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Agenda

• Introduction
• Design Overview

– Cask, Basket, Impact Limiters, Performance

• Design Features / Acceptance Criteria / Analyses
– Structural, Materials, Thermal, Containment, Shielding, 

Criticality

• Summary
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Introduction

• Holtec International is planning an imminent submittal 
of a licensing application for a new transportation 
package

• Designated Name: HI-STAR 60
• Cask consists of cask body with lid and basket, there 

is no MPC
• Cask is a smaller version of the HI-STAR 100
• The HI-STAR 60 is designed for plants with limited 

crane capacity, and helps to complete Holtec’s line of 
transportation casks, now consisting of the HI-STAR 
100, HI-STAR HB (80 ton), HI-STAR 180 and HI-
STAR 60. 
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Impact Limiter for HI-STAR 60
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Performance

• Basket Capacity 12 PWR Assemblies
– 15x15 Westinghouse Type Assembly
– 14x14 Indian Point 1 Type Assembly 

• Moderate Burnup Fuel (≤ 45 GWd/mtU)
• Heat Load up to 10.5 kW
• Minimum Cooling Time 5 years for 45 GWd/mtU Fuel
• Uniform Loading
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Design Comparison to HI-STAR 100

Temperature-Insensitive Crushable Material
(e.g. Aluminum Honeycomb)

Impact Limiter

Protects against lateral impactsFlange Joint Configuration

Metamic enclosed in SS SheathingNeutron Absorber

Stainless SteelBasket Structural Material

Honeycomb with all contiguous edges weldedBasket Construction

Layered  Shells and HoltiteGamma and Neutron Shielding

Cryogenic Steel (Nickel Steel)Containment Boundary

1Bolted Lids

yesnoMPC

~100 t~60 tWeight

HI-STAR 100HI-STAR 60Feature
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HI-STAR 100 (continued)

24 (32)12PWR Assemblies

2 11/16”4”Flange Lip Thickness

1680 lb1050 lbMax. Assembly Weight

5/16” (9/32”)1/4”Basket Wall Thickness

191 1/8”140”Cavity Height

68 3/4”42 1/2”Cavity Diameter

HI-STAR 100HI-STAR 60Feature
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Lessons Learned

• The submittal will contain lessons learned from other 
transport licensing applications
– Acceptance Review of HI-STAR 180
– RAIs on HI-STAR HB
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Structural Evaluation – Loading Conditions

• Normal Conditions of Transport Loads (10CFR71.71)

- Normal operating pressure and temperature distribution
- Reduced external pressure (25kPa/3.5 psia)
- Increased external pressure (140kPa/20 psia)
- Normal vibratory loads incidental to transport
- Free Drop (0.3 m/1 ft)

• Hypothetical Accident Conditions Loads (10CFR71.73)

- Free Drop (9 m/30 ft)
- Puncture (1 m/40 in drop)
- 800ºC (1475ºF) Engulfing fire
- Immersion in at least 15 m (50 ft) head of water
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Structural Evaluation – Loading Conditions

• Design Condition Loads
– Normal Internal Pressure (34.5kPa/5 psig)

– Accidental Internal Pressure (413.8kPa/60 psig)

– Accidental External Design Pressure (2068.5kPa/300 psig 
bounds the external pressure specified in 10CFR71.61 )

• Handling Loads
– Trunnions are designed to resist the lifting loads, and the 

transport loads defined by 10CFR71.45 (b)
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Structural Acceptance Criteria 

• Normal Conditions of Transport

– Containment satisfies ASME Section III, Subsection NB Level A 
Primary stress intensity limits, and Primary plus Secondary stress 
intensity limits as applicable.

– Fuel Basket satisfies ASME Section III, Subsection NG Level A 
Primary stress intensity limits, and Primary plus Secondary stress 
intensity limits as applicable.

– Radial Shielding maintains shielding function.

• Lifting

– Applicable sections of ANSI N14-6 define safety factors.
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Structural Acceptance Criteria

• Hypothetical Accident Conditions of Transport

– Containment satisfies ASME Section III, Subsection NB 
Level D Primary stress intensity limits; bolted joint maintains 
radiological containment after the accident; no containment 
breach from a puncture.

– Fuel Basket satisfies ASME Section III, Subsection NG Level 
D primary stress intensity limit.

– Radial Shielding maintains shielding function
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Accident Analyses Using LS-DYNA 

• Current dynamic simulation codes such as LS-DYNA are widely 
considered as highly reliable tools for simulating impact tests of 
transportation packages. Benefits of simulations include
– More configurations can be examined
– Sensitivity studies can be performed
– Possible scaling anomalies, instrumentation problems and 

measuring errors are eliminated
– Results are obtained for the entire structure, not just for selected 

locations
– Seal performance and safety margins of the package can be 

assessed

• Therefore, the qualification of the HI-STAR 60 cask under 
hypothetical accident conditions is performed with a 
benchmarked analytical approach using LS-DYNA.
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• Evaluation by Analysis
– ANSYS finite element analyses and strength-of-materials 

calculations for static loading conditions.
– LS-DYNA finite element analyses for dynamic loading 

conditions (i.e., drop and puncture).
– The accuracy of LS-DYNA analysis in predicting the AL-

STAR impact limiter behavior has been confirmed by 
HOLTEC through a benchmarking analysis and by 
NRC/ PNNL analysts through an independent analysis 
documented in a published paper. Both analyses modeled 
the full-scale cask and scaled the results based on similarity 
law to  compare with the results obtained from the ¼ scale 
HI-STAR 100 drop tests. 
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Impact Limiter Tests and Benchmarking

• In 1998, Holtec conducted two series of 9-meter quarter-scale-
model dynamic drop tests in selected limiting drop 
configurations and obtained test data.

• In the context of the licensing analyses for the HI-STAR HB and 
HI-STAR 180 systems, benchmarking of the state-of-the-art 3-
dimensional LS-DYNA models were performed using the drop 
test results. This benchmarking was performed with full-scale 
models in the analyses. 

• The benchmark report to be submitted with the HI-STAR 60 
SAR will contain both full-scale and quarter-scale analyses in 
comparison with the results of the drop tests, to confirm the 
validity of the similarity law for this application.
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Benchmark Simulations
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HI-STAR 100 Slap Down Benchmark Analysis Using 
LS-DYNA
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HI-STAR 100 Tests
Impact Duration
(milli-seconds)

Total Crush Depth (inch)Deceleration (g’s)

45
42

44.4
41.2

10.64
13.51

10.7
13.5

49.48
63.84

49.0
59.0

D. Slap-
Down 

Primary 
Secondary

5053.112.8612.548.6245.7C. Side  
Drop

62.86118.469.82/15.2538.9638.8B. C.G.-
Over-
Corner

4437.2/40.710.3510.656.6553.9a. End Drop

PredictedMeasuredPredictedMeasuredPredictedMeasuredCase I.D.
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Quarter-Scale vs. Full-Scale

• Similarity Law
– In the quarter-scale case, the acceleration is 4 times the 

acceleration of the full-scale case
– In the quarter-scale case, the duration is 1/4 the duration of 

the full-scale case
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FEA Model) 
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HI-STAR 60 Package LS-DYNA Model
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(Fuel, Basket, & Containment Bolt Connections)
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(Closure Lid and Seals)

27July 11, 2007

HOLTEC
INTERNATIONALHI-STAR 60 Package LS-DYNA Model

(Impact Limiter & Attachment Bolts)
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Key Attributes of LS-DYNA Model

• Half model to take advantage of symmetry 
• Appropriately meshed to ensure convergence

• Enclosure lid bolts and seals preloaded prior to each 
transient drop/puncture analyses

• Fuel assemblies modeled by solid elements with 
appropriate stiffness

• Gaps between the cask and its contents properly 
considered

• True stress-strain relationships used for material 
models
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(Safety Factor of the Bolts = 1.44)
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Materials

• All principal materials are identical between the 
HI-STAR 60 and the HI-STAR 100



6

31July 11, 2007

HOLTEC
INTERNATIONAL

Thermal Evaluations

• Fuel Integrity (ISG-11, Rev. 3)
– Transport Evaluation, Cladding Temperature Limit 

° 752°F (400°C) (normal)

° 1058°F (570°C) (accident)

• Accessibility (10CFR71)
– Accessible surface temperature limit: 185°F (85°C)

• Cask Components
– All components must remain below their design temperature 

limits.
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Thermal Evaluations (cont.)

• Containment Boundary Integrity
– Pressure limits

° 5 psig  (Normal)
° 60 psig  (Accident)

– Rod Rupture Criteria
° Normal Transport (NUREG 1617)

– Rods rupture 3%
– fill gas release 100% from ruptured rods
– fission gas 30% from ruptured rods

° Accident Condition
– Rods rupture 100%
– fill gas release 100% from ruptured rods
– fission gas 30% from ruptured rods
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Thermal Evaluations (cont.)

• Cask Decay Heat - 10.5 kW

• Ambient Environment Conditions
– Temperature: 100°F (38°C) (10CFR71)
– Incident insolation: 10CFR71 specified 12-hr caloric inputs

• Fire Accident (10CFR71)
– Temperature: 1475°F (800°C)
– Duration: 30 min
– Flame emissivity: 0.9           
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Thermal Evaluations (cont.)

• Methodology
– Three-dimensional quarter-symmetric model in FLUENT.
– The thermal solution employs only two modes of heat 

transfer within the cask cavity – conduction and radiation. 
Any convection inside the cask is conservatively neglected.

– Heat transfer from the surface of the cask to the ambient is 
via natural convection and radiation.
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Thermal Evaluations (cont.)

HI-STAR 60 MAXIMUM NORMAL TRANSPORT TEMPERATURES

204 (400) 133 (271)Lid Seals

149 (300)140 (284)Neutron Shield 

204 (400)162 (324)Containment Shell 

400 (752)358 (676)Fuel Cladding

Temperature 
Limit 

oC (°F)

Temperature 

oC (°F)
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HI-STAR 60 
Containment
Boundary

CONTAINMENT 
BASEPLATE

CONTAINMENT 
SHELL

CONTAINMENT  
CLOSURE FLANGE

CLOSURE LID

• Containment shell
• Containment base 

plate 
• Containment 

closure flange 
• Closure lid, closure 

lid bolts and seals
• Vent and drain port 

cover plates, and 
associated bolts 
and seals
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Containment Evaluation

• Containment boundary to withstand transport 
accidents

• Containment seals will be qualified per ANSI N14.5
• Evaluation to be consistent with the requirements of:

– NUREG/CR-6487, Containment Analysis for Type B 
Packages Used to Transport Various Contents

– Regulatory Guide 7.4 Leakage Tests on Packages for 
Shipment of Radioactive Materials

– NUREG-1617, Standard Review Plan for Transportation 
Packages for Spent Nuclear Fuel
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Containment Acceptance Criteria

• Normal Conditions of Transport 10CFR71.51(a)(1)
< A2 x 10-6 in one hour 

• Hypothetical Accident Conditions 10CFR71.51(b)(2) 
< A2 in one week

• Leakage Rate Acceptance Criteria 
< 2.8 x 10-4 atm cm3/s, He
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Shielding Design Features

• HI-STAR 60 Radial Shielding
– 282 mm of steel shells 
– 121 mm of Holtite 
– 19 mm Holtite enclosure shell

• HI-STAR 60 Axial Shielding
– 252 mm steel closure lid
– 205 mm steel base plate
– 50 mm steel plates in top and bottom impact limiters
– 60 mm Holtite in top and bottom impact limiters
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Shielding Acceptance Criteria

• Normal Condition (10CFR71.47)
– 1000 mrem/hr (10 mSv/hr) on surface of package (closed 

shipment)
– 200 mrem/hr (2 mSv/hr) on surface of vehicle
– 10 mrem/hr (0.1 mSv/hr) at 2 m from vehicle
– 2 mrem/hr (0.02 mSv/hr) in any normally occupied space 

(except for private carrier personnel with radiation 
monitoring)

• Accident Condition (10CFR71.51)
– 1000 mrem/hr (10 mSv/hr) at 1 m from external surface of 

package

• Normal Condition “Non-Exclusive” Limit 
– 10 mrem/hr (0.1 mSv/hr) at 1 m from surface
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Shielding Evaluation

• Methodology
– MCNP5 Monte Carlo Code
– Mesh based weight windows variance reduction
– NCT Model - Explicit three dimensional modeling of basket, 

cask and impact limiters 
– HAC Model – Loss of Impact Limiters and Holtite

• Shielding Evaluation Results
– All dose rates are below regulatory limits under normal 

conditions of transport and hypothetical accident conditions
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NCT Shielding Model

Radial Cross Section

Axial Cross Section
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Criticality Design Features

• Metamic Panles attached to Stainless Steel basket 
walls by Sheathing

• Flux Traps in the center of the basket
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Criticality Acceptance Criteria

• Maximum keff < 0.95
• All fuel assumed to be fresh

– No Burnup Credit

• Moderation
– Fully flooded under normal condition
– Fully flooded under accident condition (no water exclusion)
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Criticality Evaluation

• Methodology
– MCNP4a Monte Carlo Code
– Full Three-Dimensional Models

• Maximum keff values
– 15x15 Assembly: 0.92
– 14x14 Assembly: 0.77
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Summary

• New HI-STAR 60 Cask system without MPC
• Excellent performance

• Accident conditions evaluated by state-of-the-art 
transient FE analysis

• Schedule
– Submittal August 2007


