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SAFETY EVALUATION REPORT 
Model No. HI-STAR 180D Package 
Certificate of Compliance No. 9367 

Revision No. 0 
 
SUMMARY 
 
By letter dated October 4, 2013, Holtec International (Holtec) submitted an application for the Model 
No. HI-STAR 180D as a Type B(U)F-96 package for spent fuel transportation.  The application was 
revised and supplemented on April 28, 2014, and on July 16, 2014.  Revision No. 3 of the package 
application, dated July 16, 2014, supersedes in its entirety the application dated October 4, 2013. 
 
The Model No. HI-STAR 180D package is capable of transporting 32 or 37 undamaged Uranium 
Oxide (UO2) PWR fuel assemblies in two fuel baskets (F-32 and F-37), in regionalized or uniform 
loading patterns, with a maximum burnup of 55 GWD/MTU and a maximum heat load of 33.08 kW 
for the F-32 basket and 36.4 kW for the F-37 basket.  Baskets are made of a metal matrix 
composite of aluminum and boron carbide, i.e., Metamic-HT.  The package has two independent 
closure lids with both lids designated as containment boundary components.   
 
The package has a calculated Criticality Safety Index (CSI) of 0.0: an unlimited number of packages 
will remain subcritical under the procedures specified in 10 CFR 71.59(a).  
 
The package was evaluated against the regulatory standards in 10 CFR Part 71, including the 
general standards for all packages and the performance standards specific to fissile material 
packages under normal conditions of transport (NCT) and hypothetical accident conditions (HAC).   
 
NRC staff reviewed the application using the guidance in "Standard Review Plan for Transportation 
Packages for Spent Nuclear Fuel," NUREG-1617, and associated Interim Staff Guidance (ISG).  
Based on the statements and representations in the application, and the conditions listed in the 
certificate of compliance, the staff concludes that the package meets the requirements of 10 CFR 
Part 71. 
 
References 
 
Safety Analysis Report on the HI-STAR 180D Package, Report No. HI-2125175, Revision 3, dated 
July 16, 2014. 
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1.0 GENERAL INFORMATION 
 
1.1 Packaging 
 
The Model No. HI-STAR 180D package is designed for transportation of undamaged irradiated UO2 
fuel assemblies.  Its approximate dimensions and weights are as indicated below:  
 
Approximate Dimensions and Weights  
 

Length without/with Impact Limiters 3691/6536-mm 
Outside Diameter 2712-mm 
Cavity Inside Diameter 1850-mm 
Empty Packaging Weight - with no basket or shims 72 200 kg 
Package Maximum Gross Weight 125 000 kg 

 
 
Metamic-HT, a metal matrix composite of aluminum and boron carbide, is the principal constituent 
material of the fuel basket, both as structural material and neutron absorber material.  Two 
interchangeable fuel basket models, designated F-32 and F-37, contain either 32 or 37 Pressurized 
Water Reactor (PWR) fuel assemblies respectively, in regionalized and uniform loading patterns.  
 
The fuel basket features flux traps between some, but not all, cells.  The fuel basket provides 
criticality control and the packaging body provides the containment boundary, helium retention 
boundary, moderator exclusion barrier, gamma and neutron radiation shielding, and heat rejection 
capability. 
 
The cylindrical nickel steel shell containment system is welded to a bottom nickel steel baseplate 
and a top nickel steel forging machined to receive two independent steel closure lids, with each lid 
being individually designated as a containment boundary component.  The outer surface of the 
package inner shell is buttressed with a monolithic shield cylinder for gamma and neutron shielding.  
Each closure lid features a dual metallic self-energizing seal system designed to ensure its 
containment and moderator exclusion functions.  
 
For this package, the inner closure lid inner seal and the inner closure lid vent/drain port cover inner 
seals are the containment boundary components on the inner lid; the outer closure lid inner seal 
and the outer closure lid access port plug seal are the containment boundary components on the 
outer lid.   
 
The Model No. HI-STAR 180D package is fitted with two impact limiters fabricated of aluminum 
honeycomb crush material completely enclosed by an all-welded austenitic stainless steel skin.  
Both impact limiters are attached to the package with 16 bolts. 
 
1.2 Contents 
 
Contents are limited to either 32 or 37 undamaged UO2 fuel assemblies, with a Zr cladding, 
depending upon the basket, and with the characteristics listed in Table 7.D.1 of the application.  
 
Damaged fuel assemblies, i.e., assemblies with known or suspected cladding defects greater than 
pinhole leaks or hairline cracks and which cannot be handled by normal means, as well as fuel 
debris, non-fuel hardware and neutron sources, are not authorized contents.   
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The maximum initial enrichment of any UO2 assembly is 4.55 wt.%  235U.  The post-irradiation 
minimum cooling time, maximum burnup, maximum decay heat load, and minimum initial 
enrichment per assembly are listed in Tables 7.D.2 and 7.D.3 of the application.  The F-32 and F-37 
fuel basket cell numbering is depicted in Figures 7.D.1 and 7.D.2 of the application, respectively. 
 
Regions and cells for regionalized loading of the F-32 and F-37 baskets are identified in Tables 
7.D.5 of the application.  Table 7.D.6 of the application provides the minimum burnup requirements 
for the F-37 basket, based on initial enrichment.   
 
In-core operating limits for those assemblies that need to meet the burnup requirements in Table 
7.D.6 of the application are listed in Table 7.D.7 of the application.  The maximum average fuel 
temperature during irradiation of 1251°K is an inferred value, i.e., not a measured value, that should 
be known for each core since it is part of the reactor technical specifications as a limiting condition 
for an entire reactor core.  Since this value is considered in the safety analysis, staff included it in 
the certificate to be consistent with what has been done for all burnup credit transportation systems 
to date, including the Model No. HI-STAR 180 package, even if the average specific power, 
moderator temperature, and soluble boron concentration have a much larger effect.  
 
For those spent fuel assemblies that need to meet the burnup requirements specified in Table 7.D.6 
of the application, a burnup verification shall be performed in accordance with Appendix 7.E of the 
application.  Allowable loading patterns and fuel specifications for each basket region are 
referenced in Tables 7.D.2 and 7.D.3 of the application.  Alternative fuel specifications for each 
regional loading pattern are presented in Table 7.D.4 of the application.   
 
The maximum decay heat is 33.08 kW for the F-32 basket and 36.4 kW for the F-37 basket. 
 
1.3 Criticality Safety Index  
 
The Criticality Safety Index (CSI) for the package is zero, as an unlimited number of packages will 
remain subcritical under the procedures specified in 10 CFR 71.59(a). 
 
The applicant evaluated three-dimensional models of a single package and arrays of packages 
under both NCT and HAC.  The applicant explicitly modeled the fuel rods and cladding, guide 
tubes, water gaps, and neutron absorber in the basket.  The applicant evaluated partial flooding, 
where the basket is flooded to varying depths, with the remaining volume filled with low density 
water simulating steam.  Under NCT, the package was modeled with full internal and external 
moderation, per the requirements of 10 CFR 71.55(b).   
 
Although the Model No. HI-STAR 180D package containment is designed to exclude moderator 
under HAC, with the second bolted lid closure as an additional defense against water in-leakage, 
the applicant evaluated the reactivity effects of potential fuel reconfiguration under these conditions 
as defense-in-depth.   
 
A single package under HAC is modeled with intact fuel, with no moderator inside the containment 
boundary, and fully reflected by water externally.  Although it is possible that high burnup fuel may 
reconfigure under HAC, fuel reactivity will not increase significantly from that of intact fuel without 
moderator being present, and the keff for both intact and reconfigured fuel in this condition is well 
below 0.95. 
 
1.4 Drawings 
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The packaging is constructed and assembled in accordance with the following drawings: 
 
 (a)  HI-STAR 180D Cask  Drawing No. 8545, sheets 1-12, Rev. 4 
 
 (b)  F-37 and F-32 Fuel Baskets Drawing No. 8553, sheets 1-6, Rev. 4 
 
 (c)  HI-STAR 180D Impact Limiter Drawing No. 8552, sheets 1-5, Rev. 3 
 
1.5  Evaluation Findings 
 
The staff concludes that the information presented in this section of the application provides an 
adequate basis for the evaluation of the Model No. HI-STAR 180D package against 10 CFR Part 71 
requirements for each technical discipline. 
 
2.0 STRUCTURAL EVALUATION 
 
The objective of the evaluation is to review the structural performance of the Model No. HI-STAR 
180D package for meeting the requirements of 10 CFR Part 71, including performance under both 
NCT and HAC. 
 
2.1 Structural Design 
 
The packaging includes three major structural components: the packaging body, the fuel basket, 
and the impact limiters.  The packaging body is comprised of a cylindrical steel containment shell 
welded to a bottom steel baseplate and top steel forging machined to receive two independent steel 
lids with a total of four metallic seals.  It is also affixed with a monolithically cast external shield.   
 
The double-lid arrangement provides barriers for water in-leakage as a basis for allowing moderator 
exclusion to be considered when evaluating the criticality safety of the package.  The fuel basket is 
assembled, in an egg crate pattern, with 15-mm thick Metamic-HT plates.  Adjacent to the fuel 
basket are aluminum shims fabricated to fit securely within the remaining space between the 
external basket walls and the internal surface of the containment shell.   
 
The impact limiters enclosed by stainless steel shell and buttressed with steel gussets are filled 
with aluminum honeycomb blocks for dissipating kinetic energy during the package drop events.  
They are each configured with a steel cylindrical barrel for a snug fit over either the top forging or 
the bottom baseplate. 
 
The Model No. HI-STAR 180D is a slight variant of the previously certified Model No. HI-STAR 180 
package (Docket No. 71-9325).  Comparing structural design attributes between the two, major 
packaging similarities include: same cavity inner diameter and marginal difference in the packaging 
body outside diameter, identical containment boundary construction and material, identical cross-
sections and Metamic-HT material for the fuel baskets to load 32 PWR and 37 PWR spent fuel 
assemblies, identical double-closure lid construction and material, and identical gamma and 
neutron shielding materials.   
 
The major structural design differences include a shorter length and a lighter weight to 
accommodate shorter fuel length and a package lifting arrangement with 4, in lieu of 2, top 
trunnions for the Model No. HI-STAR 180D package. 
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2.1.1 General Considerations for Package Structural Evaluation 
 
The licensing basis for the Model No. HI-STAR 180D package structural performance is predicated 
on analytical modeling rather than experimental testing.  This is in recognition that the applicant’s 
LS-DYNA modeling approach had been determined to be adequately benchmarked for certifying 
the Model No. HI-STAR 180 package in computing cask rigid body decelerations for the free-drop 
accident conditions.   
 
With close design similarity between the Model Nos. HI-STAR 180D and HI-STAR 180 packages, 
the staff agrees that the same two-step analysis used for the Model No. HI-STAR 180 can 
continually be used for evaluating the Model No. HI-STAR 180D.  The two-step analysis includes 
first a transient dynamic simulation to determine cask peak rigid body decelerations which are 
then amplified and incorporated, as the next step, in a quasi-static stress analysis of the package 
components.  
 
2.1.2 Design Criteria 
 
As noted in Section 2.1.2 of the application, the package containment boundary is evaluated per 
the American Society of Mechanical Engineers (ASME) Code, Section III provisions for Levels A 
and D service conditions.  This is consistent with the guidance of Regulatory Guide 7.6, “Design 
Criteria for the Structural Analysis of Shipping Cask Containment Vessels,” to assure that the 
package has adequate structural performance for the conditions and tests under NCT and HAC.  
Also noted are design criteria for the shield cylinders, the fuel basket, the fuel basket supports, and 
the impact limiters.  
 
2.1.2.1 Loading and Load Combinations 
 
Section 2.1.2.1 identifies five categories of loading for evaluation to ensure that the package 
possesses sufficient structural capability.  They are: (1) permanent loads, (2) design 
conditions loads, (3) handling loads, (4) NCT loads, and (5) HAC loads.  The permanent loads 
arise from bolt preload to seat the containment gasket joints.  The design condition loads 
consider maximum normal operating pressure (NMOP), design internal pressure, and accident 
condition internal and external pressures.   The handling loads are associated with the lifting 
devices evaluated per the stress limits set forth by NUREG-0612, “Control of Heavy Loads at 
Nuclear Power Plants.”  The NCT and HAC loads are in accordance with the conditions and 
tests of 10 CFR 71.71 and 10 CFR 71.73, respectively. 
 
The NCT load combinations include load case N1 of bolt preload plus design internal pressure 
and normal operating temperature and N2 of a 0.3-meter free drop plus bolt preload.  HAC load 
combinations include the 9-meter free drops, end and side drops onto a puncture pin, deep 
submergence (2 MPa), and gasket relaxation due to fire.  The load combinations meet the intent 
of Regulatory Guide 7.8, “Load Combination for the Structural Analysis of Shipping Casks,” 
guidance, and are acceptable. 
 
2.1.2.2 Acceptance Criteria 
 
The structural acceptance criteria for major components of the Model No. HI-STAR 180D package 
are identical to those of the Model No. HI-STAR 180 package.  They are summarized as follows: 
 
For the containment boundary, the application provides that:  
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(1) The calculated stresses meet the stress intensity limits of ASME Code, Section III, 

Subsection NB, for design pressure and temperature,  
(2) The containment must remain leakage tight under the free drop event as well as satisfy 

the ASME Code limits for Section III, Level A and D stress intensity limits for the 
respective NCT and HAC drop events,  

(3) Under a puncture-pin drop, the package containment must not be breached and the 
Level D stress intensity limits must be satisfied at locations away from the point of 
impact,  

(4) The closure lid seals must remain functional under all events, and  
(5) The materials for containment fabrication must not be susceptible to brittle fracture. 
 

For the fuel basket, the acceptance criteria include:  
 

(1) Permanent deformation is limited to 1 mm between adjacent plates after a package free 
drop,  

 (2) Creep deformation must remain negligible,  
 (3) Brittle fracture must not occur,  
 (4) Tearing mode of failure must not occur, 
 (5) The B-10 areal density for meeting subcriticality requirements must be assured,  
 (6) Mechanical strength and physical properties under NCT must be maintained, and  

(7) Physical material properties of the plates must be maintained under neutron and gamma 
fluence. 

 
The shielding components are not allowed to be separated from the cask, nor are they allowed to 
suffer extensive damage and undergo brittle fracture to result in a loss in shielding function. 
 
The impact limiters are required to: (i) perform impact limiting functions over range of temperature, 
(ii) remain permanently attached to the package, (iii) have crush characteristics to prevent the cask 
body from bottoming out, and (iv) provide adequate protection against damage that would cause the 
containment to leak, the stress limits to be exceeded, or the fuel basket to fracture to result in large 
local and global deformation. 
 
2.1.3 Weights and Centers of Gravity 
 
Table 2.1.11 of the application summarizes several content configurations with varying weights.  
The center of gravity of the package is listed in Table 2.1.12. 
 
2.1.4 Codes and Standards 
 
The codes and standards utilized for the package design are identified in Section 2.1.4 of the 
application.  Specifically, the containment boundary is designed and analyzed per ASME Code, 
Section III, Subsection NB, and Appendix F.  
 
The application also lists the structures, systems, and components classified either as important-
to-safety (ITS) or not-important-to-safety (NITS), based on guidance presented in NUREG/CR 
6407 “Classification of Transportation Packaging and Dry Spent Fuel Storage System 
Components According to Importance to Safety.” Where applicable, the applicant also lists, in 
Table 8.1.8, alternatives to the ASME Code provisions. 
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Other materials and components that do not comprise the containment boundary are designated 
as meeting the American Society for Testing Materials (ASTM) specifications with the exception 

of Holtite®-B and Metamic-HT, which are proprietary specialty materials not covered by ASTM 
specifications. 
 
2.2 Mechanical Properties of Materials 
 
The Model No. HI-STAR 180D incorporates one unique, non-ASTM or non-ASME Code material, 
aluminum-based Metamic-HT used for fabricating the fuel basket structure.  The remaining 
materials used in the fabrication of the package have been used in a number of previously reviewed 
transportation and storage system designs.   
 
Since there was no change to the various other materials used to fabricate the package, the 
evaluation is primarily focused on the fuel basket structure, specifically the Friction Stir Welding 
(FSW) process utilized for joining the Metamic-HT material and the following minor changes added 
such as the stainless steel fuel basket supports or basket shims, various surface preservation 
methods, mechanical properties of several alloy steels, and minimum guaranteed values of 
Metamic-HT, based on the supplier’s test report. 
 
2.2.1 Metamic-HT Spent Fuel Basket 
 
Metamic-HT is an aluminum-based material designed to be both a neutron poison for criticality 
control and also a load-bearing structural material.  Metamic-HT is a powder metallurgy material 
composed of aluminum combined with aluminum oxide and boron carbide.  The aluminum oxide is 
a finely dispersed second-phase, which provides enhanced room temperature and elevated 
temperature (creep) strength.  The boron carbide is the neutron poison used for criticality control.  
The neutronic properties of Metamic-HT are essentially identical to previously reviewed classical 
METAMIC.  The staff finds the composition and properties of Metamic-HT to be non-code; however, 
the applicant’s test program was comprehensive in scope and supported the wide variety of 
property data for characterizing Metamic-HT using the guidance of ASME Section II, Appendix 5, at 
various temperatures. 
 
2.2.2 Mechanical Properties  
 
The applicant, using the guidance of ASME Section II, Appendix 5, determined mechanical 
properties at room temperature and also at several temperatures ranging from minus 40°C to 
500°C.  The test data was analyzed using statistical methods and minimum, average, and mean 
values of the various properties were determined.  In addition, a design value, called the Minimum 
Guaranteed Value (MGV) was established for the various properties.  The MGV is an arbitrary 
numerical value (for any given property) chosen to be below the lowest measured value from the 
test data.  The MGV is then demonstrated (guaranteed) to be exceeded for every manufactured lot 
of Metamic-HT through lot testing.  Lot testing sample size is controlled by a statistical sampling 
approach.  If any lot of material fails to meet any one of the various MGV, then an enhanced 
sampling plan is invoked for subsequent production lots. 
 
The staff found the mechanical properties of Metamic-HT to generally equal or exceed those of 
conventional high-strength aluminum alloys, especially with respect to high-temperature 
performance.  The laboratory data demonstrated that the short and long-term high-temperature 
strength were significantly superior to any conventional aluminum alloy.  These high temperature 
properties extended beyond the normal ASME Code temperature limit of about 400°F for aluminum 
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alloys.  Metamic-HT was shown to have very good long-term properties at 400°C, and acceptable 
properties at the design accident condition of 500°C.   
 
The staff finds that the mechanical property testing program adequately characterized the 
performance of Metamic-HT for its intended use as a structural material. 
 
2.2.3 Other Materials of Construction 
 
Since the materials of construction for the balance of the Model No. HI-STAR 180D package were 
all previously reviewed for acceptability, and since the conditions of use are unchanged, the staff 
finds that the materials are acceptable for their specified uses. 
 
2.2.4 Conclusion 
 
The staff concludes the material properties of the structures, systems, and components of the 
Model No. HI-STAR 180D package are in compliance with 10 CFR Part 71, and that the applicable 
design and acceptance criteria have been satisfied.   
 
The evaluation of the material properties provides reasonable assurance the package will allow 
safe transportation of spent fuel.  This finding is reached on the basis of a review that considered 
the regulation itself, appropriate regulatory guides, applicable ASME Codes and Standards, and 
accepted engineering practices. 
 
2.3 Friction Stir Welding 
 
Welding, unless it involves Metamic-HT, is performed using weld procedures that have been 
qualified in accordance with ASME Code, Section IX, and the applicable ASME Code, Section III 
Subsections.  Welding of welds identified as NITS welds may be performed using weld procedures 
that have been qualified in accordance with AWS D1.1 or AWS D1.2, as applicable.   
 
Welds are examined in accordance with ASME Code, Section V, with acceptance criteria per ASME 
Code, Section III.  Acceptance criteria for NDE are in accordance with the applicable code for which 
the item was fabricated.  Weld inspections are detailed in a weld inspection plan that identifies the 
weld and the examination requirements, the sequence of examination, and the acceptance criteria.  
All weld inspections are performed in accordance with written and approved procedures by 
personnel qualified in accordance with SNT-TC-1A. 
 
As is generally true of metal matrix composites, Friction Stir Welding (FSW) is known to provide 
predictable and stronger joint strength on a repeatable basis compared to classic welding methods 
such as metal inert gas or tungsten inert gas welding.  Accordingly, the FSW process is used for 
joining Metamic-HT panels with the requirement that the welding procedure and welders are 
appropriately qualified.   
 
Metamic-HT welding qualifications, requirements, and examinations are made in accordance with 
the notes of the licensing drawings and Chapter 8 of the application.  The applicant referenced the 
ASME 2007 edition of the code for Metamic-HT welds.  However, the staff found that the ASME 
Code did not address the FSW Process until the 2013 edition.    
 
Although the applicant has committed to meet the requirements of ASME Code, Section IX, 2013 
edition, for the FSW procedure qualification of the basket Metamic-HT ITS welds, the staff also 
determined that neither the 2007 nor the 2013 ASME Code, Section III, design code contained NDE 
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acceptance criteria for FSW.  Therefore, it was the applicant’s responsibility to develop a written 
procedure and perform a demonstration to verify that the visual inspection technique was capable 
of detecting discontinuities typical of FSW fabrication conditions that will satisfy the requirements of 
ASME Code, Section V, Article I, paragraph T-150.  
 
After a site visit to the Orrvilon, Inc., fuel basket fabrication facility, the staff determined that the 
applicant had developed a FSW Visual Inspection Procedure - HSP-638, Revision 3, that met the 
requirement of ASME Code, Section V, Article I, paragraph T-150.  The staff also determined that 
the procedure is capable of finding typical fabrication FSW visual defects (ADAMS Accession No.: 
ML14101A295).  
 
The procedure qualification protocol, provided in the Metamic-HT Manufacturing Manual, has been 
established to accord with the unique bonding characteristics of Metamic-HT and to ensure that the 
required minimum joint strength is realized with full assurance in the production of the fuel baskets. 
 
The staff concludes that the applicant has demonstrated that the FSW procedure qualification of 
welding procedures, welder operators, and welder qualifications for the basket Metamic-HT ITS 
welds meet the requirements of ASME Code, Section IX, 2013, edition and that the FSW fabrication 
process is capable of producing structurally sound Metamic-HT basket welds.  
 
2.4 General Standards for All Packages (10 CFR 71.43) 
 
2.4.1 Minimum Package Size 
 
The smallest overall dimension exceeds the specified requirement of 10-cm.  Therefore, the 
package meets the requirements of 10 CFR 71.43(a) for minimum size. 
 
2.4.2 Tamper-Proof Feature 
 
The impact limiter attachment studs/nuts are fitted with a wire tamper seal.  Removal of the 
impact limiter is required to access radioactive contents which would require removal of the 
attachment studs/nuts, thereby damaging the tamper seal. This satisfies the requirements of 10 
CFR 71.43(b). 
 
2.4.3 Positive Closure 
 
Positive closure is demonstrated by virtue of the two bolted closure lids each weighing several 
metric tons (6.34 metric tons for the inner closure lid, and 3.33 metric tons for the outer closure lid) 
as well as sealed and bolted port covers/caps. Opening of the cask requires special tools and a 
power source; therefore, inadvertent opening is not credible. The package is adequately analyzed 
for maximum internal and external differential pressures as well as expected external and internal 
pressures during NCT and HAC. Thus, the requirements of 10 CFR 71.43(c) are satisfied. 
 
2.4.4 Chemical and Galvanic Reactions 
 
Metamic-HT was tested for compatibility with borated water, as would be typical for cask loading 
and unloading conditions.  Aluminum alloys are very slightly corroded by borated water and 
Metamic-HT performed similarly to other aluminum-based materials in immersion tests.   
 
The applicant concluded that Metamic-HT has more than adequate corrosion resistance for the 
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intended service.  The staff finds that Metamic-HT is not susceptible to significant chemical or 
galvanic reactions and will perform adequately in accordance with 10 CFR 71.43(d). 
 
2.5 Lifting and Tie-Down Standards for All Packages (10 CFR 71.45) 
 
2.5.1 Lifting Devices 
 
The applicant evaluates the removable trunnions used for package lift in accordance with the 
NUREG-0612 guidelines, which provide factors of safety of 6 and 10 against material yield and 
ultimate strengths, respectively. This exceeds the strength performance requirement of 10 
CFR 71.45(a) for a factor of safety of 3 against the material yield strength. The applicant also 
evaluates effects of the lift failure under excessive load and determines that such a failure 
would occur away from the containment boundary such that the containment and shielding 
functions would not be compromised.  Thus, the requirements of 10 CFR 71.45(a)(1) are met 
for lifting devices as an integral part of the package. 
 
2.5.2 Tie-Down Devices 
 
The package does not incorporate any structural features, such as trunnions, as a tie-down 
device. Thus, the requirements of 10 CFR 71.45(b)(1) are not applicable. 
 
2.6 Normal Conditions of Transport (10 CFR 71.71) 
 
2.6.1 Heat 
 
Table 2.6.2 of the application summarizes the temperature and pressure values based on the 
thermal analysis in Chapter 3 of the application for evaluating structural performance of the 
package under the temperature “Heat” normal condition of transport. 
 
Section 2.6.1.2 evaluates the differential thermal expansion for the engineered gaps incorporated 
among the package components of the cask body, basket, and fuel assemblies.  This includes: 
(1) axial gaps between the fuel assembly/basket and the containment cavity top or bottom 
boundary, (2) lateral gap between the fuel assembly and compartment walls, and (3) the radial 
gaps between the fuel basket, including the basket shims, and the containment shell.  On the 
basis of thermal calculations presented in Section 3.4 of the application, the staff agrees with the 
conclusion by the applicant that cask internals are not subject to restraint of free thermal 
expansions to merit thermal stress considerations. 
 
Section 2.6.1.3 of the application considers two load cases, N1 and N2, for the normal heat NCT 
condition.  Load case N1 pertains to bolt preload plus design internal pressure and normal 
operating temperature.  Load case N2 consists of the 0.3-meter free drop plus bolt preload.  Table 
2.6.5 summarizes the primary and primary-plus-secondary stress intensities and corresponding 
factors of safety for load case N1.  Table 2.6.6 provides similar results for load case N2.  The 
results demonstrate that all factors of safety exceed 1.0 at key locations for all components of the 
containment boundary. 
 
The staff reviewed the evaluation in Section 2.6.1.3.3 of the application based on a classical plate 
buckling formulation and agrees with the conclusion by the applicant that, at 350oC, the Metamic-
HT plate buckling is not possible.  
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Section 2.6.1.3.4 of the application performs two separate finite element method (FEM) analyses 
to determine the stress state in the closure lid bolts as well as the degree of compression in the 
seals due to NCT loadings.  For the ANSYS FEM quasi-static analysis, the ASME Code, Section 
III, Division 1, Subparagraph NF-3324.6(a)(3)(b) provisions are considered for evaluating the 
bolt membrane and membrane-plus-bending stress performance.  The second, LS-DYNA FEM 
transient analysis, is used as supplement to aid in prognosticating the seal deformation 
performance at the lid-to-top forging interfaces.  The evaluations conclude, and the staff agrees, 
that the bolts are not overstressed to result in unload of the closure lid seals. 
 
On the basis of the review above, the staff concludes that the structural performance of the 
package under the NCT heat condition and test satisfies the requirements of 10 CFR 
71.71(c)(1). 
 
2.6.2 Cold 
 
Section 2.6.2 of the application evaluates the NCT cold condition (-40ºC) with respect to cask 
internal pressure, bolt pre-loads, and differential thermal expansions.  For stress analysis, the 
applicant notes that the cask internal pressure will decline along with decreased ambient 
temperature while the material stress allowables will increase under the same condition.  
Considering the relatively small stress change calculated for the closure bolts, the applicant 
determines that there is insignificant change on the effectiveness of the closure lid seals. The 
applicant also notes that the clearances between the fuel basket and cask inside surface are 
sufficient to preclude temperature induced interference in the cold condition.    
 
Staff reviewed the evaluation and agrees with the conclusion by the applicant that the package 
structural performance meets the 10 CFR 71.71(c)(2) condition cold requirements.   
 
2.6.3 Reduced External Pressure 
 
As noted in Section 2.6.3 of the application, under a reduced external pressure of 25 kPa, the 
structural behavior is bound by the design internal pressure.  Therefore, the staff agrees that the 
requirements of 10 CFR 71.71(c)(3) are satisfied. 
 
2.6.4 Increased External Pressure 
 
As noted in Section 2.6.4 of the application that, under an increased external pressure of 140 
kPa, the structural performance is bounded by the requirements of 10 CFR 71.61, which 
provides that the HI-STAR 180D package must be capable of withstanding an external pressure 
of 2 MPa due to a head of water for a period of one hour.  Thus, the staff agrees that the 
requirements of 10 CFR 71.71(c)(4) are satisfied. 
 
2.6.5 Vibration and Fatigue 
 
2.6.5.1 Vibration 
 
Section 2.6.5 of the application notes that, during transport, vibratory motions could cause low-
level stress cycles in the package flexing with beam-like deformation.  The applicant calculates 
the natural frequencies of the fuel basket and the cask and determines that those lowest natural 
frequencies are well within the “rigid” range to alleviate any resonant response buildup.  Thus, the 
staff agrees with the conclusion by the applicant that vibration effects are inconsequential to the 
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structural integrity of the cask.   
 
Table 2.6.10 of the application lists the estimated lowest natural frequency of 29.43 Hz for the 
design basis fuel rod conservatively assumed to be simply supported between grid spacers.  For 
a transverse acceleration of 5 g, the maximum calculated bending stress of 24.19 MPa is 
determined to be well below, by a factor of safety of 7.33, the fuel clad fatigue endurance limit of 
177.5 MPa, as presented in NUREG/CR-1132, “A Survey of Potential Light Water Reactor Fuel 
Rod Failure Mechanisms and Damage Limits.”  The staff recognizes that there are potential 
uncertainties associated with mechanical properties of the high burnup fuel clad of different 
vintages.  However, given the large factor of safety estimate against the endurance limit, the 
staff has reasonable assurance to agree that the fuel rods will not rupture for the analyzed 
vibration condition.  
  
On the basis of the review above, the staff agrees with the conclusion by the applicant that the 
package structural performance meets the requirements of 10 CFR 71.71(c)(5) for vibration 
condition and test. 
 
2.6.5.2 Fatigue 
 
The applicant evaluates the package for fatigue performance using the ASME Code, Section III, 
paragraph NB-3222.4 (d) criteria.  The evaluation examines five cyclic loading conditions, including 
Atmospheric to Service Pressure Cycles, Normal Pressure Service Fluctuation, Temperature 
Difference at Startup and Shutdown, Temperature Difference during Normal Service, and 
Mechanical Loads.  It concludes that a detailed fatigue analysis is not required.   
 
The applicant then performs a fatigue analysis on the closure bolts and determined that the 
main outer closure bolts should not be torqued and untorqued more than 225 times and the 
inner closure bolts should not be torqued and untorqued more than 277 times if they are high 
strength material.  A calculation is also performed for the top forging closure bolt threads and 
found that the maximum service life was 1000 cycles. 
 
On the basis of the review above, the staff agrees with the conclusion by the applicant that the 
package fatigue performance also meets the requirements of 10 CFR 71.71(c)(5) for vibration 
condition. 
 
2.6.6 Water Spray 
 
On the basis of the Regulatory Guide 7.8 guidance, the staff determines that water spray is not 
significant to the structural design of large casks and agrees with the conclusion by the 
applicant that the requirements of 10 CFR 71.71(c)(6) are satisfied. 
 
2.6.7 Free Drop 
 
The structural evaluation of a 0.3-m drop was reviewed and evaluated in Section 2.6.1.3 of this 
report.  Based on the information presented in the application, the staff agrees with the conclusion 
by the applicant that the requirements of 10 CFR 71.71(c)(7) are satisfied. 
 
2.6.8 Corner Drop 
 
The corner drop test does not apply since the gross weight of the package exceeds 50 kg, in 
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accordance with 10 CFR 71.71(c)(8). 
 
2.6.9 Compression 
 
The compression test does not apply since the gross weight of the package exceeds 5,000 kg, in 
accordance with 10 CFR 71.71(c)(9). 
 
2.6.10 Penetration 
 
Based on Regulatory Guide 7.8, the staff determines that the penetration test is not significant to 
the structural design of large casks.  Therefore, the intent of the requirements of 10 CFR 
71.71(c)(10) is satisfied. 
 
2.7 Hypothetical Accident Conditions (10 CFR 71.73) 
 
As reviewed previously, the licensing basis for the Model No. HI-STAR 180D package is similar to 
that for the Model No. HI-STAR 180 and is predicated on analytical simulation in that inertia 
loadings for package component quasi-static analyses are derived from the amplified rigid body 
decelerations computed by the LS-DYNA transient dynamic analysis.    
 
As noted in Section 2.7 of the application, this involves a two-step analysis of (1) obtaining for 
each free drop scenario, by LS-DYNA transient dynamic analysis, the maximum deceleration, 
αmax, and (2) amplifying the maximum deceleration to arrive at the design basis envelope value, 
βmax, one each for all applicable drop orientations for the follow-up ANSYS quasi-static stress 
analysis of the package components. 
 
2.7.1 9-Meter Free Drop 
 
Section 2.7.1.1 of the application provides details of the LS-DYNA and ANSYS FEM finite 
element models for analyzing the Model No. HI-STAR 180D package system.  In addition to 
obtaining peak transient decelerations, the LS-DYNA model is also configured to calculate a 
number of key response attributes of the package, including stresses at locations of gross 
structural  discontinuity, bolted-joint interface behavior of the cask containment boundaries.   
 
An LS-DYNA analysis is also used to evaluate the fuel basket structural performance 
considering all potential contacts and relative rotations between individual basket plates.  The 
ANSYS static analysis model is adapted from the LS-DYNA model by appropriate element 
type replacements to facilitate effective and efficient stress analysis of the package 
components.  This includes primarily the element selection, such as CONTA173/TARGE170 
standard contact pair for fuel basket panels, SOLID45 for basis brick element representation, 
SOLSH190 as thick shell element substitute, and PRETS179 for allowing automatic element 
insertion between the existing elements along the grip length of the bolts.  
 
Section 2.7.1.2 of the application evaluates the package 9-m free drop for four orientations, 
the end drop, side drop, C.G.-over-corner drop and slap-down drop.  Table 2.7.1 lists the LS-
DYNA calculated maximum decelerations (αmax) and maximum impact limiter crush depths.  
The maximum decelerations for bottom-end drop, top-end drop, side drop, and slap-down drop 
(cask axis at 6 degree with respect to the target surface) are 82.4 g, 119.6 g, 60 g, and 74 g, 
respectively.  As listed in Table 2.7.4 for ANSYS static analysis, the selected design basis 
decelerations (βmax) for top end, bottom end, and lateral drops of 120 g, 92 g, and 85 g, 
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respectively, are bounding, and are, therefore, acceptable. 
 
Section 2.7.1.3 of the application summarizes the package structural performance based on 
the FEM analysis.  As noted by the applicant, the LS-DYNA transient analyses demonstrates 
that all body bolt stresses meet the primary membrane and primary membrane-plus-bending 
stress intensity limits of 2Sm and 3Sm, respectively, which supplements the ANSYS bolt stress 
analysis results with adequate margin for the cask containment boundary.  The transient 
analysis also demonstrates that the closure lid seals are fully seated after the governing 9-m 
drop event.   
 
Table 2.7.6 lists ANSYS static analysis results for the key structural components with 
corresponding stress categories, stress allowables, factors of safety, and drop orientations.  
The smallest factor of safety at 1.13, which is greater than unity, is associated with the stress 
intensity of the extreme fiber of the inner lid bolt subject to the cask 9-m top end drop accident.  
Table 2.7.9 determines that key performance objectives for non-containment components of 
the package have been met in that the primary effective stress in the monolithic shield is 
below the ultimate strength and the fuel basket maximum total deflection is less than 1-mm.  
 
On the basis of the above review of the analysis methods and calculated structural performance 
results, the staff has reasonable assurance to conclude that the requirements of 10 CFR 71.73(c)(1) 
are met for the free drop test. 
 
2.7.2 Crush 
 
This evaluation is not applicable due to the package mass exceeding 500 kg (1,100 lbs) per 10 
CFR 71.73(c)(2). 
 
2.7.3 Puncture 
 
Similar to that for the certified Model No. HI-STAR 180 package, Section 2.7.3 of the 
application uses two independent methods to analyze the puncture-pin drop at two locations, 
the side wall and the top end of the Model No. HI-STAR 180D package.  The analyses includes 
a FEM simulation with the LS-DYNA code and an energy balance approach considering the 
strain energy required to shear a plug of material from a rigid plate.   
 
The analysis results demonstrate that: (1) the bolted joints maintain their integrity, (2) no 
through-wall penetration occurs in the shielding components or containment boundary, (3) all 
stress levels remain below ASME Level D stress allowables, and (4) the monolithic shield 
cylinder does not exhibit through-wall cracks.  Table 2.7.7 reports a factor of safety greater than 
unity for both the side and top lid puncture events, which demonstrate that the package meets 
the requirements of 10 CFR 71.73(c)(3) for puncture test. 
 
2.7.4 Thermal 
 
Section 2.7.4 of the application considers the calculated temperatures for the fire event to 
determine their effects on the package structural integrity and notes that: (1) the metal 
temperature averaged across any section of the containment boundary remains below the 
maximum allowable temperature for Level A conditions for the ASME Code, Subsection NB 
components, (2) the outer surface of the package directly exposed to the fire does not slump, 
(3) the differential thermal expansions do not result in interferences of among the package 
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internals both during and after the fire event, and (4) the cask closure lid bolts do not unload to 
result in potential reduction of compression load on the gasketed surfaces. 
 
On the basis of the above, the staff agrees with the conclusion by the applicant that the 
package meets requirements of 10 CFR 71.73 (c)(4) for thermal test. 
 
2.7.5 Immersion - Fissile 
 
This requirement is bounded by the deep water immersion requirement of 10 CFR 71.61. 
Therefore, the requirements of 10 CFR 71.73(c)(5) are met. 
. 
2.7.6 Immersion - All Packages 
 
This requirement is bounded by the deep water immersion requirement; therefore, the 
requirements of 10 CFR 71.73(c)(6) are met. 
 
2.7.7 Deep Immersion 
 
Section 2.7.7 of the application utilizes ASME Code Case N-284 to evaluate the buckling 
response due to deep immersion in water.  The evaluation assumes that the monolithic shielding 
does not prevent the 2 MPa pressure from acting directly on the outer surface of the containment 
shell.   
 
The staff reviewed the applicant’s evaluation approach and agrees that the package performs 
adequately and the requirements of 10 CFR 71.61 are satisfied with respect to the containment 
stress limit and buckling considerations. 
 
2.7.8 Summary of Damage 
 
As noted in Section 2.7.8 of the application, the Model No. HI-STAR 180D package is 
demonstrated to be capable of maintaining its structural integrity to meet the requirements of 10 
CFR 71.61 for deep water immersion test and 10 CFR 71.73 sequentially applied hypothetical 
accident condition tests, including the 9-m free drop and puncture-pin drop accidents.   
 
Specifically, the analyses show that the HI-STAR 180D containment cavity will remain inaccessible 
to the moderator under the immersion test of 10 CFR 71.73, which follows the sequentially applied 
free-drop, puncture-drop, and fire tests.  The analyses also show that both closure lids are to 
maintain a positive contact load at the seal interfaces after the HAC in that the gaskets for the 
closure lids will remain functional to contain the radioactive material and as effective leakage 
barriers to moderator intrusion into the containment cavity.  Additionally, the Metamic-HT panels of 
the basket assembly are shown to undergo full deflection recovery after the free drop events.   
 
Thus, the analyses, in aggregate, ensure moderator exclusion by meeting the intent of Interim 
Staff Guidance (ISG) -19, “Moderator Exclusion under Hypothetical Accident Conditions and 
Demonstrating Subcriticality of Spent Fuel under the Requirements of 10 CFR 71.55(e).” 
 
2.8 Fuel Rods 
 
By following the same approach for the Model No. HI-STAR 180 package, the applicant adapts a 
single pin analytical model, developed by Pacific Northwest National Laboratory (PNNL) and used 
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also in NUREG-1864, “A Pilot Probabilistic Risk Assessment of a Dry Cask Storage System at a 
Nuclear Power Plant,” to determine the strain ductility demand that a typical fuel pin may 
experience for the HI-STAR 180D package subject to a 9-m HAC end-drop accident.   
 
Figure 2.11.1 of the application delineates schematics of the model, which include the shell 
element representation for the fuel cladding, internal springs to simulate constraint accorded by the 
fuel pellet to prevent ovalization of the cladding, springs to represent spacer grids, a cask spring 
connected to the cask mass, which, in terms, is supported by the impact limiter modeled as a spring 
in contact with the target upon the package end drop accident. 
 
Section 2.11 of the application notes the process of adapting the LS-DYNA analytical model for 
the HI-STAR 180D design basis fuel by modifying applicable attributes of the replicate of the 
PNNL single-pin analysis model.  For a bounding gap of 25-mm between the fuel assembly and 
the cask cavity boundary, the applicant calculates the peak axial strains of 0.44% and 0.56% in 
the fuel clad for the two impact cases, with and without rod internal pressure, respectively.  
These strains are significantly lower than the acceptance criteria limit of 1% considered by the 
applicant.   
 
2.9 Evaluation Findings 
 
On the basis of the above review of the statements and representations in the application, the staff 
concludes that the structural design has been adequately described and evaluated and that the 
package has adequate structural integrity to meet the requirements of 10 CFR Part 71. 
 
3.0 THERMAL EVALUATION 
 
The objective of the review is to verify that the thermal performance of the Model No. HI-STAR 
180D package has been adequately evaluated for the tests specified under both NCT and HAC, 
and that the package design satisfies the thermal requirements of 10 CFR Part 71.  
 
3.1 Description of the Thermal Design 
 
3.1.1 Packaging Design Features  
 
In order to provide adequate heat removal capability, the Model No. HI-STAR 180D package is 
designed with the following features:  
 
1. Helium backfill gas for heat conduction which also provides an inert atmosphere to prevent 

spent fuel cladding oxidation and degradation.  
 
2. Minimum heat transfer resistance through the basket by fashioning the basket like a 

honeycomb structure that is welded completely from the basket base to the top. 
 
3. Top and bottom plenums for transverse flow of helium gas aiding in convective heat 

transfer.  Buoyancy-induced convective heat transfer is enhanced by low pressure drop flow 
passage within the open space of cask cavity. 

 
4. Continuous axial metal heat conduction provided by the basket structure. 
 
5. Aluminum heat conduction elements for heat transfer from the basket periphery to the 

primary containment shell. 
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3.1.2 Codes and Standards  
 
Appropriate codes and standards are referenced by the applicant throughout the application.  
 
3.1.3 Content Heat Load Specification 
 
The Model No. HI-STAR 180D package design includes two baskets, i.e., F-32 and F-37, for the 
transport of 32 and 37 PWR spent fuel assemblies, respectively.  The package decay heat limits 
are understated to limit radiation dose from hot (short cooled) spent fuel.  This is accomplished by 
specifying fuel loading patterns in compliance with both the decay heat and burnup limits of Tables 
7.D.2 and 7.D.3 of the application for the F-32 and F-37 baskets, respectively.  Fuel loading can be 
done under uniform and regionalized loadings.   
 
The aggregate cask heat load, Qd, under all storage configurations is limited to the value specified 
in Table 7.D.1.  The total heat load under all transport configurations is limited to 33.08 kW for the 
F-32 basket and 36.4 kW for the F-37 basket.  
 
The thermal loads are different for NCT and HAC: the surface thermal load (combustion heat) is 
external during a fire accident, while the surface thermal load (insolation) is applied continuously 
during NCT. 
 
The staff reviewed all the external heat loads into the package.  These heat loads are expected and 
acceptable based on the proposed heat loads and the thermal loads described in 10 CFR 71.71 
and 71.73. 
 
3.1.4 Summary Tables of Temperatures  
 
The staff verified the summary tables of the package component temperatures, i.e., Tables 3.1.1 
and 3.1.3 of the application.  The components include spent fuel cladding, spent fuel basket, 
containment shell, neutron shield, lead, cask surface, containment baseplate, inner closure lid, 
outer closure lid, inner closure lid seals, outer closure lid seals, basket shims, and impact limiters.  
The staff confirmed that the temperatures are consistently presented throughout the application for 
both NCT and HAC conditions.   
 
For HAC, the applicant presented the pre-fire, during-fire, and post-fire component temperatures.  
With the exception of the impact limiters and neutron shield, the staff confirmed that all components 
remain below their material property limits listed in Table 3.2.10 to 3.2.12 of the application.  
Therefore the staff finds the summary tables of temperatures acceptable, which satisfies NUREG-
1617. 
 
3.1.5 Summary Tables of Pressures in the Containment System  
 
The staff reviewed the summary tables of the containment pressure under NCT and HAC, i.e., 
Tables 3.1.2 and 3.1.4 of the application, and found these tables were consistent with the pressures 
presented in the General Information, Structural Evaluation, and Containment Evaluation chapters 
of the application.   
 
These tables report the Maximum Normal Operating Pressure (MNOP) for NCT and maximum 
reached pressures during HAC (fire).  Therefore the staff finds the summary tables of pressures 
acceptable, which satisfies NUREG-1617. 
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3.2 Material Properties and Component Specifications 
 
3.2.1 Material Properties  
 
The application provides material thermal properties such as thermal conductivity, density, specific 
heat, and surface emissivity for all modeled components of the package.  The staff reviewed these 
properties and finds these properties acceptable because they cover the temperature range 
encountered during transport for normal and accident conditions.  The applicant specifies the 
natural convection heat transfer coefficient as a function of the product of Grashof and Prandtl 
numbers.  This product is a function of length scale, surface-to-ambient temperature difference, and 
air properties.   
 
Regarding the thermal stability and radiation resistance of the neutron shield material, Holtite-B, the 
applicant states that a qualification testing was conducted to confirm that Holtite-B would not 
degrade at elevated temperature and would not be affected by high neutron fluence and megarad 
gamma doses.  The thermal properties used for the analysis of the package are appropriate for the 
materials specified and for the package conditions required by 10 CFR Part 71 during NCT and 
HAC. 
 
3.2.2 Technical Specifications of Components  
 
The package materials and components are summarized in Chapter 2 and Chapter 3 of the 
application.  These materials are required to be maintained below maximum pressure and 
temperature limits for safe operation.  The staff reviewed and accepts these specifications because 
the specified limits assure a safe operation of the transportation package. 
 
3.2.3 Thermal Design Limits of Package Materials and Components  
 
The staff verified that the maximum pressure and temperature limits of package materials and 
components, as provided by the applicant, are used consistently in the application.   
 
The applicant states that components and materials would not degrade under an extreme low 
temperature of -40°C (-40°F.)  The application also describes the long-term stability of Holtite-B 
under NCT and the leak tightness of the closure lids through the use of metallic seals.  The 
applicant demonstrated that peak cladding temperatures are in compliance with the recommended 
limits specified in NUREG-1617 for moderate and high burnup spent fuel.   
 
The staff reviewed and confirmed that the maximum allowable temperatures for components critical 
to the package containment, radiation shielding, and criticality are specified.  The staff verified that 
the design basis spent fuel cladding temperature of 570ºC (1058°F) for accident conditions is 
observed.  This temperature limit is based on the Pacific Northwest National Laboratory (PNNL) 
report, PNL-4835, which is a methodology accepted by the staff.  
 
3.3 Thermal Evaluation Methods  
 
3.3.1 Evaluation by Analyses  
 
A detailed three dimensional (3-D) thermal model of the Model No. HI-STAR 180D transportation 
package was developed by the applicant using FLUENT finite volume and ANSYS finite element 
codes.  Transfer of heat from the spent fuel assemblies to the environment is through heat 
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conduction from spent fuel through the spent fuel basket, the helium gap, the aluminum shim, the 
primary containment shell and the enclosure neutron shield.  The spent fuel assembly is modeled 
through the effective thermal conductivity approach (i.e., modeling the detailed spent fuel assembly 
geometry and gaps between spent fuel rods as a uniform medium with equivalent thermal 
conductivity under different temperature conditions).   
 
Heat rejection from the cask surface to the ambient is modeled by including natural convection and 
thermal radiation heat transfer from the vertical and top cover surfaces.  Solar heat is included by 
adding a volumetric heat source in the thin layer of the outer shell to comply with the regulations.  
The staff finds the overall analysis approach and assumptions acceptable because the description 
satisfies NUREG-1617. 
 
For NCT, the maximum bounding cladding temperature is obtained for the F-37 basket under option 
2S in the fuel loading pattern B and C.  The steady-state analysis produces a maximum cladding 
temperature of 368°C (694ºF) which is below the allowable limit of 400°C.  This temperature is 
calculated based on the configuration which includes the personnel barrier.  For HAC, the analysis 
shows a maximum cladding temperature of 393°C (739ºF) occurring during the post-fire cooldown.  
This is below the allowable limit of 570°C for accident conditions.   
 
The staff also reviewed all component temperature limits and maximum temperatures.  All the 
maximum temperatures comply with the temperature limits for both normal conditions of transport 
and accident scenario.  The staff finds the applicant’s thermal analysis results acceptable because 
the calculated temperatures are below the recommended limits of NUREG-1617 as supplemented 
by Interim Staff Guidance (ISG) 11, Revision 3. 
 
3.3.2 Evaluation by Tests  
 
The first fabricated HI-STAR 180D unit shall be thermally tested to confirm its heat transfer 
capability.  Section 8.1.7 of the application provides a basic description of the testing sequence and 
the condition for its acceptability.   
 
For each package, a periodic thermal performance test is also performed at least once within the 5 
years prior to each shipment to demonstrate that the thermal capabilities of the package remain 
within its design basis.   
 
3.3.3 Temperatures  
 
See Section 3.1.4  
 
3.3.4 Pressures  
 
See Section 3.1.5  
 
3.3.5 Thermal Stresses 
  
Thermal stresses are evaluated in Section 3.4.4 of the application.  The applicant uses high 
conductivity materials to minimize temperature gradients and large fit-up gaps to allow unrestrained 
thermal expansion of the cask internals during NCT.  The differential thermal expansion is 
evaluated in Section 7.4 of the Holtec Report No. HI-2125241, “Thermal Evaluations of HI-STAR 
180D in Transport.”   
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Basket-to-cavity radial and axial growths are evaluated based on the thermal expansion coefficients 
at the worst conditions.  The evaluation results are presented in Table 3.4.2 of the application.  For 
HAC fire conditions, the gap growth in the radial and axial directions is bounded by the NCT. 
 
The methods presented are standard methods described in textbooks on the subject and the 
evaluation is done under the worst operating conditions.  The results show adequate margin to 
exclude safety concern.  The staff finds the evaluation methods acceptable because the description 
and analysis satisfy NUREG-1617. 
 
3.3.6 Confirmatory Analyses  
 
The staff reviewed the applicant’s thermal models used in the analyses.  The staff checked the 
code input in the calculation packages and confirmed that the proper material properties and 
boundary conditions are used.  The engineering drawings were also consulted to verify that proper 
geometry dimensions were translated to the analysis model.   
 
The staff reviewed the material properties presented in the application and verified that they are 
appropriately referenced and used. 
 
3.4 Evaluation of Accessible Surface Temperature  
 
Under NCT, the package is designed and constructed such that the cask surface temperature with 
the design basis heat load and no solar insolation is above 85°C specified in 10 CFR 71.43(g) 
requirements.  According to Section 7.1.3 of the application, a personnel barrier is installed if the 
package surface temperature and the dose rates are within 10 CFR 71.43 and 10 CFR 71.47 
requirements.   
 
3.5  Thermal Evaluation under NCT  
 
The applicant performs the thermal evaluation using the FLUENT Computational Fluid Dynamics 
(CFD) code.  Three-D models were developed to analyze the F-32 and F-37 spent fuel baskets and 
various heat loading patterns, i.e., uniform and regionalized, were experimented to establish a 
bounding configuration.  Inside a spent fuel cell, the detailed PWR spent fuel assembly is replaced 
with an equivalent square section characterized by an effective thermal conductivity in the planar 
and axial directions. 
 
The temperature dependent thermal conductivities are obtained using a two dimensional 
conduction-radiation ANSYS thermal model.  The turbulent condition is satisfied based on the 
product of Grashof and Prandtl numbers and a temperature difference of about 10°F between the 
package surface and the ambient.  Therefore, applicable turbulent heat transfer coefficient 
correlations are chosen to model the cask convective heat transfer to the ambient.  For solar 
heating, the applicant used the 12-hour daytime insolation, as specified in 10 CFR Part 71, 
averaged over a 24-hour period to account for the dynamic time lag.  A solar absorption coefficient 
of 1.0 is applied to the cask exterior surface. 
 
The Model No. HI-STAR 180D package 3-D thermal model includes several features to 
conservatively predict the maximum temperatures, e.g., a half-symmetric array of fuel storage cells, 
a uniform gap between the fuel rods in the basket cells, 3-mm helium gaps for shims-to-basket and 
shims-to-cavity, detailed 3-D components (i.e., neutron shield pockets, lids, base plates, impact 
limiters, etc.), no internal convection in cask cavity, and FLUENT discrete ordinates radiation model.   
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The applicant also used an adequate number of cells to model the cask, particularly in the areas of 
high thermal resistance, i.e., spent fuel region and basket shims.  The applicant performed a grid 
convergence study to obtain the discretization error for the transport configuration.  The 
discretization error is determined using the procedure specified in American Society of Mechanical 
Engineers, “Standard for Verification and Validation in Computational Fluid Dynamics and Heat 
Transfer,” (ASME V&V 20-2009, November 30, 2009).   
 
The staff reviewed the calculations and approach used by the applicant to perform the grid 
convergence study and has the following observations:  Since the asymptotic behavior test failed, a 
factor of safety equal to 3 should be used as recommended in ASME V&V 20-2009 to obtain the 
discretization error.  This observation is based on the staff’s examination of the mesh used in the 
calculations (the grid refinement is not systematic (structured)).  For the pressure discretization, 
FLUENT’s pressure staggering option (PRESTO) was used in all calculations.  This is a first order 
scheme and therefore the scheme order of the solution will tend toward the lowest scheme order 
which is first order.  Therefore, the calculation of the discretization error should be evaluated using 
an order of accuracy of 1.   
 
The staff performed additional calculations and concluded that even by using a factor of safety of 
3.0 and first order accuracy in the grid convergence index calculations, the error increased slightly 
by a few degrees.  Therefore, even though the calculations do not demonstrate that the results are 
in the asymptotic range, the staff finds the results acceptable because of the small error in the 
calculations.   
 
The staff finds the approach to perform the NCT evaluation acceptable because the developed 
thermal model is adequate to capture the heat transfer characteristics expected for this design. 
 
3.5.1 Heat 
 
Under a 38ºC (100°F) ambient temperature, still air, and solar heat, the applicant predicted the 
maximum temperatures of the fuel cladding, fuel basket, containment boundary and lid seals, and 
aluminum basket shim and neutron shielding.  These temperatures are listed in Table 3.1.1 of the 
application.  The staff confirms that these maximum temperatures are below the material 
temperature limits with sufficient margin and find them acceptable. 
 
3.5.2 Cold  
 
With no decay heat and an ambient temperature of -40°C (-40°F), the entire package approaches 
uniformly the steady-state ambient temperature.  Cask components, including the seals, are not 
adversely affected by exposure to cold temperatures.  The staff finds these arguments acceptable 
because the materials of construction are designed to operate at this low temperature. 
 
3.5.3 Maximum Normal Operating Pressure (MNOP) 
 
The MNOP is determined by different sources of gases – initial backfill helium, water vapor, release 
of fission products, and spent fuel rod failures.  Generation of flammable gas is not considered.  
Based on the heat condition, 38ºC (100°F), still air, and insolation specified in 10 CFR 71.71(c)(1) 
and the design heat load, the  MNOP is 381.2 kPa (55.3 psia) for normal conditions and 402.5 kPa 
(58.4 psia) for 3% rod rupture.   The staff determined that MNOP is well below the containment 
design pressure of 552 kPa (80 psig), as reported in Table 2.1.1 of the application and therefore is 
acceptable. 
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3.6 Thermal Evaluation for Short Term Operations  
 
3.6.1 Time-to-Boil Limits 
 
The applicant determined time limits for completion of wet operations upon removal of a loaded HI-
STAR 180D package from the pool to prevent water boiling inside the HI-STAR 180D cavity.  The 
applicant performed an adiabatic heat up using the combined thermal inertia of the package.  Table 
3.3.6 of the application provides a summary of the maximum allowable time limits at several 
representative pool initial temperatures. 
 
Based on the staff’s review of the application, the staff finds the applicant’s approach for obtaining 
the time-to-boil limits acceptable for this package application. 
 
3.6.2 Cask Drying 
 
The application provides two methods for drying the cask cavity: a conventional vacuum drying 
approach for packages containing moderate burnup assemblies only, and forced helium 
dehydration (FHD) for packages with high burnup fuel.  For the vacuum drying approach, drying is 
performed based on multiple vacuum drying cycles. 
 
For cycle 1, the applicant obtained a maximum fuel cladding temperature of 365ºC (689ºF), under 
vacuum drying operations, which is below the ISG-11 limit with an adequate margin.   
 
The enhanced heat transfer occurring during operation of the FHD system ensures that the fuel 
cladding temperature will remain well below the peak cladding temperature under NCT, which is 
itself below the high burnup cladding temperature limit of 400ºC (752ºF) for all loading combinations 
authorized in the package.  Thus, the fuel cladding temperature will remain below the ISG-11 limits 
for high burnup fuel. 
 
The staff reviewed the applicant’s approach to perform the thermal evaluation of the Model No. HI-
STAR 180D package short-term operations and finds it acceptable because it satisfies NUREG-
1617. 
 
3.6.3 Fuel Reconfiguration 
 
As a defense-in-depth, the applicant performed a thermal analysis considering fuel reconfiguration 
during NCT based on the following assumptions: 
 

(i) fuel assemblies in every fuel storage location are assumed to compact to a value of 
75% of its original length,  

(ii) fuel is assumed to shift towards the cask inner lid to maximize the predicted seal 
temperatures which is a part of the containment boundary, 

(iii)  a steady state thermal analysis is performed for the bounding fuel loading pattern 
and fuel basket, and  

(iv) the heat load per assembly is assumed to be uniformly distributed along the active 
height of a fuel assembly.   

 
The results reported in Table 3.3.11 of the application show that all component temperatures are 
below their respective temperature limits.  The cavity temperature and hence the cavity pressure 
during normal conditions of transport remains unaffected due to fuel reconfiguration. 
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The staff reviewed the applicant’s approach to perform the thermal evaluation of the Model No. HI-
STAR 180D package short-term operations and finds it acceptable because it satisfies NUREG-
1617. 
 
3.7 Thermal Evaluation under HAC 
 
The applicant performed the regulatory fire analysis using a 3-D FLUENT model of the limiting F-37 
basket thermal loading in two stages: a 30-minute engulfing fire and a post-fire cooldown.   
 
The accident scenario considers the cumulative damage from the drop test and penetration test.  
Localized crushing of the impact limiter and rupture of neutron shield pockets are considered by 
maximizing the heat input during the fire and minimizing the heat rejection in the post-fire analysis.   
 
To maximize the fire heat input, the neutron shield conductivity is overstated and impact limiters are 
assumed to be solid aluminum.  To minimize the heat rejection during the post fire cooldown, the 
neutron shield is replaced by air and surface emissivity of bare carbon steel is assumed.   
 
The analysis simulates the engulfing fire by prescribing a combination of radiation and convection 
heat transfer on the cask surface.  The Sandia National Laboratory fire experiment convection heat 
transfer coefficient is adopted for the calculation (“Thermal Measurements in a Series of Large Pool 
Fires,” Sandia Report SAND85 –0196 TTC – 0659 UC 71, August 1971).  The ambient temperature 
during the fire is set at 802ºC (1475°F). 
 
3.7.1 Initial Conditions  
 
The applicant performed a transient thermal analysis to evaluate the package under hypothetical 
accident conditions.  The initial conditions of the package, prior to the start of the fire accident, are 
based on the bounding NCT temperature distribution, i.e., a 38ºC (100°F) ambient temperature and 
the insolation prescribed in 10 CFR 71.71(c)(1). 
 
During the fire, the surface emissivity of the package is assumed to be 0.9.  After the 30-minute fire, 
the 38ºC (100°F) ambient temperature is restored and the damaged cask is allowed to proceed 
through a post-fire cooldown phase.  In the post-fire cooldown phase, no credit is taken for 
conduction through the Holtite neutron shield and a solid air zone is substituted instead.  The 
ending condition of the 30-minute fire analysis is used as initial condition for the post-fire cooldown. 
 
3.7.2 Maximum Temperatures and Pressure  
 
The maximum temperatures calculated by the applicant are listed in Table 3.1.3 of the application.  
The accident temperatures in the table reflect the peak temperature of a specified component from 
the time the fire was extinguished to the time the package reached steady-state conditions.  For 
both normal and accident conditions, the inner cavity was assumed to be filled with helium.  
 
Under normal conditions, all of the materials remain below their respective melting temperatures. 
For accident conditions, all of the materials, with the exception of the aluminum impact limiter and 
the neutron shield, remain below their respective materials temperature limits.  Although the impact 
limiter was shown to exceed its limit, the applicant assumed the material did not melt during the fire 
thus maximizing the amount of heat to have entered the package.  Based on these analyses and 
review, the staff concludes that the cladding integrity will not be compromised during the fire or 
post-fire cooldown.  
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The applicant calculated the MNOP assuming that 100% of the fuel rods fail, all rod fill gas and 30% 
of the gaseous fission products are available for release.  The lower bound cavity free volume is 
used.  The MNOP under HAC is 1154.6 kPa (167.5 psia), based on the average cavity gas 
temperature of 270ºC (518°F).  The MNOP is lower than the pressure limit listed in Table 2.1.1 of 
the application and therefore is acceptable.  
 
3.7.3 Maximum Thermal Stresses  
 
The Model No. HI-STAR 180D package is designed to ensure a low state of thermal stress with 
high conductivity materials to minimize temperature gradient and large fit-up gaps to allow 
unrestrained thermal expansion of cask internals.   
 
The differential thermal expansion analysis of the basket during NCT transport bounds the fire 
condition because the thermal effect on the basket is isolated by the outer cask and more 
expansion is expected in the outer cask.  Therefore, the gap is expected to be larger in the fire 
analysis.   
 
The staff reviewed and accepted this argument because more expansion is expected on the outer 
cask which is in direct contact with the fire. 
 
3.7.4 Fuel Reconfiguration 
 
The package component temperatures for the postulated fuel reconfiguration during fire are 
reported in Table 3.4.4 of the application.  The results show that the containment boundary 
components including seals are well below their temperature limit.  Since the bulk cavity 
temperature remains unchanged, the containment pressure is also below the allowable limit. 
 
The staff finds acceptable the applicant’s analysis of HAC because it satisfies NUREG-1617. 
 
3.8 Evaluation Findings 
 
The staff reviewed the package description, the material properties, component specifications, and 
the methods used in the thermal evaluation, and found reasonable assurance that they are 
sufficient to provide a basis for evaluation of the package against the thermal requirements of 10 
CFR Part 71.  The staff reviewed the accessible surface temperatures of the package, as it will be 
prepared for shipment, and concludes that the temperatures satisfy 10 CFR 71.43(g) for packages 
transported by exclusive-use vehicle.  
 
The staff reviewed the package preparations for shipment and concludes that the package material 
and component temperatures will not extend beyond the specified allowable limits during NCT with 
the tests specified in 10 CFR 71.71.   
 
The staff also found reasonable assurance that the package material and component temperatures 
will not exceed the specified allowable short-time limits during HAC, consistent with the tests 
specified in 10 CFR 71.73. 
 
4.0 CONTAINMENT EVALUATION 

The objective of the review is to verify that the Model No. HI-STAR 180D package containment 
design is adequately described and evaluated under NCT and HAC, as required per 10 CFR Part 
71. 
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4.1 Description of the Containment System 
 
The containment system boundary consists of the SA203-E or SA350-LF3 containment shell and 
containment baseplate, the SA350-LF3 containment closure flange, the SA203-E or SA350-LF3 
inner closure lid (and subcomponents), and the SA203-E or SA350-LF3 outer closure lid (and 
subcomponents).  The inner closure lid subcomponents include seventy-two SB 637-N07718, or 
SA564-630 (H1025), or SA705-630 (H1025) lid bolts which are used to fasten the inner closure lid 
to the containment closure flange, SA240-S/S inner closure lid vent and drain port covers, and a 
total of twelve SA193-B7 or SA564-630 H1150 port cover bolts.  
 
The inner closure lid containment boundary seals include the inner closure lid inner seal, and the 
inner closure lid port covers inner seal.  The outer closure lid subcomponents include seventy-two 
SB 637-N07718, or SA564-630 (H1025), or SA705-630 (H1025) lid bolts and the SA193-B8 outer 
closure lid access port plug.  The outer closure lid containment boundary seals include the outer 
closure lid inner seal and the outer closure lid access port plug seal.   
 
The applicant states the containment system components are designed and fabricated in 
accordance with the requirements of ASME Code, Section III, Subsection NB, to the maximum 
extent practicable.  The staff verified Section 2.1 of the application provides applicable code 
requirements and alternatives to specific code requirements are presented in Table 8.1.8 of the 
application.   
 
There are two unique seal options from the American Seal & Engineering manufacturer, seal 
“Option 1” and the Technetics manufacturer seal “Option 2.”  The containment seals are spring 
energized “C” seals.  The American Seal & Engineering manufacturer seal materials are X750 for 
the spring and jacket, and silver for the plating.  The Technetics manufacturer seal materials are 
nimonic 90 for the spring, stainless steel (321, 304L, 316L, or 718) for the lining (included on the 
inner lid seal and outer lid seal only) and aluminum for the jacket.  The seal manufacturer, seal part 
/ drawing number, seal and groove dimensions with tolerances, seal seating load with tolerances, 
sealing surfaces surface finish requirements, and specific seal spring and lining material 
combinations have been provided in Appendix 8.A for the American Seal & Engineering seal 
“Option 1” and the Technetics seal “Option 2.”  These are all critical parameters for each of the two 
seal designs.   
 
The staff reviewed the sealing proposals and corresponding dimensions in Appendix 8.A, and 
ensured the seals are the proper size to fit within the seal grooves.  The seal minimum useful 
springback is the amount a seal can unload without the leakage rate exceeding the required value.  
In this case, the seal is leaktight which is equal to 1x10-7 ref-cm3 of air, in accordance with ANSI 
N14.5.  The minimum useful springback to maintain leaktightness, and the seal seating load for the 
inner and outer lid closure seals are also critical seal parameters.  These parameters are provided 
in Table 2.2.12 of the application and referenced in Appendix 8.A of the application. Appendix 8.A is 
incorporated by reference on the licensing drawings.   
 
Other seal designs cannot be used, or seal “field changes” cannot be made, for the Model No. HI-
STAR 180D package without approval from the NRC because containment boundary seals are 
important to safety components and modifying an important to safety component would result in an 
unanalyzed condition. 
 
The staff ensured all of the containment system components, as identified above are shown in the 
licensing drawings.  The staff verified containment system component information is consistent with 
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that presented in the Structural and Thermal Evaluation sections of the application.  The staff 
ensured bolt torque patterns, lubrication requirements, and torque values are provided in Figure 
7.1.1 and Table 7.1.1 of the application.  The applicant states and the staff agree that the 
containment system cannot be opened unintentionally or by an internal pressure within the 
package. 
 
The containment boundary penetrations are the inner closure lid vent and drain ports, and the outer 
closure lid access port.  The cask inner and outer closure lids each use two concentric metallic 
seals to form the closure with the containment closure flange surface.  Inter-seal test ports provide 
access to the volume between the two metallic lid seals.   
 
The inner seal is the containment seal for both the inner and outer closure lids.  Following leakage 
rate testing of the inner closure lid inner seal, a threaded plug with a metallic seal is installed in the 
inter-seal test port hole.  To protect the sealing surfaces against corrosion, a stainless steel weld 
overlay is provided during manufacturing on both closure lids and mating containment closure 
flange.  The inner closure lid vent and drain ports are closed by bolted port covers with two 
concentric metallic seals.  An inter-seal test port provides access to the volume between the two 
metallic port cover seals.  The inner seal is the containment seal for both port covers.   
 
The outer closure lid access port is closed by a threaded access port plug with a single metallic 
seal, the containment seal.  The outer closure lid inner seal and access port plug seal are leakage 
tested.  A bolted access port cover, with a metallic seal, is installed over the access port plug 
providing redundant closure of the outer closure lid access port penetration.  On the outer closure 
lid, the outer metallic seal provides redundant closure.  
 
The applicant states that the inner closure lid containment boundary and redundant boundary 
sealing surfaces are not subject to corrosion due to the presence of the outer lid and inter-lid cavity 
helium backfill.  The outer closure lid containment sealing surfaces are not subject to corrosion due 
to the presence of redundant closure features.  The applicant also states that the seal materials are 
highly corrosion resistant.  The staff concludes that no galvanic, chemical, or other reactions will 
occur between the seal and the packaging or its contents during transportation. 
 
The cask containment system boundary welds consist of full penetration welds forming the 
containment shell, the full penetration weld connecting the containment shell to the containment 
closure flange, and the full penetration weld connecting the containment baseplate to the 
containment shell.  The staff verified all containment system boundary welds are fabricated and 
inspected in accordance with ASME Code Section III, Subsection NB. 
 
4.2 Containment Under NCT 
 
Under NCT, the containment system of the package is designed to be leaktight as defined in ANSI 
N14.5-1997, i.e., there is no leakage greater than 1x10-7 ref-cm3/s of air with a test sensitivity of 
5x10-8 ref-cm3/s of air as described in Table 8.1.1 of the application.  The staff verified the thermal 
and structural evaluations demonstrate no release of radioactive material under NCT.  The 
maximum normal operating pressure of the HI-STAR 180D is 402.5 kPa with 3 percent rods rupture 
for the F-37 basket (see Section 3.3.2 and Table 3.1.2 of the application), which is lower than the 
design internal pressure of 552 kPa.  The pressure in the inter-lid space is 155.8 kPa for the F-37 
basket, which is also lower than the design internal pressure. 
 
The NCT maximum temperatures of the containment shell, inner closure lid, outer closure lid, 
containment baseplate, and inner and outer lid seals as shown in Table 3.1.1 of the application do 
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not exceed the temperature limits presented in Tables 3.2.10 and 3.2.12 of the application.  Section 
2.6.1.4.2 states that the LS-DYNA finite element analysis results indicate that all closure lid seal 
elements remain closed (i.e., the loading in the elements representing the seal remains 
compressive) and the bolts remain elastic.  The applicant also performed analysis on the inner 
closure lid port cover bolts to demonstrate that the torque requirement is sufficient to maintain 
closure.   
 
The staff concludes the structural and thermal analysis as well as the leakage rate testing to the 
ANSI N14.5 containment leaktight criterion of 1x10-7 ref*cm3/s demonstrates compliance with 10 
CFR 71.51(a)(1). 
 
4.3 Containment Under HAC 
 
Under HAC, the containment system of the package is designed to be leaktight as defined in ANSI 
N14.5-1997, i.e., there is no leakage greater than 1x10-7 ref-cm3/s of air with a test sensitivity of 
5x10-8 ref-cm3/s of air as described in Table 8.1.1 of the application.  Although potential high burnup 
fuel reconfiguration during HAC is evaluated in other sections of the application, the containment 
system is designed and tested to be leaktight.  Leaktight is defined in ANSI N14.5-1997 as a degree 
of package containment that, in a practical sense, precludes any significant release of radioactive 
materials.  Therefore, because the package is designed and tested to be leaktight, the staff 
concludes it is not necessary to evaluate high burnup fuel reconfiguration for the containment 
evaluation. The staff verified the thermal and structural evaluations demonstrate no release of 
radioactive material under HAC.  The accident condition internal pressure (assuming fire and 100 
percent rod rupture) of 1277.6 kPa is used in the structural evaluation for stress analysis purposes.  
The maximum internal pressure with assumed 100 percent fuel rods rupture is 1154.6 kPa as 
stated in Section 3.4.3.2 and Table 3.1.4 of the application.  The package cavity accident pressure 
bounds the inter-lid pressure. 
 
The HAC maximum temperatures of the containment shell, inner closure lid, outer closure lid, 
containment baseplate, and inner and outer lid seals shown in Table 3.1.3 of the application do not 
exceed the temperature limits presented in Tables 3.2.10 and 3.2.12 of the application.  Section 2.7 
of the application shows that all containment system boundary components are maintained within 
their code-allowable stress limits and the metallic lid seals will remain compressed after all 
hypothetical accident conditions of transport.  After the 30 foot end drop, the top flange and inner 
closure lid opens with a maximum gap of 0.014 inches for less than 0.005 seconds.  Then the seal 
returns to fully seated since the closure lid bolts remain elastic, and the final seal springback returns 
to zero.   
 
The applicant stated that seal testing has demonstrated that the seal returns to the leaktight 
condition after opening and returning to fully seated.  Therefore after the 30 foot end drop, the 
closure lid seal 0.01 inch minimum useful springback provides adequate margin for the seal to 
remain leaktight.  In addition, the outer closure lid and subcomponents provide assurance that 
leakage in excess of the leaktight criteria will not occur after the 30 foot end drop.   
 
The applicant also performed an analysis on the inner closure lid port cover bolts to demonstrate 
that the torque requirement is sufficient to maintain closure.  The containment boundary seal 
grooves have been shown by analysis to not plastically deform during hypothetical accident 
conditions.   
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The staff concludes structural and thermal analysis as well as the leakage rate testing to the ANSI 
N14.5 containment leaktight criterion of 1x10-7 ref*cm3/s demonstrates compliance with 10 CFR 
71.51(a)(2). 
 
4.4 Leakage Rate Tests for Type B Packages 
 
Fabrication leakage rate tests demonstrate that the containment system, as fabricated, provides the 
required level of leaktight containment.  Fabrication leakage rate tests are performed on the 
containment shell, baseplate, closure flange, inner closure lid, outer closure lid, vent and drain port 
covers, containment welds, and containment seals as stated in Table 8.1.2 of the application.   
 
The containment shell, baseplate, closure flange, inner closure lid, outer closure lid, vent and drain 
port covers, and containment welds undergo a gas filled envelope (test A.5.3 from ANSI N14.5-
1997) leakage rate test and the containment seals undergo an evacuated envelope leakage rate 
test (test A.5.4 from ANSI N14.5-1997).  The staff verified the allowable leakage rates and test 
sensitivities are shown in Table 8.1.1 of the application and all containment components are tested 
to the ANSI N14.5 leaktight criterion. 
 
Pre-shipment leakage rate tests are performed before each shipment after the contents are loaded 
and the containment system is assembled.  Pre-shipment leakage rate tests are performed on all 
containment seals as stated in Table 8.1.2 of the application.  The containment seals undergo an 
evacuated envelope leakage rate test (test A.5.4 from ANSI N14.5-1997).  The staff verified the 
allowable leakage rates and test sensitivities are shown in Table 8.1.1 of the application and all 
seals are tested to the ANSI N14.5 leaktight criterion because all seals are replaced prior to each 
shipment. 
 
Periodic leakage rate tests demonstrate that the containment capabilities of the packagings built to 
an approved design have not deteriorated over an extended period of use.  Periodic leakage rate 
tests are performed on all containment seals as stated in Table 8.1.2 of the application.  The 
containment seals undergo an evacuated envelope leakage rate test (test A.5.4 from ANSI N14.5-
1997).  The staff verified the allowable leakage rates and test sensitivities are shown in Table 8.1.1 
of the application and all seals are tested to the ANSI N14.5 leaktight criterion.  The periodic 
leakage rate tests are valid for one year. 
 
Maintenance leakage rate tests confirm that any maintenance, repair, or replacement of 
components has not degraded the containment system and are performed prior to returning the 
package to service.  Maintenance leakage rate tests are performed on the containment shell, 
baseplate, closure flange, inner closure lid, outer closure lid, vent and drain port covers, 
containment welds, and containment seals as stated in Table 8.1.2 of the application.   
 
The containment shell, baseplate, closure flange, inner closure lid, outer closure lid, vent and drain 
port covers, and containment welds undergo a gas filled envelope (test A.5.3 from ANSI N14.5-
1997) leakage rate test and the containment seals undergo an evacuated envelope leakage rate 
test (test A.5.4 from ANSI N14.5-1997).  The staff verified the allowable leakage rates and test 
sensitivities are shown in Table 8.1.1 of the application and all containment components are tested 
to the ANSI N14.5 leaktight criterion. 
 
The staff concludes the fabrication, pre-shipment, periodic, and maintenance tests verify the 
integrity of the containment boundary, and that the containment components will maintain their 
leaktight containment function.  The staff concludes the tests are consistent with the guidelines of 
ANSI N14.5-1997. 
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4.5 Evaluation Findings 
 
4.5.1 Description of Containment System 
 
The staff has reviewed the description and evaluation of the containment system and concludes 
that:  
 

(i) the application identifies established codes and standards for the containment system;  
 

(ii) the package includes a containment system securely closed by a positive fastening device 
that cannot be opened unintentionally or by a pressure that may arise within the package; 
 

(iii) the package is made of materials and construction that assure that there will be no 
significant chemical, galvanic, or other reaction. 

 
4.5.2 Containment under NCT 
 
The staff has reviewed the evaluation of the containment system under normal conditions of 
transport and concludes that the package is designed, constructed, and prepared for shipment so 
that under the tests specified in 10 CFR 71.71 (NCT) the package satisfies the containment 
requirements of 10 CFR 71.43(f) and 10 CFR 71.51(a)(1) for NCT with no dependence on filters or 
a mechanical cooling system. 
 
4.5.3 Containment under HAC 
 
The staff has reviewed the evaluation of the containment system under hypothetical accident 
conditions and concludes that the package satisfies the containment requirements of 10 CFR 
71.51(a)(2) for HAC, with no dependence on filters or a mechanical cooling system. 
 
In summary, the staff has reviewed the Containment Evaluation section of the application and 
concludes that the package has been described and evaluated to demonstrate that it satisfies the 
containment requirements of 10 CFR Part 71, and that the package meets the containment criteria 
of ANSI N14.5. 
 
5.0 SHIELDING EVALUATION 
 
The objective of the review is to verify that the shielding of the Model No. HI-STAR 180D package 
provides adequate protection against direct radiation from its contents and that the package design 
meets the external radiation requirements of 10 CFR Part 71 under NCT and HAC. 
 
5.1 Shielding Design Features 

The Model No. HI-STAR 180D package is a Type B(U)F-96 package designed for transport of the 
F-32 and F-37 baskets containing 32 and 37 PWR of UO2 fuel assemblies, respectively.   

The main design features of the shielding consist of the fuel basket and basket support structures, 
two lids, and part of the impact limiters.  Gamma shielding is provided by the steel of the 
containment shell, base plate, closure flange, the closure lids, the steel monolithic shield cylinder, 
the bottom steel and lead shell, and the primary closure lid lead gamma shield.  
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The fuel basket and the basket supports also provide additional gamma shielding.  Neutron 
shielding is provided by the monolithic shield cylinder.  Additional neutron shielding is provided at 
the bottom of the package by the bottom neutron shield and at the top of the package by the 
primary closure lid neutron shield.  The analyses method and model used in the safety evaluation of 
HI-STAR-180D mirror the evaluation that was performed for the Model No. HI-STAR 180 package. 
 
5.2 Radiation Source Specification 

The neutron and gamma source terms are calculated with the SAS2H and ORIGEN-S modules of 
the SCALE 5.1 system using a 44-group library.  SAS2H has been validated for PWR fuel with a 
burnup up to 55 GWd/MTU.   

The burnup for the UO2 fuel assemblies allowed in the Model No. HI-STAR 180D package may be 
as high as 55 GWd/MTU with a minimum enrichment of 4.25%.  The burnup and cooling time and 
minimum enrichment are specified in the Appendix 7.D of the application. 

For the source term calculations, the applicant used a single power cycle with no down time 
between cycles.  In addition, the power level and core conditions were kept constant over the 
duration of the burnup. 

5.2.1 Summary of Maximum Radiation Levels 
 
The applicant performed a shielding analysis using the MCNP5 computer code.  The calculated 
NCT and HCT dose rates for several burnup and cooling time combinations are summarized  in 
Appendix 7.D of the application.  The results of the bounding loading patterns that give the highest 
dose rate at the surface of the package and 2 meters from the package surface for NCT and at 1 
meter from the surface of the package under HAC are presented in Section 5.4 of the application. 
 
Tables 5-1.1 and 5.1.2 of the application summarizes the dose rates on the package surface for 
NCT for the F-32 and F-37 basket for allowable dose rates for exclusive use according to 10 CFR 
71.47(b)(1) and dose rates for HAC in accordance with 10 CFR 71.51(a)(2) at 1 meter from the 
package surface.  The applicant also determined the distance required to comply with 10 CFR 
71.47 (b)(4) for an occupied space not to exceed 2 mrem/hr ( 0.02 mSv/hr). 
 
Tables 5.1.7 and 5.1.8 show the maximum dose rates at 1 meter from the package surface under 
accident conditions with a completely destroyed neutron shield. 
 
The staff reviewed the shielding analyses, including the methodology, model, and results as 
presented in Tables 5.1.1 through 5.1.6 of the application, to ensure that the package meets the 
requirements of 10 CFR 71.47 and 10 CFR 71.51. 
 
5.2.2 Gamma Source 

The applicant performed gamma source calculations with SAS2H and ORIGEN-S for bounding 
burnup and cooling time combinations for UO2 for uniformly loaded baskets.  Gammas with 
energies in the range of 0.45 to 3.0 MeV are included in the shielding analysis.   

The primary source of activity in the non-fuel regions of an assembly comes from the activation of 
59Co to 60Co primarily due to the impurities in the steel structural material contained both above and 
below the fuel.  The 59Co limits are based on design limits from the manufacturer.   

The activity of the 60Co from 59Co in steel and Inconel was calculated using ORIGEN-S using the in-
core fuel region flux at full power.  Table 5.2.5 of the application provides the non-fuel source 
calculation for non-fuel region for different combinations of burnup and cooling time.  The activity 
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thus calculated was modified by the appropriate scaling factors consistent with the recommended 
values of NUREG-1617.  The third source of gammas from (n,γ) reactions is properly accounted for 
in MCNP calculations performed in a coupled neutron-gamma mode. 

 
5.2.3 Neutron Source 

Since the neutron source strength for a UO2 assembly increases as enrichment deceases for a 
constant burnup and decay time, the applicant performed source calculations using enrichments of 
4.25 wt% and 4.5 wt% to develop conservative source terms for UO2 fuel.    

The neutron source is presented in the Table 5.2.6 of the application.  The spontaneous fission of 
Cm-244 which count for 95% neutron produced, and its alpha, n reaction (for 1%), and any other 
neutron reaction is accounted in the MCNP calculation of applicant. 

 
5.3 Shielding Model 

The shielding analysis of the package was performed with MCNP 5 using the continuous energy 
ENDF/B-VI neutron and photon cross section libraries.  For NCT, the package model includes both 
the neutron shield and impact limiters while, for HAC, the neutron shield is replaced with void and 
the impact limiters are completely removed.  The shielding effect of the aluminum in the impact 
limiters is not credited in the MCNP models for HAC, but credit is taken for the outer dimensions of 
the impact limiters in the axial direction under NCT.  The applicant also conservatively ignores the 
vehicle and the barrier and uses the outer dimensions of the package for dose calculations. 

Holtite-TC is used as neutron shield in the radial and axial directions.  The Holtite-TC is located in 
two layers of pockets of the annular monolithic cylinders.  The monolithic cylinders are modeled as 
one casting rather than multiple castings stacked one on top of another because the gap between 
the castings is small and the castings overlap prevents any streaming.  Other MCNP modeling 
simplifications include the fact that the bolts for closure of the inner and outer lid are not modeled, 
the penetrations in the two lids are not modeled, the trunnions are not modeled, and the holes in the 
basket shims are modeled with squared rather than rounded corners.  

The B4C content of both the Holtite and Metamic-HT used for the construction of the basket is 
approximately 2.25%, i.e., slightly larger than the minimum value of 2.0%, but this has a negligible 
effect on dose rates and had only effect on the secondary gammas.  All steel in the package is 
modeled as carbon steel.  The shielding analysis does not address changes in the material density 
or composition as a result of temperature changes, since the materials all remain at or below their 
design temperatures. 

Design basis fuel assemblies are modeled in each of the basket locations with the active fuel region 
being modeled as a homogeneous zone.  The bottom nozzle, plenum, and top nozzle regions are 
also modeled as homogeneous regions of steel.  Each of the source terms, fuel neutron, fuel 
photon, and hardware 60Co are calculated individually.  The Co source in the hardware is assumed 
to be uniformly distributed.  In the model for both the F-32, and F-37 baskets, the fuel is modeled as 
fresh UO2 fuel with an enrichment of 4.55 wt% 235U as equivalent to the various loading 
combinations of fresh and burned fuel as shown in Table 5.2.1 of the application. 

 
5.4 Shielding Evaluation 

In order to provide assurance that the actual dose rates will always be below the regulatory limits 
and the calculated dose rates, the applicant used several conservative assumptions in the shielding 
calculation, including: 

(i) the minimum dimensions are used where applicable,  
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(ii) the fuel is assumed to only go through a single cycle to provide conservative source terms,  

(iii) a bounding value of 2 g 59Co per kg of stainless steel is used for the steel activation, 

(iv) the outer edge of the impact limiter used to analyze 2 meter dose rates instead from the 
outer surface of the transporting vehicle,  

(v) the aluminum honeycomb structure of the impact limiter is not modeled, and  

(vi) bounding loading patterns are utilized for the shielding analyses. 

The MCNP 5 code, a continuous energy, three-dimensional, coupled neutron-photon-electron 
Monte Carlo transport code, is used for all of the shielding analyses.  The calculated energy 
distribution of the source term is used explicitly in the MCNP model but separate calculations are 
performed for each of the three source terms, decay gamma, neutron, and 60Co. 

Dose rates are calculated using a two-step process: the dose rate is calculated for each location, 
then the resulting dose rate is multiplied by the source strength in each group and the sum is taken 
for all groups and basket locations in each dose location.  These results are normalized and the 
standard deviations of the various results are statistically combined to determine the standard 
deviation of the total dose in each dose location.  This 2-step process allows for the consideration of 
the neutron and gamma source spectrum, as well as the location of the individual assemblies. 

Axial burnup profile is modeled by assigning a source probability to each of the 32 axial sections of 
the active region based on a representative axial burnup profile.  For the gammas present in the 
fuel, the probability is proportional to the burnup while, for neutrons, the probability is proportional to 
the burnup raised to the power of 4.2, as indicated above.  The applicant performed a comparison 
of the probability distribution with that derived from a burnup distribution and found the total source 
difference to be negligible. 

MCNP uncertainties, as a statistical code, are expressed as the standard deviation of the mean 
divided by the mean.  Parameters, such as variance reduction and the number of starting particles 
for each run, were chosen by the applicant so that the relative error for the dose rates were typically 
less than 4% of the statistical average value of the dose rate or fluxes. 

For each loading pattern, a reference loading is specified in Appendix 7D of the application with a 
maximum burnup, a minimum cooling time, and an initial enrichment (for UO2 fuel assemblies).  
Reference loading patterns are specified in Appendix 7.D, where the maximum burnup, minimum 
cooling time, and minimum initial enrichment (for UO2 assemblies).  Each pattern allows a large 
degree of flexibility in loading the cask, while at the same time ensuring that the regulatory dose 
limits are met. 
 
The structural analyses, performed in Chapter 2 of the application, show that the fuel is expected to 
remain essentially undamaged during HAC and no fuel reconfiguration during HAC.  The applicant 
looked at feasible fuel reconfigurations and determined that the expected dose rates would still be 
below regulatory limits.  However as a defense-in-depth measure fuel reconfiguration is considered.  

If a reconfiguration were to occur, only local relocation of broken fuel rod segments is expected, 
since broken fuel rod segments would remain in between the axial sections formed by the grid 
spacers in each assembly.  Therefore there would be very little fuel relocation within the package 
cavity space due to the confined cell space where each assembly is located.  The same design 
basis dose calculation for both NCT and HAC are performed since there is no accident-specific fuel 
model is necessary.   

Additional calculations with hypothetical fuel reconfigurations for high burnup fuel under accident 
conditions are performed in Section 5.4.5 of the application 
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Fuel reconfiguration would result in areas of increased and reduced fuel volume in the basket, 
together with the corresponding increase and reduction of the source terms.  Three hypothetical 
scenarios are analyzed as a bounding approach, each assuming an extreme local increase or a 
reduction of the fuel: 
 

1. The active regions of all fuel assemblies are modeled as collapsed to their half height, with a 
corresponding two fold increase in density.  The collapsed fuel is located in the lower half of 
the assembly closer to the bottom of the package, which has less shielding in the axial 
direction than the top of the cask.  The collapse could lead to a situation where axial 
sections of higher and lower burnups are collapsed into each other.  Therefore, in this 
scenario, a flat axial burnup profile was utilized for the fuel to maximize dose rates in the 
axial direction at the bottom of the package.  
 

2. A compressed axial profile is used, instead of a flat profile, with the same physical model as 
the one described above.  This maintains the source term peak at the center of the fuel 
height, and therefore maximizes the dose rate in the radial direction. 
 

3. The third scenario retains the full fuel height of the fuel assemblies, but reduces the fuel 
density and the source strength by a factor 2 in order to evaluate the potential effect of large 
areas with a reduced fuel amount. 
 

For all three cases, only the neutron and (n,γ) and gamma calculations were performed for 
simplification, since the dose rates from the end fittings are not expected to be changed. 
 
The results of these three cases are presented in the Table 5.4.6 of the application which show that 
dose rates is below the 10 CFR 71.51 regulatory values. 
 
5.5 Evaluation findings 

The staff reviewed the description of the package design features related to shielding and the 
source terms for the design basis fuel and found them acceptable.  The methods used are 
consistent with accepted industry practices and standards.  The staff reviewed the maximum dose 
rates for normal conditions of transport and hypothetical accident conditions and determined that 
the reported values were below the regulatory limit in 10 CFR 71.47 and 71.51.   

Based on its review of the statements and representations in the application and independent 
confirmatory calculations, the staff has reasonable assurance that the shielding design has been 
adequately described and evaluated and that the package meets the external radiation 
requirements of 10 CFR Part 71. 
 
6.0 CRITICALITY EVALUATION 
 
This section presents the findings of the criticality safety review for an application to authorize 
shipment of the Model No. HI-STAR 180D transportation package under a criticality analysis using 
credit for fuel burnup.  The staff evaluated the package for its ability to meet the fissile material 
requirements of 10 CFR Part 71, including the general requirements for fissile material packages in 
10 CFR 71.55, and the standards for arrays of fissile material packages in 10 CFR 71.59.   
 
The staff reviewed the criticality safety analysis of the package presented in the application, and 
also performed independent calculations to confirm the applicant’s results.  The staff’s review 
considered the criticality safety requirements of the radioactive material transportation regulations in 
10 CFR Part 71, as well as the review guidance presented in NUREG-1617, “Standard Review Plan 
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for Transportation Packages for Spent Nuclear Fuel,” and Interim Staff Guidance 8, Revision 3 
(ISG-8), “Burnup Credit in the Criticality Safety Analyses of PWR Spent Fuel in Transport and 
Storage Casks.” 
 
6.1 Description of the Criticality Design 
 
6.1.1 Packaging Design Features 
 
The Model No. HI-STAR 180D package design consists of a cylindrical, steel shell containment 
system, with a flat bottom and two bolted closure lids at the top, and with two different available 
internal basket structures for maintaining the position of the spent fuel contents.  One basket type is 
designed to transport up to 32 PWR assemblies (F-32), and the other is designed for up to 37 PWR 
assemblies (F-37).  The package design relies on fixed neutron absorber plates, configuration 
control, and, in F-37 configurations that account for burnup of the fuel, a minimum burnup to provide 
criticality control. 
 
The basket material consists of Metamic-HT, an aluminum and boron carbide (B4C) composite 
material used for both the structure of the basket and for criticality control.  The F-32 basket has 
three sets of flux traps in each direction, as shown in Figure 1.2.1 of the application.  These flux 
traps provide an effective means of criticality control, resulting in the package being adequately 
subcritical without considering burnup of the fuel.  The F-37 has two sets of slightly narrower flux 
traps in each direction, as shown in Figure 1.2.2 of the application.  The fewer and narrower flux 
traps in the F-37 basket are less effective at neutron absorption, resulting in the minimum burnup 
requirement for this basket. 
 
A single HI-STAR 180D package, as loaded with intact PWR fuel, is demonstrated to be subcritical 
assuming fresh water in-leakage, per the requirements of 10 CFR  71.55(b).  Additionally, single  
packages and arrays of packages are shown to subcritical under NCT and HAC.  The package is 
also designed to exclude moderator under HAC, per the recommendations of ISG-19, as discussed 
in Appendix 1.B of the application.   
 
HAC keff results are therefore reported for the package in its damaged state, without fresh water 
inside the containment system.  Additionally, as defense-in-depth, the applicant performed several 
analyses assuming credible reconfiguration of the spent fuel contents under HAC, with fresh water 
in the containment system.  These analyses also demonstrated that the package remains 
adequately subcritical under several credible reconfiguration scenarios, with fresh water inleakage. 
 
6.1.2 Codes and Standards 
 
The applicable regulations considered in the review of the criticality safety portion of this application 
include the fissile material requirements in 10 CFR Part 71, specifically the general requirements for 
fissile material packages in 10 CFR 71.55, and the standards for arrays of fissile material packages 
in 10 CFR 71.59.  The staff also used the review guidance contained in NUREG-1617, as well as in 
ISG-8. 
 
6.1.3 Summary Table of Criticality Evaluations 
 
The applicant provided a summary of criticality evaluations in Table 6.1.1 of the application, which 
is summarized in the following table for both the F-32 and F-37 baskets.  All results include the 
calculated keff plus three standard deviations, the code bias, and the bias uncertainty. 
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F-32 F-37 
Configuration Maximum keff Configuration Maximum keff 
Single package, 
reflected 

0.9219 
Single package, 
reflected 

0.9411 

Single package, 
HAC 

0.3721 
Single package, 
HAC 

0.3725 

Infinite array, NCT 0.3821 Infinite array, NCT 0.3814 
Infinite array, HAC 0.3759 Infinite array, HAC 0.3758 
 
6.1.4 Criticality Safety Index 
 
The applicant demonstrated that infinite arrays of HI-STAR 180D packages are adequately 
subcritical under NCT and HAC.  Therefore, the criticality safety index (CSI), determined in 
accordance with 10 CFR 71.59(b), is 0.0. 
 
6.2 Spent Nuclear Fuel Contents 
 
The HI-STAR 180D is designed to transport 14x14 PWR assemblies with the fuel characteristics 
listed in Table 6.2.1 of the application.  The limiting fuel assembly dimensions, based on previous 
studies of reactivity effects, are the maximum active length, maximum pellet diameter, minimum 
clad outer diameter, minimum clad thickness, and minimum guide tube and instrument tube 
thickness.   
 
The F-32 basket is evaluated assuming that the fuel is unburned (i.e., fresh), and may transport 
undamaged uranium oxide (UO2) fuel assemblies without a minimum burnup requirement.  Spent 
UO2 fuel enriched up to 4.55 wt.% 235U may be loaded in any position in the basket.   
 
The F-37 basket is evaluated assuming actinide-only credit for the burnup of the fuel in either the 
entire basket, or in specific locations in the basket.  Locations in the basket not evaluated with 
burnup credit are evaluated assuming fresh 4.55 wt.% enriched UO2 fuel.  There are two different 
burnup credit loading configurations for the F-37 basket: one with a minimum burnup requirement of 
15 gigawatt-days per metric ton initial uranium (GWd/MTU) in every location in the basket, and one 
with a minimum burnup requirement of 18 GWd/MTU for all but 8 corner basket locations, which are 
evaluated as fresh fuel.  These loading configurations are described in Table 7.D.6 and Figure 
7.D.2 of the application. 
 
6.3 General Considerations for Criticality Evaluations 
 
6.3.1 Model Configuration 
 
The applicant evaluated three-dimensional models of a single package and arrays of packages 
under both NCT and HAC.  The applicant explicitly modeled the fuel rods and cladding, guide 
tubes, water gaps, and neutron absorber in the basket.   
 
For all cases where the containment is flooded, the fuel-to-clad gap is also conservatively assumed 
to be flooded with fresh water.  The applicant modeled the cask body conservatively neglecting the 
neutron shielding material, allowing more neutron communication between packages in an array, as 
well as better neutron reflection from the cask wall in the single package.  Preferential flooding was 
not considered, due to the holes present at the top and bottom of the basket cell walls to prevent 
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preferential flooding.  The applicant evaluated partial flooding, where the basket is flooded to 
varying depths, with the remaining volume filled with low density water simulating steam. 
 
Although the Model No. HI-STAR 180D package containment is designed to exclude moderator 
under HAC, the applicant evaluated the reactivity effects of potential fuel reconfiguration under 
these conditions as defense-in-depth.  This model configuration considered random rod 
repositioning within the F-32 basket cell, rod segment relocation between grid straps, and pitch 
expansion and contracting between grid straps. 
 
6.3.2 Material Properties 
 
Fresh fuel compositions were modeled as UO2 with 97% of theoretical density.  The 234U and 236U 
which are present in fresh fuel were conservatively ignored.  For burned fuel compositions, the 
applicant modeled the fuel with 10 Major actinides (234U, 235U, 236U, 238U, 238Pu, 239Pu, 240Pu, 241Pu, 
242Pu, and 241Am) incorporated into the fuel matrix.  Section 6.B.2 of the application discusses the 
calculations to determine burned fuel compositions. 
 
Table 6.3.4 of the application provides the composition of the major components of the Model No. 
HI-STAR 180D, including the UO2 fuel, steel and aluminum structural components, and Metamic 
neutron absorber panels.  The criticality analyses conservatively assume 90% of the neutron 
absorber manufacturer’s minimum specified 10B content.  The requirements regarding verification of 
the minimum specified 10B content in the Metamic neutron absorber panels are discussed in Section 
8.1.5.4 of the application. 
 
6.3.3 Computer Codes and Cross-Section Libraries 
 
The CASMO-5 two-dimensional multigroup transport theory depletion code, with ENDF/B-VII cross-
section data, was used to determine burned fuel compositions.  The MCNP5 v1.51 three-
dimensional Monte Carlo code, along with the continuous-energy ENDF/B-VII cross-section library 
distributed with the code, was used for all criticality calculations. 
 
The staff used the ORIGEN-ARP point-depletion code to confirm the burned fuel compositions used 
in the applicants burnup credit analysis.  The staff used the CSAS26 criticality sequence of the 
SCALE 6.1 computer code system, with KENO VI and the continuous-energy ENDF/B-VII cross-
section library, for confirmatory criticality calculations. 
 
6.3.4 Demonstration of Maximum Reactivity 
 
The applicant performed multiple sensitivity studies for the single package and array configurations 
of the Model No. HI-STAR 180D to determine the most reactive condition.  These studies included 
variation of internal and external moderation, partial flooding of the containment, eccentric 
positioning of fuel assemblies in the basket, and partial loading.  Although the Model No. HI-STAR 
180D package is designed to exclude moderator under HAC, the applicant also evaluated the 
reactivity effects of potential fuel reconfiguration under these conditions as defense-in-depth. 
 
The applicant additionally evaluated a scenario where two millimeter gaps are present in the 
neutron absorber panel walls, which may occur due to the tolerances of the panels.  This analysis 
showed a negligible increase in reactivity when these potential gaps are considered. 
 
6.3.5 Confirmatory Analyses 
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The staff performed confirmatory evaluations of the Model No. HI-STAR 180D package, for both 
fresh and burned fuel configurations, in the F-32 and F-37 baskets, respectively.  Using 
assumptions similar to the applicant’s, the staff confirmed that the package meets the criticality 
safety requirements of 10 CFR Part 71.   
 
6.4 Single Package Evaluation 
 
6.4.1 Configuration 
 
The applicant evaluated the package using the bounding configuration determined in earlier 
sensitivity studies, including a flooded pellet to clad gap and assemblies centered in each basket 
location.  For the F-32 basket, all assemblies were modeled as UO2 fuel enriched to 4.55 wt.%.  
The F-37 basket was modeled with the two loading configurations given in Table 6.1.2 of the 
application.  Fresh fuel assemblies in configuration 2 were modeled as UO2 fuel enriched to 4.55 
wt.%.  Spent fuel assemblies, where burnup is credited, were modeled with compositions 
determined from an initial enrichment of 4.55 wt.%, with a minimum required burnup of 15 and 18 
GWd/MTU for configurations 1 and 2, respectively. 
 
Under NCT, the package was modeled with full internal and external moderation, per the 
requirements of 10 CFR 71.55(b).  Under HAC, the structural and thermal analyses in Chapters 2 
and 3 of the application demonstrate that the damage to the package is limited to a loss of neutron 
shield material due to the impact and fire conditions specified in 10 CFR 71.73.   
 
The structural analysis demonstrates that the package remains leaktight under all accident 
conditions, with the second bolted lid closure as an additional defense against water in-leakage.  
Therefore, a single package under HAC is modeled with intact fuel, with no moderator inside the 
containment boundary, and fully reflected by water externally.  Although it is possible that high 
burnup fuel may reconfigure under HAC, fuel reactivity will not increase significantly from that of 
intact fuel without moderator being present, and the keff for both intact and reconfigured fuel in this 
condition is well below 0.95.  Additional analyses are provided for high burnup fuel which 
demonstrate that, with credible fuel damage scenarios and a flooded containment, the package 
would still remain subcritical. 
 
6.4.2 Results 
 
The results of the single package evaluations are given in Tables 6.4.1 and 6.4.2 of the application 
for the F-32 and F37 baskets, respectively.  The single package under NCT has a maximum keff, 
including biases and uncertainties, of 0.9413.  A single damaged package has a maximum keff, 
including biases and uncertainties, of 0.3725.   
 
The results of the calculations for potential fuel reconfiguration under HAC, including flooding of the 
containment system of the package, are given in Tables 6.3.13, 6.3.14, and 6.3.17 of the 
application.  These results show that credible reconfigurations typically decrease the maximum keff, 
and in the worst case increase keff negligibly. 
 
6.5 Evaluation of Package Arrays 
 
6.5.1 Configuration 
 
Studies of infinite package arrays in Section 6.3.4.1.2 of the application demonstrate that the pitch 
of packages in the array and the interstitial moderator density have little effect on array reactivity, 
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for both NCT and HAC.  Since the containment of the package is shown to be leaktight under NCT 
and HAC, the package internal cavity is dry, and there is a significant margin on subcriticality for 
these array configurations. 
 
6.5.2 Results 
 
The results of the single package evaluations are given in Tables 6.5.1 and 6.6.1 of the application.  
The infinite array of packages under NCT has a maximum keff, including biases and uncertainties, of 
0.3821.  An infinite array of damaged packages has a maximum keff, including biases and 
uncertainties, of 0.3759. 
 
6.6 Benchmark Evaluations 
 
6.6.1 Experiments and Applicability 
 
Benchmark evaluations related to burnup credit in the F-37 basket will be discussed in Section 6.7 
of this SER.  For the fresh fuel calculations in the F-32 basket, the applicant benchmarked the 
MCNP5 code against 154 fresh UO2 critical experiments chosen to bound the range of parameters 
in the criticality design of the Model No. HI-STAR 180D package.  Table 6.A.1.2 of the application 
gives the overall results of the benchmarking analysis, and Table 6.A.2 gives the keff results for all of 
the critical experiments modeled for the analysis.  The applicant analyzed the keff results for trends, 
and determined that the only significant trend was with respect to energy of the average lethargy 
causing fission (EALF), which was considered in the determination of fresh fuel bias in Table 
6.A.1.2. 
 
6.6.2 Bias Determination 
 
The applicant determined the bias and bias uncertainty for the fresh fuel calculations based on the 
keff results of the selected benchmark critical experiments.  The minimum bias determined for the 
Model No. HI-STAR 180D was positive, which the applicant conservatively set to zero.  The 
applicant determined the bias uncertainty to be 0.0056, which was added to calculated keff in the 
fresh fuel criticality analysis of the Model No. HI-STAR 180D package, along with three times the 
Monte Carlo standard deviation. 
 
6.7 Burnup Credit 
 
6.7.1 Limits for the Licensing Basis 
 
The Model No. HI-STAR 180D package burnup credit criticality evaluations assume a maximum of 
4.55 wt.% 235U initial enrichment, credit a maximum burnup of 18 GWd/MTU, and take credit for a 
maximum of 1.5 years cooling time, all of which meet the licensing basis limits in ISG-8, Rev. 3. 
 
6.7.2 Licensing-Basis Model Assumptions 
 
The model assumptions for the isotopic depletion analysis that affect the reactivity of the package 
include the core specific power, moderator temperature, fuel temperature, and soluble boron 
concentration during irradiation.  These core operating parameters are given in Table 6.B.1, and will 
be included as limits in the certificate of compliance for the Model No. HI-STAR 180D package. 
 
Although the locations in the F-37 basket where burnup is credited will be limited to fuel assemblies 
that have not been exposed to non-fuel hardware (burnable poison rod assemblies, thimble plug 
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devices, secondary sources, and wet annular burnable absorbers) insertions, some assemblies 
may have been exposed to rod cluster control assembly (RCCA) insertions during irradiation.  Since 
RCCAs are known to have the largest effect on spent fuel reactivity, the applicant performed an 
analysis assuming various levels of RCCA insertion during irradiation.  The results demonstrate that 
for insertions up to 50 centimeters during the entire irradiation, increases in keff are negligible or 
similar to the standard deviation of the Monte Carlo calculation.  Therefore, the Model No. HI-STAR 
180D package contents are limited to fuel assemblies with no more than 50 centimeters of RCCA 
insertion during irradiation. 
 
For the criticality calculations in the F-37 basket, the applicant considered the effects of axial and 
planar burnup distribution.  For the axial burnup distribution, the applicant provided an analysis 
demonstrating that assuming an axially constant burnup is conservative for all burnup ranges 
considered in the analysis.  This result is consistent with NUREG/CR-6801, “Recommendations for 
Addressing Axial Burnup in PWR Burnup Credit Analyses,” since credited burnup is low.   
 
For the planar burnup distribution, the applicant performed analyses demonstrating a worst case 
increase in keff of 0.0020 due to tilted horizontal burnup profile.  These analyses were performed 
assuming a worst case profile tilt across the assembly diagonal, and with all assemblies in the 
package oriented to cause the maximum increase in keff.  Given the small associated reactivity 
increase, the low likelihood of all assemblies in the cask being oriented in such a manner, and the 
large margin due to not modeling fission products demonstrated in Section 6.B.6 of the application, 
the applicant chose to model burned assemblies with a flat horizontal profile. 
 
6.7.3 Code Validation – Isotopic Depletion 
 
The applicant benchmarked CASMO-5 against radiochemical assay measurements of 100 spent 
fuel samples from 12 different commercial PWR plants.  The samples range from 2.45 to 4.65 wt. % 
235U initial enrichment, and from 6.9 to 76 GWd/MTU burnup.  Only the isotopes credited in the 
criticality analysis (234U, 235U, 236U, 238U, 238Pu, 239Pu, 240Pu, 241Pu, 242Pu, and 241Am) are included in 
the benchmark comparisons. 
 
The applicant used an isotopic benchmarking approach outlined in NUREG/CR-6811, “Strategies 
for Application of Isotopic Uncertainties in Burnup Credit,” known as the “direct difference” method.  
In this approach, for each of the 100 spent fuel measurements, one criticality calculation is 
performed using the measured actinide compositions, and another is performed using the 
composition calculated with CASMO-5.  Both sets of calculations are performed for spent fuel in all 
basket locations in the F-37 basket.  The difference in keff between these two calculations is a bias 
which represents the combined effect of all the modeled actinides.   
 
This approach requires that each measurement contains data for all the isotopes to be credited in 
the analysis, which is the not case for all the radiochemical assay measurements the applicant 
selected.  The applicant developed surrogate data for measurements that did not include all 
credited isotopes, using an approach described in NUREG/CR-7108, “An Approach for Validating 
Actinide and Fission Product Burnup Credit Criticality Safety Analyses – Isotopic Composition 
Predictions.”  This approach for generating surrogate validation data is recommended in ISG-8. 
 
The resulting comparison of measured and calculated actinide composition keffs is contained in 
Table 6.B.4 of the application.  Given the low burnup credited in the criticality analysis (less than 18 
GWd/MTU), the applicant chose to limit the validation set to 49 samples which were below 30 
GWd/MTU, which the staff finds acceptable.  The applicant also presents bias and bias uncertainty 
information for two sample sets which exclude specific Takahama and Yankee Rowe samples 
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which are suspected of having measurement errors.  The largest calculated bias (0.0020) and bias 
uncertainty (0.0142) are for all cases less than 30 GWd/MTU, including the Takahama and Yankee 
Rowe samples, and are used in the design basis calculations. 
 
6.7.4 Code Validation – Keff Determination 
 
The applicant benchmarked MCNP5 v1.51 against a series of 133 critical experiments containing 
mixed uranium and plutonium isotopes.  These experiments included fresh mixed uranium and 
plutonium oxide (MOX) fuel rods, as well as experiments detailed in NUREG/CR-6979, “Evaluation 
of the French Haut Taux de Combustion (HTC) Critical Experiment Data.”  NUREG/CR-6979 
demonstrates that HTC experiments are applicable for validation of burned commercial UO2 fuel.   
 
Table 6.A.1.2 of the application shows the calculated criticality code bias and bias uncertainty for 
the set of experiments containing MOX and HTC material.  The applicant analyzed the keff results 
for trends, and determined the only significant trends were with respect to EALF and plutonium 
enrichment, which were considered in the determination of burned fuel criticality bias in Table 
6.A.1.2.   
 
The largest calculated bias (0.0014) and bias uncertainty (0.0083) are used in the design basis 
calculations. 
 
6.7.5 Loading Curve and Burnup Verification 
 
The loading curve for the HI-STAR 180D package with the F-37 basket consists of two different 
minimum burnup requirements:  15 GWd/MTU for a basket analyzed with burned fuel in every 
location, or 18 GWd/MTU for each burned fuel assembly in the basket when analyzed with fresh 
fuel in eight corner locations indicated in Figure 7.D.2.  The minimum cooling time required is 1.5 
years in both cases. 
 
The burnup loading value may be confirmed either by a quantitative burnup measurement in the 
spent fuel pool prior to loading, or by additional administrative procedures and a qualitative 
measurement, as described in Section 6.F of the SAR.  For confirmation by quantitative 
measurement, the measured burnup value will be reduced by the combination of uncertainties in 
the reactor record burnup value and the measurement itself.   
 
For the administrative procedure with qualitative measurement, the reactor record burnup values 
will be reduced by the uncertainties in the determination of the reactor record burnup values.  
Additionally for this method, the package user must identify all the assemblies in the spent fuel pool 
that are below the HI-STAR 180D loading curve prior to loading, and verify that those assemblies 
remain in their locations in the pool after loading and prior to shipment.  Each assembly to be 
loaded under this procedure must have a qualitative radiation measurement prior to loading, in 
order to verify that the assembly is not fresh. 
 
The applicant also provides a criticality analysis of various misloading scenarios of the Model No. 
HI-STAR 180D package.  These scenarios include a misloading of one fresh fuel assembly in a 
location of the basket requiring a minimum burnup, the misloading of multiple assemblies that are 
not fresh but are below the minimum required burnup, and a misloading of the entire basket with 
fresh 4.55 wt. % enriched fuel.  The applicant also considers the effect of loading the entire basket 
with fuel exposed to fully inserted RCCAs, as well as the effect of considering the fission products 
present in the spent fuel.  These evaluations, summarized in Section 6.F of the application, 
demonstrate that the Model No. HI-STAR 180D package with the F-37 basket is largely insensitive 
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to misloads, due to the flux traps in the basket design, the low burnup requirements for burned fuel, 
and the fact that the basket is designed to be subcritical with fresh fuel present. 
 
6.8 Findings 
 
The applicant has demonstrated that the Model No. HI-STAR 180D package, when loaded with fuel 
assemblies meeting the characteristics of Table 7.D.1 of the application, and meeting the 
enrichment limit of 4.55 wt. % 235U for the F-32 basket and the loading configuration requirements of 
Table 7.D.6 and Figure 7.D.2 of the application for the F-37 basket, will be adequately subcritical 
under all conditions.   
 
Therefore, the applicant has shown and the staff agrees that the HI-STAR 180D package meets the 
fissile material requirements of 10 CFR 71.55 for single packages, and 10 CFR 71.59 for arrays of 
packages with a CSI of 0.0. 
 
7.0 PACKAGE OPERATIONS 
 
Chapter 7.0 of the application provides a summary description of package operations, including 
package loading and unloading operations, to ensure that the package is operated in a safe and 
reliable manner under NCT and HAC.  The preparation of an empty package for shipment is also 
described. 
 
Pre-shipment leakage rate tests are performed before each shipment after the contents are loaded 
and the containment system is assembled.  Pre-shipment leakage rate tests are performed on all 
containment seals as stated in Table 8.1.2 of the application.  The containment seals undergo an 
evacuated envelope leakage rate test (test A.5.4 from ANSI N14.5-1997).  The staff verified the 
allowable leakage rates and test sensitivities are shown in Table 8.1.1 of the application and all 
seals are tested to the ANSI N14.5 leaktight criterion because all seals are replaced prior to each 
shipment. 
 
The staff reviewed the Operating Procedures in Chapter 7 of the application to verify that the 
package will be operated in a manner that is consistent with its design evaluation.  
 
On the basis of its evaluation, the staff concludes that the combination of the engineered safety 
features and the operating procedures, as outlined in the application, provide adequate measures 
and reasonable assurance for safe operation of the package in accordance with 10 CFR Part 71. 
 
8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM 
 
Chapter 8 of the application identifies the inspections, acceptance tests, and maintenance 
programs to be conducted on the Model No. HI-STAR 180D package and verifies their compliance 
with the requirements of 10 CFR Part 71. 
 
8.1 Acceptance Tests 
 
The first fabricated HI-STAR 180D unit shall be thermally tested to confirm its heat transfer 
capability.  Section 8.1.7 of the application provides a basic description of the testing sequence and 
the condition for its acceptability.   
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For each package, a periodic thermal performance test is also performed at least once within the 5 
years prior to each shipment to demonstrate that the thermal capabilities of the package remain 
within its design basis.   
 
The structural (ITS) welds on the Metamic-HT basket using the FSW process are considered 
Category C per ASME Section III, NG-3351.3 and permissible weld Type III according to Table NG-
3352-1.  Specific weld geometry and details are provided in the licensing drawings.  Fabrication 
welds are visually examined with an acceptance criterion per ASME Section III, NG 5260 and 
ASME Section V, Article 1, paragraph 150, and both the weld criteria and inspection criteria 
procedures are part of the Metamic-HT Manufacturing Manual. 
 
Staff verified that the Metamic-HT Sourcebook documents the tensile strength of Metamic-HT welds 
per the testing protocol of ASME Code Section IX, 2013, and that the performance of FSW is based 
on actual weld qualification testing performed per Section IX.  Further, the applicant took no 
exceptions to FSW welding  meeting all applicable requirements of ASME Section IX, 2013 Edition, 
i.e.:  
 

(1) FSW Procedure Qualification Record (PQR) meeting the essential variable requirements of 
QW-267; 

 
(2) Weld Procedure Specification (WPS) meeting the essential variable requirements of QW-

267,  QW-361.1(e) and QW-361.2; 
 

(3) FSW welder operator performance qualifications meeting the essential variable  
requirements of QW-361.2; and 

 
(4) FSW PQR being qualified by a test coupon or a coupon from the initial production welding 

within the limitations of QW-304 and QW-305. 
 
The applicant applied the tensile strength penalty factor in ASME Section III, NG 3000, Table NG-
3352-1, and the use of weld tensile strength from coupon testing in the structural analysis.  Staff 
reviewed the evaluation on cyclic stresses in the basket to address the fatigue reduction factor in 
Table NG-3352-1.   
 
Staff also verified that a visual examination inspection was stated in the basket drawings for the ITS 
FSW corner welds, and that the basket corner FSW welds were classified as Category C per ASME 
Section III, NG 3000, NG-3351.3, Type III, in Table-3352-1. 
 
As indicated in Section 8.3 of the application, ASME Code, Section IX, 2007, is only called out for 
the tensile testing protocol because the testing was already done.  
 
In order to verify that fabrication has been performed in accordance with the drawings, specific weld 
requirements shall be observed as follows: 
 
(i) The containment boundary welds shall be examined in accordance with ASME Code, 

Section V, Article 9, with acceptance criteria per ASME Code, Section III, Subsection NB, 
Article NB- 5300.  Examinations, Visual (VT), Radiographic (RT), and Liquid Penetrant (PT) 
or Magnetic Particle (MT), apply to these welds as defined by the code.  These welds shall 
be repaired in accordance with the requirements of the ASME Code, Section III, Article NB- 
4450, and examined after repair in the same manner as the original weld.  
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(ii) The structural welds in the package and the impact limiters shall be examined in accordance 
with ASME Code, Section V, Article 9, with acceptance criteria per ASME Code, Section III, 
Subsection NF, Article NF-5300.  These welds shall be repaired in accordance with ASME 
Code, Section III, Article NF-4450, and examined after repair in the same manner as the 
original weld.  
 

(iii) The ITS basket welds shall be examined and repaired in accordance with NDE specified in 
the drawings, and with written and approved procedures developed specifically for welding 
Metamic-HT with acceptance criteria per ASME Section, V, Article 1, paragraph T-150, 
subparagraph a (2007 Edition).  The ITS basket welds, made by the Friction Stir Weld 
process, are classified as Category C per NG-3351.3 and Type III in Table NG-3352-1.  

 
By incorporating the requirements above into the licensing documents and the production welding 
handbook, as well as into the Metamic-HT manufacturing manual, staff believes that sound welds 
will be produced using the FSW process.   
 
8.2 Maintenance Tests 

Chapter 8 of the application identifies the maintenance programs to be conducted on the Model No. 
HI-STAR 180D package and verifies their compliance with the requirements of 10 CFR Part 71. 
 
Periodic leakage rate tests demonstrate that the containment capabilities of the packagings built to 
an approved design have not deteriorated over an extended period of use.  Periodic leakage rate 
tests are performed on all containment seals as stated in Table 8.1.2 of the application.  The 
containment seals undergo an evacuated envelope leakage rate test (test A.5.4 from ANSI N14.5-
1997).  The staff verified the allowable leakage rates and test sensitivities are shown in Table 8.1.1 
of the application and all seals are tested to the ANSI N14.5 leaktight criterion.  The periodic 
leakage rate tests are valid for one year. 
 
Maintenance leakage rate tests confirm that any maintenance, repair, or replacement of 
components has not degraded the containment system and are performed prior to returning the 
package to service.  Maintenance leakage rate tests are performed on the containment shell, 
baseplate, closure flange, inner closure lid, outer closure lid, vent and drain port covers, 
containment welds, and containment seals as stated in Table 8.1.2 of the application.   
 
The containment shell, baseplate, closure flange, inner closure lid, outer closure lid, vent and drain 
port covers, and containment welds undergo a gas filled envelope (test A.5.3 from ANSI N14.5-
1997) leakage rate test and the containment seals undergo an evacuated envelope leakage rate 
test (test A.5.4 from ANSI N14.5-1997).  The staff verified the allowable leakage rates and test 
sensitivities are shown in Table 8.1.1 of the application and all containment components are tested 
to the ANSI N14.5 leaktight criterion. 
 

8.3 Evaluation Findings 

The application includes a high level description of a sampling plan to verify the acceptability of 
Metamic-HT panels while a detailed sampling plan is included in the Metamic-HT manufacturing 
manual.  Test results are appropriately documented and part of the package final quality 
documentation report.  The staff has reviewed the Metamic-HT acceptance testing criteria, and 
finds them adequate for the application. 
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The staff requested that the package containment boundary leakage testing be performed in 
accordance with the requirements of ANSI N14.5-1997 to determine compliance with 10 CFR 
71.51. 
 
Based on the statements and representations in the application, the staff concludes that the 
acceptance tests for the packaging meet the requirements of 10 CFR Part 71.  Further, 
the certificate of compliance is conditioned to specify that each package must meet the Acceptance 
Tests and Maintenance Program of Chapter 8 of the application. 
 
CONDITIONS 
 
The following conditions were included in the certificate of compliance: 
 
The package shall be prepared for shipment and operated in accordance with Chapter 7 of the 
application.  

 
The package shall meet the acceptance tests and be maintained in accordance with Chapter 8 of 
the application.    
 
The personnel barrier shall be installed and remain installed while transporting the package if 
necessary to meet package surface temperature and/or package dose rates requirements. 
 
The package authorized by this certificate is hereby approved for use under the general license 
provisions of 10 CFR 71.17.  
 
Transport by air of fissile material is not authorized. 
 
The Reference Section includes Revision No. 3 of the safety analysis report for the Model No. HI-
STAR 180D, referenced HI-2125175, dated July 16, 2014. 

CONCLUSION 
 
Based on the statements and representations contained in the application, and the conditions 
listed above, the staff concludes that the Model No. HI-STAR 180D package has been adequately 
described and evaluated and that the package meets the requirements of 10 CFR Part 71. 
 
Issued with Certificate of Compliance No. 9367, Revision No. 0,  
on July 29, 2014.     
 


