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SUMMARY

By letter dated June 9, 2022 (Agencywide Documents Access and Management System
[ADAMS] Accession No: ML22161A058), Holtec International (Holtec or the applicant),
requested an amendment to Certificate of Compliance (CoC) No. 9375, for the Model No. HI-
STAR ATB 1T package, and proposed a high strength material (SA-508 Grade 4N Class 2) for
the construction of the containment boundary components. This material is added, as an
optional material for the containment boundary, to the previously permitted American Society of
Mechanical Engineers (ASME) SA-517 material, while the American Society for Testing and
Materials (ASTM) A514 material is no longer authorized. The parameters of the containment
boundary design are not modified by the proposed addition.

On October 14, 2022, Holtec provided responses (ML22287A138) to staff's request for
additional information letter dated August 25, 2022 (ML22235A113). Holtec supplemented the
application on November 1, 2022, (ML22305A603) by providing an updated calculation report,
HI-2177540 Revision 7, and submitted Revision 5 of the application on December 9, 2022
ADAMS No. ML22343A260).

The ASTM A514 material is no longer authorized by the U.S. Nuclear Regulatory Commission
(NRC) staff because it is not incorporated into the ASME B&PV code as a permissible material
for any Section Il or Section VIIIl component. The applicant addressed this discrepancy with
both Subsection NB and with the ASTM specifications in reference to the values in Table 2.2.1A
of the application and removed the A514 material from the application and the licensing
drawings.

The applicant determined that the existing containment structural evaluations remain governing
for the new proposed material SA-508 Grade 4N Class 2 due to its higher strength properties
and higher allowable stress limits. Likewise, the sensitivity simulations for the drop analysis of
the HI-STAR ATB 1T package show that the effective stress and/or deformation in the sealing
region is reduced and all stress safety factors are improved with the use of the SA-508 Grade
4N Class 2 material; thus, the seal worthiness and overall structural safety function of the
package are maintained.

The applicant also determined that the existing calculations in the thermal evaluation of the
package remain applicable, and that no changes to the shielding calculations were required.

The NRC staff reviewed the applicant’s request and found that the package meets the
requirements of Title 10 Code of Federal Regulations (10 CFR) Part 71.

Enclosure 2



EVALUATION
GENERAL INFORMATION

The applicant revised licensing drawing No. 9786 for the HI-STAR ATB 1T package to Revision
10 to allow SA-508 Grade 4N Class 2 material for the containment baseplate, the containment
side and end walls, and the closure lid, and removed the A514 material from the drawings.
Notes to drawings were revised and include now weld filler material options that are compatible
with the SA-508 Grade 4N Class 2 containment boundary material.

STRUCTURAL EVALUATION

The staff reviewed the amendment request to allow the use of the ASME SA-508 4N Class 2 as
a construction material for the containment boundary components of the HI-STAR ATB 1T
package, i.e., the containment baseplate, the containment side walls, the containment end
walls, and the closure lid. The SA-508 4N material was proposed by the applicant as an
alternate construction material to the ASME SA-517 high-yield alloy steel that was already found
acceptable for the HI STAR ATB 1T package per CoC No. 9375, Revision 0, (ML21172A200).
Considering that the new material only incorporates changes to the material properties specified
in the structural analyses, and since no other parameters of the containment boundary design
were altered by the proposed change, this structural evaluation specifically addresses the
changes to the current structural evaluation due to the use of SA-508 4N as an alternate
construction material for the containment boundary components. All other components not
altered by the proposed change remain unaffected, and the previously approved structural
safety bases remain acceptable for the HI STAR ATB 1T package.

The amendment request includes a sensitivity simulation analysis to demonstrate adequate
structural safety and integrity of the containment boundary components when the proposed
SA-508 4N is used as a construction material. Appendix E of calculation package HI-2177539,
“Drop Analysis of the HI-STAR ATB 1T Transport Package,” Revision 7, provides the resultant
stress intensities obtained from the simulation analysis when the new SA-508 4N material is
used. The applicant compared the results from the new SA-508 4N material with the results
obtained from the initial analysis using the original SA-517 material to evaluate the adequacy of
SA-508 4N as a construction material for the containment boundary components. The applicant
also revised the cask licensing drawing no. 9786 to include the SA-508 4N Class 2 as an
optional material for the construction of the containment boundary components.

The staff reviewed the proposed amendment request using applicable portions of the guidance
in NUREG-1609, “Standard Review Plan for Transportation Packages for Radioactive Material.”
For structural purposes, the containment boundary of the package is evaluated with the ASME
Boiler and Pressure Vessel (B&PV) Code Section lll, Division 1, Subsection NB, consistent with
Regulatory Guide 7.6, “Design Criteria for the Structural Analysis of Shipping Cask Containment
Vessels.” The review evaluates the analyses performed by the applicant to demonstrate that the
package provides adequate structural protection under normal conditions of transport (NCT)
and hypothetical accident conditions (HAC) when the SA 508 4N material is used, and to ensure
that the package has adequate structural safety and integrity to meet the requirements of

10 CFR Part 71.

Material Strength Properties and Allowable Limits for SA-508 Grade 4N Class 2
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The applicant proposed the use of the SA-508 Grade 4N Class 2 material due to its higher

strength and excellent fracture toughness properties. Table E1, “HI-STAR ATB 1T Containment
Material Strength Properties,” in Appendix E of calculation package HI-2177539, compared the
new material properties with the materials properties of SA-517 to demonstrate that the SA-508
4N material has higher strength properties than the SA-517 material used in previous analyses.

Similarly, Table E2, “HI-STAR ATB 1T Containment Material Stress Limits for HAC drops,”
demonstrated that the new material has higher allowable stress limits than the ones used in the
initial analysis for the SA-517 material. By comparison, the new material resulted in an overall
increase in capacity of 9.5% for the allowable stress limits. Therefore, considering the
mechanical properties of the proposed SA-508 Grade 4N material, the staff finds that the
SA-508 Grade 4N Class 2 material provides superior strength properties due to higher yield
stress and ultimate strength when compared to the SA-517 material.

Sensitivity Simulation Analysis for the Newly Proposed SA 508 Grade 4N Class 2 Material
Normal Conditions of Transport

The applicant initially modeled the package with the LS-DYNA computer program to simulate
the 0.3 m free drop tests. The results of these drop simulations were used to evaluate the
structural integrity of the package under NCT by comparing the component stress intensity
results from the drop simulations to the design basis requirements of the ASME Code Section
I, Division 1, Subsection NB, and the Level A stress intensity limits for the containment
boundary components. Although this analysis was performed for the original SA-517 material,
the analysis remains a bounding condition for the SA 508 Grade 4N material because (a) the
SA-508 Grade 4N material has higher strength properties than the SA-517 material, (b) the
initial analysis has shown that the primary stresses of the containment components remain
below the material yield strength during NCT, and (c) no other containment boundary design
parameter is changed by this amendment request. Therefore, the staff finds that the previously
approved structural safety bases under CoC No. 9375, Revision 0, remains acceptable for the
HI-STAR ATB 1T package when using the SA-508 Grade 4N Class 2 material for the
containment boundary components.

Based on a review of the applicant’s analysis for NCT the staff finds that the applicant satisfied
the requirements of 10 CFR 71.71(c)(7) for the HI-STAR ATB 1T package when using the
SA-508 Grade 4N Class 2 material for the containment boundary components. The staff also
finds that previously approved structural bases for the evaluation of other conditions and tests
under 10 CFR 71.71(c) remains unaffected by this amendment request.

Hypothetical Accident Conditions

The applicant evaluated the structural integrity of the containment boundary components under
HAC by comparing the component stress intensity results from the LS-DYNA drop simulations
to the design basis requirements of the ASME Code Section lll, Division 1, Subsection NB, and
the Level D stress intensity limits of the SA-508 Grade 4N material. Two governing drop
orientations were selected from the initial (original) drop simulations to determine the
component’s stress intensity results: Simulation 1 - top end drop, and Simulation 6 - oblique
drop onto top lid. These two drop orientations were selected for the sensitivity simulations of the
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new SA-508 Grade 4N material as they were shown to produce the maximum stresses in the
closure sealing region of the package when the original SA-517 material was used for the
evaluation of the containment boundary components. In addition to the sensitivity simulations,
the applicant assessed whether the containment system remained leak resistant during the
HAC free drop, which the applicant considered as the cask lid locking system remains in the
elastic range and the gaskets remain compressed.

Considering that the HI-STAR ATB 1T system structural members are modeled in LS-DYNA
based on a true-stress-true-strain relationship, the applicant replaced the SA-517 material
true-stress-true-strain data used in the original simulations for the containment components with
the true-stress-true-strain data developed as the bounding material for SA-508. All other input
parameters used in the sensitivity simulations remained identical to the original simulations.
The true-stress-true-strain curve data used in the simulations was developed using the same
methodology described in Section 2.2.3 of the application submitted for CoC No. 9375,
Revision 0, (ML21172A200). However, it was noted that the true-stress-true-strain curve of the
bounding material used for the sensitivity simulations only bounded the true-stress-true-strain
curve of the SA-508 Grade 4N material for strains up to 21 percent. For strains exceeding the
21 percent, the bounding material true stress used in the simulations was below the stress
curve of the SA-508 Grade 4N material by less than 2.5 percent. To evaluate this condition, the
staff reviewed the results from the sensitivity simulations and noted that the effective strain
developed during the simulations remains less than the 21 percent strain for the containment
boundary components. Therefore, the staff finds that the use of the bounding material data is
acceptable because the resultant strains and stresses from the simulations remain within the
bounded region for the containment boundary components.

The results of the LS-DYNA sensitivity simulations showed that the containment components
stresses remained within the Level D stress intensity limits and all the stress safety factors for
the package containment boundary components were slightly improved, as compared to the
base (original) simulations using SA-517 material for the containment boundary components.
The results also demonstrated that the effective stress and/or deformation in the sealing region
is reduced when the SA-508 Grade 4N material is used, ensuring leak resistance during the
HAC free drops.

Based on a review of the applicant’s analyses and simulations, the staff finds that the applicant
satisfied the requirements of 10 CFR 71.73(c)(1) for the HI-STAR ATB 1T package when using
the SA-508 Grade 4N Class 2 material for the containment boundary components. The staff
also finds that previously approved structural bases for the evaluation of crush, puncture,
thermal and immersions tests remain unaffected by this amendment request.

Use of Low Strength Weld Material in Drop Simulation Analysis

In the applicant’s response to request for additional information (RAI) 2-2 (ML22287A138), the
applicant added to calculation No. HI-2177539 (Enclosure 6) a new Appendix F, “Sensitivity
Simulation for the Containment Weld Material,” to demonstrate that the use of a low strength
SS-308 weld in prior finite element simulations renders conservative results which bound the
use of a higher-strength weld material for ferritic steel components.
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For the sensitivity simulation, the applicant performed the Top End Drop analysis with the
higher-strength weld material and compared the results to those of the previous Top End Drop
analysis with the low-strength weld. The results of the sensitivity simulation showed that, when a
high strength weld material property is used for the analysis, the stresses are slightly reduced,
differ by less than 6%, and the effective weld stress remains below the weld material yield
strength. The applicant stated that the new simulation demonstrates that the use of SS-308
weld strength and material properties remain a bounding condition when compared to the
corresponding ferritic steel materials to be use for manufacturing.

Based on the review of the applicant’s analyses and simulations, the staff finds that the use of
low strength SS-308 material to represent welded connections of containment boundary
components provides for a bounding condition. Therefore, the evaluation of the prior simulations
in Appendix E of calculation package No. HI-2177539 remains bounding.

Structural Evaluation Findings

The staff reviewed the structural performance of the containment boundary components under
NCT required by 10 CFR 71.71 and HAC required by 10 CFR 71.73 and concludes that the
packaging maintains adequate structural safety and integrity to satisfy the containment and
shielding requirements of 10 CFR 71.51(a)(1) and (2) for a Type B package when using SA-508
Grade 4N Class 2 material for the construction of the containment boundary components. The
staff also concludes that all other components not altered by the proposed amendment request
remain unaffected and the previously approved structural safety bases remain acceptable for
the HI-STAR ATB 1T package.

Based on the review of the statements and representations in the amendment request, the staff
concludes that the package has been adequately described and evaluated to demonstrate that
the use of SA-508 Grade 4N Class 2 as an alternate material maintains the structural integrity to
meet the requirements of 10 CFR Part 71.

MATERIALS EVALUATION

The staff reviewed and evaluated the information provided by the applicant requested in this
amendment request. The specific change evaluated in this section includes an alternative high
strength material (SA-508 Grade 4N Class 2) as an optional material of construction for the HI-
STAR ATB 1T Cask Containment Boundary. The applicant stated that the newly proposed SA-
508 Grade 4N Class 2 material offers higher fracture toughness resistance at low temperatures
and possesses strength properties superior to those of the previously specified ASME SA-517
material. No other parameters of the containment boundary design are being altered by the
proposed change.

The safety analysis report (SAR) changes proposed by the applicant as a result of the
alternative material change include (i) changes to the licensing drawing 9786, allowing SA-508
Grade 4N Class 2 material for the containment baseplate, the containment side/end walls, and
the closure lid; updates for reference to material code alternatives, (ii) addition of Table 2.1.3B
and Table 2.1.4B for material properties and design allowables for SA-508 Grade 4N Class 2,
removal of A514 as an alternate material, addition of Table 2.2.1B to discuss SA-508 Grade 4N
Class 2 material for the cask containment boundary and removal of ASTM A514 as an alternate
material, discussion in Section 2.3 of SA-508 Grade 4N Class 2 material as an alternate
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material for the cask containment boundary and removal of ASTM A514 as an alternate
material, (iii) discussion of drop simulations using existing SA-517 material being bounding of
the new SA-508 Grade 4N Class 2 material, (iv) discussion of sensitivity simulations conducted
for the SA-508 4N material, (v) removal of the HSLA-100 material throughout the application,
addition of SA-508 Grade 4N Class 2 material, removal of the emissivity for polished stainless
steel in Table 3.2.5, and (vi) removal of the previously added HSLA-100 to Table 8.1.2, 8.1.3,
and 8.1.4 of the application, addition of the material procurement exemption in Section 8.2, and
removal of the ASTM A514 material.

The staff reviewed the removal of A514 as an alternative material and determined that it was
appropriately removed in SAR Sections 2.1, 2.2, 2.3, 8.1, 8.2, and the licensing drawings.

In SAR Section 1.2, the applicant added a pointer to Chapter 8 stating that specific code
alternatives that apply to the cask containment are presented there. SAR Sections 8.1 and 8.2
also have revisions to remove mention of the previously added HSLA-100 material in Tables
8.1.2, 8.1.3, and 8.1.4 and the staff determined that those were appropriately deleted.

In SAR Section 1.3, the applicant updated the revision number for drawing number 9786 from 9
to 10. The staff also reviewed the updated licensing drawings 9786 to confirm the additions for
SA-508 Grade 4N Class 2 for containment baseplate, the containment side/end walls, and the
closure lid were in accordance with 10 CFR 71.33 and are therefore acceptable. In SAR Section
2.1, the applicant added a pointer to Table 8.1.3 for the Code Alternatives, updated Table 2.1.7
with the same pointer, updated their “Conformance with Reg. Guide 7.6 Provisions on the
Structural Requirements for Hi-STAR ATB 1T Containment Boundary” to state that design
stress intensities are established based on ASME Code for all containment boundary materials,
and added Tables 2.1.3B and 2.1.4B to discuss Design, Levels A and B and Level D stress
intensity for the proposed SA-508 Grade 4N Class 2 material. The staff determined that the
stress intensities obtained using the criteria in ASME Section Il, Part D, Mandatory Appendix 2
with material data from ASME Section Il, Part D, Table Y-1, U, TE-1, and TM-1 are acceptable.

In SAR Section 2.2, the applicant added a discussion for the proposed alternative material SA-
508 Grade 4N Class 2 and Table 2.2.1B to document the mechanical properties of SA-508
Grade 4N Class 2. The staff reviewed Table 2.2.1B and compared it to the values in ASME
Section Il Part D and confirmed the mechanical properties are in accordance with ASME Code.
In SAR Section 2.3, the applicant added SA-508 Grade 4N Class 2 as a material for the inner
walls and baseplate of the cask. The staff evaluation of SA-508 Grade 4N Class 2 as a code
alternative material is detailed in the review of SAR Section 8.1.

In SAR Section 2.6, the applicant added language comparing the currently licensed SA-517
material to the proposed alternative material SA-508 Grade 4N Class 2, stating that since SA-
508 Grade 4N Class 2 has higher strength intensity limits and strength properties than SA-517,
the allowable stress amplitude based on S-N curves remained governing. The staff determined
that this is acceptable as the staff confirmed the higher strength properties in ASME Section II,
Part D.

In SAR Section 2.7, the applicant added a discussion on the sensitivity simulations performed
for the SA-508 Grade 4N Class 2 material. The staff reviewed the details in the Holtec
Calculation HI-2177539, Revision 7, “Drop Analysis for the HI-STAR ATB 1T Transport
Package.” The staff noted that the weld material in the simulation is Type 308 weld filler which is
of lower strength than the licensed SA-517 material and the proposed SA-508 Grade 4N Class
2 material. In Appendix F, the applicant addresses this using actual weld strength material and
comparing it to the corresponding true stress versus true strain data in the drop analysis, thus
comparing actual weld material data that is consistent with the high strength ferritic steel
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components used in the HI-STAR ATB 1T containment boundary. The staff determined that the
actual weld material data presented in Table F1 comparing prior simulations with actual weld
material is consistent with ASME SFA-5.23 and, as it has higher strength values than the prior
simulations which used Type 308, the prior simulations remain bounding.

In SAR Section 3.2, the applicant removed the previously proposed language for HSLA-100 in
Table 3.2.1, added SA-508 Grade 4N Class 2 to Tables 3.2.2 and 3.2.3, and removed the
emissivity for polished stainless steel from Table 3.2.5. The staff reviewed the proposed change
and confirmed in Table TCD of Section Il Part D that both SA-517 and SA-508 Grade 4N Class
2 are in Material Group C and have identical thermal conductivity and thermal diffusivity,
therefore this change is acceptable. The staff found the removal of emissivity acceptable as it
was consistent with a previous RAI response to RAI 3-3 from Holtec, (ML20174A485), dated
June 22, 2020.

In SAR Section 8.1, the applicant updated Tables 8.1.2, 8.1.3, and 8.1.4 to include the SA-508
Grade 4N Class 2 addition as an alternative material. For Table 8.1.2, it points to 8.1.3 as it is
not a ASME Code Section Ill NB material. Table 8.1.3 is updated to delete the previously
proposed HSLA-100 language and to justify the use of SA-508 Grade 4N Class 2 as an
alternative to ASME Code Section Ill, NB-2120 for the cask containment system, which requires
materials to conform to the requirements of one of the specifications for material given in
Section I, Part D, Subpart 1, Tables 2A, and 2B.

The applicant’s technical justification is that:

(@) SA-508 Grade 4N, Class 2 is listed in Section Il, Part A [2.1.4], and permitted for use in
construction of Section VIII pressure vessels (Div. 1 & 2) according to Tables 1A and 5A
of Section I, Part D. The 2021 Code Edition also lists SA-508 Grade 4N, Class 2 in
Table 2A of Section II, Part D, and the material is expressly permitted for use in
construction of Section VIII, Division 2, Class 1 pressure vessels.

(b)  The design internal pressure for the HI-STAR ATB 1T transport cask is only 5 psig per
Table 1.2.1. Per paragraph U-1 of ASME Section VIII, Division 1, vessels having an
internal pressure less than or equal to 15 psig are not included in the scope of Division
1, and in general they are not considered as ASME pressure vessels. Also, containment
systems with a maximum normal operating pressure of 5 psig or less are exempt from
internal pressure testing per 10 CFR 71.85.

(c) SA-508 Grade 4N, Class 2 has excellent strength and fracture toughness properties,
exceeding those of SA-517.

(d)  The calculated stresses in the HI-STAR ATB 1T containment boundary system, for all
NCT and HAC loading conditions, meet the stress intensity limits per ASME Section llI,
Subsection NB based on the strength properties of SA-508 Grade 4N, Class 2.

The staff reviewed the above justification and finds that, per 10 CFR 71.85, the applicant is not
required to pressure test as the design pressure of the cask is 5 psig which is less than the 15
psig requirement. The staff also finds that the applicant demonstrated in the review of SAR
Sections 2.2 and 2.6 that the SA-508 Grade 4N Class 2 material properties are in accordance
with ASME Code Section Il, Part D, and are higher than those of SA-517. The stress intensity
limits as discussed in the review of SAR Section 2.6 was also found to be acceptable.

Therefore, the staff finds that the applicant has provided sufficient information to justify SA-508
Grade 4N Class 2 as an alternative material for the containment.



THERMAL EVALUATION

According to Enclosure 1 to Holtec letter 2404021-NRC “Summary of Proposed Changes
(SOPC) HI-STAR ATB 1T LAR 9375-1”, the amendment request application singularly
considered the inclusion of an alternative high strength material (SA-508 Grade 4N Class 2) as
an optional material of construction for the HI-STAR ATB 1T Cask’s containment boundary.
Enclosure 1 indicated that the alternative high strength material had the same thermophysical
properties as the originally analyzed material (SA-517). SAR Table 3.2.5 indicated there were
no changes in surface properties (e.g., emissivity) and drawing 9786 Rev. 10 indicated there
was no change in material thickness.

Although Holtec Report HI-2156585 (Revision 5) “Thermal Evaluation of HI-STAR ATB 1T
Cask” stated that the NCT thermal analyses were based on the containment boundary being
modeled using carbon steel thermal properties (HAC thermal analysis properties were based on
high alloy steel thermal properties), which tend to have a higher thermal conductivity than the
high alloy steel, the report indicated that, for this package design, the high thermal resistance of
the surrounding air cavities would mitigate the impact of using the carbon steel thermal
conductivity. In addition, staff found that the thermal model results presented in SAR Table 3.1.1
continue to show reasonable margins between package temperatures and the allowable
temperatures reported in SAR Table 3.2.7 and Table 2.2.6. Based on the above considerations,
the existing HI-STAR ATB 1T cask thermal analyses remain applicable.

Based on a review of the thermal chapter of the SAR, Holtec Report HI-2156585, and Enclosure
1 to Holtec letter 2404021-NRC, the staff has reasonable assurance that the package meets the
thermal requirements of 10 CFR Part 71.

CONTAINMENT EVALUATION

According to Enclosure 1 to Holtec letter 2404021-NRC “Summary of Proposed Changes
(SOPC) HI-STAR ATB 1T LAR 9375-1”, the amendment request application singularly
considered the inclusion of an alternative high strength material (SA-508 Grade 4N Class 2) as
an optional material of construction for the HI-STAR ATB 1T Cask’s containment boundary.
Enclosure 1 stated that the application’s structural analyses indicated the existing structural
evaluations remained governing. In addition, it was stated that drop sensitivity analyses
indicated that the alternative high strength material resulted in reduced deformation in the
sealing region and all stress safety factors were improved.

Based on the above, the staff has reasonable assurance that the package meets the
containment requirements of 10 CFR Part 71.

CHAPTER 8 — ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

Specific code alternatives applicable to the cask containment system are presented in Chapter
8 of the application. The applicant justified the use of SA-508 Grade 4N, Class 2 as an alternate
containment boundary material because (i) it is listed in permitted for use in construction of
Section VIII pressure vessels (Div. 1 & 2) and listed in the 2021 Code Edition in Table 2A of
Section Il, Part D, and the material is expressly permitted for use in construction of Section VI,
Division 2, Class 1 pressure vessels, (ii) the design internal pressure for the HI-STAR ATB 1T
package is 5 psig and containment systems with a maximum normal operating pressure of 5
psig or less are exempt from internal pressure testing per 10CFR71.85, (iii) the calculated
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stresses in the HI-STAR ATB 1T containment boundary system, for all NCT and HAC loading
conditions, meet the stress intensity limits per ASME Section lll, Subsection NB based on the
strength properties of SA-508 Grade 4N, Class 2.

CONDITIONS

The following changes have been made to the CoC:

Item No. 3.b. has been updated to reflect the latest revision number of the application.
Condition No. 5(a)(3) has been revised to add revision No. 10 of the licensing drawing 9786.

The expiration date of the certificate is not changed.

The references section has been updated to include Revision No. 5 of the application.

CONCLUSION

Based on the statements contained in the application, and the conditions listed above, the staff
concludes that the changes indicated do not affect the ability of the package to meet the
requirements of 10 CFR Part 71.

Issued with Certificate of Compliance No. 9375, Revision No. 1.
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