


HalfPACT Safety Analysis Report Rev. 6, December 2012

TABLE.OF CONTENTS

1.0 GENERAL INFORMATION ............................ . ........................... 1.1-1

1.1 Introduction ...................................................................................... 1.11-

1.2 Package Description;................ ............................. 1.2-1
1.2.1 P ackaging ......................................................... ........................................... 1.2-1

1.2.1.1 Packaging D escription ................................................................... 1.2-1
1.2.1.2 Gross Weight ................................... 1.2-4
1.2.1.3 Neutron Moderation and Absorption ............................................ 1.2-5
1.2.1.4 Receptacles, Valves, Testing, and Sampling Ports ....................... 1.2-5
1.2.1.5 H eat D issipation .............. I ............................................................ 1.2-5
1.2.1.6 C oolants .......... ; ................................ ............................ ............ 1.2-6
1.2.1.7 Protrusions .............................. ..... ..... ................... 1.2-6

1.2.1.8 Lifting and Tie-down Devices ......................... ............................. 1.2-6
1.2.1.9 Pressure Relief System ................................................................... 1.2-7
1.2.1.10 Shielding ................................................... * .............. ...................... 1.2-7

1.2.2 O perational Features .................................................................................... 1.2-7

1.2.3 C ontents of Packaging ........................................ ........................................... 1.2-7 '

1.3 Appendices ............ ................................... 1.3-1
1.3.1 Packaging General Arrangement Drawings ........................................ 1.3.,1-1
1.3.2 Glossary of Terms and Acronyms .... ........................... ............. ......... 1.3.2-1

2.0 STRUCTURAL EVALUATION ............. .......... ' .2.1-1

2.1 StructuralD esign ...................................... .................................... .......................... 2.1-1
2 .1.1 D iscussion ................................................................................................... 2.1-1

2.1.1.1 Containment Vessel Structure (ICV) ............................................ 2.1-2
2.1.1.2 Non-Containment Vessel Structures (OCV and OCA) ................. 2.1-3

2.1.2 Design Criteria ........................................ 2.1-3
2.1.2.1 Analytic Design Criteria (Allowable Stresses) ............................. 2.1-3
2.1.2.2 Miscellaneous Structural Failure Modes ..................................... 2.1-4

2.2 W eights and Centers of Gravity .,.... .......... I ........... ...................... ...................... 2.2-1

2.2.1 Effect of a Radial Payload Imbalance ............................. .......... 2.2-1
* 2.2.2 Effect of an Axial Payload Imbalance ..... .............. ...................... ...... 2.2-3

2.3 Mechanical Properties of Materials ........... 2.3-1
2.3.1 Mechanical Properties Applied to Analytic Evaluations ............................. 2.3-1
2.3.2 Mechanical Properties Applied to Certification Testing ............................. 2.3-2

2.4 'General Standards for A ll Packages .............. .......................................................... 2.4-1

2.4.1 M inim um Package Size ............................................................................... 2.4-1
2.4.2 Tamper-indicating Feature ................................ 2.4-1



HalfPACT Safety Analysis Report Rev. 6, December 2012

2.4.3 Positive C losure ............................................................................................ 2.4-1
2.4.4 Chemical and Galvanic Reactions ................................................................ 2.4-1

2.4.4.1 Packaging Materials of Construction ............................................ 2.4-2
2.4.4.2 Payload Interaction with Packaging Materials of Construction .... 2.4-3

2.4 .5 V alves ........................................................................................................... 2.4-3
2.4.6 Package D esign .......................................................................................... 2.4-3
2.4.7 External Tem peratures ................................................................................. 2.4-3.
2.4.8 V enting ......................................................................................................... 2.4-4

2.5 Lifting and Tie-down Standards for All Packages ................................................... 2.5-1
2.5.1 L ift ing D evices ............................................................................................. 2.5-1
2.5.2 T ie-dow n D evices ......................................................................................... 2.5-2

2.5.2.1 Tie-dow n Forces............................................................................ 2.5-2
2.5.2.2 Tie-down Stress Due to a Vertical Tensile Load ......................... 2.5-3
2.5.2.3 Tie-down Stress Due to a Vertical Compressive Load ................ 2.5-7
2.5.2.4 Tie-down Stresses Due to a Horizontal Compressive Load .......... 2.5-8
2.5.2.5 Response of the Package if Treated as a Fixed, Cantilever Beam2.5-10
2.5.2.6 Sum m ary ........................................... .......................................... 2.5-11

2.6 Normal Conditions of Transport .............................................................................. 2.6-1
2.6.1 Heat ..................................................................... 2.6-2

2.6.1.1 Summary of Pressures and Temperatures ................................... 2.6-2
2.6.1.2 Differential Thermal Expansion... .............................................. 2.6-3
2.6.1.3 Stress Calculations ............................... 2.6-3
2.6.1.4 Comparison with Allowable Stresses ................... 2.6-4
2.6.1.5 Range of Primary Plus Secondary Stress Intensities ..................... 2.6-5

2 .6.2 C old ............................................................................................................. 2 .6-6
2.6.2.1 Stress C alculations ........................................................................ 2.6-6
2.6.2.2 Comparison with Allowable Stresses ............................................ 2.6-7

2.6.3 Reduced External Pressure .......................................................................... 2.6-7
2.6.4 Increased External Pressure .......................................................................... 2.6-7

2.6.4.1 Stress C alculations ....................................................................... 2.6-8
2.6.4.2 Comparison with Allowable Stresses ................... 2.6-8
2.6.4.3 Buckling Assessment of the Torispherical Heads........... 2.6-9
2.6.4.4 Buckling Assessment of the Cylindrical Shells ........................... 2.6-9

2.6.5 Vibration ............... ... .......................... 2.6-10
2.6.5.1 Vibratory Loads Determination .................................................. 2.6-10
2.6.5.2 Calculation of Alternating Stresses ............................................. 2.6-11
2.6.5.3 Stress Limits and Results ........................................................... 2.6-12

2.6.6 W ater Spray ................... ............................................................................ 2.6-12
2.6.7 Free D rop .................................................................................................. 2.6-12
2.6.8 C orn er D rop ............................................................................................... 2.6-13
2.6.9 C om pression ........................................................... .................................... 2.6-13
2.6.10 Penetration ............................................................................................... 2.6-13 _ ,

ii



HalfPACT Safety Analysis Report Rev. 6, December 2012

2.7 Hypothetical Accident Conditions ............................... .2.7-1

2.7.1 Free Drp.........................................2.7-2.7.1 Free D rop .............. ......................... ...:...............V..... ................ ...................... .:2.7-2

2.7.1.1 Technical Basis for the Free Drop Tests ................. 2.7-2
2.7.1.2 Test Sequence for the Selected Tests ........................................ 2.7-3
2.7.1.3 Summary of Results from the Free Drop Tests ............ ,............. 2.7-3

2.7.2 Crush .......... ............................. ... .... 2.7-3
2.7.3 Puncture ........................ ........ ...... ...... 2.7-3

2.7.3.1 Technical Basis for the Puncture Drop Tests .............. 2.7-4
2.7.3.2 Test Sequence for the Selected Tests ................... 2.7-5
2.7.3.3 Summary ofResults from the Puncture Drop Tests ...... ............. 2.7-5

2.7.4 T herm al ..................................................... ................... ................. ........ 2.7-6
2.7.4.1 Summary of Pressures and Temperatures ... .... .................. 2.7-6
2.7.4.2 Differential Thermal Expansion............... ............ I ....................... 2.7-8
2.7.4.3 Stress Calculations ....................... .............. .............. ................... 2.7-8
2.7.4.4 Comparison with Allowable Stresses ........................................... 2.7-8

2.7.5 Immersion-Fissile Material ........ ....... .............................. 2.7-8
2.7.6 Im m ersion - A ll Packages ....................... ..... ..................................... 2.7-8

2.7.6.1 Buckling Assessment of the Torispherical Heads ......................... 2.7-9
2.7.6.2. Buckling Assessment of the Cylindrical Shells ............................ 2.7-9

.2.7.7 Deep W ater Im m ersion Test ........................... ......................................... 2.7-10
2.7.8 Summary of Damage.............. ............... .............. 2.7-10

2.8 Special Form ...................................... ........................................ 2.8-1

2.9 FuelR ods ................................ ' .......... ..................................... ........................ ............ 2.9-1

2.10 Appendices .............................................. 2.10-1
2.10.1 Finite Element Analysis (FEA) Models .................................................. 2.10.1-1

2.10.1.1 Oter Confinement Assembly (OCA) Structural Analysis .... 2.10.1-1
2.10.1.2 Inner Containment Vessel (ICV) StructuralAnalysis .............. 2.10.1-4

2.10.2 Elastomer O-ring Seal Performance Tests ..... .................... . .. ..... 2.10.2-1
2.10.2.1 Introduction ......................... ..... ................... 2.10.2-1
2.10.2.2 Limits of O-ring Seal Compression and Temperature... ...... 2.10.2-1
2.10.2.3 Formulation Qualification Test Fixture and Procedure ............ 2.10.2-6.
2.10.2.4 Rainier Rubber R0405-70 Formulation Qualification Test Results

.................................................... 2.10.2-8
2.10.2.5 ASTM D2000 Standardized Batch Material Tests ................... 2.10.2-8

2.10.3 C ertification Tests.' ................................................................................ 2.10.3-1
2.10.3.1 Introduction ................................... ............. ..... I ..... 2.10.3-1
2.10.3.2 Summary ............ ....................... 2.10.3-1
2.10.3.3 Test Facilities ........................................................................... 2.103'-3
2.10.3.4 Test Unit Description ........................... 2.10.3-3
' 2.10.3.5 Technical Basis for Tests .......................... ............................. 2.10.3-9
2.10.3.6 Test Sequence for Selected Free Drop, Puncture Drop, and Fire Tests

....... " ......................................... 2.10.3-19
2.10.3.7 Test Results ................................ 2.10.3-25

iii



HalfPACT Safety Analysis Report Rev. 6, December 2012

3.0 THERMAL EVALUATION .......................................... 3.1-1

3.1 D iscussion .................................................................................................................. 3.1-1

3.1.1 Packaging ....... ... .......................................................................... 3.171
3.1.2 Payload Configuration ....... ................... .......... 3.1-2

3.1.3 B oundary C onditions .................................................................................... 3.1-3

3.1.4 A nalysis Sum m ary ....................................................................................... 3.1-4

3.2 Summary of Thermal Properties of Materials .......................................................... 3.2-1

3.3 Technical Specifications of Components ................................................................. 3.3-1

3.4 Thermal Evaluation for Normal Conditions of Transport ................. 3.4-1

3.4.1 Therm al M odel ................................................ ............................................ 3.4-1
3.4.1.1 A nalytical M odel ............................................................................ 3.4-1
3.4.1.2 T est M odel ..................................................................................... 3.4-3

3.4.2 M axim um Tem peratures ............................................................................. 3.4-3

3.4.3 M inim um Tem peratures............................................................................. 3.4-3

3.4.4 Maximum Internal Pressure ................. I ................................ 3.4-3
3.4.4.1 D esign Pressure .................... ........................... ............................ 3.4-3
3.4.4.2 Maximum Pressure for Normal Conditions of Transport ............. 3.4-3
3.4.4.3 Maximum Normal Operating Pressure ........................................ 3.4-10

3.4.5 M axim um Therm al Stresses ........................... : .......................................... 3.4-10

3.4.6 Evaluation of Package Performance for Normal Conditions, of Transport 3.4-11

3.5 Thermal Evaluation for Hypothetical Accident Conditions .................................... 3.5-1

3.5.1 Therm al M odel ............................................................................................. 3.5-1
3.5.1.1 A nalytical M odel ........................................................................... 3.5-1
3.5.1.2 Test Model .................................... 3.5-1

3.5.2 Package Conditions and Environment ........................................................ 3.5-1

3.5.3 Package Tem peratures ........................... : .................................................... 3,5-2

3.5.4 M axim um Internal Pressure ......................................................................... 3.5-3

3.5.5 M axim um Therm al Stresses ....................... .................................................. 3.5-4

3.5.6 Evaluation of Package Performance for the Hypothetical Accident Thermal
C onditions ................................................................................................... 3.5-4

3.6 A ppendices ............................................................................................................... 3.6-1

3.6.1 Com puter A nalysis Results ....................................................................... 3.6.1-1
3.6.1.1 Seven 55-Gallon Drum Payload with 100 'F Ambient and Full Solar

Loading, Uniformly Distributed Decay Heat Load (Case 1) ..... 3.6.1-1
3.6.1.2 Seven 55-Gallon Drum Payload with 100 °F Ambient and Full Solar

Loading, Ali Decay Heat Load in Center Drum Only (Case 2). 3.6.1-2
3.6.1.3 Seven 55-Gallon Drum Payload with 100 0F Ambient and No Solar

Loading, Uniformly Distributed Decay Heat Load (Case 1) ..... 3.6.1-3
3.6.1.4 Seven 55-Gallon Drum Payload with 100 'F Ambient and No Solar

Loading, All Decay Heat Load in Center Drum Only (Case 2). 3.6.1-4

iv



HalfPACT Safety Analysis Report Rev. 6, December 2012

3.6.2 Thermal Model Details ................................. 3.6.2-1
3.6.2.1 Convection Coefficient Calculation ..................... . ...... 3.6.2-1
3.6.2.2 Aluminum Honeycomb Conductivity Calculation ......... 3.6.2-1
3.6.2.3 Polyethylene Plastic Wrap Transmittance Calculation ...... 3.6.2-3

4.0 CONTAINM ENT ............. 4............................................... .""................................. ........ 4.1-1
4.1 Containment Boundary.......................... ............ ............ 4.1-1

4.1.1 C ontainm ent V essel ............................................... .................................... 4.1-1
4:1.1.1 Outer Confinement Assembly (Secondary Confinement) ............. 4.1-1
4.1.1.2 Inner Containment Vessel (Primary Containment)....................... 4.1-1

4.1.2 Containm ent Penetrations ............................................................................ 4.1-1
4.1.3 Seals and W elds ................................................................................... * .. .... 4.1-2

'4 .1.3.1 S eals .............................................................................................. 4 .1-2
4.1.3.2 Welds ....................................... 4.1-2

4.1.4 Closure ............................................. 4.1-3
4.1.4.1 Outer Confinement Assembly (OCA) Closure .......... .................. 4.1-3
4.1.4.2 Inner Containment Vessel (ICV) Closure.................. 4.1-3

4.2 Containment Requirements for Normal Conditions of Transport,........................... 4.2-1
4.2.1 Containment of Radioactive Material ......................... 4.2-1
4.2.2 Pressurization of Containment Vessel .................................................... 4.2-1

4.2.3 Containment Criterion ..................................................................... 4.2-1

4.3 Containment Requirements for Hypothetical Accident Conditions ......................... 4.3-1
4.3.1 Fission G as Products .................................................................................... 4.3-1
4.3.2 Containment of Radioactive M aterial .......................................................... 4.3-1
4.3.3 Containm ent Criterion ................................................................................ 4.3-1

4.4 Special R equirem ents .............................................. .................................... . 4-1
4.4.1 Plutonium Shipments ................. ..... I .................. 4.4-1
4.4.2 Interchangeability ............... ......................... 4.4-1

5.0 SHIELDING EVALUATION ................ ..... ................................................. 5-1

6.0 CRITICALITY EVALUATION........... . ......... ............... ................... 6.1-1

6.1 Discussion and Results ....................................... 6.1-2

6.2 Package C ontents ................................................... I.... .......................................... 6.2-1
6.2.1 Applicability of Case A Limit ... .......................... 6.2-2
6.2.2 Applicability of Case B Lim it ....................................................................... 6.2-3
6.2.3 Applicability of Case C Limit ................... ........... 6.2-3
6.2.4 Applicability of Case D Limit............... .............................. 6.2-4
6.2.5 Applicability of Case E Lim it ......... ... ....... :.. ......................................... 6.2-5
6.2.6 Applicability of Case F Limit...................... ......... ...... 6.2-5

V



HalfPACT Safety Analysis Report Rev. 6, December 2012

6.2.7 Applicability of Case G Lim it ...................................................................... 6.2-5
6.2.8 Applicability of Case H Lim it ...................................................................... 6.2-5
6.2.9 Applicability of Case I Lim it ................................... .................... ! ................ 6.2-6

6.3 Model Specification ......................................... 6.3-1
6.3.1 C ontents M odel ........................................................................................... 6.3-1

6.3.1.1 Case A Contents M odel ......................................... * ....................... 6.3-1
6.3.1.2 Case B Contents M odel .................................................................. 6.3-2
6.3.1.3 Case C Contents M odel ................................................................. 6.3-2
6.3.1.4 Case D Contents M odel ................................................................. 6.3-2

6.3.2 Packaging Model ...................................... 6.3-3
6.3.3 Single-U nit M odels ...................................................................................... 6.3-4
6.3.4 A rray M odels ................................................................................................ 6.3-5
6.3.5 Package Regional D ensities ......................................................................... 6.3-5

6.4 Criticality Calculations ........................................................................................... 6.4-1
6.4.1 Calculational or Experimental Method ...................... . .. 6.4-1
6.4.2 Fuel Loading or Other Contents Loading Optimization ............. 6.4-1
6.4.3 C riticality R esults .................................................. ...................................... 6.4-2

6.4.3.1 Criticality Results for a Single HalfPACT Package ..................... 6.4-3
6.4.3.2 Criticality Results for Infinite Arrays of HalfPACT Packages ..... 6.4-4
6.4.3.3 Special Reflectors in CH-TRU Waste .......................................... 6.4-7
6.4.3.4 Machine Compacted CH-TRU Waste ........................................... 6.4-8
6.4.3.5 Applicable Criticality Limits for CH-TRU Waste ........................ 6.4-9

6.5 Critical Benchmark Experiments ................................. 6.5-1
6.5.1 Benchmark Experiments and Applicability ................................................ 6.5-1
6.5.2 Details of Benchm ark Calculations .............................................................. 6.5-2
6.5.3 Results of Benchm ark Calculations .............................................................. 6.5-2

7.0 OPERATING PROCEDURES .... ................................. 7.1-1

7.1 Procedures for Loading the Package ............................... 7.1-1
7.1.1 Removal of the HalfPACT Package from the Transport Trailer/Railcar ..... 7.1-1

7.1.2 Outer Confinement Assembly (OCA) Lid Removal .................................... 7.1-1
7.1.3 Inner Containment Vessel (ICV) Lid Removal ............................................ 7.1-2
7.1.4 Loading the Payload into the HalfPACT Package ....................................... 7.1-2
7.1.5 Inner Containment Vessel (ICV) Lid Installation ........................................ 7.1-3
7.1.6 Outer Confinement Assembly (OCA) Lid Installation ................................ 7.1-4
7.1.7 Final Package Preparations for Transport (Loaded) ..................................... 7.1-6

7.2 Procedures for Unloading the Package ......................................................... ......... 7.2-1

7.2.1 Removal of the HalfPACT Package from the Transport Trailer/Railcar ..... 7.2-1
7.2.2 Outer Confinement Assembly (OCA) Lid Removal .................................... 7.2-1

vi



HalfPACT Safety Analysis Report Rev. 6, December 2012

7.2.3 Inner Containment Vessel (ICV) Lid Removal........................................... 7.2-2

7.2.4, Unloading the Payload from the HalfPACT Package ............... 7.2-2

7.2.5 Inner Containment Vessel (ICV) Lid Installation ...... ...... ............................ 72-2

7.2.6 Outer Confinement Assembly (OCA) Lid Installation.7.2-3

7.2.7 Final Package Preparatioins for Transport (Unloaded) .............. 7.2-4

7.3 Preparation of an Empty Package for Transport ............................................... 7.3-1

7.4 Preshipment Leakage Rate Test .................................. 7.4-1

7.4.1 Gas Pressure Rise Leakage Rate Test Acceptance Criteria .......................... 7.4-1

7.4.2 Determining the Test Volume and Test Time ............................................. 7.4-1

7.4.3 Performing the Gas Pressure Rise Leakage Rate Test ....... .. ..... 7.4-2

7.4.4 Optional Preshipment Leakage Rate Test ................................................ 7.4-2

8.0 ACCEPTANCE TESTS AND MAINTEN ANCE PROGRAM ................ 8.1-1

8.1 A cceptance T ests .................................... ................................................................... 8.1-1

8.1. 1 V isual Inspection ................................................. ...................................... 8.1-1
8.1.2 Structural and Pressure Tests . ..................... .8.1-1

8.1.2.1 Lifting Device Load Testing .I ........................ 8.1-1
8.1.2.2 Pressure Testing ............................................................................ 8.1-2

8.1.3 Fabrication Leakage Rate Tests ............................. 8.1-2
8.1.3.1 Fabrication Leakage Rate Test Acceptance Criteria ......... 8.1-3
8.1.3.2 Helium Leakage Rate Testing the ICV Structure Integrity ........... 8.1-3
8.1.3.3 Helium Leakage Rate Testing the ICV Main O-ring Seal ............ 8.1-3
8.1.3.4 Helium Leakage Rate Testing the. ICV Outer Vent Port Plug O-ring

Seal ......................................... 8.1-4
8.1.3.5 Optional Helium Leakage Rate Testing the OCV Structure Integrity

................................................... 8.1-4
8.1.3.6 Optional Helium Leakage Rate Testing the OCV Main O-ring Seal

Integrity ......................................................................................... 8.1-5
8.1.3.7 Optional Helium Leakage Rate Testing the OCV Vent Port Plug 0-

ring Seal Integrity ........................................ ............................... 8.1-6

8.1.4 Component Tests ............................................ 8.1-6
8.1.4.1 Polyurethane Foam ..... .......................... 8.1-6

8.1.5 Tests for Shielding Integrity .............................................. 8. ................... 8.1-18

8.1.6 Therm al A cceptance Test ........................................................................... 8.1-18

8.2 M aintenance Program ............................................................................................... 8.2-1

8.2.1 Structural and Pressure Tests .............................. 8.2-1
* 8.2.1.1 Pressure Testing ................................. 8.2-1

8.2.1.2 ICV Interior Surfaces Inspection ................................................... 8.2-1

8.2.2 Maintenance/Periodic Leakage Rate Tests ................................................... 8.2-1
8.2.2.1 Maintenance/Periodic Leakage Rate Test Acceptance Criteria .... 8.2-2
8.2.2.2 Helium Leakage Rate Testing the ICV Main O-ring Seal ............ 8.2-2

vii



HalfPACT Safety Analysis Report Rev. 6, December 2012

8.2.2.3 Helium Leakage Rate Testing the ICV Outer Vent Port Plug O-ring
S eal ................................................................................................ 8 .2 -3

8.2.3, Subsystems Maintenance ......................... ...... 8.2-3
8.2.3.1 Fasteners ........................................................................................ 8.2-3
8.2.3.2 Locking Rings .............................................. 8.2-3.
8.2.3.3 Seal Areas and Grooves ........................... 8.2-4

8.2.4 Valves, Rupture Discs, and Gaskets ............................................................. 8.2-6
8.2.4.1 V alves ............................................................................................. 8.2-6
8.2.4.2 R upture D iscs ............................................... .................................. 8.2-6
8.2.4.3 Gaskets ........ .......................********************"***.......***8.2-6

8.2.5 Shielding ....................................................................................................... 8.2-7
8.2.6 Thermal ............................................ 8.2-7

9.0 QUALITY ASSURANCE ............................................................................................... 9.1-1

9.1 Introduction .............................................................................................................. 9.1-1

9.2 Quality Assurance Requirements ................................. 9.2-1
9.2.1 U.S. Nuclear Regulatory Commission ........................................................ 9.2-1
9.2.2 U .S. D epartm ent of Energy ......................................................................... 9.2-1
9.2.3 Transportation to or from W IPP ................................................................... 9.2-1

9.3 Quality A ssurance Program ..................................................................................... 9.3-1
9.3.1 N RC Regulatory Guide 7.10 ........................................................................ 9.3-1
9.3.2 Design ...................... ....................... 9.3-1
9.3.3 Fabrication, Assembly, Testing, and Modification ..................................... 9.3-1
9 .3 .4 U se ................................................................................................................ 9 .3-1

9.3.4.1 DOE Shipments: To/From WIPP ................................................. 9.3-1
9.3.4.2 Other DOE Shipments: Non-WIPP .............................................. 9.3-1
9.3.4.3 Non-DOE Users of HalfPACT ..................................................... 9.3-2

9.3.5 M aintenance and Repair ............................................................................... 9.3-2

LIST OF TABLES
Table 2.1-1 Containment Structure Allowable Stress Limits I .................... 2.1-7

Table 2.1-2 - Non-Containment Structure Allowable Stress Limits ........................................ 2.1-7

Table 2.2-1 - HalfPACT Weight and Center of Gravity ........................................................... 2.2-5

Table 2.3-1 - Mechanical Properties of type 304 Stainless Steel Components (for Analysis)2.3-5

Table 2.3-2 - Mechanical Properties of Polyurethane Foam (for Analysis) ............. 2.3-7

Table 2.3-3 - Mechanical Properties of Metallic Materials (for Testing)............................... 2.3-7

Table 2.6-1 - Summary of Stress Results for OCA Load Case 1 ............................................ 2.6-14

Table 2.6-2 - Summary of Stress Results for OCA Load Case 2......................................... 2.6-15

viii



HalfPACT Safety Analysis Report Rev. 6, December 2012

Table 2.6-3 - Summary of Stress Results for OCA Load Case 3 ......................................... 2.6-16

Table 2.6-4 - Summary of Stress Results- for OCA Load Case 4 ............................:. 2.6-17

Table 2.6-5 - Summary of Stress Results-for ICV Load Ca'se 1 ......................... .............. 2.6-18

Table 2.6-6 - Summary of Stress Results for iCV Load Case 2 .......................................... 2.6-19

Table 2.6-7 - Buckling Geometry Parameters per Code Case N-284-1 .............. 2.6-20

Table 2.6-8 - Stress Results for 14.7 psig External Pressure ..................... 2.6-20

Table 2.6-9 - Buckling Summary for 14.7 psig External Pressure ........................................ 2.6-21

Table 2.6- 10 - Tie-down LugWeld Shear Stresses ........................... 2.6-22

Table 2.6-11 - OCA Outer Shell Compressive Membrane Stresses ..... ................... 2.6-22

Table 2.6-12 - OCA Tie-down Weldment Compressive Membrane Stresses ............ 2.6-22

Table 2.6-13 - Maximum Unit Alternating Stress Intensities .................... 2.6-22

Table 2.7-1 - Summary of HalfPACT Engineering Test Unit (ETU) Tests and Results .... 2.7-11

Table 2.7-2 - Summary of Selected..Certification Test Unit (CTU) Tests ....................... 2.7-12

Table 2.7-3 - Buckling Geometry Parameters per Code Case N-284-1 .............. 2.7-13

Table 2.7-4 - Stress Results for 21 psig External Pressure ..................................................... 2.7-13

Table 2.7-5 - Buckling Summary for 21 psig External Pressure ............. ...................... 2.27-14

Table 2.10.1-1--ANSYS® Input Listing for OCA Load Case 1 .................. 2.10.1-7

Table 2.10.1-2 - ANSYSO Input Listing for OCA Load Case 2 ................. 2.10.1-12

Table 2.10.1-3 - ANSYS® Input Listing for OCA Load Case 3 ...................................... 2.10.1-17

Table 2,10.1-4 -ANSYS® Input Listing for OCA Load Case 4 ........................ 2.10.1-22

Table 2.10.1-5 - ANSYS® Input Listing for ICV Load Case 1 .................. I10.1-27

Table 2.10.1-6 - ANSYS® Input Listing for ICV Load Case 2 ............................ 210.1-30

Table 2.10.2-1 - Formulation Qualification Test Oring Seal Compression Parameters .... 2.10.2-6

Table 2.10:2-2 - Rainier Rubber R0405-70 Formulation Qualification O-ring Seal Test Results
..................................................................................................................................... 2 .10 .2 -1 1

Table 2.10.3-1 - TRUPACT-II /.HalfPACT Comparison Using NUREG/CR-3966 ....... 2.10.3-41

Table 2.10.3-2 - Summary of HalfPACT ETU Test Results in Sequential Order* ........... 2.10.3-42

Table 2.10.3-3 - Summary of HalfPACT CTU Test Results in Sequential Order.. ....... 2.10.3-43

Table 2.10.3-4 -Summary of HalfPACT CTU Temperature Indicating Label Readings. 2.10.3-44

Table 3.1-1-NCT Steady-State Temperatures with 30 Watts Decay Heat Load and Insolation;
Seven, 55-G allon D rum s ............. .................................................................................. 3.1-5

Table 3.2-1 - Thermal Properties of Homogenous Materials ............................................... 3.2-2

Table 3.2-2 - Thermal Properties of Non-Homogenous Materials .................. 3.2-3

ix



HalfPACT Safety Analysis Report Rev. 6, December 2012

Table 3.2-3 - Therm al Properties of A ir .................................................................................. 3.2-4

Table 3.2-4 - Therm al Radiative Properties ............................................ ............................. 3.2-5

Table 3.4-1 - NCT Steady-State Temperatures with 30 Watts Decay Heat Load and Insolation;
Seven 55-G allon D rum s ................................................................................................. 3.4-12

Table 3.4-2 - Summary of Temperatures for Determining MNOP for the ICV ...................... 3.4-13

Table 3.4-3 - HalfPACT Pressure Increase with a 7-Drum Payload, 60-Day Duration* ...... 3.4-15

Table 3.4-4 - HalfPACT Pressure Increase with a 1 SWB Payload, 60-Day Duration* .............. 3.4-15

Table 3.4-5 - HalfPACT Pressure Increase with 4 Drums Overpacked in 1 SWB, 60-Day Duration*
......................................................................................................................................... 3 .4 -15

Table 3.4-6 - HalfPACT Pressure Increase with 4 85-Gallon Drums or 4 55-Gallon Drums
Overpacked in 4 85-Gallon Drums, 60-Day Duration* ................................ 3.4-16

Table 3.4-7 - HalfPACT Pressure Increase with 3 100-Gallon Drums, 60-Day Duration* ......... 3.4-16

Table 3.4-8 - HalfPACT Pressure Increase with 3 Shielded Containers, 60-Day Duration* ....... 3.4-16

Table 3.4-9 - HalfPACT Pressure Increase with 7 CCOs, 60-Day Duration* ............ 3.4-17

Table 3.5-1 - NCT Steady-State Temperatures with 30 Watts Decay Heat Load and Zero
Insolation; Seven 55-G allon D rum s .................... ................................................................. 3.5-5

Table 3.5-2 - HAC Thermal Event Temperature Readings ............... I ..................................... 3.5-6

Table 3.6.2-1- Effective Thermal Conductivity of Aluminum Honeycomb ......................... 3.6.2-2

Table 6.1-1 - Fissile Material Limit per Payload Container ............. I ....................................... 6.1-4

Table 6.1-2 - Fissile Material Limit per HalfPACT Package .................................................. 6.1-4

Table 6.1-3 - Summary of Criticality Analysis Results ........................................................... 6.1-5

Table 6.2-1 - Special Reflector Material Parameters that Achieve the Reactivity of a 25%/75%
Polyethylene/W ater M ixture Reflector ............................................................................. 6.2-6

Table 6.3-1 - Description of Contents Displacement in Array Models .................................. 6.3-6

Table 6.3-2 - Fissile Contents Model Properties for Various H/Pu Ratios .............................. 6.3-7

Table 6.3-3 - Composition of M odeled Steels ........................................................................ 6.3-8

Table 6.3-4 - Composition of the Polyethylene/Water/Beryllium Reflector .......................... 6.3-8

Table 6.4-1 - Single-Unit, NCT, Case A, 325 FGE; ks vs. H/Pu Ratio with Different Moderator
and Reflector Com positions ............................................................................................ 6.4-11

Table 6.4-2 - Single Unit, NCT, Case A, 325 FGE; Variation of Reflector Volume Fraction (VF)
at Near-Optimal H/Pu Ratio ....................................... 6.4-12

Table 6.4-3 L-Single-Unit, HAC, Case A, 325 FGE; k, vs. H/Pu at Maximum Reflection
C onditions ........................................................................... ............................................ 6.4-12

Table 6.4-4 - Infinite Array Variation 0, HAC, Case A, 325 FGE; k, vs. H/Pu at Extremes of
R eflection Conditions .................................................................................................... 6.4-13

x



HalfPACT Safety Analysis Report Rev. 6, December 2012

Table 6.4-5 - Infinite Array Variation 0, HAC, Case A, 325 FGE; Variation of Reflector
Volume Fraction at Near-Optimal H/Pu Ratios .......................... 6.4-14

Table 6.4-6 - Infinite Array Variation 1, HAC, Case A, 325 FGE; Variation of H/PuRatio at
Extremes of Reflection Conditions .................................. 6.4-15

Table 6.4-7 - Infinite Array Variation 0, HAC, Case A; Variation of H/PuRatio for Various
Gram Quantities of Pu-240 at Maximum Reflection Conditions .................................. 6.4-16

Table 6.4-8 - Infinite Array Variation 0, HAC, Case A, 5 g Pu-240,' 340 FGE; ks vs. HiPu for
Various Combinations of U-235 and Pu-239 under Maximum Reflection Conditions.. 6.4-17

Table 6.4-9 - Infinite Array Variation 0, HAC, Case B, 100 FGE; k, vs. H/Pu at Maximum
R eflection C onditions ..................................................................................................... 6.4-18

Table 6.4-10 - Infinite Array Variation 0, HAC, Case B, 100 FGE; k, vs. H/Pu for Various
Moderator Volume Fractions of Beryllium under Maximum Reflection Conditions .... 6.4-19

Table 6.4-11 - Infinite Array Variation 0, HAC, Case B, 100 FGE; Variation of Reflector
Volume Fraction at Near-Optimal H/Pu Ratio ........................... 6.4-20

Table 6.4-12 - Infinite Array Variation, 1, HAC, Case B, 100 FGE; Variation of H/Pu Ratio at
Reflector Volume Fraction to Maximize Interaction while Maintaining Beryllium
R efl ection .............................................................. ................................................ . ......... 6.4-20

Table 6.4-13 - Infinite Array Variation 0, HAC, Case'C, 250 FGE; k, vs. H/Pu at Maximum
,Reflection Conditions.., ......................................... 6.4-21

Table 6.4-14 - InfiniteArray Variation 0, HAC, Case C, 250 FGE; Variation of Reflector
Volume Fraction at Near-Optimal H/Pu Ratio ........................... 6.4-21

Table 6.4-15 - Infinite Array Variation 1, HAC, Case C, 250 FGE; Variation of H/Pu Ratio at
Reflector Volume Fraction to Maximize Interaction while Maintaining Reflection ...... 6.4-22

Table 6.4-16 - Infinite Array Variation 0, HAC, Case D, 325 FGE; k, vs. H/Pu at Maximum
Reflection Conditions ..... ....................... ................... 6.4-23

Table 6.4-17 - Infinite Array Variation 0, HAC, Case D, 325 FGE; Variation of Reflector
Volume Fraction at Near-Optimal H/Pu Ratio .............................................................. 6.4-24

Table 6.4-18 - Infinite Array Variation 1, HAC, Case D, 325 FGE; Variation of H/Pu Ratio at
Reflect6r Volume Fraction to Maximize Interaction while.Maintaining Reflection......6.4-24

Table 6.5-1 - Benchmark Experiment Description with Experimental Uncertainties ............................ 6.5-4

Table 6.5-2 - Benchmark Case Parameters andComputed Results ........................................ 6.5-5

Table 6.5-3 - Calculation of U SL ........................................................................................ 6.5-13

Table 8.1 -1 - Acceptable Compressive Stress Ranges for Foam (psi)............................... 8.1-18

LUST OF FIGURES
Figure 1. 1-1 - HalfPACT Package Assembly ................................ 1.1-3

Figure 1.1-2 - HalfPACT Packaging Closure/Seal Region Details ........................................ 1.1-4

xi



HalfPACT Safety Analysis Report Rev. 6, December 2012

Figure 1.2-1 - ICV Closure Design (OCV closure is similar) .................................................. 1.2-9

Figure 2.2-1 - HalfPACT Package Components ...................................................................... 2.2-6

Figure 2.2-2 - Radial Shift of CG for Seven 55-Gallon Drum Payload ................................... 2.2-7

Figure 2.2-3 - Radial Shift of CG for SWB Payload ............................................................... 2.2-8

Figure 2.2-4 - Radial Shift of CG for Four 85-Gallon Drum Payload ..................................... 2.2-9

Figure 2.2-5 - Radial Shift of CG for Three 100-Gallon Drum Payload ............................... 2.2-10

Figure 2.2-6 - Radial Shift of CG for Three Shielded Container Payload ............................. 2.2-11

Figure 2.5-1 - Tie-down Device Layout .................................. 2.5-12

Figure 2.5-2 - Tie-down D evice D etail ................................................................................ 2.5-13

Figure 2.5-3 - Tie-down Plan View and Reaction Force Diagram ........................................ 2.5-14

Figure 2.5-4 - Tie-down Tensile/Shear Failure Modes ......................................................... 2.5-15

Figure 2.5-5 - Tie-down Lug Dimensions and Load Diagram ............................................... 2.5-16

Figure 2.5-6 - Horizontal Doubler and Tripler Plate Details ................................................. 2.5-17

Figure 2.6-1 - OCA Load Case 1, Overall Model ................................................................. 2.6-23

Figure 2.6-2 - OCA Load Case 1, Seal Region Detail ........................................................... 2.6-24

Figure 2.6-3 - OCA Load Case 2, Overall Model ..................................................................... 2.6-25

Figure 2.6-4 - OCA Load Case 2, Seal Region Detail ................................ ......... ................ 2.6-26

Figure 2.6-5 - OCA Load Case 3, Overall Model ................................................................ 2.6-27

Figure 2.6-6 - OCA Load Case 3, Seal Region Detail ........................................................... 2.6-28

Figure 2.6-7 - OCA Load Case 4, Overall Model .................................................................. 2.6-29

Figure 2.6-8 - OCA Load Case 4, Seal Region Detail ........................................................... 2.6-30

Figure 2.6-9 - ICV Load Case 1, Overall Model ............................. 2.6-31

Figure 2.6-10 - ICV Load Case 1, Seal Region Detail .......................................................... 2.6-32

Figure 2.6-11 - ICV Load Case 2, Overall Model ................................................................. 2.6-33

Figure 2.6-12 - ICV Load Case 2, Seal Region Detail ........................................................... 2.6-34

Figure 2.10.1-1 - OCA FEA Model Element Plot............................................................. 2.10.1-33

Figure 2.10.1-2 - ICV FEA Model Element Plot ............................................................... 2.10.1-34

Figure 2.10.2-1 - Configuration for Minimum ICV 0-ring Seal Compression ................ 2.10.2-13

Figure 2.10.2-2 - Test Fixture for O-ring Seal Performance Testing ............................. :..2.10.2-14

Figure 2.10.3-1 - Drop Pad at the Coyote Canyon Aerial Cable Facility ......................... 2.10.3-45

Figure 2.10.3-2 - Design Comparison between a TRUPACT-II Packaging and a HalfPACT
Packaging .................................................................................................................. 2.10.3-47

Figure 2.10.3-3 - Design Comparison between 55-Gallon Drum Payload Assemblies .... 2.10.3-48

xii



HalfPACT Safety Analysis Report Rev. 6, December 2012

Figure 2.10.3-4 - Making the HalfPACT ETU OCA from TRUPACT-II Unit 104 ................. 2.10.3-49

Figure 2.10.3-5 - Making the HalfPACT ETU OCA from TRUPACT-iI Unit 104 ................. 2.10.3-50

Figure 2.10.3-6 - Making the HaItPACT CTU OCA from TRUPACT-II Unit 107 ................. 2.10.3-51

Figure 2.10.3-7 - Making the HalfPACT CTU ICV from TRUPACT-il Unit 107.................. 2.10.3-52

Figure 2.10.3-8 - Dimensional Comparison of TRUPACT-II and HalfPACT for NUREG/CR-
3966 (Lower Figures are Simplifying Representations Used inl CASKDROP) ......... 2.10.3-53

Figure 2.10.3-9 - Schematic of HaIfPACT ETU Test Orientations .............. 2.10.3-54

Figure 2.10.3-10 £ Schematic of HalfPACT CTU Test Orientations .............................. 2.10.3-55

Figure 2.10.3-11 - Schematic of HalfPACT CTU Temperature Indicating.Label Location ...........

................................................ 2.10.3-57

Figure 2.10.3-12 - ETU Free Drop Test 1; Top-End Damage; -16" Wide Flat ............ 2.10.3-59

Figure 2.10.3-13 - ETU Free Drop Test 1; Bottom-End Damage; -18" Wide Flat .......... 2.10.3-59

Figure 2.10.3-14 - ETU Free Drop Test 2; Top-End Damage; -36" Wide Flat, ........................... 2.10.3-60

Figure 2.110.3-15 - ETU Free Drop Test 2; Bottom-End Damage; -33" Wide Flat .......... 2.10.3-60

Figure 2.10.3-16 - ETU Free Drop Test 3; View Just Prior to NCT Free Drop Test ......... 2.10.3-61

Figure 2.10.3-17 - ETU Free Drop Test 3; Top-End Damage;.-18" Wide Flat ............ 2.10.3-61

Figure 2.10.3-18 - ETU Free Drop Test 4; Top-End Damage; -34" Wide Flat ..... ............. 2.10.3-62

Figure 2.10.3-19 - ETU Free Drop Test 4; Bottom-End Damage; -34" Wide Flat ............'.......... 2.10.3-62

Figure 2.10.3-20 'ETU Free Drop Test 5; Bottom Corner Damage; -26" Wide Flat ............ 2.10.3-63

Figure 2.10.3-21 - ETU Free Drop Test'5; Bottom Corner Damage; -52" Deep Flat ........ 2.10.3-63

Figure 2.10.3-22 - ETU Free Drop Test 6; Bottom Corner Damage; -40" Wide Flat ........ 2.10.3-64

Figure 2.10.3-23 - ETU Free Drop Test 6; Bottom Corner Damage; -12" Deep Flat ................... 2.10.3-64

Figure 2.10.3-24 - ETU Puncture Drop Test 7; -10½" High x -11½" Wide Hole ....................... 2.10.3-65

Figure 2.10.3-25 - ETU Puncture Drop Test 7; Radial Penetration -8" Deep ............. 2.10.3-65

Figure 2.10.3-26 - ETU Puncture' Drop Test 8; View of Damage; -2½" Deep Dent .................... 2.10.3-66

Figure 2.10.3-27 - ETU Puncture Drop Test 8; Close-up View of Damage; -2½" Deep Dent ...... 2.10.3-66

Figure2.10.3-28 - ETU Puncture Drop Test 9; View of Impact on Punc'ture Bar ................... 2.10.3-67

Figure 2.10.3-29 - ETU Puncture Drop Test 9; Bottom Corner Damage; -3" Deep Dent ...... 2.10.3-67

Figure 2.10.3-30 - ETU Puncture DropTest 10; 3/8-to-1/4 Transition; -27" Long Tear ............... 2.10.3-68

Figure 2.10.3-31 - ETU Puncture Drop Test 10; 3/8-to-1/4 Transition; -5½" Deep Dent ...... 2.10.3-68

Figure 2.10.3-32 - ETU Fire Test 11; Side 1 View Showing Tests 1, 2, 7, & 10 Damage ............. 2.10.3-69

Figure 2.10.3-33 - ETU Fire Test 11; Side 2 View Showing Tests 3, 4, 5, 6, 8, & 9 Damage ........ 2.10.3-69

Figure 2.10.3-34 - ETU Fire Test 11; Overall View -5 Minutes after Start of Fire ........................ 2.10.3-70

xiii



HalfPACT Safety Analysis Report Rev. 6, December 2012
Figure 2.10.3-35 - ETU FireTest 11; View-12 Minutes after Start of Fire ................................. 2.10.3-71

Figure 2.10.3-36 - ETU Fire Test 11; View -25 Minutes after Start of Fire ................................. 2.10.3-71
Figure 2.10.3-37 - ETU Fire Test 11; View -32 Minutes after Start of Fire .............. 2.10.3-72

Figure 2.10.3-38 - ETU Fire Test 11; View -17 Minutes after End of Fire .................................... 2.10.3-72

Figure 2.10.3-39 - ETU Fire Test 11; View -37 Minutes after End of Fire................................. 2.10.3-73

Figure 2.10.3-40 - ETU; View Before Disassembly ................................... I .............................. 2.10.3-73

Figure 2.10.3-41 - ETU; Removal of the OCA Lid Outer Shell (Note Crumbling Foam Char) ........ 2.10.3-74

Figure 2.10.3-42 - ETU; Residual Foam in OCA Lid Side; Aligned with Test 1, 2, & 7 Damage........ 2.10.3-74

Figure 2.10.3-43 - ETU; Residual Foam in OCA Lid Side; Remote From Test Damage ............... 2.10.3-75

Figure 2.10.3-44- ETU; Residual Foam in OCA Lid Top (-11") ................................................ 2.10.3-75

Figure 2.10.3-45 - ETU; View of OCV Seal Test Port Plug (As Removed; Not Cleaned) .............. 2.10.3-76

Figure 2.10.3-46 - ETU; View of OCV Vent Port Cover (As Removed; Not Cleaned) .................. 2.10.3-76

Figure 2.10.3-47 - ETU; View of OCV Vent Port Plug (As Removed; Not Cleaned) ......... 2.10.3-77

Figure 2.10.3-48- ETU; View of 55-Gallon Payload Drums Following ICV Lid Removal .............. 2.10.3-77

Figure 2.10.3-49 - ETU; View of ICV Body Cavity Following Payload Drum Removal .................. 2.10.3-78

Figure 2.10.3-50 - ETU; View of Debris Inside ICV Body Cavity After Payload Drum Removal .......... 2.10.3-78

Figure 2.10.3-51 - CTU; 5-Inch Thick Payload Spacer (Wood Simulation) in Bottom of ICV ........ 2.10.3-79

Figure 2.10.3-52 - CTU; Aligning 55-Gallon Drum Payload Assembly for Installation into ICV ........ 2.10.3-79

Figure 2.10.3-53 - CTU; Final ICV Lid Alignment During ICV Lid Installation .............................. 2.10.3-80

Figure 2.10.3-54 - CTU; Final OCA Lid Alignment During OCA Lid Installation ........................... 2.10.3-80

Figure 2.10.3-55 - CTU; Certification Test Unit (TRUPACT-II Unit 107) After Final Assembly ......... 2.10.3-81

Figure 2.10.3-56 - CTU Free Drop Test 1; Lid-End Damage; -13" Wide Flat .............................. 2.10.3-82

Figure 2.10.3-57 - CTU Free Drop Test 1; Bottom-End Damage; -13" Wide Flat ........................ 2.10.3-83

Figure 2.10.3-58 - CTU Free Drop Test 2; Lid-End Damage; -37" Wide Flat .............................. 2.10.3-84

Figure 2.10.3-59 - CTU Free Drop Test 2; Bottom-End Damage; -37" Wide Flat ............ I ............ 2.10.3-85

Figure 2.10.3-60 - CTU Free Drop Test 3; Lid-End Damage; -41½" Wide Flat ............................ 2.10.3-86

Figure 2.10.3-61 - CTU Free Drop Test 3; Bottom-End Damage ............................................... 2.10.3-87

Figure 2.10.3-62 - CTU Puncture Drop Test 4; Mounting the Puncture Bar ................................ 2.10.3-88

Figure 2.10.3-63 - CTU Puncture Drop Test 4; Close-up View of Damage ................................ 2.10.3-89

Figure 2.10.3-64 - CTU Puncture Drop Test 4; Close-up Profile View of Damage; -33/4" Deep ....... 2.10.3-90

Figure 2.10.3-65 - CTU Puncture Drop Test 5; Close-up View of Damage ................................. 2.10.3-91

Figure 2.10.3-66 - CTU Puncture Drop Test 5; Profile Views of Damage; -4" Deep .................... 2.10.3-92

xiv



HalfPACT Safety Analysis Report Rev. 6, December 2012

Figure 2.10.3-67 - CTU Puncture Drop Test 6; Overall View of Damage6.................. ................D 2.10.3-93

Figure 2.10.3-68 - CTU Puncture Drop Test 6; Close-up Views of Damage;..3½" Deep ............. 2.10.3-94

Figure 2.10.3-69 - CTU FiPcture drop Fire Showing Tests 1,2, & 4 Damage e...... 2.10.3-95

Figure 2.10.3-70 - CTU Fire Test 7; Side 2 View Before Fire Showing Test 5 Damage ..... 2.10.3-96

Figure 2.10.3-71 - CTU Fire Test 7; Overall View -5 Minutes after Start .................................... 2.10.3-97

Figure 2.10.3-72 - CTU Fire Test 7; View -10 Minutes after Start ............................................. 2.10.3-98
Figure 2.10.3-73 - CTU Fire Test 7; View -15 Minutes after Start.(Showing Wind Effects) ....... 2.10.3-99

Figure 2.10.3-74 - CTU Fire Test 7; View -28 Minutes after Start (Note Flares at Vents) .......... 2.10.3-100

Figure 2.10.3-75 - CTU Fire Test 7; Side 1 View -33 Minutes after Start (End of Fire) ...... ....... 2.10.3-101

Figure 2.10.3-76 - CTU Fire Test 7; Side 2 View -33 Minutes after Start (End of Fire) ......... .... 2.10.3-102

Figure 2.10.3-77 - CTU Fire Test 7; Side 1/2 Views -10 Minutes after End of Fire ................... 2.10.3-103

Figure 2,10.3-78 -CTU; View Before Disassembly (OCV Seal TestPort in Foreground) ...... 2.10.3-104

Figure 2.10.3-79 - CTU; Removal of the OCA Lid Outer Shell (Note Crumbling Foam Char) ..... 2.10.3-105

Figure 2.10.3-80- CTU; Residual Foam in OCA Lid Side; Aligned withTest 1, 2,& 4 Damage ....... 2.10.3-106

Figure 2.10.3-81 - CTU; Residual Foam in OCA Lid Knuckle; Aligned with Test 1, 2, & 4 Damage ....... ý.. 2.10.3-106

Figure 2.10.3-82 - CTU; Residual Foam in OCA Lid Top (-11" .................... 2.10.3-107

Figure 2.10.3-83 - CTU; Residual Foam in OCA Lid Side; Remote from Test Damage ...... 2.10.3-107

Figure 2.10.3-84 - CTU; Close-up of OCV Seal Test Port Plug (As Removed/Not Cleaned) ...... 2.10.3-108

Figure 2.10.3-85 - CTU; OCV Vent Port Region After Removing Excess Foam Char ................. 2.10.3-108

Figure 2.10.3-86 - CTU; Close-up of OCV Vent Port Cover (As Removed/Not Cleaned) ..... 2.10.3-109

Figure 2.10.3-87 - CTU; Close-up of OCV Vent Port Plug (As Removed/Not Cleaned) ............. 2.10.3-109

Figure 2.10.3-88 - CTU; Close-up of Damage to ICV Locking Ring .................. 2.10.3-110

Figure 2.10.3-89 - CTU; End View of OCV Cavity Showing Deformed Lower Seal Flange ......... 2.10.3-110

Figure 2.10.3-90 - CTU; Residual Foam in OCA Lid Side;Aligned with Test 1, 2, & 4 Damage ....... 2.10.3-111

Figure 2.10.3-91 - CTU; Residual Foam in OCA Body Side; Remote from Test Damage .......... 2.10.3-111

Figure 2.10.3-92 - CTU; Helium Leakage Rate Testing the ICV Lid Structure .......................... 2.10.3-112

Figure 2.10.3-93 - CTU; Helium Leakage Rate Testing the OCV Body Structure ....................... 2.10.3-112

Figure 2.10.3-94 - CTU; Close-up View of Cracked OCV Vent Port Coupling Inner Weld .......... 2.10.3-113

Figure 2.10.3-95 - CTU; Close-up View of Cracked OCV Vent Port Coupling Inner Weld . 2.10.3-113

Figure 3.4-1 - HalfPACT Packaging Thermal Model Node Layout ...................................... 3.4-19

Figure 3.4-2'- Seven 55-Gallon DrumPayload Thermal Node Layout .............. 3.4-20

Figure 3.5-1 - HAC Thermal Event Temperature Indicating Label Locations ............................ 3.5-7

Xv



HalfPACT Safety Analysis Report Rev. 6, December 2012

Figure 6.3-1 - Case A Contents Model .................................... 6.3-9

Figure 6.3-2 - Case B Contents M odel ................................................................................... 6.3-10

Figure 6.3-3 - Case C Contents M odel ........................ .......................................................... 6.3-1.1

Figure 6.3-4 - Case D Contents M odel .................................................................................. 6.3-12

Figure 6.3-5 - NCT, Single-Unit M odel; R-Z Slice ............................................................... 6.3-13

Figure 6.3-6 - HAC, Single-Unit Model; R-Z Slice ............................................................... 6.3-14

Figure 6.3-7 - Array Model Variation 0 (Reflective Boundary Conditions Imposed) ................... 6.3-15

Figure 6.3-8 -Array Model Variation 1; X-Y Slice Through Top Axial Layer .................... 6.3-16

Figure 7.4-1 - Pressure Rise Leakage Rate Test Schematic ...................................................... 7.4-2

Figure 8.2-1 - Method of Measuring Upper Seal Flange Groove Widths............... 8.2-8

Figure 8.2-2 - Method of Measuring Lower Seal Flange Groove Widths ............................... 8.2-9

Figure 8.2-3 - Method of Measuring Upper Seal Flange Tab Widths ............... 8.2-10

Figure 8.2-4 - Method of Measuring Lower Seal Flange Tab Widths ................................... 8.2-11

xvi



Ha[fPACT Safety Analysis Report Rev. 6, December 2012
Ha~~~fPACT~~ Saet Anlss.eote.6,Dcmbr21

1.0 GENERAL INFORMATION,
This chapter of the Safety Analysis Report (SAR) presents a general introduction and description
of the HalfPACT contact-handled transuranic waste (CH-TRU) package. The major components
comprising the HalfPACT package are presented'as Figure 1.1-1 and Figure' 1.1-2. Figure 1.1-1
presents an exploded view of all major HalfPACT packaging components. Figure 11-2 presents
a detailed view of the closure and seal region. Detailed drawings presenting the HalfPACT
packaging design are presented in Appendix 1.3.1, Packaging General Arrangement Drawings.
All details relating to payloads and payload preparation for shipment in a HalfPACT package are
presented in the Contact-Handled Transuranic Waste A uthorized Methods for Payload Control
(CH-TRAMPAC)l. Descriptions of the standard, S100, S200,'.and S300 pipe overpack payload
configurations are provided in Appendices 4.1, 4.2, 4.3, and 4.4, respectively, of the CH-TRU
Payload Appendices2. A description of the shielded container payload configuration. is proIvided
in Appendix 4.5.of the CH- TR U Payload Appendices. A description of the criticality control;
overpack payload configuration is provided in Appendix 4.6 of the CH-TRUPayload
Appendices. Terminology and acronyms used throughout this document are presented as
Appendix 1.3.2, Glossary of Terms and Acronyms.

1.1 Introduction

The model HalfPACT package has been developed for the United States Department of Energy
(DOE) as a safe means for transportation of CH-TRU materials and other authorized payloads.
The packaging design is based very closely on the'currently licensed TRUPACT-JI package. The
primary difference between the two packages is the body length. The TRUPACT-II packaging
body length is shortened by 30 inches to create the HalfPACT packaging. Other minor differences
are present, as described in subsequent sections.

The HalfPACT package' is designed for truck transport. As many as three, loaded HalfPACT
packages can be transported ona single semi-trailer' The rugged, lightweight design of the
HalfPACT'package allows the efficient transport' of heavier-than-average payloads, thereby

,reducing the total number of radioactive shipments. The HalfPACT is also suitable for rail
transport. As many as seven loaded HalfPACT packages can' be, transported per railcar.

The goals of maintaining public safety while achieving a lightweight design are. satisfied by use of a
deformable. sealing region that can. absorb both normal conditions of transport (NCT) and
hypothetical accident condition (HAC) deformations without loss of leaktight capability 3. , This same-
design was extensively tested on the TRUPACT-I1 package, and the HalfPACT packaging program
utilized the knowledge of the TRUPACT-II packaging program as background information.
Nevertheless, both a full scale HalfPACT engineering test unit (ETU), and a certification test unit

U.S. Department of Energy (DOE), Contact-Handled Transuranic Ifaste A uthorizedMethods for Payload Control

(CH-TRAMPAC), U.S. Department of Energy, Carlsbad Field Office, Carlsbad, New Mexico.
2 U.S. Department of Energy (DOE),.CH-TRU PaOloadAppendices, U.S. Department of Energy, Carlsbad Field

Office, Carlsbad, New Mexico..'..
3 Leýktight is defined as 1 x 10- standard cubic centimeters per second (scc/s), or less, air leakage per the definition
in ANSI N14.5-1997, American National Standardfor Radioactive Materials -'Leakage Tests on Packages for
Shipment, American National Standards Institute,"(ANSI), Inc.
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(CTU) were subjected to a Series of free drops and puncture drops, and a fully engulfing pool fire
test. These tests conclusively demonstrated containment integrity of the HalfPACT package.

The payload within each HalfPACT package will be within 55-gallon drums, 85-gallon drums,
100-gallon drums, standard waste boxes (SWBs), or shielded containers (SCs). Hereafter, the
term "85-gallon drum" is used to refer to 75- to 88-gallon drums that may, with the appropriate
dimensions, overpack a single 55-gallon drum. Pipe overpacks and criticality control overpacks
(CCO) utilize 55-gallon drums as overpacks. A single HalfPACT package can transport seven
55-gallon drums (with or without pipe components or criticality control containers), one SWB;
four 85-gallon drums (with or without 55-gallon drums), three 100-gallon drums, or three SCs.
Specifications for payload containers are provided in Section 2.0, Container and Physical
Properties Requirements, of CH-TRAMPAC.

The HalfPACT packaging provides a single leakage rate testable level of containment for the
payload during both normal conditions of transport (NCT) and hypothetical accident conditions
(HAC). However, the HalfPACT package was originally designed, tested, and licensed prior to
2004 with two levels of containment. The 2004 NRC Rule change with regard to 10 CFR
§71.634,5 eliminated the requirement for double containment in packages carrying in excess of

20 curies of plutonium in solid form. With only a single level of containment now required, 'the'
outer containment assembly (OCA) has been revised throughout this document to be the outer
confinement assembly (still the OCA), and the outer containment vessel (OCV) has been revised
throughout this document to be the outer confinement vessel (still the OCV). The use of O-ring
seals (and corresponding pressure and leakage rate testing) is now optional for the OCV, and
design and fabrication of the OCA (including the OCV) now falls under ASME Boiler and
Pressure Vessel Code, Section III, Subsection NF 6. For conservatism, structural calculations for,
the OCV presented in Chapter 2.0, Structural Evaluation, continue to use the requirements from

7ASME Boiler and Pressure Vessel Code, Section III, Subsection NB

Based on the shielding and criticality assessments provided in Chapter 5.0, Shielding Evaluation, and
Chapter 6.0, Criticality Evaluation, the Criticality Safety Index (CSI) for the HalfPACT package is
zero (0.0), and the shielding Transport Index (TI) is determined at the time of shipment.

Authorization is sought for shipment of the HalfPACT package by truck or railcar as a
Type B(U)F-96 package perithe definition delineated in 10 CFR §71.44.

4 Title 10, Code of Federal Regulations, Part 71 (10 CFR 71), Packaging and Transportation of Radioactive
Material, 01-01-12 Edition.

5 Compatibility With L4E4 Transportation Safety Standards (TS-R-1) and Other Transportation Safety Amendments,
Federal Register, 69 FR 3698, effective date October 1, 2004.
6 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section II1, Rules for

Construction of Nuclear Power Plant Components, Subsection NF, Supports, 1995 Edition, 1997 Addenda.

American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section III, Rules for
Construction of Nuclear Power Plant Components, Subsection NB, Class I Components, 1995 Edition, 1997
Addenda.
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CTO UF- EMPTY OR LOADED PACKAGE)

Figure 1.1-1 - HalfPACT Package Assembly
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Figure 1.1-2 - HalfPACT Packaging Closure/Seal Region Details
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1.2. Package Description

This section presents a basic description of the HalfPACT package. General arrangement
drawings of the HalIPACT packaging are presented in Appendix 1.3.1, Packaging General
Arrangement Drawings. Drawings illustrating payload assembly details are presented inthe
CH-TRAMPACC'.

1.2.1 Packaging

1.2.1.1 Packaging Description

The HalfPACT packaging is comprised of an outer confinement assembly (OCA) that provides a
secondary confinement boundary when its optional O-ring seals are utilized, and an inner
containment vessel (ICV) that provides the primary containment boundary. Two aluminum
honeycomb spacer assemblies are used within the ICV, one inside each ICV torispherical head.,
A silicone wear pad is utilized at the interface between the bottom exterior of the ICV and the
bottom interior of the OCA. An optional polyester foam annulus ring may be used in the annulus
between the ICV and OCV, just below the OCV lower seal flange to prevent debris from
becoming entrapped between the vessels.

Inside the iCV, the payload will be within 55-gallon drums, 85-gallon drums, 100-gallon drums,
standard waste boxes (SWBs), or shielded containers (SCS). The OCA, ICV, and the aluminum
honeycomb spacer assemblies are fully described in the following subsecti.ons. The design
details and overall arrdngement of the HalfPACT packaging are presented in the Appendix 1.3. 1,
Packaging General Arrangement Drawings. Drawings' illustrating payload assembly details are
presented in the CH-TRAMPAC.

1.2.1.1.1 Outer Confinement Assembly (OCA)

The OCA consists of an OCA lid and OCA body, each primarily comprised of an inner stainless
steel shell structure, a relatively thick layer of rigid polyurethane foam, and an external stainless
steel shell structure. The inner OCA shell structure comprises the outer confinement vessel
(OCV).

Not considering the seal flange region, the OCA lid has a nominal external diameter of 94%
inches and a nominal internal diameter of 76'Y16 inches. Likewise, not considering the seal flange
region, the OCA body has a nominal external diameter of 94% inches and a nominal internal
diameter of 73% inches, tapering outward to a nominal inside diameter of,76% inches at the
OCV lower seal flange. The nominalexternal diameter of the OCV seal region is 95 inches, and
the nominal internal diameter of the OCV seal region is 76Y16.inches.. With the OCA lid installed
onto. the OCA body, the OCA has a nominal external length of 911½ inches, and a nominal
internal height is 70 inches at the OCV cavity centerline.

The confinement boundary provided by the OCA consists of the inner stainless steel vessel
formed by a mating lid and body, plus the uppermost of two optional main O-ring seals enclosed
between an upper and lower seal flange. The main O-ring seals are polymer with a nominal

1 U.S. Department of Energy (DOE), Contact-Handled Transuranic Waste Authorized Afethods for Payload Control

(CH-TRAMPAC), U.S. Department of Energy, Carlsbad Field Office, Carlsbad, New Mexico.
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3/8±1/8-inch diameter cross-section. The purpose of the lower main O-ring seal is for
establishing a vacuum on the exterior side of the upper main O-ring seal for optional helium
and/or pressure rise leakage rate testing.

A vent port feature in the OCV body's lower seal flange is the only other confinement boundary
penetration. A vent port coupling, a seal welded threaded fitting, arid an OCV vent port plug
with an optional O-ring seal defines the confinement boundary at the OCV vent port penetration.
Access to the OCV vent port is gained through an external penetration in the OCA outer shell
once an outer 1 /2NPT plug and a foam or ceramic fiber material plug is removed. The
connecting tube is fabricated of non-thermally conductive fiberglass.

Optional leakage rate testing of the OCV's optional upper main O-ring seal (confinement seal) is
performed through an OCV seal test port that is located in the OCA lid. Similar in design to the
OCV vent port, access to the OCV seal test port~is gained through an external penetration in the
OCA outer shell once an outer 12 NPT plug and a foam or ceramic fiber material plug is
removed. The connecting tube i's fabricated of thin-walled stainless steel.

The cylindrical portion of the OCV body is 3/16-inch nominal thickness, Type 304, stainless
steel. All other shells comprising the.OCV are 1/4-inch nominal thickness, Type 304, stainless
steel, including the lower .and upper torispherical heads. The OCA outer shell varies between
1/4- and 3/8-inch nominal thickness, Type 304, stainless steel. The 3/8-inchnominal thickness
material is used adjacent to the closure interface to ensure protection from HAC puncture bar
penetration near the sealing regions. All other shells comprising the OCA exterior are 1/4-inch
nominal thickness, Type 304, stainless steel, including the lower flat head and upper torispherical
head. As illustrated in Figure 1.1-2, the inner and outer shell structures for both the OCA lid and
OCA body are connected together via 14-gauge (0.075-inch thick), Type 304, stainless steel
Z-flanges. Secure attachment of the 14-gauge Z-flanges to the 3/8-inch'thick OCA outer shell is
assured by the use of rolled angle reinforcements (2 x 2 x 1/4 inches for the OCA body junction,
and 1 x 1 x 1/8 inches for the OCA lid junction). A locking Z-flange between the upper and
lower (i.e., OCA lid and OCA body) Z-flangesallows rotation of the OCV locking ring from the
HalfPACT package exterior. The Z-flanges serve the purpose of precluding direct flame',
impingement on the OCV seal flanges during the hypothetical accident condition (HAG) thermal
event (fire). To further preclude flame and hot gas entry into the Z-flange channel, inner and
outer thermal shields are included as part of the locking Z-flange assembly.

The OCA lid is securedto the OCA body via the OCV locking ring located at the outer diameter
of the OCV upper and lower seal flanges. Closure design and operation for the ICV is illustrated
in Figure 1.24 (the OCV is similar). The lower end of the OCV locking ring has 18 tabs that
mate with a corresponding set of 18 tabs on the OCV lower seal flange. To install the OCA lid,
the OCV locking ring is rotated to the "unlocked" position, using alignment marks on the OCA
exterior for reference. The unlocked position aligns the tabs on the OCV locking ring with the
cutouts between the tabs on the OCV lower seal flange. Next, install the OCA lid onto the OCA
body, optionally evacuating the OCV cavity through the OCV vent port sufficiently to allow free,
movement of the OCV locking ring. Positive closure is attained by rotating the OCV locking
ring to the "locked" position, again using the alignment marks on the OCA exterior for reference.
In order to allow rotation of the OCV locking ring from the HalfPACT packaging exterior, a
locking Z-flange extends radially outward to the OCA exterior. Six, 1/2-inch diameter, stainless
steel socket head cap screws secure the locking Z-flange in the locked position. A single,
localized cutout in the OCV locking ring is provided for access to the OCV seal test port feature.
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Within the annular void between the OCV and the OCA outer shell structure is a relatively thick
layer of thermally insulating and energy absorbing, rigid, polyurethane foam. Surrounding the
periphery of the polyurethane foam cavity is a layer of 1/4-inch nominal thickness, ceramic fiber
paper capable of resisting temperatures in excess of 2,000 °F. The combination of OCA exterior
shell, fire resistant polyurethane foam, and insulating ceramic fiber paper is sufficient to protect
the confinement boundary from the consequences of all regulatory defined tests."

Two fork lift pockets are incorporated into the base of the OCA body. These pockets provide the
handling interface for lifting a HalfPACT package. Three sets of lifting straps are included .in
the OCA lid assembly for lifting of the OCA lid'only, and are so appropriately identified. Four
tie-down lugs with reinforcing doubler plates are also provided at the base of the OCA body.

Polymer materials used in the OCA include butyl, and ethylene propylene or neoprene, as
applicable, for the main O-ring seals, silicone for the wear pad, and polyester foam for the
optional annulus foam ring. Plastic is used for the polyurethanle foam cavity, fire-consumable
vent plugs, and optional guide plates. The OCA lid lift pockets, vent port access tube, and a
portion of the seal test port access tube are made from fiberglass. Brass is used for the OCV vent
and seal test port plugs. High alloy stainless steel is used for the OCV. locking ring joint pins:
Insulating materials such as ceramic fiber paper along the periphery of the polyurethane foam
cavity, and fiberglass-type insulation for the inner thermal shield are also used. Finally, a variety.
of stainless steel fasteners, greases and lubricants, and adhesives are also utilized, as specified in
Appendix 1.3.1, Packaging General Arrangement Drawings.

1.2.1.1.2 Inner Containment Vessel (ICV) Assembly

The inner containment vessel (ICV) assembly consists of an ICV lid and [CV body, each
primarily comprised of a stainless steel shell structure. Not considering the seal flange region,,
the ICV lid has a nominal external diameter of,74% inches and a nominal internal diameter of
737% inches. Likewise, not considering the seal flange region, the ICV body has a nominal
external diameter of 73 1/ inches and a nominal internal diameter of 72% inches, The nominal
external diameter of the ICV seal region is 76116 inches, and the nominal internal diameter of the
ICV seal region is 72316 inches. With the ICV lid installed onto the ICV body, the ICV has a
nominal external length of 69 inches, and a nominal internal height is 68Y2 inches at the ICV
cavity centerline.

The containment boundary provided by the ICV consists of a stainless steel vessel formed by a
mating lid and body, plus the uppermost of two main O-ring seals enclosed between an upper
and lower seal flange. The upper main O-ring seal (containment) is butyl rubber with a nominal
0,400-inch diameter cross-section. The lower main O-ring seal (test) may be neoprene or
ethylene propylene with a nominal 0.375-inch diameter cross-section. The purpose of the lower
main O-ring seal is for establishing a vacuum on the exterior side of the upper main O-ring seal
for helium and pressure rise leakage rate testing. To protect the main O-ring seals from debris
that may be associated with some payloads, a wiper 0-ring seal is used between the ICV upper
and lower seal flanges. In addition to the wiper O-ring seal, a silicone debris shield, located at
the top of the ICV lower seal flange, provides a secondary debris barrier to the upper main
O-ring seal. To ensure that helium tracer gas reaches the region directly above the upper main
O-ring seal (containment) during helium leakage rate testing, a helium fill port is integral to the
ICV vent port configuration (see Appendix 1.3.1, Packaging General Arrangement Drawings).
In addition, to allow for pressure equalization across the silicone debris shield during ICV lid
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installation and removal, three, 1/8-inch nominal diameter holes are ,located in the top of the ICV
lower seal flange.

A vent port feature in the ICV body's lower seal flange is the only other containment boundary
penetration. A vent port insert and an outer ICV vent port plug with an O-ring seal define the
containment boundary at the ICV vent port penetration.

Leakage rate testing of the ICV's upper main O-ring seal (containment seal) is performed
through an ICV seal test port that is located in the ICV lid.

* All shells comprising the ICV are 1/4-inch nominal thickness, Type 304, stainless steel,
including the lower and upper torispherical heads.

The ICV lid is secured to the ICV body via the ICV locking ring located at the outer diameter of
the ICV upper and lower seal flanges. Closure design and operation is illustrated in Figure 1.2-1.
The lower end of the ICV locking ring has 18 tabs that mate with a corresponding set of 18 tabs
on the ICV lower seal flange. To install the ICV lid, the ICV locking ring is rotated to the'
"unlocked" position, using alignment marks for reference. The unlocked position will align the
tabs on the ICV locking ring with the cutouts between the tabs on the ICV lower seal flange.
Next, the ICV lid is installed onto the ICV body, optionally evacuating the ICV cavity through
the ICV vent port sufficiently to allow free movement of the ICV locking ring. Positive closure
is attained by rotating the ICV locking ring to the "locked" position, using the alignment marks
for reference. Three, 1/2-inch diameter, stainless steel socket head cap screws secure the ICV
locking ring in the locked position.

Three lift sockets, each containing a lift pin, are integrated into the ICV lid for lifting the ICV lid
or an empty ICV assembly. Any lifting of the loaded ICV is performed using the OCA forklift
pockets with the ICV located within the OCA.

Polymer materials used in the ICV include butyl, ethylene propylene, neoprene, buna-N,
flourosilicone or flourocarbon, as applicable, for the main and wiper O-ring seals, and silicone
for the debris shield. Brass is used for the ICV vent and seal test port plugs. High alloy stainless
steel is used for the ICV locking ring joint pins. Finally, a variety of stainless steel fasteners, and
greases and lubricants are also utilized, as specified in Appendix 1.3.1, Packaging General
Arrangement Drawings.

1.2.1.1.3 Aluminum Honeycomb Spacer Assemblies

Aluminum honeycomb spacer assemblies are designed to fit within the torispherical heads at each
end of the ICV cavity. Each aluminum honeycomb spacer assembly includes an optional, 18-inch
nominal diameter by 1 '½-inch nominal depth pocket that may be used in the future to accommodate
a catalyst assembly. The lower spacer assembly also includes a 3-inch nominal diameter hole at
the center that serves as an inspection port to check for water accumulation in the ICV lower head.
With the spacer assemblies in place, the nominal ICV cavity height becomes 443/4 inches.

1.2.1.2 Gross Weight

The gross shipping weight of a HalfPACT package is 18,100 pounds maximum. A summary of
overall component weights is delineated in Table 2.2-1 of Section 2.2, Weights and Centers of
Gravity.
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1.2.1.3 Neutron Moderation and Absorption

The HalfPACT package does not require specific design features to provide neutron moderation
and absorption for criticality control. Fissile materials in the payload are limited to amounts that
ensure safely subcritical packages for both NCT and HAC. The fissile material limits for a
single HalfPACT package are based on optimally moderated and reflected fissile material. The
structural materials in theHalfPACT packaging are sufficient to maintain reactivity between the
fissile material in an infinite array of damaged HalfPACT packages at an acceptable level.
Further discussion of neutron moderation and absorption is provided in Chapter 6.0, Criticality
Evaluation.

1.2.1.4 Receptacles, Valves, Testing, and Sampling Ports

There are no receptacles or valves used on the HalfPACT packaging, however, the OCV and
ICV each have a seal test port and a vent port (see Appendix 1.3.1, Packaging General
Arrangement Drawings).. For each containment/confinement vessel, a seal test port provides
access to the region between the upper and lower (containment/confinement and test) main
0-ring seals between the upper and lower (lid and body) seal flanges. The seal test ports are
used to leakage rate test the upper main ICV seal and, if used, the optional upper main OCV seal I
to verify proper assembly of the HalfPACT package prior to shipment.

The vent port is used during loading and unloading to facilitate lid installation and removal, and
to allow blowdown of internal vacuum or pressure prior to opening a loaded package. As an
option, a low vacuum may be applied to the vent port to fully seat the lid and assure free rotation
of the locking ring.

Two separate penetrations through the polyurethane foam within the OCA are provided to access
the seal test port and vent port plugs. The access ports are capped at the OCA exterior surface
With 1 Y-inch'pipe plugs (NPT) within 3-inch diameter couplings. Reinforcing doubler plates are
also included on the inner surface of the OCA exterior shell, adjacent to the couplings. In
addition, removable foam or ceramic fiber plugs fill the region within the access hole'tubes to
provide-a level of thermal protection from the HAC thermal event. The vent port access tube is
comprised of a non-metallic fiberglass, and a fiberglass link is included with the stainless steel,
seal test port access tube as a lining to reduce radial thermal conductivity:. When the OCA lid is
removed, the ICV vent and seal test port plugs are readily accessible.

The OCV seal test port and both the ICV seal test and vent port. plugs are accessed through
localized cutouts in the corresponding vessel locking rings. An elongated cutout in the ICV
locking ring is utilized at the ICV vent port location to allow locking ring rotation while an
optional Vacuum pump is installed. Smaller cutouts are provided in the ICV and OCV locking
rings at the seal test port locations since these ports are only used with the locking rings in the
locked position. The OCV vent port feature islocated in the OCA body, therefore a cutout in the
OCV locking ring is not necessary.

Detailed drawings of the test and vent port features and the associated local cutouts in the
locking rings are provided in Appendix .1.3.1, Packaging General Arrangement Drawings.

1.2.1.5 Heat Dissipation .

The HalfPACT package design capacity is 30 thermal watts maximum. The HalfPACT package
dissipates this relatively low internal heat load ,entirely by passive heat transfer for both.NCT and
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HAC. No special devices or features are needed or utilized to enhance the dissipation of heat.
Features are included in the, design to enhance thermal performance in the HAC thermal event.
These include the use of a high temperature insulating material (ceramic fiber paper) at
polyurethane foam-to-steel interfaces and the presence of an inner and outer thermal shield at the
OCA lid-to-body interface. A more detailed discussion of the package thermal characteristics is
provided in Chapter 3.0, Thermal Evaluation.

1.2.1.6 Coolants

Due to the passive design of the HalfPACT package with regard to heat transfer, there are no
coolants utilized within the HalfPACT package.

1.2.1.7 Protrusions

The only significant protrusions on the HalfPACT package exterior are those associated with the
lifting and tie-down features on the OCA exterior. The only significant external protrusions from
the OCA lid are lift straps and corresponding guide pockets that extend from three equally spaced
locations at the lid top. These lift features protrude above the OCA upper torispherical head, but
are radially located such that they remain below torispherical head's crown and do not affect
overall package height. The guide pockets are made of a fiberglass material that is designed to
break away for lid-end impacts. The only significant external protrusions from the OCA body are
the tie-down features at the bottom end of the package. Four tie-down lugs, with associated
doubler plates, are used at locations corresponding with the main beams of the trailer. These tie-
down protrusions extend a maximum of 2¼/ inches radially from the OCA body exterior shell.

The only significant protrusion on the ICV exterior is the ICV locking ring. The ICV locking
ring extends radially outward approximately one inch from the outside surface of the upper ICV
torispherical head. With its 3%-inch axial length directly backed and supported by the OCV (the
nominal radial gap is 1/4 inch), this external protrusion is of little consequence for the package.
The only significant protrusions on the ICV interior are the three lift pockets that penetrate the
upper ICV torispherical head. These lift pockets are equally spaced on a 56-inch diameter,
extending into the ICV cavity a maximum of 4½ inches from the inner surface of the upper ICV
torispherical head. The ICV lift pockets are of little consequence as they are protected by the
surrounding aluminum honeycomb spacer assembly. There are no significant internal or external
protrusions associated with the ICV body.

1.2.1.8 Lifting and Tie-down Devices

Three sets of lift pins, lift straps and associated doubler plates used in the OCA lid are designed
to handle the OCA lid only (including overcoming any resistance to lid removal associated with
the presence of the main O-ring seals). The OCA lid lifting devices are not designed to lift a
loaded package or empty OCA. Under excessive load, failure occurs in the region of the OCA
lift pin locations (at the pin-to-strap welds), away from the OCA torispherical head. A loaded
HalfPACT package or any portion thereof can be lifted via the pair of fork lift pockets that are
located at the base of the OCA body. These pockets are sized to accommodate forks up to
10 inches wide and up to 4 inches thick. An overhead crane can also be used to lift the loaded
package, utilizing lifting straps, through the fork lift pockets.

Lifting of the ICV is via the three lift pockets inset into the upper ICV torispherical head. These
lift pockets, with their associated lift pins and adjacent doubler plates, are sized to lift an empty
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ICV or handle the ICV lid (including overcoming any resistance to lid removal associated with
the presence of the main O-ring seals). A loaded ICV must be fully supported with the OCA
body and lifted via the OCA fork lift pockets. Under excessive load, the ICV lift pins are
designed to fail in shear prior to compromising the ICV containment boundary.

Both the OCA and ICV lifting points are appropriately labeled to limit their use to the intended
manner.

Four tie-down lugs, with associated doubler plates, are used at locations corresponding with the
main beams of the trailer. At each tie-down location, one doubler is used on the outside surface
of the OCA side wall and one on the inside surface.of the OCA lower flanged head. At each tie-
down lug location, an internal gusset plate is also used between the inside of the OCA exterior
shell and the doubler in the lower head to stiffen the tie-down regions. The doubler plates are
sized to adequately distribute the regulatory-defined tie-down loads (10 gs longitudinal, 5 gs
lateral, and 2 gs vertical, applied simultaneously) outwardly into the 1/4-inch thick OCA exterior
shell. Each tie-down lug is welded directly to the adjacent side doubler plate. In an excessive
load condition, these tie-down lug welds are sized to shear from the corresponding doubler plate.

A detailed discussion of lifting and tie-down designs, with corresponding structural analyses, is
provided in Section 2.5, Lifting and Tie-down Standards for All Packages.

1.2.1.9 Pressure Relief System

There are no pressure relief systems included in the HalfPACT package design to relieve
pressure from within the ICV or OCV. Fire-consumable Vents in the form of plastic pipe plugs
are employed on the exterior surface of the OCA. These vents are included to release any gases
generated by charring polyurethane foam in the HAC thermal event (fire). During the HAC fire,

* the plastic pipe plugs melt allowing the release of gasses generated by the foam as it flashes to a
char. Three vents are used on the OCA lid and six on the OCA body, located at the center of
foam mass in each component. For optimum performance, the vents are located uniformly
around the circumference of the OCA lid and body.

1.2.1.10 Shielding

Due to the nature of the contact-handled transuranic (CH-TRU) payload, no biological shielding
is necessary or provided by the HalfPACT packaging.

1.2.2 Operational Features

The HalfPACT package is not considered to be operationally complex., All operational features
are readily apparent from an inspection of the drawings provided in Appendix 1.3.1, Packaging
General Arrangement Drawings, and the previous discussions presented in Section 1.2.1,
Packaging. Operational procedures and instructions for loading, unloading, and preparing an
empty HalfPACT package for transport are provided in Chapter 7.0, Operating Procedures.

1.2.3 Contents of Packaging

The HalffPACT packaging is designed to transport contact-handled transuranic (CH-TRU) and other
authorized payloads such as tritium-contaminated materials that do not exceed 105 A2 quantities.. The
Contact-Handled Transuranic Waste Authorized Methods for Payload Control (CH-TRAMPAC)' is
the governing document for shipments of solid or solidified CH-TRU and tritium-contaminated
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wastes in the HalfPACT package. All users of the HalfPACT package shall comply with all payload
requirements outlined in the CH-TRAMPAC, using one or more of the methods described in that
document.
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Figure 1.2-1 - ICV Closure Design (OCV closure is similar)
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1.3 Appendices

1.3.1 Packaging General Arrangement Drawings

1.3.2 Glossary of Terms and Acronyms
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1.3.1 Packaging General Arrangement Drawings
This section presents the HalfPACT packaging general arrangement drawing1 , consisting of 12
sheets entitled, Ha/fPACT Packaging SAR Drawing, Drawing Number 707-SAR. In addition, the
standard pipe overpack general arrangement drawing, consisting of 3 sheets entitled, Standard
Pipe Overpack, Drawing Number 163-001, is presented in this section.. The S100 pipe overpack,
the S200 pipe overpack, and the S300 pipe overpack are depicted in Drmwing Numbers 163-002,
163-003, and 163-004, respectively. The 55-gallon, 85-gallon, and 100-gallon compacted puck
drum spacers are depicted in Drawing Number 163-006. The shielded containers and associated
dunnage assemblies are depicted in Drawing Number 163-008. The criticality control overpack
is depicted in Drawing Number 163-009.

Within the packaging general arrangement drawing, dimensions important to the packaging's
safety are dimensioned and toleranced (e.g., structural shell thicknesses, polyurethane foam
thicknesses, and the sealing regions on the seal flanges). All other dimensions are provided as a
reference dimension, and are toleranced in accordance with the general tolerance block.

'The HalfPACT packaging, pipe overpack, compacted puck drum spacer, and shielded container general
arrangement drawings utilize the uniform standard practices of ASMIE Y14.5M, Dimensioning and Tolerancing,
American National Standards Institute, Inc. (ANSI).
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1.3.2 Glossary of Terms and Acronyms

'55-Gallon Drum - A payload container yielding 55 gallons.

85-Gallon Drum -A payload container with a range of dimensions yielding 75 to 88 gallons.

85-Gallon Drum Overpacks - A payload container consisting of a 55-gallon drum overpacked
within an 85-gallon druim of the appropriate dimensions.

100-Gallon Drum - A payload container yielding 100 gallons.

Aluminum Honeycomb Spacer Assembly - An assembly that is located within each end of the
ICV. The aluminum honeycomb spacer assembly supplements the ICV void volume to
accommodate gas generated by the payload material, and acts as an energy-absorbing barrier
between the payload and the ICV torispherical heads for axial loads.

ASME - American Society of Mechanical Engineers.

ASME B&PVC - ASME Boiler and Pressure Vessel Code.

CCO - Criticality Control Overpack

CCC - Criticality Control Container

CTU - Certification Test Unit

CH-TRAMPAC - Contact-Handled Transuranic Waste Authorized Methods for Payload Control.

CH-TRU Waste - Contact-Handled Transuranic Waste.

HalfPACT Package - The package consisting of a HalfPACT packaging and the Payload.

HalfPACT Packaging -. The packaging consisting of an outer confinement assembly (OCA), an
inner containment vessel (ICV), and two aluminum honeycomb spacer assemblies.

ETU - Engineering Test Unit.

ICV - Inner Containment Vessel.

ICV Body - The assembly, consisting of the ICV lower seal flange, the cylindrical vessel, and
the ICV lower torispherical head.

ICV Inner Vent Port Plug - The brass plug and accompanying 0-ring seal that provides the
pressure boundary in the ICV vent port penetration.

ICV Lid - The assembly consisting of the ICV upper seal flange, the ICV locking ring, a short
section of cylindrical vessel, and the ICV upper torispherical head.

ICV Lock Bolts -•The three, '1/2-inch, socket head cap screws used to secure the ICV locking
ring in the locked position.

ICV Locking Ring - The component that connects and locks the ICV upper seal flange to the
ICV lower seal flange; included as an ICV lid component.

ICV Lower Seal Flange - The ICV body's sealing interface containing two 0-ring grooves, the
ICV vent port access, and the ICV test port.
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ICV Main O-ring Seal - The upper elastomeric O-ring seal in the ICV lower seal flange; forms
the containment boundary.

ICV Outer Vent Port Plug - The brass plug and accompanying O-ring seal that provides the
containment boundary in the ICV vent port penetration.

ICV Seal Test Port - The radial penetration between the ICV main O-ring seal and ICV main
test O-ring seal to allow leakage rate testing of the ICV main O-ring seal.

ICV Seal Test Port Plug - The brass plug and accompanying O-ring keal for the ICV seal test
port.

ICV Seal Test Port Insert - A welded-in, replaceable component within the ICV lower seal
flange that interfaces with the ICV seal test port plug.

ICV Main Test O-ring Seal - The lower elastomeric O-ring seal in the ICV lower sealflange;
forms the test boundary for leakage rate testing.

ICV Upper Seal Flange - The ICV lid's sealing interface containing a mating sealing surface
for the ICV lower seal flange and location for a wiper O-ring seal.

ICV Vent Port - The radial penetration into the ICV cavity that is located in the ICV lower seal
flange.

ICV Vent Port Cover - The outer brass cover that directly protects the ICV vent port plugs.

Inner Containment Vessel - The assembly (comprised of an ICV lid and ICV body) providing
the primary level of containment for the payload. Within each end of the inner containment
vessel (ICV) is an aluminum honeycomb spacer assembly.

Locking Z-Flange - The z-shaped shell situated between the upper and lower Z-flanges that
connects to the OCV locking ring; allows external operation of the OCV locking ring.

Lower Z-Flange - The z-shaped shell in the OCA body, connecting the OCA outer shell to the
OCV lower seal flange.

OCA - Outer Confinement Assembly.

OCA Body - The assembly consisting of the OCV lower seal flange, the OCV cylindrical and
conical shells, the OCV lower torispherical head, the lower Z-flange, the OCA cylindrical shell,
the OCA lower flat head, comer reinforcing angles, tie-down structures, ceramic fiber paper, and
polyurethane foam.

OCA Inner Thermal Shield - The L-shaped; 16-gauge (0.060-inch thick), inner shield that
holds fiberglass insulating material against the OCV locking ring thereby preventing hot gasses.
and flames from directly impinging on the OCV sealing region in the event of a HAC fire.

OCA Lid - The assembly consisting of the OCV upper seal flange, the OCV locking ring, a
short section of cylindrical vessel, the OCV upper torispherical head, the upper and locking
Z-flanges, the inner and outer thermal shields, a short section of cylindrical shell, the OCA upper
torispherical head, comer reinforcing angles, ceramic fiber paper, and polyurethane foam.

OCA Lock Bolts - The six 1/2-inch, socket head cap screws used to secure the OCV locking
ring in the locked position.

OCA Lower Head - The lower ASME flat head comprising the OCA outer shell.

1.3.2-2



HalfPACT Safety Analysis Report Rev. 6, December 2012

OCA Outer Thermal Shield - The 14-gauge (0.075-inch thick) x 61/8-inch wide outer shield
surrounding the OCA lid-to-body joint that•prevents hot gasses and flames from entering the
joint in the event of a HAC. fire.

OCA Upper Head - The upper ASME torispherical head comprising the OCA outer shell.

OCV - Outer Confinement Vessel.

OCV Locking Ring - The component that connects and locks the OCV upper seal flange to the
OCV lower seal flange; included as an OCA lid component.

OCV Lower Seal Flange - The OCA body's. sealing interface containing two O-ring grooves.

OCV Main O-ring Seal - The optional upper 0-ring seal in the OCV lower seal flange; forms
the confinement boundary.

OCV Main Test O-ring Seal - The optional lower O-ring seal in the OCV lower seal flange;
forms thetest boundary for optional leakage rate testing.

OCV Seal Test Port - The radial penetration between the OCV main O-ring seal and OCV main
test O-ring seal to allow optional leakage rate testing of the OCV main O-ring seal.

OCV Seal Test Port Access Plug - The 1 -inch NPT plug located at the outside end of the
OCV seal test port access tube (i.e., at the outside surface of the OCA lid outer shell).

OCV Seal Test Port Insert - A welded-in, replaceable component within the OCV lower'seal
flange that interfaces with the'OCV seal test port.plug.

OCV Seal Test Port Plug - The brass plug and accompanying optional O-ring seal for the OCV
seal test port.

OCV Seal Test Port Thermal Plug - The foam or ceramic fiber plug located within the OCV
seal test port access tube that thermally protects the OCV seal test port region.

OCV Upper Seal Flange -The OCA lid's sealing interface containing a mating sealing surface
for the OCV lower seal flange.

OCV Vent Port - The radial penetration into the OCV cavity that is located in the OCV conical
shell.

OCV Vent Port Access Plug - The 1 '2-inch NPT plug located at the outside end of the OCV

vent port access tube (i.e., at the outside.surface of the OCA body outer shell).

OCV Vent Port Access Tube - The fiberglass tube allowing external access to -the OCV vent
port.

OCV Vent Port Cover - The outer brass cover that directly protects the OCV vent port plug.

OCV Vent Port Plug - The brass plug and accompanying optional O-ring seal that provides the
confinement boundary in the OCV vent port penetration.

OCV Vent Port Thermal Plug - The foam or ceramic fiber plug located within the OCV vent
port access tube that thermally protects the OCV vent port region.

Outer Confinement Assembly - The assembly (comprised of an OCA lid and OCA body)
providing a secondary level of confinement for the payload when its optional O-ring seals 'are
utilized. The Outer Confinement Assembly (OCA) completely surrounds the Inner Containment
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Vessel and consists of an exterior stainless steel shell, a relatively thick layer of polyurethane foam
and an inner stainless steel boundary that forms the'Outer Confinement Vessel (OCV).

Outer Confinement Vessel - The innermost boundary of the Outer Confinement Assembly.

Packaging - The assembly of components necessary to ensure compliance with packaging
requirements as defined in 10 CFR §71.4. Within this SAR, the packaging is denoted as the
HalfPACT packaging.

Package - The packaging with its radioactive contents, or payload, as presented for
transportation as defined in 10 CFR §71.4. Within this SAR, the package is denoted as the
HalfPACT contact-handled transuranic waste package, or equivalently, the HalfPACT package.

Payload - Contact-handled transuranic (CH-TRU) waste or other authorized contents such as
tritium-contaminated materials contained within approved payload containers. In this SAR, the
payload includes a payload pallet for handling when drums are used. Any additional dunnage used
thatis external to the payload containers is also considered to be part of the payload. Payload
requirements are defined by the CH-TRAMPAC.

Payload Container - Payload containers may be 55-gallon drums, pipe overpacks, criticality
control overpacks (CCOs), 85-gallon drums (including overpacks), 100-gallon drums, standard
waste boxes (SWB), or shielded containers (SC).

Payload Pallet - A lightweight pallet used for handling drum-type payload containers.

Payload Spacer - A component of the same basic design as the payload pallet; used to control
(reduce) vertical clearance within the ICV with 55-gallon drum, short 85-gallon drum,
100-gallon drum, and SWB payload containers.

Pipe Component - A stainless steel container used for packaging specific waste forms within a
55-gallon drum. The pipe component is exclusively used as part of the pipe overpack.

Pipe Overpack - A payload container consisting of a pipe component positioned by dunnage
within a 55-gallon drum with a rigid, polyethylene liner and lid. Seven pipe overpack assemblies
will fit within the HalfPACT packaging.

RTV - Room Temperature Vulcanizing.

SAR - Safety Analysis Report (this document).

Shielded Container - A specialized payload container for use within the HalfPACT packaging
that provides gamma shielding. Three shielded containers are surrounded by radial and axial
dunnage assemblies and loaded using a triangular payload pallet within the HalfPACT
packaging.
Standard Waste Box - A specialized payload container for use within the HalfPACT
packaging. One standard waste box can fit within the HalfPACT packaging.

SWB - Standard Waste Box.

Upper Z-Flange - The z-shaped shell in the OCA lid, connecting the OCA outer shell to the
OCV upper seal flange.
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2.0 STRUCTURAL EVALUATION
This section presents evaluations demonstrating that the HalfPACT package meets all applicable
structural criteria. The HalfPACT packaging, consisting of an outer confinement assembly
(OCA), with an integral outer confinement vessel (OCV), and an inner containment vessel
(ICV), with aluminum honeycomb spacer assemblies, is evaluated and shown to provide
adequate protection for the payload. Normal conditions of transport (NCT) and hypothetical
accident condition (HAC) evaluations, using analytic and empirical techniques, are performed to
address 10 CFR 711 performance requirements. Analytic demonstration techniques comply with
the methodology presented in NRC Regulatory Guides 7.62 and 7 .8 3.

The HalfPACT package possesses strong similarities with the licensed TRUPACT-II package
(NRC Certificate of ComplianceNo. 9218).. All features of the HaIfPACT package are
essentially identical to-those of the TRUPACT-iI package. The only major exception is the
removal of 30(inches of cylindrical sidewall length from the OCA and ICV bodies.

Numerous component and scale tests were successfully performed on the TRUPACT-JI package
during its development phase. Subsequent TRUPACT-I certification testing involved three, full
scale certification test units (CTUs). The TRUPACT-I1 CTUs were subjected to a series of free
drop and puncture drop tests, and two of the three TRUPACT-I1 CTUs were subjected to fire
testing. Despite the great degree of similarity between the HalfPACT and TRUPACT-I1
packages, a full scale HalfPACT engineering. test unit. (ETU) and CTU were also subjected to a
series of free drop, puncture drop, and fire tests., Both the HalfPACT ETU and CTU remained
leaktight4 throughout certification testing. Details of the certification test program are provided
in Appendix 2.10.3, Certification Tests.

2.1 Structural Design

2.1.1 Discussion
A comprehensive discussion on the HalfPACT package design and configuration is provided in
Section 1.2, Package Description. Specific discussions relating to the aspects important to
demonstrating the structural configuration and performance to design criteria for the HalfPACT
package are provided in the following sections. Standard fabrication methods are utilized to
fabricate the HalfPACT packaging.

1Title 10, Code of Federal Regulations, Part 71 (10 CFR 71), Packaging and Transportation of Radioactive
Material, 01-01-12 Edition.
2 U. S. Nuclear Regulatory Commission, Regulatory Guide 7.6,,Design Criteria for the Structural Analysis of
Shipping Cask Containment Vessels, Revision 1, March 1978.

U. S. Nuclear Regulatory Commission, Regulatory Guide 7.8, Load Combinations for the StructuralAnalSsis of
Shipping Casks for Radioactive Material, Revision 1, March 1989.
4 Leaktight is defined.as leakage of 1 x 10- standard cubic. centimeters per second (scc/s), air, or less per ANSI
N14.5-1997, American National Standard for Radioactive Materials - Leakage Tests on Packages for Shipment,
American.National Standards Institute, Inc. (ANSI).
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2.1.1.1 Containment Vessel Structure (ICV)

The containment vessel cylindrical shell structure is fabricated in accordance with the tolerance
requirements of the ASME Boiler and Pressure Vessel Code, Section 111 5, Division 1, Subsection
NE, Article NE-4220, as delineated on the drawings in Appendix 1.3.1, Packaging General
Arrangement Drawings. The containment vessel shell-to-shell joints are fabricated in
accordance with the ASME Boiler and Pressure Vessel Code, Section III, Division 1, Subsection
NB, Article NB-4230, as delineated on the drawings in Appendix 1.3.1, Packaging General
Arrangement Drawings.

All containment vessel heads are flanged torispherical heads, fabricated in accordance with the
ASME Boiler and Pressure Vessel Code, Section VIII, Division 16, as delineated on the
drawings in Appendix 1.3.1, Packaging General Arrangement Drawings.

All seal flange material is ultrasonically or radiographically test inspected in accordance with the
ASME Boiler and Pressure Vessel Code, Section III, Division 1, Subsection NB, Article NB-
2500 and Section V7, Article 5 (ultrasonic) or Article 2 (radiograph), as delineated on the
drawings in Appendix 1.3.1, Packaging General Arrangement Drawings.

Circumferential and longitudinal welds for the containment vessel shells, seal flanges, and
locking ring are full penetration welds, subjected to visual and liquid penetrant examinations,
and radiographically test inspected, as delineated on the drawings in Appendix 1.3. 1, Packaging
General Arrangement Drawings. Visual weld examinations are performed in accordance with
AWS D1 .68. Liquid penetrant examinations are performed 'on the final pass in accordance with
the ASME Boiler and Pressure Vessel Code, Section III, Division 1, Subsection NB, Article NB-
5000 and Section V, Article 6. Radiograph test inspections are performed in accordance with the
ASME Boiler and Pressure Vessel Code, Section III, Division 1, Subsection NB, Article NB-
2500 and Section V, Article 2.

For the ICV vent port penetration, and lifting sockets, liquid penetrant examinations are
performed on the final pass for single pass welds and on the root and final passes for multipass
welds in accordance with the ASME Boiler and Pressure Vessel Code, Section III, Division 1,
Subsection NB, Article NB-5000 and Section V, Article 6, as delineated on the drawings in
Appendix 1.3.1, Packaging General Arrangement Drawings.

The maximum weld reinforcement for containment vessel welds shall be 3/32-inch in accordance
with the ASME Boiler and Pressure Vessel Code, Section III, Division 1, Subsection NB, Article
NB-4426, Paragraph NB-4426.1, as delineated on the drawings in Appendix 1.3.1, Packaging
General Arrangement Drawings.

American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section III, Rules for
Construction of Nuclear Power Plant Components, 1995 Edition, 1997 Addenda.
6 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section VyI, Division 1,

Rules for Construction of Pressure Vessels, 1995 Edition, 1997 Addenda.
7 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section V; Nondestructive
Examination, 1995 Edition, 1997 Addenda.
8 ANSI/AWS D1.6, Structural Welding Code - Stainless Steel, American Welding Society (AWS).
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2.1.1.2 Non-Containment Vessel Structures (OCV and OCA)

All non-containment vessel shell-to-shell joints and transitions in thickness, such as from the 1/4-
inch thick OCV lower head to the 3/16-inch thick OCV shell and the 3/8-to-1/4-inch thick OCA
outer shell transition, are fabricated in accordance with the ASME Boiler and.Pressure Vessel
Code, Section III, Division 1, Subsection NF, Article NF-4230, as delineated on the drawings in
Appendix 1.3.1, Packaging General Arrangement Drawings.

The OCV has a top and bottom, flanged torispherical head, and the OCA outer shell has a top,
flanged torispherical head and bottom, flanged flat head that are fabricated in accordance with the
ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, as delineated on the drawings in
Appendix 1.3.1, Packaging General Arrangement Drawings.

Circumferential and longitudinal welds for the non-containment vessel shells are full penetration
welds, subjected to visual and liquid penetrant examinations, as delineated on the drawings in
Appendix 1.3.1, Packaging General Arrangement Drawings. Visual weld examinations are
performed in accordance with AWS D1 .6. Liquid penetrant examinations are performed on the
final pass in accordance with the ASME Boiler and Pressure Vessel Code, Section III,
Division 1, Subsection NF, Article NF-5000.

The maximum weld reinforcement for non-containment vessel welds shall be 3/32 inch in accordance
with the ASME Boiler and Pressure Vessel Code, Section III, Division 1, Subsection NF, Article NF-
4400, as delineated on the drawings in Appendix 1.3.1, Packaging General Arrangement Drawings.

2.1.2 Design Criteria

Proof of performance for the HalfPACT package is achieved by a combination of analytic and
empirical evaluations. The acceptance criteria for analytic assessments are in accordance with
Regulatoiy Guide 7.6 and Section III of the'ASME Boiler and Pressure Vessel Code. The
acceptance criterion for empirical assessments is a demonstration thatthe containment boundary
remains leaktight throughout NCT and HAC certification testing. Additionally, package
deformations obtained from certification testing must be such that deformed geometry
assumptions used in subsequent thermal, shielding, and criticality evaluations are validated.

The remainder of this section presents the detailed acceptance criteria used for all analytic
structural assessments of the HalfPACT package.

2.1.2.1 Analytic Design Criteria (Allowable Stresses)

This section defines the stress allowables for primary membrane, primary bending, secondary, shear,
peak, and buckling stresses for containment and non-containment structures. These stress allowables
are used for all analytic assessments of HalfPACT package structural performance. Regulatory
Guide 7.6 is Used in conjunction with Regulatory Guide 7.8 to evaluate the package integrity.
Material yield.sti-engths used in the analytic acceptance criteria, Sy, ultimate strengths, Su, and design
stress intensity values, Sm, are presented in Table 2.3-1 of Section 2.3,Mechanical Pioperties of
Materials.
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2.1.2.1.1 Containment Structure (ICV)

A summary of allowable stresses used for containment structures is presented in Table 2.1-1.
These data are consistent with Regulatory Guide 7.6, and the ASME Boiler and Pressure Vessel
Code, Section III, Subsection NB-3000 and Appendix F.

2.1.2.1.2, Non-Containment Structures (OCV and OCA)

A summary of allowable stresses used for non-containment structures is presented in Table 2.1-2.
For conservatism, the allowable stresses applicable to containment structures presented in Table
2.1-1 are utilized for OCV evaluations.

For evaluation of lifting devices, the allowable stresses are limited to one-third of the material
yield strength, consistent with the requirements of 10 CFR §71.45(a). For evaluation of tie-down
devices, the allowable stresses are limited to the material yield strength, consistent with the
requirements of 10 CFR §71.45(b).

For evaluations involving polyurethane foam, primary, load controlled compressive stresses are
limited to two-thirds of the parallel-to-rise or perpendicular-to-rise compressive strength (as
applicable) at 10% strain. Use of a two-thirds factor on compressive strength ensures elastic
behavior of the polyurethane foam.

2.1.2.2 Miscellaneous Structural Failure Modes

2.1.2.2.1 Brittle Fracture

By avoiding the use of ferritic steels in the HalfPACT packaging, brittle fracture concerns are
precluded. Specifically, most primary structural components are fabricated of Type 304 austenitic
stainless steel. Since this material does not undergo a ductile-to-brittle transition in the temperature
range of interest (down to -40 °F), it is safe from brittle fracture.

The lock bolts used to secure the ICV and OCV locking rings in the locked position are stainless
steel, socket head cap screws ensuring that brittle fracture is not of concern. Other fasteners used
in the HalfPACT packaging assembly, such as the 36, 1/4-inch screws attaching the locking
Z-flange to the OCV locking ring, provide redundancy and are made from stainless steel, again
eliminating brittle fracture concerns.

2.1.2.2.2 Fatigue Assessment

2.1.2.2.2.1 Normal Operating Cycles

Normal operatingcycles do not present a fatigue concern for the various HalfPACT packaging
components. Most HalfPACT packaging components exhibit little-to-no stress concentrations,
and by satisfying the allowable limit for range of primary-plus-secondary stress intensity for
NCT (3.OSm), the allowable fatigue stress limit for the expected number of operating cycles is
satisfied. For HalfPACT packaging components that do exhibit stress concentrations, stresses
are low enough that allowable fatigue stress limits are again satisfied.

The maximum number of operating cycles reasonably expected for the HalfPACT package is
3,640, and is based on two round trips per week for 35 years. Conservatively, 5,000 cycles (or in
excess of 1 cycle every 3 days) is used in the following calculations. A cycle is defined as the
process of the, internal pressure within the ICV increasing gradually from zero psig at the time of

2.1-4



HalfPACT Safety Analysis Report Rev. 6, December 2012

loading, to 50 psig (the maximum'normal operating pressure, MNOP, per Section 3.4.4,
Maximum Internal Pressure) during transport and then returning to 0 psig when the containment
vessel is vented prior to unloading the payload. This scenario is conservative because most.
shipments will never generate pressure to the magnitude of the MNOP, and the system could
never achieve MNOP in less than the assumed transportation cycle of three days.

From Figure 1-9.2.1 and Table 1-9.1 of the ASME Boiler and Pressure Vessel Code 9, the fatigue
allowable alternating stress intensity amplitude, Sa, for 5,000 cycles is 76,000 psi. This value,
when multiplied by the ratio of elastic hot NCT modulus at 160 'F (the package wall temperature
from Section 2.6.1, Heat) to a modulus at 70 °F, 27.8(10)6/28.3(10)6, results in a fatigue
allowable alternating stress intensity amplitude at 160 6F of 74,657 psi. The non-fatigue
allowable stress intensity range, from the ASME Boiler and Pressure Vessel Code, Section III;
Division'l, Subsection NB-3222.2, is 60,000 psi (3.10S, where Sm-is 20,000 psi from Table 2.3-1
in Section 2.3, Mechanical Properties of Materials, at 160 'F). The alternating stress intensity' is
one-half of this range, or 30,000 psi. Thus, in the absence of stress concentrations, the fatigue
allowable alternating stress intensity will not 'govern the HalfPACT packaging design.

Regions of stress concentrations for the'package occur in the' ICV and OCV seal flanges and locking
rings. The maximum range of primary-plus-secondary stress intensity occurs between the case of
maximum internal pressure under NCT hot conditions (see Section 2.6.1.3, ,Stress Calculations) and
the vacuum case. For the seal-flanges or locking rings the maximum primary-plus-secondarystress
intensity is 27,922 psi from Table 2.6-5 (ICV Load Case 1). The stress range is therefore 27,922 psi.

In accordance with Paragraph C.3 of Regulatory Guide 7.6, a stress concentration factor of four
will conservatively be applied to the value of maximum stress intensity from above. The resultant
range of peak stress intensity, correcting the modulus of elasticity for temperature, becomes:

Srn=28.3(10)6 "(27,922)(4 29.8Q 0)6 =1 13,697'psi

S rane 27.8(10)6

where the modulus of elasticity at 70 °F is 28.3(1'0)6 psi, and the modulus of elasticity at 160 °F is
27.8(10)6 psi, both from Table 2.3-1 'in Section 2.3, Mechanical Properties of Materials. The
alternating stress intensity is one-half of this range, or:

Salt 4 .! ~113,697 56,849 psi

From Figure 1-9.2.1 and Table 1-9.1 of the ASME Boiler and Pressure Vessel Code, the
allowable number of cycles for an alternating stress. intensity amplitude of 56,849 psi is 16;627,
or .233% more than the 5,000 cycles conservatively considered herein.

2.1.2.2.2.2 Normal Vibration Over the Road

Fatigue associated with normal vibration over the road is addressed in Section 2.6.5, Vibration.

9 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section IlI, Rulesfor.
Construction of Nuclear Power Plant Components, Appendix I, Design Stress Intensity Values,. Allowable Stresses,
Material Properties, and Design Fatigue Curves, 1995 Edition, 1997 Addenda.
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2.1.2.2.2.3 Extreme Total Stress Intensity Range

Per paragraph C.7 of Regulatory Guide 7.6:
The extreme total stress intensity range (including stress concentrations) between the initial state,
the fabrication state, the normal operating conditions, and the accident conditions should be less
than twice the adjusted value (adjusted to account for modulus of elasticity at the highest
temperature) of Sa at 10 cycles given by the appropriate design fatigue curves.

Since the response of the HalfPACT package to accident conditions is typically evaluated
empirically rather than analytically, the extreme total stress intensity range has not been
quantified. However, the full scale certification test unit (see Appendix 2.10.3, Certification
Tests) was tested at relatively low ambient temperatures during free drop and puncture testing, as
well as exposure to a fully engulfing pool fire event. The CTU was also fabricated in accordance
with the drawings in Appendix 1.3.1, Packaging General Arrangement Drawings, thus incurring
prototypic fabrication induced stresses, increased internal pressure equal to 150% of MNOP
during fabrication pressure testing, and reduced internal pressure (i.e., a full vacuum during leak
testing) conditions as part of initial acceptance. Exposure to these extreme conditions while
demonstrating leaktight containment resulting from certification testing satisfies the intent of the
previously defined extreme total stress intensity range requirement.

2.1.2.2.3 Buckling Assessment

Buckling, per Regulatory Guide 7.6, is an unacceptable failure mode for the ICV. The intent of
this provision is to preclude large deformations that would compromise the validity of linear
analysis assumptions and quasi-linear stress allowables, as given in Paragraph C.6 of Regulatory
Guide 7.6.

Buckling prevention criteria is applicable to the ICV containment boundary within the
HalfPACT packaging. For conservatism, the criteria is also applied to the OCV confinement
boundary. Shells for both vessels incorporate cylindrical mid-sections with torispherical heads at
each end. The different geometric regions are considered separately to demonstrate that buckling
will not occur for the two vessels. The methodology of ASME Boiler and Pressure Vessel Code
Case N-284-1 10 is applied for the cylindrical regions of the containment and confinement vessels
(buckling analysis details are provided in Section 2.7.6, Immersion - All Packages). The
methodology of the ASME Boiler and Pressure Vessel Code, Section III, Subsection NE, is
applied for the torispherical heads.

Consistent with Regulatory Guide 7.6 philosophy, factors of safety corresponding to ASME
Boiler and Pressure Vessel Code, Level A and Level D service conditions are employed for NCT
and HAC loadings, respectively, with factors of safety of 2.00 and 1.34, respectively.

It is also noted that 30-foot drop tests performed on full scale models with the package in various
orientations produced no evidence of buckling of any of the ICVand OCV shells (see Appendix
2.10.3, Certification Tests). Certification testing does not provide a specific determination of the
margin of safety against buckling, but is considered as evidence that buckling will not occur.

10 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section III, Rules for

Construction of Nuclear Power Plant Components, Division 1, Class MC, Code Case N-284- 1, Metal Containment
Shell Buckling Design Methods, 1995 Edition, 1997 Addenda.
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Table 2.1-1 - Containment Structure Allowable Stress Limits

Stress Category NCT HAC

General Primary Membrane Sm Lesser of: 2 .4 Sm
Stress Intensity 0.7Su

Local Primary Membrane 1.5Sm Lesser of: 3.6Sm'
Stress Intensity Su

Primary Membrane + Bending 1.5Sn Lesser of: 3.6Sm
Stress Intensity Su

Range of Primary + Secondary 3.OSm Not Applicable
Stress Intensity

Pure Shear Stress 0.6Sm 0.42Su

Peak Per Section 2.1.2.2.2, Fatigue Assessment

Buckling Per Section 2.1.2.2.3, Buckling Assessment

Table 2.1-2 - Non-Containment Structure Allowable Stress Limits

Stress Category NCT HAC

General Primary Membrane Greater of: Sm 0.7Su
Stress Intensity SY

Local Primary Membrane Greater of: 1.5Sm Su
Stress Intensity SY

Primary Membrane + Bending Greater of: 1.5Sm SU
Stress Intensity SY

Range of Primary + Secondary Greater of: 3.OSm Not Applicable
Stress Intensity SY

Pure Shea# Stress Greater of: 06Sm 0.42Su
_0.6Sy

Peak Per Section 2.1.2.2.2, Fatigue Assessment

Buckling Per Section 2.1.2.2.3, BucklingAssessment

1)

IT
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2.2 Weights and Centers of Gravity
The maximum gross weight of the HalfPACT package, including a maximum payload weight of
7,600 pounds, is 18,100 pounds. The vertical center of gravity (CG) is situated 43.8 inches
above the bottom surface of the package. These values are used in the lifting and tie-down
calculations presented in Section 2.5, Lifting and Tie-down Standards for All Packages. These
results are based on an assumption of a payload configuration consisting of seven, 1,000 pound,
55-gaillon drums having their individual CGs located at the drum mid-height. All other payload
configurations result in a lower, package gross weight and CG than the 55-gallon drum payload
configuration. With reference to Figure 2.2-1, a detailed breakdown of the HalfPACT package
component weights and CG is summarized in Table 2.2-1. The five-inch thick payload spacer is
used with the 55-gallon drum, short 85-gallon drum, 100-gallon drum, and standard waste box
(SWB) payload configurations. The shielded container payload configurationutilizes a
triangular payload pallet, an upper and lower axial dunnage assembly, and a radial dunnage
assembly in lieu of the payload pallet and payload spacer utilized for drums and the SWB.

2.2.1 Effect of a Radial Payload Imbalance
A radial offset of the CG could occur if the payload drums do not all have the same weight, or if
the SWB is not uniformly loaded. The maximum'offset of the radial CG is calculated in the
following paragraphs.'

Seven 55-Gallon Drum Payload Configuration:

Since the maximum weight of any one drum is 1,000 pounds, and since the arrangement of seven
drumsis symmetric, the maximum payload weight can be associated only with a payload&CG
located on the package centerline. Deviation from the package centerline can only occur with a
less-than-maximum total payload weight. The worst case CG offset occurs for an arrangement
of four minimum weight (empty) 55-gallon drums, each having a weight of 60 pounds, together
with three maximum weight (fully loaded) 55-gallon drums, each having a weight of
1,000 pounds, located in adjacent outside positions, as illustrated in Figure 2.2-2. A 55-gallon
drum has a nominal outer diameter of 24 inches. For this case, the worst case radial location of
the payload CG is:

r"( 2 4 .00 )(1, 00 0 ) + 2(12.00)(1,000) + (0)(60) -2(12.00)(60) (24.00)(60)= 13.93 inches

3 (1,000) + 4(60)

The pipe overpack and criticality control overpack payload configurations, since they are
enclosed and centered by dunnage within a 55-gallon drum, are enveloped by the foregoing
considerations. For an empty package weight of 10,500 pounds, a payload pallet weight of.350
pounds, and a payload spacer weight of 250 pounds, (see Table 2.2-1), the worst case radial
offset of the CG of the entire HalfPACT package is:

_ (13.93)[3(1,000) + 4(60)] =A3.15inches
10,500 + 350+ 250+3(1,000)+4(60)

This radial offset equates to only 3.3% of the HalfPACT package's outer diameter of 94%/8
inches. The effect of this relatively small radial offset may be neglected.
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Standard Waste Box Payload Configuration:

The maximum weight of a loaded SWB is 4,000 pounds; the weight of an empty SWB is
640 pounds. The maximum contents therefore amount to 4,000 - 640 = 3,360 pounds. The CG
of the contents is conservatively assumed to be located at a distance of 17.75 inches from the
geometric center (i.e., one-quarter the SWB length), as shown in Figure 2.2-3. For this case, the
worst case radial location of the payload CG is:

(17.75)(3,360)
r- = 14.9 inches4,000

For an empty package weight of 10,500 pounds and a payload spacer weight of 250 pounds, (see
Table 2.2-1), the maximum radial offset of the CG of the entire HalfPACT is:

R (14.9)(4,000) = 4.04 inches

10,500+250+4,000

This radial offset equates to only 4.3% of the HalfPACT package's outer diameter of 94%

inches. As before, the effect of this relatively small radial offset may be neglected. •

Four 85-Gallon Drum Payload Configuration:

The term "85-gallon drum" refers to drums of 75 to 88 gallons, as discussed in Section 1.1,
Introduction. As for the 55-gallon drum payload configuration, the maximum weight of a loaded
85-gallon drum is 1,000 pounds. The worst case CG offset occurs for an arrangement of two
minimum weight (empty), tall 85-gallon drums, each having a weight of approximately
81 pounds, together with two maximum weight (fully loaded), tall 85-gallon drums, each having
a weight of 1,000 pounds, located adjacent, as illustrated in Figure 2.2-4. A tall 85-gallon drum
has a nominal outer diameter of 28% inches. For this case, the worst case radial location of the
payload CG is:

- 2(14:31)(1,000) - 2(14.31)(81) - 12.2 'inches
2(1,000) + 2(81)

For an empty package weight of 10,500 pounds, a payload pallet weight of 350 pounds, and a
payload spacer weight of 250 pounds, (see Table 2.2-1), the maximum radial offset of the CG of
the entire HalfPACT is:

_ (12.2)[2(1,000) + 2(81)] = 2.03 inches

10,500+350+ 2(1,000) +2(81)

This radial offset equates to only 2.1% of the HalfPACT package's outer diameter of 94%

inches. As before, the effect of this relatively small radial offset may be neglected.

Three 100-Gallon Drum Payload Configuration:

As for the 55-gallon drum payload configuration, the maximum weight of a loaded 100-gallon
drum is 1,000 pounds. The worst case CG offset occurs for an arrangement of two minimum
weight (empty), 100-gallon drums, each having a weight of 95 pounds, together with one
maximum weight (fully loaded), 100-gallon drum of 1,000 pounds, as illustrated in Figure 2.2-5.
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A 100-gallon drum has a nominal outer diameter of 32 inches. For this case, the worst case
radial location of the payload CG is:

(18.48)(1,000) - 2(9.24)(95) 14.1 nches
1,000 + 2(95)

For an empty package weight of 10,500 pounds, a payload'pallet weight of 350 pounds, and a
payload spacer weight of 250 pounds, (see Table 2.2-1), the maximum radial offset of the CG of
the entire HalfPACT is:

(14.1)[1,000 + 2(95)] =1.37 inches

10,500 + 350 +250 + 1,000 +2(95)

This radial offset equates to only 1.5% of the HalfPACT package's outer diameter of 94%

inches. As before, the effect of this relatively small radial offset may be neglected.

Three Shielded Container Payload Configuration:

The maximum weight of a loaded shielded container is 2,260 pounds; the weight of an empty
shielded container is 1,726 pounds. The worst case CG offset occurs for an arrangement of two
minimum weight (empty), shielded containers, each having a weight of 1,726 pounds, together
with one maximum weight (fully loaded), shielded container of 2,260 pounds, as illustrated in
Figure 2.2-6. A shielded container has a nominal outer diameter of 23 inches. For this case,'the
worst case radial location of the payload CG is:

- (13.28)(2,260) - 2(6.64)(1,726) 1 24
r- 1.2 inches

2,260 +2(1,726)

For an empty package weight of 10,500 pounds, a triangular payload pallet weight-of
112 pounds, an upper and lower axial dunnage weight of 132 pounds each, and a radial dunnage
weight of 444 pounds,'(see Table 2.2-1), the maximum radial offset of the CG of theentire
HalfPACT is:

(1.24)[2,260 + 2(1,726)] = 0.42 inches

10,500 +112 + 2(132) + 444 + 2,260 + 2(1,726)

This radial offset equates to only 0.4% of the HalfPACT package's outer diameter of 94%
inches. As before, the effect of this relatively small radial offset may be neglected.

2.2.2 Effect of an Axial Payload Imbalance

The maximum height of the package CG is associated. with a uniformly loaded payload, where
the CG of the payload containers is located at their mid-height. Due to a payload of non-uniform
density or possible settling of the payload contents, the CG height of the payload containers may
decrease somewhat. The seven 55-gallon drum payload configuration, since it is the heaviest
payload, will result in greatest potential shift in axial CG. The greatest shift in location of the
CG of an individual drum is bounded by one-quarter of the drum height, i.e., a shift from the
drum mid-height to the quarter height.. Thus, for a total. 55-gallon drum height of 35 inches, the
axial shift is 35/4 = 8.75 inches downward. Since.the empty weight of a 55-gallon drum is
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60 pounds, the maximum weight of contents of one drum is 1,000 - 60 = 940 pounds. The
greatest downward shift in CG location of the HalfPACT packaging, assuming the CG location
of all seven drums is at one quarter of the drum height instead of at mid-height, therefore is:

Ah - 7(8.75)(940) -3.2 inches
18,100

The axial offset amounts to only 3.5% of the total HalfPACT package height of 91 /2inches. The
effect of this relatively small axial offset may be neglected. As an example, in the case of a
hypothetical accident condition (HAC) puncture event where the puncture bar axis passes
through the CG of the HalfPACT package, the variation in CG location of 3.2 inches slightly
exceeds half the puncture bar diameter resulting in a variation of the puncture bar orientation of
less than 4 degrees. In addition, vertical reduction of the CG would have no effect on lifting
forces, and would serve to reduce tie-down forces. Therefore, the lifting and tie-down
calculations, and the HAC free drop and puncture tests, are performed using a value that bounds
the maximum CG height presented in Table 2.2-1, and the downward axial offset is
conservatively neglected.
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Table 2.2-1 - HaIfPACT Weight and Center of Gravity

Weight, pounds Height to CG,_inches'

item Component Assembly Component Assembly

Outer Confinement Assembly (OCA) 8,250 L41.2
• Lid 3,600 67.1
• Body 4,650 21.2

Inner Containment Vessel (ICV) 2,250 47.3
" Lid 825 66.5
" Body 1,225 34.9
" Aluminum Honeycomb Spacers 200. 43.5

Total Empty Package _ _ 10,500 42.5

Payload and Payload Components 7,600 45.5
• Payload (Seven 55-Gallon Drums) 7,000 46.6
" Payload Pallet 350 40.2
• 'Payload Spacer 250 23..6,

Total Loaded Package (Maximum) 18,100 43.8
Payload and Payload Components 7,600 44.2

- Payload (Three Shielded Containers) 6,780 44.5
- Triangular Payload Pallet 112 25.1
- Axial Dunnage Assemblies 264 43.0
* Radial Dunnage Assembly 444 44.5

Total Load Package (Maximum) . 18,100 43.2

Note:

0 The.reference datum is the bottom of the HalfPACT package.
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Figure 2.2-1 - HalfPACT Package Components
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Figure 2.2-2 - Radial Shift of CG for Seven 55-Gallon Drum Payload
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Figure 2.2-3 - Radial Shift of CG for SWB Payload
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Figure 2.2-4 - Radial Shift of CG for Four 85-Gallon. Drum Payload
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Figure 2.2-5 - Radial Shift of CG for Three 100-Gallon Drum Payload
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Figure 2.2-6 - Radial Shift of CG for Three Shielded Container Payload
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2.3 Mechanical Properties of Materials
The major structural components, i.e., the outer confinement assembly (OCA) outer shells, outer
confinement vessel (OCV), and inner containment vessel (ICV), of the HalfPACT packaging are
fabricated of Type 304, austenitic stainless steel and 8¼ lb/ft3 (nominal. density) polyurethane
foam. Other materials performing a structural function are ASTM B 16 brass (for'the ICV and
OCV vent port and seal test port plugs and covers), aluminum honeycomb (for the ICV
aluminum honeycomb spacer. assemblies), 300 series stainless steel (for the ICV and OCV
locking ring lock bolts, and for attaching the locking Z-flange to the OCV locking ring), and,
ASTM A564, Type 630, stainless steel (joint pins for the OCV and ICV locking rings). Several
varieties of non-structural materials are also utilized. Representative non-structural materials
include butyl rubber and other elastomeric O-ring seals, a silicone wear pad, aluminum guide
tubes for the OCA lid lift operation, ceramic fiber paper, fiberglass insulation, and plastic fire
consumable foam cavity vent plugs. The drawings presented in Appendix 1.3.1, Packaging
General Arrangement Drawings, delineate the specific material(s) used for each HalfPACT
packaging component.

The remainder of this section presents and discusses pertinent mechanical properties for the
materials that perform a structural function. Section 2.3.1, Mechanical Properties Applied to
Analytic Evaluations, presents all properties used in analytic structural evaluations of the
HalfPACT package. Most normal conditions of transport (NCT) tests are demonstrated
analytically. Section 2.3.2, Mechanical Properties Applied to Certification Testing, presents the
mechanical properties associated with components whose performance is demonstrated via
certification testing. With the exception of immersion, all hypothetical accident condition
(HAC) tests are demonstrated via certification testing.

2.3.1 Mechanical Properties Applied to Analytic Evaluations
Analytic evaluations are performed for the basic OCA, OCV, and ICV shells, seal flanges, and.
locking rings, comprised of Type 304 stainless steel. Table 2.3-1 presents the mechanical
properties for the Type 304 stainless steel used in the HalfPACT packaging. Each of the
mechanical properties of Type 304 stainless steel is taken from Section II, Parts A and D, of the
ASME Boiler and Pressure Vessel Code.1

All analyses of the basic OCA, OCV, and ICV shells, seal flanges and locking rings utilize the
properties presented for ASTM A240, Type 304, stainless steel. With the exception of
elongation, which is not specifically used in the linear elastic analytic assessments, all materials
presented in Table 2.3-1 exhibit equivalent or better properties than the ASTM A240 'material.
Minimum elongation values are important regarding testing and are therefore discussed in
Section 2.3.2, Mechanical Properties Applied to Certification Testing. The density of stainless
steel is taken as 0.29 lb/in3, and Poisson's Ratio is 0.3.

Unlike the other ASTM materials specified in Table 2.3-1,ASTM A276 material does not have
an identical ASME material specification. However, structural use of ASTM A276 is as an
option for the OCA rolled angles used at the lid-to-body interface and the OCA lid lifting straps.

American Society of Mechanical Engineers (ASME) Boiler and Pressure 'Vessel Code, Section II, Materials,

Part A - Ferrous Material Specifications, and Materials, Part D - Properties, 1995 Edition, 1997 Addenda.
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As these components are not part of the containment boundary, the use of ASTM A276, whose
chemical and mechanical properties are identical to ASTM A479, is justified. Thus, material
properties of ASTM A276 versus temperature are taken to be the same as for ASTM A479.

The analytic assessments of the polyurethane foam used in the HalfPACT packaging are limited
to the NCT internal pressure, differential thermal expansion, and lifting load cases. The data
summarized in Table 2.3-2 are established according to the procedures outlined in
Section 8.1 4. 1, Polyurethane Foam. Detailed stress-strain relationships forthe polyurethane
foam are not required for analysis since analytic assessments for the NCT or HAC free drop or
puncture events are not performed. However, as discussed in Section 2.3.2, Mechanical
Properties Applied to Certification Testing, since HalfPACT package performance is
demonstrated by certification testing, and performance is a function of foam properties,
compressive stress-strain characteristics and installation techniques are carefully controlled.

Material properties are linearly interpolated between, or, if necessary, extrapolated beyond the
temperature values shown. For example, when a temperature outside a tabulated range is of
interest (e.g., low temperature properties to -40 'F), data are extrapolated. When a particular
analysis requires data extrapolation, it is identified within the applicable section of this chapter.

2.3.2 Mechanical Properties Applied to Certification Testing

The primary means of demonstrating the structural performance capabilities of the HalfPACT
packaging under imposed NCT and HAC free drops, puncture, and.thermal (fire) events is via
certification testing. The overall response of the HalfPACT packaging to these events is
dependent on the characteristics of several structural components. The characteristics of the
polyurethane foam used in the OCA are of primary importance regarding HalfPACT package
performance. For this reason, the method of installation of the foam material into the OCA, and
the foam's compressive stress-strain characteristics are carefully controlled and monitored.
Section 8.1.4.1, Polyurethane Foam, presents the details associated with foam installation and
performance testing. Importantly, all HalfPACT packages will respond similarly to free drop,
puncture, and-thermal events. Thermal performance of the foam is discussed in Section 3.2,
Summary of Thermal Properties of Materials.

At the time of polyurethane foam installation, test samples are retained from each foam pour, as
discussed in Section 8.1.4.1, Polyurethane Foam. Using these samples, each foam pour is tested
for compressive strength at strains of 10%, 40%, and 70%, both parallel and perpendicular to the
direction of foam rise. To be acceptable, the average compressive strength of all tested samples
from a single foamed component (i.e., the OCA lid or OCA body) for a particular rise direction
is to fall within ±1-5% of the corresponding nominal compressive stress. Additionally, the stress
value of any single test specimen from a single pour is to fall within ±20% of the corresponding
nominal compressive stress.

In addition to controls on foam compressive stress, OCA foam thicknesses are controlled by the
tolerances shown on the drawings provided in Appendix 1.3.1, Packaging General Arrangement
Drawings. The foam thickness tolerance at the OCA top and sides is set at approximately ±5% of
the nominal thickness. In regions where foam strains are very small (e.g., bottom end), a slightly
greater thickness tolerance (approximately ±8%) is allowed. The thickness tolerance is set at
approximately one-third the magnitude of the compressive stress tolerance to minimize the effect
on package performance in the unlikely event that both tolerances are simultaneously at their
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extreme values in a given HalfPACT packaging assembly. Importantly, in the unlikely event that
compressive stress and thickness tolerances are simultaneously at their worst case extremes, the net
effect of combining the two tolerances is nearly identical-to the compressive stress tolerance acting
alone. This is directly attributable to the fact that a long portion of the compressive stress-strain
curve for foam (at strains of-50% or less) exhibits a relatively shallow slope (i.e., "plateau").
Consequently, although small changes in foam thickness directly affect foam strains, small
changes in strain while on the plateau portion of the stress-strain curve do not significantly affect
stress. As demonstrated by testing (documented in Appendix 2.10.3, Certification Tests), the
HalfPACT packaging deformations due to 30-foot free drops were relatively small, demonstrating
that resultant foam strains remained within the "plateau" portion of the compressive stress-strain
curve.

In addition to the polyurethane foam, the performance of other primary HalfPACT packaging
structural components is addressed by certification testing rather than by analysis. These
components include the ASTM B 16, Alloy 360, half-hard temper, brass vent port plugs, the ICV
upper and lower aluminum honeycomb spacer assemblies, the 300 series stainless steel socket
head cap screws used to secure the locking rings in the locked position, the ASTM A564, Type
630, Condition 1150, stainless steel pins used in the locking ring joints, and the 1/4-inch, 300
series stainless steel pan head screws used to attach the locking Z-flange to the OCV locking
ring. As indicated above, and on the drawings provided in Appendix 1.3.1, Packaging General
Arrangement Drawings, each of these components has a specific material callout thereby
providing a specific control on its mechanical properties. The structurally significant mechanical
properties for these materials are presented in Table 2.3-3.

With the exception of the aluminum honeycomb spacer assemblies, the 1/4-inch stainless steel
pan head screws, and the OCV lock bolts, all of the above components remained intact during
certification testing, and showed essentially no evidence of distress. By design' the aluminum
honeycomb spacer assemblies were partially crushed as a result of the certification test program,
but still provided adequate protection for the ICV torispherical heads.from the simulated payload
of seven, rigid, concrete-filled, 55-gallon drums.

The optional use of Type 304 stainless steel forgings or castings instead of ASTM A240 plate
material for the OCV and ICV seal flanges and locking rings is stated on the drawings provided
in Appendix 1.3.1, Packaging General Arrangement Drawings. As shown in Table 2.3-1, the
ASTM A182 forging option and ASTM A351 casting option provide equivalent or improved
strength, but a somewhat reduced elongation than does the ASTM A240. The reduced
elongation values (30% for ASTM A182 and 35% for ASTM A351 versus 40%.for ASTM A240
material) are acceptable based on the results of the certification testing program. Relatively little
permanent deformation was observed for the OCV or ICV seal flanges and locking rings as 'a
result of certification testing, indicating that strains were well below the 30% minimum
elongation provided by any of the specified materials. Any of the three material options are
therefore acceptable for fabricating HalfPACT packagings.
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Table 2.3-1 - Mechanical Properties of Type 304 Stainless Steel Components (for Analysis)

C]) QD a)C C
Thermal

Minimum Yield Ultimate Allowable Elastic Expansion
Material Elongation Temperature Strength, Sy Strength, S, Strength, Sm Modulus, E Coefficient, a

Specification (%) (OF) (x10 3 psi) (x10 3 psi) (x10 3 psi) (x10 6 psi) (x10" in/in/°F)

ASTM A213 35 <-20 30.0 75.0 20.0 28.80 8.210
ASTM A240 40 70 30.0 75.0 20.0 28.3
ASTM A312 30 100 30.0 75.0 20.0 - 8.55
ASTM A376 25 200 25.0 71.0 20.0 27.6 8.79
ASTM A479 30 300 22.5 66.0 20.0 27.0 9.00

Type 304 400 20.7 64.4 18.7 26.5 9.19

-20 30.0 75.0 20.0 28.80 8.210

ASTM A182 70. 30.0 75.0 20.0 28.3
.. 100 30.0 75.0 20.0 8.55(<5 inchthick) 200 25.0 71.0 20.0 27.6 8.79

300 22.5 66.0 20.0 27.0 9.00

400 20.7 64.4 18.7 26.5 9.19
-20 35.0 77.0 23.3 28.80 8.2iLO
70 35.0 77.0 23.3 28.3 -

ASTM A351 100 35.0 77.0 23.3 8.5535
Grade CF8A 200 29.1 72.8 23.3 27.6 8.79

300 26.3 67.8 22.6 27.0 9.00
400 24.2 66.1 21.8 26.5 -9.19

Notes: 0) ASME Code, Section II, Part A.
( ASME Code, Section II, Part D, Table Y-1.
3 ASME Code, Section II, PartD, Table U.

( Interpolated/extrapolated

O ASME Code, Section II, Part D, Table 2A.
( ASME Code, Section 11, Part D, Table TM- I, Material Group G.
© ASME Code, Section II, Part D, Table TE-1, 18Cr-8Ni, Coefficient B.
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Table 2.3-2 - Mechanical Properties of Polyurethane Foam (for Analysis)

Nominal Room
Property Direction Temperature Value

Compressive Strength, S Axial (Parallel-to-Rise) 235 psi

Radial (Perpendicular-to-Rise) 195 psi

Compressive Modulus, E Axial (Parallel-to-Rise) 6,810 psi

Radial (Perpendicular-to-Rise) 4,773 psi

Thermal Expansion Coefficient, cc 3.5 x 10-' in/in/°F

Poisson's Ratio, v 0.33

Density, p -- ------ 8.25 lb/ft3

Table 2.3'3 - Mechanical Properties of Metallic Materials (for Testing)

Minimum Mechanical Properties
Material (unless otherwise specified) -Notes

ASTM B16, Alloy 360 Brass, 'y = 25,000 psi
Half-Hard Temper Tu = 55,000 psi

Hexcel ACG-3/8-.003-3.6P aYbc = 340 psi ±15% (Bare Compressive Strength) @
Aluminum Honeycomb GC 120 psi ±15% (Crush Strength)

300 Series Stainless Steel a5y 40,000 psi Q
Socket Head Cap Screws u= 80,000 psi
ASTM A564, Type 630, (Ty = 105,000 psi 0
Condition 1150, Stainless Steel . Yu = 135,000 psi

1/4-inch, 300 Series Stainless Gy = 30,000 psi
Steel Pan Head Screws a = 75,000 psi

Notes:
0 Mechanical Properties of Hexcel Honeycomb Materials, TSB-120 (Technical Service

Bulletin 120), Hexcel, 1992. The term "Bare Compressive Strength" is defined as the
maximum strength that is exhibited by the honeycomb material at the onset of crushing. The
term "Crush Strength" is defined as the average compressive strength that is sustained as the
honeycomb material undergoes crushing.

0 UNBRAKO Socket Screw Products Catalog, Copyright 1988, SPS Technologies.
G ASME Code, Section Ii, Part D, Table 2A, 1995 Edition, 1997 Addenda.
@ Industrial Fasteners Institute, Fastener Standard, Fifth Edition.
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2.4 General Standards for All Packages

This section defines the general standards for all packages. The.HalfPACT package, with an
outer confinement vessel (OCV) that is integral to an outer confinement assembly (OCA), and an
inner containment vessel (ICV) for primary containment, meets all requirements delineated for
this section.

2.4.1 Minimum Package Size
The minimum transverse dimension (i.e., the diameter) of the HalfPACT package is 94% inches,
and the minimum longitudinal dimension (i.e., the height) is 91 ½ inches. Thus, the requirement
of 10 CFR §71.43(a)1 is satisfied.

2.4.2 Tamper-indicating Feature

Tamper-indicating seals are installed at one OCA lock bolt location and at the OCV vent port
acces's plug, as delineated on the drawings in Appendix 1.3.1, Packaging General Arrangement
Drawings. A lock wire device is used between two tie-points. For the OCV lock bolt, the tie-
points are the bolt head and the locking Z-flange. The two tie-points for the OCV vent port
access plug are the plug itself and a bolt tapped and welded to the OCA body outer shell. Failure
of either tamper-indicating device provides evidence of possible 'unauthorized access. Thus, the
requirement of 10 CFR §71.43(b) is satisfied.

2.4.3 Positive Closure
The HalfPACT package cannot be opened unintentionally. Both the OCA and ICV lids are
attached to their respective bodies with locking rings. The OCV locking ring is secured with six,
1/2-13UNC, OCA lock bolts through the attached locking Z-flange. Similarly, the ICV locking
ring is secured in the locked position with three, 1/2-13UNC, ICV lock bolts. For either lid, the
presence of a single, lock bolt will prevent lid removal.

The OCV vent port has three levels of protection against inadvertent opening: 1) the OCV vent
port access plug, 2) the OCV vent port cover, and 3) the OCV vent port plug. Each of these
components are secured via threaded fittings. The ICV vent port has two levels of protection
against inadvertent opening: 1) the ICV vent port. cover, and 2) the ICV vent port plug. Thus,
the requirements of 10 CFR §71.43(c) are satisfied.

2.4.4 Chemical and Galvanic Reactions,
The major materials of construction of the HalfPACT packaging (i.e., austenitic stainless steel,
aluminum, brass, polyurethane foam, ceramic fiber paper, fiberglass insulation, butyl rubber
O-ring seals and other elastomeric materials), will not. have significant chemical, galvanic or
other reactions in air, inert gas or water environments, thereby satisfying the requirements of 10
CFR §71.43(d). These materials have been previously used, without incident; in radioactive
material (RAM) packages for transport of similar payload materials. Specifically, these

Title 10, Code of Federal Regulations, Part 71 (10 CFR 71), Packaging and Transportation of Radioactive

Material, 01-0 1 2 Edition.
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materials of construction have been used in the TRUPACT-II package 2 for many years without
incident, utilizing the same materials of construction and carrying identical payloads as will be
carried in the HalfPACT package. A successful RAM packaging history combined with
successful use of these fabrication materials in similar industrial environments ensures that the
integrity of the HalfPACT package will not be compromised by any chemical, galvanic or other
reactions. The materials of construction and the payload are further evaluated below for
potential reactions.

2.4.4.1 Packaging Materials of Construction

The HaIEPACT packaging is primarily constructed of Type 304 stainless steel. This material is
highly corrosion resistant to most environments. The metallic structure of the HalfPACT packaging
is composed entirely of this material and compatible 300 series weld material. The weld material
and processes have been selected in accordance with the ASME Boiler and Pressure Vessel Code 3

to provide as good or better material properties, including corrosion resistance, as the base material.
Since both the base and weld materials are 300 series materials, they have nearly identical
electrochemical potential thereby minimizing any galvanic corrosion that could occur.

The stainless steel within the OCA foam cavity is lined with a ceramic fiber paper, composed of
alumina silica. This material is nonreactive with either the polyurethane foam or the stainless
steel, both dry or in water. The ceramic fiber paper and the silicone adhesive are very low in free
chlorides to minimize the potential for stress corrosion of the OCA structure.

The polyurethane foam that is used in the OCA is essentially identical to previously licensed
transportation packagings, such as the TRUPACT-II (Docket 71-9218), NuPac 125B (Docket
71-9200), and NuPac PAS-1 (Docket 71-9184). All of these packagings have had a long and
successful record of performance demonstrating that the polyurethane foam does not cause any
adverse conditions with the packaging. .The polyurethane foam in the OCA is a rigid, closed-cell
(non-water absorbent) foam that is very low in free halogens and chlorides, as discussed in
Section 8.1.4. 1, Polyurethane Foam. The polyurethane foam material cavity is sealed with
plastic pipe plugs to preclude the entrance of moisture.

Aluminum honeycomb is used in the HalfPACT packaging for the two, ICV aluminum
honeycomb spacer assemblies in the upper and lower ICV torispherical heads. Aluminum
honeycomb material is used for dunnage only, and is not used as any part of the HalfPACT
packaging's containment boundary. The aluminum honeycomb is maintained at relatively low
temperatures ensuring that no adverse reaction could occur at aluminum/steel interfaces that
would compromise the packaging's containment integrity. Of final note, aluminum material is
slightly anodic which serves to protect the stainless steel of the iCV.

The various brass fittings and plugs used in the HalfPACT packaging are very corrosion
resistant. Like aluminum, brass material is slightly anodic to the stainless steel. Any damage
that could occur to the brass is easily detectable since the fittings are all handled each time the
HalfPACT package is loaded and unloaded.

2 U.S. Department of Energy (DOE), Safety Analysis Report for the TRUPACT-II Shipping Package, USNRC

Certificate of Compliance 71-9218, U.S. Department of Energy, Carlsbad Field Office, Carlsbad, New Mexico.
3 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section III, Rules for
Construction of Nuclear Power Plant Components, 1995 Edition, 1997 Addenda.
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The various elastomers (e.g., butyl rubber, polyester, silicone, etc.) thatare used in the. 0-rings,
annulus foam ring, debris shield, wear pad, etc., contain no corrosives that would react adversely
affect the HalfPACT packaging. These materials are organic in nature and noncorrosive to the
stainless steel containment boundary `f the HalfPACT packaging.

2.4.4.2 Payload Interaction with Packaging Materials of Construction

The materials of construction of the HalfPACT packaging are checked for compatibility with the
various payload chemistries when the payloads are evaluated for chemical compatibility. All
payload materials are in approved payload containers delineated in the CH-TRAMPAC 4.

The payload is typically further confinedwithin multiple layers of plastic for radiological health
purposes. This Configuration ensures that the payload material has an insignificant level Of,
contact with the HalfPACT packaging materials of construction. However, the evaluationof
compatibility is based on complete interaction of payload materials with the packaging.

The design of the HalfPACT package is for transport of CH-TRU materials and other authorized
payloads that are-limited in form tosolid or solidified material. Corrosive materials, pressurized
containers, explosives, non-radioactive pyrophorics, and liquid volumes greater than ,1% are
prohibited. These restrictions ensure that the waste in the payload is in a non-reactive form for
safe transport in the HalfPACT package. For a comprehensive discussion defining acceptable
payload properties, see the CH-TRAMPAC.

2.4.5 Valves
Neither the OCV nor the ICV have valves. However, beside their respective lids, the ICV and
the OCV each have a vent port penetration into their containment and confinement cavities,
respectively. These vent port penetrations are sealed using threaded vent port plugs comprised
of brass material. Since the ICV is entirely contained within the OCV during transport, a tamper
indicating device is not necessary. Access to the OCV vent port penetration is prevented by a
lockwire that secures the OCV vent port access plug, as discussed in Section 2.4.2, Tamper-
indicating Feature. Thus, the requirements of 10 CFR §71.43(e) are satisfied.

2.4.6 Package Design

As shown in Chapter 2.0, Structural Evaluation, Chapter 3.0, Thermal Evaluation, Chapter 5.0,
Shielding Evaluation, and Chapter 6.0, Criticality Evaluation, the structural, thermal, shielding,
and criticality requirements, respectively, of 10 CFR §71.43(f) are satisfied for the HalfPACT
package.

2.4.7 External Temperatures
As shown in Table 3.5-1 from Section 3.5.3, Package Temperatures, the maximum accessible
surface temperature with maximum internal decay heat load and no insolation is 102 °F. Since
the maximum external temperature does not exceed 185 'F, the requirements of 10 CFR
§71.43(g) are satisfied.

4 U.S. Department of Energy (DOE), Contact-Handled Transuranic Waste Authorized Aethodsfor Payload Control
(CH-TRAMPAC), U.S. Department of Energy, Carlsbad Field Office, Carlsbad, New Mexico.
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2.4.8 Venting
The HalfPACT package does not include any features intended to allow continuous venting
during transport. Thus, the requirements of 10 CFR. §71.43(h) are satisfied.
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2.5 Lifting and Tie-down Standards for All Packages
For analysis of the lifting and tie-down components of the HalfPACT packaging, material
properties from Sectioh 2.3, Mechanical Properties of Materials, are taken at a bounding
temperature of 160 'F per Section 2.6.1.1, Summary of Pressures and Temperatures& The
primary structural materials are. Type 304 stainless steel, and polyurethane foam that is used in
the outer confinement assembly (OCA).

A loaded HalfPACT package is only lifted by fork lift pockets, located at the bottom of the OCA
body. For this case, HalfPACT package lifting loads act parallel to the direction of foam rise.
The nominal compressive strength of the polyurethane foam, as delineated in Table 2.3-2 of
Section 2.3.1, Mechanical Properties Applied to Analytic Evaluations, is reduced by 15% to
account for manufacturing tolerance; polyurethane foam manufacturing tolerances are discussed
in Section 8.1.4.1.2.3.2, Parallel-to-Rise Compressive Stress. The nominal compressive strength
of the polyurethane foam is further reduced by 25% to account for elevated temperature effects,
as discussed in Section 2.6.1.1, Summary of Pressures and Temperatures.

Properties of Type 304 stainless steel and polyurethane foam, parallel to the direction of foam
rise accounting formanufacturing tolerances and elevated temperature, are summarized below.,

Material Property Value Reference

Type 304 Stainless Steel at 160 °F

Elastic Modulus, E 27.8 x 106,psi

Yield Strength, ay 27,000 psi Table 2.3-1

Shear Stress, equal to (0.6)ay " 16,200 psi

Polyurethane Foam (parallel-to-rise) at 160 OF

Minimum compressive strength, Ca 150 psi T 2'~ Table 2.3-2
Bearing stress, assumed equal to (2/3)a, 100 psi

2.5.1 Lifting Devices,
This section demonstrates that the fork lift pockets, the only attachments designed to lift the'
HalfPACT package, are designed with a minimum safety factor of three against yielding, per the
requirements of 10 CFR §71.45(a). The lifting devices in the OCA lid are restricted to only
lifting the OCA lid, and the lifting devices in the ICV lid are restricted to only lifting an ICV lid
or empty ICV. Although these lifting devices are designed with a minimum safety factor of
three against yielding, detailed analyses are not specifically included herein since these lifting
devices are not intended for lifting a HalfPACT package.

When lifting the entire package, the applied lift force without yielding is simply three times the
total package weight of 18,100 pounds, as given in Section 2.2, Weights and Centers of Gravity.

FL = (3)(18,100) = 54,300 pounds
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The entire package is lifted via two fork lift pockets located at the bottom of the OCA. Loads are
considered to'be concentrated at the fork lift pocket interfaces and act parallel to the direction of
foam rise. For the purposes of this analysis, the minimum assumed fork width is 8 inches, and
the minimum assumed engagement length is 60 inches. The total bearing area for two forks is:

A = (2)(8)(60) = 960 in2

Assuming the entire lifted load is carried directly into the polyurethane foam, thereby ignoring
any beneficial load carrying associated with the presence of the relatively stiff stainless steel fork
lift pocket and OCA outer shell, the compressive stress is:

F1  54,300
A 960

The allowable compressive stress for the polyurethane foam is 100 psi. Therefore, the margin of
safety is:

MS = -1 1 +0.75
57

2.5.2 Tie-down Devices

The HalfPACT package is secured to its dedicated semi-trailer at four points, two on each trailer
main beam. For railcar shipments, the HalfPACT package is secured to an adapter that mimics the
trailer's four attachment points. Subsequent use of the, term "trailer" or "trailer main beam(s)"
encompass the railcar adapter and railcar frame. The attachment is made using trailer tie-down
devices that pass over the tie-down lugs located at the bottom of the OCA body. The semi-trailer is
also fitted with kick plates at the four tie-down points to provide horizontal restraint (blocking). The
tie-down scheme utilized for the HalfPACT package is illustrated in Figure 2.5-1 and Figure 2.5-2.

Inertial loads of lOg longitudinally, 5g laterally, and 2g vertically, per 10 CFR §71.45(b)(1), are
applied through the HalfPACT package center of gravity, conservatively assumed to be 45 inches
above the package's base. The horizontal loads of lOg longitudinally and 5g laterally are reacted
in compression against the kick plates. The resultant overturning moment is reacted in
compression on a trailer main beam and in tension by the four tie-down lugs. The vertical load
applied to the center of gravity (2g) is evenly reacted at the four tiedown points, and is assumed to
act in the direction (up or down) that maximizes the total tie-down load (i.e., down for the
compressive reaction point and up for the tensile reaction points).

2.5.2.1 Tie-down Forces

Tensile tie-down points are on a 48.4-inch radius circle (to the center of the tie-down lugs, in line
with the tie-down fixture). The compressive reaction point is at the trailer main beam, occurring
at the edge of the tie-down lug's doubler plate, a radius of 47.56 inches. A plan view of the tie-
down geometry is depicted in Figure 2.5-3, including a corresponding free-body force diagram.
If the HalfPACT package is treated as a rigid body, the reaction forces may be determined from
the following set of equations:

F ILl + F 2L 2 + F 3L 3 + F 4L 4 = HFg
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F1  F 2 " F3  F4 k
L1  L2  L 3  L 4

F1 +F 2 + F3 +F 4 =F.

where, the height of the package center. of gravity above its base, H 45 inches, the horizontal
inertia force, Fg = 18,100ý x(10 2 + 5 2)' 2 = 202,364 pounds, and the tie-down lug reaction lengths,
L, = 47.56 - 47.52 = 0.04 inches, L2 = 47.56 - 21.16 = 26.40 inches, L 3 = 47.56 + 21.16 = 68.72
inches, and L4 = 47.56 + 47.52 = 95.08 inches. Solving for k:

HFg (45)(202,364)k •- ""=630 Ib/in
2 + L2 L23 + L4 (0.04)2 + (26.40)2 +(68.72)2 +(95.08)2

Therefore, F1 = k x L= 25 pounds, F2 = k x L2= 16,632 pounds, F3 = k x L3= 43,294 pounds,
F 4 = k x L4 = 59,900 pounds, and Fc = 119,851 pounds. The maximum vertical tensile force on
any single tie-down lug, including the contribution of the vertical load of 2g, is then found as:

F 59 (2g)(18,100)

Ftmx5,900± + =us 68,950 pounds4 lugs

Similarly, the maximum compressive force is found as:

m= 119851 + (2g)(18,100) = 128,901pounds
4lugs

Since the line of action of the combined lOg longitudinal and the 5glateral accelerations pass
almost exactly over the centerline of the kickplate (27.6' for the kickplate centerline versus 26.6'
for the line of action of the force), the total horizontal reaction force is conservatively assumed to
be reacted against a single kickplate. This force is given by:

Fh = Fg = 202,364 pounds

2.5.2.2 Tie-down Stress Due to a Vertical Tensile Load

Several failure modes are considered for the. vertical tensile force on the tie-down lug. Shear
failure of the tie-down lug itself is not an issue because the shear area of the lug is much greater
than the lug attachhment welds. The remaining failure modes, as illustrated in Figure 2.5-4,.are:

(a) Shear and bending failure of the tie-down lug welds (shear + bending loads),

(b) Tearout of the tie-down lug doubler plate at the lug weld outline,

(c) Shear failure of the welds attaching the lig doubler plate to the OCA outer shell, and

(d) Tearout of the OCA outer shell at the doubler outline.

2.5.2.2.1 Failure of the Tie-down Lug Welds Due to Shear and Bending Loads

Figure 2.5-5 presents dimensional details of the tie-down, including an appropriate free-body
diagram. The length of the tie-down lug weld along the two sides is 5.49 inches. The arc length

of the weld across the top of thelug is 3.38 inches. The grooveweld at the bottom is 2.38 inches
long. On three sides, the weld is a 3/8-inch fillet over a 3/8-inch groove. The minimum throat
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length for this weld is 0.375/(sin 450) = 0.53 inches. For the 3/8-inch groove weld at the bottom,

the minimum throat length is 0.375 inches. Thus, the total shear area for the weld is:

A, = [(2)(5.49) + 3.38](0.53) + (2.38) (0.375) = 8.50 in2

The maximum shearing force, V, is themaximum tensile force, Ftmax = 68,950 pounds from
Section 2.5.2.1, Tie-down Forces, resulting in a corresponding shear stress of:

V 68,950
As 8.50

The maximum weld shear stress due to bending is found using the standard beam bending
formula, but by treating the weld as a line1, or:

Mc
I

where, M is the moment on weld group, c is the maximum weld distance from the weld group
centroid, and I is the moment of inertia of weld group. The weld group centroid, relative to the
bottom edge of the tie-down lug, is:

- = (0.53)(3.38)(6.00)+2(0.53)(5.49)(5.49/2) =3.143inches

(0.53)(3.38) + 2(0.53)(5.49) + (0.375)(2.38)

where the centroid of the arc formed by the weld at the top of the tie-down lug is located 6.00
inches above the base of the lug. For the sides, the contribution to the moment of inertia is:

,= 2[to + Ad2 1= 2[(0"53)(5"49) + (0.53)(5.49)(3.143 - = 15.54L

For the top (arc-shaped) weld, conservatively ignoring the moment of inertia about its own

centroid, the contribution to the moment of inertia is:

It = Ad 2 =(0. 53)(3.38)(6.00 - 3.143)2 = 14.62 in4

For the bottom weld, the contribution to the moment of inertia is:

Ib =.Ad2 = (0.375)(2.38)(3.143)2 = 8.82 in 4

Summing the contributions from each part of the weld group, the total moment of inertia. of the
weld group, treated as a line, is:

I = Is, + t + Ib 15.54 + 14.62 + 8.82 38.98 in4

The distance from the centroid of the weld group to the extreme fiber is c = 3.143 inches. The
line of action for the vertical force is 0.7 inches from the side of the tie-down doubler plate, as
illustrated in Figure 2.5-5.. Therefore, the shear stress on the weld group due to bending is:

Shigley, Mechanical Engineering Design, Third Edition, McGraw-Hill, Inc., 1977, Section 7-4, Bending in Welded

Joints.
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Mc (68,950)(0.7)(3.143) - 3,892psi
1 38.98

The maximum shear stress in the tie-down lug weld due to the shear and bending loads is:
= v + = (8112)2 + (3,892)2 = 8,997 psi

The allowable shear stress for the tie-down lug welds is 16,200 psi. Therefore, the margin of
safety is:

16,200
MS= 1=+0.80

8,997

2.5.2.2.2 Tearout of the Tie-down Doubler Plate at the Tie-Down Lug Weld
Outline

Assume that a rectangular region equal to 2.88 + 2 x 0.375= 3.63 inches. wide by (6.25 + 0.375)
= 6.63 inches high, tears out from the 3/8-inch thick doubler plate. Under the direct shear load of
68,520 pounds, the top edge will be in direct tension while the sides and bottom will be in direct
shear. Conservatively assuming the top and sides are all in direct shear, the shear area in the 3/8-
inch thick, tie-down doubler plate is:

* Ap = [3.63 + 2(6.63)](0.375) = 6.33 in2

The shear area of the 1.0-inch groove weld attaching the bottom of the doubler plate to the OCA
body flat head is:

A= (3.63)(1.0) 3.63 in2

*Thus, the total shear area is:

As =Ap + Aw 6.33:+ 3.63= 9.96 in2

The maximum shearing force, V, is the maximum tensile force, Ftmax = 68,950.pounds from
Section 2.5.2.1, Tie-down Forces, resulting in a corresponding shear stress of:

;V 68,950=6,923psi

A, 9.96

The maximum weld shear stress due to bending is found using the standard beam bending
formula, but by treating the weld as aline, or:

Mc
TB. I

where, M is the moment on weld group, c is the maximum weld distance from the weld group
centroid, and I is the moment of inertia of weld group. The weld group centroid, relative to the
bottom edge of the tie-down lug, is:

- (0.375)(3.63)(6.63) + 2(0.375)(6.63)(6.63/2) + (1.0)(3.63)(1.0/2) _ 2.742 inches
Y = (0.375)(3.63) + 2(0.375)(6.63) + (1.0)(3.63)
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For the sides of the rectangular region, the contribution to the moment of inertia is:

Is = 2 [tL3 +Ad 2  [.2[(0.375)(6.63)3 + (0.375)(6.63)(2.742 --63 • )2 =19.85 in 4

For the top of the rectangular region, the contribution to the moment of inertia is:

Lt3 (3.63)(0.375)3
it +Ad =- +(0.375)(3.63)(6.63- 2.742)2 =20.59in4

12 12

For the bottom groove weld, the contribution to the moment of inertia is:

=Lt3 +Ad 2 = (3-63)(1.)3 + (1.0)( 3 .63 ) 2 .74 2 -12, 18.55 in 4
12 12

Summing the contributions from each part of the rectangular region, the total moment of inertia
of the weld group, treated as a line, is:

!;= Is + It + Ib = 19.85 + 20.59 + 18.55 = 58.99 in4

The distance from the centroid of the rectangular region to the extreme fiber is c = 6.63 - 2.742
= 3.888 inches. The line of action for the vertical force is 0.7 + 0.375/2 = 0.89 inches from the
center of the tie-down doubler plate. Therefore, the shear stress due to bending is:

Mc (68,950)(0.89)(3.888) -4,103 psi

I 58.99

The maximum shear stress in the tie-down doubler plate due to the shear and bending loads is:

J2= C2 + F=(6,923)2 +(4,103)2 = 8,048 psi

The allowable shear stress for the tie-down doubler plate is 16,200 psi.. Therefore, the margin of
safety is:

16,200
MS- 1 =+ 1.01

8,048

2.5.2.2.3 Shear Failure of the Tie-down Lug Doubler Plate to OCA Outer Shell
Welds

The tie-down lug doubler plate is 24 inches square, and welded to the OCA outer shell on its top
and sides with 1/4-inch fillet welds. Although the bottom weld is a groove weld, conservatively
assume it acts as a 1/4-inch fillet weld, resulting in a total weld length of 96 inches. In addition,
30, 1 '½-inch diameter, 1/4-inch fillet welds supplement the peripheral fillet welds, providing an
additional 30 x 7r(1.5) = 141 inches of weld. Thus, the total weld length is 237 inches, resulting
in a weld shear area of:

A, = (0.25)(sin 450)(237) = 41.9 in2

The weld shear area is much greater than determined in both previous cases (i.e., As = 8.50 in2

for Section 2.5.2.2.1, Failure of the Tie-down Lug Welds Due to Shear and Bending Loads, and
A, = 9.96 in2 for Section 2.5.2.2.2, Tearout of the Tie-down Doubler Plate at the Tie-Down Lug
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Weld Outline). Thus, the weld shear stress for the same vertical load will be correspondingly
less. Similarly, a much larger moment of inertia will be determined for a nearly identical
bending moment, thereby resulting in a substantially reduced bending stress. In conclusion, by
inspection the resulting margin of safety will correspondingly be much greater and does not need
to be explicitly determined.

2.5.2.2.4 Tearout of the OCA Outer Shell at the Tie-Down Lug Doubler Plate
Outline

A potential failure mode for the tie-down hardware is tearout of the 1/4-inch thick OCA outer
shell just outboard of the 24.0-inch square doubler plate. The downward acting force puts the
OCA shell adjacent to the top edge of the doubler plate in direct tension. The OCA outer shell
immediately adjacent to the sides and bottom edge of the doubler plate is in direct shear.

Assume that the 24- x 24-inch tie-down lug doubler plate tears out from 1/4-inch thick OCA
outer shell. Under the direct shear load of 68,520 pounds, the top edge will be in direct tension
while the sides and bottom will be in direct shear. Conservatively assuming that all sides are all
in direct shear, the shear area in the 1/4-inch thick OCA outer shell is:

A, = 4(24)(0.25) = 24.0 in2

Once again, the shell shear area is much greater than determined in both previous cases (i.e.,
As = 8.50 in2 for Section 2.5.2.2.1, Failure of the Tie-down Lug Welds Due to Shear and Bending
Loads, and A, = 9.96 in2 for Section 2.5.2.2.2, Tearout of the Tie-down Doubler Plate at the Tie-
Down Lug Weld Outline). Thus, the weld shear stress for the same vertical load will be
correspondingly less. As before, a much larger moment of inertia will be determined for a nearly
identical bending moment, thereby resulting in a substantially reduced bending stress. In
conclusion, by inspection the resulting margin of safety will correspondingly be much greater
and does not need to be explicitly determined.

2.5.2.3 Tie-down Stress Due to a Vertical Compressive Load

The stresses in the HalfPACT package due to a vertical compressive load may be analyzed by
two bounding cases. First, the combination of overturning and vertical, 2g inertial compressive
loads carried through the OCA outer shell and tie-down lug doubler plate, and second, the 2g
inertial compressive load carried entirely by the polyurethane foam.

2.5.2.3.1 Bearing Stress in the OCA Outer Shell and Tie-down Lug Doubler Plate

The vertical compressive tie-down load is carried in bearing against the semi-trailer main beaIms.
Conservatively assume that this load is carried only by the cylindrical portion of the OCA outer
shell and ,doubler that is directly over the trailer main beams and tie-down support structure.
With reference to Figure 2.5-3, the arc length, s, of the OCA that spans the trailer main beams is:

S=R( n=.7.56)( sin-32 jssin (8 - 16.64inches

For an OCA outer shell thickness of 1/4 inches, and a tie-down lug doubler plate thickness of 3/8.

inches, the .area is:

A = (16.64)(0.25 + 0.375) = 10.40 in2
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Thus, from Section 2.5.2.1, Tie-down Forces, the maximum compressive force is Fcmax = 128,901
pounds, and the corresponding compressive stress is:

CC 12890 = 12,394 psi
A 10.40

The allowable stress for the OCA outer, shell and tie-down lug doubler plate is 27,000 psi.
Therefore, the margin of safety is:

MS = 27,000 -1 = +1.18
12,394

2.5.2.3.2 Compressive Stress in the Polyurethane Foam

The HalfPACT package is supported on the two main trailer beams during transport. With
reference to Figure 2.5-3, the length, L, under the OCA that spans the trailer main beams is:

L = 2 (47.56)2 - (22)2 = 84.3 inches

For two, 8-inch wide trailer main beams, the total compressive area is:

A = 2(8)(84.3) = 1,349 in2

Conservatively ignoring the load carrying capacity of the OCA outer shell and fork lift pockets,
the compressive stress in the polyurethane foam due to a 2g vertical (downward) inertial force is:

2(18,100) 36,200 27 psi
A 1,349

The allowable stress for the polyurethane foam is 100 psi. Therefore, the margin of safety is:

MS =--1 = +2.70
27

2.5.2.4 ; Tie-down Stresses Due to a Horizontal Compressive Load

The horizontal load, Fh = 202,364 pounds, determined in Section 2.5.2.1, Tie-down Forces, is
reacted by a single tie-down weldment. The following sections consider the bearing stress in the
tie-down weldment, and the shear stresses in the welds holding the horizontal tripler plate to the
doubler plate, and the doubler plate to the lower OCA flat head. Based on their relative
thicknesses, assume that one-quarter the horizontal load is carried through the 1/4-inch thick
OCA flat head, one-quarter is carried through the 1/4-inch thick doubler plate, and one-half is
carried through the 1/2-inch thick tripler plate.

2.5.2.4.1 Bearing Stress in the Tie-down Weldment

The horizontal load, Fh = 202,364 pounds, is carried from the 8.0 inch wide trailer kickplate
through the horizontal doubler and tripler plates welded inside the lower OCA flat head, as
illustrated in Figure 2.5-3. For a kickplate length, L = 8 inches, a bottom shell thickness, t, = 1/4
inch, a doubler plate thickness, td = 1/4 inch, and a tripler plate thickness, tt = 1/2 inch, the area
available to carry the horizontal compressive load at the kickplate interface is:
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A =L(ts +,td + tt) = (8.0)(0.25 + 0.25 + 0.5) = 8.0 in 2

The corresponding compressive (bearing) stress is:

Fh 202,364=A-= 80 =25,296 psi
A 8.0

The allowable bearing stress for the OCA outer shell, including the horizontal doubler and tripler
plates, is 27,000 psi. Therefore, the margin of safety is:

MS 0 1 =+0.07
25,296

2.5.2.4.2 Shear Stress in the Tripler Plate Welds

Based on the assumed load distribution in Section 2.5.2.4, Tie-down Stresses Due to a Horizontal
Compressive Load, the force on the welds attaching the tripler plate to the doubler plate is then
one-half of 202,364 pounds, or 101,182 pounds. The tripler plate is welded with 3/8-inch fillet
welds along three of its edges, and a 1/2-inch groove weld along the outer edge. The two side
welds are approximately 8 inches long, and the back weld is .,7 inches long,.'for a total, 3/8-inch
'fillet weld length of 23 inches. Four, 1 ½2-inch diameter, 3/8-inch fillet welds supplement the
peripheral 3/8-inch fillet welds, providing an additional 4 x n(1.5) = 18.85 inches of 3/8-inch
fillet weld. Thus, the total 3/8-inch fillet weld length is 41.85 inches. In addition, the 10-inch
long outer edge iswelded with a 1/2-inch groove weld. The resulting weld shear area is:

A, = (0.375)(sin 45°)(41.85) + (0.5)(10) = 16.1 in2

Thus, the shear stress in the tripler plate fillet welds is:

101,182S--6,285 psi.
16.1

The allowable shear stress for the tripler plate welds is 16,200 psi. Therefore, the margin of
safety is:

MS= -16,200 -1= -1.58
6,285

As an option, the tripler plate may be one inch thick and welded into a 6utout through the 1/4-
inch thick lower OCA flat head and 1/4-inch thick doubler plate in the same orientation and
location as shown in Figure 2.5-6. Full penetration groove welds are used around the periphery
of the tripler plate (i.e., a one-inch groove weld along the outside, 10-inch long edge, and 1/2-
inch groove welds along the remaining three edges). The two side welds are approximately
8 inches long, and the back weld is 7 inches long, for a total weld length of 23 inches. The
resulting weld shear area is:

'A (0.5)(23) + (1.0)(10) 21.5 in2

Thus, the shear stress in the tripler plate groove welds is:

101,182 = 4,706 psi
21.5
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The allowable shear stress for the tripler plate welds is 16,200 psi. Therefore, the margin of
safety is:

MS = 16,200 _ 1 =+2.44
4,706

2.5.2.4.3 Shear Stress in the Doubler Plate Welds

Based on the assumed load distribution in Section 2.5.2.4, Tie-down Stresses Due to a Horizontal
Compressive Load, the force on the welds attaching the doubler plate to the OCA flat head is
then one-half plus one-quarter of 202,364 pounds, or 151,773 pounds. The doubler plate is
welded with 1/4-inch fillet welds along its four inner edges, for a total 1/4-inch fillet weld length
of approximately 35 inches. Eighteen, 1-inch diameter, 1/4-inch fillet welds supplement the
peripheral 1/4-inch fillet welds, providing an additional 18 x n(1.0) = 56 inches of 1/4-inch fillet
weld. Thus, the total 1/4-inch fillet weld length is 91 inches. In addition, the 20 inch long outer
edge is welded with a 1/4-inch groove weld. The resulting weld shear area is:

A= (0.25)(sin 450)(91) + (0.25)(20) 21.1 in2

Thus, the shear stress in the doubler plate fillet welds is:

151,773'r = = 7,193 psi
21.1

The allowable shear stress for the doubler plate welds is 16,200 psi. Therefore, the margin of
safety is:

MS= 16,200-1 =+1.25
7,193

2.5.2.5 Response of the Package if Treated as a Fixed Cantilever Beam

The preceding sections considered stresses in a localized region in and around the tie-down
components. This section demonstrates that a more global response of the HalfPACT package to
tie-down loads is also acceptable. For this assessment, the HalfPACT package is treated as a
cantilever beam, fixed at its base. The 1/4-inch thick, OCA outer shell is conservatively assumed
to be the only structural member resisting the applied 10g, 5g and 2g inertia loads. Stress
intensity, SI, in the OCA outer shell is determined as follows:

J(.A I )

where, for 2g vertically, the axial force, P = (2)(18,100) = 36,200 pounds, the bending moment
from Section 2.5.2.1, Tie-down Forces, M = IFg = (45)(202,364) = 9,106,380 in-lbs, the extreme
fiber distance, c = Y2(94%) = 47.2 inches, the horizontal shear force, V = Fg = 202,364 inches, the
OCA outer shell cross-sectional area, A = (7t/4)[(94.375)2 - (93.875)2] 74 in2, and the OCA
outer shell moment of inertia, I = (7E/64)[(94.375) 4 -'(93.875)4] = 81,869 in4. The resulting stress
intensity is:
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-I =(36,200 , (9,106,380)(47.2) )2(2(202,364) 798 sSI - 74 81,869 ) . 7,928psi

The allowable stress intensity for the OCA outer shell is 27,000 psi. Therefore, the margin of
safety is:

27,000
MIS I -=+ 2.41

7,928

2.5.2.6 'Summary.

All margins of safety for tie-down loads, per 10 CFR §71.45(b)(1), are positive. The smallest
tensile or shear margin of safety, MS = +0.80, is for failure of the welds attaching the tie-down
lug to the doubler plate, indicating that this will be the mode of failure for the tie-downs under an,
excessive load condition. Note that compressive modes'of failure are not considered relevant in
the excessive load evaluation. In accordance with 10 CFR §71.45(b)(3), this failure mode does
not compromise the performance capabilities of the HalfPACT package since no' main shell is
breached. Finally, it is noted that the fork lift pockets and OCA lifting sockets are not intended
to be used as tie-down devices, and are appropriately disabled to prevent inadvertent use. The

* fork lift pockets and OCA lifting sockets are disabled by affixing a plate over each pocket and a
cover over the each socket respectively (see the drawings in Appendix 1.3.1, Packaging General
Arrangement Drawings).
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Figure 2.5-1 - Tie-down Device Layout 0
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Figure 2.5-2 - Tie-down Device Detail
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Figure 2.5-3 - Tie-down Plan View and Reaction Force Diagram
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Figure 2.5-4 - Tie-down Tensile/Shear Failure Modes

2:5-15



HalfPACT Safety Analysis Report Rev.'6, December 2012
HaIfPACT Safety Analysis Report Rev. 6, December2012

V

(CENTROID OF ARC
FORMED BY WELD
ALONG 1.75 RADIUS)

3 SIDES

Figure 2.5-5 - Tie-down Lug Dimensions and Load Diagram
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Figure 2.5-6 - Horizontal Doubler and Tripler Plate Details
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2.6 Normal Conditions of Transport

The HalfPACT package, when subjected to the normal conditions of transport (NCT) specified in 10
CFR §71.711, is shown to meet the performance requirements specified in Subpart E of 10 CFR 71.
As discussed in the introduction to this chapter, with the exception of the NCT free drop, the
primary proof of NCT performance is via analytic methods. Regulatory Guide 7.62 criteria are
demonstrated as acceptable for all NCT analytic evaluations presented in this section. Specific
discussions regarding brittle fracture and fatigue are presented in Section 2.1.2.2, Miscellaneous
Structural Failure Modes, and are shown not to be limiting cases for the HalfPACT package
design. The ability of the butyl 0-ring containment seals to remain leaktight is documented in
Appendix 2.10.2, Elastomer 0-ring Seal Performance Tests.

With the exception of the NCT free drop evaluation, analyses for heat, cold, reduced external
pressure, increased external pressure, and vibration are performed in this section. Allowable
stress limits are consistent with Table 2.1-land Table 2.1-2 in Section 2.1.2.1, Analytic Design
Criteria (Allowable Stresses), using temperature-adjusted material properties taken from Table
2.3-1 in Section 2.3.1, Mechanical Properties Applied to Analytic Evaluations.

For the analytic assessments performed within this section, properties for Type 304 stainless steel
are based on dita from Table 2.3-1 from Section 2.3.1, Mechanical Properties Applied to Analytic
Evaluations). Similarly, the bounding values for polyurethane foam compressive strength are based
on data from Table 2.3-2 in.Section 2.3.1, Mechanical Properties Applied to Analytic
Evaluations. Polyurethane foam compressive strength is further adjusted ± 15% to account for
manufacturing tolerance. At elevated NCT temperatures (i.e., 160 'F), the nominal compressive
strength is reduced 25% for elevated temperature effects and reduced 15% for manufacturing
tolerance. At reduced NCT temperatures (i.e., -40 'F), the nominal compressive strength is
increased 50% for reduced temperature effects and increased 15% for manufacturing tolerance.

Properties of Type 304 stainless steel and polyurethane foam are summarized below.

Material Property Value (psi)

Material Property -40 OF 70 OF 160 OF Reference
Type 304 Stainless Steel

Elastic Modulus, E 28.8 x 106 28.3 x 106 27.8 x 106
Design Stress Intensity, Sm 20,000 20,000 20,000 Table 2.3-1

Yield Strength, Sm 30,000 30,000 27,000
Polyurethane Foam Compressive Strength

Parallel-to-Rise Direction, a, J 405 235 150

Perpendicular-to-Rise Direction, cac 336 195 124

Title 10, Code of Federal Regulations, Part 71 (10 CFR 71), Packaging and Transportation of Radioactive

Material, 01-01-12 Edition.
2 U. S. Nuclear Regulatory Commission, Regulatory Guide 7.6, Design Criteria for the Structural Analysis of
Shipping Cask Containment Vessels, Revision 1, March 1978.
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Finite element analysis methods are utilized to determine stresses in the HalfPACT packaging W
structure at various temperature extremes, including the effects of differential thermal expansion,
when appropriate, and internal (I) and external (E) pressure combinations, as summarized below.

Load Case Reference Differential Pressure Temperature Table Figure
Number Section Expansion? Differential Uniform Reference Number Numbers

OCA Case 1 §2.6.1 No 61.2 psig (I) 160 °F 160 OF 2.6-1 2.6-1/-2

OCA Case 2 §2.6.1 Yes 61.2 psig (I) 160 OF 70 OF 2.6-2 2.6-3/4

OCA Case 3 §2.6.2 Yes 0 psig -40 OF 70 OF 2.6-3 2.6-5/-6

OCA Case 4 §2.6.4 No 14.7 psig (E) 70 OF 70 OF 2.6-4 2.6-7/-8

ICV Case 1 §2.6.1 No 61.2 psig (I) 160 OF 160 OF 2.6-5 2.6-9/-10

ICV Case 2 §2.6.4 No 14.7 psig (E) 70 "F 70 "F 2.6-6 2.6-11/-12

For the NCT free drop evaluation, a certification test program was undertaken using a HalfPACT
engineering and certification test unit (ETU and CTU, respectively). Results from certification
testing demonstrated that under NCT free drop conditions, two leaktight levels of containment
were maintained. NCT certification testing also demonstrated the HalfPACT package's ability
to survive subsequent HAC 30-foot free drop, puncture, and fire tests was not compromised.
Analyses are performed, when appropriate, to supplement or expand on the available test results.
This combination of analytic and test, structural evaluations provides an initial configuration for
NCT thermal, shielding and criticality performance. In accordance with 10 CFR §71.43(f), the
evaluations performed herein successfully demonstrate that under NCT tests the HalfPACT
package experiences "no substantial reduction in the effectiveness of the packaging".
Summaries of the more significant aspects of the full scale free drop testing are included in
Section 2.6.7, Free Drop, with details presented in Appendix 2.10.3, Certification Tests.

2.6.1 Heat
The NCT thermal analyses presented in Section 3.4, Thermal Evaluation for Normal Conditions
of Transport, consists of exposing the HalfPACT package to direct sunlight and 100 "F still air
per the requirements of 10 CFR §71.71(b). Although the actual internal heat load is a function of
the particular payload configuration being transported, this section utilizes the maximum internal
heat allowed within a HalfPACT package, or 30 thermal watts. The 30 thermal watt case results
in maximum temperature gradients throughout the HalfPACT package.

2.6.1.1 Summary of Pressures and Temperatures

The maximum normal operating pressure (MNOP) is 50 psig, as determined in Section 3.4.4,
Maximum Internal Pressure. The pressure stress analyses within this section combine the
internal pressure of 50 psig due to MNOP with a reduced external pressure, per 10 CFR
§71.71 (c)(3), of 3.5 psia (11.2 psig). The net resulting internal pressure utilized in all NCT
structural analyses considering internal pressure is therefore 61.2 psig.

The NCT heat input results in modest temperatures and temperature gradients throughout the
HalfPACT package. Maximum temperatures for the major packaging components are summarized 0
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in Table 3.4-1 from Section 3.4.2, Maximum Temperatures. As shown in Table 3.4-1, all
packaging temperatures remain at or below 155 °F. For conservatism, structural analyses of the
OCA and ICV utilize a uniform bounding temperature of 160 'F. Use of a uniform bounding
temperature is also conservative since material strengths are lowest at the highest temperatures. In
addition, in the'case of the OCA, the main contributor to thermal stress is the result of differential
expansion of the polyurethane foam and the surrounding stainless steel. Also shown by the
temperatures presented in Table 3.4-1, temperature gradients are modest for the NCT heat
condition. Thus, temperature gradients are reasonably ignored in the analyses herein.

2.6.1.2 Differential Thermal Expansion

With NCT temperatures throughout the packaging being relatively uniform, (i.e., no significant
temperature gradients), the concern with differential expansions is limited to regions of the
HalfPACT packaging that employ adjacent materials with sufficiently differentcoefficients of
thermal expansion. The OCA is a double-wall, composite construction of polyurethane foam
between inner and outer shells of stainless steel. The polyurethane foam expands and contracts
to a much greater degree than the surrounding stainless steel shells resulting in stresses.due to.
differential thermal expansion. Finite element analyses presented in the following sections
quantify these differential thermal expansion stresses. Differential thermal expansion stresses
are negligible in the ICV for three reasons: 1) the temperature distribution throughout the entire
ICV is relatively uniform, 2) the ICV is fabricated from only one type of structural material, and
3) the ICV is not radially or axially constrained within a tight-fitting structure (i.e., the OCV).

2.6.1.3 Stress Calculations

A finite element model of the OCA is used to determine the stresses due to the combined effects.
of pressure loads, and temperature loads due to differential thermal expansion. The details of
this model are presented in Appendix 2.;10.1.1, Outer Confinement Assembly (OCA) Structural.
Analysis. The ICV is also analyzed for the combined effects of pressure and temperature using a
finite element model that is described in Appendix 2.10.1.2, Inner Containment Vessel (ICV)
Structural Analysis. 'For the NCT heat condition, evaluations include two load cases for the
OCA and one load case for the ICV.

Maximum stress intensities are determined for each component, and classified according to
primary or secondary, membrane or bending. Classification of stress intensities is per
Table NB-3217-1 of the ASME Boiler and Pressure Vessel Code3. Maximum stress intensities
are presented for the maximum general.primary membrane stress intensity, Pm, the maximum
local primary membrane stress intensity, PL, the maximum primary membrane (general. or local)
plus primary bending stress intensity, Pm + Pb or PL + Pb, and the maximum-primary plus
secondary stress intensity, Pm + Pb + Q or PL + Pb + Q.

OCA Load Case 1 (see Table 2.6-1 and Figure 2.6-1 and Figure 2.6-2): This analysis is
performed at a uniform temperature of 160 'F, but with the reference temperature also set to
160 °F thereby eliminating any differential thermal expansion stresses. The internal pressure
considers the effects of a maximum normal operating pressure (MNOP)of 50 psig, internal,

3 American Society of Mechanical Engineers (ASME) Boiler and Pressure 'Vessel Code, Section 1I, Rules for
Construction of Nuclear Power Plant Components, 1995 Edition, 1997 Addenda.
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coupled with a reduced external pressure of 3.5 psia (i.e., 11.2 psig, internal). The net result is
an internal pressure of 50.0 + 11.2 = 61.2 psig.

Pm = 19,061 psi, located in the OCV shell at the cylindrical/conical transition,
PL = 28,084 psi, located in the knuckle region of the upper OCV torispherical head,

PL + Pb = 20,256 psi, located in the OCV shell at the cylindrical/conical transition, and
PL + Pb + Q = 39,884 psi, located in the knuckle region of the lower OCV torispherical head.

OCA Load Case 2 (see Table 2.6-2 and Figure 2.6-3 and Figure 2.6-4): This analysis is
performed at a uniform temperature of 160 'F, but with the reference temperature set to 70 °F
thereby including any differential thermal expansion stresses. As with OCA Load Case 1, the
MNOP is coupled with the reduced external pressure for a net internal pressure of 61.2 psig. The
use of these two cases allows primary stress intensities (from pressure loads) to be considered
independently of secondary stress intensities (from differential thermal expansion loads).

PL + Pb + Q = 40,200 psi, located in the knuckle region of the lower OCV torispherical head.

ICV Load Case 1 (see Table 2.6-5 and Figure 2.6-9 and Figure 2.6-10): This analysis is
performed at a uniform temperature of 160 'F, but with the reference temperature also set to 160 "F
thereby eliminating any differential thermal expansion stresses. As with OCA Load Cases 1 and 2,
the MNOP is coupled with the reduced external pressure for a net internal pressure of 61.2 psig.

Pm = 15,251 psi, located in the upper ICV seal flange/shell transition,
PL = 26,968 psi, located in the knuckle region of the upper ICV torispherical head,

PL + Pb = 22,336 psi, located in the upper ICV seal flange/shell transition, and

PL + Pb + Q = 38,304 psi, located in the knuckle region of the upper ICV torispherical head.

Polyurethane foam stress intensities are insignificant for OCA Load Case 1 (maximum stress
intensity is 3 psi) and achieve a maximum value of 26 psi for OCA Load Case 2. Based on the
perpendicular-to-rise direction at 160 'F, the minimum, polyurethane foam margin of safety is:

124
MS = - 1= +3.77

26

2.6.1.4 Comparison with Allowable Stresses

Section 2.1.2, Design Criteria, presents the design criteria for structural evaluation of the
HalfPACT packaging. The containment vessel design criteria for NCT analyses are in
accordance with Regulatory Guide 7.6, which uses as a basis the criteria defined for Level A
service limits in Section III of the ASME Boiler and Pressure Vessel Code4 . Load combinations
follow the guidelines of Regulatory Guide 7.8g.

From Table 2.3-1 in Section 2.3.1, Mechanical Properties Applied to Analytic Evaluations, the
design stress intensity for Type 304 stainless steel used in the ICV and OCV is Sm = 20,000 psi
at 160 'F. From Table 2.1-1 in Section 2.1.2.1.1, Containment Structure (ICV), the allowable

4 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section 1IH, Rules for
Construction of Nuclear Power Plant Components, 1995 Edition, 1997 Addenda.
5 U. S. Nuclear Regulatory Commission, Regulatory Guide 7.8, Load Combinations for the StructuralAnalysis of
Shipping Casks for Radioactive Material, Revision 1, March 1989.
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stress intensities for the NCT. hot condition is Sm for generalprimary membrane stress intensity
(Pm), 1.5Sm for local primary membrane stress intensity (PL), 1.5Sm for primary membrane
(general or local) plus primary bending stress intensity (Pm + Pb or PL + Pb ), and 3.OSm for the
range of primary plus secondary stress intensity (Pm + Pb + Q or PL + Pb + Q).

Maximum stress intensity, allowable stress intensity, and minimum margins of safety for each stress
category and each load case are presented in Table 2.6-1, Table 2.6-2, and Table 2.6-5 for each of the
cases discussed above. Since all margins of safety are positive, the design criteria are satisfied.

2.6.1.5 Range of Primary Plus Secondary Stress Intensities

Per Paragraph CA4 of Regulatory Gutide 7.6, the maximum range of primary plus secondary stress
intensity for NCT must be less than 3.0Sm. This limitation on stress intensity range applies to the
entire history of NCT loadings and not only to the stresses from each individual load transient.

2.6.1.5.1 Range of Primary Plus Secondary Stress Intensities for the OCA

The extreme ends' of the stress range are determined from OCA Load Case 2 (from Section '2.6.1,
Heat) and OCA Load Case 4 (from Section 2.6.4, Increased External Pressure). One extreme,
OCA Load Case 2 represents the case of maximum internal pressure coupled with reduced
external pressure, plus the effect of differential thermal expansion associated with heat-up from
70 'F to 160 °F. The other extreme, OCA Load Case 4, considers the effect of a minimum
internal pressure at 70 'F.. Note that combinations of other OCA load cases such as increased
external pressure (20 psia, 5.3 psig) plus cool-down from 70 'F to -20 °F were also considered
and found not to be bounding for the stress intensity range calculation.

The maximum range of primary plus secondary stress intensity occurs in the knuckle region of the
lower OCV torispherical head (element 320). The extreme values of stress intensity are 40,200 psi
and 9,641 psilfrom Table'2.6-2 and Table 2.6-4 for OCA Load Cases 2 and 4, respectively. Since
OCA Load Cases 2 and 4 have opposite loads, the maximum range of primary plus secondary stress
intensity is simply 40,200 + 9,641 = 49,841 psi. The allowable stress intensity is 3.0Sm, where Sm =
20,000 psi for Type 304 stainless steel at 160 'F. The margin of safety is:

MS- 3(20,0 1 -+0.20

49,841

The positive margin of safety indicates that the design criterion is satisfied.

2.6.1.5.2 Range of Primary Plus Secondary Stress Intensities for the ICV

The extreme ends of the stress range are determined from ICV Load Case 1 (from Section 216.1,
Heat) and JCV Load Case 2 (from Section 2.6.4, Increased External Pressure). One extreme, ICV
Load Case 1 represents the case of maximum internal pressure coupled with reduced external
pressure, plus the effect of differential thermal expansion associated with heat-up from 70 'F to
160 'F. The other extreme, ICV Load Case 2, considers the effect of a minimum internal pressure at
70 'F. ..

The extreme values of stress intensity are 38,304 psi and 9,104 psi from Table 2.6-5 and Table
2.6-6 for ICV Load Cases 1 and 2, respectively, conservatively ignioring the fact that the extreme
values occur at locations remote from each other. Since ICV Load Cases 1 and 2 have opposite
loads, the maximum range of primary plus secondary stress intensity is simply 38,304 + 9,104
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= 47,408 psi. The allowable stress intensity is 3.OSm, where Sm = 20,000 psi for Type 304
stainless steel at 160 OF. The margin of safety is:

MS 3(20,000) 1 = +0.27
47,408

The positive margin of safety indicates that the design criterion is satisfied.

2.6.2 Cold

The NCT cold condition consists of exposing the HalfPACT packaging to a steady-state ambient
temperature of-40 OF. Insolation and payload internal decay heat are assumed to be zero. These
conditions will result in a uniform temperature throughout the package of -40 OF. With no
internal heat load (i.e., no contents to produce heat and, therefore, pressure), the net pressure
differential is assumed to be zero (14.7 psia internal, 14.7 psia external).

For the OCA, the principal structural concern due to the NCT cold condition is the effect of the
differential expansion of the polyurethane foam relative to the surrounding stainless steel shells.
During the cool-down from 70 OF to -40 OF, the foam material shrinks onto the OCV because
thermal expansion coefficient for foam is greater than stainless steel. The resulting stresses are
discussed in Section 2.6.2.1, Stress Calculations.

Differential thermal expansion stresses are negligible in the ICV for three, reasons: 1) the
temperature distribution throughout the entire ICV is relatively uniform, 2) the ICV is fabricated
from only one type of structural material, and 3) the ICV is not radially or axially constrained
within a tight-fitting structure (i.e., the OCV).

Brittle fracture at -40 °F is addressed in Section 2.1.2.2.1, Brittle Fracture. Performance of the
0-ring seals at -40 °F is discussed in Appendix 2.10.2, Elastomer O-ring Seal Performance Tests.

2.6.2.1 Stress Calculations

A finite element model of the OCA is used to determine the stresses due to the combined effects of
pressure loads, and temperature loads due to differential thermal expansion. The details of this
model are presented in Appendix 2.10.1.1, Outer Confinement Assembly (OCA) Structural
Analysis. For the NCT cold condition, evaluations include one load case for the OCA.

Maximum stress intensities are determined for each component, and classified according to
primary or secondary, membrane or bending. Classification of stress intensities is per Table
NB-3217-1 of the ASME Boiler and Pressure Vessel Code. Membrane and membrane plus
bending stresses due to differential thermal expansion are classified as secondary stresses (Q).
Since there are no pressure loads, primary stresses (Pm, PL, and Pm + Pb or PL + Pb) are equal to
zero.

OCA Load Case 3 (see Table 2.6-3 and Figure 2.6-5 and Figure 2.6-6): This analysis is performed
at a uniform temperature of -40 OF, but with the reference temperature set to 70 OF thereby including
differential thermal expansion stresses. For a uniform temperature cold case at -40 OF, both payload
decay heat and solar heat are assumed to be zero. These conditions result in an internal pressure of
14.7 psia balanced with an external pressure of 14.7 psia, for a net pressure differential of zero.

PL + Pb + Q = 5,772 psi, located in the lower OCV seal flange/Z-flange junction.
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Polyurethane foam stress intensities are relatively small for OCA Load Case 3 (maximum stress
intensity is 15 psi). Conservatively based on the perpendicular-to-rise direction at 160 OF, the
minimum, polyurethane foam margin of safety is:

124•
MS 12- - 1 +7.27

15

2.6.2.2 Comparison with Allowable Stresses

Section 2.1.2, Design Criteria, presents the design criteria for structural evaluation of the
HalfPACT packaging. The containment vessel design criteria for NCT analyses are in
accordance with Regulatory Guide 7.6, which. uses as a basis the criteria defined for Level A
service limits in Section III of the ASME Boiler and Pressure Vessel Code. Load combinations
follow the guidelines of Regulatory Guide 7.8.

From Table 2.3-1 in Section 2.3.1, Mechanical Properties Applied to AnalyticEvaluations, the design
stress intensity for Type 304 stainless steel used in the ICV and OCV is Sm = 20,000 psi at -40 °F. From
Table 2.1-1 in Section 2.1.2.1.1, Containment Structure (IC V), the allowablestress intensity for the
NCT cold condition is 3.OSn for the range of primary plus secondary stress intensity (Pm + Pb + Q or PL +
Pb + Q).

Maximum stress intensity, allowable stress intensity, and minimum margins of safety for each
stress category and each load case are presented in Table 2.6-3 for OCA Load Case 3. Since all
margins of safety are positive, the design criteria are satisfied.

Since the NCT cold condition results in shrinking of the polyurethane foam onto the OCV shell,
compressive stresses develop in the OCV shell. The buckling evaluation within Section 2.6.4,
Increased External Pressure, demonstrates that the compressive stresses due to increased
external pressure do not exceed the NCT allowable stresses. The compressive stresses generated
during the NCT cold condition are bounded by the NCT. increased external pressure condition,
therefore no explicit buckling evaluation is required for the NCT cold condition.

2.6.3 Reduced External Pressure

The effect of a reduced external pressure of 3.5 psia (11.2 psig internal pressure),, per: 10 CFR
§71.71(c)(3), is negligible for the HalfPACT packaging. This conclusion is based on the
analyses presented in Section 2.6.1,Heat, addressing the ability of both the ICV and OCV to
independently withstand a maximum normal. operating pressure (MNOP) of 50 psig, combined
with a reduced external pressure of 3.5 psia, for a net effective internal pressure of 61.2 psig.

2.6.4 Increased External Pressure

The effect of an increased external pressure of 20 psia (5.3 psig external pressure), per 10 CFR
§71.71 (c)(4), is negligible for the HalfPACT packaging. Both the ICV and OCV are designed to
withstand a full vacuum equivalent to 14.7 psi external pressure during acceptance, leakage rate
testing of the Ha1fPACT package, as described in Section 8.1.3, Fabrication Leakage Rate Tests.
Therefore, the worst case NCT external pressure loading is 14.7 psig.

The external pressure induces small compressive stresses in the ICV and OCV that are limited by
stability (buckling) requirements:. Buckling assessments are performed for the OCV and ICV in
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Section 2.6.4.3, Buckling Assessment of the Torispherical Heads, and Section 2.6.4.4, Buckling
Assessment of the Cylindrical Shells.

2.6.4.1 Stress Calculations

A finite element model of the OCA is used to determine the stresses due to the effect of a
pressure load. The details of this model are presented in Appendix 2.10.1.1, Outer Confinement
Assembly (OCA) Structural Analysis. The ICV is also analyzed for the effects of a pressure
using a finite element model that is described in Appendix 2.10.1.2, Inner Containment Vessel
(ICV) Structural Analysis. 'For the NCT increased external pressure condition, evaluations
include one load case for the OCA and one load case for the ICV.

Maximum stress intensities are determined for each component, and classified according to primary or
secondary, membrane or bending. Classification of stress intensities is per Table NB-3217-1 of the
ASME Boiler and Pressure Vessel Code. Maximum stress intensities are presented for the maximum
general primary membrane stress intensity, Pm, the maximum local primary membrane stress intensity,
PL, the maximum primary membrane (general or local) plus primary bending stress intensity, Pm + Pb

or PL + Pb, and the maximum primary plus secondary stress intensity, Pm t Pb + Q or PL + Pb + Q.

OCA Load Case 4 (see Table 2.6-4 and Figure 2.6-7 and Figure 2.6-8): This analysis is
performed at a uniform temperature of 70 'F, and the reference temperature also set to 70 OF
thereby eliminating any differential thermal expansion stresses. The external pressure is 14.7 psig.

Pm = 4,748 psi, located in the OCV shell at the cylindrical/conical transition,

PL = 6,852 psi, located in the knuckle region of the upper OCV torispherical head,

PL + Pb = 5,087 psi, located in the OCV shell at the cylindrical/conical transition, and

PL + Pb + Q = 9,641 psi, located in the knuckle region of the lower OCV torispherical head.

ICV Load Case 2 (see Table 2.6-6 and Figure 2.6-11 and Figure 2.6-12): This analysis is
performed at a uniform temperature of 70 'F, but with the reference temperature also set to 70 'F
thereby eliminating any differential thermal expansion stresses. As with OCA Load Case 4, the
external pressure is 14.7 psig.

Pm = 3,635 psi, located in the crown region of the upper ICV torispherical head,

PL = 6,384 psi, located in the knuckle region of the upper ICV torispherical head,

PL + Pb = 4,656 psi, located in the crown region of the upper ICV torispherical head, and.

PL + Pb + Q = 9,104 psi, located in the knuckle region of the upper ICV torispherical head.

Polyurethane foam stress intensities are insignificant for OCA Load Case 4.

2.6.4.2 Comparison with Allowable Stresses

Section 2.1.2, Design Criteria, presents the design criteria for structural evaluation of the HalfPACT
packaging. The containment vessel design criteria for NCT analyses are in accordance with Regulatory
Guide 7.6, which uses as a basis the criteria defined for Level A service limits in Section II1 of the
ASME Boiler and Pressure Vessel Code. Load combinations follow the guidelines of Regulatory
Guide 7.8.

From Table 2.3-1 in Section 2.3.1, Mechanical Properties Applied to Analytic Evaluations, the
design stress intensity for Type 304 stainless steel used in the ICV and OCV is Sm = 20,000 psi
at 160 'F. From Table 2.1-1 in Section '2.1.2.1.1, Containment Structure (ICV), the allowable
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stress intensities for the.NCT increased external pressure condition is Sm for general primary
membrane stress intensity (Pm), 1.5Sm for local primary membrane stress intensity (PL), '.5Sn for
primary membrane (general or local).plus primary bending stress intensity (Pm + Pb or PL + Pb),

and 3.OSm for the range of primary plus secondary stress intensity (Pm + Pb + Q or PL + Pb + Q).

Maximum stress intensity, allowable stress intensity, and minimum margins of safety for each
stress category and each load case are presented in Table 2.6-4 and Table 2.6-6 for each of the
cases discussed above. Since all margins of safety are positive, the design criteria are satisfied.

2.6.4.3 Buckling Assessment of the Torispherical Heads

The buckling analysis of the torispherical heads is based on the methodology outlined in Paragraph
NE-3133.4(e), Torispherical Heads, of the ASME Boiler and Pressure Vessel Code, Section III,
Subsection NE. The results from following~this methodology are summarized below.

OCV Torispherical Head ICV Torispherical Head

Parameter Upper Lower Upper Lower

R 77.3125 74.1250 74.3750 73.1250

T 0.25 0.25 ' 0.25 0.25
0.125

A= 0.125 0.00040 0.00042 0.00042 0.00043
(R/T) _____

B6  5,000 5,000 5,000 5,000

B
Pa (R/T) 16.2 16.9 16.8 17.1

The smallest allowable pressure, Pa, is 16.2 psig for the OCV upper head.. For an'applied
external pressure of 14.7 psig, the corresponding buckling margin of safety is:'

16.2
MS= -1 =+0.10

14.7

Since the margin of safety in the worst case is positive,, it is concluded that none of the OCV or
ICV torispherical heads will buckle for an external pressure of 14.7 psig.

2.6.4.4 Buckling Assessment of the Cylindrical Shells

The cylindrical portions of the OCV and ICV are evaluated using ASME Boiler and Pressure
Vessel Code Case N-284- . Consistent with Regulatory' Guide 7.6 philosophy, a factor of

6 Factor B is found from American Society of Mechanical Engineers (ASME) Boiler and Pressure Ves sel Code,

Section II, Materials, Part D, Properties, Subpart 3, Charts and Tables for Determining the Shell Thickness of
Components Under External Pressure, Figure HA-i, Chart for Determining Shell Thickness of Components Under
External Pressure When Constructed ofAustenitic Steel (18Cr-8Ni, Type 304), 1995 Edition, 1997 Addenda.
Conservatively, the 400 'F temperature curve is used for each case.
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safety of 2.0 is applied for NCT buckling evaluations per ASME Code Case N-284- 1,
corresponding to ASME Code, Service Level A conditions.

Buckling analysis geometry parameters are summarized in Table 2.6-7, and loading parameters
are summarized in Table 2.6-8. The cylindrical shell buckling analysis conservatively utilizes an
OCV and ICV temperature of 160 'F, consistent with Section 2.6.1,-Heat. The stresses are
determined using an external pressure of 14.7 psig. The hoop stress, a(), axial stress, crý, and in-
plane shear stress, a4o, are found from:

Pr Pr Pr

A 2t 4t

where P is the applied external pressure of 14.7 psi, r is the mean radius, and t is the cylindrical
shell thickness. As shown in Table 2.6-9, since all interaction check parameters are less than 1.0,
as required, the design criteria are satisfied.

2.6.5 Vibration

By comparing the alternating stresses arising during NCT with the established endurance limits
of the HalfPACT packaging materials of construction, the effects of vibration normally incident
to transport are shown to be acceptable., These comparisons apply the methodology and limits of.
NRC Regulatory Guide 7.6. By conservatively comparing NCT stresses with endurance stress
limits for an infinite service life, the development of accuratevibratory loading cycles is not
required. The vibration evaluation is comprehensively addressed in the following sections.

2.6.5.1 Vibratory Loads Determination

ANSI N14.238 provides a basis for estimating peak truck trailer vibration inputs. A summary of
peak vibratory accelerations for a truck semi-trailer bed with light loads (less than 15 tons) is
provided in Table 2 of ANSI N14.23. The component accelerations are given in Table 2 as 1.3g
longitudinally,. 0.5g laterally, and 2.Og vertically. Three fully loaded HalfPACT packages on a
single trailer will exceed the light load limit, but acceleration magnitudes associated with light loads
are conservative for heavy loads per Table 2 of ANSI N14.23. The commentary provided within
Section 4.2, Package Response, of ANSI N14.23 states that recent "tests conducted by Sandia
National Laboratories have shown that the truck bed accelerations provide an upper bound on cask
(response) accelerations." Based upon these data, conservatively assume the peak acceleration
values from Table 2 are applied to the HalfPACT package in a continuously cycling fashion.

The compressive stress in the polyurethane foam for a 2g vertical acceleration is determined by
conservatively ignoring the contributory effect of the OCA outer shell and dividing a maximum
weight HalfPACT package (18,100 pounds) by the projected area of the package's bottom. The
projected area of a HalfPACT package is'simply (7t/4)(94.375) 2 = 6,995 in2. Therefore, the
compressive stress is (2)(18,100)/6,995 = 5 psi. This stress is negligible compared to the
parallel-to-rise compressive strength of 150 psi for polyurethane foam at 160 'F, as discussed in

7 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section III, Rules for
Construction of Nuclear Power Plant Components, Division 1, Class MC, Code Case N-284-1, Metal Containment
Shell Buckling Design Methods, 1995 Edition, 1997 Addenda.
8 ANSI N14.23, Design Basis for Resistance to Shock and Vibration of Radioactive Material Packages Greater than
One Ton in Truck Transport (Draft), 1980, American National Standards Institute, Inc, (ANSI). "
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Section 2.6.1, Heat. Therefore, the remainder of the NCT vibration evaluation addresses only

the structural steel portions of the HalfPACT packaging.

2.6.5.2 Calculation of Alternating Stresses

The HalfPACT package is a compact right circular cylinder. As such, the stresses developed as a
result of transportation vibration become significant only where concentrated in the vicinity of the
tie-downs and package interfaces with the transport vehicle. This fact allows the stress analyses of
Section 2.52, Tie-down Devices, to serve as the basis for derivation of alternating stress estimates.

The analyses of Section 2.5.2, Tie-down Devices, identify three maximum stress locations of
importance in the immediate vicinity of the tie-down lugs:

1. Tiedown lug weld shear stresses due to tensile tie-down forces. Under a combined set of
tie-down forces (i.e., 1Og longitudinally, 5g laterally, and 2g vertically), the tie-down lug
vertical tensile force is Ftmax = 68,950 pounds. The corresponding tie-down lug weld shear
stress is T = 8,997 psi, from Section 2.5.2.2.1, Failure of the Tie-down Lug Welds Due to
Shear and Bending Loads: Weld shear stresses associated with unit accelerations (i.e., Ig)
are derived from these values, as presented in Table 2.6-10. Under unit horizontal and,
vertical accelerations, the 'maximum weld shear stresses are 699 psi and 590 psi, respectively,
as shown in Table' 2.6-10.

2. OCA Outer shell compressive membrane stresses due to vertical compressive loads. Under
a combined set of tie-down forces (i.e., 1 Og longitudinally, 5g laterally, and 2g vertically), the
OCA outer shell and tie-down lug doubler plate vertical compressive load is Fmax = 128,901
pounds. The corresponding compressive membrane stress is ac = 12,394 psi, from Section
2.5.2:3.1, Bearing Stress in the OCA Outer Shell and Tie-down Lug Doubler Plate.. Compressive
membrane stresses associated with unit accelerations (i.e., Ig) are derived from these values, as
presented in Table 2.6-11. Under unit horizontal and vertical accelerations, the maximum
membrane compression stresses are 1,031 psi and 435 psi, respectively, as shown in Table
2.6-11.

3. OCA tie-down weldment compressive membrane stresses due to horizontal compressiye
loads. Under a combined set of tie-down forces (i.e., lOg longitudinally, 5g laterally, and 2g
vertically), the OCA tie-down weldment horizontal compressive load is Fh = 202,364 pounds. The
corresponding compressive membrane stress~is ac = 25, 296psi, from Section 2.5.2.4.1, Bearing
Stress in the Tie-down Weldment. Compressive membrane stresses associated with unit
accelerations (i.e., 1g) are derived from thesevalues, as presented in, Table 2.6-12. Under unit.
horizontal accelerations, the maximum membrane compression stress is 2,263 psi, as shown in
Table 2.6-12.

Alternating stress intensities, Salt, due to Ig unitaccelerations are calculated directly from the above
values since there are no other measurable stresses acting on the package at the locations considered.
Unit alternating stress intensities at the three evaluated locations are found as shown in Table 2.6-13,
making use of the definition of alternating stress intensity as one-half of the range of stress intensity
at the location of interest, and the definition of stress intensity as twice the shear stress.

These maximum alternating stress intensity unit values correspond to stresses in the bevel-plus-
fillet welds used to attach the tierdown lugs to the tie-down lug doubler plates. A stress
concentration factor of four. is conservatively applied in accordance with Paragraph C.3.d of
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Regulatory Guide 7.6. Normalizing the unit values to the peak acceleration estimates given in
Section 2.6.5.1, Vibratory' Loads Determination, and including the stress concentration factor of
four and assuming these worst cases occur at the same location, results in the following
conservative estimates of alternating stress intensity associated with the vibratory environments.

For the maximum horizontal alternating stress intensity of 1,132 psi from Table 2.6-13:

Sat = 4(1,132) (1.3)2 + (0.5)2 = 6,307 psi

and, for the maximum vertical alternating stress intensity of 590 psi from Table 2.6-13:

Salt = 4(590)(2.0) = 4,720 psi

Assuming a simultaneous application of the above alternating stress intensities associated with
horizontal and vertical loads yields a maximum alternating stress of 6,307 + 4,720 = 11,027 psi.

2.6.5.3 Stress Limits and Results

The permissible alternating stress intensity, Sa, is given by conservatively using the minimum
asymptotic value from the design fatigue curves in Table 1-9.2.2 of the ASME Boiler and
Pressure Vessel Code 9. 'For design fatigue curve C at 1011 cycles, Sa = 13,600 psi, based on an
elastic modulus of 28.3(10)6 psi. This value, when multiplied by the ratio of the elastic modulus
at 160 'F of 27.8(10)6 psi to an elastic modulus at 70 'F of 28.3(10)6 psi results in an alloWable
alternating stress intensity amplitude at 160 'F of:

a713,600• =13,360 psi
(28.3)

Finally, a conservative estimate of the margin of safety for vibratory effects becomes:

MS= Sa-1-13,360 1=+0.21

Salt 11,027

2.6.6 Water Spray
The materials of construction utilized for the HalfPACT package are such that the water spray
test identified in 10 CFR §71.71(c)(6) will have a negligible effect on the package.

2.6.7 Free Drop

Since the maximum gross weight of the HalfPACT package is 18,100 pounds, a 3-foot free drop is
required per 10 CFR §71.71(c)(7). As discussed in Appendix 2.10.3, Certification Tests, a NCT;
3-foot side drop, aligned over the OCV vent port, was performed on a HalfPACT package
certification test unit (CTU) as an initial condition for subsequent hypothetical accident condition
(HAC) tests. Leakage rate testing following certification testing demonstrated the ability of the

9 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section Ill, Rules for
Construction of Nuclear Power Plant Components, Appendix I, Design Stress Intensity Values, Allowable Stresses,
Material Properties, and Design Fatigue Curves, 1995 Edition, 1997 Addenda.
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HalfPACT package to maintain leaktight (i.e., 1.0 x 1 0-7 standard cubic centimeters per second
(scc/sec), air) sealing integrity. Therefore, the requirements of 10 CFR §71.71 (c)(7) are met.

2.6.8 Corner Drop

This test does not apply, since the package weight is in excess of 100 kg (220 pounds), and the
materials do not include wood or fiberboard, as delineated in 10 CFR §71.71(c)(8).

2.6.9 Compression

This test does not apply, since the package weight is in excess~of 5,000 kg (11,000 pounds), as
delineated in 10 CFR §71.71 (c)(9).

2.6.10 Penetration
The one-meter (40-inch) drop of a 13-pound, hemispherically-headed, 1¼4-inch diameter, steel
cylinder, as delineated in 10 CFR §71.71 (c)(10), is of negligible consequence to the HalfPACT
package. This is due to the fact that the HalfPACT package is designed to minimize the
consequences associated with the much more limiting case of a 40 inch drop of the entire
package onto a puncture bar as discussed in Section 2.7.3, Puncture. The 1/4-inch minimum
thickness, OCA outer shell, the tie-down lugs and doubler plates, and the vent port and seal test
port penetrations are not damaged by the penetration event..
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Table 2.6-1 - Summary of Stress Results for OCA Load Case 1

Stress Intensity (psi)

General Local Primary Primary
Primary Primary Membrane plus

Membrane Membrane + Bending Secondary
Component Location (Pm) (PL) (PmL+ Pb) (PniL+ Pb+ Q)

OCV Shells Cylindrical and 19,061 20,256
Conical Shells (Element 329) (Element 329)

OCV Crown 13,366 18,739
Upper and Lower (Element 339) (Element 340)

Torispherical Knuckle 28,084 39,884
Heads (Element 337) (Element 320)

Shell side of the 32,358
OCV thickness transition (Node 2010)

Upper and Lower
Seal Flanges Flange side of the 20,129

thickness tansition (Node 2016)

OCV Locking A location 24,493
Ring Anylocation (Node 3050)

OCA Outer Shell Any location 9,114 14,215
and Z-flanges Anylocation (Element 414) (Element 414)

Maximum Stress Intensity 19,061 28,084 20,256 39,884

Allowable Stress Intensity 20,000 30,000 30,000 60,000
(Sm) (1.5Sm) (1.5Sm) (3.OSm)

Minimum Margin of Safety +0.05 +0.07 +0.48 +0.50

3
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Table 2.6-2 - Summary of Stress Results for OCA Load Case 2

•_ _ Stress Intensity (psi)

General Local Primary Primary
Primary Primary Membrane plus

Membrane Membrane + Bending Secondary
Component Location (Pm) (PL) (Pnm_+ Pb (Pn.+ Pb+ Q)
OCV Shells Cylindrical and 20,144

Conical Shells (Element 329)

OCV Crown 18,831
Upper and Lower . (Element 340)

Torispherical K ce 40,200
Hed Knuckle -. -----------Heads (Element 320)

Shell side ofthe 32,569
OCV thickness transition '.(Node 2010)

Upper and Lower
Seal Flanges Flange side of the 20,271

thickness transition (Node 2016)

OCV Locking Any location--24,503
Ring ,_(Node 3050)

OCA Outer Shell location 12,385
and Z-flanges Any(location (Element 399)

Maximum Stress Intensity - 40,200

Alowable Stress Intensity 20,000 30,000 30,000 60,000
(Sm) (1.5Sm) (1.5Sm) (3.•0m)

Minimum Margin of Safety -------- ----- -+0.49
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Table 2.6-3 - Summary of Stress Results for OCA Load Case 3

Stress Intensity (psi)

General Local Primary Primary
Primary Primary Membrane plus

Membrane Membrane + Bending Secondary
Component Location (Pm) (PL) (PHtL + Pb) (Pm..+ Pb+ Q)
OCV Shells Cylindrical and 854

Conical Shells (Element 327)

OCV Crown 538
Upper and Lower (Element 309)

Torispherical Knuckle 1,040
Heads (Element 323)

Shell side ofthe 450
OCV thickness transition (Node 2001)

Upper and Lower
Seal Flanges Flange side of the 911

thickness transition (Node 1040)

OCV Locking Aylocation 0
Ring Anylocation 0_,

OCA Outer Shell 5,772
and Z-flanges IAny locatio _ __n ----- ----- _-----_(Element 393)

Maximum Stress Intensity 5,772

Allowable Stress Intensity 20,000 30,000 30,000 60,000
AllowableStressIntensity _ (Sm) (1.5Sm) (1.5Sm) (3.OSm)

Minimum Margin of Safety +9.40

0
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Table 2.6-4 - Summary of Stress Results for OCA Load Case 4

Stress Intensity (psi)

General Local Primary Primary
Primary Primary Membrane plus

Membrane Membrane + Bending Secondary
Component Location (Pm). (PL) (Pnt_ +Pb) (Prn.+Pb+Q)
ocv Shells Cylindrical and 4,748 5,087

Conical Shells (Element 329) (Element 329)

OCV Crown 3,323 4,569
Upper and Lower (Element 339) (Element 340)

Torispherical Knuckle 6,852 9,641
Heads Knuckle (Element 337) (Element 320)

Shell side of the 3,507
oCV thickness transition (Node 1016)

Upper and Lower
SealFlanges Flange side of the " 3,741

thickness transition (Node. 1164)

OCV Locking Any location - 4
Ring Anylocation (Node 3181)

OCA Outer Shell 858 .1,135
and Z-flanges A (Element 399) (Element 399)

Maxim"um Stress Intensity 4,748 6,852 5,087 9,641

Allowable Stress Intensity 20,000 30,000 30,000 60,000
(Sm) (1.5Sm) (1.55m) (3.0Sm)

Minimum Margin of Safety +3.21 +3.38 +4.90 +5.22

I
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Table 2.6-5 -- Summary of Stress Results for ICV Load Case 1

Stress Intensity (psi)

General Local Primary Primary
Primary Primary Membrane plus

Membrane Membrane + Bending Secondary
Component Location (Prm) (PL) (Prnt+ Pb) (Pmn_+ Pb+ Q)

ICV Shells Cylindrical and 15,251 22,336
Conical Shells (Element 364) (Element 365)

ICV Crown 15,242 19,519
Upper and Lower (Element 376) (Element 377)

Torispherical K kl 26,968 38,304
Heads (Element 373) (Element 374)

Shell side of the 34,042
ICV thickness transition (Node 2058)

Upper and Lower
Seal Flanges Flange side of the 27,922thickness transition (Node 2053)

ICV Locking Any location 22,190
Ring _ _(Node 3046)

Maximum Stress Intensity 15,251 26,968 22,336 38,304

Allowable Stress Intensity 20,000 30,000 30,000 60,000
___ __ __ __ (Sm) () (5n) (1.5Sm) (3.0Sm)

Minimum Margin of Safety +0.31 +0.11 +0.34 +0.57
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Table 2.6-6 - Summary of Stress Results for ICV Load Case2

____ Stress Intensity (psi) _

General Local Primary Primary
Primary Primary Membrane plus

Membrane Membrane + Bending Secondary
Component' Location (Pm) (PL)O (Pm+ Pb) (PmrL+Pb+Q)

ICV Shells Cylindrical and 2,363 ' 2,551.
Conical Shells (Element 361) .(Element 363)

ICV Crown 3,635 4,656.
Upper and Lower (Element:376) (Element 377)),

Torispherical Knuckle -6,382 9,104
Heads (Element 373) ( (Element 374)

Shell side of the 2,706
IC . thickness transition (Node 2054)

Upper and Lower
Seal Flanges Flange side of the - 3,640

thickness transition (Node 1129)

ICV Locking A oo56
•Ring A oat . (Node 3046)

Maximum Stress Intensity 3,635 6,382 4,656 9,104

20,000 30,000 30,000- 60,000
,Allowable Stress Intenisity (' 15) (i5n 3OmMinimu Margio(Smf (41.50m) (+3.70 (3.4Sm)

•Minimum Margin of Safety +4.50 +3.70 •+5.44 ... '5,59
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Table 2.6-7 - Buckling 'Geometry Parameters per Code Case N-284-1 0
Geometry and Material Input

ICV OCV

Mean Radius, inch 36.44 36.91

Shell Thickness, inch 0.25 0.188

Length, inch 36.00 32.0z

Geometry Output (nomenclature consistent with ASME Code Case N-284-1)

R= 36.44 36.91
t= 0.25 0.188

R/t= 145.76 196.85

= 36.0 32.0

g =. 228.94, 231.89
M+ 11.93 12.16

M = 75.85 88.15

M 11.93 12.16

Notes:

Q The ICV length is conservatively measured from five inches below the top of the lower ICV.
seal flange (at the beginning of the 1/4-inch wall thickness) to an assumed support point
located one-third of the depth of the lower ICV torispherical head below the head-to-shell
interface.

D The OCV length is conservatively measured from the top of the tapered wall portion (just
below the lower OCV seal flange) to an assumed support point located one-third of the depth
of the lower OCV torispherical head below the head-to-shell interface.

Table 2.6-8 - Stress Results for 14.7 psig External Pressure

ICV OCV

Axial Stress, a, 1,071 Axial Stress, aý 1,443

Hoop Stress, 06 2,143 Hoop Stress, (0 2,886

Shear Stress, Yo, 536 Shear Stress, cra( 722
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Table 2.6-9 - Buckling Summary for 14.7 psig External Pressure

Condition ICV OCV Remarks
Capacity Reduction Factors (-1511)

¢4L = J 0.2575 0.2575
aOL = 0.8000 0.8000

a0L = 0.8000 0.8000
Plasticity Reduction Factors (-1611)

1= 0.5877 0.7307
110= 1.0000 1.0000

110 0.4474 0.5740
Theoretical Buckling Values (-1712.1.1)

C+ = 0.6050 0.6050

C4eL = 115,720 psi 85,697 psi
Cor = 0.0855 0.0837

ae~eL = areL = 16,354 psi 11,854 psi

Cob = 0.0815 0.0798
0 OeL = OheL = 15,581 psi 11,302 psi

CO = 0.2184 0.2162
0itOeL = 41,770 psi 30,615 psi

Elastic Interaction Equations (-1713.1.1)
o, = 22,237 psi 16,466 psi

Gba = 9,302 psi 6,748 psi

ara = 9,764 psi 7,077 psi
o•a = 24,937 psi 18,278 psi

Axial + Hoop * Check (a): N/A N/A
Axial + Hoop c: Check (b): N/A N/A
Axial + Shear * Check (c): 0.0697 0.128 7 <1 .'. OK

Hoop + Shear * Check (d): 0.3144 0.5873 <1 .'.OK

Axial + Hoop + Shear * Check (e,a): N/A N/A
Axial + Hoop + Shear * Check (e,b): N/A N/A

Inelastic Interaction Equations (-1713.2.1)

Gxc = 13,069 psi 12,032 psi
ore = 9,764 psi 7,077 psi

(FTC = 11,157 psi 10,492 psi

Axial + Hoop * Check (a): 0.3135 0.5841 <1 .'. OK

Axial + Shear r> Check (b): 0.1218 0.1750 <1 .'.OK

Hoop + Shear =* Check (c): 0.3182 0.5873 <1.. OK
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Table 2.6-10 - Tie'down Lug Weld Shear Stresses

Case and Load Factors Load Shear Stress
Orientation (gs) (pounds) (psi)

Combined 10(x), 5(y), 2(z) 68,950 8,997
H[ 1 0 2 + 52]Yf = 11.18 59,900 7,816

Horizontal (unit horizontal of 1g) (5,358) (699)

V 2.'00 .9,050 1,181
Vertical (unit vertical of ig) (4,025) (590)

Table 2.6-11 - OCA Outer Shell Compressive Membrane Stresses

Case and Load Factors Load Membrane Stress
Orientation (gs) (pounds) (psi)

Combined 10(x), 5(y), 2(z) 128,901 12,394

H a[102+ 52] 11.18 119,851 11,524
(unit horizontal of 1g) (10,720) (1,031)

2.00 9,050 870
Vertical (unit vertical of 1g) (4,025) (435)

Table 2.6-12 - OCA Tie-down Weldment Compressive Membrane Stresses

Case and Load Factors Load Membrane Stress
Orientation (gs)J, (pounds). (psi)

Horizontal [102 + 5 2]/z -L 11.18 202,364 25,296
(unit horizontal of lg) (18,100) (2,263)

Table 2.6-13 - Maximum Unit Alternating Stress Intensities

'Case and Orientation Alternating Stress Intensity

Lug Weld Shear Sat_ 2T,:ax = 699 psi, Horizontal
2 = 590 psi, Vertical

OCA Shell Compression Sat= Umax 516 psi, Horizontal
2 = 218 psi, Vertical

OCA Base Compression Slt'- max -- 1,132 psi, Horizontal
2

Maximum Unit Values 1,132 psi, Horizontal
= 590 psi, Vertical

0
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PL + Pb = 18,739 psi
(Element 340)

! Pr= 13,366 psi-J
(Element 339)

PL= 28,084. psi
(Element 337)

Pm 19,061 psi -
(Element 329),

PL + Pb = 20,256 psi -

PL + Pb + Q = 39,884 psi
(Element 320)

-Pm= 9,114 psi

(Element 399)

PL + Pb 14,215 psi

OCA LOAD CASE 1

64.7 PSIA INTERNAL/3.5 PSIA EXTERNAL @ 160 'F
WITHOUT DIFFERENTIAL THERMAL EXPANSION

Figure 2.6-1 - OCA Load Case 1, Overall Model
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PL + Pb + Q = 20,129 psi
(Node 2016)

PL + Pb + Q = 24,493 psi
(Node 3050)

OCA LOAD CASE 1
64.7 PSIA INTERNAL/3.5 PSIA EXTERNAL @ 160 -F

WITHOUT DIFFERENTIAL THERMAL EXPANSION

Figure 2.6-2 - OCA Load Case 1, Seal Region Detail
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.1

P, + Pb + Q = 18,831 psi

(Element 340)

PL + Pb + Q = 20,144 psi
(Element 329)

PL + Pb + Q = 40,200 psi
(Element 320)

PL + Pb + Q = 12,385 psi
(Element 399)

I OCA LOAD CASE 2
64.7 PSIA INTERNAL/3.5 PSIA EXTERNAL © 160 "F

WITH DIFFERENTIAL THERMAL EXPANSION

Figure 2.6-3 - OCA Load Case 2, Overall Model
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PL + Pb + Q = 20,271 psi
(Node 2016)

P, + Pb + Q = 24,503 psi
(Node 3050)

OCA LOAD CASE 2
64.7 PSIA INTERNAL/3.5 PSIA EXTERNAL @ 160 "F

WITH DIFFERENTIAL THERMAL EXPANSION

Figure 2.6-4 - OCA Load Case 2, Seal Region Detail
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PL + Pb + Q = 854 psi
(Element 327)

PL + Pb + Q = 5,772 psi
(Element 393)

PL + Pb + Q = 1,040 psi
(Element 323)

PL + Pb + Q = 538 psi
(Element 309)

I OCA LOAD CASE 3
14.7 PSIA INTERNAL/14.7 PSIA EXTERNAL © -40 "F

WITH DIFFERENTIAL THERMAL EXPANSION

Figure 2.6-5 - OCA Load Case 3, Overall Model
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PL + Pb + Q = 450 psi
(Node 2001)

PL+ Pb + Q = 911 psi
(Node 1040)

OCA LOAD CASE 3
14.7 PSIA INTERNAL/14.7 PSIA EXTERNAL @ -40 -F

WITH DIFFERENTIAL THERMAL EXPANSION

Figure 2.6-6 - OCA Load Case 3, Seal Region Detail
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I.

PL + Pb = 4,569 psi
(Element 340)

Pm = 3,323 psi
(Ele.ment 339)

PL= 6,852 psi
(Element 337)

1 xPm= 858 psi

(Element 399)

PL+ Pb = 1,135 psi
Pm = 4,748 psi
(Element 329)

PL + Pb = 5,087 psi

PL + Pb + Q = 9,641 psi
(Element 320)

I OCA LOAD CASE 4 .
0.0 PSIA INTERNAL/14.7 PSIA EXTERNAL @ 70 -F

WITHOUT DIFFERENTIAL THERMAL EXPANSION

Figure 2.6-7 - OCA Load Case 4,Overall Model
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0I

0

*PL+ Pb+ Q = 3,741 psi
(Node 1164) PL + Pb + Q = 4 psi

(Node 3181)

PL + Pb + Q = .3,507 psi
(Node 1016)

OCA LOAD CASE 4
0.0 PSIA INTERNAL/14.7 PSIA EXTERNAL @ 70 "F

WITHOUT DIFFERENTIAL THERMAL EXPANSION

Figure 2.6-8 - OCA Load Case 4, Seal Region Detail
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PL + Pb + Q = 38,304 psi
(Element 374)

PL = 26,968 psi
(Element 373)PL + Pb = 19,51'9 psi

(Element 377)

Prn= 15,242 psi __
(Element 376)

PL + Pb = 22,336 psi
(Element 365)

P, 15,251 psi
(Element 364)

ICV LOAD CASE 1
64.7 PSIA INTERNAL/3.5 PSIA EXTERNAL @ -160 -F

WITHOUT DIFFERENTIAL THERMAL EXPANSION

Figure 2.6-9 - ICV Load Case 1, Overall Model
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Figure 2.6-10 - ICV Load Case 1, Seal Region Detail
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PL + Pb + Q = 9,104 psi
(Element 374)

PL = 6,382 psi
(Element 373)PL +Pb = 4,656 psi

(Element 377)

Pm= 3,635 psi --/
(Element 376)

PL + Pb= 2,551 psi -
(Element 363)

P, = 2,363 psi
(Element 361)

I ICV LOAD CASE 2
0.0 PSIA INTERNAL/14.7 PSIA EXTERNAL.@ ©70 -F

.WITHOUT DIFFERENTIAL THERMAL EXPANSION

Figure 2.6-11 - ICV Load Case 2, Overall Model
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Figure 2.6-12 - ICV Load Case 2, Seal Region Detail
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2.7 Hypothetical Accident Conditions.
The HalfPACT package, when subjected to the sequence ofhypothetical accident condition-(HAC)
tests specified in 10 CFR §71.73 , subsequent to the sequence of normal conditions of transport (NCT)

* tests specified in 10 CFR §71.71, is shown to meet the performance requirements specified in Subpart
E of 10 CFR 71 .' As indicated in the introduction to Chapter .2.0, Structural 'Evaluati6n, with the
exception of the immersion test, the primary proof of performance for the HAC tests is via the use of
full scale testing. In particular, free.drop, puncture, andfire testing of both'a HalfPACT engineering
test unit (ETU), and a HalfPACT certification test unit (CTU) confirms that both the inner containment
vessel (ICV) and outer containment (now confinement) vessel (OCV) boundaries remained leaktight
after a worst case HAC sequence. Observations from testing of the ETU and CTU alsooconfirm the
conservative nature of deformed geometry assumptions used injthe criticality assess ment provided
Chapter 6.0, Criticality Evaluation, respectively,

Test results are. sunimarized in Section 217'.8, Sumi'mary 'of Damage, With'.details provided. in
Appendix 2.10'3, Certification Tests; Immersion is'addressed by analysis; employing acceptance
criteria consistent with NRC Regulatory Guide 7.62.

For the analytic assessments performed within this section, properties for Type 3.04 stainless steel
are based on data from Table' 2.3-1 from Section 2.3.1 ,Mechanical Properties Applied to Analytic
Evaluations). Similarly, the bounding values for the compressive strength of polyurethane foam are
based on data from Table 2.3-2 from Section 2.3.1, Mechanical Properties Applied to Analytic

"Evaluations. Polyurethane foam compressive strength is further adjusted ±-15% to account for
manufacturing tolerance 2 At elevated HAC temperatures (i.e., 160 °F), the nominal compressive
strength is reduced 25% for elevated temperature effects and reduced.15% for manufacturing
tolerance. At reduced HAC temperatures (i.e.ý -20 'F), the nominal compressive strength is
increased 40% for reduced-temperature effects and increased'l 5% for manufacturing tolerance.

Properties of Type 304 stainless steel and polyurethane foam, as applied to analytic assessments
within this section, are summarized below.

" Material Property Value (psi),

Material Property j -20OF 70°F' 'F 160 OF Reference

Type 304 Stainless Steel. .

Elastic Modulus, E' J28.8 x 106 28.3 x 106 J '27.8 x. 10'
-Design.Stress Intensity, Sm , 20,000 ,• 20,000. 20,000 "Table 2.3-1

'Yield Strength, Sm ,30,30,000 30,000 J 27,000
Polyurethane Foam Compressive Strength

Parallel-to-Rise Direction; Cyc 378 . 235 150• ' ' able 2.3-2
Perpendicular-to-Rise Direction, .a 314. , 195 J 124 j .

Title 10, Code of Federal Regulations, Part 71 (10 CFR 71), Packaging and Transportation of Radioactive
Material,' 01-01-12 Edition... '

2 U. S. Nuclear Regulatory Commission, Regulatory Guide 7.6, Design Criteria for the StructuralAnalYsis of

Shipping Cask Containment Vessels, Revision 1, March 1978.. '
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2.7.1 Free Drop

Subpart F of 10 CFR 71 requires performing a free drop test in accordance with the requirements
of 10 CFR §71.73(c)(1). The free drop,!test involves performing a 30-foot, HAC free drop onto a
flat, essentially unyielding, horizontal surface, with the package striking the surface in a position
(orientation) for which maximum damage is expected. The ability of the HalfPACT package to
adequately withstand this specified free drop condition is demonstrated via testing of two full
scale, HalfPACT test packages.

2.7.1.1 Technical Basis for the Free Drop Tests

To properly select a worst case package orientation for the 30-foot free drop event, items that
could potentially, compromise containment integrity, shielding integrity, and/or criticality safety
of the HalfPACT package must be clearly identified. For the HalfPACT package design, the
foremost item to, be addressed is the ability of the containment seals to remain leaktight.
Shielding integrity is not a controlling case for the reasons described in Chapter 5.0, Shielding
Evaluation. Criticality safety is conservatively evaluated based on measured physical damage to
the outer containment (now confinement) assembly (OCA) shells and polyurethane foam from
certification testing, as described in, Chapter 6.0, Criticality Evaluation.-

The leaktight capability of the containment seals maybe compromised by two methods: 1) as a
result of excessive sealing surface deformation leading to reduced seal compression,. and/or 2) as
a result of thermal degradation of the seal material itself in a subsequent fire event. Importantly,
these methods require significant impact damage to the surrounding polyurethane foam. In other
words, a significant reduction in polyurethane foam thickness or a gross exposure of the foam
through splits or punctures in.the OCA outer shell would have to occur near the main O-ring seal
or vent port seal region.

Additional items for consideration include the possibility of separating the OCA lid from the
OCA body (or significantly opening up the nominal 1/2-inch gap which exists between the upper
and lower Z-flanges at the lid to body interface), and buckling of the OCV or ICV from a bottom
end drop.

For the above reasons, testing must.include impact orientations that affect the upper end of the
HalfPACT package, with particularly emphasis in the closure region. Loads and resultant
deformations occurring over the lower half of the package does not present a worst case
regarding the leaktight capability of the seals or the separation of the OCA lid from the OCA
body. However, as discussed above, a bottom end drop-is of interest regarding the possibility of
shell buckling because of the high axial, acceleration forces imparted to the package.

In addition to package orientation, initiial test conditions such as temperatures and pressures must
be selected to complete the definition of the conditions existing at the time of a HAC free drop.
In general, higher temperatures at the time of a drop test result in greater deformations and lesser
acceleration loads than do lower temperatures. This is due primarily to the modest temperature
sensitivity of the energy absorbing polyurethane foam used within the HalfPACT OCA.

Appendix 2.10.3, Certification Tests, provides a comprehensive report of the certification test
process and results. Discussions specific to the configuration of the test units, are provided in
Appendix 2.10.3.4, Test Unit Description. Discussions specific to orientations of the test units for
free drop, puncture, and fire tests, including initial test conditions, are provided in Appendix
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2.10.3.5, Technical Basis for Tests. Discussions specific to test sequences for selected tests for the
test units is provided in Appendix 2.10.3.6, Test Sequence for Selected Free Drop, Puncture Drop,
and Fire Tests.

2.7.1.2 Test Sequence for the Selected Tests

Based on the above general discussions, the ETU was tested for three specific, HAC 30-foot free
drop conditions for inclusion in the engineering test program. Similarly, based on results from
ETU testing, the CTU was tested for two specific, HAC 30-foot free drop conditions for inclusion
in the certification test program. Although only a single "worst case" 30-foot drop is required by
10 CFR §71.73(c)(1), multiple tests were performed to ensure that the most vulnerable package
features were subjected to "worst case" loads and deformations. The specific conditions selected
for ETU and CTU free drop testing are summarized in Table 2.7-1 and Table 2.7-2, respectively.

2.7.1.3 Summary of Results from the Free Drop Tests

Successful HAC free droptesting of the ETU and CTU indicates that the various HalfPAG•T
packaging design features are adequately designed to withstand the HAC 30-foot free drop event.
The most important result of the testing program was the demonstrated ability of the OCV and ICV
to remain leaktight 3. Significant results of free drop testing common to both test units are as follows:

* There was no evidence of buckling of either the ICV or OCV shells. Modest damage to the
containment vessel shells did occur, an amount somewhat in excess of what was reported in the
TRUPA7T-I1package SARa4 . However, it is clear that the damage noted for the HalfPACT
package corresponds to the much heavier payload drum's interaction with the packaging wall.

• No excessive distortion of the seal flange regions occurred for either the ICV or OCV,
although some permanent deformation was noted.

* There was no rupture of the 3/8-inch thick, OCA outer shell.

* Observed permanent deformations of the HalfPACT packaging were less than those assumed
for the criticality evaluation.

A comprehensive summary of free drop test results is provided in Appendix 2.10.3.7, Test Results.

2.7.2 Crush

Subpart F of 10 CFR 71 requires performing a dynamic crush test in accordance with the
requirements of 10 CFR §71.73(c)(2). Since the HalfPACT package weight exceeds 1,100
pounds, the dynamic crush test is notrequired.

2.7.3 Puncture
Subpart F of 10 CFR 71 requires performing a puncture test in accordance with the requirements
of 10 CFR §71.73(c)(3). The puncture test involves a 40-inch free drop of a package onto the

3 "Leaktight",is a leakage rate not exceeding 1 x 10-' standard cubic centimeters per second (sec/sec), air, as defined
in ANSI N14.5-1997, American National Standardfor Radioactive Materials - Leakage Tests on Packages for
Shipment, American National Standards Institute, Inc. (ANSI).
4 U.S. Department of Energy (DOE), Safet Analysis Report .for the TRUPACT-If Shipping Package, USNRC
Certificate of Compliance 71-9218, U.S. Department of Energy, Carlsbad Area Office, Carlsbad, New Mexico.
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upper end of a solid, vertical, cylindrical, mild steel bar mounted on an essentially unyielding,
horizontal surface. The bar must be six inches in diameter, with the top surface horizontal and
its edge rounded to a radius of not more than 1/4 inch. The package is to be oriented in a
position for which maximum damage will occur. The minimum length of the bar is to be eight
inches. The ability of the HalfPACT package to adequately withstand this specified puncture
drop condition is demonstrated via testing of two full scale, HalfPACT test packages.

2.7.3.1 Technical Basis for the Puncture Drop Tests

To properly select a worst case package orientation for the puncture drop event, items that could
potentially compromise containment integrity, shielding integrity, and/or criticality safety of the
HalfPACT package must be clearly identified. For the HalfPACT package design, the foremost
item to be addressed is the ability of the containment seals to remain leaktight. Shielding
integrity is not a controlling case for the reasons described in Chapter 5.0, Shielding Evaluation.
Criticality safety is conservatively evaluated based on measured physical damage to the OCA
shells and polyurethane foam from certification testing, as described in Chapter 6.0, Criticality
Evaluation.

For the HalfPACT design, the primary item to be addressed for the puncture drop is the ability of
the containment seals to remain leaktight. The leaktight capability of the O-ring seals would be
most easily compromised by imposing gross deformations in the sealing region. These types of
deformations are of concern from a mechanical viewpoint (i.e., leakage caused by excessive
relative movement of the sealing surfaces). In addition, such deformations are of concern from a
thermal viewpoint (i.e, leakage caused by thermal degradation of the butyl O-ring seals in a
subsequent fire). Importantly, for mechanical damage to occur in the seal regions, the puncture
event would have to result in a gross rupturing of the OCA outer shell near the O-ring seals. This
could allow the puncture bar to reach and directly impact the OCA seal flanges or locking ring.
Similarly, for thermal degradation of the butyl O-ring seals to occur in a subsequent fire, damage to
the OCA outer shell near the.O-ring seals would again have to occur as a result of the puncture
event. Another item associated with the puncture event is the possibility of the puncture bar
penetrating the OCA outer shell and rupturing the OCV. Puncture is most likely to occur if the
center of gravity of the package is directly in-line with the puncture bar, and the surface of the
package is oriented at an angle to the bar axis. If the center of gravity of the package is not in-
line with the puncture bar, puncture is less likely since package potential energy is transformed
into rotational kinetic energy. Puncture is also more likely if the puncture bar impacts the
package surface adjacent to a package shell weld seam. Observations from prior testing indicate
that impacts with the package surface, normal to the axis of the puncture bar, will not lead to
penetration of the OCA exterior shell. This is the primary reason for utilizing a torispherical
head for the OCA lid. The torispherical head results in the puncture bar being oriented normal to
the package surface when the center of gravity of the package is directly over the puncture bar.
Further, a 3/8-inch thick OCA outer shell is used near the closure region to ensure that no
puncture will occur in this region, regardless of impact angle.

In addition to package orientation, initial test conditions such as temperatures and pressures must
be selected to complete the definition of the conditions existing at the time of a HAC puncture
drop. In general, higher temperatures at the time of a puncture test result in-greater deformations
and lesser acceleration loads than do lower temperatures. This is due primarily to the modest
temperature sensitivity of the polyurethane foam used within the HalfPACT OCA.
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Appendix 2.10.3, Certification Tests, provides a comprehensive report of the certification test.
process and results. Discussions specific to the configuration of the test units are provided in
Appendix 2.10.3.4, Test Unit Description. Discussions specific to orientations of the test units for
free drop, puncture, and fire tests, including initial test conditions, are provided in Appendix
2.10.3.5, Technical Basis for Tests. Discussionsspecific to test sequences for selected tests for
the test units is provided in Appendix 2.10.3.6, Test Sequence for Selected Free Drop, Puncture
Drop, and Fire Tests.

2.7.3.2 Test Sequence for the Selected Tests

Based on the above general discussions, the ETU was specifically tested for four HAC puncture drop
conditions as part of the engineering test program. Similarlyfbased on results from ETU testing, the
CTU was specifically tested for three HAC puncture drop conditions as part of the certification test.
program. Although only a single "worst case" puncture drop is required by 10 CFR §71.73(c)(3),
multiple tests were performed to ensure that the most vulnerable package features were subjected to
"worst case" loads and deformations. The specific conditions selected for ETU and CTU puncture.
drop testing are summarized in Table 2.7-1 and Table 2.7I-2, respectively.

2.7.3.3 Summary of Results from the Puncture Drop Tests

Successful HAC puncture drop testing of the ETU and CTU indicates that the various HalfPACT
packaging design features are! adequately designed to withstand the HAC puncture drop event.
As with the free drop test, the most important result of the testing program was the demonstrated
ability of the OCV and ICV to remain leaktight. Significant results of puncture drop testing
common to both test units are as follows:,

Besides the obvious permanent damage to the OCA outer shell at the location of the various
puncture bar impacts, there was evidence of some permanent deformation of the OCV shell.
The most significant damage occurred at the OCV vent port fitting during testing of the CTU.
The cumulative effects of the NCT and HAC free drops, and the subsequent puncture drop
caused successively greater permanent deformation to the region adjacent to the vent port
fitting. A crack was noted in the inner weld of the CTU's OCV vent port fitting, but not in
the outer weld of the OCV vent port fitting,. Subsequent helium leak testing determined that-
OCV containment integrity was maintained. Although essentially identical in configuration,
the ETU did not have a similarly cracked weld. See Appendix 2.10.3.7.2.8, CTUPost-Test
Disassembly, for additional discussion regarding this result.

* Penetration of the OCA outer shell occurred below the 3/8-to-1/4-inch thick, OCA outer shell
weld during testing of the ETU. The same test, repeated for certification testing, did not
reproduce the hole. This result was due to lengthening the 3/8-inch thick, OCA outer shell from
12 to 18 inches, correspondingly changing the impact angle sufficiently to prevent penetration
through the adjacent 1/4-inch thick shell.

• There was no rupture of the 3/8-inch thick, OCA outer shell.. However, for both test units
(ETU and CTU) a linear tear occurred along the weld at the 3/8-to-1/4-inch shell transition in
the OCA body outer shell.

A comprehensive summary of test results is provided in Appendix 2.10.3.7, Test Results.
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2.7.4 Thermal 0
Subpart F of 10 CFR 71 requires performing a thermal test in accordance with the requirements of
10 CFR §71.73(c)(4). To demonstrate the performance capabilities of the HalfPACT package when
subjected to the HAC thermal test specified in 10 CFR §71.73(c)(4), two full scale prototype test
units were burned in two, separate,.fully engulfing pool fires. Each test unit was subjected to a
variety of HAC, 30-foot free drop and puncture tests prior to being burned, as discussed in Section
2.7.1, Free Drop, and Section 2.7.3, Puncture. Testing of the engineering test unit (ETU) preceded
testing of the certification test unit (CTU), and was used for the purpose of accessing the effect of
the various HAC tests. Planning to determine a worst case certification test scenario for the CTU
was based ETU responses to a comprehensive set of HAC tests. Further, while the CTU had
passive, temperature indicating labels to report post-test temperatures, the ETU did not. Thus,"
information reported herein considers only test results of the CTU.

As discussed further in Appendix 2.10.3, Certification Tests, the CTU was oriented horizontally
in a stand a distance one meter above the fuel per the requirements of 10 CFR §71.73(c)(4). The
CTU was oriented circumferentially at an angle of 305' to position the damage from Drops 1, 2,
and 4 (0°; aligned with the vent ports) and the damage from Drop 5 (2500) a distance 1/2 meter
above the lowest part of the package while on the stand (i.e., 1 2 meters above the fuel5). This
particular arrangement put the maximum drop damage in the hottest part of the fire.

During the HAC fire test, the average wind speed was determined to be approximately 4 miles per
hour. As discussed in Appendix 2.10.3, Certification Tests, the duration of the fully engulfing,
HAC fire test was approximately 33 minutes, and the ambient air temperature was 51 'F.

2.7.4.1 Summary of Pressures and Temperatures 0
Package pressures and temperatures due to the HAC fire test are presented in Appendix 2.10.3,
Certification Tests. Detailed discussions regarding measured temperatures are provided in
Section 3.5.3, Package Temperatures. Detailed discussions regarding calculated pressures are
provided in Section 3.5.4, Maximum Internal Pressure.

2.7.4.1.1 Summary of Temperatures

No active temperature measuring devices were employed prior to, during, or following the HAC
fire test. Further, measurement of the OCA outer shell temperature does not represent the OCV or
ICV temperatures due to the large internal mass and thick, thermally insulating foam used within
the OCA. As discussed in Section 3.1.1, Packaging, the temperatures of the OCV, ICV, and
payload are effectively decoupled from the OCA outer shell and polyurethane foam for short term
thermal transients. Instead, the initial temperature of CTU No. 1 may be estimated based on the
ambient temperature of the Sandia National Laboratory testing facilities in the six weeks prior to

5 M. E. Schneider and L. A. Kent, Measurements of Gas Velocities and Temperatures in a Large Open Pool Fire,
Sandia National Laboratories (reprinted from Heat and Mass Transfer in Fire, A. K. Kulkami and Y. Jaluria,
Editors, HTD-Vol. 73 (Book No. H00392), American Society of Mechanical Engineers). Figure 3 shows that
maximum temperatures occur at an elevation approximately 2.3 meters above the pool floor. The pool Was initially
filled with water and fuel to a level of 0.814 meters. The maximum temperatures therefore occur approximately 1½/2
meters above the level of the fuel, i.e., 1/2 meter, above the lowest part of the package when set one meter above the
fuel source per the requirements of 10 CFR §71.73(c)(4).
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the HAC fire test6. Climatological data for Albuquerque, New .Mexico, during the month of March
and first two weeks of April 1998 shows an average temperature of 48 OF for those six weeks.
Thus, when adjusting for the elevation difference between the testing facilities and Albuquerque,
the initial temperature for HAC fire testing is taken as 43 'F.

Following completion of fire testing, the maximum measured OCV seal region temperature was
200 OF. Upwardly adjusting for the lower, pre-fire starting temperature by 90.°F results in a
projected maximum OCV seal region temperature of 290 °F. The maximum measured ICV seal
region temperature was 110 °F. Also, upwardly adjusting for the lower, pre-fire starting
temperature by 90 °F results in a projected maximum ICV seal region temperature of 200 OF.

2.7.4.1.2 Summary of Pressures

The maximum internal pressure for the ICV is conservatively determined by assuming the air
temperature within the ICV is at the maximum seal temperature of 200 °F. The ICV pressure
increase, APicv, using an initial maximum ICV wall temperature of 154 OF (from Table 3.4-1) at an
initial pressure equal to the MNOP of 50 psig (64.7 psia), is determined using ideal gas relationships:

P PP* P*Tl T2 T154 'F 200 F ::P FP5 F
=- => . 200 'F =p 15

TI T2. T154 'F T200 T 154 7

P' "=64.7(200+460/
P2°°°F 64 154+46 =69.5 psia (54.8 psig)

APICV =54.8 - 50.0= 4.8psig

Thus, the maximum internal pressure for the ICV for HAC is 54.8 psig, resulting inma net
pressure increase of 4.8 psig.

The maximum internal pressure for the OCV is conservatively determined by assuming the air
temperature within the OCV, 245 OF, is the average of the maximum JCV and OCV seal
temperatures of 200 °F and 290 OF, respectively. The initial air temperature within the OCV,
152 OF, is the average of the maximum OCV and ICV wall temperatures of 150 OF and 154 OF,
respectively (from Table 3.4-1). The OCV pressure increase, APocv, usingat an initial pressure
equal to the MNOP of 50 psig (64.7 psia), is determined using ideal gas relationships:

P 1 P2' P 152 'F P 245 pF r. • IT'245 'F')
1= - - = > - - = > P =2 P152 .9F • T52F

T1 T2 T T52°F T245F T152F
(245 +460"•

P245'F =64.7 25+460= 74.5 psia (59.8 psig)
152+460)

AP = 59.8- 50.0 = 9.8 psig

6 CTU No. 1 was located at Sandia National Laboratories' Coyote Canyon drop test facility for the month of March,

1998, and the Lurance Canyon burn facility for the first two weeks of April, 1998. CTU No. I was burned on April
14, 1998. The elevation difference between the two test facilities and the city of Albuquerque results in an average
ambient temperature approximately 5 TF cooler than Albuquerque.
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Thus, the maximum internal pressure for the OCV for HAC is 59.8 psig, resulting in a net
pressure increase of 9.8 psig.

2.7.4.2 Differential Thermal Expansion

Fire testing of two, full scale HalfPACT prototypes indicate that the effects associated with
differential thermal expansion of the various packaging components are negligible. Subsequent
to all NCT and HAC free drop, puncture drop, and fire tests, comprehensive helium leak testing
of both the ICV and OCV demonstrated that differential thermal expansion does not affect the
capability to remain leaktight.

2.7.4.3 Stress Calculations

As shown in Section 2.7.4.1.2, Summary of Pressures, the internal pressure within the ICV
increases 4.8 psig (+10%), and within the OCV increases 9.8 psig (+20%) due to the HAC fire
test. Pressure stresses due to the HAC fire test corresponding increase a maximum of 20%.
With reference to Table 2.1-1 in Section 2.1.2.1.1, Containment Structure (ICV), the HAC
allowable stress intensity for general primary membrane stresses (applicable to pressure loads) is
240% of the NCT allowable stress intensity. Therefore, a HAC pressure stress increase of 20%
will not exceed the HAC allowable stresses. Further, the pressure stresses in conjunction with
stresses associated with differential thermal expansion are limited to an acceptable level since
both the ICV and OCV were shown to be leaktight after all NCT and HAC free drop, puncture
drop, and fire tests (see Appendix 2.10.3.7, Test Results).

2.7.4.4 Comparison with Allowable Stresses

As discussed in Section 2.7.4.3, Stress Calculations, further quantification of stresses in the
various HalfPACT package components is not required.

2.7.5 Immersion -. Fissile Material

Subpart F of 10 CFR 71 requires performing an immersion test for fissile material packages in
accordance with the requirements of 10 CFR §71.73(c)(5). The criticality evaluation presented
in Chapter 6.0, Criticality Evaluation, assumes optimum hydrogeneous moderation of the
contents, thereby conservatively addressing the effects and consequences of water in-leakage.

2.7.6 Immersion - All Packages

Subpart F of 10 CFR 71 requires performing an immersion test for all packages in accordance
with the requirements of 10 CFR §71.73(c)(6). For the HalfPACT package design, the effect of
a 21 psig external pressure due to immersion in 50 feet of water is applied to the ICV and OCV.

The external pressure induces small compressive stresses in the ICV and OCV that are limited by
stability (buckling) requirements. Buckling assessments are performed for the OCV and ICV in
Section 2.7.6.1, Buckling Assessment of the Torispherical Heads, and Section 2.7.6.2, Buckling
Assessment of the Cylindrical Shells.
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2.7.6.1 Buckling Assessment of the Torispherical Heads

The buckling analysis of the torispherical heads is based on the methodology outlined in Paragraph
NE-3133 4(e), Torispherical Heads, of the ASME Boiler and Pressure Vessel Code, Section II 7,
Subsection NE. Since the external pressure loading due to immersion may be classified as Level
D, the allowable buckling stress and, therefore, the allowable pressure, can be increased by 150%
per paragraph NE-3222.2. The results from following this methodology are summarized below.

OCV Torispherical Head ICV Torispherical Head

Parameter Upper Lower Upper Lower,

R '77.3125 74.1250 74.3750 73.1250
T 0.25 0.25 0.25 0.25
0.125

A -0.00040 0.00042 0.00042 0.00043
(R//T) 

_____

B8  5,000 5,000 5,000 5,000

(1.5)B 24.3 25.3 25.2 25.6
(- R/T)___________ _________ __

The smallest allowable pressure, Pa, is 24.3 psig for the OCV upper head. For an applied
external pressure of 21 psig, the corresponding buckling margin of safety is:

24.3
MS= - _1 = +0.16

21

Since the margin of safety in the worst case is positive, it is concluded that none of the OCV or
ICV torispherical heads will buckle for an external pressure of 21 psig.

2.7.6.2 Buckling Assessment of the Cylindrical Shells

The cylindrical portions of the OCV and ICV are evaluated using ASME Boiler and Pressure
Vessel Code Case N-284-1 9. Consistent with Regulatory Guide 7.6 philosophy, a factor of'
safety of 1.34 is applied for HAC buckling evaluations per ASME Code Case N-284-1,
corresponding to ASME Code, Service Level D conditions.

7 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section InI, Rules for
Construction of Nuclear Power Plant Components, 1995 Edition, 1997 Addenda.
' Factor B is found from American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code,

Section II, Materials, Part D, Properties, Subpart 3, Charts and Tables for Determining the Shell Thickness of
Components Under External Pressure, Figure HA-1, Chart for Determining Shell Thickness of Components Under
External Pressure When Constructed ofAustenitic Steel (18Cr-8Ni, Type 304), 1995 Edition, 1997 Addenda.
Conservatively, the 400 'F temperature curve is used for each case.
9 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section InI, Rules for
Construction of Nuclear Power Plant Components, Division 1, Class MC, Code Case N-284-1, Metal Containment
Shell Buckling Design Methods, 1995 Edition, 1997 Addenda.
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Buckling analysis geometry parameters are summarized in Table 2.7-3, and loading parameters V
are summarized in Table 2.7-4. The cylindrical shell buckling analysis conservatively utilizes an
OCV and ICV temperature of 1.60 'F, consistent with Section 2.6.1, Heat. The stresses are
determined using an external pressure of 21 psig. The hoop stress, C70, axial stress, cY, and in-
plane shear stress, aO,, are found from:

Pr Pr Pr(3"0G = - Go=o-(I0
tT 2t4t

where P is the applied external pressure of 21 psi, r is the mean radius, and t is the cylindrical
shell thickness. As shown in Table 2.7-5, since all interaction check parameters are less than 1.0,
as required, the design criteria are satisfied.

2.7.7 Deep Water Immersion Test
Subpart E of 10 CFR 71 requires performing a deep water immersion test in accordance with
10 CFR §71.61. Since the HalfPACT does not transport payloads with an activity of greater than
105 A2, this requirement does not apply.

2.7.8 Summary of Damage
As discussed in the previous sections, the cumulative damaging effects of free drop, puncture
drop, and fire tests were satisfactorily withstood by the HalfPACT packaging during both
engineering and certification testing. Subsequent helium leak testing confirmed that containment
integrity was maintained throughout the test series. Therefore, the requirements of 10 CFR
§71.73 have been adequately met.
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Table 2.7-1 - Summary of HaIfPACT Engineering Test Unit (ETU) Tests and Results

Test Unit Angular Orientation

Test Axial Circumferential
No. Test Description (00 = horizontal) (00 = vent ports) Remarks

NCT, taoot side drop opposite the oCV 00 2000 NCT impact in region expected to produce
vent and seal test ports worst case cumulative damage to package.

2 HAC, 30-foot side drop opposite the OCV 00 HAC impact in region expected to produce
vent and seal test ports 00 2000 worst case cumulative damage to package.

3 NCT, 3-foot side drop on the OCV vent port' 00 00 NCT impact in OCV vent port region.

4 HAC, 30-foot. side drop on the OCV vent' 00 00 HAC impact in OCV vent port region.
port
NCT, 3-foot center-of-gravity-over-comer 430 1100 NCT impact at location not tested during

drop between tie-down doubler, plates previous TRUPACT-11 certification tests.

HAC, 30-foot center-of-gravity-over-corner HAC impact at location not tested during6 drop between tie-down doubler plates 430) 1100 previous TRUPACT-II certification tests.

HAC, puncture drop at the 1/4-to-3/8, Attempt to cause hole in shell below 1/4-
OCA body shell weld (below weld) 200 2000 to-3/8, OCA body shell weld.

Puncture in region expected to produce
8 HAC, puncture drop on OCV vent port 10 00°ucuei ein xetdt rdc

worst case cumulative damage to package.
9 HAC, puncture drop at Test 6 damage 430 1100° Attempt to cause hole in existing damage.

1•. HAC, puncture drop at the 1/4-to-3/8, 90. Attempt to cause linear tear in 1/4-to-3/8,
OCA body shell weld (above weldj) 90 OCA body shell weld.

1 H . Circumferential orientation places damage
11 . from Tests 4 and 8 in hottest part of fire.
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Table 2.7-2 - Summary of Selected Certification Test Unit (CTU) Tests

Test Unit Angular Orientation

Test Axial Circumferential
No. Test Description (00 horizontal) (00 = vent ports) Remarks

1 NCT, 3-foot side drop on the OCV vent port 00 00 NCT impact in region expected to produce
worst case cumulative damage to package.

2 HAC, 30-foot side drop on the OCV vent 00 00 HAC impact in region expected to produce
port worst case cumulative damage to package.

HAC, 30-foot, 5' corner drop on the OCA 50 147½0 Drop orientation producing maximum load
3 top knuckle, slapdown on the tiedown lug 5 on closure region.

4 HAC, puncture drop on the OCV vent port 1 V2
0  00 Puncture in region expected to produce

worst case cumulative damage to *package.

HAC, puncture drop at the 1/4-to-3/8, 160 1100 Attempt to cause hole in'shell below 1/4-
OCA body shell weld (below weld) to-3/8, OCA body shell weld.

HAC, puncture drop at the 1/4-to-3/8, 230 2500 Attempt to cause linear tear in 1/4-to-3/8,
OCA body shell weld (above weld) OCA body shell weld.

550 or 3050 Circumferential orientation based on results
7 HAC, fire test 0° (max damage) of Tests 5 and 6.

Notes:
OD The 550 or 3050 circumferential orientation is downward; package bottom is one meter above the fuel surface.
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Table 2.7-3 - Buckling Geometry Parameters per Code Case N-284-1

Geometry and Material Input

ICV OCV

Mean Radius, inch 36.44 36.91

Shell Thickness, inch 0.25 .0.188

Length, inch 36.0® 32.0"

Geometry Output (nomenclature consistent with ASME Code Case N-284-1)

R = 36.44 36.91

t_= .0.25 0.188

R/t = 145.76 196.85

36.0 32.0

228.94 231.89

MO = 11.93 12.16

75.85 88.15

M= 11.93 12.16

Notes:
0 The ICV length is conservatively measured from five inches below the top of the lower ICV

seal flange (at the beginning of the 1/4-inch wall thickness) to an assumed support point
located one-third of the depth of the lower ICV torispherical head below the head-to-shell
interface.

Q The OCV length is conservatively measured from the top of the tapered wall portion (just
below the lower OCV seal flange) to an assumed support point located one-third of the depth
of the lower OCV torispherical head below the head-to-shell interface.

Table 2.7-4 - Stress Results for 21 psig External Pressure

ICV OCV

Axial Stress, aT4  .1,530 Axial Stress, (To 2,067

Hoop Stress, 76  3,061 Hoop Stress, a0 4,133

Shear Stress, ao 765 Shear Stress, a•e 1,031
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Table 2.7-5 - Buckling Summary for 21 psig External Pressure

Condition ICV OCV Remarks

Capacity Reduction Factors (-1511)

= 0.2575 0.2575
aOL =0.8000 0.8000

OLOOL = 0.8000 0.8000
Plasticity Reduction Factors (-1611)

= 0.5877 0.7307

fle = 1.0000 1.0000

rlO = 0.4474 0.5740
Theoretical Buckling Values (-1712.1.1) _

cO = 0.6050 0.6050

GO4L= 115,720 psi 85,687 psi
Cor 0.0855 0.0837

OeeL = OreL = 16,354 psi 11,854 psi
COh= 0.0815 0.0798

a(eL = CaheL= 15,581 psi 11,302 psi
CO 0.2184 0.2162

4OL =- 41,770 psi 30,611 psi
Elastic interaction Equations (-1713.1.1)

Oxa = 14,899 psi 11,032 psi
aha = 6,232 psi 4,521 psi

Ora = 6,542 psi 4,742 psi
C= 16,708 psi 12,246 psi

Axial + Hoop * Check (a): N/A N/A
Axial + Hoop * Check (b): N/A N/A
Axial + Shear * Check (c): 0. 0730 0.1343 <1 .'. OK
Hoop + Shear * Check (d): 0.3290 0.6121 <1 .. OK

Axial + Hoop + Shear * Check (e,a): N/A N/A
Axial + Hoop + Shear * Check (e,b): N/A N/A

Inelastic Interaction Equations (-1713.2.1)

Yxc = 8,756 psi 8,061 psi
arc = 6,542 psi 4,742 psi

aTC = 7,475 psi 7,029 psi
Axial + Hoop * Check (a): 0.3276 0.6086 <1 .. OK
Axial + Shear * Check (b): 0.1282 0.1896 <1 .. OK

Hoop + Shear * Check (c): 0.3322 0.6192 <1.'. OK
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2.8 Special Form
This section does not apply, for the HalfPACT package, since special form is not claimed.
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2.9 Fuel Rods

This section does not apply for the HalfPACT package, since fuel'rods are not included as an
approved payload configuration.
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