state is
reached.

Application Impact: 

No changes as a result of this question. 
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9  Clarify the time limits of the transfer operations for the design load case #2 and provide 
the time limit Tables 4-31 and 4-35 of the SAR. 

The applicant stated in the Section 4.5.1 of the SAR that for transfer of both EOS-37PTH 
DSC inside EOS-TC125 and EOS-89BTH DSC inside EOS-TC125, the design load case 
#3 bounds the design load case #2 due to higher ambient temperature. The transfer of 
EOS-37PTH DSC and EOS-89BTH DSC in the load case #3 is limited to 12 hours, as 
shown in Table 4-31 of the SAR for the EOS-37PTH DSC and Table 4-35 of the SAR for 
the EOS-89BTH DSC. The applicant needs to clarify whether there are time limits for the 
design load case #2 for both EOS-37PTH DSC and EOS-89BTH DSC when transported 
within EOS-TC125. The applicant needs to provide the time limits of  transfer operations 
for both EOS-37PTH DSC and 89BTH DSC for the design load case #2 in the Table 4-
31 of the SAR. 

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

RESPONSE TO RAI 4-9 

As described in footnote (3) to SAR Table 4-23 for the EOS-TC125, Load Cases # 2 and 
4 are bounded by Load Case # 3 (time limit for transfer operations given in Table 4-31 
and Table 4-35).  The bounding time limit from Load Case # 3 is applicable to Load 
Cases # 2 and 4. 

Similarly, as described in footnote (6) to Table 4-23 for the EOS-TC125,  Load Case # 9 
is bounded by Load Case # 10 (time limit for transfer operations given in Table 4-31 and 
Table 4-35).  The bounding time limit from Load Case # 10 is applicable to Load Case # 
9. 

For completeness and consistency, the time limits of transfer operations with 
EOS-TC125 for all load cases listed in Table 4-23 have been added to Table 4-31 and 
Table 4-35.  Similarly, the time limits of transfer operations with the EOS-TC108 for all 
load cases listed in Table 4-36 have been added to Table 4-41 and Table 4-44. 

Application Impact: 

SAR Tables 4-31, 4-35, 4-41, and 4-44 have been revised as described in the response. 
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10  Provide the analyses of the design load case #7 for the EOS-TC125 loaded with EOS- 
37PTH DSC and EOS-89BTH DSC, respectively.  The analyses should start with the 
blower or the air circulation failed immediately after exceeding the 6-hour transfer time 
limit. 

The applicant noted in Table 4-27 of the SAR that the time limit of 6 hours is chosen for 
the conditions in the load case #7 (off-normal, 50 kW, hot, outdoor, transient, ambient 
117°F, and air circulation is turned off after initiation), for transfer operations of the EOS- 
TC 125 loaded with EOS-37PTH DSC and EOS-89BTH DSC, respectively. 

The staff noted that the load case #7 starts wherein the steady-state conditions are 
established with the air circulation in operation (after exceeding the 6-hr transfer time 
limit) and, subsequently the air circulation is lost during transfer operation. The staff is 
not convinced that the failure of the forced air circulation from a steady-state condition 
(after exceeding the 6-hr limit) is the bounding case. The bounding case for the design 
load case #7 would be at the point where the time limit applicable to the TC/DSC  
transfer has been exceeded, and the blower or the air circulation fails immediately after 
just being initiated as a corrective action. The PCT at this point in the transient would be 
expected to be much higher than the steady-state PCT with forced air circulation active. 

The applicant needs to provide analyses for the design load case #7 with the blower or 
the air circulation failed immediately after exceeding the 6-hr transfer time limit. 

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

RESPONSE TO RAI 4-10 

The time limit for transfer operations of the EOS-37PTH DSC or EOS-89BTH DSC 
begins with the initiation of draining of TC/DSC annulus water, which is simulated in 
Load Cases # 1 or 3 as described in SAR Section 4.5.1.  If the transfer operations 
cannot be completed and the TC is in a horizontal orientation, one of the recovery 
actions is to initiate air circulation.  The air circulation must be turned off before engaging 
the hydraulic ram to push the DSC into the HSM.  The thermal evaluation presented in 
SAR Section 4.5.3.3 assumed that steady-state conditions were achieved before the air 
circulation was turned off for DSC insertion.  This condition was simulated in Load Case 
# 7.  Using the steady-state conditions from Load Case # 6 as initial conditions, Load 
Case # 7 determined the time to complete the transfer operations once the air circulation 
had been turned off. Load Case # 7 was also assumed to envelop the unlikely condition 
in which the air circulation failed or lost.  

To address the staff’s concern with regard to steady-state transfer operations with the air 
circulation, the thermal evaluation for transfer operations has been modified to include a 
minimum time required to operate the blower, which ensures that sufficient cooling is 
provided to the TC/DSC before the blower is turned off for DSC insertion.  It also 
prevents any ambiguity in determining whether the TC/DSC has achieved steady-state 
conditions during transfer operations.  

Additionally, the following changes have been made to ensure that the recovery actions 
have adequate time for completion and remain bounded by the thermal analysis results: 
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• The time limit for transfer operation has been reduced from 12 hours to 10 hours to
provide ample time to return the TC back to the fuel building and fill the TC/DSC
annulus with water.

• The required flow rate of the blower has been increased from 650 cfm to 850 cfm to
have a reasonable minimum run time for blowers.

• The time to return the TC back to the fuel building and to fill the TC/DSC annulus
with water has been increased from two hours to five hours to provide ample time to
complete the required actions.

• The time for completion of transfer operation (DSC insertion) after turning off the
blowers is changed from six hours to four hours to provide adequate margin to the
fuel cladding temperature limit.

To determine the minimum time limit required to operate the blower, Load Case # 6 in 
the current SAR is modified into two separate load cases (Load Cases # 6a and 6b) and 
Load Case # 7 is updated.  Load Case # 6a, as described in Section 4.5.1 of the SAR, is 
a transient evaluation to determine the minimum duration required to operate the blower.  
The temperatures at the end of Load Case # 3 (14 hours after initiation of the TC/DSC 
annulus water drainage) provide the initial conditions for Load Case # 6a.  Similarly, the 
temperatures at the end of Load Case # 6a (8 hours of running blowers) provide the 
initial conditions to the updated Load Case # 7.   

Load Case # 6b is a new designation for previous Load Case # 6 to distinguish it from 
Load Case # 6a.  This load case determines the maximum fuel cladding temperature 
under steady-state conditions and is only used to ensure that there are no time limits 
applicable as long as the air circulation is in operation.   

The following steps explain the various time limits applicable for transfer operations if air 
circulation is initiated as a recovery option: 

1. After initiation of water drainage from the TC/DSC annulus, a time limit of 10 hours is
applicable to complete the transfer operations. (T1 = 10 hours).

The thermal analysis for this case has been run for 14 hours to provide initial
conditions for the subsequent cases.

2. If the transfer operations cannot be completed within the given 10 hours, one of the
recovery actions is to initiate air circulation within one hour. (T2 = 1 hour)

3. Once the air circulation is initiated, it must be maintained for a minimum duration of 8
hours. (T3 = 8 hours)

As described in the response to RAI 4-27, because the air circulation system is
installed on the skid and verified to operate prior to each loading and also because of
the redundancies in the air circulation system, the air circulation is a reliable recovery
option.  However, to bound the unlikely worst case scenario, it is considered that air
circulation cannot be initiated.  In this case, Step 4 has to be initiated.
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4. If air circulation cannot be initiated in Step 3, the TC/DSC must be returned to the
cask handling area, the TC/DSC should be moved into a vertical orientation and the
TC/DSC annulus must be filled with water within four hours. (T4 = 4 hours)

As specified in the updated Actions for LCO 3.1.3 of the TS, a total of five hours is
available to complete Step 2 and 4 with a maximum duration of one hour for Step 2.
This evaluation considers the maximum duration allowed for Step 2 (one hour) and
the remaining duration of four hours allowed for Step 4.

As described in the response to RAI 4-24, four hours is adequate to return the TC
and fill the TC/DSC annulus with water.

5. If Step 3 is completed and air circulation is turned off (i.e., for DSC insertion), the
transfer operations should be completed in four hours. (T5 = 4 hours)

The thermal analysis for this case has been run for six hours resulting in a maximum
fuel cladding temperature of 737 °F.  To increase the margin, a limit of four hours is
selected for completion of this step, which results in a maximum fuel cladding
temperature of 733 °F.

From the above steps:  

• If air circulation is initiated as a recovery operation, the time to complete the transfer
operations would be:

Transfer Time = T1 + T2 + T3 + T5 

In this scenario, the time required to complete Steps 1 and 2 is 11 hours.  This time 
limit is bounded by the duration of 14 hours considered for Load Case # 3. The 
duration of eight hours for Step 3 is identical to the duration considered for Load 
Case # 6a, while the duration of four hours for Step 5 is bounded by the duration of 6 
hours for Load Case # 7.  Therefore, the fuel cladding temperature remains bounded 
by 733 °F reported in updated Table 4-27.  

• In the unlikely event that air circulation cannot be initiated as a recovery option, the
time to complete the transfer operation would be:

Transfer Time = T1 + T2 + T4  

In this scenario, the time required to complete Steps 1, 2 and 4 is 15 hours.  This 
time limit exceeds the duration of 14 hours considered for Load Cases # 1 and 3.  
However, based on the evaluation presented in SAR Section 4.5.4, the maximum 
fuel cladding temperature at the end of 15 hours is 742 °F and remains below the 
allowable limit of 752 °F. 

ANSYS FLUENT computational files for Load Cases # 6a and 7 are submitted as part of 
this RAI response in Enclosure 11. 

Sections 4.5 and 4.6 of the SAR have been revised to include the thermal evaluation for 
Load Cases # 6a, 6b and 7. 
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Figures 4-36, 4-37 and 4-38 of the SAR have been revised based on the thermal 
evaluation for Load Case # 6a for transfer operation of EOS-37PTH DSC in EOS-TC125 
with 50 kW heat load. 

Tables 4-23 and 4-36 of the SAR have been revised to include description of Load 
Cases #6a and 6b for transfer operations in EOS-TC125/135 and EOS-TC108, 
respectively. 

Tables 4-26, 4-27, 4-29, 4-30, 4-34, 4-40, and 4-43 of the SAR have been revised to 
include temperatures for Load Cases #6a, 6b, and 7 for EOS-TC 125 or EOS-TC108. 

Tables 4-31, 4-35, 4-41, and 4-44 of the SAR have been revised to clarify the time limits 
for Load Case # 6b and 7 in EOS-TC125 or EOS-TC108.  

Application Impact: 

SAR Sections 4.5 and 4.6 have been revised as described in the response. 

SAR Tables 4-23, 4-26, 4-27, 4-29, 4-30, 4-31, 4-34, 4-35, 4-36, 4-40, 4-41, 4-43, and 
4-44 have been revised as described in the response. 

SAR Figures 4-36, 4-37 and 4-38 have been revised as described in the response. 
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11  Provide an explanation of how the contact resistance of 0.008 between the DSC outer 
shell and the support structure is calculated in the thermal evaluation. 

The applicant specified a contact resistance of 0.008 m between the DSC outer shell 
and the support structure for the thermal evaluation. The staff needs to know how this 
contact resistance is calculated and why this number adequately captures heat transfer 
in this region. 

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

RESPONSE TO RAI 4-11 

The contact resistance description is SAR Section 4.4.2.3.4(F) has been revised to 
clarify that the DSC shell and the sliding rail of the support structure are made of 
stainless steel.  The term “contact conductance” has also been corrected in this SAR 
section to “contact resistance.” 
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References: 

1. S. Suffield, J. Cuta, J. Fort, B. Collins, H. Adkins and E. Siciliano, “Thermal Modeling
of NUHOMS HSM-15 and HSM-1 Storage Modules at Calvert Cliffs Nuclear Power
Station ISFSI,” PNNL-21788, Pacific Northwest National Laboratory, October 2012.

2. ANSYS FLUENT User’s Guide, Version 14.0, ANSYS, Inc.

Application Impact: 

SAR Section 4.4.2.3.4(F) has been revised as described in the response. 
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12  Explain differences of the thermal properties for the neutron shield between the 37PTH 
DSC and the 89BTH DSC in thermal analysis and evaluate the impact of the differences 
to the heat removal capability of the DSCs. 

The applicant stated in Section 4.2.2 of the SAR that the EOS-37PTH and EOS-89BTH 
DSC designs allow for use of the various neutron absorber materials such as MMC and 
BORALR composite panel.  Single neutron absorber plates with thickness of 0.164 inch 
and 0.175 inch are used in the evaluation of the EOS-37PTH and EOS-89BTH DSCs, 
respectively.  The applicant listed the EOS-TC125 effective neutron shield properties for 
normal/off-normal horizontal transfer and the calculated effective conductivities for liquid 
neutron shielding in Section 4.2.1 (pages 4-22-4-25) of the SAR. 

The staff reviewed the proposed Certificate of Compliance (CoC) No. 1042 and found 
that the EOS-37PTH DSC has the poison plates containing a borated metal matrix 
composite (MMC) at different B-10 concentrations and the EOS-89BTH DSC has the 
poison plates containing the borated MMC or Boral and the concentration of B-10. The 
materials used for the poison plates of the 37PTH DSC seems to be different from those 
for the 89BTH DSC. 

The staff is not sure whether the material properties of the poison plates in the EOS- 
37PTH DSC (MMC at different B-10 concentrations) and the EOS-89BTH DSC (Boral at 
B-10 concentration) are different or identical.  If different, explain how the difference is 
reflected in the thermal properties as shown in pages 4-22~4-25. This information is 
needed for the staff to assure that the thermal analysis of the 37PTH DSC can be used 
to bound the thermal analysis of the 89BTH DSC. 

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

RESPONSE TO RAI 4-12 
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Application Impact: 

No changes as a result of this question. 
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13  Identify the maximum heat loads for the shorter fuels and perform the thermal 
evaluations for the bounding Heat Load Zone Configurations (HLZCs) in EOS-37PTH 
and EOS-89BTH DSCs, respectively. 

The applicant stated in Section 4.9.1.3 of the SAR that for FA with active fuel length 
shorter than 144 inches, there is possibility that the concentration of the heat generation 
in a smaller volume might result in a non-conservative temperature distribution. To 
ensure that the temperature distribution remains bounding, scaling factors for short FAs 
were used in the thermal model for EOS37PTH DSC and EOS-89BTH DSC (with the 
equation shown in page 4.9.1-5 of the SAR). 

Instead of just using a scale factor, the applicant needs to identify the maximum heat 
loads for the shorter fuels and perform the thermal evaluations for the bounding HLZCs 
in EOS-37PTH DSC (50 kW) and EOS-89BTH DSC (43.6 kW), respectively. 

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

RESPONSE TO RAI 4-13 

As described in SAR Appendix 4.9.1.3, use of scaling factors ensures that the evaluated 
temperatures remain below the bounding temperatures determined in the SAR.  The 
methodology to calculate scaling factors was previously approved in the Amendment 
Application 13 to CoC No. 1004 for the NUHOMS® 69BTH DSC (See UFSAR for 
Standardized NUHOMS® System, Section Y.4.6.3 [1]).  The scaling factors were used 
previously in TS for the Standardized NUHOMS® System [2] (see TS for the 
Standardized NUHOMS® System, Figures 1-31 to 1-36).  

To ensure that the general licensee correctly applies the allowable heat loads, 
instructions to calculate the scaling factors have been added to Figures 1 and 2 of the 
Technical Specifications for the EOS NUHOMS® System.  

References: 

1. AREVA, Inc., Updated Final Safety Analysis Report for the Standardized NUHOMS®
Horizontal Modular Storage System for Irradiated Nuclear Fuel, Revision 14,
September 2014, U.S. Nuclear Regulatory Commission Docket No. 72-1004.

2. Technical Specifications for the Standardized NUHOMS® Horizontal Modular
Storage System, Amendment Number 13 to CoC 1004, U.S. Nuclear Regulatory
Commission Docket No. 72-1004.

Application Impact: 

Technical Specifications Figures 1 and 2 have been revised as described in the 
response. 
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14  Analyze meshing sensitivity and spatial discretization error with the GCI method 
described in NUREG-2152 “Computational Fluid Dynamics Best Practice Guidelines for 
Dry Cask Applications” and provide the GCI calculations in details (with numbers and 
units in each step) for review. 

The applicant described the methodology of the grid convergence study and the steps to 
determine the discretization error in SAR 4.9.3.1.1. The applicant’s calculation came out 
a Grid Convergence Index (GCI) (11.88°F) of less than 2% of the max fuel cladding 
temperature for the fine Grid #2. 

Given that the EOS-37PTH basket assembly, the EOS-TC125 and the EOS-HSM are 
separately meshed in the CAD model and are imported into ANSYS FLUENT with (a) 
EOS-37PTH DSC and EOS-TC125 merged together and (b) EOS-37PTH DSC and 
EOS-HSM merged together, the applicant should analyze the spatial discretization error 
directly for the cases (a) and (b) with the GCI method which is described in NUREG- 
2152. 

When using the GCI method to estimate the discretization error, the following criteria 
should be met: 

• The solution from the different grids used display monotonic convergence.

• The solution from the different grids used should be in the asymptotic range

Instead of equations in Section 4.9.3.1.1 of the SAR, the applicant should use the GCI 
method in NUREG-2152 and provide the GCI calculations step by step, with numbers 
and units in each step. The calculations could be included in a separate calculation 
package and the obtained results should be fully explained.  An explanation on how the 
above criteria are met should be provided. 

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

RESPONSE TO RAI 4-14 

Mesh sensitivity studies using the GCI method described in Appendix A.4 of NUREG 
2152 [1] have been performed for: 

a. EOS-HSM with EOS-37PTH DSC.

This evaluation is documented in SAR Section 4.9.3.1.  Section 4.9.3.1.3 presents
the discussion of the results and shows that the different grids display monotonic
convergence and also that the solution remains within the asymptotic range.

b. EOS-TC125 with EOS-37PTH DSC.

This evaluation is documented in SAR Section 4.9.3.2.  Section 4.9.3.2.3 presents
the discussion of the results and shows that the different grids display monotonic
convergence and also that the solution remains within the asymptotic range.
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Sections 4.9.3.1 and 4.9.3.2 have been revised to include complete sets of equations, 
along with numbers and applicable units, to aid in the review of the application.  
Conforming changes have also been made to Section 4.9.3.3 to update the references. 
Table 4.9.3-2 and Figure 4.9.3-2 have been added to support the mesh sensitivity 
evaluation documented in SAR Section 4.9.3.2.  In addition, Figure 4.9.3-1 has been 
modified to clarify the title of the figure. 

Excel spreadsheets used to compute the GCI and the discretization error in Sections 
4.9.3.1 and 4.9.3.2 of the SAR are included as part of this RAI response to aid in the 
review. The excel spread sheets are included in Enclosure 11. 

Reference: 

1. U.S. NRC, Office of Nuclear Material Safety and Safeguards, “Computational Fluid
Dynamics Best Practice Guidelines for Dry Cask Applications-Final Report,”
NUREG-2152, Rev. 0, March 2013.

Amendment Application Impact: 

SAR Sections 4.9.3.1, 4.9.3.2 and 4.9.3.3, and Figure 4.9.3-1 have been revised as 
described in the response. 

SAR Table 4.9.3-2 and Figure 4.9.3-2 have been added as described in the response. 
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15  Revise the statements in Section 4.5.11 and Section 8.3.2 of the SAR for better 
explanation on thermal phenomena which eliminate the thermal cycling in the vacuum 
drying operations. 

The applicant stated in Section 4.5.11 of the SAR that the vacuum drying operation does 
not reduce the pressure sufficiently to reduce the thermal conductivity of the helium in 
the DSC cavity and Section 8.3.2 of the SAR that the subsequent vacuum drying 
eliminates the thermal cycling of the fuel cladding during helium backfilling of the EOS- 
37PTH and EOS-89BTH DSC subsequent to vacuum drying and it eliminates the need 
for a time limit on the vacuum drying operation, since the thermal conductivity of helium 
does not change with pressure during vacuum drying operations. 

The staff reviewed the pressure requirement in TS Limiting Condition for Operation 
(LCO) 3.1.1 which states “the DSC vacuum drying shall be sustained at or below 3 Torr 
(3 mmHg) absolute for a period of at least 30 minutes following evacuation”. The staff 
views that (a) a pressure down to less than 3 Torr described in TS LCO 3.1.1 is not 
consistent with the statement in Section 4.5.11 of the SAR (underlined above) and (b) 
elimination of the need for a time limit on the vacuum drying is mainly due to the 
boundary conditions (cooling water existing in the TC/DSC annulus to cool the DSC 
shell), instead of no change in the thermal conductivity of helium with the pressure 
during vacuum drying, as described in Section 8.3.2 of the SAR (underline above). 

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

RESPONSE TO RAI 4-15 

Sections 4.5.11 and 8.3.2 of the SAR have been revised to acknowledge the cooling 
effect provided by the water in the TC/DSC annulus as NRC staff notes.  The use of 
helium to replace water in the DSC cavity and the cooling provided by the water in the 
TC/DSC annulus both assist to maintain the fuel cladding temperature below the 
allowable temperature limit of 400 °C (752 °F) and avoid thermal cycling of fuel cladding 
during vacuum drying and backfilling operations.  

The statement in SAR Section 4.5.11 that “the vacuum drying operation does not reduce 
the pressure sufficiently to reduce the thermal conductivity of the helium” has been 
removed.  However, it should be noted that in a supporting calculation for the NUHOMS® 
32PTH1 system, AREVA TN determined that for a temperature of 400 °C (752 °F) and a 
pressure of 14.6 Pa (0.11 Torr), the molecular mean free path of helium or nitrogen is 
smaller than or equal to the minimum distance between the fuel rods.  This indicates that 
for pressures higher than 0.11 Torr under these circumstances, the fill gas is in a viscous 
state, at which the thermal conductivity of a gas is independent of pressure.  The 
vacuum drying pressure of 3 Torr is considerably higher than the threshold pressure of 
0.11 Torr.  Therefore, as stated in Appendix U, Section U.4.7.1 of the Standardized 
NUHOMS® UFSAR [1], the conductivity of the helium or nitrogen during vacuum drying 
is not pressure-dependent.  
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The same methodology used to determine the threshold pressure of 0.11 Torr for the 
32PTH1 DSC was also described in Section 4.1 of [2] for the NUHOMS® 32P+ DSC 
calculation.  This vacuum drying calculation was submitted to NRC as part of a site-
specific license application and was reviewed by the staff as documented in Section 6.1 
of the Safety Evaluation Report [3].  

References: 

1. AREVA, Inc., “Updated Final Safety Analysis Report for the Standardized NUHOMS®

Horizontal Modular Storage System for Irradiated Nuclear Fuel,” Revision 14,
September 2014, USNRC Docket No. 72-1004.

2. Calculation NUH32P+.0401, Revision 1, “Thermal Analysis of NUHOMS 32P+DSC
for Vacuum Drying Condition,” Adams Accession Number # ML091680551.

3. Safety Evaluation Report, Docket No. 72-8, Calvert Cliffs Nuclear Power Plant,
“Independent Spent Fuel Storage Installation,” Materials License No. SNM-2505,
Amendment No. 9. Adams Accession Number # ML102571637.

Application Impact: 

SAR Sections 4.5.11 and 8.3.2 have been revised as described in the response. 
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16  Verify that the correlations used to model the convection heat transfer to the 
environment are adequately applied for similar conditions where the correlations were 
obtained. The applicant used the empirical correlations to calculate the heat transfer 
coefficient from the outside surface of the HSM.  These empirical correlations are only 
valid when an average surface temperature is used.  However, the applicant developed 
the CFD thermal model using the correlation to calculate the local heat transfer 
coefficient based on the local temperature.  Either the applicant should use these 
correlations based on the average surface temperature or use other applicable 
correlations developed for the local temperatures. 

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

RESPONSE TO RAI 4-16 

Generally, ANSYS FLUENT stores most variables within the cell volume, as noted in 
Section 34.1 of the ANSYS FLUENT User’s Guide [1].  For boundary conditions such as 
convection heat transfer that use the surface temperature, the facet temperature values 
are determined as the average of the surrounding cell volumes.  This average 
temperature is used in determining the overall heat transfer rate from the subject finite 
surface.  The equation used in SAR Section 4.4.2.3.4(G), shows that the wall 
temperature of the finite volume (Tw) is used to calculate the heat transfer coefficient for 
free convection.  Since the average temperature of the finite volume surface is used to 
calculate the free convection coefficient, the evaluation of the coefficient is valid for the 
considered finite volume.  The roof or front wall of the EOS-HSM model described in 
SAR Section 4.4.2.3 consists of numerous finite volumes.  Since the calculation of 
convection coefficient is valid for each individual finite volume, the applied methodology 
will remain valid for the sum of the volumes.  Generic application of finite volume or finite 
element methodologies aids in predicting a more accurate temperature distribution for 
the subject components.  Lumping the components as one surface and application of 
heat transfer coefficients as an average value over the entire surface will reduce the 
accuracy of a finite volume model.  
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References: 

1. ANSYS FLUENT User’s Guide, Version 14.0, ANSYS, Inc.

Application Impact: 

No changes as a result of this question. 
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17  Explain how the coefficients (inertial resistance coefficient, permeability, etc.) for the 
porous media, porous jump as well as inlet and outlet vents are obtained. Provide details 
of the calculations and justify the applicability of the calculated values. 

The applicant’s thermal model used porous media and porous jump model to simplify the 
geometry at different regions of the flow domain. However, details of the calculations 
and adequacy of the obtained values are not provided in the SAR. 

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

RESPONSE TO RAI 4-17 
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References: 

1. ANSYS FLUENT, Version 14.0, ANSYS, Inc.

2. ASHRAE Handbook, Fundamentals, SI Edition, American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc., 1997.

3. I. E. Idelchik, “Handbook of Hydraulic Resistance,” 3rd Edition, Begell House, Inc.,
1996. 

4. AREVA, Inc., Updated Final Safety Analysis Report for the Standardized NUHOMS®

Horizontal Modular Storage System for Irradiated Nuclear Fuel, Revision 14,
September 2014, USNRC Docket No. 72-1004.

Application Impact: 

SAR Sections 4.4.2.3.3 (B) and 4.4.2.3.5 have been revised as described in the 
response. 
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ATTACHMENT-1 
TABLE CR6-1 of ASHRAE HANDBOOK [2] 
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18  Verify that the inertial resistance coefficient for the porous media of the inlet vent is 
correctly specified, according to the flow direction which predominates for this type of 
flow. 

The applicant’s CFD thermal model uses porous media to represent the inlet vent. 
However, the coefficient does not appear to be correctly specified in the thermal model. 

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

RESPONSE TO RAI 4-18 

Porous media are not used to represent the inlet vent or outlet vent.   [ 

 ] 

Application Impact: 

No changes as a result of this question. 
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19  Verify that the mesh complies with the required characteristics for the turbulence model 
applied in the air region. 

The applicant’s CFD thermal model uses the low Reynolds k-epsilon model to represent 
turbulent flow.  However, a detailed review and post-processing of the results reveals 
that flow characteristics such as the y-plus values don’t seem to adequately follow the 
guidance for the applicability of this model for some parts of the flow domain. 

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

RESPONSE TO RAI 4-19 
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References: 

1. ANSYS FLUENT Theory Guide, Version 14.0, ANSYS, Inc., 2011.

2. U.S. NRC, Office of Nuclear Regulatory Research, “Thermal Analysis of Horizontal
Storage Casks for Extended Storage Applications,” NUREG/CR-7191, December
2014. 

3. U.S. NRC, “Computational Fluid Dynamics Best Practice Guidelines for Dry Cask
Applications: Final Report,” NUREG-2152, March 2013.

Application Impact: 

No changes as a result of this question. 
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20  Clarify why the porous media zones used to represent the inlet and outlet vents in the 
CFD thermal model do not account for frictional (viscous) pressure losses. 

The applicant’s CFD thermal model uses porous media to represent the inlet and outlet 
vents.  The porous media model of the ANSYS/FLUENT CFD code needs that both 
frictional (viscous) loss and inertial loss terms be specified so the pressure drop is 
properly calculated.  However, the frictional losses are equal to zero in the applicant’s 
thermal model. This would underestimate the pressure drop in these regions. 

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

RESPONSE TO RAI 4-20 
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References: 

1. I. E. Idelchik, “Handbook of Hydraulic Resistance,” 3rd Edition, Begell House, Inc.,
1996. 

Application Impact: 

No changes as a result of this question. 
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21  Explain why a first-order spatial discretization will provide accurate predictions of the 
peak cladding temperature for this storage system. 

The staff checked the applicant’s computer files (Fluent CFD files E-40553, December 
2014 and ANSYS Finite Element files E-41436, March 2015 ) and found that the 
applicant’s CFD thermal model uses first-order upwind spatial discretization for all 
equations solved (e.g., density, momentum, energy, turbulence kinetic energy, turbulent 
dissipation and discrete-ordinate radiation model).  However, due to the small margin in 
predicted results, the staff needs to have assurance that the discretization order used by 
the applicant will be sufficient to provide accurate results. The applicant needs to 
demonstrate this by performing a sensitivity calculation using a higher order solution 
scheme. 

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

Technical Specifications. 

RESPONSE TO RAI 4-21 

Four different sets of FLUENT CFD files were submitted as described in Enclosure 8 to 
E-40553 (December 19, 2014). They are: 

1. CFD files for EOS-HSM with EOS 37PTH DSC

2. CFD files for Benchmarking of HSM-H

3. CFD files for EOS-TC108 with EOS 37PTH DSC

4. CFD files for EOS-TC125 with EOS 37PTH DSC
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2. CFD files for Benchmarking of HSM-H

3. CFD files for EOS-TC108 with EOS 37PTH DSC

A review of the FLUENT case files for Item 3 shows that second-order discretization was 
used for all equations.  Therefore, no further analysis is required. 

4. CFD files for EOS-TC125 with EOS 37PTH DSC

A review of the FLUENT case files for Item 4 shows that second-order discretization was 
used for all equations.  Therefore, no further analysis is required. 

Application Impact: 

No changes as a result of this question. 
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22  Explain the required actions under TS LCO 3.1.2 “DSC Helium Backfill Pressure” of 
NUHOMS EOS. 

The applicant listed the required actions in TS LCO 3.1.2 of the NUHOMS EOS if the 
required backfill pressure cannot be obtained or stabilized during loading operations. To 
assure that the required actions for NUHOMS EOS are appropriate and acceptable, the 
staff refers to TS LCO 3.1.2 of Standardized NUHOMS and assured that Action A.1.3 
required by TS LCO 3.1.2 of Standardized NUHOMS (see below) is removed from TS 
LCO 3.1.2 of NUHOMS EOS. 

TS LCO 3.1.2 (A.1.3) of Standardized NUHOMS states: “check and repair as necessary 
the seal weld between the inner top cover plate/top shield plug assembly and the DSC 
shell.” 

The applicant needs to clarify why removal of the action required by TS LCO 3.1.2 of 
Standardized NUHOMS from NUHOMS EOS will not cause any safety issue during 
loading operations. 

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

RESPONSE TO RAI 4-22 

TS LCO 3.1.2 of the NUHOMS® EOS System has been revised to include Action A.1.3 
to be consistent with the TS LCO 3.1.2 of the Standardized NUHOMS® System.  

Application Impact: 

Technical Specifications LCO 3.1.2 has been revised as described in the response. 
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23  Explain the surveillance requirements (SR) under TS SR 3.1.3 “Time Limit for 
Completion of DSC Transfer” of NUHOMS EOS. 

To verify that the time limit for completion of the DSC transfer is met, the applicant noted 
the frequency indicated in TS SR 3.1.3 of NUHOMS EOS as “Once per DSC at the 
initiation of draining of TC/DSC annulus water.” 

To assure that the frequency shown in SR 3.1.3 of NUHOMS EOS is appropriate and 
acceptable, the staff refers to the frequency indicated in TS SR 3.1.3 of Standardized 
NUHOMS as “Once per DSC, after the completion of LCO 3.1.2 actions or after the 
initiation of draining of TC/DSC annulus water” and verified the statement underlined 
above is removed from TS SR 3.1.3 of NUHOMS EOS. 

The applicant needs to explain why the statement (underlined above) is removed from 
TS SR 3.1.3 of NUHOMS EOS (when compared to Standardized NUHOMS) with no 
negative impact to the DSC transfer operations. 

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

RESPONSE TO RAI 4-23 

Technical Specification SR 3.1.3 of the NUHOMS® EOS System has been revised to 
include LCO 3.1.2 action to be consistent with the Technical Specifications SR 3.1.3 of 
the Standardized NUHOMS® System. 

Application Impact: 

Technical Specifications SR 3.1.3 has been revised as described in the response. 
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24  Provide additional justification as to how action A.3 can be completed within 2 hours 
when compared to action A.1, as listed in TS LCO 3.1.3 of NUHOMS EOS, if the 
required time limit for completion of a DSC transfer is not met. 

The applicant listed completion time of 2 hours under action A.1 if the DSC/TC is in the 
cask handling area in a vertical orientation and same completion time of 2 hours under 
action A.3 to return the DSC/TC to the cask handling area and follow action A.1. 

For action A.3 with DSC and TC in horizontal orientation on the transfer skid, the 
applicant needs to move the DSC/TC back to the handling area, change DSC/TC from 
horizontal to vertical, and then follow action A.1. The staff is not sure that action A.3 can 
be completed within 2 hours when compared to action A.1. The applicant needs to 
provide additional justification (based on typical completion times for each of the actions 
needed to put the canister in a safe configuration) that action A.3 can be completed 
within 2 hours when compared to action A.1. 

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

RESPONSE TO RAI 4-24 

The time limit for DSC transfer operation has been changed from 12 to 10 hours and the 
time to complete Action A.3 has been increased to five hours in the TS LCO 3.1.3 to 
provide adequate time for completion of the required actions.  The time limit of 10 hours 
for transfer operations is consistent with the thermal evaluations updated in response to 
RAI 4-10.  The collective changes to time limits specified in TS LCO 3.1.3 have been 
provided in response to RAI 4-26.  The adequacy of the given time for completion of 
Action A.3 is justified below. 

Action A.1 of TS LCO 3.1.3 requires removing the TC top cover plate (lid) and filling the 
transfer cask/dry shielded canister (TC/DSC) annulus with clean water if the TC is in the 
cask handling area in the vertical orientation.  This corresponds with Step 8 of Table 
11-2 and 11-3 performed in reverse: 

Step 8 - Drain annulus. Install EOS-TC aluminum top cover. Ready the support skid 
and transfer trailer.   

The duration used to calculate the operational exposure to perform Step 8 is noted in 
Tables 11-2 and 11-3 to be 0.50 hours.  This duration is a reasonably bounding interval, 
and is verified by pool-to-pad operational experience  

Action A.3 requires the reversal of Steps 8, 9, 10, and part of Step 11.  The steps and 
durations are shown in the following table, which consists of excerpts from Tables 11-2 
and 11-3.  
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Table RAI 4-24-1 
Operational Steps for Transfer Operations from SAR Tables 11-2 and 11-3 

Step Operation Duration (hr) 
8 Drain annulus. Install EOS-TC aluminum top 

cover. Ready the support skid and transfer trailer. 
0.5 

9 Place the EOS-TC onto the skid and trailer. Secure the EOS-TC to 
the skid. 

0.33 

10 Remove aluminum top cover and replace with steel top cover. 0.33 
11 Ready the skid and trailer. Transfer the EOS-TC to ISFSI. Position 

the EOS-TC in close proximity with the EOS-HSM. 
1.83 

Steps 8-10 (or Steps 10-8 in reverse) are anticipated to take up to 1.17 hours.  
Therefore, 3.83 hours of the five-hour completion time from TS LCO 3.1.3 remain for 
Step 11.  Since Step 11 is anticipated to take up to 1.83 hours, there is ample time to 
complete action A.3. 

Application Impact: 

The changes to Technical Specification 3.1.3 have been provided in response to 
RAI 4-26. 
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25  Revise the note for TS LCO 3.1.3 to assure that the calculated transfer time limit for the 
heat load less than 50 kW is appropriate and acceptable. 

The applicant listed the time limits in TS LCO 3.1.3 Time Limit for Completion of DSC 
Transfer (page 3-7) and noted that “if the maximum heat load of a DSC is less than 50 
kW, time limits for transfer operation can be determined to provide additional time for 
transfer operations. The calculated time limits shall not be less than 12 hours.” 

To assure that the statement is complete and the requirements are met, the note should 
be revised to “if the maximum heat load of a DSC is less than 50 kW, time limits for 
transfer operation can be determined to provide additional time for transfer operations. 
The calculated time limits shall not be less than 12 hours.  The calculation should be 
performed using the same methodology documented in SAR.” 

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

RESPONSE TO RAI 4-25 

Technical Specification LCO 3.1.3 of the NUHOMS® EOS System has been revised to 
include a requirement for performing the calculation using the same methodology as 
documented in the SAR.  For consistency, the same requirement has been added to the 
note under ACTIONS related to LCO 3.1.3.   

Application Impact: 

Technical Specifications LCO 3.1.3 has been revised as described in the response. 
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26  Perform a transient thermal analysis for a total of 20 hours (with air circulation off), 
including 12-hour DSC transfer, 2-hour action A.2 in TS LCO 3.1.3 and additional 6-hour 
time period to complete the DSC transfer. 

The applicant stated in TS LCO 3.1.3 (page 3-8) that “if the required time limit to 
complete the DSC transfer is not met and the TC is in a horizontal orientation on transfer 
skid, initiate air circulation in TC/DSC annulus by starting one of the blowers provided on 
the transfer skid within 2 hours.  After the blowers are turned off, the time limit for 
completion of DSC transfer is 6 hours.” 

It is not clear to the staff how the 6-hour time limit was determined for completion of DSC 
transfer. The applicant needs to perform the thermal transient analysis for a total 20 
hours, including 12-hour DSC transfer (no air circulation), 2-hour action A.2 in TS LCO 
3.1.3 (page 3-8) with no air circulation due to failure of the blower, and additional 6-hour 
time frame (TS LCO 3.1.1, page 3-8) with no air circulation to complete the transfer. 

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

RESPONSE TO RAI 4-26 

To clarify the transfer operations and their related time limits, it is proposed to include an 
additional time limit of eight hours to specify the minimum run time for the blowers.  The 
transient thermal analysis for the proposed minimum run time of the blower is discussed 
in the response to RAI 4-10.  

The resulting time limits for the transfer operation of EOS-37PTH or EOS-89BTH DSCs 
having HLZCs 1 or 2 are: 

Transfer of DSC to HSM 10 hours 

If the transfer time is not met: 
A.1 Fill the TC/DSC annulus with clean water, or within 2 hours 
A.2 Start one of the blowers provided on the transfer skid, or within 1 hour
A.3 Return the TC to the cask handling area and follow action A.1 within 5 hours 

If Action A.2 is initiated: 
Run the blower for a minimum of 8 hours 
After the blower is turned off, complete the transfer operation within 4 hours 

If Action A.2 fails to complete within one hour, follow Action A.3 for the time 
remaining in the original Action A.3 completion time of 5 hours. 

In the case that Action A.2 is initiated, the transient evaluation for this condition 
presented in the response to RAI 4-10 demonstrates that the fuel cladding temperature 
remains below the allowable limit.  
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As discussed in RAI 4-27, there are two redundant blowers installed on the transfer skid 
or transfer truck with two independent generators.  It is also normal to provide an 
additional power source by the licensee at the independent spent fuel storage 
installation site.  Therefore, it is very unlikely that ACTION A.2 will not succeed. In the 
unlikely event that Action A.2 fails to complete within the required time, Action A.3 must 
be followed, subsequently.  It should be noted that the completion times for each action 
begin when Condition “A” is entered as discussed in Section 1.3 of TS.  Based on this 
guideline, a maximum of five hours is allowed for completion of Action A.2 and Action 
A.3, if Action A.2 is initiated but fails to complete.  This case is also discussed in 
response to RAI 4-10, and it has been demonstrated that the fuel cladding temperature 
remains below the allowable limit.   

The time limit for transfer operation has been changed from 12 to 10 hours. The 
minimum run time of eight hours for the blower is added to the ACTIONS of TS LCO 
3.1.3. The completion time for Action A.2 is changed from two hours to one hour and the 
completion time for Action A.3 is increased from two hours to five hours.  A clarification 
is added to Action A.2 to instruct the user to follow ACTION A.3 for the remainder of the 
5 hours if ACTION A.2 fails to complete within one hour.  Additional editorial corrections 
have been made as necessary.  

Application Impact: 

Technical Specification LCO 3.1.3 has been revised as described in the response. 
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27  Provide additional information and justification that air circulation will be maintained 
during transport and is reliable for recovery action. 

The staff reviewed the TS 3.1.3 and found that it lacks sufficient detail to assure that the 
air circulation (a type of forced cooling) is always operable during transport or air 
circulation would be quickly recoverable in the event of failure. Therefore, the staff  
needs additional information to assure the air circulation will be operable during transport 
or justify why the air circulation could be quickly recoverable in the event of a failure, or 
the staff requests that TS 3.1.3 be modified to incorporate appropriate actions to be  
taken in the event that the air circulation cannot be maintained. 

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

RESPONSE TO RAI 4-27 

The air circulation system is designed to include a complete set of redundant equipment 
to ensure that the air circulation is always available as needed.  The forced cooling (FC) 
system consists of:  

• Two blowers (each blower is independently coupled to each respective motor.)

• Two power generators

• Two flexible power cords to connect the blowers to the power generators

• A ducting system consisting of flexible ducting, diffuser assembly, wye fitting, and
coupling to connect the outlet of the blowers to the opening at the transfer cask ram
access cover plate.

When air circulation is needed, one power generator will be started to supply 240 VAC 
power to one blower.  The operation of one blower is sufficient to provide the required 
airflow.  However, since the system is equipped with two independent sets of equipment 
as noted above, the second generator/blower can be used to activate the backup system 
if necessary.  This redundant setup of the air circulation system ensures that the air 
circulation will be readily available, if necessary.  In addition to the redundant power 
generators, the blowers can also be operated using the facility power by connecting 
them to a 240 VAC power receptacle.  This provides an additional redundant power 
supply option for operating the blowers.  

Additionally, the air circulation system is subject to periodic maintenance as 
recommended by the respective manufacturers of the individual components.  It is also 
tested for operation prior to each DSC loading.  Additional information has been added 
to SAR Section 9.1.5 and TS 3.1.3 to require verification of the blower operation to 
provide assurance that air circulation is operable prior to initiating transfer operations of 
a loaded DSC.   

As an additional safeguard, TS 3.1.3 allows for calculation of the time limits for transfer 
operations for heat loads less than 50 kW using the same methodology documented in 
the SAR.  This allows for the possibility of additional time for Action A.3 and Action A.1 to 
be performed as an alternative to initiating air circulation in Action A.2.   
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Application Impact: 

SAR Section 9.1.5 and Technical Specifications Section 3.1.3 have been revised as 
described in the response. 
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28  Provide verification that the cask’s heat removal capability will be maintained for EOS- 
37PTH and 89BTH DSCS in EOS-HSM.  

The applicant summarized the air temperatures at inlet and outlet in Table 4-9 for EOS- 
37PTH DSC in EOS-HSM and in Table 4-21 for EOS-89BTH DSC in EOS-HSM of the 
SAR. 

The applicant should add an LCO in the TS to limit the air temperature rise between inlet 
and outlet of the EOS-HSM. The added LCO is needed to assure the surveillance 
method is technically acceptable based on the SAR thermal evaluations. 

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

RESPONSE TO RAI 4-28 

Based on recent discussions with the NRC staff, this RAI has been withdrawn.  
Therefore, no response is necessary. 
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Chapter 5 – Confinement Evaluation 

1  Clarify the acceptance test requirements for the DSC in Section 10.1.1.1 of the SAR. 

The unlabeled table in Section 10.1.1.1 of the SAR provides normal and off-normal 
conditions calculated pressure values for both the EOS37PTH and EOS89BTH which 
are inconsistent with the pressure values presented in Chapter 4, Tables 4-45 and 4-46 
of the SAR. This inconsistency needs to be clarified. 

In addition, Section 10.1.1.1 states, “The test pressure is 1.1 times the design pressure 
which bounds the normal and off-normal pressures calculated in Chapter 4.” The table in 
Section 10.1.1.1 does not provide the design pressure for the off-normal condition which 
is listed as 20 psig in Tables 4-45 and 4-46.  Based on this off-normal design pressure, 
the applicant needs to clarify how a test pressure of 16.5 psig bounds the off- normal 
condition design pressure, and needs to revise Section 10.1.1.1 accordingly. 

This information is needed to determine compliance with10 CFR 72.236(l). 

RESPONSE TO RAI 5-1 

The design pressure of the DSC pressure boundary for normal operation (level A) is 15 
psig, as identified in Section 3.9.1.2.7.3.  The DSC internal pressures of 20 psig and 130 
psig are used for structural evaluations under off-normal (level B) and accident (level D) 
conditions, respectively.  According to ASME Code Section NB-6000, the testing 
pressure shall be 1.1 times the design pressure, which results in a test pressure of 16.5 
psig for EOS NUHOMS® DSCs.  For conservatism, a pressure of 18 psig is selected for 
testing of the DSC confinement boundary to bound potential conditions for transportation 
under 10 CFR Part 71.  

See the response to RAI 3-18 for a response with related information and resulting 
changes to the Safety Analysis Report.  

Application Impact: 

No changes as a result of this question. 
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Chapter 8 – Materials Evaluation 

1  Provide a justification for using the American Society for Testing and Materials (ASTM) 
specifications for the components described below. 

Drawings EOS01-1000-SAR, and EOS01-1001-SAR (37PTH), as well as EOS01-1005- 

SAR and EOS01-1006-SAR (89BTH) list ASME SA240 as the material specification for 
the confinement boundary materials and ASTM A240 for the outer top cover plate, outer 
bottom cover plate, grapple ring support, grapple ring, lifting lug, lifting lug plate and test 
port plug. 

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-1 

As shown in SAR Figure 5-1, the components referenced in this RAI are not part of the 
confinement boundary.  The outer bottom cover plate and lifting lug plate are 
attachments to a DSC confinement boundary component that do not have a pressure 
retaining function and are not in the component support path.  At the conservative 
evaluation pressure of 20 psig (design pressure of 15 psig), the inner bottom cover plate 
does not require the bearing support of the outer bottom cover plate.   In accordance 
with Figure NB-1132.2-2, note 6 of ASME Code NB-1132 (2010 edition with 2011 
addenda), the welds of both the outer bottom cover plate and the lifting lug plate to the 
DSC shell conform to NB-4430.  The material of these items is outside ASME Code 
jurisdiction per Figure NB-1132.2-2 note 5 and NB-2190(b) of the ASME Code.  

As a result of changes made in response to the NRC RSI No. 2 (Feb 2015), the inner top 
cover plate does depend on support from the outer top cover plate to sustain the 20 psig 
off-normal pressure load.  Thus, in accordance with Figure NB-1132.2-3 note 6 of the 
ASME Code, the outer top cover plate has been re-designated as ASME material 
subject to ASME Subsection NB jurisdiction.  This change has no impact on material 
properties and no effect on the design analysis, which already used NB design rules for 
the outer top cover plate.  The material specification and code criteria for the outer top 
cover plate have been revised in SAR Drawings EOS01-1000-SAR (for the EOS-37PTH 
DSC) and EOS01-1005-SAR (for the EOS-89BTH DSC).  In addition, revisions have 
been made to SAR Table 3.9.1-2 and Table 8-1 to reflect the change in material for the 
outer top cover plate from ASTM A240 to ASME SA-240. 

The grapple ring support, grapple ring, lifting lug, and test port plug are not attachments 
to the component, and are therefore outside ASME Code jurisdiction.  The outer top 
cover plate does not need the test port plug to perform its function of bearing a portion of 
the inner top cover plate load. 

SAR Sections 1.2.1.1, 5.1, and 5.1.1 have been revised to correct the description of 
confinement boundary attachment functions. 
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The ASME Code alternative for NB-1132 has been deleted from Section 4.4.4 of the 
proposed Technical Specifications since NB-1132 is being followed (i.e., no need for an 
ASME code alternative).  In addition, the ASME Code alternative for NB-1100 has been 
updated to add the outer top cover. 

Application Impact: 

Technical Specification, Section 4.4.4 has been revised as described in the response. 

SAR Sections 1.2.1.1, 5.1, and 5.1.1, and Tables 3.9.1-2 and 8-1 have been revised as 
described in the response. 

SAR Drawings EOS01-1000-SAR and EOS01-1005-SAR, in Sections 1.3.1 and 1.3.2, 
respectively, have been revised as described in the response. 
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2  Provide specific information to identify duplex stainless steels used in the construction 
for the DSC shells for marine environments and the consensus codes and standards, 
including ASME and ASME code cases that support the use of these materials. 

Section 8.2.1.1 of the CoC application states that the EOS-37PTH DSC and the EOS- 
89BTH DSC are constructed in accordance with the ASME Boiler and Pressure Vessel 
Code Section III Division I Subsection NB and the Alternatives to the ASME code 
described in Section 4.4.4 of the TS. The CoC application cites ASME Code Case N- 
635-1, endorsed by RG 1.84 as the bases for including duplex stainless steels in SA-240 
including UNS S31803 and Type 2205. The staff notes that ASME Code Case N-635-1 
is specific to UNS S31803 and that both ASME SA-240 and ASTM A182 identify Type 
2205 duplex stainless steel as UNS S32205, which is not included in the ASME Code 
Case N-635-1. 

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-2 

Because UNS S32205 is a subset of UNS S31803, it meets all the requirements for UNS 
S31803 in the material specifications SA-240 and SA-182.  The respective chemistry 
requirements for S31803 and S32205 from SA-240, Table 1 are compared in Table RAI 
8-2-1 below.   

Table RAI 8-2-1 
Chemistry Specifications Excerpt from SA-240 Table 1 

C Mn P S Si Cr Ni Mo N Cu other
S31803 0.030 2.00 0.030 0.020 1.00 21.0-23.0 4.5-6.5 2.5-3.5 0.08-0.20 --- --- 
S32205 0.030 2.00 0.030 0.020 1.00 22.0-23.0 4.5-6.5 3.0-3.5 0.14-0.20 --- --- 

Mechanical test requirements for S31803 and S32205 from SA-240, Table 2 are 
compared in Table RAI 8-2-2 below. 

Table RAI 8-2-2  
Mechanical Testing Excerpt from SA-240, Table 2 

 Tensile min. 
(ksi) 

Yield min.
(ksi) 

Elongation min. 
(%) 

Hardness max. 
(Br) 

Cold Bend 

S31803 90  65  25  293 Not required 
S32205 95 65 25  293 Not required 

Similarly, the heat treatment requirements for F51 (S31803) and F60 (S32205) in 
SA-182, Table 1 are identical.  The comparison of chemistries in SA-182, Table 2 is the 
same as shown above for SA-240, Table 1.  A comparison of tensile test requirements 
for S31803 and S32205 from SA-182, Table 3 is shown in Table RAI 8-2-3 below. 
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Table RAI 8-2-3  
Tensile Testing Excerpt from SA-182, Table 3 

 Tensile min. 
(ksi) 

Yield min. 
(ksi) 

Elongation  
min.  
(%) 

Reduction  
of area min.  

(%) 

Hardness  
max.  
(Br) 

F51 (S31803) 90  65  25  45 Not required 
F60 (S32205) 95 70 25  45 Not required 

Application Impact: 

No changes as a result of this question. 
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3  Clarify or correct the carbon content of austenitic stainless steel materials. 

Section 8.2.3 states, “As noted above, austenitic stainless steels for the DSC shell are 
procured with a maximum 0.3% carbon for reduced sensitization of the heat affected 
zones.” Section 8.2.1.1 of the CoC application specifies a maximum carbon content of 
0.03%. The value of 0.3% in Section 8.2.3 appears to be incorrect.  In order to be 
considered low carbon steel meeting the specification of UNS 30403 or UNS 31603 the 
carbon content should be a maximum of 0.03%. 

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-3 

The carbon content of 0.3% for austenitic stainless steel noted in SAR Section 8.2.3 is a 
typographical error.  This value has been corrected to 0.03%. 

Application Impact: 

SAR Section 8.2.3 has been revised as described in the response. 
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4  Section 8.2.3 of the CoC application states; “Duplex stainless steels can be substituted 
as alternate materials when superior resistance to atmospheric chloride induced stress 
corrosion cracking is required.”  Provide additional information to support the material 
properties for DSCs constructed from duplex stainless steel, including the fracture 
toughness and the corrosion resistance of the fabrication and closure welds.  Information 
provided in the CoC application does not acknowledge that the microstructural stability  
of duplex stainless steels are sensitive to a number of factors, nor does it describe 
processes, controls and testing to ensure the corrosion resistance and mechanical 
properties will not be significantly altered by fabrication and welding. 

Alteration of the microstructure in UNS S31803 and Type 2205 duplex stainless steels, 
particularly as a result of fabrication and welding processes, may result in reductions in 
corrosion resistance and mechanical properties (ASTM, 2014). The staff notes that 
duplex stainless steels are not immune from stress corrosion cracking (SCC) in marine 
environments. Operational experience has shown that SCC of welds in UNS S31803 
can be susceptible to SCC at temperatures less than 100°C [212°F] (Leonard, 2003).  A 
number of factors have been shown to affect the microstructure of welds in duplex 
stainless steels.  Liou et al. (2002) showed that cooling rate and nitrogen content had a 
marked effect on the austenite to ferrite content. Fast cooling rates decreased the 
austenite content and a weld microstructure with 70 percent ferrite was cited by Leonard 
(2003) as one of the factors that contributed to SCC of UNS S31803 in marine 
environments.   Liou et al. (2002) also showed increased chloride SCC susceptibility 
when the austenite content decreased below 30 percent.  Sieurin and Sandstrom (2007) 
compared time temperature transformation curves and critical cooling temperature 
curves for Type 2205 duplex stainless steels and concluded that, in order to avoid sigma 
precipitation and at the same time obtain a sufficient ferrite–austenite phase balance, the 
cooling rate should approximately be in the range 0.25–50K/second. In addition, Sieurin 
and Sandstrom (2007) stated that in order to avoid more than 1%  (sigma) phase, the 
cooling rate from the solution treatment temperature should exceed 0.23K/second and 
the aging time at the most critical temperature 865°C [1590°F] must not exceed 134 
seconds.  Chen et al. (2002) showed significant decreases in impact energy for Type 
2205 duplex stainless steel exposed to temperatures in the range of 800 to 950°C [1472 
to 1742°F] for periods of 10 min or less corresponding to 5%  (sigma) phase.   Momeni 
and Dehghani (2010) showed that hot working strain rates can have a significant effect 
on  (sigma) phase formation in Type 2205 duplex stainless steel. The staff is aware of 
the January 26, 2010, response to RAI on TRUPACT-IH, Docket No. 71-9305, TAC No. 
L24403 (ML100491406) and the previously cited work by Weng et al. (2003). 

This information is necessary to assure compliance with 10 CFR 72.236(b) and 10 CFR 
72.158. 
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RESPONSE TO RAI 8-4 

The most critical aspect of welding duplex stainless steels is to select a value of heat 
input that produces the proper ferrite/austenite balance and to avoid precipitation of 
brittle intermetallic phases such as sigma or chi phase that can form during the welding 
process.  The heat input largely governs the cooling rate, and it is the cooling rate that 
determines the percentages of ferrite and austenite.  Duplex stainless steels solidify as 
ferrite and sufficient time must be allowed for cooling of the austenite to transform from 
the ferrite.  When the ferrite content is too high, both corrosion resistance and fracture 
toughness are degraded.  An upper limit of 65% ferrite is usually used to ensure 
corrosion resistance and toughness properties.  For the case of duplex stainless steel 
UNS S32205, in order to avoid precipitation of sigma phase in the weld and heat 
affected zone, a cooling rate should exceed 0.23 °C/second and is recommended to be 
from 0.25 to 50 °C/second as demonstrated in [1] and [2].  These guidelines are to be 
confirmed by weld qualification testing as described below. 

Microstructural balance is relatively easy to achieve with the selected UNS S32205 base 
material and compatible filler material such as AWS 5.9 ER-2209, because they are 
relatively insensitive to the time temperature transformations for ferrite to austenite.  The 
base material has tighter compositional ranges specified than those found for UNS 
S31803 in order to assure that the Cr, Mo, Ni and nitrogen will be in the upper end of the 
UNS S31803 range.  Problems with excessive ferrite levels encountered prior to the 
mid-1980s using this material were resolved with these changes.   

In order to achieve the desired ferrite/austenite balance and to avoid precipitation of 
brittle intermetallic phases in the weld and heat affected zone, AREVA’s fabrication 
specifications for duplex stainless steel DSCs will include requirements for weld 
qualification and weld process specifications in addition to those required by ASME 
Code Section IX, with supplementary tests to ensure proper microstructure.  American 
Petroleum Institute (API) standards for welding of duplex stainless steels, in particular 
the appendices to API Technical Report 938-C [3], will serve as guidelines for these 
supplementary requirements.  

SAR Section 8.2.3 has been revised to indicate that the fabrication specifications for 
duplex stainless steel DSCs shall use the latest edition of [3] to establish requirements 
for material procurement, weld qualification, and weld process specifications. In addition, 
SAR Section 8.7 has been revised to add the API technical report reference [3]. 

References 

1. H. Sieurin and R. Sandström, “Sigma phase precipitation in duplex stainless steel
2205,” Materials Science and Engineering A., Vol. 444, pp. 271–276, 2007.

2. C.R. Xavier, H.G. Junior, J.A. de Castro, “An Experimental and Numerical Approach
for the Welding Effects on the Duplex Stainless Steel Microstructure,” Materials
Research, Vol. 18, No. 3, pp.489-502, 2015.

3. API Technical Report 938-C, “Use of Duplex Stainless Steels in the Oil Refining
Industry,” Second Edition, American Petroleum Institute, April 2011.
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Application Impact: 

SAR Sections 8.2.3 and 8.7 have been revised as described in the response. 
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5  Clarify and completely describe the materials used in the EOS transfer cask. 

Drawing EOS01-2000-SAR Sheet 1 of 5 indicates the TC top cover plate may be 2 in. 
nominal ASTM B209 Alloy 6061-T6 or ASME SA-516 Grade 70. The description in 
Section 8.2.1.2 of the SAR does not mention the Al lid option. 

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-5 

The TC material description in SAR Section 8.2.1.2 has been revised to include the 
materials used for the TC top cover plate (lid), which are either aluminum or carbon steel 
using ASME materials.   

Application Impact: 

SAR Section 8.2.1.2 has been revised as described in the response. 
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6  Clarify or correct information in Section 8.2.1.2 of the SAR which states, “The trunnions 
are ASTM high strength low-alloy steel.” 

Drawing EOS-2001-SAR indicated that the trunnion is ASTM A182 Grade F6NM which 
is a martensitic stainless steel has greater than 5% alloying elements so it does not 
qualify as a low alloy steel. 

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-6 

The TC material description in SAR Section 8.2.1.2 has been revised to identify the TC 
trunnion as martensitic stainless steel.  

Application Impact: 

SAR Section 8.2.1.2 has been revised as described in the response. 
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7  Justify the use of the testing in accordance with RG 7.11 Table 4 for the Type 2205 and 
UNS S30103 Duplex Stainless Steels used for the DSC cited in TS Section 4.4.4. 

RG 7.11 Table 4 - Category I fracture toughness requirements and criteria for ferritic 
steels with yield strength no greater than 100 ksi, was not developed for Type 2205 and 
UNS S31803 which are duplex stainless steels. 

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-7 

AREVA’s selection of dynamic tear testing per RG 7.11 was based on the precedent of 
the TRUPACT III packaging.  In response to this RAI, Section 4.4.4 of the proposed TS 
has been revised so that Type 2205 and UNS S31803 duplex stainless steels are 
subject to Charpy V-notch testing (Cv), in accordance with ASME Section III, Article NB-
2300.   

Charpy testing has been used to evaluate duplex stainless steel microstructure and 
fracture toughness [1], [2] and [3]. Figure 1 of [3] demonstrates that the Cv impact 
energies of duplex stainless steel UNS S32205 base metal and welds will readily meet 
the NB-2330 acceptance criteria of 50 ft-lb (68 J) at -40 °C.  

There are no reported studies of the applicability of drop weight testing to duplex 
stainless, and it is not clear that this test would produce meaningful results with this 
material because of the austenite present together with ferrite in duplex stainless steel.  
We have therefore proposed an ASME Code alternative to use Charpy testing only.  
There is a precedent for this in ASME NB-2311(b) for other classes of stainless steel.   

In addition, the reference to the siphon port cover impact testing in TS Section 4.4.4 has 
been deleted because impact testing is not required for materials under 5/8-inch 
thickness per ASME NB-2311(a) (1). 

References:  

1. API Technical Report 938-C, “Use of Duplex Stainless Steels in the Oil Refining
Industry,” Second Edition, American Petroleum Institute, April 2011.

2. ASTM A923-14, “Standard Test Methods for Detecting Detrimental Intermetallic
Phase in Duplex Austenitic/Ferritic Stainless Steels,” ASTM International, West
Conshohocken, PA, 2014.

3. H. Sieurin and R. Sandström, “Fracture toughness of a welded duplex stainless
steel,” Engineering Fracture Mechanics, Vol 73, Issue 4, March 2006, pp 377–390.

Application Impact: 

Technical Specification Section 4.4.4 has been revised as described in the response. 
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8  Correct callouts to ASME code sections in Section 8.2.13.2 of the SAR. This section has 
at least 2 errors where ASME code sections are identified as ASTM. 

a. The SA-516 Gr 70 material and the procedures for all welds in the load path are
subject to Charpy impact testing at 0 °F in accordance with ASTM Code Section III,
Article NF- 2300 for Class 1 supports.

b. The trunnion materials, a martensitic stainless steel, are subject to drop weight
testing at -40 °F per ANSI N14.6 or to Charpy impact testing at 0 °F in accordance
with ASTM Code Section III, Article NF- 2300 for Class 1 supports.

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-8 

In response to this RAI, the typographical errors in SAR Section 8.2.13.2 have been 
corrected to change “ASTM Code Section III” to “ASME Code Section III.”  In addition, 
other sections of the SAR were searched for similar errors and none were found.  

Application Impact: 

SAR Section 8.2.13.2 has been revised as described in the response. 
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9  Provide additional information on the use, fabrication and qualification of the SA-350 LF3 
material in the transfer cask.  Specifically identify whether the weld procedures used to 
join the SA-350 LF3 and the SA 516 Grade 70 will be evaluated using impact testing. 

This information is necessary to assure compliance with 10 CFR 72.236(b) and 10 CFR 
72.158. 

RESPONSE TO RAI 8-9 

Section 8.2.13.2 of the SAR provides the requested information.  The SA-350 top ring 
material will not be impact tested.  All welds in the load path will include impact testing in 
their procedure qualification.  This includes the welds of the SA-350 top and bottom rings 
to the SA-516 Gr 70 inner and outer shells because these welds are in the load path as 
analyzed in Section 3.9.5.4.3. 

Application Impact: 

No changes as a result of this question. 
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10  Section 8.2.2.2 of the SAR.  Provide complete callout to tables with structural properties 
and thermal conductivity.  The CoC application has these tables called out as “8-“ (i.e., 
the table callout is incomplete) 

This information is necessary to assure compliance with 10 CFR 72.236(b) 

RESPONSE TO RAI 8-10 

In response to this RAI, the missing table numbers have been added in SAR Section 
8.2.2.2.  In addition, the computer code indicated for the drop analysis in the second 
sentence of the second paragraph of Section 8.2.2.2 has been revised to delete “LS-
DYNA.”  The LS-DYNA analysis was replaced with an ANSYS analysis (documented in 
Appendix 3.9.5), in response to RSI questions.  Footnote (2) in Table 8-20(a) has also 
been deleted as a result of the RSI questions since the properties of lead are used in the 
analyses presented in the SAR.  Additionally, it was found that SAR Tables 8-20(b) and 
8-22 provide identical information.  Therefore, Table 8-22 has been deleted and its 
referenced source has been moved to Table 8-20(b).  Table 8-21 has also been revised 
to remove the structural properties of lead (which were not used in the evaluations), and 
to delete and exclusion for the thermal conductivity source in the table note.  

Application Impact: 

SAR Section 8.2.2.2 has been revised as described in the response. 

SAR Tables 8-20(a), 8-20(b) and 8-21 have been revised as described in the response. 

SAR Table 8-22 has been deleted as described in the response. 
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11  Clarify whether the duplex stainless steel base metal and welds will be evaluated using 
ASTM A923-14 or another test method to assure that the corrosion resistance and 
mechanical properties are adequate. 

This information is necessary to assure compliance with 10 CFR 72.236(b) 

RESPONSE TO RAI 8-11 

As discussed in the response to RAI 8-4, the latest version of API Technical Report 
938-C [1], will serve as a guideline for weld specifications, and will be used for base 
metal as well.  API 938-C invokes ASTM A923 with additional limitations to ensure that 
the corrosion resistance and mechanical properties are adequate.  

SAR Sections 8.2.3 and 8.7 were revised in response to RAI 8-4.  

Reference: 

1. API Technical Report 938-C, “Use of Duplex Stainless Steels in the Oil Refining
Industry,” Second Edition, American Petroleum Institute, April 2011.

Application Impact: 

No changes as a result of this question. 
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12  Clarify and or correct the non-destructive examination (NDE) method used for the EOS- 
TC108 removable neutron shield. 

Drawing EOS01-2003-SAR indicates that welds in the ASTMB209 Alloy 6061-T6 will be 
examined using magnetic particle testing (MT). Because Al 6061 is not a ferromagnetic 
material, MT is not a valid NDE method. 

This information is necessary to assure compliance with 10 CFR 72.158. 

RESPONSE TO RAI 8-12 

The callouts for the NDE examinations of the EOS-TC108 removable neutron shield in 
Drawing EOS01-2003-SAR in SAR Section 1.3.4 have been corrected to indicate 
penetrant testing (PT) as the required NDE test.  

Application Impact: 

SAR Drawing EOS01-2003-SAR in Section 1.3.4 has been revised as described in the 
response. 
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13  Provide updated information on coatings used in the AREVA NUHOMS EOS system. 

There are several varieties of Carboline Carboguard 890  
http://www.carboline.com/markets-we-serve/power-nuclear/product- 
details.aspx?market=Power%20-%20Nuclear&product=0986. The Keeler and Long 
coatings identified for the Transfer Cask have been reported as discontinued products. 

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-13 

The website included in the RAI is no longer active, but the website provided below lists 
a number of varieties of Carboguard® 890, with suffixes such as GF (glass filled), H 
(hyperbaric), N (nuclear safety-related).  The use of Carboguard® 890 without suffix as 
stated in the SAR is intentional.  There is, therefore no change required in response to 
this RAI. 

http://www.carboline.com/search-results-products/?qu=prod&ap-q=carboguard%20890 

The following current PPG coatings replace the discontinued products. 

Transfer Cask Component PPG Industries Coating 
Transfer cask exterior Amershield™ 
Transfer cask interior Amercoat® 91 
Removable neutron shield outer surface Amershield™ 

SAR Section 8.2.8 has been revised to replace the discontinued Keeler and Long (K&L) 
products with the current PPG coatings.  Further information on these coatings is 
provided in the response to Materials RAI No. 14, and product data sheets can be found 
at www.ppgpmc.com. 

Application Impact: 

SAR Section 8.2.8 has been revised as described in the response. 
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14  Provide the following additional information on coatings used in the AREEVA NUHOMS 
EOS system including (1) the coatings used on the exterior and interior carbon steel 
surfaces of the EOS-TC that is described as being suitable for spent fuel pool immersion 
and withstanding long-term exposure to the elevated temperatures of the TC, (2) the 
exterior of the removable aluminum alloy neutron shield for the NUHOMS-EOS TC 108, 
and (3) the DSC support structure in the HSM. 

a. Indicate whether the coating is Important to Safety or Not Important to Safety

b. For Not Important to Safety coatings, indicate the purpose of the coating and
whether the coating is necessary to prevent degradation of an important to safety
SSC or SSC subcomponent.

c. Provide information on the chemistry of the coatings including solids additions that
may result in a conductive coating (i.e. coating containing zinc or aluminum as metal
solids). This information may be provided in product Material Data Safety Sheets
(MSDS)

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-14 

Transfer cask coatings 

Because the TC is a carbon steel structure, the surface coatings minimize rusting, both 
to prevent contamination of the spent fuel pool and to prevent reduction of the material 
thickness of structural components.  Coatings that are suitable for industrial metal-
coating, immersion, and service at temperature are necessary from a practical 
perspective, but these are not important to safety characteristics.  SAR Section 8.6.1 has 
been revised to specifically include coating inspection and repair in the TC maintenance 
program. 

As discussed in SAR Section 4.2.1(13), the cask surfaces are assigned an emissivity in 
the thermal calculations that is lower than the value of all paints, and the solar 
absorptivity is characteristic of white paint with an allowance for dust and dirt.  The 
thermal characteristics used are generic, which means they are not dependent on the 
specific coating product or procurement controls, and the design analysis does not rely 
on any other coating characteristics.  The coatings are therefore categorized as NITS 
(not important to safety).  SAR Section 8.2.8 has been revised to clarify that coatings are 
not important to safety. 

The only design requirement is that the coating for the outside surface of the transfer 
cask be white.  This requirement is controlled by the cask fabrication specification 
referenced on the TC SAR drawings.  SAR Section 8.2.8 has been revised to clarify that 
the outside surface of the TC and the removable neutron shield must be colored white. 
For practical, non-safety reasons, other requirements are:  

• The coating should be suitable for industrial service (as stated above) coating the
specified metal, either carbon steel or aluminum.
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• Coatings that will be immersed in the pool should be products that are widely
accepted by nuclear power plants for short-term immersion in their pools.

• The coating for the cask interior should be suitable for exposure to 373 °F (SAR
Tables 4-26 and 4-27 for inner shell maximum temperature for Load Cases # 6 and
# 7) to minimize the need for frequent maintenance.

• The cask exterior coating should have a durable, glossy finish that is easy to
decontaminate; other coatings should have at least a semi-gloss finish.

• All coatings should be suitable for maintenance by touchup or topcoating (without
stripping the entire component).

SAR Section 8.2.8 has been revised to reference the TC inner shell maximum operating 
temperature of 373 °F in the discussion of the coating used for the TC inner surfaces. 

The coating chemistries include, but are not limited to cycloaliphatic amine epoxy 
(Carboline® Carboguard® 890), modified epoxy phenolic (Carboline Thermaline® 450-
EP), polyester-acrylic aliphatic polyurethane (PPG Amershield™), and novolac epoxy 
(PPG Amercoat® 91).  The enamels are non-metallic; the main solids are titanium 
dioxide, talc, and silica.  Safety data sheets on the Carboline website refer to aluminum 
and mixed metal oxide versions of Carboguard 890 part A, but these are for metallic and 
brightly colored coatings that AREVA TN has no reason to use.  If the specified product 
requires a primer (some are self-priming), the use of a zinc primer as recommended by 
the manufacturer is not forbidden. 

DSC support structure coating 

The function of the coating for the DSC support structure is rust prevention.  This is 
largely a cosmetic function, because the structural analysis of the DSC support structure 
assumes a reduced material thickness due to corrosion (see the response to materials 
RAI No. 20).  Per proposed Technical Specification 4.5.3(8) the support structure for 
marine environments is composed of copper-bearing steel, equivalent to weathering 
steel.  In this case, the steel forms an adherent oxide layer, and does not require a 
coating to prevent further corrosion. Therefore, DSC support structure coatings are not 
important to safety (NITS).  SAR Section 8.2.8 has been revised to clarify that coatings 
are NITS. 

As stated in SAR Section 8.2.8, the DSC support structure coating is an inorganic zinc-
rich primer with a high build epoxy enamel finish.  A coating system that AREVA TN has 
approved for this application in the past consists of Carboline Carbozinc® 11 primer 
(gray) with Carboguard® 890 enamel (white).  This example has been added to the 
related discussion in SAR Section 8.2.8.  Other coating product names were changed in 
SAR Section 8.2.8 as described in the response to RAI 8-13.  

SAR Section 8.2.8 has also been revised to invoke manufacturer requirements for 
surface preparation, primer selection, and application for the coating surfaces, and to 
make other minor editorial changes.  

Application Impact: 

SAR Sections 8.2.8 and 8.6.1 have been revised as described in the response. 
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15  Section 8.2.5.2 of the SAR addresses both Austenitic Stainless Steels and Duplex 
Stainless Steels.  Retitle this section appropriately.  Provide additional information to 
assess the behavior of stainless steels in Pressurized Water Reactor (PWR) water with 
Boric Acid. 

Section 8.2.5.2 of the SAR only addresses corrosion in a deionized water environment; it 
does not provide an evaluation of the potential impact of boric acid. 

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-15 

The title of SAR Section 8.2.5.2 has been revised to “Behavior of Stainless Steel in 
Deionized Water and Weak Boric Acid.”  Section 8.2.5.2 has also been revised to 
include an evaluation of the corrosion impact of boric acid in the PWR water on the 
stainless steel components.  Section 8.7 has been revised to add additional supporting 
references. 

Application Impact: 

SAR Sections 8.2.5.2 and 8.7 have been revised as described in the response. 
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16  Provide an assessment of the corrosion and galvanic corrosion behavior of the A506 
Grade 4130 steels in PWR water with Boric Acid 

Section 8.2.5.3 of the SAR addresses the behavior of ASTM A506 Grade 4130 in 
deionized water.  Drawing EOS01-1010-SAR shows that the EOS 37PTH also uses an 
A506 Grade 4130 steel basket that will be exposed to PWR spent fuel water chemistry 
according to the CoC application Section 8.1.2. 

This information is necessary to assure compliance with 10 CFR 72.236(b) 

RESPONSE TO RAI 8-16 

The title of SAR Section 8.2.5.3 has been revised to “Behavior of Low-Allow Steel in 
Deionized Water and Weak Boric Acid.”  In addition, SAR Section 8.2.5.3 has been 
revised to make associated clarifications and to include an evaluation of corrosion in 
boric acid.  Section 8.7 has been revised to add a reference for NUREG/CR-6875 
(Reference 8-42). 

Application Impact: 

SAR Sections 8.2.5.3 and 8.7 have been revised as described in the response. 
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17  Provide additional information to support the statement that the graphite lubricants have 
no adverse effects on the DSC materials. 

It is well known that graphite is noble with respect to stainless steel and will be 
preferentially cathodic in a stainless steel graphite galvanic couple which could 
accelerate the corrosion rate of the stainless material.  Note that, for the 72-1004 
renewal application a similar RAI was issued to request additional information cited to 
support the lack of galvanic corrosion between stainless steels and graphite lubricants. 
The information provided in the 72-1004 CoC renewal application did not clearly identify 
examples of where graphite lubricants are used in contact with stainless steels in 
operating reactors, or if these operating experiences are under similar environmental 
conditions compared to the operating environment for the DSC.  Note that valve packing 
material using graphite typically includes either zinc (low temperatures only, to avoid 
molten zinc and liquid metal embrittlement), or phosphorous, as corrosion inhibitors. 

Although austenitic and duplex stainless steels are noted to be less susceptible than 
martensitic stainless steels often used in valve components, austenitic and duplex 
stainless steels will still be preferentially anodic when coupled to graphite. 

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-17 

Failures of valve components made of high-strength martensitic stainless steels (AISI 
410 and 17-4 PH) in contact with graphite containing packing were observed in reactor 
operating experience (OE) resulting from mainly stress corrosion cracking and hydrogen 
embrittlement, in addition to galvanic corrosion [NUREG/CR-6923, 2007].  Experimental 
results of steel-graphite galvanic corrosion showed that low- and high-alloy steels and 
martensitic stainless steel presented high corrosion rates ranging from 20 to 46 mils per 
year (0.5 to 1.16 mm per year) by weight loss measurement [Bennie A. Miller, 1975].  In 
contrast, the experimental corrosion rate of austenitic stainless steel Type 304 was 
reported to be “nil” and no pitting was observed (Table IX in the reference).  The 
cathode-to-anode ratio was approximately 1 and the galvanic couples were immersed in 
a 3.5 percent NaCl solution at room temperature.   

In the NUHOMS® System, a powdered graphite lubricant such as Perma Slik® is used to 
facilitate DSC loading into the HSM. The graphite is cathodic relative to the stainless 
steels used in the DSC shell and the Nitronic® 60 DSC support rail plate.  Although 
galvanic corrosion between the graphite lubricant and the stainless steel DSC shell and 
between the graphite lubricant and the Nitronic DSC support rail is possible, significant 
loss of material in the DSC shell and Nitronic DSC support rail due to galvanic corrosion 
is not expected based on the results of galvanic corrosion for stainless steel 304 coupled 
with graphite from the 1975 Bennie A. Miller Report (Reference [1]).  Furthermore, the 
NUHOMS® System design conditions are benign compared to the experimental 
conditions: the ratio of anodic (stainless steel) to cathodic (graphite) area is much larger, 
and the condition is dry, with the possible exception of some intermittent water due to 
high wind and rain, or later in storage life when the canister cools, from deliquescence of 
chloride aerosols or from condensation.  Unlike the OE cited above, there is no OE for 
galvanic corrosion of dry graphite lubricants on stainless steel in dry conditions.  
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Section 8.2.5.4 of the SAR has been revised to include a short evaluation of galvanic 
corrosion at the DSC-rail interface, and several supporting references have been added 
to SAR Section 8.7. 

The lubricant used in the NUHOMS® System does not include zinc, phosphorous, or 
other corrosion inhibitors.  While flexible graphite packing materials are available with 
the addition of corrosion inhibitors such as zinc or phosphorus, AREVA TN could not 
locate powdered graphite lubricants with corrosion inhibitors.  AREVA TN has 
investigated molybdenum disulfide dry lubricants, but has decided that the sulfur 
compound could introduce unforeseen problems.  As indicated in NUREG/CR-6923, 
2007 (Reference [1]), sulfides in the lubricants dissociated on contact with hot water to 
yield hydrogen sulfides, resulted in hydrogen embrittlement failure of ferritic bolting 
steels. 

While galvanic corrosion is possible under the correct conditions, the conditions of dry 
storage in the NUHOMS® System are very unlikely to result in loss of materials due to 
galvanic corrosion at the rail-DSC interface. 

References: 

1. NUREG/CR-6923, (2007), “Expert Panel Report on Proactive Materials Degradation
Assessment,” Appendix B.9, ML070710257 and ML070710260, U.S. Nuclear
Regulatory Commission, Washington D.C., 2007.

2. Bennie A. Miller, Jr., “The Galvanic Corrosion of Graphite Epoxy Composite
Materials Coupled with Alloys,” Report No. AD-A019-322, Air Force Institute of
Technology, Wright-Patterson Air Force Base, Ohio, December 1975.

Application Impact: 

SAR Sections 8.2.5.4 and 8.7 have been revised as described in the response. 
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18  (NOTE: this is the same in its entirety as DSC-RAI-20 for the round 1 RAIs for the 
72-1004 application. The Applicant has referenced material in the Appendix of the 
72-1004 application) Provide justification for the selection of data used for the 
assessment of the Chloride-Induced Stress Corrosion Cracking (CISCC) growth rates 
and indicate how the Aging Management Review documented in renewal application 
Appendix 5B support the DSC External Surfaces Aging Management Program and the 
DSC Aging Management Program for the effects of CISCC in Appendix 6A.  Specifically, 
describe how the results of the Aging Management Review in Appendix 5B are used to 
determine parameters for the Aging Management Program elements including the  
Scope of the Program, Parameters Monitored or Inspected, Detection of Aging Effects, 
Monitoring and Trending, Acceptance Criteria, and Corrective Actions.  In addition state 
how the additional and forthcoming information will be assessed and evaluated in 
Operating Experience DSC Aging Management Programs: 

• Crack growth rate data cited by the CoC holder in the evaluation of CISCC rates
included reports from Central Research Institute of Electric Power Industry of Japan
(CRIEPI).  CRIEI sponsored work Shirai et al., 2011 [5B.6.4]; and Tani et al., 2009
[5B.6.5]. The CoC holder reported that Shirai et al., 2011 observed a two stage crack
growth rate behavior with 304 stainless steels in tests conducted with synthetic sea
salt at 80°C and a relative humidity of 35 percent.  Initial crack growth rates reported
by Shirai et al., 2011 were 4.4 × 10 10 m/s (13.9 mm/yr) for the initial 1300 hours of
growth.  After the initial growth period, the crack growth rate decreased to 1.6 ×
10 11 m/s (0.5 mm/yr).  However, no such decrease in crack growth rate was
observed with tests conducted in MgCl2 salt. The CoC holder also cited the work by
Tani et al., (2009) who reported crack growth rates for 316 stainless steel under
identical conditions. Tani et al., 2009 reported initial crack growth rates of 3.14 ×
10 10 m/s (9.9 mm/yr). The CoC holder examined the data by Tani et al., 2009 and
stated that after testing for more than 800 hours the crack growth rate appeared to
decrease to approximately 3.8 × 10 11 m/s (1.2 mm/yr).

• The crack growth rate data is very limited and the CoC holder has selectively used
one set of data obtained at conditions that are not relevant for atmospheric
exposures that show a lower crack growth rate (0.5 mm/yr for Shirai et al. 2011 vs
1.2 mm/yr for Tani et al. 2009).  In addition, the nuclear power plant operating
experience summarized in Table 5B-6 is also not used because, according to CoC
renewal application Section 5B.3.3, the Relative Humidity (RH) for these events is
greater than 80 percent and under those conditions the deliquescence of NaCl will
occur and accelerate the crack growth rate.  In addition the stated conditions for the
St. Lucie operating experience reported in Table 5B-6 incorrectly indicates an
operating temperature of 49°C. The temperature of the emergency core cooling
systems (ECCS) suction piping is listed as outside ambient according to the
Pressurized Water Reactors Owners Group (PWROG) summary of outer diameter
SCC (ODSCC) events (Nowinnowski, 2010). The apparent crack growth rate for the
St. Lucie operating experience is 0.4 mm/yr assuming initiation at the time of initial
plant operation (CoC renewal application Table 5B-6).  Using Shirai et al., (2011)
data obtained at 80°C and an activation energy (Ea) of 30.5 kJ/mol (Hayashibara et
al., 2008) the predicted crack growth rate at 30°C is 0.09 mm/yr, less than 25% of
the apparent crack growth rate obtained from the St. Lucie operating experience.
Using the Tani et al. 2009 data obtained at 80°C and an Ea of 30.5 kJ/mol, the
predicted crack growth rate at 49°C is 0.44 mm/yr.
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• The selection of data to determine crack growth rates does not agree with
operational experience.  In contrast to the assessment in CoC renewal application
Section 5B, the operational experience at operating power plants appears to be
relevant for DSC operational environments. Whether or not the environmental
conditions summarized in Appendix 5B are determined to be relevant to the
conditions expected on DSCs, the operating conditions for CISCC to occur (tensile
stresses, susceptible material, and a corrosive environment) are the same and the
assessment of possible CISCC growth rates for the DSCs should be benchmarked to
operational experience where CISCC has been identified as the degradation
mechanism.

This information is necessary to assure compliance with 10 CFR 72.236(b) 

RESPONSE TO RAI 8-18 

CISCC of the DSC shell would be a concern if the canister surface accumulated high 
concentrations of chloride aerosol deposits at coastal locations, and when the canister 
cooled sufficiently to facilitate water condensation together with deliquescence of those 
salts.  During the first 20 years, since the metal canister will be hot at a temperature well 
above the ambient, the RH at the canister surface will be significantly low.  The ambient 
RH inside the HSM will also be lower than the outside RH due to the heat flux from the 
canister.  This low RH will facilitate a dry condition on the canister surface that can avoid 
water condensation and can play an important role in delaying deliquescent behavior of 
chloride salts.  As reported in CRIEPI Report N11028 (Reference [1]) and EPRI-TR-
0118201 (Reference [2]), sheltering by the HSM could reduce chloride aerosol 
concentration and deposition amount on the canister surfaces inside the HSM.  
Therefore, during the first 20 years, the environmental conditions for the corrosion of hot 
canisters inside the HSM will be relatively benign, and are not expected to be aggressive 
for CISCC of the DSC.  Section 8.2.5.5 of the SAR has been revised to reflect the lack of 
an aggressive environment for CISCC of the DSC during the initial 20-year license 
period.  There is no known operating experience of welded stainless steel canister 
failure due to CISCC at the storage sites.  Inspections for license extension (SAR 
References 8-32 and 8-33) have found no evidence for canister CISCC after about 20 
years operation.  For storage sites near chloride aerosol sources such as coastal 
locations, the NUHOMS® EOS System can provide canisters made of duplex stainless 
steel that is very resistant to chloride corrosion including localized corrosion and CISCC.   

The text in the SAR referring to the renewal application of CoC 1004 (SAR Reference 8-
34) and the reference itself were removed in SAR Sections 8.2.5.5 and 8.7, as it is not
relevant to the 20-year initial license period.  

References: 

1. M. Wataru (2012), “Evaluation of the salt deposition on the canister surface of
concrete cask (Part 2) - Measurement test of the salt concentration in air and salt
deposition in the field,” CRIEPI Report N11028, April 2012.

2. Electric Power Research Institute (2005), “Effects of Marine Environment on Stress
Corrosion Cracking of Austenitic Stainless Steel,” EPRI-TR-0118201, 2005.
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Application Impact: 

SAR Sections 8.2.5.5 and 8.7 have been revised as described in the response. 
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19  Provide additional information to support the statement that the coating system for the 
DSC   support structure is more than adequate for the 20-year initially licensed storage 
period. 

The cited references are for Oconee and Calvert Cliffs renewal applications. The 
NUHOMS systems at Both Oconee and Calvert Cliffs have lower heat loads and did not 
have high burnup fuel. The justification for the coating lasting for 20 years should also 
include an assessment of the differences in the operating conditions and provide data to 
support the assertion that the coating will perform satisfactorily when exposed to the 
expected time-temperature conditions. 

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-19 

As noted in responses to RAI 8-14 and RAI 8-20, the coatings for the DSC support 
structure perform a primarily aesthetic function, because the structural analysis assumes 
a loss of material due to corrosion. 

SAR Figure 4-12 shows a maximum temperature of about 270 °F at the beginning of 
storage at the top flange of the support beam, not including the Nitronic® 60 rail.  The 
Carboguard® 890 topcoat provided as an example high build epoxy coating (see the 
response to RAI 8-14) has a continuous dry service temperature limit of 300 °F, while 
the Carbozinc® 11 primer’s limit is 750 °F, according to their respective product data 
sheets. 

A dose rate of 1x10-4 rad/h average over 20 years results in an absorbed dose in the top 
face of the support beam flange of 2x109 rad.  Most polymers experience some form of 
radiation damage after 106 rad.  In paint, the damage takes such forms as discoloration, 
chalking, and loss of abrasion resistance.  However, because the base coat is an 
inorganic zinc primer, it is not susceptible to radiation damage, and will therefore 
continue to provide galvanic protection against rusting of the support structure. 

In SAR Section 8.2.5.6, the sentence describing the coating as “more than adequate” 
has been deleted and replaced with a more specific statement about the temperature 
and radiation effects on the coatings, as described above. 

Application Impact: 

SAR Section 8.2.5.6 has been revised as described in the response. 
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20  Provide the technical basis for using a 1/16 inch loss of material for the stress analysis of 
the DSC support structure. 

This information is necessary to assure compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-20 

Per ASTM G101, Reference [1], Figures X1.1 through X1.3, the thickness loss due to 
corrosion for various U.S. environments over a period of 20 years is estimated to be 
between 45 m (0.002 inches) and 300 m (0.012 inches) for low-alloy steels such as 
ASTM A588 or ASTM A242.  The material used for DSC support structure is low-alloy 
steel ASTM 913, Grade 70.  The chemical composition of this alloy is very similar to the 
chemical compositions of ASTM A588 or ASTM A242.   

ASTM G101, Section 6.3.2 presents a method for calculating the predicted corrosion 
loss (corrosion index) based on the material chemical composition.  Application of this 
method results in a calculated corrosion index of 6.15 for ASTM A588.  The lower 
corrosion index is indicative of the lower corrosion resistance.  Use of the chemical 
composition values for ASTM A913 Gr.70, also a low-alloy steel, and the method of 
ASTM G101, Section 6.3.2 results in a calculated average corrosion index of 6.04, which 
signifies that the ASTM A931 Gr.70 material has slightly lower corrosion resistance than 
the ASTM A588.  To estimate the corrosion penetration for ASTM A931 Gr. 70, a factor 
of 2 can be applied conservatively to the largest estimated corrosion penetration for 
ASTM A588.  It results in an estimated corrosion penetration of approximately 600 m 
(0.024 inch) for ASTM A931 Gr. 70.  

The uniform corrosion allowance of 1/16 inch (0.0625 inch) considered as design basis 
for the DSC support structure is much higher than the maximum expected corrosion 
penetration of 0.024 inches. 

Reference: 

1. ASTM G101-04, “Standard Guide for Estimating the Atmospheric Corrosion
Resistance of Low-Alloy Steels,” ASTM International, West Conshohocken, PA,
2004. 

Amendment Application Impact: 

No changes as a result of this question. 
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21  Provide a definition of “intact” fuel assemblies in the TS that clarifies the presence or 
absence of cladding breaches and other fuel damage (e.g., displaced or missing 
structural components). 

Neither the TS nor the SAR includes a definition for “intact.” 

This information is necessary to assure compliance with 10 CFR 72.236(a). 

RESPONSE TO RAI 8-21 

Sections 2.1 and 2.2 of the proposed TS have been revised to include a definition of 
“intact” fuel assemblies.  The definition provided reflects the conditions analyzed in the 
criticality control, thermal limitations, structural integrity, confinement, and shielding 
sections of the safety analysis report.  In addition, clarification has been provided in the 
Technical Specifications about intact fuel assemblies for PWR and BWR Fuel Classes. 

Application Impact: 

Technical Specifications Sections 2.1 and 2.2, and Table 6, and SAR Tables 2-3 and 2-4 
have been revised as described in the response. 
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22  Justify that the use of an aluminum top cover plate on the transfer cask will not create 
excessive tensile loading of the associated steel bolting, given the differences in thermal 
expansion between these two materials. 

Table 8-3 of the SAR includes an option to use an aluminum top cover plate for the 
transfer cask. The bolts that fasten this cover plate are constructed of alloy steel. The 
staff noted that the differential thermal expansion between the aluminum cover and steel 
bolts could subject the bolts to high tensile stresses as the cover heats up after closure 
of the transfer cask. 

This information is required to demonstrate compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-22 

The use of the aluminum top cover plate is optional, and it may only be used inside the 
plant to meet weight restrictions during the lift of the transfer cask to the trailer. 
Therefore, no accident conditions are assumed and only normal conditions are 
considered.  A temperature of 200 °F is considered for the aluminum top cover plate and 
its bolts in normal, hot vertical conditions (steady state) per Table 4-25 of the SAR. 

A torque range of 100-110 ft-lb is considered for the sixteen 1 ¾-inch SA-540 Grade B23 
Class 1 lid bolts when using the aluminum top cover plate.  This results in a preload 
range for each bolt of 5,195 to 5,715 lb/bolt. 

Per the equations of NUREG/CR-6007 [1], considering thermal expansion coefficients of 
13.0 × 10-6 in/in/°F and 6.7 × 10-6 in/in/°F, respectively, for the aluminum top cover plate 
and the bolts, and a Young’s  modulus of 2.71 × 107 psi for the bolts, the axial force per 
bolt due to differential thermal expansion is: 

( ) 672 10)70200(7.6131071.275.125.0 −×−×−×××××= πaF
Fa = 53,385 lb/bolt 

The shear force per bolt due to the thermal expansion difference between the top cover 
plate and top ring is null because the bolt holes in the top cover are oversized to prevent 
such an issue. At ambient temperature, the distance between diametrically opposing 
innermost bolt holes surfaces within the aluminum top cover plate is 81.75 - 2.00 = 79.75 
inches; the distance between diametrically opposing innermost bolt thread surfaces is 
81.75 – 1.75 = 80.00 inches.  Therefore, at ambient temperature, the gap between a bolt 
and its hole is (80.00 – 79.75) / 2 = 0.125 inch. 

At 200 °F, these distances, respectively, become 79.75 × [1+13 × 10-

6 × (200 -70)] = 79.885 inches and 80.00 × [1+6.7 × 10-6 × (200 – 70)] = 80.070 inches.  
The gap at 200 °F therefore becomes 0.092 inch, which is higher than zero and ensures 
that there cannot be any shear forces on the bolts. Therefore: 

FS = 0 lb/bolt 

The stresses in the bolts are calculated below using the equations from [1]. 
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Average Tensile Stress 

The maximum non–prying tensile force for normal conditions is calculated as: 

Fa = 5,715 + 53,385 = 59,100 lbs 

The average tensile stress caused by the tensile bolt force Fa is: 

22732.1
ba

a
ba D

FS ×=

Dba is the bolt diameter for tensile stress calculation: Dba = Db – 0.9743 × p, where p is 
the pitch of the bolt1. As p = 1 / n, where n = number of thread per inch = 5 from Ref. [2], 
p = 0.2. 

Therefore, Dba = 1.555 in. 

ksi 1.31
555.1
100,592732.1 2 =×=baS

Bending Stress 

There is no bending moment in the bolt caused by differential thermal expansion 
between the aluminum cover plate and the bolts, therefore: 

ksi 0=Sbb  

Shear Stress 

As the shear bolt force Fs is zero the average shear stress caused by shear bolt force 
Sbs = 0. 

The maximum shear stress caused by the torsional moment Mtr is: 

3093.5
ba

tr
bt D

MS ×=

ksi 9.0
555.1
660093.5 3 =×=btS

Maximum Combined Stress Intensity 

The maximum combined stress intensity is: 

( ) ( )22 4 btbsbbbabi SSSSS +×++=

It combines tension, shear, bending, and residual torsion: 

1 The 0.9743 factor is used for inch–series threads only. 
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( ) ( ) ksi 2.319.00401.31 22 =+×++=biS

This is less than the allowable of 1.35 × Sm = 61.4 ksi defined in [1]. 

Stress Ratios 

In order to meet the stress ratio requirement, the following relationship must hold: 

. 

Where Rt is the ratio of average tensile stress to allowable average tensile stress Ftb and 
Rs is the ratio of average shear stress to allowable average shear stress Fvb. 
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Therefore, the use of an aluminum top cover plate on the transfer cask will not create 
excessive tensile loading of the associated steel bolting resulting from differences in 
thermal expansion between these two materials. 

References 

1. U.S. NRC, “Stress Analysis of Closure Bolts for Shipping Casks,” NUREG/CR–6007,
January 1993.

2. Standard Handbook for Mechanical Engineers, Baumeister, Avallone and
Baumeister III, 8th Edition, McGraw–Hill, 1978.

Application Impact: 

No changes as a result of this question. 
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23  Justify that the high-density polyethylene neutron shielding (Quadrant Borotron®) is 
capable of fulfilling its shielding function at temperatures that exceed the manufacturer’s 
stated maximum continuous service temperature. 

Table 8-29 of the SAR and the Quadrant data sheet on Borotron HD050 Borated PE 
state that the maximum continuous service temperature of this neutron shield is 180°F. 
In addition, the Borotron HDPE materials safety data sheet describes this material’s 
melting point/freezing point as 219.2-280.4°F and states “no data available” on 
decomposition temperature. 

Given that Sections 4.5 and 4.6 of the SAR describe loading cases where the 
polyethylene shielding exceeds 180°F and can reach up to 257°F, it’s not clear to the 
staff that this material is capable of maintaining its shielding function under the design 
conditions. The staff requires additional information that supports the use of Borotron at 
these elevated temperatures. 

This information is required to demonstrate compliance with 10 CFR 72.236(d). 

RESPONSE TO RAI 8-23 

The maximum temperatures for the bottom solid neutron shield reported in SAR 
Table 4-29 are repeated here with the corresponding load case condition: 

Table RAI 8-23-1 
Maximum Temperatures for the Solid Neutron Shield from SAR Table 4-29 

Load case Condition Temp (°F) 
1 Normal 223 
2 Normal <172 
3 Off-normal 172 
4 Off-normal <172 
5 Accident 257 
6 Off-normal 116 
7 Off-normal 141 
8 Normal 228 
9 Normal <194 
10 Off-normal 194 

The maximum temperature cited in this RAI, 257 °F, is under an accident condition.  
According to SAR Section 6.3.2, the solid shielding is removed for the accident condition 
calculations.  Therefore, the performance of the solid neutron shield is not relevant for 
this load case. 

The relevant temperature range for the performance of the solid neutron shield is 
therefore the 223 to 228 °F range of Load Cases 1 and 8.  Both cases represent the 
cask in a vertical orientation in the fuel building after the annulus water is drained.  Load 
Case 1  is a transient analysis with maximum heat load where there are time limits 
imposed on the operation, and load case eight is a steady state analysis with a lower 
heat load where there is no time limit imposed.  The temperature 228 °F is, therefore, 
the temperature for which the solid neutron shield performance needs to be maintained. 
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While the Borotron® MSDS lists the maximum long term service temperature as180 °F 
and the melting point as 219.2-280.4 °F, the technical data sheet for this material cited 
as references  4-3 and 8-9 of the SAR lists the melting point per ASTM D3418 as 262 °F 
(Reference [1]).  The containment of the solid neutron shield within a fully-enclosed 
sealed compartment creates conditions that ensure the continued performance of the 
material at 228 °F. 

The deterioration mechanism governing long term maximum service temperature is 
oxidative chain scission and chain extension, with embrittlement of the affected volume.  
Because the material is enclosed in a close-fitting welded compartment, there is only a 
small volume of air available for oxidation.  This results in a shallow surface layer of 
oxidized material that has no effect on the shielding performance, nor on the physical 
integrity of the solid neutron absorber plates. Once the oxygen in the enclosed chamber 
is consumed, oxidation ceases.    

The 262 °F melting point provides a 34 °F margin to the maximum temperature of load 
case 8.  At the melting point, HDPE can flow like a viscous liquid, but in the vertical 
orientation of the two cited load cases, there is no gravitational motivation for the 
material to slump to one side of the cask, leaving a void on the other side. 

An additional measure of conservatism is employed in the shielding calculations.  As 
described in Section 6.3.1 of the SAR, the atom density of hydrogen in Borotron® is 
reduced by 15 % in the shielding models to account for any hydrogen loss over the cask 
lifetime.  

SAR Section 8.2.9 has been revised to correct the name “Borotron” to “Borotron® 
HD050” and to include the high and ultrahigh molecular weight variants, Borotron UH050 
and HM050. 

References: 

1. “Quadrant EPP Borotron® HD050 5% Boron-filled Polyethylene (ASTM Product
Data Sheet),” MatWeb, Your Source for Materials Information,
http://qepp.matweb.com/search/DataSheet.aspx?Bassnum=P1SM52 (accessed
November 24, 2015). 

Application Impact: 

SAR Section 8.2.9 has been revised as described in the response. 
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24  Revise the design drawings for the transfer cask to include the requirements for impact 
and drop weight testing of the ferritic steels described in Section 8.2.13.2 of the SAR. 

Section 8.2.13.2 of the SAR describes Charpy impact testing at 0°F and drop weight 
testing at -40°F for ferritic steels in the transfer cask. This testing references ASME 
Code Section III, Article NF-2300 for Class 1 supports (Charpy testing) and ANSI N14.6 
(drop weight). The design drawings for the transfer cask do not include this testing 
requirement, in contrast to the DSC basket drawings, which include the requirement for 
dynamic tear testing of ferritic steels. 

ASME Code Division 1, Section III, Article NF-2300 states that design specifications 
shall state the designated impact test temperature, when required. 

This information is required to demonstrate compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-24 

A note invoking impact testing per SAR Section 8.2.13.2 has been added to SAR 
Drawings EOS01-2001-SAR and EOS01-2011-SAR. 

Application Impact: 

SAR Drawings EOS01-2001-SAR and EOS01-2011-SAR have been revised as 
described in the response. 
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25  Clarify whether inspections of the external surfaces of the HSM are required.  If so, state 
the inspection frequency. 

Section 8.6.1 of the safety analysis report states that the system only requires periodic 
inspection of the air inlets and outlets to ensure no blockage has occurred.  In contrast, 
Section 10.2.1.2 of the SAR states the HSM exterior is visually inspected for concrete 
damage and settling. The discussion of these HSM exterior inspections does not cite a 
frequency or reference any codes or standards. 

This information is required to demonstrate compliance with 10 CFR 72.144(c)(4). 

RESPONSE TO RAI 8-25 

The NUHOMS® EOS System is passive with minimal maintenance and inspection 
requirements.  Section 10.2.1.2 of the SAR, “HSM Inspections,” was originally intended 
for a license certification period of 40 years.  Since the initial license period for the 
NUHOMS® EOS System is now 20 years, the second paragraph of Section 10.2.1.2 is 
unnecessary and has been deleted.  The NUHOMS® EOS System HSM inspection 
requirements are consistent with the current initial 20 year licensing periods for 
CoC 1004, CoC 1029 and CoC 1030 license certifications, where inspections are limited 
to periodic inspections of the air inlets and outlets vent to ensure no blockage has 
occurred. 

In addition, Reference 10-26 in Section 10.4 has been deleted since it is no longer used. 

Application Impact: 

SAR Sections 10.2.1.2 and 10.4 have been revised as described in the response.  
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26  In SAR Section 8.2, provide the technical basis for the cladding material properties used 
in the structural analyses. 

SAR Tables 8-25 and 8-26 cite reference 8-21 (“PNNL Stress/Strain Correlation for 
Zircaloy,” PNNL-17700) as the source of the cladding materials properties.  However, 
the SAR does not reference any specific equation or figure from this report, nor does it 
include a discussion of how the materials properties were derived. 

The staff requires an understanding of how the cladding properties were derived, 
including, but not necessarily limited to, the consideration of the: 

• specific equation/figure in the PNNL report relevant to the cladding properties

• cladding fabrication process (e.g., recrystallized annealed, cold work stress relieved)

• assumed hydrogen concentration, and distribution and type of hydride precipitates

• applicable burnup range of the spent nuclear fuel

• uncertainties (scatter) in the PNNL report data

This information is required to demonstrate compliance with 10 CFR 72.236(b). 

RESPONSE TO RAI 8-26 

The PNNL-17700 report [1] provides equations (Section 2) to calculation modulus of 
elasticity and yield strength for both Zircaloy-2 (boiling water reactor cladding) and 
Zircaloy-4 (pressurized water reactor cladding).  The properties were derived with the 
following considerations: 

• Neutron fluence is assumed to be 1.2 x 1026 n/m2.  This is above the highest
threshold given in Reference [1] (7.5 x 1025 n/m2) and can therefore be considered in
the high burnup regime.

• The cold work ratios used (0.0 for Zircaloy-2, 0.5 for Zircaloy-4) are taken from
Reference [1].

• Oxygen content ratio of the Zircaloy is assumed to be 0.0012 as recommended by
Beyer in [1].

• PNNL [1] found that neither the strength coefficient nor the strain hardening
exponent were a function of hydrogen concentration; therefore, hydrogen
concentration value was not used in the calculation of modulus of elasticity and yield
strength.  The report also states that the model is only applicable for cladding
containing circumferential hydrides and not for cladding containing radial hydrides.

• The strain rate value of 0.5 s-1 is also used as recommended in Reference [2].
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Tables 8-25 and 8-26 of the SAR have been updated to reflect the values used in the 
derivation of fuel cladding mechanical properties.  Detailed calculations using the same 
parameters to calculate fuel cladding material properties are shown in Section Y.3.5.1 
and Section Z.3.5.1 of Reference [3].  Furthermore, the model uncertainty of 67 MPa 
(9.7 ksi) is not included in the yield stress value calculated.  Adequate margin is included 
in the applied load and results to account for the uncertainty in the yield strength values.  
SAR Section 3.9.6.3 has also been updated to clarify the application of the uncertainty in 
cladding material properties. 

References: 

1. Geelhood, K.J., W.G. Luscher, and C.E. Beyer, "PNNL Stress/Strain Correlation for
Zircaloy,” Pacific Northwest National Laboratory, PNNL-17700, July 2008.

2. R. Chun, M. Witte, M. Schwartz, “Dynamic Impact Effects on Spent Fuel
Assemblies,” Lawrence Livermore National Laboratory, Report No. UCID-21246,
October, 1987.

3. Transnuclear, Inc., Updated Final Safety Analysis Report for the Standardized
NUHOMS® Horizontal Modular Storage System for Irradiated Nuclear Fuel, Revision
14, September 2014, USNRC Docket No. 72-1004.

Application Impact: 

SAR Section 3.9.6.3 and Tables 8-25 and 8-26 have been revised as described in the 
response. 
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27  In SAR Section 9.1, provide clarifying information on the dye penetrant (PT) 
examinations that are to be performed on the DSC confinement boundary field welds. 

Section 8.6 of the SAR and TS Section 4.4.4 states that: 

• the confinement boundary field welds (with the exception of the weld associated with
the outer top cover) are to be examined by PT of the root and final weld passes

• the weld between the DSC shell and outer top cover is to receive a multi-level PT
examination in accordance with the guidance in NUREG-1536, Revision 1

The operating procedures in Section 9 of the SAR do not reference the above TS 
requirements for the multi-layer PT examinations. 

This information is required to demonstrate compliance with 10 CFR 72.234(f). 

RESPONSE TO RAI 8-27 

References to TS Section 4.4.4 have been added to the operating procedures in SAR 
Sections 9.1.3 and 9.1.4 for examination of the closure welds. In addition, clarification 
has been added to the description of the dye penetrant weld examinations.  For the test 
port plug, reference to TS Section 4.4.4 has not been added because this weld is not a 
confinement boundary weld. 

Application Impact: 

SAR Sections 9.1.3 and 9.1.4 have been revised as described in the response. 


