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INTRODUCTION

• Holtec is preparing to submit an application for approval of the new Type 
B(U)F HI-STAR 180D Transportation Package

• The HI-STAR 180D package is a slight variant of the HI-STAR 180 
package previously approved under USNRC Docket 71-9325

• Holtec has prepared a safety analysis report on the HI-STAR 180D 
following essentially the same framework of SAR format, licensing 
approach, and safety analysis of the HI-STAR 180.

• This 2nd pre-application presentation supplements the 1st pre-application 
presentation with additional information and clarification of select design, 
licensing and safety analysis topics intended to improve the 
understanding of the contents of the application to facilitate an efficient 
review.
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Design In Review
Major Packaging Features HI-STAR 180/180D

4

HI-STAR 180

Bolted
Double 
Lid 
Closure 
System

Fuel 
Basket

Basket 
Shims

Monolithic
Shield
Cylinder

HI-STAR 180D 



Holtec Non-Proprietary Presentation
This document is copyrighted intellectual property of Holtec International.  All rights reserved.

a generation ahead by design

Design and Licensing Approach

• Equipment design is based on HI-STAR 180.
– Containment evaluation adopts the ANSI N14.5 reference leakage rate of “leaktight” 

(i.e. 2x10-7 atm cm3/s, helium) same as HI-STAR 180.
– A more refined approach to define the critical characteristics of containment seals is 

implemented to allow more flexibility in selecting the optimal seal design from qualified 
seal manufacturers.

– A simplified Fuel Impact Attenuator (FIA) design is used to minimize axial gaps 
between fuel assembly and the cask containment boundary.

– All Metamic-HT Basket minimizes the criticality safety implications of potential HBF 
reconfiguration same as HI-STAR 180.

• Package contents are similar to HI-STAR 180
– PWR UO2 fuel assemblies with high burnup and low cooling time similar to HI-STAR 

180.
– No non-fuel hardware same as HI-STAR 180.
– No MOX fuel (HI-STAR 180 includes high burnup MOX fuel).
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Design and Licensing Approach

• Safety studies, methodology, approach and key acceptance criteria is essentially 
the same as HI-STAR 180.

– Safety case for moderator exclusion under hypothetical accident conditions to address 
the criticality safety of high burnup fuel under accident condition consistent with 10 
CFR 71.55(e)  and ISG-19 and same as HI-STAR 180.

– 9 meter drop evaluations consider secondary impacts with maximum gaps in a similar 
manner as done in HI-STAR 180.

– Fuel pin evaluation adopts a significantly more stringent failure strain limit than used 
for HI-STAR 180.

– Shielding evaluations considers the package “external surface” without credit for 
personnel barrier or similar device to meet external radiation level limits for NCT and 
HAC similar to HI-STAR 180.

– Shielding evaluations for conveyance consider an open (flat-bed) conveyance and do 
not rely on conveyances that are “closed” or with “enclosures” such as personnel 
barrier similar to HI-STAR 180.

– The potential for HBF reconfiguration is addressed from both safety and regulatory 
compliance perspectives.

– Criticality safety approach for the HI-STAR 180D is consistent with the ISG-8, Rev. 3.
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Design Features of Interest
Containment Seals

• HI-STAR 180D application defines the “critical characteristics” of 
containment seals to allow more flexibility in selecting the optimal seal 
from qualified seal manufacturers.

– HI-STAR 180 over characterizes the seal and groove design attributes
– HI-STAR 180 seal characterization approach limits Holtec to a single 

supplier (a highly undesirable situation from a quality and commercial 
perspective).

• The defined set of seal “critical characteristics” includes seal 
requirements used as input in the numerical simulations and evaluations 
of HAC drops to demonstrate containment seals do not unload and the 
containment seal joints do not leak.

– Manufacturers supply test data to demonstrate that seal meets the critical 
characteristics.

– The difference between HI-STAR 180D and HI-STAR 180 is in the details of 
the characterization.
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Design Features of Interest
Fuel Impact Attenuators (FIAs)

• A simplified Fuel Impact Attenuator (FIA) design is used to minimize axial 
gaps between fuel assembly and the cask containment boundary.

– The approach addresses the safety implications of secondary impacts by 
mitigating its effects in a similar manner as HI-STAR 180.

– The approach provides a level of reasonable assurance in line with HI-STAR 
180.

– The simplified FIAs are adjustable and lend themselves for use within a 
narrow range of small axial gaps (slight fuel assembly length variations are 
expected).

– FIAs are used only where required to meet the specified axial gap 
– An implementation plan for proper installation operations and confirmation of 

axial gaps has been developed.

8



Holtec Non-Proprietary Presentation
This document is copyrighted intellectual property of Holtec International.  All rights reserved.

a generation ahead by design

Potential Reconfiguration of HBF
General Licensing Approach

• Cladding material properties for HBF are not “well” known (high 
uncertainty).

• HI-STAR 180D application seeks design approval based on the 
following:

– A safety case that provides reasonable assurance that fuel will not 
significantly reconfigure under normal conditions of transport (NCT), 
hypothetical accident conditions of transport (HAC) or due to 
loading/unloading operations.

– A defense-in-depth safety case for NCT and HAC that assumes hypothetical 
reconfiguration of HBF.

• The HI-STAR 180D licensing approach and safety analysis addresses 
the potential for HBF reconfiguration from both safety and regulatory 
compliance perspectives.
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Potential Reconfiguration of HBF
Loading and Unloading Operations

• Loading/Unloading Operations
– HBF is loaded intact and uncanisterized, with high expectation to remain 

intact under NCT.
– Cask handling drops are non-credible since the cask top trunnions are 

designed to ANSI N14.6.
– A “best estimate” safety case is made for the effect cask reflood to address 

thermal shock of HBF cladding during unloading with large margin of safety.
– Compliance with ISG-11 Rev. 3 during loading and unloading ensures 

cladding integrity.
– Special equipment or facilities are not expected to be necessary for 

retrieveability (10CFR71.89) due to the high expectation that HBF will remain 
intact under NCT and credible HBF damage under HAC will be limited to fuel 
lattice deformations that will not result in a stuck fuel assembly.
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Potential Reconfiguration of HBF
Normal and Accident Conditions of Transport

• Normal and Accident Conditions of Transport 
– A “best estimate” safety case is made for the effect of vibration under normal 

conditions of transport which shows large safety margin.
– A “best estimate” safety case is made for the effect of NCT drop events on 

HBF by conservative fuel pin evaluation and stringent failure strain limit 
which shows large safety margin.

– A “best estimate” safety case is made for the effect of HAC drop events on 
HBF by conservative fuel pin evaluation and stringent failure strain limit 
which shows significant safety margin against fuel cladding or rod breakage.

– The fuel pin evaluations are consistent with HI-STAR 180 but with 
significantly more onerous failure strain limit.

– Thermal evaluations meet ISG-11 Rev. 3 guidance for high burnup fuel
– The adoption of ANSI N14.5 reference leakage rate of “leaktight” 

conservatively resolves any containment concerns.
– Containment boundary integrity is maintained under hypothetical 100% rod 

rupture with coincident hypothetical fire accident consistent with RG 7.6. 11
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Potential Reconfiguration of HBF
Defense-In-Depth Evaluations

• The safety implications of fuel reconfiguration on thermal, shielding, and 
criticality safety are addressed in a hypothetical and conservative 
manner.

• The types of fuel reconfigurations that are considered in defense-in-
depth evaluations include:

– Permanent lattice deformation (no rod breakage)
– Rod/assembly slide out (no rod breakage)
– rod breakage/loss of assembly structural integrity
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Hypothetical HBF Reconfiguration 
Defense-In-Depth Thermal Evaluations

• Hypothetical HBF Reconfiguration - Normal Conditions of Transport
– Thermal analysis is performed assuming a conservative compaction of HBF 

thermal load to simulate the effect of elevated local temperature on the cask 
containment closure system, major shielding components, and basket.

– The applicable package component temperatures must remain below their 
applicable material temperature limits for normal conditions.

• Hypothetical HBF Reconfiguration - Accident Conditions of Transport
– Thermal analysis is performed is performed same as for normal conditions 

except coincident fire and 100% rod rupture is considered to maximize 
temperature and pressure.  Package neutron shield is considered lost 
consistent with shielding evaluation assumptions.

– The applicable package component temperatures must remain below their 
applicable material temperature limits for accident conditions.

13



Holtec Non-Proprietary Presentation
This document is copyrighted intellectual property of Holtec International.  All rights reserved.

a generation ahead by design

Hypothetical HBF Reconfiguration 
Defense-In-Depth Shielding Evaluations

• Hypothetical HBF Reconfiguration - Normal Conditions of Transport
– A qualitative shielding assessment is performed assuming hypothetically 

permanent HBF lattice deformation to address the effect of potential local 
source term relocation on package dose rates.

– The effect on external radiation levels would be insignificant.

• Hypothetical HBF Reconfiguration - Accident Conditions of Transport
– Shielding analysis is performed assuming conservative compaction of HBF 

source term to simulate the effect of source term relocation on the cask dose 
rates.  The assumed compaction is intended to reasonably bound any 
potential fuel lattice deformation, rod slide out and rod beak.  The package 
neutron shield is considered lost.

– External radiation levels limits are met.
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Hypothetical HBF Reconfiguration 
Defense-In-Depth Criticality Evaluations

• Hypothetical HBF Reconfiguration - Normal Conditions of Transport
– A safety case is made based on criticality analysis of fuel reconfigurations 

supporting the accident condition safety case.
– k-eff value remains below the 0.95 limit (wet or dry conditions).

• Hypothetical HBF Reconfiguration - Accident Conditions of Transport
– The criticality analysis of fuel reconfigurations are the same as those used 

as defense-in-depth for approval of moderator exclusion under accident 
conditions consistent with 10 CFR 71.55(e).

– A new fuel reconfiguration geometry is evaluated to enhance the criticality 
safety case.

– k-eff value remains below 0.98 limit (wet or dry conditions).
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Metamic-HT Program
Qualification, Manufacturing and Testing

• Same material as in HI-STAR 180 with same qualifications but with HI-
STORM FW manufacturing test program including tier system for coupon 
testing.

• B4C content is the same as HI-STORM FW (Docket 72-1032).

• The minimum guaranteed values (MGV) are the same as HI-STAR 180 
and HI-STORM FW except charpy and lateral expansion are now 
reference values.

– Supported by crack propagation study in the Metamic-HT Sourcebook.
– Fabrication process is not prone to development of internal cracks and pre-

existing cracks are not permitted in the final product.

• American Welding Society (AWS) D17.3/D17.3M friction stir welding 
specification is added to the Holtec Manufacturing Manual.

• The Metamic-HT Sourcebook has been updated as appropriate to 
support the HI-STAR 180D application. 16
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External Radiation Level Limits

• The personnel barrier is not required for the HI-STAR 180D Package to meet the 
external radiation standards of 10CFR71.47 and 10CFR71.51(2). 

• The personnel barrier is not a structural part of the package and therefore it is not 
required to remain in place under the normal conditions tests in 10CFR71.71.

• The package (cask with impact limiters), when loaded with design basis 
radioactive material contents, has a calculated Transport Index >10 and therefore 
exceeds the requirement of 10CFR71.47(a)

• The package meets the 2 mSv/h (200 mrem/hr) limit on the external surface of 
the package consistent with 10CFR71.47(b)(1).

• Conveyance radiation levels are conservatively determined on the basis of an 
open (flat-bed) type conveyance with no personnel barrier attached to either the 
package or the conveyance. 

• The width of the open flat bed conveyance is conservatively assumed to 
correspond to the diameter of the impact limiters while its length is assumed to 
corresponds to the length of the package.
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External Radiation Level Limits

• The open conveyance radiation levels meets the 2 mSv/h (200 mrem/hr) limit at 
any point consistent with 10CFR71.47(b)(2) on: 

– The vertical planes projected from the outer edges of the vehicle,
– The upper surface of the load (i.e. the package) and; 
– The lower external surface of the vehicle.
– Note since the package already meets the 2 mSv/h (200 mrem/hr) limit on the external 

surface of the package per 10CFR71.47(b)(1) then 10CFR71.47(b)(2) is automatically 
met.

• The open conveyance meets the 0.1 mSv/h (10 mrem/hr) limit at any point 2 
meters (6.6 feet) from the vertical planes projected by the outer edges of the 
vehicle (excluding the top and underside of the vehicle) consistent with 
10CFR71.47(b)(3).

• The required distance from the package necessary to comply with the 0.02 
mSv/hr (2 mrem/hr) requirement specified in 10CFR71(b)(4) for normally 
occupied space (with no credit for a personnel barrier) is calculated.
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Summary

• The HI-STAR 180D is a variant of the HI-STAR 180 certified under 
USNRC Docket 71-9325.

• Design details, materials and safety analyses approaches are essentially 
identical to those for the HI-STAR 180, which supports an efficient 
licensing process.

• Potential for HBF reconfiguration is addressed by conservative “best 
estimate” structural evaluations to ensure with high confidence that:

– HBF will remain intact under NCT and loading/unloading conditions; 
– HBF will sustain limited permanent lattice deformation with no rod break 

under HAC such that the fuel remains retrievable without special tools or 
facilities

• Thermal, shielding, and criticality safety evaluations are performed with 
conservative hypothetical fuel reconfiguration for normal and accident 
conditions of transport as defense-in-depth.
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Submittal Schedule

• Holtec plans to submit the HI-STAR 180D application for design approval 
before the end of the year.
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